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Bacterial blight (BB) disease caused by Xanthomonas oryzae pv. oryzae (Xoo) is a costly disease
in rice that threatens global rice production. The Xa2I gene is a broad spectrum BB-resistance
gene that is extensively used for improving BB resistance in rice. The Xoo responsive gene,
Xoo-induced kinase 1 (XIK1), recently characterized in japonica rice, was also found to be involved
in Xa21-mediated resistance. The current study investigated the differential expression of XIK/

in the BB-susceptible indica rice cultivar RD47 and its improved BB-resistant progenies BC;F;

Keywords:

Bacterial blight, (Xa21/Xa2l) in various growth stages and during Xoo inoculation. The results showed that the
qRT-PCR, Rice, expression of X/K/ was development-dependent and induced earlier in BB-resistant progenies
Xa2l,

BC,F, than in the susceptible cultivar RD47 after Xoo inoculation. However, the expression levels
Xanthomonas,

Xoo-induced kinase 1 of XIK1 substantially dropped after a peak of expression. Interestingly, the X7KI expression tended
to increase again in the succeeding hours post-inoculation in BC;F; but not in RD47. Similar
development and induction patterns were also observed when the expression of X/K/ and Xa21
was analyzed in the same runs in the BB-resistant BC;F; under different growth stages and during
Xoo inoculation. The findings suggested that XIK1 may also be involved in the Xa21-mediated

resistance pathway of indica rice.

Introduction

Most of the world’s population depends on rice (Oryza sativa)
as the primary food source and this requires large-scale-production
volumes to meet the growing demand (IRRI, 2006). However, limiting
factors such as insect pests and diseases tend to reduce the yield by
30-80% (Reissig et al., 1985; IRRI, 2018a). Among the major diseases
of rice, bacterial blight (BB) disease caused by Xanthomonas oryzae
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pv. oryzae (Xoo) is the costliest as it reduces production by up to 70%
(IRRI, 2018b). Its symptoms include a vascular wilt at the seedling
stage, a leaf blight, and unfilled panicles in mature plants which result
from the invasion of the vascular system by Xoo bacteria (Mew, 1987).
At the molecular level, Xoo secretes transcription activator-like (TAL)
effectors which invade and highjack the host cells by activating the
transcription of genes that enhance plant susceptibility and support
bacterial virulence (Boch and Bonas, 2010; Bogdanove et al., 2010;
Romer et al., 2010).
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In plants, the ability to recognize both general elicitors and specific
pathogens through gene-mediated resistance is essential to their
defense mechanisms (Andersen et al., 2018). Hence, studying the
variations in the expression of various genes provides a perspective
of the mechanisms of plant responses to BB. To date, more than 30
BB resistance genes have been identified in Oryza sativa and its
closely related species; among these, Xa2! has probably been the
most commonly used for rice variety improvement as it provides for
high level and broad spectrum BB resistance (Song et al., 1995; Win
et al., 2012). Xa2l codes for a plasma membrane which recognizes
the tyrosine-sulfated protein RaxX and triggers the Xa21l-mediated
immunity (Pruitt et al., 2015). It is known that this response involves
Xa21-binding proteins (Wang et al., 2006; Chen et al., 2010; Park
etal., 2017) as well as the direct interaction of a cleaved XA21 subunit
with the WRKY62 transcription factor (Peng et al., 2008; Park et al.,
2012; He et al., 2017). Nonetheless, the precise mechanisms of Xa21
resistance have not yet been completely elucidated.

The current study centered on the recently discovered Xoo-induced
kinase 1 (XIK1, Loc_0s02g4790) which encodes a LRR-RLK protein
and is hypothesized to act as a co-receptor of Xa21 since it positively
regulates Xa21-mediated BB resistance (Hu et al., 2015). Since
XIK1 was previously identified and conserved in the japonica rice
cultivar Kitaake, the current study characterized the expression levels
of this gene in the BB-susceptible cultivar RD47 and its improved
BB resistant progenies BC;F, (Xa21/Xa21) in various growth and
developmental stages and during Xoo inoculation.

Materials and Methods

Plant samples and growing conditions

Rice (Oryza sativa L. ssp. indica) cultivars RD47 and IRBB21
were provided by the Bureau of Rice Research and Development,
Phitsanulok, Thailand. The Xa2/ gene from IRBB21 was introgressed
in RD47 through backcross breeding and marker-assisted selection
(data not shown) until homozygous-Xa2/ BC,F, lines were obtained.
Leaf samples were collected from the 2-leaf, 4-leaf, 6-leaf and
reproductive stages, respectively.

Xoo isolate and inoculation test

BB-infected leaves were collected from paddy fields in Phitsanulok
province and Xoo was isolated on nutrient agar (peptone-bovine-agar).
The isolated bacteria was identified as Xoo through polymerase chain
reaction (PCR) assays using Xoo specific primers TXT (Sakthivel
et al., 2001) and Xo0080 (Lu et al., 2014). Before infection, the Xoo
isolate labeled as “x0016PK002” was re-streaked and incubated
at 28°C for 48 hr. A Xoo inoculum (the optical density at 600 nm
(OD600) of 0.2) was prepared and used to inoculate 60-day-old plants
using the clipping method of inoculation (Kauffman, 1973). Mock
(water) inoculation was used as a control. Samples corresponding to
5 cm of the leaves directly below the inoculation sites were collected
at 0 hr, 1 hr, 2 hr, 6 hr and 24 hr post inoculation (hpi); leaf samples
were frozen in liquid nitrogen immediately.

RNA extraction and cDNA synthesis

Total RNA was extracted from each 100 mg leaf sample using
an RNAprep Pure Kit (Tiangen Biotech Ltd.; China) following the
manufacturer’s instructions. Each RNA sample was treated with
Rnase-Free Dnase I (RBC Bioscience; Taiwan) to remove possible
gDNA contaminants. Total RNA samples were quantified using
a Synergy H1 microplate reader (Biotek; USA) and their integrity
was assessed using agarose gel electrophoresis. The qScript™ XLT
cDNA synthesis kit (QuantaBio; USA) was used to reverse transcribe
1 pg of total RNA templates in order to synthesize first strand cDNAs
according to the manufacturer’s protocol.

Polymerase chain reaction and cloning of XIK1 partial cDNA sequence

PCR was performed using a BioRad T100™ Thermal Cycler for
35 cycles (95°C for 10 s, 60°C for 10 s, 72°C for 20 s). The primer
XIK1Ri (Huetal., 2015) was used to amplify the X/K7 gene. The PCR
products were cloned using RBC TA cloning vector (RBC Bioscience;
Taiwan) following the instructions in the manual. Plasmids carrying
the X7K1 gene were extracted and subjected to sequence analysis.

Quantitative real-time polymerase chain reaction

For the quantitative real-time polymerase chain reaction (qQPCR)
analyses, fast SYBR Green Master Mix (Quantabio; USA) was used
to prepare 20 ul qRT-PCR reactions containing 1 pl of the cDNA
templates and 0.5 uM of each primer. The specific primers used
to amplify the genes of interest (GOIs) evaluated in this study are
shown in Table 1. Non-RT PCR was performed to confirm no gDNA
contamination. The specificity of the PCR and qPCR products was
carefully assessed using gel electrophoresis and melting curve
analysis, respectively. Technical triplicates and no template controls
(NTCs) were run on an Eco 48 Real Time PCR System (PCR Max;
United Kingdom) for 35 cycles (95°C for 10 s, 60°C for 10 s, 72°C for
20 s) followed by melting curve analysis.

Results
Expression of XIK1 and Xa21 in different growth stages

The amplified X/K1 product using the primers based on japonica
rice Kitaake showed 100% nucleotide identicality to the annotated
XIK1 sequence (Fig. 1). The relative expression of X/K/ in different
growth stages (2-leaf, 2S; 4-leaf, 4S; 6-leaf, 6S; reproductive stage,
RS) showed that XK/ gene expression levels progressively increased
from the 2S to 6S stages and eventually decreased in the RS stage
in both the BB-susceptible cultivar (RD47) and its improved BB-
resistant progenies (BC,F;) as shown in Fig. 2A and 2B, respectively.
The expression of Xa2l in the improved BB-resistant (BC;F;)
progenies showed a similar trend to the X/KI gene (Fig. 2C). As
expected, no amplification of Xa21 was detected in the BB-susceptible
cultivar RD47 (data not shown).
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Table 1 List of genes evaluated in this study

Gene name

Primer sequence (5'-3") Amplicon length

Reference

Xoo-induced kinase 1 (XIK1)

Xa2l

Triosephosphate isomerase (TI)

Endothelial differentiation factor (Edf)

Ubiquitin-5

GACCAGGCGAAATCAACTTT 187 bp
ATGTAAGGCAGTGAGTTTAGTCAA

CAGAGTATGGCGTTGGGCT 114 bp
CGGGTCTGAATGTACTGTCA
CGACATCATCAACTCCGCCAC 83 bp

CCTCTTCAGACATCTTCCCACG

TCCGAACCAGCAGATCATCG 158 bp
GCATGGTATCAAAAGACCCAGC

CCAGTACCTCAGCCATGGA 69 bp
GGACACAATGATTAGGGATC

Hu et al., 2015

Promma et al., 2016

Wang et al., 2016

Wang et al., 2016

Huetal., 2015

Gene names and all their details are presented using the style in the reference cited.

RD47F
BC3F3
Kitaake

RD47
BC3F3
Kitanke

RDAT
B33
Kitaake

RDAF
BC3F3
Kitaake

TTGOGCCATTGUCAACAAGCTTGLTAAACTGCAAAACCCTGGTTAGAGTTCGTCTTGAGC
TTGGGCCATTGUCAACAAGCTTGCTAAACTGCAAAACCCTGGTTAGAGTTCGTCTTGAGC

TTGGGCCATTGLCAACANGCTTGCTANACTGCAANNCCCTGOTTAGNAGTTCGTCTTGAGC
R R e R e R e R e S e e )

GAAATCAACTTGAAGGAGATATCTCCGAGATGGGCCTTCATCCAAACCTTGTCTATATTG
GAAATCAACTTGAAGGAGATATCTCCOAGATGEGLCLTTCATCCAAACCTTGTCTATATIG

GAAATCAACTTGRAGGAGATATCTCCGAGATGGGECTTCATCCAAACCTTGTCTATATTG
B T T T L e

ACATGAGCTCAAATAAACTATATGGACAATTATCTCATCGETGGGLTGAGTGLGCCAAAC
ACAIGAGL I CAAATAAACTATATGGACAAT TAICICAICEU GLOG T GAG I GLGLUAAAL
ACATGAGCTCAAATAAACTATATGGACAATTATCTCATCGOTGGLGTGAGTGLGLCAAAC

*% *ddk ki *dkk

TTACCAC
TTACCAC
TTACCAC

EXEEFRER

Fig. 1 Multiple sequence alignment of X/K/ sequences in RD47 and improved BB-resistant BC;F; progenies compared with the japonica cultivar Kitaake

(CLUSTAL O 1.2.4).
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Fig. 2 Relative expression of X/K/ in: (A) RD47; (B) BC,F; progenies; (C) relative expression of Xa2/ in BC,F, progenies in various growth stages, where 28, 4S,
6S and RS represent the 2-leaf, 4-leaf, 6-leaf, and reproductive stages, respectively and asterisks indicate significant differences among datasets based on analysis
of variance at p < 0.05 and error bars indicate SD of the analyzed data that have been normalized relative to Ubiquitin 5.
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Response of XIK1 and Xa21 to Xoo infection

The 60-day-old RD47 and BC,F; plants corresponding to the 6S
stage were subjected to Xoo infection and samples were collected at
different times post inoculation for qPCR analyses. The results showed
that the expression of X/K/ was induced by Xoo inoculation for both
the RD47 and BC;F; lines but in different times post inoculation. The
expression of X/K7 in the RD47 cultivar was suppressed in the first
hour after Xoo inoculation and was later induced after 2 hpi. Notably,
the expression level substantially dropped after the time of induction
and there was no clear indication of up-regulation in the succeeding
time post inoculation (Fig. 3A). On the other hand, the expression
of XIK1 in the BC;F; lines was quickly induced after 1 hpi but the
expression level suddenly decreased after 2 hpi. Interestingly, the
expression of the gene was up-regulated again after 6 hpi until 24 hpi,
thus indicating that the expression of X7K/ tended to increase again
(Fig. 3B). The expression of Xa2/ in BC;F; was also significantly
induced after 1 hpi and eventually decreased in the succeeding time
post inoculation (Fig. 3C). No signal of Xa2/ up-regulation was
observed, even after 24 hpi.

Discussion

The genetics of resistance to bacterial blight has been studied in
depth and was first carried out using the resistance (R) gene Xa21.
As there is diversity in the Xoo strains of different rice-producing
countries, the mechanism of Xa2/-mediated resistance has not
yet been completely elucidated. Since Xa2/ functions as a pattern
recognition receptor and a tyrosine-sulfated protein RaxX is required
for the activation of Xa21-mediated immunity, the activity of Xa21 in
the plant’s plasma membrane may accelerate subsequent responses to
the conserved bacterial molecule of Xoo (Gémez-Gémez and Boller,
1999). Previous reports have reported that several Xa2l-binding
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proteins are directly involved and play important roles in the early
events of the Xa2/ signaling pathways (Wang et al., 2006; Lee et al.,
2009; Chen et al., 2010; Park et al., 2010; Park et al., 2012). However,
no changes of expression after Xoo inoculation were found in the
genes encoding these proteins. Hu et al. (2015) found a BB-resistant
gene (XIK1) that shared a structural motif with Xa21 and positively
regulated Xa21-mediated immunity. However, that study did not
indicate whether the expression of the X/K/gene was stable in the time
post inoculation after Xoo infection and whether the gene expression
in the various leaf stages was the same for both BB-resistant and
BB-susceptible cultivars. The current results showed that the
expression levels of XIK/ were induced earlier post inoculation by
Xoo in both the BB-susceptible cultivar (RD47) and the BB-resistant
BC,F, progenies. However, the induction on the expression was earlier
in BC,F; than in RD47. Though the expression of X/K1 significantly
decreased after the induction, its expression tended to accumulate
in the succeeding time post inoculation in the resistant BC,F; but
not in the susceptible RD47. These results suggested that X/K/ is
activated earlier and is progressively expressed in the succeeding
hours after Xoo infection in BB-resistant BC;F; but not in the
BB-susceptible cultivar RD47. In addition, X7K] was either induced
by Xoo or wounding (data not shown). Considering the reports that
Xa21 expression is development-dependent and its expression is either
induced by Xoo or wounding (Mazzola et al., 1994; Century et al.,
1999), the same findings for XK/ expression for both BB-susceptible
and BB-resistant cultivars were also presented in this study.

The gradual increase in the expression of XK/ during the plant’s
growth and development shares similarity with the expression of
Xa21 and the responses of both genes to Xoo inoculation in the
BB-resistant BC,F, progenies carrying the Xa2/ gene are in
commonality after 1 hpi and in the succeeding time post inoculation,
Thus, X/K1 might act as a co-receptor of Xa2I in regulating the
early events of XA21-mediated signaling and thereby conforming
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Fig. 3 Relative expression of X/K/ in: (A) RD47; (B) BC,F, lines; (C) relative expression of Xa2/ in BC,F, lines after Xoo inoculation, where 0 hr, 1 hr, 2 hr,
6 hr and 24 hr post inoculation are presented as TO, T1, T2, T6, and T24, respectively and error bars indicate SD of the data analyzed that have been normalized

with the reference genes Edfand T1.
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to the findings of Hu et al. (2015). Data on the disease development
by Xoo in both tested cultivars also confirmed that BC,F; progenies
expressing the genes Xa2/ and XIK! established resistance against
the Xoo pathogen (Fig. 4). In this case, the current study supports the
mechanism of defense for Xa2/-mediated rice plants in both indica
and japonica subspecies as characterized by X/KI and Xa2l genes
expression as being alike.

|| BCF,lines

Fig. 4 Disease development of Xoo on indica rice cultivars RD47 and BC,F,

RD47

progenies 21 d post inoculation, where RD47 shows complete susceptibility
while BC;F; shows moderate resistance

The results revealed that the expression of X/K7 was development-
dependent and was induced by Xoo in the tested indica rice cultivar
RD47 and its improved BB-resistant progenies BC;F; (Xa21/Xa21).
Furthermore, it was shown that the XIK] gene was induced earlier
in the BB-resistant BC,F; progenies than in the susceptible cultivar
RDA47 after Xoo inoculation, thus indicating that X/K/ was activated
earlier in resistant plants than in susceptible ones. Moreover, similar
expression patterns of Xa2/ and XIK! were identified in the various
growth stages and after Xoo inoculation.
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BIOCONVERSION OF LIGNOCELLULOSIC AGRICULTURAL BY-PRODUCTS
BY MICROORGANISMS INTO HIGH MYCOPROTEIN FEEDS

Joel B. Ellamar!, Maria Teresa SJ. Valdez?, Alexis E. Inalvez', Mark C. Maniquez!,
Janice M. Rodriguez' and Denzelle B. Tarozza'

ABSTRACT

This research study was conducted to produce high mycoprotein feeds
(HMPF) from lignocellulosic agricultural by-products through solid-substrate-
fermentation. Six species of fungi were used as fermenting organisms and four
agricultural wastes as substrates. The nutrient composition of the fermented
wastes was determined through proximate analysis. Results of the study showed
that the three macrofungi Pleurotus spp., Ganoderma spp., and Psilocybe spp.
and the three microfungi Aspergillus sppl, Trichoderma spp., and Aspergillus
spp2 were capable of producing HMPF through solid-substrate-fermentation
of lignocellulosic agricultural by-products. Further, banana leaves, rice straw,
corn cob and sugarcane bagasse are candidate substrates for the production
of HMPF. Proximate analysis revealed that the crude protein (CP) of the
fermented banana leaves obtained a four- to five-fold increase (24.41%-
28.16%) in CP while an eight to nine-fold increase (19.66%-22.63%) in corn
cobs after fermentation. The fermented sugarcane bagasse attained 11- to 13-
fold (21.37%-25.83%) rise in the CP content while the fermented rice straw
obtained two to five-fold increase (18.88%-29.51%) in the CP content. The ash
contents (ACs) of the fermented products likewise increased while the crude
fiber (CFr) and crude fat (CF) of the lignocellulosic agricultural by-products
decreased after fermentation. The present results demonstrate the feasibility of
utilizing lignocellulosic agricultural-wastes as substrates of fungal organisms to
produce high protein feeds for animals.

Key words: protein biomass, high mycoprotein feeds (HMPF), lignocellulosic,
solid-substrate-fermentation, macro and microfungi

INTRODUCTION

Agricultural wastes comprise a major proportion of agricultural production. These
crop residues are made up mostly of lignocellulosic materials. These lignocellulosic crop
residues are rich in dietary fibers (Valéro et al., 2012) which are great potential energy
resources for livestock and poultry. However, they are characterized with very poor inherent

'Department of Animal Science, College of Agriculture and Forestry, Tarlac Agricultural University, Camiling, Tarlac, *Feed
Biotechnology Laboratory, Department of Research and Development, Tarlac Agricultural University, Camiling, Tarlac (email:
ellamarjoel@gmail.com).
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feeding value due to low digestible dry matter and protein content (Nasehi et al., 2017).
Likewise, these fiber-rich wastes have an enormous potential to be exploited for the
production and recovery of several products and ingredients to improve animal nutrition and
the worldwide supply of protein and calories for animal production in lesser environmental
footprints. By using appropriate technologies, the economic value of lignocellulosic crop
residues could be increased through nutrient enrichment and production of products that are
safe not only for animal use but also for human feeding.

Animal production in the Philippines is a lucrative viable enterprise and
progressively developing. However, the high cost of animal feeds due to the importation
of expensive feed ingredients is a major problem that limits the sustainability of animal
production. Aside from this, the extensive use of synthetic growth promoters and additives
is now a worldwide concern because of its impact on consumers’ health and disputes on
multidrug resistance. While feed comprises the bulk of the total cost of production, efforts
in the production of safe and cost-effective alternative feed ingredients could lead into a
cost-efficient and successful animal production by not compromising the quality of feeds,
nutrition of animals and health of consumers.

Microbial degradation of lignocellulosic materials brings a variety of changes in
their bio-physicochemical properties. Microbial treatment can enhance the digestibility of
various agricultural residues. Filamentous fungi are potential candidates that can improve
the nutritional quality of lignocellulosic residues by degrading lignin with the use of the
complex extracellular cellulolytic enzymes and converting these complex polysaccharides
into simple sugars (Singh and Kumar, 2015). The use of fungal fermentation to cycle and
recycle these residues will not only result in the reduction of pollution but also help to
produce low cost and high-quality protein biomass. Further, production of protein biomass
from fibrous wastes is an eco-friendly approach to recovering renewable energy resources
from agri-crop production into valuable low-cost products. This research was conducted
to produce high mycoprotein feeds from lignocellulosic agricultural by-products through
solid-substrate-fermentation. Specifically, it aimed to identify species of filamentous
macro and microfungi that could produce mycoprotein feeds and determine the proximate
composition of the mycoprotein feeds produced from different agricultural by-products.

MATERIALS AND METHODS

Four independent studies were conducted utilizing four agricultural by-products as
substrates and six fungal organisms. The agricultural by-products were sugarcane bagasse,
rice straw, corn cobs and banana leaves. Each of the study was set-up with five replications
to produce high mycoprotein feeds.

A 39 g potato dextrose agar (PDA) basal medium (TM Media) was weighed using
a toploading analytical balance (National LCS-3000, 1200gx0.1g, Nagata Scale Co., Ltd,
Taiwan). It was placed in a beaker and dissolved in 1 Li of distilled water. The beaker
was placed on top of a hot plate (All American™ Corning™ PC-420 Fisher Scientific,
USA) stirred continuously until the PDA was completely dissolved. A 20 ml mixture was
dispensed in sterilized flat bottles. The bottles were covered immediately with cotton wool
and aluminum foil to reduce contamination. Then, the bottles were sterilized for 15 min
using an autoclave (All American™ Stove Top, Wisconsin Aluminum Foundry, USA)
maintaining a pressure of 15 psi. After sterilization, the bottles were slanted and allowed the
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basal medium to cool down and solidify.

The three macrofungi (Pleurotus spp., Ganoderma spp., Psilocybe spp.) were
kindly given by Mr. Benjie L. Garcia of the Central Luzon State University and the
three microfungi (Aspergillus sppl, Trichoderma spp., Aspergillus spp2) were obtained
from the Department of Agriculture-Philippine Center for Postharvest Development and
Mechanization (DA-PhilMech).

Sub-cultures of the six fungal organisms were prepared from pure cultures. Before
inoculation, the glass chamber was surface sterilized to minimize contamination. Each pure
culture of the fungal organisms was sub-cultured one at a time. The inocula of the pure
culture of macro and microfungi were aseptically transferred to flat bottles containing the
basal medium using an inoculating loop. After inoculation, the flat bottles containing the
inoculants were properly labeled and arranged on the shelves and incubated at room tem-
perature for 5 to 7 days until full mycelial ramification of the fungal mycelium is evident on
the surface of the basal medium.

A standard nutrient solution (SNS) based on that used by Pham et a/. (1992) with
some modifications by Demo-os et al. (2013) were prepared. Urea, ammonium sulfate,
ammonium phosphate, vinegar and sugar were dissolved and mixed in water.

The sugarcane bagasse was obtained from a sugarcane producer and processor in
Sta. Ignacia, Tarlac while the banana leaves were obtained in San Jose, Tarlac. The corn
cob, on the other hand, was obtained from Pindangan 2nd, Camiling, Tarlac and the rice
straw was obtained in Sta. Ignacia, Tarlac. The fibrous agricultural by-products were shred-
ded using a shredding machine, sundried and used as substrates. In the preparation of the
substrates, the shredded agricultural by-products were weighed, and the SNS was mixed
with the shredded agricultural by-products. For the corn cob, a ratio of 60 SNS:40 corn cob
substrate was used while a ratio of 50 SNS:50 substrates was used for sugarcane bagasse,
rice hay and banana leaves. The SNS was gradually added to the fibrous sources individual-
ly and mixed thoroughly until a uniform mixture was attained. The substrates were packed
in an equal quantity of 1 kg in polypropylene bags fitted with polyvinyl chloride (PVC)
necks. The mouth of the PVC was covered with cotton wool and used paper and tightly
sealed with a rubber band to avoid contamination. The bagged substrates were sterilized in
an autoclave for 30 minutes maintaining a pressure of 15 psi. The sterile substrates were
placed in a tray to cool down and were arranged on the shelves before inoculation.

The substrates were inoculated using the previously prepared sub-cultures of the
six fungal organisms. Each of the cultures was aseptically inoculated in the substrates using
an inoculating loop. After inoculation, the substrates containing the inoculum were properly
labeled, placed in fermenting shelves and incubated for 21 days at room temperature. Every
week, the inoculated substrates were kneaded to mix the fungal colonies in the substrate for
efficient colonization and fermentation.

After 21 days of incubation, the resulting products of fermentation were kneaded
and were removed individually from the propylene bags, placed in trays and sun-dried to
about 90% dry matter.

After sun-drying, a 250 g fermented product was compositely sampled from the
five replicates of each substrate, placed in ziplock plastics and labeled for proximate anal-
ysis. The finished products were brought to the Department of Agriculture-Regional Feed
Chemical Analysis Laboratory in San Fernando City, Pampanga for the analysis of the
nutrient composition in terms of moisture content (MC), crude protein (CP), crude fat (CF),
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ash content (AC), crude fiber (CFr) and dry matter (DM). Data were gathered from the aver-
age of two runs of proximate analyses of the same analytical condition.

RESULTS AND DISCUSSION

The results of the proximate analysis of banana leaves before and after fermentation
by macrofungi is shown in Figure 1. It shows that unfermented banana leaves contain
4.07% CP, 1.87% CF, 41.43% CFr, 10.00% AC and 91.00% DM. The fermentation of
Pleurotus spp. brought a four-fold increase in the crude protein. After fermentation, the
CF decreased by 0.70% which is an indication of the use of fats by Pleurotus spp. as a
source of energy. Moreover, a 0.55% rise in AC indicating an increase in the inorganic
components of the fermented banana leaves. A lower %MC brought the high %DM.
Similar results were observed in Ganoderma spp. and Psilocybe spp. when used as
fermenting organisms. A remarkable four-fold increase in the protein content was
obtained after 21 days of fermentation. The CF decreased by 0.57% and 0.59% for both
fungal organisms, respectively. The ACs of the fermented products improved by 0.33%
and 0.73%, respectively. DM content was 84.70% and 86.10%, respectively. Proximate
analysis of the banana leaves fermented by microfungal species is presented in Figure 2.
Fermentation of banana leaves by Trichoderma spp. and Aspergillus spp2 brought a four-
fold increase in the CP of fermented banana leaves while a five-fold CP was attained when
Aspergillus sppl was used in fermenting the banana leaves. A slight decline in the %CF
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Figure 1. Proximate analysis of banana leaves before and after fermentation
by macrofungi for 21 days at room temperature.
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Figure 2. Proximate analysis of banana leaves before and after fermentation
of microfungi for 21 days at room temperature.
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of banana leaves was observed after fermentation by the three microfungal organisms.
The CFr of fermented banana leaves decreased by 3.83% for Trichoderma spp., 2.76%
for Aspergillus sppl and 5.09% for Aspergillus spp2 when compared to unfermented banana
leaves having a CFr of 41.43%. The AC increased by 1.23% in Trichoderma spp.-fermented
banana leaves while 2.02% and 1.15% in the two Aspergillus-fermented banana leaves.
There was a slight decline in the DM of the banana leaves fermented by Trichoderma spp.
and Aspergillus spp2 while an 11.10% DM was attained in banana leaves fermented by
Aspergillus sppl.

The results of the proximate analysis of corn cobs before and after fermentation of
macrofungi is shown in Figure 3. It shows that unfermented corn cobs contain 2.09% CP,
0.8% CF, 41.90% CFr, 1.87% AC and 90.70% DM. The high organic matter, particularly
the CFr, is an indication of high degradability and can be used as substrates for microbial
fermentation converting complex carbohydrates into protein by several species of microor-
ganisms. A nine-fold increase in the CP content was attained from the fermented corn cobs
after 21 days of fermentation by Pleurotus spp. at 21.11%, Ganoderma spp. at 21.69% and
Psilocybe spp. at 19.66%. The CF decreased by 0.63%, 0.49% and 0.35%, respectively,
which indicates that the macrofungi utilized CF during the process of fermentation.

Moreover, a 0.5% rise in AC indicates an increase in the inorganic components of the
fermented banana leaves. A lower %MC brought the high DM. Similar results were observed
in Ganoderma spp. and Psilocybe spp. when used as fermenting organisms. A remarkable
four-fold increase in the protein content was obtained after 21 days of fermentation. The CF
of the corn cob decreased by 3.13%, 2.16% and 4.43% after fungal fermentation by Pleurotus
spp., Ganoderma spp. and Psilocybe spp., respectively. There was also an improvement in
AC of fermented corn cobs at 1.71%, 1.77% and 1.60% respectively, as compared to the
unfermented corn cobs. The DM of Pleurotus spp. was 81%, 77% for Ganoderma spp. and
95% for Psilocybe spp.

On the other hand, Figure 4 shows that fermented corn cob by microfungal organisms
had resulted in eight- to nine-fold rise in the %CP content of the fermented corn cobs. The
CF content decreased by 0.43% when Trichoderma spp. was used in fermenting the corn
cob while 0.64% and 0.76% decrease in CF when corn cob was fermented by Aspergillus
sppl and Aspergillus spp2, respectively. The CFr of fermented corn cob decreased by 2.51%
for Trichoderma spp., 1.90% for Aspergillus sppl and 3.79% for Aspergillus spp2 when
compared to unfermented corn cob having a CFr of 41.90%. There was also a rise is the AC
of the fermented corn cobs by the three fungal organisms compared with the unfermented
substrates. The DM of the fermented corn cobs were 86.60% for Trichoderma spp., 83% for
Aspergillus sppl and 86.60% for Aspergillus spp2.

The results of the proximate analysis of unfermented and fermented sugarcane
bagasse are shown in Figures 5 and 6. It shows that the unfermented sugarcane bagasse
has very low CP, CF and AC but a very high DM constituting about 91.10% DM. After
fermentation, there was a 12- to 13-fold increase in the CP content of the fermented sugarcane
bagasse. The AC was likewise escalated from 2.41% unfermented sugarcane bagasse to
5.87%, 6.40% and 7.67% after fermentation by Psilocybe spp., Ganoderma spp., and
Pleurotus spp., respectively. The CF of the fermented sugarcane bagasse, on the other hand,
decreased when compared to the unfermented one whereas similar results were attained
in the CFr of the unfermented sugarcane bagasse after fermentation. The fermentation of
sugarcane bagasse by the microfungal organisms resulted to an 11- to 13-fold significant
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increase in the CP and a 1.5 to 1.8-fold rise in the AC with a percent increase of 3.28% for
Trichoderma spp., 4.16% for Aspergillus sppl and 3.49% for Aspergillus spp2. The CF and
the CFr of the fermented sugarcane bagasse also decreased.

Figures 7 and 8 show a snapshot of the proximate analysis of unfermented and
fermented rice hay by several species of fungal organisms. The figures reveal that the
unfermented rice straw has 5.60% CP, 0.99% CF, 37.14% CFr, 15.16% AC and 91% DM.
After 21 days of fermentation, there was a two- to five-fold increase in the CP content
of fermented products. Among the macrofungal isolates, Psilocybe spp. had produced the
highest CP content of the fermented rice straw at 29.51%. This was followed by Ganoderma
spp. with 22.09% CP and Pleurotus spp. with 19.83% CP. The CFr of rice straw fermented by
Pleurotus spp. was 37.16%, Ganoderma spp. was 34.41% and Psilocybe spp. was 32.40%.
The ACs of the fermented rice straw was 16.28%, 17.84% and 16.09%, respectively, slightly
higher when compared to 15.16% of the unfermented rice hay. The DM of the fermented rice
straw was 95.60% for Pleurotus spp., 86.90% for Ganoderma spp. and 93.20% for Psilocybe
spp. Figure 8 further discloses that the fermentation of the three microfungal isolates resulted
in a 2.37 to a 2.73-fold increase in the CP content of the fermented product. The CP of rice
straw fermented by Trichoderma spp. was 20.19%. Aspergillus sppl fermentation resulted
in 18.88% CP and 19.65% CP by Aspergillus spp2. There was also an increase in the ACs of
the fermented products that ranged from 0.93% to 2.68% by the three isolates. The CFr of
rice straw fermented by Trichoderma spp. was 34.66% which was lower by 2.46% compared
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Figure 3. Proximate analysis of corn cob before and after fermentation
of macrofungi for 21 days at room temperature.

100.00
80.00
60.00
40.00

20.00

Unfermented Trichoderma spp. Aspergillus spp1 Aspergillus spp2

B Crude Protein & Crude Fat & Crude Fiber #Ash B Dry Matter

Figure 4. Proximate analysis of corn cob before and after fermentation
of microfungi for 21 days at room temperature.
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Figure 5. Proximate analysis of sugarcane bagasse before and after
fermentation of macrofungi for 21 days at room temperature.
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Figure 6. Proximate analysis of sugarcane bagasse before and after
fermentation of microfungi for 21 days at room temperature.

to the unfermented one. The CFr obtained from Aspergillus sppl fermented rice straw was
36.29% while rice straw fermented by Aspergillus spp2 attained 36.99% CFr.

Production of inexpensive high protein biomass from agricultural crop residues plays
a substantial role in improving not only the economic utilization of agricultural by-products
but also a tangible solution in replacing imported feed ingredients for animal production.
Agricultural by-products like rice straw, sugarcane bagasse, banana leaves and corn cobs
contain biologically important nutrients that require microbial bioconversion through
biotechnological approaches for the efficient utilization of animals. Most of the agricultural
crop residues used in the present study are generally made up of complex carbohydrates
like cellulose, hemicellulose and lignin that are difficult to degrade. The physicochemical
composition of crops residues is dependent on the types. In the case of rice straw, it is
composed mainly of cellulose, hemicellulose, lignin, ash and other extractives. It contains
on average between 30% to 45% cellulose, 20% to 25% hemicellulose, 15% to 20% lignin,
as well as some minor organic compounds. Rice straw is poor in nitrogen, but relatively high
in inorganic compounds, often referred to as ash (Boschma and Kwant, 2013). On the other
hand, sugarcane bagasse, a by-product after extracting the juice for sugar production has
similar chemical constituents to rice straw. However, it varied in percent composition. The
cellulose, hemicellulose and lignin constitute 90% of the dry weight of the fiber (Rezende
et al., 2011). The ash content is low which implies that the non-fiber extractive compounds
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Figure 7. Proximate analysis of rice straw before and after fermentation
of macrofungi for 21 days at room temperature.
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Figure 8. Proximate analysis of rice straw before and after fermentation
of microfungi for 21 days at room temperature.

represent most of the dry weight of the sugarcane bagasse.

Furthermore, the polymeric fiber composition of corn cobs is made up mainly of
monomeric molecules. Cellulose is made up of C6 sugars while hemicellulose is mainly
made-up of the C5 sugars xylose and arabinose. Lignin consists of phenolic macromolecules
(Pointner et al., 2014). Reports on the proximate composition of banana leaves revealed
that it also contains a high amount of lignocellulosic materials mainly cellulose, lignin and
hemicellulose. Banana leaves contain approximately 12% ash with very high organic matter
of around 83% and around 5% carbon and very low nitrogen at 0.2%. However, the protein
contents of these crop residues were found low. The high organic matter of the agricultural
crop residues implies their high degradation potentials through enzymatic hydrolysis by
several species of microorganisms. However, Mosier et al. (2004) and Menon and Rao
(2012) revealed that the cellulose, hemicellulose and lignin that are embedded in a complex
matrix are very resistant to enzymatic degradation. Screening and selection of several
species of fungal organisms that are highly efficient in the biodegradation and conversion
of the complex carbohydrates into protein are essential. Filamentous microfungi produce
fibrous materials that can be easily converted to textured food products with protein content
as high as 30% to 50%. The biomass produced by filamentous fungi can be used as food for
animals without any further processing because it provides carbohydrates, lipids, minerals,
vitamins and proteins. Also, nucleic acid contents of fungal protein are lower than that of
yeast and bacteria (Chahal, 1982). White rot macrofungi, on the other hand, are efficient
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lignocellulolytic decomposers capable of metabolizing plant cell constituents particularly
cellulose, hemicellulose and lignin by their enzymes (Eriksson et al., 1990). Many species
are capable of degrading lignin and can improve the nutrient composition of fodder for
ruminant nutrition (Howard et al., 2003).

The intricate enzyme systems bring the ability of fungal organisms to degrade com-
plex carbohydrates. According to Dashtban et al. (2009), the bioconversion of lignocellu-
losic residues could be done by microorganisms like fungi and bacteria that are capable
of degrading lignocellulolytic materials through enzymatic hydrolysis. The conversion of
cellulosic biomass to fermentable sugars requires the synergistic action of three cellulolytic
enzymes namely 1,4 endoglucanase, -1,4 exoglucanase and -1,4 glucosidase. The most ex-
tensively studied cellulases are those produced by efficient lignocellulose-degrading fungi,
particularly Trichoderma (Narsimha et al., 2006) and Aspergillus spp. (Baig, 2005). Such
innate characteristic is an opportunity in the utilization of these organisms to produce pro-
tein biomass. Sibtain ef al. (2017) revealed that using Trichoderma harzianum to produce
fungal biomass protein from rice polishing resulted to a maximum of 49.50% crude protein,
32.00% true protein, 19.45% crude fiber, 9.62% ash, 11.50% cellulose content and 0.325%
RNA content. The profile of amino acids of the final fungal protein biomass (FPB) exhibited
that all essential amino acids were present in great quantities. The 7. harzianum produces
FPB with high nutritional value suitable as supplement for poultry animals.

It was reported by Patyshakuliyeva et al. (2016) that fungi such as Trichoderma
reesei and Aspergillus niger produce enormous amounts of extracellular cellulolytic enzymes
which is found to have synergistic interaction in degrading cellulose like the endoglucanases,
cellobiohydrolases (exoglucanases) and B-glucosidases. Meanwhile, similar enzymes called
cellulosome associated with the cell wall are also secreted by bacteria and strains of fungal
anaerobes capable of degrading cellulose. In basidiomycetes, lignocellulose degradation
could be attributed to having unique oxidative systems and cellulolytic and hemicellulolytic
activities (Dashtban et al., 2009).

Aspergillus niger and Aspergillus oryzae are also the most commonly used
industrial Aspergillus species for the production of pharmaceuticals, food ingredients and
enzymes (Berka et al., 1992; Pandey ef al., 1999). A. niger and A. oryzae produce a broad
range of enzymes related to the degradation of plant polysaccharides, such as cellulose,
xylan, xyloglucan, galactomannan and pectin (de Vries and Visser, 2001). These enzymes
are essential in converting natural carbon sources into smaller molecules easily permeable
to cells. 4. oryzae also produces some enzymes like proteases which rapidly reduce the
viscosity of gelatin solutions and cause rapid digestion of the lower molecular weight
components of gelatin have been detected in the culture filtrate. Esterase, phosphatase,
amylase, sucrase and catalase were also liberated from the mycelium in sufficient quantity
for convenient estimation. Enzymes catalyzing the liberation of inorganic phosphate from
phytic acid and lecithin, various dipeptidases, lactase, maltase, salinase, nuclease and urease
were also detected. White rot fungi is also an alternative and safe source of biologically
active extracellular cellulolytic enzymes. It was reported that Ganoderma spp. possesses
three major families of fungal lignin-modifying enzymes (LMEs) (Thurston, 1994). These
include laccases, manganese-dependent peroxidases (MnPs) and lignin peroxidases (LiPs)
(Youn et al., 1995). It is believed that these enzymes can degrade lignin that can be used
in degrading lignocellulosic material as a renewable resource for the production of paper
products, feeds, chemicals and fuels. These LMEs can oxidize phenolic compounds thereby
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creating phenoxy radicals, while non-phenolic compounds are oxidized via cation radicals.
LiP and MnP oxidize non-phenolic aromatic compounds with high oxidation-reduction po-
tentials, the major components of the lignin polymer. Laccase oxidizes non-phenolic aro-
matic compounds with relatively low oxidation-reduction potentials (Kirk ez al., 1987).

Reports also revealed that several species of Pleurotus spp. are among the most
efficient in utilizing lignocellulosics (Zhang et al., 2002; Salmones et al., 2005; Albores et
al., 20006). Similar studies on three Pleurotus spp., namely, P. florida, P. ostreatus, and P.
sajor-caju for cellulolytic enzymes production showed that P. florida, produced the highest
levels of enzyme activity, indicating high production of extracellular cellulases under opti-
mum cultural and nutritional parameters using submerged fermentation conditions (Goyal
and Soni, 2011).

Based from the results of the study, the three macrofungi Pleurotus spp., Ganoderma
spp., and Psilocybe spp. and the three microfungi Aspergillus sppl, Trichoderma spp., and
Aspergillus spp2 are capable of producing mycoprotein feeds from agricultural wastes of
banana leaves, rice straw, corn cobs and sugarcane bagasse with an increase in CP content
through solid-state fermentation. Further study could be conducted by varying moisture
content of the substrates, inoculum size, and duration of fermentation, C/N sources
concentration, qualitative protein and lipid content analysis, enzymatic analysis and feeding
trials in livestock and poultry animals.
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The Effects of Plant L eaves Variants from The Philippines on Infective
Oesophagustonum dentatum L arvae

Pengaruh Sembilan Tanaman Asal Filipina Terhaddplsi Larva Oesophagustont
dentatum

Maria Asuncion G. Beltran®#, Allan Robertson? and Richard J. Martin®

Tarlac Agricultural University, Camiling, TarlachMppines
’Department of Biomedical Sciences, lowa State Usitye Ames, lowa, US
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ABSTRACT

Nine aqueous extracts of plant leaves from theigfiles were evaluated agairOesaphagustomum
dentatumsensitive (ODSENSs) larvae for their anthelmintifeefs. The plant species evaluated w
Ananas comosusChrysophyllum cainito,Gliriciia sepium, Annona squamosa, Moringa oleifi
Tinospora rumphiiBoerl Azadirachta indica, Trichantera giganteand Leuacaena leucocephi. The
leaves of the plants gathered from Camiling, TaRtdlippines, were dried under room temperature
30 days and then ground. Agueous extracts of thlase leaves were prepared using migration buln
vitro migration and inhibition assays ve used to evaluate the anthelmintic activity agaéxsheathe
third stage larvae dbesophagustomum dentati The experiments were put in-2&ll plates at room
temperature with four replications per treatmemgiglifferent concentrations of 1, 2.5 and 10 mg/ml.
About 120 larvae per well were deposited on a lemigration apparatus consisting of @& nylon mest
filters and incubated 20 hours under differenttiresmts and another 2 hours to allow the migratib
active motile larvae. The evalion criteria were based on the average numbenshilbited larvae unde
the different treatments. The percentage inhibitimare statistically analyzed using T-Way ANOVA
(P=<.0001) of the Graph Pad Prizm software (V5 San ®i€gp). The most effectiveeaves with their
highest inhibition level were frorAnanas comosugineapple, 86.50%)Gliricidia sepiun (madre de
cacao, 84.50%)Chrysophyllum cainii (star apple, 83.75%),Moringa oleifera(horseradis,58.75%),
Annona squamosgsweet sop, 56.00¢, Tinospora rumphiiBoerl ( WMakabuhay, 55.75%), at
Azadirachta indicdNeem, 51.50%), whereby extremely significar<0.001) effect againO. dentatum
larvae. Two leaves extracts, frcTrichantera giganteandLeuacaena leucocephe have no significant
effect onO. dentaturmarvae.The larval migration assay allows initial studiestbe anthelmintic effect
of the herbs.

Keywords:plant leaves, anthelmintic property, inhibitionagsPhilippine

ABSTRAK

Sembilan ekstrak air daun tanaman dari Filipinaaigasi terhadap sensitifitas larOesaphagustomum
dentatunyang mempengaruhi anthelmintik. Spesies tanamag dé&evaluasi adalaAnanas comosus
Chrysophyllum cainito, Gliricidia sepium, Annonauamosi, Moringa oleifera, Tinospora rumpt
Boerl, Azadirachta indica, Trichantera gigan dan Leuacaena leucocephi. Daun tanaman
dikumpulkan dari Camiling, Tarlac, Filipina, dikegkan selama 30 hari dalam suhu kamar
kemudian ditumbuk. Ekstrak air dedaun tanaman tersebut disiapkan menggunakan bunifgrasi.
Migrasi in vitro dan uji penghambatan dilakukanukntnengetahui aktivitas antelmintik terhadap le
tahap ketigaOesophagustomum dentati Eksperimen dilakukan dalam 2&muranplate pada suhu
kamar dengan empat replikasi per perlakuan menggnniadnsentrasi yang berbeda dari 1-, 5 dan
10 mg / ml. Sekitar 120 larva per sumur diendapaata peralatan migrasi larva yang terdiri darj&0
filter mesh nilon dan diinkubasi 20 jam dengan gkuan berbeda dan 2 jam lagi untuk memungkir

Website : http://vbcj.ub.ac.id
E-mail :vbcj@ub.ac.id 9



Beltran et al. : The Effects of Plant Leaves Variants from The iPpihes on Infective
Oesophagustonum dentatlrarvae

migrasi larva motil aktif. Kriteria evaluasi didakan pada jumlah rata-rata larva yang dihambatdigh
perlakuan yang berbeda. Penghambatan persentasaisigasecara statistik menggunakan Two-Way
ANOVA (P =<,0001) menggunakasoftwareGraph Pad Prizm (V5 San Diego, Ca). Daun yang galin
efektif dengan tingkat penghambatan tertinggi tardari Ananas comosuganas, 86,50%)Gliricidia
sepium(daun Gamal, 84,50%hrysophyllum cainito/daun sawo duren, 83,75%yloringa oleifera
(daun kelor, 58,75%)Annona squamosédaun srikaya, 56,00%),inospora rumphii Boe(Bratawali,
55,75%), danAzadirachta indica(daun mimba, 51,50%), semuanya menunjukkan efelg ysangat
signifikan (R0,001) terhadap larv®. dentatum Dua ekstrak daun yaitlirichantera gigante@aun
cemara raja) daheuacaena leucocephdttaun lamtoro) tidak berpengaruh signifikan teripatiavaO.
dentatum Uji migrasi larva memungkinkan studi awal tentafigk anthelmintik dari herbal

Kata kunci daun tanaman, antihelmintik, uji penghambatarpifa

INTRODUCTION MATERIAL AND METHO DS

The high cost of conventionalPlant leaves
anthelmintic drugs and the development

¢ anthelmint ot lead he-— Plants leaves were collected fresh,
orantheimintic resistance lead researc edirectly from naturally grown plants in
to evaluate the different plants as a

ternati ; ; nthelminti Camiling, Tarlac, Philippines during the
alternative - - source = of - antn€imintics,, oy sa350n (July and August). Leaves
especially in tropical countries where

lants abound th hout th were dried for 30 days under room
many pran's eoun roughout the yeatemperature and then sent to lowa State
The use of plants and plant extracts as

possible source of University with an approved permit. The

wral anthelmintics h ved plant leaves were taxonomically identified
hatural anthelmintics has - received  Mofys Apnanas  comosus, Chrysophyllum
interest in the present years.

Th £ medicinal olants for th cainito, Gliricidia sepium, Annona
€ Use of medicinal piants for Esquamosa, Moringa oleifera, Tinospora
prevention and treatment of gastro

; . " : I8 "rumphii - Boerl, Azadirachta indica,
intestinal parasitism has its origin in

th eri dici Ath iad ITrichantera gigantea and Leuacaena
ethnoveterinary medicine (Athanasia OIeucocephala.The scientific nhames and
et al, 2007). For ages, plants have bee

D X common names are summarizedTiable
used to control parasitism, and in man

countries of the world, they are still usea”
for this purpose. There have been reporg; :
around the world about the use of plantlzIant extract preparations
for their anthelmintic properties to treat The leaves were ground using an
human and animal parasitic infectiorOster® processor at high speed for two
(Bahaud,et al, 2006; Lopez-Arochet al, minutes and stored in 50 ml falcon tubes
2008; Mali and Mehta, 2008; Bachaga until later use. One gram of leaves of each
al, 2009; Marie-Magdeleinegt al, 2010; species were suspended in 20 ml of
Narojini et al,2011; Rabiu and Subhasishmigration buffer and were shaken for 24
2011; Reuberet al, 2011; Deb Roet al, hours using an Orbit1000® (Labnet Intl).
2012; Getachewt al,2012 and Ferreirat The aqueous solution was then extracted
al, 2013). The aim of this study was to tesusing 20um nylon mesh (Elko®) filters
anthelmintic effects of nine plantsthus making the stock solution in
aqueous extracts from the Philippinegquivalent to 0.05 g/ml concentration.
under controlled experimental conditions.Each treatment was prepared adding 0.2
ml, 0.5 ml, Iml and 2 ml and up to 10 ml
of the  migration buffer.  The
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concentrations were prepared at 1 mg, 2consisting of 20um nylon mesh filters
mg, 5 mg and 10 mg/ml, respectively. (Elko®) in a 24-well plate (Corning®,
Corning, NY) and incubated for another 2
Oesophagustomum dentatum L3 hours to allow migration/inhibition of the
L3 active, motile larvae. After 2 hour
migration periods, the larvae were washed
with migration buffer into 3.5 cm
petridishes . Both the number of migrated
larvae from the 24-well plate and inhibited
larvae from the dishes were recorded
under a microscope (Nikon TMS™, MVI,
Avon, MA), as well as the total number of
larvae. The evaluation criteria were based
on the average number of inhibited larvae
gnder the different treatments. The

The Oesophagustomum dentatun
larvae were obtained by fecal culture
The feces were mixed daily with wooder
spatulas and incubated for 6 days t
promote egg hatching and the
development of t.infective larvae. The L
larvae were recovered using the Baerms
funnel technique, and filtered and washe
by centrifuging in 40%
sucrose.Afterwards, they were re
suspended in sterile distilled water an
stored in culture flasks and maintained i
a low temperature Incubator™ (FiShe€ o innipited = No. of inhibited larv
SC|ent|f|C) at 10% Total No. of Larva X100

For exsheathment, the larvae were
placed in sterile water in a5 ml Falcon®_ . . :
tube with one ml of 10% of sodiumSt"j‘t'St'C"jII analysis
hypochlorite (Vertex CSS-5 Bleach®, St. Data were statistically analyzed
Louis, MO) for 5-8 minutes at roomusing Two-Way ANOVA (P=.0001) of
temperature or as soon as 90-95% of thke Graph Pad Prizm software (V5 San
larvae were exsheathed when seen undeDa&go, Ca). The differences between the
microscope (Nikon TMS™, MVI, Avon, negative control and each of the
Ma.). The mixture was spun (Eppendorfreatments were analyzed using the
Centrifuge 5415, Brinkmann™) at 31,00Bonferroni post-test.
rom for 2 minutes, rinsed and re-

ormula was:

suspended in sterile water. RESUL TS AND DI SCUSSION
Anthelmintic Activity: Larval Table 1 shows the mean percentage
migration assay inhibition to various concentrations of

For the larval migration assay, thenine different species aqueous leaves
procedure of Nagamoret al (2013) was extracts after 20 hours of exposureQo
used. The concentrations of the larvadentatum exsheathed larvae. At the
were at 120 larvae/well. After the larvaehighest leaf extracts concentration of
were exsheathed, they were re-suspend10mg/ml, Ananas cComosus
in appropriate positive and negativdpineapple)leaves produced the highest
control drugs and with the different leave$hhibition — of  86.50%  (R0.0001),
extracts in aqueous solution agompared tdGliricidia sepium(gliciridia)
concentrations of 1mg/ml, 2.5 mg/ml, fat 84.50% andChrysophyllum cainito
mg/ml and 10 mg/ml, and then incubate(star ~ applegt  83.75% inhibition
at room temperature (25-30) for 20 (P<0.0001). At the same level of
hour treatment exposure time periods. concentration, three other plant extracts,

After twenty hours, the larvae wereAnnona squamosad 56.00% (R0.001)

added to the migration apparatughhibited larvae in the migration assay,
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Moringa oleiferawith 58.75% (R0.001) condensed tannins on livestock are the
andTinospora rumphiBoerl with 55.75% reduction of the detrimental effects of
(P<0.001). parasitism in grazing livestock (Hoste,
Ananas Comosus and al, 2006). The consumption of high
Chrysophyllum cainito showed very concentration of condensed tanning%
significant effects even when given at @ DM) has been associated with
lower concentration of 1 mg/ml, withdetrimental effects of ruminants such as
49.25% (R0.001) and 47.75 % ®.001) reduction of food intake, growth inhibition
inhibition, respectively (Figure 1). With and interference with the morphology and
the study done by Fernandetzal (2013), the proteolytic activity of microbes in the
Chrysophyllum cainitoextract was mixed rumen. Low and moderate concentrations
with other two leaves extracts, makabuhagf condensed tannins§% of DM) have
(Tinospora rumph), and makahiya resulted in positive effects in the
(Mimosa pudica Ethanol was the bestherbivores like increased growth and
solvent to extract the bioactiveincreased milk production (Mingt al,
components of the three plants. Eight2003; Waghorn and McNabb, 2003).
percent (80%) of Haemonchus Pineapple leaves have previously
contortuslarvae died 30 minutes afterbeen wused in the Philippines as
exposure with the cocktail.Likewise, in aanthelmintic preparations for livestock
number of tests, tannins were reported i@ovellanos, 1997; Baldo, 2001).
the phytochemical analysis @. cainito According to Githiori (2004) and Debnath
as being responsible for its observedt al (2013) the pineapple plant contains
anthelmintic effects (Fernandeet al, cysteine proteases (bromelain), have been
2013). The beneficial effects ofreported to have anthelmintic properties.

Tablel. List of medicinal plants used vitro for anthelmintic evaluation againdt dentatum:their
common name and scientific names
Scientific Name Common Name
Ananas comosus Pineapple (Engl); Pina (Spanish); Abacaxi (PortsglieAnnachi pazham
(Tamil); Nanas (Malay); Aananas (Many languages)
Chrysophyllum cainito | Caimito (Tag., Span.), Cainito (Engl.) Star ap@tr plum (Engl.) Niu nai

guo (Chin.)

Gliricidia sepium Madre de Cacao (Guatemala) Kakawate (Tag), Cacaariz,
Cacahnanance, Mata Raton, Madriado (Honduras)

Annona squamosa Custard apple, sugar apple, sweet sop (Englisisht&(Arabic);

Kannelappel (dutch), Atis (Tag); Attier, Cachimzanelle, pomme de
cannelle (French); Rahmapfel, Sti3sack (German);3arifa, Sitaphal
(Hindi); Buah nona, Nona sri kaya, Sri kaya (Malagy, Fan-li-chi
(Mandarin); Fructa do conde (Portuguese); Anérprey Anona blanca,
Candongo, Chirimoya, fructo do conde, pinha, sas@ni8panish); Lanang
Makkhiap, Noina (Thai); Mang cau ta, na (Vietnan)ese

Moringa oleifera Horseradish tree, Radish tree, Drumstick tree hidiié Best Friend, West
Indian ben (Engl); Bén ailé, Benzolive, Ben oléifeArbre radis du cheval
(French); Behenbaum (german); Sandalo cerulead(fifal Acacia branca,
Marungo (Portuguese); Arbol del ben, Ben, Morardoringa (Spanish);
Kachang Kelur (Malasia, Indon); Mulanggay (Tag)aKkaeng-doeng (Thai

Tinospora rumphii Heavenly elixir (Engl) Makabuhay (Tag., 1Ik.); Gjla (Ind.); Fa leng teng
Boerl (Chin.)

Azadirachta indica Neem, Nimtree, Indian Lilac, Margosa Tree, NeemlGRngl)
Trichantera gigantea | Madre de Agua (Tag), Cenicero, Tuno, Naranjillag #alo de agua (Span
Leuacaena Ipil-ipil (Tag) White Leadtree, White Popinac (EhgiSubabool (Indian)
leucocephala
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Gliricidia sepium(madre de cacao) significant effect of 41.00% inhibition at
was also active with 41.25% inhibition5mg/ml concentration &9.05). Moringa
when given at Img/ml @0.01). Its effect had been used for a wide range of various
became very significant when exposed ailments (Sreelatha and Padma, 2009).
a higher concentration of 5mg/ml, whict The different parts of this plant such as
showed 72.75% inhibition (®.001). This the leaves, seed, roots, bark, flowers and
validates the efficacy of the leaves extradruits and immature pods have been found
as it has been used in the Philippines to act as agents for the following effects:
treat external parasitism. Fresh, cleacardiac and circulatory stimulus, antiulcer,
leaves are pounded, with its juiceantispasmodic, diuretic, antihypertensive,

extracted and applied to affected animgpossess antitumor, antipyretic,
body parts, once to twice a day for onantiepileptic, antiinflammatory,

week. Fresh leaves are also used as a frecholesterol lowering, antioxidant,
feeds for deworming purposes, especiallantidiabetic, hepatoprotective,
in goats by many farmers in theantibacterial and antifungal activities, and
countryside. treatments of other various ailments in

Gliciridia was found to contain South Asia (Anwaet al,2007). Although,
40.7g of condensed tannins/kg drthere have been no report on its
matter.Tannins have been found to hawdeworming activity, results of this study
potential antidiarrheic, antidysentericfound thatMoringa has potential in this
antimutagenic, antinephritic, antioxidantregard.
antiradicular, antiviral, bactericide, Annona squamosa leaves extract
cancer-preventive, hepatoprotectiveshowed 56.00% inhibition at the highest
pesticide, psychotropic, and viricideconcentration of 10mg/ml and 48.00% at
activities (Dukeet al,1994). There is little 5mg/ml (P<0.001) againstO. dentatum
evidence of toxic effects with ruminantslarvae. This conforms with other research
fed either fresh or wilted leaves (Stewariwhere Annona squamosas found to
et al, 1996) In a reportpublished by thereduce faecal egg counts (FEC) and total
Cornell University (2009), goats safelyworm counts in  experimental lambs
consumed larger quantities of plants witl(Githiori et al, 2004).The anthelmintic
tannins than cattle and sheep becauproperties ofAnnona squamosendicated
goats have a salivary protein that binds tthe presence of phenolic compounds in its
the tannins that the other livestock lack. laqueous leaf extract (Kamaraj and
is reported in Asia thaGliciridia has Rahuman, 2011), which was observed
apparent palatability problems (Trungalso by Fereiraet al (2013) when they
1989), but farmers are continuousitested the leaves extract against eggs,
feeding it, especially in goats, because (nfective larvae and adult forms of
its availability. One advantage ofHaemonchus contortusn sheep. Plant
Gliricidia is having more biomass than phenolic compounds are diverse forms of
leucocephalgdStewartet al.1992), with proanthocyanidins and condensed tannins.
annual leaf dry matter productionThey were found to prevent bloat in cattle,
generally ranging from about 2 t/ha/yeareduce gastrointestinal nematode numbers
(Wong and Sharudin, 1986) to 2(Cand flystrike (Waghorn and McNabb,
t/halyear (Sriskandarajah, 1987). 2003).

Moringa oleifera leaves extract Tinosphora rumphiior makabuhay
showed 58.75% inhibition, a veryleaves [ag) showed 55.75% inhibition at
significant effect (R0.001) when given 10mg/ml concentration .001), an
the highest dose of 10mg/ml, and extremely significant effect, but no

Website : http://vbcj.ub.ac.id
E-mail : vbcj@ub.ac.id 13



Beltran et al. : The Effects of Plant Leaves Variants from The iPpihes on Infective
Oesophagustonum dentatlrarvae

significant effectsat lower concentrationswhen applied at lower concentrations. In
againstO. dentatuniarvae. Earlier studies tropical Asia, fresh neem tree leaves were
on crude extracts ofinosphora rumphii fed to sheep, which lowered the infection
were  highly effective  againstagainstH. contortusfecalysis count (Sani,

Haemonchus larvae in vitro and in 2004). Its active compounds were found
reducing worm egg counts and wornto be a high content of condensed tannins,
numbers in sheep and goats (Sahial, which might be responsible for its

2004). anthelmintic activity (Chandrawathameit
Likewise, Azadiractha indica or al, 2002 and 2006; Githoret al, 2004;
neem tree leaves produced 51.50Costaet al, 2006). Table 2 presents a

inhibition at 10mg/ml (R0.01), a very summary of several plants used in this
significant effect, but similar toT. study as to their naturally occurring agents
rumphii, no significant effect was seenthat possess anthelmintic properties.

Table2. Aqueous leaves extracts evaluated agaistdentatum and theirmean percentages of

inhibition at different concentrations after 20 l®incubation time under room temperature.

% Mean Inhibition* at different concentrations
Treatments 1 mg/ml 2.5 mg/ml 5 mg/ml 10 mg/ml

Migration Buffer (-) Control 18.50 23.75 24.50 29.75
Levamisole (+) Control 94.97 96.00 95.50 98.75
Ananas comosus 49.25%+* 64.00*** 84.50*** 86.50***
Gliricidia sepium 41.25** 45.25** 72.75%* 84.50%**
Chrysophyllum cainito A47.75%* 52.50*** 59.75%** 83.75%**
Moringa oleifera 28.78" 35.25™ 41.00 58.75%+*
Annona squamosa 19.75" 21.00™ 48.00%+* 56.00%+*
Tinospora rumphiBoerl 11.50™ 25.75" 34.00™ 55.75%+*
Azadirachta indica 17.00™ 22.00™ 35.00™ 51.50**
Trichantera gigantea 28.50™ 31.75" 37.25" 42.25"™
Leuacaena leucocephala 5.00™ 12.50™ 18.00™ 21.75"

* Bonferroni Post tests results as compared toduative control (P value<0.01).
** Significant result at R0.001.
*** Highly significant results at R0.0001.

In the data analyses, the interactio(sweet sop, 56.00%)Tinospora rumphii
between the leaves extracts and thH&oerl (Makabuhay, 55.75%),and
concentrations used account for 5.11% (Azadirachta indica (Neem, 51.50%),
the total variance 0.0001) and was which all proved extremely significant
extremely significant. The plant leaves(P<0.001). Two plant species leaves
extracts account for 71.41% of the totsextracts, those frormirichantera gigantea

variance (R0.0001) and the and Leuacaena leucocephaf@d no
concentrations account for 15.58%significant anthelmintic effects orO.
(P<0.0001), both effects were alscdentatumarvae.

extremely significant. In summary, the The active compounds are plant
most effective plant species leaves isecondary metabolites (PSM) (Githiori et
producing the highesd. dentatumlarvae al, 2006), the plant products that have
inhibition levels were from Ananas been associated  with defensive
comosus(pineapple, 86.50%)@Gliricidia mechanisms of plants against herbivore

sepium (madre de cacao, 84.50%)grazing (Mueller-Harvey and McAllan,
Chrysophyllum  cainito (Star apple, 1992). Saponins, alkaloids, non-protein
83.75%), Moringa oleifera amino acids, tannins and other

(horseradisf®8.75%), Annona squamosa polyphenols, lignins, glycosides, are all
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PSM and some of them have bee3.37 kg of roughage and 0.90 kg fresh
considered responsible for the antilegumes (25% DM). The legume part was
parasitic effect of plants (Githiori, 2006). the replaced components by the different

Fresh roughages supplied to a 3leaves in controlling the parasites. Given
kgs goat,with 3% of its body weight dryl0 mg of leaves (DM)/ml as the effective
matter (DM) requirement, needs 0.9 keconcentration with the highest inhibition
DM a day. If the roughage to legumeteffect to larvae, in a goat’'s rumen with 3 L
ratio was 75%:25%, the DM needed focapacity, at least 151 grams of fresh
roughages was 0.67 kg and 0.22 kg fdeaves must be given daily for three
legumes. Converted the DM into frestconsecutive days to effectively control
roughage (20% DM), a goat needs aboithe parasites.

1007 MB (-) Control

Lev (+) Control

Ananas comosus
Gliciridia sepium
Chrysophyllum cainito
Moringa oleifera
Annona squamosa
Tinospora rumphii
Azadirachta indica
Trichantera gigantea
Leucaena leucocephala
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Figurel. Inhibition percentage of nine aqueous leavesmaexbnOesophagostomum dentatlamvae
using larval migration assay.

CONCLUSIONS with other plant species extracts.
Furthermore, combination of DE and plant
This effort to scientifically screen |eaf extracts may worth investigation in
and evaluate the effect of medicinal plantthe future combining the mechanical
from the Philippines  documenteddamage of the parasites with the natural
statistically significant inhibition ofO. effect of some plant leaves.
dentatumlarvae by exposure to the leaf
extracts of seven of the nine plant species
examined. The results of this study
validate the traditional use of these plants
as having natural anthelmintic propertieAnwar, F., Latif, S., Ashraf, S. and A.H.
and they may be used with its Gilani. 2007. Moringa oleifera a
pharmacological potentials for veterinary food plant with multiple medicinal
health management systems, especially in uses. Phytother Res. 21(1):17-25.
developing countries where_ these plant&thanasiadou, S. Githiori, J, and |
?boun_dland the farmers typlc?lly Iacl;]the Kyriazakis. 2007. Medicinal plants
Inancia .relsourr1ces. tol routinely purc aﬁe for helminth parasite control: facts
commercial  chemical treatments. The o fiction. Animal 1(9), 1392-1400
methoc!s: of this experiment also prpwde @ The Animal Consortium
an additional resource to conduct future
Vivo investigations on other parasites and
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ABSTRACT

In the Philippines, mango anchors a million-dollar industry which is largely dependent on the export of a sole variety, the
‘Carabao’ mango. Varietal improvement of the ‘Carabao’ mango involves the introgression of anthracnose resistance to
improve its yield and export quality. Molecular genomic tools such as single nucleotide polymorphism (SNP) markers
provide a platform to accelerate breeding of resistant varieties through marker-assisted selection (MAS). Here, we developed
and analyzed the molecular basis of an SNP marker within the pathogenesis-related -1,3-glucanase 2 (B-1,3-GLU2) gene
putatively linked with resistance to anthracnose. This SNP is an A/G transition causing a missense mutation (I196V) in
glycosyl hydrolase family 17 (GH17), a highly conserved domain involved in physiologically important processes in plants,
notably in response to biotic and abiotic stresses. Structural analysis suggested that the 1196V mutation resulted in
conformational changes in the enzyme’s (B/a)8 TIM-barrel motif and catalytic groove by causing a steric clash with V261
residue, thereby possibly affecting the averall protein stability or catalytic activity and subsequently inhibit fungal defense
response mechanisms. Our findings also demonstrated the association of this SNP marker with anthracnose resistance
wherein mango accessions with the mutant allele ‘G” showed significantly higher disease severity post-inoculation while
those with wildtype allele *A” showed phenotypic resistance against anthracnose. The positive correlation between the type
of SNP allele present and reaction of mango to C. gloeosporioides sensu lato coupled with the ability of the marker to
discriminate SNP alleles using a simple and cost-effective allele-specific PCR assay make it suitable for MAS. The results
of this study support the utilization of the developed B-1,3-GLU2 SNP marker for routine screening of anthracnose resistant
phenotypes as early as the seedling stage. This will help improve mango breeding efficiency and significantly reduce the
expenses in field inputs, maintenance, and evaluation of material over years.

Keywords: AS-PCR, Carabao mango, Colletotrichum gloeosporioides sensu lalo, Genotype-by-sequencing, Glucan endo-
1,3-beta-glucosidase, Single nucleotide polymorphism

1. INTRODUCTION

Mango (Mangifera indica L.) is a commercially important fruit crop in the tropical and subtropical regions, particularly in
Asia. It anchors a million-dollar industry ranking sixth in terms global fruit production after bananas, watermelons, apples,
oranges, and grapes (FAQ, 2019a). In 2018, the global production of mango fruit reached up to over 52 million metric tons,
with more than one thousand varieties grown in Asia, Central and South America, and Africa (FAO, 2019b). Although there
is increasing demand in developed countries, only 3-4% of the global production is traded internationally and the rest is
traded and consumed domestically (Mitra, 2016). Despite its excellent qualities, the export potential of mangoes are not
fully attained due to its short shelf-life, thin peel and low quality and production yield attributed to susceptibility to insect
pests and pathogenic diseases. The high average temperature and relative humidity in tropical regions favor the rapid
development of diseases at both the pre- and postharvest stages, which directly affect fruit quality and yield (Dodd et al.,
1991). One of the most serious and destructive diseases of mango is anthracnose, which is primarily caused by the fungus
Colletotrichum gloeosporioides (Dodd et al., 1991). This fungus causes leaf blight, blessom blight, mummified fruits, and
dieback by infecting leaves, flowers and juvenile fruits (Arauz, 2000). During postharvest, germination of dormant fungal
spores is induced by ripening and disease development becomes apparent when black, sunken, rapidly proliferating lesions
develop on marketable fruits rendering them worthless and non-marketable (Akem, 2006).

Different disease management strategies have been developed to control the disease but these often involve excessive use
of fungicides, which are expensive and damaging to the environment (Dodd et al., 1991). Another management method, the
hot water treatment (HWT), needs to be revalidated for its fungistatic rather than fungicidal ability (Alvindia & Acda, 2015).
In the absence of cheap, safe and efficient protection measures, breeding for resistance is valuable in solving the growing
problem in the mango industry. However, traditional mango breeding programs are slow and challenging due to several



factors such as long juvenile stage, long generation time, high heterozygosity, and low crossing rates (0.1%). The detection
of the disease poses additional problems in traditional mango breeding programs as infected fruits show no signs of the
disease until the onset of ripening.

Advancements in molecular biology provide genomic tools such as DNA markers which can aid in the selection of target
traits and to accelerate the breeding process of new varieties of mango. DNA markers are sequences with a known location
in the genome and they can assist in breeding selection when found associated with a desired trait. Among the DNA markers,
single nucleotide polymorphisms (SNPs) are advantageous in marker-assisted selection (MAS) due to its high density and
abundance across the genome (Syvénen, 2005). SNPs are single base changes in the DNA, which allow a higher probability
of finding an SNP-based marker within the gene of interest. SNP marker detection can be automated, enabling high-
throughput analysis appropriate for breeding programs involving large populations (J. Kumar et al., 2011; Syvanen, 2005,
Y. Xu & Crouch, 2008). Although several studies have already used SNPs in linkage mapping and estimation of genetic
diversity in mango (Iquebal et al |, 2017; DN. Kuhn et al , 2016; David N. Kuhn et al., 2019; Sherman et al., 2015; Singh et
al., 2016, Warschefsky & von Wettberg, 2019), SNP markers associated with important horticultural traits, including disease
resistance, are yet to be developed and used for marker-assisted selection in mango breeding.

In the present study, a previously identified SNP marker located within a putative defense-related gene associated with
resistance against Colletotricum gloeosporioides infection was developed and validated for use in marker assisted selection
(MAS) of anthracnose resistant mango phenotypes. We hypothesize that this SNP plays a role in . gloeosporioides
pathogenicity on mango fruit that may confer resistance to anthracnose disease.

2. MATERIALS AND METHODS

2.1 Plant materials

A total of 143 mango varieties and strains from commercial growing areas and research institutions in the Philippines were
used in the present study. Genetic resources in this collection include 130 ‘Carabao’ mangp strains, 9 commercial varieties,
and 4 unknown cultivars. Scions of mango collections showing promising traits were collected and asexually propagated
by cleft-grafting and maintained at the fruit crops nursery of the Institute of Plant Breeding, University of the Philippines
Los Bafios (UPLB), Laguna, Philippines.

2.2 Phenotypic screening for anthracnose resistance

Preliminary screening of mango accessions for anthracnose resistance was performed using the pathogen Collefotrichum
gloeosporioides sensu lato isolated from mango samples collected from various provinces in the Philippines through tissue
planting technique. The most aggressive isolate (Mg12) was used in the study (Figure ). Molecular identity of this fungal
isolate was established through PCR assay using Col1/Col2 (Martinez-Culebras et al , 2003) and CgInt/ITS4 (Mills et al.,
1992) primer pairs. Fungal spores were harvested by adding 5 mL sterile distilled water on 7-day old culture and scraped
using flamed L-spreader. Spore suspension was filtered on a four-layered sterile gauze cloth to filter only the fungal spores.
Spore count was adjusted to 10° spores/mL using hemacytometer. Fruits were artificially evaluated in vifro via spore
suspension droplet inoculation technique. Samples were disinfected using 20% sodium hypochlorite for 10 minutes, rinsed
with sterile distilled water twice and blot dried using sterile tissue paper. Disinfected fruits were placed in a moisture
chamber with moistened sterile cotton to maintain humid condition (Alcasid et al., 2018; Torres-Calzada et al., 2013). Each
fruit was pricked with sterile 1 mL syringe to create wound and inoculated with 20 pL of spore suspension (10° spores/mL).
Reaction to mango anthracnose was observed after 12 days of incubation following the disease rating scale (Table 1. Disease
rating scale used for the phenotypic screening in this study.) and disease severity was calculated using the formula previously
described by Paull (2002).

Table 1. Disease rating scale used for the phenotypic screening in this study.

Rating Scale Description Reaction
0 No infection Immune
1 1-5% of the total fruit surface infected Highly Resistant
3 6-15% of the total fruit surface infected Resistant
5 16-30% of the total fruit surface infected Intermediate
7 31-50% of the total fruit surface infected Susceptible
9 More than 50% infection Highly Susceptible
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Figure 1. (A) Colony morphology of C. gloeosporioides sensu lato isolate MG12 and its (B) spores under 40X magnification.

Confirmatory evaluation of resistance was conducted for accessions that initially showed resistant and intermediate
reactions in the preliminary trials. Approximately 120-day old mango fruits were disinfected and reactions were evaluated
followmg the methods described above.

2.3 Genomic DNA isolation

Genomic DNA was isolated from the youngest, fully mature and green leaves following the modified CTAB protocol of
Lachica et al. (2019). DNA stock solutions were quantified using Epoch Microplate Spectrophotometer (BioTek®
Instruments, Inc., USA) and diluted to 50 ng/pL with sterile nanopure water. All extracted DNA and working stocks were
stored at -20°C until use.

2.4 p-1,3-GLUZ marker design and validation

A significant mango SNP (AlleleID 21881933) was recently identified by the Institute of Plant Breeding—Physiology
Laboratory of UPLB (unpublished data) using Genotyping-by-Sequencing (GBS) generated by DArTseq™ platform
(Diversity Arrays Technology Pty Ltd., Canberra, Australia). Gene annotation reveals that SNP 21881933 (A>G) is within
a putative Glucan endo-1,3-beta-glucosidase 2 or f-1,3-glucanase 2 (f-1,3-GLU2) gene. This SNP was developed into an
allele-specific PCR (AS-PCR) marker for experimental validation. Gene-specific primers were designed based on the Citrus
sinensis glucan endo-1,3-beta-glucosidase 2 (top hit) conserved regions flanking the SNP site using NCBI Primer-BLAST
(Altschul et al., 1990). The gene specific forward primer (Glu2-F) was 5’—ACTGCAGCTAATTGGG—3" while the
reverse primer (Glu2-R) was 5’—GGTTTGTAGTATCATTTGCT—3". In addition, an allele-specific forward primer (AS-
F), 5>—GTTCGTATCTCATGCTCAAAG—3’, with a 3’-terminal nucleotide corresponding to the target mutant SNP
allele “G” was designed using the Web-based Allele Specific Primer (WASP) tool (Wangkumhang et al., 2007). All primers
were synthesized by Integrated DNA Technologies (IDT), Singapore.

PCR reactions were performed in a final mix of 10 pL using the iNtRON PCR Kit (iNtRON Biotechnology, Inc., South
Korea) containing 1X PCR Buffer A, 0.2 mM dNTPs, 0.5 U i-Taq™ DNA Polymerase, 0.2 mM of each primer, 10 ng of
template DNA, and sterile nanopure water. The following optimized thermal cycling conditions were performed on T100
Thermal Cyclers (BioRad® Laboratories, USA): 2 min at 94 °C, followed by 30 cycles of 20 s at 94 °C, 10 s at 50 °C
(annealing), 30 s at 72 °C, and | cycle of 5 min at 72 °C. PCR products were visualized in 2% agarose gel electrophoresis
using the GelDoc™ XR+ Gel Documentation System (BioRad® Laboratories, USA). The presence of the SNP allele ‘G’
was based on the detection of a 507-bp fragment in the AS-PCR assay. Amplifications that did not contain this fragment
indicates the presence of the SNP allele “A”. An 805-bp fragment, serving as internal control, indicates the successful
amplification of the p-1,3-GLU2 gene fragment. Analysis of variance was performed for the available phenotypic data, and
the association between the SNP alleles and reaction to anthracnose (% disease severity) was analyzed by performing a
Pearson correlation and linear regression analysis using IBM SPSS Statistics v23.0 software (SPSS, Chicago, USA).

2.5 Sequence analysis and molecular modelling of mango f§-1,3-GLU2 and SNP 21881933

Amplified p-1,3-GLU2 gene fragments from identified resistant and susceptible accessions were sequenced using Sanger
technology (1st BASE, Selangor, Malaysia) to further validate the presence of the SNP and the identity of the target gene.
Multiple sequence alignment (MSA) and identification of open reading frames (ORF) were performed using MEGA7 (8.
Kumar et al , 2016) and UniPro UGENE v33.0 (Okonechnikov et al., 2012), respectively. Protein sequence analysis utilized
the standard protein BLAST (BLASTp) tool and the Conserved Domain Database (CDD) of NCBI. Analysis and
identification of conserved and functional residues were performed using ConSurf (Glaser et al., 2003; Landau et al., 2005).
ORFs were translated using ExPasy (Gasteiger et al., 2003) and protein structure modeling was performed using Phyre2



(Protein Homology/analogY Recognition Engine version 2.0) (Kelley et al., 2015). The coordinates corresponding to the
crystal structure of the glycoallergen endo-beta-1,3-glucanase (Hev b 2) from Hevea brasiliensis (top hit) was used to
generate the model of f-1,3-GLU?2 in this study. UCSF Chimera software version 1.15 (http://www.cgl.ucsf.edu/chimera)
was utilized for 3D model visualization, and analysis of molecular structures and mutation analysis, using default settings
and eriteria.

3. RESULTS

3.1 Phenotypic evaluation of anthracnose resistance

Isolate Mgl 2 used in this study amplified a single band product using the Col1/Col2 primer pair establishing that the isolate
belongs to genus Colletotrichum. Using CgInt/ITS4 primer pair, a 450 bp product was amplified corresponding to the
expected amplicon size for Colletorrichum gloeosporioides sensu lato. No amplification was observed in the control group.

Of the total 143 mango accessions evaluated, thirty (30) imitially exhibited intermediate resistance (IR) and resistant (R)
reactions, while the rest showed susceptible (8) and highly susceptible (HS) reactions in the preliminary screenings.
Confirmatory evaluations showed that nine (9) accessions exhibited potential resistance to mango anthracnose after three
trials. None of the 30 accessions exhibited immune reaction or 0% infection. The remaining 21 accessions showed
intermediate and susceptible reactions to mango anthracnose (Table 2).

Table 2. Confirmatory evaluation of 30 mango accessions which initially showed intermediate resistance (IR) and
resistant (R) reactions to Colletoirichum gloeosporioides sensu lalo.

Sample Accession Variety Source Mean Disease Severity (%)
1 ADMINX Unknown Laguna 14
2 12-182 Haden Laguna 11
3 12-070 Unknown Laguna 14.2
4 16-016 Haden Guimaras 11
5 Haden Hawaii Haden Laguna 11
6 Tommy Atkins  Tommy Atkins  Laguna 12
7 12-265 Haden Davao 11
8 Gouveia Gouveia Guimaras 15
9 12-112 Carabao La Union 125
10 12-052 Carabao Laguna 36.67
11 12-080 Carabao Quezon 30
12 12-088 Carabao Zambales 29
13 12-171 Carabao Laguna 25
14 GES 73 GES 73 Guimaras 25
15 12-209 Carabao Quezon 25.33
16 12-013 Carabao Laguna 44.67
17 12-014 Carabao Laguna 43
18 12-027 Carabao Laguna ]
19 12-075 Carabao Quezon 36

20 12-081 Carabao Quezon 3367
21 12-090 Carabao Zambales 37
22 12-104 Carabao La Union 36.67
23 12-106 Carabao La Union 33
24 12-111 Carabao La Union 36
25 12-166 Carabao Laguna 47
26 12-170 Carabao Laguna 37
27 12-179 Carabao Laguna 2
28 12-092 Carabao Zambales 56
29 12-094 Carabao Zambales 56

30 12-178 Carabao Laguna 58




3.2 Experimental validation by AS-PCR

The AS-PCR assay optimized in this study yields a polymorphic banding pattern that can be used to differentiate genotypes
between mango accessions. Results show that a 507-bp allele G-specific PCR product was amplified in 22 of the 30
accessions tested using the allele-specific primer pair (AS-F and Glu2-R). The remaining 8 accessions, namely “ADMINX",
“12-182’, “12-070°, “16-016’, “Haden Hawaii’, “Tommy Atkins’, ‘12-265’, and “Gouveia’, did not amplify this PCR product
(Figure ). The specific nucleotide at the 3° end of the AS-F primer will only allow amplification in the presence of the allele
G and consequently prevents the amplification of a mismatched allele A. This means that the 22 accessions that amplified
the 507-bp PCR product contain the G allele, while the 8 other accessions contain the A allele. To further ensure the accuracy
of the AS-PCR, gene-specific primers Glu2-F and Glu2-R were introduced in the reaction to amplify an 805-bp f-1,3-GLU2
gene fragment. This PCR product was successfully amplified in all tested accessions indicating a successful PCR reaction
and confirming the presence of the f-1,3-GLU2 gene in all samples.
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Figure 3. Association of anthracnose resistance phenotypes (% disease severity) with the banding patterns from the SNP 21881933
derived AS-PCR assay of different manga accessions. The upper band (a) is the amplification of the f-/,3-GLU2 fragment and serves
as a positive control. The lower band (b) is an allele-specific amplification. Lanes 1-9 are identified resistant accessions while lanes
10-30 are identified suscepiible to intermediately resistant accessions based on Table 2. (HS) highly susceptible; (S) susceptible; (IR)
intermediate; (R) resistant; (HR) highly resistant

3.3 Association of SNP 21881933 alleles with phenotypic anthracnose resisiance

All but one of the 9 resistant accessions tested showed a consistent genotype—phenotype relationship wherein resistance to
anthracnose was associated with the f-1,3-GLU2 allele A. On the other hand, intermediate resistance and susceptibility to
anthracnose were associated with the f-1,3-GLU2 allele G, as shown by its presence in all accessions with higher % disease
severity (>30%). Only the resistant accession ‘12-112” yielded an inconsistent association between genotype and phenotype,
which may be due to a different mode of resistance. Moreover, analysis of phenotype variance (one-way ANOVA) showed
that the level of resistance is significantly different between the alleles A and G genotypes (P < 0.01). In terms of genotype-
phenotype association analysis, Pearson correlation and regression analysis showed that SNP 21881933 alleles is
significantly correlated to anthracnose resistance phenotypes (r=10.74; P < 0.01).

3.4 Molecular analysis of SNP 21881933 and mango f§-1,3-GLU2 gene

PCR products amplified by the gene-specific primers in this study were sequenced to confirm its identity and the presence
of SNP 21881933 in mango accessions. All amplicon sequences significantly matched to a fi-1,3-glucanase 2 (f-1,3-GLU2)
protein in the NCBI RefSeq database. Sequence comparisons with §-1,3-GLU2 of closely related fruit tree crops confirms



an A > G nucleotide transition at the SNP 21881933 site (Figure 1-A). This leads to a missense mutation in the translated
fF-1,3-GLU2 protein with an isoleucine to valine substitution within the conserved Glycosyl hydrolase family 17 (GH17)
domain (Figure 1-B). ConSurf analysis predicts that this specific isoleucine residue (I1196) is a structural residue that is
highly conserved among closely related fruit tree craps (Figure 1-C, D).

The predicted protein structure of mango f-1,3-GLU2, which was modelled based on the crystal structure of H. brasiliensis
endo-beta-1,3-glucanase (Hev b 2), exhibits the canonical (B/a)s TIM-barrel motif and the catalytic groove across the protein
surface found in other glucan endohydrolases (Receveur-Bréchot et al., 2006) (Figure 1-E). Superimposition of the structure
models with A and G alleles also revealed changes in the predicted folding pattern of residues 82-90 (a-helix), 119-127
(extended loop), and 293-298 (extended loop) of the mutant $-7,3-GLU2 (Figure 1-F). Based on the predicted model, the
1196V mutation is situated near the catalytic groove where the binding site of substrates containing p-1,3-linked glucose
residues is situated (Figure 1-G). Since 1196 is predicted to be a structural residue, replacement with a valine residue at this
position might result to structural changes in the catalytic groove that may affect the substrate binding specificity of the
protein. To investigate the possible effects of this mutation, 1196V was introduced using UCSF Chimera v.1.15 and
predicted a significant clash with V261 residue having an overlap of 0.780 A and distance of 2.980 A (Figure 1-I).

4. DISCUSSION

Fruit tree breeding methods conventionally rely on phenotypic evaluations of parental lines to be used for varietal
improvement. Such selection practices are subjective and are highly variable depending on the environment of the plant.
Marker-assisted selection (MAS) provides a more rapid, accurate and discriminative way in identifying individuals as
parentals for breeding and development of plant varieties with desired agronomic characteristics. In this study, an SNP
marker within the B-1,3-glucanase 2 (#-7,3-GLU2) gene in mango was found to be associated with resistance to anthracnose
and developed for MAS using a simple AS-PCR assay.

B-1,3-glucanases (E.C. 3.2.1.39) are enzymes widely found in bacteria, fungi, viruses, and plants that catalyze the hydrolysis
of 1,3-B-D-glucosidic linkages between B-1,3-glucans — a major component of fungal and plant cell walls (Torres et al.,
2015; X. Xu et al., 2016). In plants, p-1,3-Glucanase genes (GLUs) forms complex and diverse gene families playing
important roles in physiological and developmental processes, including pathogen defense mechanisms (Doxey et al., 2007).
GLUs and other pathogenesis-related proteins like chitinase and phenylalanine ammonia-lyase (PAL) are considered key
enzymes in the control of plant disease in resistant systems (Zeng et al., 2006). Specifically, plant GLUs defend against
pathogen infections by hydrolyzing p-1,3-glucans in fungal cell walls or by promoting the release of cell wall-associated
immune elicitors that further stimulate defense reactions (X. Xu et al., 2016).

Previous studies have shown evidences of B-1,3-glucanase’s role in Collefotrichum infection. In maize, nine GLUs were
significantly upregulated in leaves during Collefotricum graminicola infection as a result of pathogen-associated molecular
patterns (PAMP)-triggered defense response (Oliveira-Garcia & Deising, 2013). Similarly, strawberry plants infected with
C. fragariae or C. acutatum induced the expression of two GLUs to over a thousand fold (Shi et al., 2006). In mango, Zhang
et al. (2013) previously reported that B-aminobutyric acid (BABA) treatment in mango fruits significantly enhanced the
activities of -1,3-glucanases and effectively suppressed anthracnose caused by (. gloeosporioides during storage at 25°C.
Increased B-1,3-glucanase activities was also attributed to reduction of postharvest anthracnose and enhancement of disease
resistance in mango fruit after exogenous nitric oxide (NO) treatment (Hu et al., 2014). These previous findings indicate
that B-1.3-glucanases significantly respond to Collefofrichum infection and possibly elicit defense response mechanisms
involving the enhancement of defense-related enzyme activities to confer resistance to the pathogen.

Our results describe a possible mechanism of resistance against C. gloeosporioides in mango involving B-1,3-glucanases.
A positive correlation between the presence of SNP 21881933 mutation and increased susceptibility to the disease implies
that this specific mutation might have significantly reduced the activity of B-1,3-glucanase 2 enzymes, which have a direct
role in defense response. As a PR protein, p-1,3-glucanases have been shown to directly defend against fungi infection by
hydrolyzing fungal cell walls leading to fungal cell lysis (de la Cruz et al., 1995; Sandhu et al,, 2017). While the mutant
allele G found in susceptible accessions could have deleterious effect on the enzyme function rendering it vulnerable against
infection and disease development, the -1,3-GLU2 allele A, on the other hand, could be inferred as a biologically-active
protein retaining its hydrolyzing function. This conclusion is supported by the fact that there 1s a significantly higher disease
severity in all accessions with the G allele post-inoculation, while accessions with A allele had significantly reduced
infection.



Mango cv.Carabao (Susceptible) ACTCCACGGGTTCATATCTCATGCTCAACCTATATCCATACTATGATTATATTCTCTCTAATGGT
Mango cv.Carabao (Resistant) ACGTCCACAGGTTCATATCTCATGCTCARCATATATCCATACTATGATTATATTCTCTCTAATGGT

pistachic (P. vera) AGTCCACAGGTTCATATTTCATGCTCAACATATACCCATACTATGATTATATTCTATCTARTGAT
Bweet Orange (C. sinensis) AGTCCACAGGTTCCTCTCTCATGCTAARTATATACCCATACTATCACTATATGCARTCAARTGGC
Durian (D, zibethinus) AGTCTTCAGGCTCATTTCTCATGCTTARTATATACCCTTACTATGACTATATGCAATCAARTGGT
Sweet Cherry (P. avium) AGTCCACAGGATCGTTTCTCATGCTCAATATATACCCATACTACGATTACATGCAATCAARATGT
Cacae (T. cacao) AGTCTTCAGGCTCATTTCTCATGCTTAATATATACCCTTACTATGACTATATGCAATCAAATGGT
Peach (P. persica) AGTCCAC. GTTTCTCATGCTAAATATATACCCATACTATGATTACATGCAATCAAATOCT
Upland C (& hix ] AGTCAAL GTATCTCATGCTTAAC CCTTAL TATATGCAATCAANTGGT
Rubber Tree (H. brasiliensis) AGTCGACCGGCTCATACCTTATGCTCAATATATACCCTTACTATGACTACATGCARTCAARTGEC
Apple (M. domestica) AGTCCACAGGATCGTTTCTCATGCTCAACATATACCCATACTACGATTACATGCAATCARATGGT
Grape Vine (V. vinifera) AGTCARCAGGCTCATTTCTCATGCTCARTATATACCCATATTATGACTACATGCAATCAANTGGT
Papaya (C. papaya) AGTCTACGGATTCGTATCTCATGCTCARTATATATCCTTACTATGATTACATGCAATCAARTGGT
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Figure 1. SNP 21881933 is a A > G transition in mango f§-1,3-GLU2 leading to an Isoleucine to Valine substitution. (A) MSA
showing the SNP 21881933 site at position 6:17813013 (indicated in red) in mango -/, 3-GLU2 and its homologs. The adenine [A]
base is conserved between mango, apple, cacao and other fruit crops. (B) The isoleucine to valine substitution (1196V) caused by SNP
21881933 is predicted to be within the conserved protein domain family Glycosyl hydrolases family 17 (GH17; pfam00332) through
the NCBI conserved domain search service (CD-search). A red arrow indicates site of 1196V mutation relative to the GH17 domain.
(C) ConSurf analysis of the mango #-1,3-GLU?2 protein sequence shows that 1961 is highly conserved and predicted to be a buried
residue (b), and thus likely to be a structural residue (s). (D) 1961 in mango is highly conserved in B-1,3-glucanases of other fruit tree
crops based on ConSurf Color-Coded MSA. Yellow letters in (B,C) indicates insufficient data where calculation of conservation was
performed on less than 10% of the sequences. (E) Complete 3D structural model of the wildtype mango f-1,3-GLU2 protein based on
Phyre2 modelling from the H. brasiliensis 3-1,3-glucanase ctystal structure. The f-sheet strands (red) surrounded by the a-helices
(blue) form the (B/a)8 TIM-barrel motif referred to in the text. Numbers 1 and 326 indicate the N- and C-terminal ends of the
polypeptide chain, respectively. ‘ILE 196 indicates the position of the isoleucin residue at the mutation site. {F) Superimposition of
the structural models from mango f-1,3-GLU2 with allele A (blue) and allele G (red) reveals some structural differences, with 97.52%
identity. A red arrow points to the 1196V substitution caused by SNP 21881933, {G) Molecular surface model of the mango WT f-1,3-
GLIJ2 protein showing the proximity of 1961 residue (red arrow) to the catalytic groove indicated by the curved dashed line. (H.I) The
effect of the mutation on the f-1,3-GLU2 atomic interactions (clashes/contacts) is shown in H and I. (H) In the wildtype A allele,
11196 residue (vellow) does not interact with any other residues within 5.0 A. (I) In the SNP 21881933 mutation, Val196 (yellow)
forms a steric clash (pink ling) with Val261 (magenta) indicating a direct unfavorable interaction.



Missense mutations caused by SNPs occurming at gene coding regions generally affect protein stability, protein-protein
interactions, and critical components of biological reaction (Zhe Zhang et al., 2012). SNP 21881933 described in this study
has been found to be located within the highly conserved Glycosyl hydrolases family 17 (GH17) domain. This domain
family 1s involved in physiologically important processes in plants, such as response to biotic and abiotic stresses, defense
against herbivores, activation of phytohormones, lignification, and cell wall remodeling (Opassiri et al_, 2006). Interestingly,
another conserved domain called C-terminal X8 family carbohydrate-binding domain is also present in the expressed -1, 3-
GLU?2 gene close to the SNP site. This domain is primarily involved in carbohydrate binding and cleaving (1,3)-beta-D-
glucosidic linkages along with GH17 family (Marchler-Bauer et al., 2014). These suggest that the SNP 1s situated near or
within the active site region of the enzyme and mutations within this domain could affect any of these functions. Any
conformational change altering the active sites of proteins, as well as mutations quite close to it, can atfect biochemical
reactions because catalytic reactions are very sensitive to the precise geometry of these active sites for both of the products
and reactants (Zhe Zhang et al., 2012),

To analyze the possible structural effects of the SNP mutation, we generated the predicted protein structure of the isolated
mango f-1,3-GLU2 and introduced the mutation in silico. Based on the three-dimensional structure model, the resulting
1196V mutation is situated within the typical eightfold p/a TIM-barrel motif and the catalytic groove across the protein
surface strictly conserved in other glucan endohydrolases of the GH17 family. This motif consists of an internal crown of
eight f-strands connected to an outer crown of eight a-helices. According to Receveur-Bréchot et al. (2006), the active site
of these enzymes consists of two glutamate residues in strands f4 and f7 acting as proton donor nucleophile residue,
respectively. These correspond to residues E50 and E240 in mango -1, 3-GLU2. Moreover, the three-dimensional molecular
surface model showed that the 1196V substitution constitute a part of the catalytic groove where p-1,3 linked glucan
trisaccharide substrates are accommodated (Receveur-Bréchot et al., 2006). These observations suggest that 1196, being a
conserved structural residue, is necessary in maintaining the precise conformation of the enzyme’s active site.

We hypothesized that the replacement of 1196 mango f-7,3-GLU2 with a valine residue caused contacts/clashes with the
surrounding residues. Based on mutation analysis, a steric clash between V196 and V261 side chains was predicted with an
overlap of less than 0.8 A. This indicates a direct unfavorable interaction wherein atoms are too close together allowing van
der Waals forces between the two residues. Such molecular interactions could result to structural perturbations. Since the
1196V mutation is proximal to the active site and catalytic groove of mango f-1,3-GLU2, a clash between V196 and V261
could affect conformational stability and topology of the region possibly inhibiting the interaction of the substrate with the
active sife.

Together, these results suggest that the mutation caused by SNP 21881933 and its predicted structural changes most likely
affected the catalytic activity of the wildtype §-1,3-GLUZ? in defense response against (. gloeosporivides infection.
Although our findings provided an insight in the structural impact of the SNP mutation, functional studies are needed in
order to confirm and elucidate further these mechanisms of resistance. Moreover, despite a significant positive correlation
between f-1,3-GLU?2 alleles and degree of (. gloeosporioides infection, the biological function of B-1,3-glucanases alone
cannot be conclusively associated to anthracnose resistance. Plant defense response against fungi is complex and requires
involvement of regulatory factors that determines the susceptibility or resistance of plant to a particular pathogen.

The developed p-1,3-GLU2 SNP marker reported in this study will enable marker-assisted selection of anthracnose-resistant
mango as early as the seedling stage. We recommend this functional marker for routine genotyping of parental and hybrid
mango to facilitate and improve the efficiency of mango breeding programs.

5. CONCLUSION

In crop production where specific quality traits dictate either significant economic losses or gains, more efficient breeding
strategies for food crops are needed. Advancements in molecular biology provide genomic tools such as molecular markers
which can aid in the selection of target traits to shorten selection times and to accelerate the breeding process of new varieties
of mango. As demonstrated by this study, SNP markers can be used to identify mango with phenotypic anthracnose
resistance as early as the seedling stage to significantly reduce the expenses in field inputs, maintenance, and evaluation of
material over years. AS-PCR is a simple and effective method to employ such markers, but these can be also used in high-
throughput genotyping technologies for larse-seale screening and analysis. Our results show that f-1,3-GLU2 is a reliable
marker for screening and developing anthracnose resistant breeding lines that can complement the conventional mango
breeding approach. However, due to the limited sample size and phenotypic data available in this study, it is recommended



to further employ the developed marker in a segregating population with a large sample size to strengthen the genotype-
phenotype association analysis.
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ABSTRACT. The study characterized the lactoferrin (Lf) mRNA gene in different goat breeds in the
Philippines and determined its association with subclinical mastitis (SCM). The study involved collection
of milk at second week of lactation (n=75) and blood samples (n=5) to obtain extracted RNA and using cDNA
to amplify Lf gene through polymerase chain reaction. The nucleotide and amino acid sequences were
determined and used as reference in the evaluation of phylogenetic relationship. Amplified products were
utilized for RFLP analysis before determining the association of the gene with SCM. Results of the study
demonstrated that Lf gene in goats registered a molecular weight of 2135. Nucleotide and amino acid
sequence of Lf gene revealed high similarity (99%) in Saanen, Anglo-Nubian and Philippine native goats
with that of Capra hircus (U53857) Lf gene submitted to GenBank. Phylogenetic studies showed that Lf gene
of Anglo-Nubian, Saanen and Native goats clade together with Lf gene of C. hircus (U53857). Three
genotypes in goats were documented using the restriction enzymes Alul and Haelll. Based on the Statistical
analysis, association (comp 5.65, p = 0.0308) has been established between the Lf genes of goats with
genotype BB to SCM using Haelll restriction enzyme.
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Introduction

Milk coming from dairy animals meets the basic requirements of the body. The significant increase of milk, milk
fat, and protein in dairy animals is a result of advanced researches in the past two decades (Tsuda et al., 2000).

Mastitis is an economically significant infectious disease of dairy animals. Losses are due to decreased
quantity and quality of milk, heightened by medicine and labor cost (Hogeveen &Van der Voort, 2017;
Waminal, Tubalinal, & Mingala, 2019). Limiting the occurrence of subclinical mastitis (SCM), therefore, can
be a vital strategy in reducing economic losses. To understand the mechanism on the susceptibility of animals
to mastitis, genetic traits for milk production should be considered. The use of genetic markers in the
selection of animals for breeding has also be considered (Rupp & Boichard, 2003; Gholizadeh, Mianji, &
Zadeh, 2018).

Lactoferrin (Lf) gene, also known as ‘red protein from milk’, is an iron-binding protein that is found in
most fluids in the body (Marchweka, Roterman, Strus, Spiewak, & Majka, 2012) and is the most important
iron-binding protein in milk (Collins, Flores, Wang, & Anderson, 2018). Neutrophils and inflamed tissues
release Lf and considered to have direct antimicrobial properties (limits bacterial proliferation and adhesion
to microbes) and have a role in innate immunity (Van Der Strate, Belijaars, & Molema, 2001; Valenti & Antonini,
2005; Legrand et al., 2008; Walker, 2010; Siqueiros-Cendon et al., 2014). Furthermore, Lf possesses abundant
health benefits such as anti-fungal, anti-parasitic, anti-viral, and anti-tumor properties (Niaz et al., 2019).

The potential of Lf gene (Lonnerdal & Iyer, 1995) as genetic marker for mastitis resistance in dairy animals
needs to be elucidated in order to validate its role in mastitis (Pawlik, Sender, & Korwin-Kossakowska, 2009).
The selection of superior individuals that show resistance or susceptibility to mastitis based on data generated
through molecular studies of the Lf gene will be necessary for the selection of animals for breeding (Sharma,
Chakraborty, & Gupta, 2015). This strategy may boost the economic condition of the farmer and nurture the dairy
industry as a whole while promoting a mastitis-free dairy herd.
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Currently, the information about Lf gene in goats (Capra hircus) is limited. Genetic characterization of Lf
gene would augment their possible role in occurrence, onset and disease resistance to SCM (Pawlik et al.,
2009). The potential of Lf gene as a marker for mastitis resistance in dairy animals is important and will
augment existing marker-assisted breeding and selection resulting in improved dairy performance of dairy
animals (Shimazaki & Kawai, 2017; Waminal et al., 2019). In cattle production, molecular characterization
and genetic diversity of Lf gene have been associated with different traits and disease resistance and have
been included in their breeding and selection techniques (Sharma et al., 2015).

The main goal of this study is to characterize and identify Lf gene as a genetic marker for SCM resistance
in goats through molecular analysis and association of nucleotide polymorphisms with the presence of SCM.

Material and methods

The collection of samples for analysis was conducted from goats in selected provinces in Central Luzon,
the Philippines.

Sample collection

A total of 75 goats (30 Anglo-Nubian, 30 Saanen and 15 mixed breeds) on their second week of lactation
onwards and 5 Philippine native goats (not lactating) were selected from previously identified goat farms in
Luzon (Farm 1 — 15.6310157, 120.5991522; Farm 2 — 15.4557851, 121.3377025; Farm 3 — 15.7409607,
120.9273197). Housing, feeding, and overall management of the animals per farm were not altered or changed
for the conduct of this study. In addition, the farms included in the study housed their animals in concrete
housing in group pens with elevations. It was during the summer season (March-May 2018) in the Philippines
during the collection of the samples. The test animals were manually milked from the udder and pooled to
collect 30 mL of milk sample for ribonucleic acid (RNA) extraction. The milk was collected in a 50 mL conical
tube and was placed in a cooler with ice transported to the laboratory for processing. In case the milk was not
processed immediately, it was placed in a refrigerator and processed the following day. For the five (5) native
goats, RNA was extracted from blood as these animals were not lactating. Five (5) mL of blood was collected
from the jugular veins of the animals using EDTA tube. Samples were processed that day after collection.

RNA Extraction

RNA extraction from milk and blood samples from the goats was done following the Promega protocol
with some modifications. For milk, 30 mL of raw milk was centrifuged at 4,000 rpm for 20 min. After
centrifugation, the fat layer and the supernatant were discarded, and afterwards the pellet was suspended
in one (1) mL PBS (phosphate-buffer-saline, a pH of 7.4). This suspension was centrifuged again at 4,000
rpm for 10 min. After this step, the pellet was collected into 2 pL microtube after removing the
supernatant fluid. One (1) mL of PBS was mixed again with the pellet and was centrifuged for 14,000 rpm
for 1 min. This process was repeated twice and the supernatant was removed to collect the pellet.

For blood, 500 pL of the buffy coat was aspired after centrifugation at 4,000 rpm for 5 min and transferred
into the 2 yL microtube, and then added with 2-3 volumes of 0.14 NH,CI. The mixture was mixed by sonication
and centrifuged at 14,000 rpm for 1 min. Supernatant was removed and the process was repeated twice to
collect the pellet.

The pellet from the milk and the blood was added with 1 mL cell lysis solution and was subjected to
sonication to mix the pellet and cell lysis. After which, it was centrifuged to 14,000 rpm in 1 min. The
supernatant was discarded and 500 pL of nuclei lysis and 300 uL protein precipitation solution was added
next and centrifuged for 14,000 rpm for 1 min. After discarding the supernatant fluid, isolated cells were
dissolved with 1 mL Trizol reagent and incubated for 10 min at room temperature. Then 200 uL of
chloroform was added. The mixture was centrifuged at 14,000 rpm for 15 min. at 4°C. The solution was
decanted and pellets were washed by 1 mL 75% ethanol and centrifuged for 5 min at 8,000 rpm at 4°C.
Pellets were dried and reconstituted with 30 uL diethyl pyrocarbonate (DEPC) treated water.

Reverse-transcription - polymerase chain reaction (RT- PCR)

RT-PCR kit (TaKara™) was used to synthesize the cDNAs from the total RNA samples extracted. One L of
dT random primers were mixed with 1 uL. dNTP, 5 uL of RNAse free water and 3 pL of RNA template. The
solution was incubated for 5 min at 65°C before running for PCR. The prepared RNA primer mix was mixed
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with 4 pL 5x buffer, 0.5 uyL. RNAse inhibitor, 1 uL reverse transcriptase, and 4.3 uL. RNAse free water. This was
subjected to PCR run for segment 1, 10 min. at 30°C; segment 2, 45 min. at 50°C; and segment 3, 5 min. at
95°C. The B-actin was used to determine if the DNA has been produced through PCR.
PCR assay
Primers (Table 1) were designed using Primer3 server and Primer-BLAST using the Caprine Lf gene
(Accession number: U53857) stored from National Center for Biotechnology Information (NCBI).

Table 1. Primers used for the amplification of cDNA.

Gene Accession Number Primer Sequence (5’-3%) Fragment Length (bp)

Primer 1 Forward- AGACATGAAGCTCTTCGT 334
Reverse- GAGTACGGACAACACCGGGC

Primer 2 Forward- ATCCTTCGCCCGTTCTTGAG 561
€ Reverse- CGCCGAATCTACTTTTGAGG

Primer 3 Forward- GCCCAGGTCCCTTCTCATG 736
Reverse- GGGCACAGCTCTGACTAAAG

Primer 4 Forward- AGAAAGCAAATGAGGGGCTC 749
Reverse- TTACCTCGTCAGGAAGGCCG

All PCR assays were performed in 20 pL reaction volume containing 2 uL of genomic DNA template, 10
pmol of each primer and PCR master mix. The amplification of the Lf gene was carried out in a thermocycler
(SimpliAmp, Thermofisher) under the optimized conditions. Briefly, initial denaturation at 94°C for 5 min.,
followed by 40 cycles consisting of denaturation at 94°C for 1 min., annealing at 58°C for 1 min. and extension
at 72°C for 1 min., with final extension at 72°C for 5 min.

After amplification, 1 uL of the PCR product was electrophoresed in 1.5 % agarose gel containing 1X TAE
buffer at 70 volts for 30 min. and visualized under ultraviolet light using UV transillumination advance
imaging system. To ensure that amplification products are of the expected size, a 1 kb plus DNA ladder was
run simultaneously as a marker.

Gene sequencing and phylogenetic tree construction

Lf products were submitted for sequencing. Sequences were assembled using Mega 7 software. The forward
and reverse sequences for each primer were assembled to form contigs of the respective regions. The gene
sequences were compared with the Lf mRNA sequences to annotate different exonic regions putatively to
identify SNPs in respective regions. The contiguous Lf gene nucleotide sequence was subjected to Basic Local
Alignment Search Tool (BLAST) at NCBI database to determine the sequence similarity with the
corresponding regions of other species. DNA nucleotide sequence was also conceptually translated using
MEGA 7 software and compared with that of NCBI Genbank for Caprine and Bubaline Lf gene to detect amino
acid changes. Phylogenetic trees were derived using MEGA 7 software using Maximum Likelihod method with
1000 bootsrap replications (Tamura et al., 2011).

Restriction fragment length polymorphism (RFLP) analysis

The Lf PCR products using primer 2 (23 uL) were subjected to endonuclease digestion in goat to amplify
exon 2, 3 and 4 of Lf gene with an amplicon size of 561 bp.

Restriction enzymes (Table 2) that could cut the fragments were analyzed using Sequence Manipulation
Suite: Restriction map (Stothard, 2000). RFLP was conducted by preparing the reaction mixture composed of
7 uL of PCR product, 5.15 uL of sd2H,0, 0.35 RFLP buffer and 0.075 pL for each enzyme. Samples were
incubated at 37°C for 4h. Restriction fragments were resolved on 2% agarose gel in horizontal electrophoresis.
The restriction-digested gene fragments were visualized and documented using a UV transilluminator
(FlourChemE by ProteinSimple ™). The differences in fragment yielded by various restriction enzymes that
would indicate polymorphism in a particular gene were analyzed and compared.

Table 2. Restriction enzymes used for the RFLP analysis.

Restriction Enzymes Lf Gene Loci
Alul (AG/CT) 21, 53,78, 295, 418, 465, 472
Haelll (GG/CC) 353, 380, 492
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Association of Lf gene with SCM

Samples of amplified Lf gene from the milk of goats where polymorphisms shown by different genotypes
of the target gene previously exhibited after RFLP were taken as reference in tracing back the goats suspected
for SCM and for California mastitis test (CMT) evaluation utilizing their milk as samples. A total of 69 goat
samples were used in the study that associated expression of Lf gene and in the occurrence of SCM. Physical
assessment for SCM covered the evaluation of the mammary gland and milk that involved visual observations
and palpation.

CMT was used as an indirect method of measuring SCC as the indicator of intramammary infection as it
has the advantage of being a quick, cheap, and simple ‘animal side’ test (Persson & Olofsson, 2011). CMT
scores for all animal subjects were classified as non-mastitic if CMT score result is 1 or lower and mastitic if
CMT score result is 2 or higher.

Statistical analysis

Univariate analysis on the possible association between the genotypic frequency and the occurrence of
SCM was examined using Chi-square (32) by a certified statistician (Petrie & Watson, 2006).

Results and discussion

Of the 80 samples collected, only 4 (5%) samples produced complete Lf mRNA sequences in goats. It has
been shown that the mRNA sequence of Lf gene was detected in the milk samples of Anglo-Nubian and Saanen
and in the blood samples of the Native goats. Target primers 1, 2, 3, and 4 were amplified and generated an
amplicon size of 834 bp, 561 bp, 736 bp, and 749 bp, respectively.

Native goat Lf mRNA sequence resulted in an average of 2133 bp while there were 2134 bp in Anglo-Nubian
and 2135 bp in Saanen. Goat Lf nucleotide sequences were aligned with other ruminants and other species.
Statistical nucleotide pair frequency of the 14 aligned nucleotide sequences showed an average of 1334
identical pairs, 751 transitional pairs, and 60 transversional pairs. Among the different goat breeds’
nucleotide pair frequencies, the average identical pairs were 2118 with 2 transitional pairs and 6
transversional pairs. There was a high similarity of nucleotide sequences between the breeds of goats being
studied (Table 3). It shows that there is a high similarity in the nucleotide and amino acid sequence of different
goats. This may be due to the highly conserved region that can be found in the Lf gene. This is essential to
maintain their distinctiveness from other species.

Table 3. Nucleotide and amino acid sequence percentage similarity of Native, Anglo-Nubian and Saanen breeds in reference to other
ruminant species.

Species (Accession No.) Nucleotide Sequence Amino Acid Sequence
Native Anglo Nubian Saanen Native Anglo Nubian Saanen

C. hircus (U53857) 99.24% 99.44% 99.58% 99% 99% 99%
O. aries (NM_001024862.1) 97.74 % 97.97 % 98.03 % 97 % 98 % 98 %
B. grunniens (DQ387455.1) 93.94 % 94.03 % 94.26% 93% 94 % 94 %
B. bubalis (JF825526.1) 94 .09% 94.28% 94.38% 93% 94 % 94 %
B. indicus (GU059864.1) 93.91% 94.14% 94.14% 93% 93% 94 %
B. Taurus (FJ589071.1) 94.04% 94.05% 94.29% 93% 93% 94 %
E. caballus (NM_001163974.1) 77.12% 77.09% 77.19% 77 % 77 % 77 %
S. scrofa (M81327.1) 72.80% 72.97% 73.02% 72% 72% 72%
H. sapiens (U076343) 73.28% 73.11% 73 % 72% 72% 72%

Maximum Likelihood algorithm with 1000 NJ bootstrap resampling revealed the clustering of all breeds of
goats’ Lf nucleotide sequence with that of C. hircus (U53857.1). Anglo-Nubian and Saanen claded together
while Native goats claded with other breeds (Anglo-Nubian and Saanen). All breeds of goats’ Lf sequences
claded together with C. hircus (U53857) sequence. O. aries (NM_001024862.1) Lf sequence, on the other hand,
separated from the clade of goats. While B. taurus (F]589071.1), B. indicus, B. grunniens, and B. bubalis
(JF825526.1) Lf sequences have much greater separation from the clade of small ruminants. S. scrofa
(M81327.1), E. caballus (NM_001163974), and H. sapiens (U07643.1) Lf nucleotide sequence have been used to
show an outlier from other ruminants (Figure 1).
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Figure 1. Phylogenetic tree showing the relationship of Lf gene between breed of goats, water buffaloes, other ruminants’ and human.

The coding sequence of Lf gene in goats was analyzed for differences in nucleotides and functional amino
acid substitution. Furthermore, restriction enzyme capable of digesting the sequence to identify the
nucleotide polymorphism and distinguish the genotype has been identified, and the results are herein
presented. Sequence analysis revealed seven (7) nucleotide polymorphism in native in the coding sequence
of Lf in native goat at locus 551, 552, 553, 701, 910, 939 and 1069 with 5 amino acid substitutions, three (3) in
Saanen at locus 1069, 1526 and 1527 with 2 amino acid substitutions and four (4) in Anglo-Nubian breed at
locus 910, 1069, 1526 and 1527 with 3 amino acid substitutions.

The nucleotide polymorphism at locus 1069 of Native, Saanen, and Anglo Nubian goat Lf gene sequences
resulted in a functional amino acid substitution from leucine to valine. Kaminski et al. (2008) reported that
the higher milk protein yield was related to polymorphism at position +216 when it occurs along with another
polymorphism. The substitution of valine which is a growth hormone receptor gene can increase the milk
yield as well as elevate the milk protein and fat yield.

This is in consonance with the previous studies (Lee et al., 1997; Martin-Burriel, Osta, Baredse, &
Zaragosa, 1997; Li & Chen, 1999; Kaminski, Olenski, Brym, Malewski, & Sazanov, 2006; Daly, Ross, Giblin, &
Buckley, 2006) that polymorphisms in Lf gene reportedly occur in the coding and regulatory regions and
polymorphisms are encoded in exons and introns. To develop rapid recognition of polymorphic site of Lf gene,
restriction enzymes Alul and Haelll were used to digest 561 bp that was amplified by primer 2. This 561 bp
segment covered exons 2 and 3 of the coding region based on the SMS Restriction Digest application of 4
samples with complete Lf gene nucleotide sequence.

The availability of these restriction patterns on extracted Lf gene was examined by using PCR product that
was subjected to Alul (Figure 2) and Haelll (Figure 3) digestion and electrophoresed. Results showed
restriction patterns that were almost the same based on the conceptualized expected pattern (Chang-hong,
Gaoming, Yanliang, & Zhaoxia, 2008).

The presence of three restriction patterns using Alul seen in gel conferred that there were more
polymorphic nucleotides for Lf gene and had to be discovered. High polymorphism in Lf was quite expected
because of its function to bind peptides derived from exogenous antigens and in mediating immune response.
Alul produced cut at AGT/ACT site. Results showed no cut in genotype AA producing 561 bp fragment size of
the gene, while genotype AB had one cut producing two bands with 300 bp and 217 bp amplicon size products.
Genotype BB produced 3 bands with 561 bp, 300 bp, and 217 bp fragment sizes.

Another restriction enzyme used to test the restriction pattern of Lf gene in goats was Haelll which
produced cuts at AGT/ACT site. Results showed no cut in genotype AA producing 561 bp fragment size of the
gene, while genotype AB had 5 cuts producing four bands with 561 bp, 312 bp, 122 bp, and 70 bp amplicon
size products. Genotype BB produced 3 bands with 312 bp, 122 bp, and 70 bp fragment sizes (Figure 3)
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561bp
300 bp

217bp

Figure 2. Restriction patterns of caprine Lf gene PCR products using Alul in 2% agarose gel. M1. 1000 bp + ladder, M2 100 bp ladder M3
25 bp ladder, Lane 1 and 7-genotype AA, Lanes 2 to 5 genotype AB, Lanes 6 and 8 —genotype BB.

561 bp

318 bp

112 bp
70 bp

Figure 3. Restriction patterns of caprine Lf gene PCR products using Haelll in 2% agarose gel. M1. 1000 bp + ladder, M2 100 bp ladder.
M3 25 bp ladder, Lanes 1 and 3-genotype AA, Lanes 2 and 4-genotype AB, Lanes 5 to 9-genotype BB.

Restriction enzyme Alul that can cut AG/CT nucleotide site was selected to examine restriction fragment
pattern in the nucleotide sequence of Lf gene based on the SMS Restriction Digest application of the Lf
complete nucleotide sequence.

The different genotypes found in the Lf gene are not significantly associated with the occurrence of
mastitis using other restriction enzymes. No prior studies have been conducted in support of the three
different genotypes found in goats using Haelll and Alul restriction enzyme, hence this study will be the
baseline for other researchers in identifying mastitic resistance genotypes.

The 561 bp was used for the association study. It showed the frequency of Lf genotypes in non-mastitic
and SCM goats. Although chi-square test revealed no significant effect to make an association between
genotypes and mastitic incidence (Table 4 and 5), it was clearly presented that genotype BB had a high
frequency in SCM compared to non-mastitic animals. Animals having a Genotype BB may or may not increase
the tendency on the occurrence of SCM as compared to genotype AA and AB.

Table 4. Chi-Square Analysis on the Association of Genotypes and Sub-clinical mastitis in Goats using Restriction Enzyme Alul.

Expected Frequencies . Chi-square Chi-square
Genotype AA AB BB Chi-square computed tabulated
Non-mastitic 11.88 17.23 11.88 0.10 0.18 0.69 243 5.99
Sub-clinically Mastitic 8.11 11.76 8.11 0.15 0.26 1.02 2.43 5.99
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Table 5. Chi-Square Analysis on the Association of Genotypes and Sub-clinical mastitis in Goats using Restriction Enzyme Haelll.

Expected Frequencies . Chi-square Chi-square

Genotype AA AB BB Chi-square computed tabulated
Non-mastitic 10.84 16.57 16.57 0.43 0.35 1.26 5.658 5.99
Sub-clinically Mastitic 6.15 9.42 9.42 0.75 0.62 2.22 5.65 5.99

Percentage frequencies of Lf Alul and HaellI-based genotype in non-mastitic and SCM goats are presented
in Table 6 and 7.

Table 6. Percentage frequency of Lf Alul-based genotype in non- mastitic and sub-clinically mastitic goats.

Category of Animal Total
Genotype (base pair size) Non- mastitic Sub-clinically mastitic
% (n) % (n) % (n)
AA (561bp) 65.00 13 35.00 7 28.99 20
AB (300 bp, 217 bp) 65.58 19 34.48 10 42.02 29
BB (561 bp, 300 bp, 217 bp) 45.00 9 55.00 11 28.99 20
Total 59.42 (41) 40.58 (28) 100 69

Table 7. Percentage frequency of Lf HaellI-based genotype in non-mastitic and sub- clinically mastitic goats.

Category Of Animal

Genotype (base pair size) Non- mastitic Sub-clinically mastitic Total
% (n) % (n) % (n)
AA (561bp) 76.47 13 23.53 4 24.64 17
AB (561bp, 318bp, 112bp, 70bp) 73.08 19 26.92 7 37.68 26
BB (318bp, 112 bp, 70 bp) 46.15 12 53.85 14 37.68 26
Total 63.77 44 36.23 25 100 69

Association analysis based on the frequency of genotypes revealed that there is an association between
genotypes and mastitic incidence. The frequency of the occurrence of digestion patterns were produced by
Haelll enzyme with SCM and non- mastitis regardless of breed. The Lf gene in goats has a bactericidal and
bacteriostatic activity that could lessen the bacterial population in the milk through phagocytic killing (Tsuda
et al., 2000). However, this may not be enough to sequester the microbial flora in the mammary gland of the
animals. Underlying factors such as climate, housing system, type of bedding, and rainfall and wetness in the
vicinity of dairy premises interact to influence the degree of exposure of teat and tend to increase mastitis
pathogens that cause SCM (McEwen & Cooper, 1947).

Conclusion

The whole mRNA coding sequence of goats had an average molecular weight of 2134 bp. Both nucleotide
and translated amino acid sequences of Lf were highly similar (98-99%), and phylogenetic analysis found an
evolutionary relationship with goats from NCBI GenBank.

The Lf gene of goat established three different genotypes (AA, AB, and BB) using restriction enzymes Alul
and Haelll; however, Chi-square analysis revealed no association between Lf gene and the occurrence of SCM
using Haelll restriction enzymes.

These initial findings are applicable in the field of immunity and disease resistance. The incidence of
association between restriction sites and clinical parameters converts PCR-RFLP into a powerful tool in
relating specific amino acid substitution at a critical position to possible disease resistance. Moreover, the
selection of disease resistance genes will provide potential avenues for improving the health status of the
animal and increasing productivity.

The polymorphic nature of the genes merits further investigation for other nucleotide loci and their
significance to disease resistance or susceptibility. Identification of the blood composition of the upgraded
goats would help establish the bloodline of animals. Expression analysis can also assist in the understanding
of how the genes progress in disease protection.
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Abstract

Spirulina is a multicellular and filamentous microalgae that is considered a promising protein source alternative
and absolute food and feed supplement for growth and nutrition. Optimizing the culture conditions of Spirulina is
detrimental to maximizing biomass yield and minimizing cost by modifying the commercial culture media. This
study was conducted to determine the chemical culture conditions of Spirulina platensis concerning biomass
yield. Chemical conditions of the liquid culture such as the pH level and salt concentration of the cultivated
Spirulina were determined. Moreover, the cell length (um) of Spirulina as affected by pH and salt concentration
was measured using Image J. The optimum quality and quantity of DNA as affected by preparation was
determined. Results revealed that Spirulina thrived in alkaline conditions and significantly yielded a biomass of
75.43g and 67.47g at pH 8 and 9, respectively. The fresh weight harvest yield was significantly best observed at
1% salt concentration (w/v). In preparing and extracting the DNA of Spirulina using the modified CTAB DNA
Extraction protocol, the Non-grinded sample of the DNA yielded the highest nucleic acid concentration of 437.8
ng/pl and had rendered pure DNA quality with an A260/280 ratio of 1.95 nm absorbance as compared with the
ground samples. The size in length (um) of the rod-shaped Spirulina cells cultivated in freshwater media was
significantly long (626.75 pg and 494.64 ng) when cultivated at pH 8 and 9, respectively. Similarly, the spiral-
shaped Spirulina cells were significantly long at pH 8 (356.67 um) and pH 9 (348.53 um). Moreover, the size
length of the rod-shaped Spirulina cells is longer when cultivated at 1% (w/v) salt concentration with a length of
568.75 um while the spiral-shaped cells were significantly long at 5% with a length of 193.68 um.

Keywords: Spirulina, Culture Media, Production, Microalgae

INTRODUCTION

Cultivation and production of Spirulina have gained so much interest among researchers,
industries, and other stakeholders due to its cardinal role in human and animal nutrition,
environmental protection, bio-circular economy, food, and feed industry, aquaculture,
nutraceutical, and pharmaceutical application (Saranraj, et al, 2014; Soni, R.A. 2017; Lafarga
etal., 2021). Its wide array of content of excellent nutritional values like high protein, vitamins,
and minerals has made spirulina useful in many nutritional and industrial applications In
addition, this photosynthetic, multicellular, and filamentous blue-green algae is easy to grow
and harvest.

Much progress has been achieved during the past decade in developing appropriate technology
for microalgal mass cultivation. Many studies on optimizing the culture condition such as the
chemical culture media, light intensity requirement, ambient temperature, aeration, agitation,
etc. have been conducted to obtain maximized algal biomass yield at a considerable input cost.
Spirulina, under controlled conditions, grows best using Zarrouk’s medium. It is the standard
substrate used for growing Spirulina however it incurs higher costs due to the expensive
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components needed in concocting the medium. Hence, studies of finding the alternative cost-
effective source of modifying Zarrouk’s medium either one or more of its components have
been and are continuously being explored. Despite the enormous information on the optimum
culture condition of Spirulina that will maximize its biomass yield, little is reported on the
effect of the pH level and salinity concentration on the growth (cell length) of the Spirulina.
This study has attempted to determine the optimal pH level and salt concentration of the culture
medium using freshwater and its effect on the cell growth (length in um) of Spirulina.
Moreover, the DNA extraction method of Spirulina cell that will yield a suitable good quality
and quantity of DNA was also explored.

METHODOLOGY
Cultivation Conditions

The strain of Spirulina was maintained in Zarrouks’s medium at ambient temperature with 12
h light and 14 h dark photoperiod using a standard light and manually aerated in the flask. All
reagents used for preparing the media were technical grade.

Experimental Set up

Five (5) liters of freshwater were placed in ten (10) —liter laboratory open glass containers. An
anti-chlorine reagent was added to the water to ensure the removal of the chlorine which is
detrimental to the survival of the Spirulina culture. The anti-chlorine reagent was left to be
mixed in the water for an hour. Air pumps and accessories such as air hose, hose clamp, and
air stone were assembled and installed in the experimental set-up as source of oxygen supply.
After some time, carbonates and chloride salts were added to the freshwater to obtain the
desired pH levels and salt concentrations. Thorough mixing was employed to ensure proper
dissolution of the salts. When careful mixing of the liquid media was done.

Experimental Procedure

Effects of various pH levels and salt concentrations were determined by fresh weight of
Spirulina biomass. The optimum quality and quantity of Spirulina through modified CTAB
DNA Extraction protocol and the cell length through Image J application.

Inoculum. A concentration of 10 g/l of Spirulina scum were added into the labeled containers
representing various pH levels and salt concentrations.

Lighting. Since Spirulina requires lots of sunlight, the experiment was set up outside the
laboratory where the right amount of sunlight with minimum direct radiation was ensured. An
optimum of 1000 -4500 lux is the best range for growth of spirulina (Sukenik et al., 1991).

Aeration system: Proper aeration is important to meet the CO2 requirement and prevent algae
to settle down and form layer at the bottom. Aeration was achieved using manual stirring 3x a
day and continuous air pump system. pH and temperature measuring device: PCSTestr 35
multi-parameter instrument and pH strips are used to determine pH value and temperature of
media.
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Harvesting. After a month of cultivation, (while maintaining 5L in each of the containers by
adding more water), the algal scum was harvested using fine cheese cloth, and the fresh weight
was measured for data analysis

DNA Extraction Protocol

Three hundred milligrams (300mg) of pure Spirulina cells were placed in an Eppendorf tube
labeled as grinded and non-grinded using a pipette tip. Prior to the grinding of the cells, liquid
nitrogen was added to the tube labeled as grinded and none to the non-grinded tube. The tubes
were placed in an ice box to ensure the integrity of the cells and the DNA as well. The 600ul
of pre-warmed (at 65°C) cationic detergent, Cetyl Trimethyl Ammonium Bromide (CTAB)
buffer, then was mixed by inverting tubes several times vigorously. The tubes were then
incubated for at least 30 minutes at 65°C using a dry bath. The samples were cooled a bit before
adding an equal volume of phenol-chloroform isoamyl alcohol, 24:25:1, and then mix by
inverting the tubes several times vigorously.

The samples were incubated for 5 minutes leaving the tubes laid down on the bench, then
centrifuged at 13000 xg for 10 minutes at room temperature. The supernatant was transferred
to a new 2-ml microfuge tube this time, an equal volume of chloroform isoamyl alcohol, 24:1
was added. The tubes were then mixed by inverting the tube several times vigorously and
incubating for 5 minutes leaving the tubes laid down on the bench. After which, the tubes were
again centrifuged at a speed of 13000 rpm for 10 minutes at room temperature. The aqueous
phase was transferred to a new 1.5 microfuge tube before adding Sul RNAse a (10mg/ml) and
was then incubated for 30 minutes at 37°C. An equal volume of cold 2-Propanol was added,
then gently mixed by inversion, and was incubated once more at room temperature for 15
minutes. Tubes were again centrifuged at 13000 xg for 5 minutes. The supernatant, before
adding 1ml of 70% ethanol (to wash the DNA pellet) was shaken and tubes were tapped to
dislodge the DNA pellet. Once more, the tubes were centrifuged once more at 13000 xg for 2
minutes. Ethanol was decanted and tubes were re-centrifuged for 20-30 seconds to bring down
traces of ethanol before removing the remaining liquid using a pipette, taking care not to disturb
the pellet. The DNA pellet was allowed to dry for 10-15 minutes (avoid over-drying as the
pellet will be hard to dissolve) in the fume hood. The DNA pellet was reconstituted in 70pul TE
buffer (1x comprised of Tris-HCI and EDTA, pH 8.0). At this point, the samples were kept on
ice. The quality and quantity of the 2ul genomic DNA were checked and recorded using the
Nanodrop. The samples were stored in a -20°C freezer for further use.

Measuring the Length of Spirulina Cell

A drop of Spirulina culture, from each replicate per treatment was placed on a glass slide and
was covered with a coverslip to keep the specimen flat while under microscopic examination.
Using a compound microscope (Olympus) and accessories, the pictures of the Spirulina cells
were taken at ROI conditions of Height — 800 um, Width - 800um, 20x magnification optics,
and 30ms. The images taken were measured using the Image J Application. Before, measuring,
a calibrated image was used to standardize the calibration. Ten images per treatment of both
the rod-shaped and spiral-shaped were randomly taken and measured.
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Determination of quantity and purity of Spirulina DNA Concentration

DNA concentration was quantified using Nanodrop (ND-100) spectrophotometer. To calibrate
the Nanodrop, about 1 ul of molecular biology grade water was pipetted onto the nozzle of the
machine while the arm was closed to initiate spectral measurements using the operating
software in the computer. When a prompt of “load your sample” on the screen was flashed,
1uL of DNA samples was pipetted on the nozzle while the arm was closed to determine the
DNA concentration sample expressed in ng/uL. The purity of the DNA was determined by the
A260:A280 (1.8-2.0). The quantity and quality of the DNA were detected by
spectrophotometer while the integrity was validated using 1% agarose gel electrophoresis
stained with SYBR safe.

DNA Analysis by Agarose Gel Electrophoresis

The genomic DNA was analyzed using 1% agarose gel electrophoresis in 1X TAE buffer
(0.04M Tris-HCI pH 8.0, 0.04M acetic acid, 0.001M EDTA pH 8.0) as described by Sambrook
et al. (1989). A 10uL sample was loaded with 5 puL loading dye (0.25% bromphenol blue and
30% glycerol) and was loaded in the gel wells. Electrophoresis was performed at a constant
130 V for 45 min. After electrophoresis, the gel was visualized by UV light trans-illumination,
with Flour S™ Multilmager (Bio-RAD). The size of the DNA was compared against the 1 Kb
ladder, of which 8 pL will be loaded in the gel before the samples.

RESULTS AND DISCUSSION

Determination the pH Levels and Salinity Concentration of Spirulina Culture

Table 1 shows the fresh weight of the Spirulina in grams in different pH levels, 8, 9, and 10,
respectively.

Table 1: Fresh weight of Spirulina in different pH Levels

Treatment Fresh weight (g)
T1-8 75.43 a
T2-9 67.47 ab

T3-10 59.43 b

Legend: Means followed by a common letter are not significantly different at 5% level of LSD.

Spirulina best thrives in alkaline and saline solution (Vonshak, 1997). However, how alkaline
and how saline the liquid culture media is posing a concern of interest. Based on the results,
pH 8 significantly rendered the highest yield (75.43g) of fresh Spirulina biomass, although it
is equally comparable with the biomass harvested in a culture media of pH 9 (67.47).
Bicarbonate salts increase the pH level of the freshwater liquid media. Spirulina feeds on the
bicarbonates which explains the alkaline requirement in the liquid media. However, increasing
the pH level of the media causes apoptosis. This may be attributed to the hypertonic reaction
of the Spirulina cells.
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Table 2: Fresh weight of Spirulina in different salinity concentrations (% w/v)

Treatment Fresh weight (g)
T1-1% 59.73 ¢
T2-3% 69.97 b
T3-5% 84.30 a
T4 - 8% 0.00d
T5- 11% 0.00d

Legend: Means followed by a common letter are not significantly different at 5% level of LSD

Data in Table 2 reveals that Spirulina cells thrive in saline freshwater conditions. In addition,
results show that from among the salt concentrations, the Spirulina biomass is significantly
high at 5% salt concentration. The data denotes that the 5% (w/v) salt concentration is the
optimum salt requirement for Spirulina cell growth. Obviously, when the salt concentration is
increased from 8% and above, cell death of Spirulina is observed. Apoptosis may be attributed
to the osmotic reaction of the cell in which in this case, a hypertonic reaction is observed.

Determination of the length of Spirulina based on the Different pH levels

Table 3 shows the lengths (um) of the rod-shaped and spiral-shaped of Spirulina cell cultivated
in different pH levels.

Table 3: Size in length (um) of t rod-shaped and spiral-shaped of Spirulina cell
cultivated in different pH levels

pH Level | Rod-shaped Spirulina Cell (um) Spiral-shaped Spirulina Cell (um)
T1-8 626.75 a 356.67 a
T2-9 494.64 a 348.53 a
T3-10 240.44 b 135.08 b

Legend: Means followed by a common letter are not significantly different at 5% level of LSD

Spirulina platensis is morphologically rod-shaped or spiral-shaped. In this study, both forms
were observed (Figure 1). Whether both forms were of the same species or not, that information
is not included in this study. Although there are images that may provide information that both
forms are of the same species; the rod-shaped Spirulina cell during the log/exponential growth
phase and becomes spiral when it reaches the mature and reproductive stage (Figures 2 and 3).
Interesting findings these may seem. However, until proven with substantial evidence, then this
study may be the first to report such a phenomenon.

The length of both forms was measured using the Image J Application. Based on the results,
the rod-shaped Spirulina cells are significantly longer in pH 8 and 9. This result may explain
the highest yield of Spirulina biomass that was harvested as shown in Table 1. In terms of the
Spirulina spiral-shaped cell growth (length), pH 8 and 9 also rendered the optimum growth of
Spirulina cells.
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Figure 1A: Rod-shaped and Spiral-
shaped Spirulina cells at 10x
magnification

lFlgure 1B: Rod-shaped and Spiral-shaped
Spirulina cells at 20x magnification

Figure 3: Fission of spiral-shaped
Spirulina cells at reproductive stage at 20x
magnification

Figure 2: Rod-shaped Spirulina cells at

20x magnification

Determination of the size in length of Spirulina based on the different salinity
concentration

Table 4 depicts the size in length of Spirulina cells cultivated in different salt concentrations
for both the rod-shaped and the spiral-shaped Spirulina cells.

Table 4: Size in length (um) of t rod-shaped and spiral-shaped of Spirulina cell
cultivated in different salinity concentration (% w/v)

Salinity Concentration Rod-shaped Spirulina Spiral-shaped Spirulina
(Yow/v) Cell (um) Cell (um)
T1- 1% 568.75 a 140.78 b
T2 -3% 239.69 b 128.28 b
T3 -5% 224.35b 193.68 a
T4 - 8% 0.00 ¢ 0.00 ¢
T5-11% 0.00 ¢ 0.00 ¢

Legend: Means followed by a common letter are not significantly different at 5% level of LSD
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Results in Table 4 reveal that the cell growth of rod-shaped Spirulina in length (um) is
significantly high at 1% salt concentration while 5% with that of the spiral-shaped Spirulina
cells. The data may depict that since Spirulina feeds on bicarbonate salts, additional chloride
salts may seem to supplement the bicarbonates which is why the cell growth of the rod-shaped
Spirulina requires a minimal amount of other sources of salts. In the instance of the spiral-
shaped Spirulina cell, this form required a much higher concentration of salts (5%) than that of
the rod-shaped. If this study hypothesizes that the spiral-shaped is the reproductive stage, hence
it can be interpolated that the additional salts source is much needed in preparation for the cell
fission of the Spirulina (Figure 3).

Quantity and Quality Analysis of Genomic DNA of Spirulina

Table 5 shows the quality and quantity of the DNA of Spirulina using spectrophotometer and
Agarose Gel Electrophoresis.

Table 5: Quantity and Quality of the Genomic DNA of Spirulina between Grinded and
Non-grinded preparation of Spirulina Cell

Spirulina Cell Preparation | Nucleic Acid Concentration (nm/uL)) | A260/A280 Absorbance (nm)
T1- Grinded 116.5 1.95
T2 — Non-Grinded 437.8 1.94

The table shows the purity of the DNA extracted from Spirulina cells. Between the two
preparations, the non-grinded yielded a greater amount of nucleic acid concentration as
compared with the grinded. The grinding may have ruptured the cell wall as well as the nucleus
where the DNA is found which is why the amount of the nucleic acid is lower than that of the
non-grinded. In terms of the quality of the DNA, the purity of the DNA from both preparations
1s almost pure or of good quality as the DNA A260/280 ratio obtained was at the absorbance
of 1.95 nm for the grinded and 1.94 nm for the non-grinded preparation. When the A260/280
ratio of DNA is ~ 2.0, the DNA is considered pure. These ratios are commonly used to assess
the amount of protein contamination that is left from the nucleic acid isolation process since
proteins are absorbed at 280 nm.

CONCLUSIONS

Spirulina platensis, a filamentous blue-green algae that is cultivated in the Tarlac Agricultural
University thrived in an alkaline and saline freshwater medium, which is similar to
other Arthrospira sp. That is found worldwide. Two forms of Spirulina cells, rod-shaped and
spiral-shaped cells were observed under a microscope. This finding suggests a hypothesis that
these two forms may be of the same species and represent two developmental stages. Based on
microscopical studies, the rod-shaped Spirulina cells may be in the log or exponential phase
whereas the spiral-shaped cells may be in the reproductive or lag phase. However, until this
hypothesis is further substantiated, no conclusive findings may be reported. Paradoxically, if
this finding may be proven true, then this study is the first to report this phenomenon based on
our knowledge. Despite the differences in forms, both exhibit optimal growth at pH 8 and 9
and 1% and 5% (w/v) salt concentration. The preparation of Spirulina cells for DNA extraction
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plays a crucial role. Mechanical stress like grinding using pipette tips may not seem to yield a
high amount of nucleic acid concentration, although it gives a pure DNA A260/280 ratio. The
denaturing agent is sufficient to rupture the cell wall of the Spirulina cells.
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Abstract—Delineation of nutrient-limited zones in agricultural soils is delicate in achieving balanced fertil-
ization and appropriate land management. Due to the lack of detailed information regarding micronutrient
availability in Santa Ignacia, Tarlac, Central Luzon Philippines, a study was conducted to investigate the spa-
tial distribution of Zn, Cu, Fe and Mn in the municipality. Soil test results were subjected to descriptive sta-
tistics and geo-analytical technique through best fit semivariogram based on highest coefficient of determi-
nation. Then, ordinary kriging was employed using the optimum model to generate spatial variability maps and
eventually delineate nutrient limited areas. Micronutrient concentration in the area followed the order Fe >
Mn > Cu > Zn with moderate to strong variability. Spatial dependence factors (SDf) were found to be mod-
erate for Zn and Cu, while strong SDf were recorded for Fe and Mn. Zn deficient zones accounting to 2517 ha
were delineated in the extreme northern and southern region of the municipality. Cu deficient zone covering
1893 ha was delineated at the east-central region of the study area. Meanwhile, no limited zones were delin-
eated for Fe and Mn indicating the relative abundance of these nutrients in Santa Ignacia, Tarlac. Therefore,
interventions to increase Zn and Cu availability in deficient zones are recommended to further improve crop

yields in the municipality.

Keywords: kriging, micronutrient, semivariogram, spatial variability, Inceptisols

DOI: 10.1134/51064229323600719

INTRODUCTION

Essential micronutrients primarily serve as catalyst
in enzyme systems and are required in numerous met-
abolic functions [37]. Although they are needed in
minute amounts, the deficiency or abundance of these
elements directly affects crop nutrition and environ-
mental pollution [4, 10]. Intensified crop production
in past years have resulted in the decline of fertility and
overall quality of soils in the Philippines. The Depart-
ment of Agriculture and prior research have reported
cases of micronutrient deficiency in agricultural soils,
though its distribution has not been thoroughly ana-
lyzed and studied [24, 31]. The lack of micronutrient
management system employed in farmlands coupled
with indiscreet use of chemical inputs have caused the
imbalance of soil nutrients [48]. These issues amplify
the call to conduct investigation on the fertility status
of soil resources in the country.

The interplay of weathering process, natural events
and anthropogenic factors may generate levels of spa-
tial variation among trace elements in different agro-
ecosystems [17, 41]. Zonal delineation on the avail-
ability of soil nutrients is a key element of precise agri-
culture. The identification of nutrient limited and suf-
ficient zones is required to formulate an appropriate
and site specific nutrient management scheme [36].

Although fertility maps are available in the region, it is
limited to some macronutrients namely, nitrogen,
phosphorus and potassium. Characterization and dis-
tribution of trace elements in local soils are often
neglected. Thus, there is an urgent need to precisely
describe the spatial distribution of micronutrients in
the study area.

In this regard, geostatistical techniques have
become a standard in the analysis of spatial differenti-
ation concerning soil nutrients. Integrating spatial
information in geostatistical models can refine estima-
tion and improve map accuracy [26]. Among the vari-
ous geostatistical methods employed by the research-
ers for generating soil fertility maps, ordinary kriging
remains to be the most commonly utilized interpola-
tion technique [6, 36, 44]. It has the potential to pro-
vide the best unbiased linear predictions and generate
information regarding estimation errors while reduc-
ing the local error variance [27]. It is proven to be fast,
cost-efficient and reliable method of producing the-
matic maps that will serve as basis for appropriate land
management. Therefore this study aims to (i) assess
the level of micronutrient elements (Zn, Cu, Mn, Fe)
in the study area and (ii) delineate micronutrient defi-
cient zones using optimal semivariogram (ordinary
kriging) models.
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Table 1. Micronutrients rating based on soil test values, mg kg™

1

Sufficient
Soil test Deficient
moderate high extremely high
Zinc <0.5 0.5-1.0 1.0-3.0 >3.0
Copper <0.2 0.2—1.0 1.0—1.8 >1.8
Iron <4.5 — —
Manganese <5.0 5.0—15.0 15.0-30.0 >30.0
MATERIALS AND METHODS also analyzed using 1 : 1 soil and water suspension [12],

Site description. The study was conducted in the
Municipality of Santa Ignacia, Tarlac. It is within the
Central Luzon region of the Philippines. The capital
of the area is geographically located at 15.5841° N and
120.4688° E. It is bounded on the north by the town of
Camiling, on the south by San Jose, on the west by
Mayantoc and on the east by Gerona, Tarlac. The
municipality has a relatively flat terrain in the central
and eastern portion, while moderately hilly on the west-
ern side. The total land area is 14189 ha, and most of it
is involved in agriculture (Fig. 1). It produces a wide
range of crops, including rice, fruits and vegetables.
The dominant soil type in the area is fine loamy tex-
tured inceptisol characterized by isohyperthermic
temperature regime with incipient development
towards maturity but not fully developed diagnostic
horizons. This soil has minimum complexity towards
horizonation which is commonly found in areas with
pronounced wet and dry seasons [5, 33]. Soil pH in the
area ranges from extremely acidic to slightly alkaline
while organic matter (OM) varies from low to
medium levels. Finally, the levels of phosphorus (P)
and potassium (K) range from low to high concentra-
tions. Based on Corona Climate Classification, Santa
Ignacia belongs to Climate Class I which has pro-
nounced wet and dry periods. Annual average precip-
itation sits at 715 mm where maximum rainfall occurs
in the months of July and August. Temperature in the
area ranges from 22—31°C, maximum temperature
occurs during April and May while minimum tem-
perature is felt in the months of January and February.

Soil sampling and analysis. A total of 336 soil sam-
ples at a depth of 0—30 cm were randomly collected in
the study area. The geographic location of each sam-
pling point was recorded using a handheld GPS. Dis-
tribution of sampling points is shown in Fig. 1. Each
soil sample was air dried while impurities were
removed by hand before passing through a 2 mm mesh
and eventually stored in a clean plastic container.
Micronutrients including Fe, Cu, Zn and Mn were
analyzed through diethylenetriaminepentaacetic acid
extraction—atomic absorption spectrometry (DTPA-
AAS) using of 1 : 2 soil:extractant ratio as described in
FAO-—Standard Operating Procedure for Soil Avail-
able Micronutrients and Heavy Metals [8, 18]. In
addition, soil pH, organic matter and phosphorus were

Walkley and Black [45] and Olsen extractant method
[30], respectively. Soil test values were interpreted and
clustered based on micronutrient fertility standards of
Philippine Council for Agriculture and Resources
Research and other relevant literature [36, 48].

Data processing and analysis. Descriptive statistical
analysis was executed using SPSS 20.0 software. Semi-
variance analyses and model fitting were conducted
using GS + 9.0 software. Models with maximum coef-
ficient of determination (R?) were identified as opti-
mal model parameters [16]. The best fit model was
then used as basis for ordinary kriging interpolation
using ArcGIS 10.4 (ESRI, Redlands, CA, USA).
Semivariance is expressed as follows:

n(h)
1 . . 2
=— Xi)—z(Xi+h
2N(h);[z< ) = 2(Xi + hl’,

where r(h) is the semivariogram, h is the separation
distance, N(h) is the pairwise number of data points
separated by distance h, Z(x) is the value of a regional-
ized variable at spatial position x, and Z (x + A) is the
value of a regionalized variable at position x + 4. Nug-
get, sill and range are key parameters of semivariogram
models to describe spatial structure. Furthermore, the
nugget/sill ratio and spatial dependence factor (SDf)
represents the spatial autocorrelation between vari-
ables. SDf < 25% indicates high spatial correlation, in
which natural factors are the principal drivers; SDf =
25—75% represents moderate spatial correlation which
might be affected by both natural and anthropogenic
factors; and SDf > 75% indicates low spatial correla-
tion, where the variation is attributed to random fac-
tors [36, 48].

r(h)

RESULTS AND DISCUSSION

Statistical characteristics of soil micronutrients.
Descriptive statistics of the soil test values are presented
in Table 2. The micronutrient concentration in the area
followed the order Fe > Mn > Cu > Zn. The Zn level in
the study area ranges from 0.06—21.16 mg kg~! with a
mean value standing at 1.21 mg kg~'. It means that Zn
concentrations are qualitatively classified as deficient
to extremely sufficient. The Cu concentration ranges
from 0.02 to 41.09 mg kg~! with a mean value at

EURASIAN SOIL SCIENCE 2023
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Fig. 1. Land use map and distribution of sampling points in the study area.

5.58 mg kg~!. Likewise, clusters of soil test results are
classified as Cu deficient to extremely sufficient. The
levels of Fe and Mn ranges 13.97—237.28 and 15.95—
246.97 mg kg~! respectively. These values are consid-
ered extremely sufficient, which indicates the relative
abundance of Fe and Mn in the study area.

One of the very important statistical indices to
reflect spatial variation is the CV. A CV of >1 is con-
sidered to be strong, while a CV of 0.1—1 and <0.1 is
considered moderate and weak variation, respectively
[25, 26, 31]. The CV of the subject elements is consid-
ered moderate to strong which ranges from 0.6 to 1.97.
The order of variation among the nutrients is recorded
as Zn > Cu > Mn > Fe. The considerable variation of
micronutrients is a common finding especially in agri-
culture based ecosystems. Aside from parent materi-
als, the nutrient variability in agricultural soils may be

attributed to different land utilization types which
requires varying fertilizer application, pest control,
and other crop management systems |16, 46]. Taking
into account the lack of micronutrient fertilization
guide and indiscreet use of chemical inputs, it is not
surprising to observe moderate to strong variability of
soil nutrients in the study area.

Aside from soil micronutrients, different edaphic
properties in the study area were also analyzed to
determine their possible relationship. The correlation
map of Zn, Cu, Fe, Mn, P, K, pH, and OM is summa-
rized in Table 3. Cu concentration is correlated with
pH and OM Ilevel. Cu concentrations vary with soil pH
due to the dissolution of Cu insoluble composts or
adsorption on the surfaces of Fe and Al oxides or pre-
cipitated in hydroxyl forms depending on the level of
acidity [28]. Furthermore, OM has a dynamic rela-
tionship with the mobility of Cu in soils. The complex-

Table 2. Descriptive statistics of essential micronutrient elements, mg kg~

Elements Max Min Mean Std. Dev. Skewness Kurtosis CV
Zn 21.16 0.06 1.21 2.39 7.18 58.71 1.97
Cu 41.09 0.02 5.85 7.24 2.38 7.15 1.23
Fe 237.28 13.97 89.11 53.13 0.87 0.13 0.60
Mn 246.97 15.95 60.39 43.58 1.61 3.32 0.72

Std. Dev, Standard Deviation; CV, Coefficient of Variation.
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Table 3. Correlation matrix of soil trace elements

Variables pH oM P Z Cu Mn Fe
pH 1 0.463 —0.148 0.185 0.083 —0.421 —0.195 —0.380
oM 0.463 1 —0.114 0.119 0.095 0.337 —0.100 —0.091
P —0.148 —0.114 1 —0.015 0.133 —0.094 —0.196 0.142
K 0.185 0.119 —0.015 1 —0.045 0.081 —0.056 0.036
V4 0.083 0.095 0.133 —0.045 1 —0.216 -0.217 —0.088
Cu —0.421 0.337 —0.094 0.081 —0.216 1 0.185 —0.019
Mn —0.195 —0.100 —0.196 —0.056 —0.217 0.185 1 0.062
Fe —0.380 —0.091 0.142 0.036 —0.088 —0.019 0.062 1
Values in bold are different from 0 with a significance level o0 = 0.05.

Table 4. Geostatistics of the fitted semivariogram models of micronutrients

Elements Model Nugget Sill NSR R? SpD
Zinc Spherical 1.25 2.26 0.55 0.73 55.30
Copper Spherical 1.19 1.92 0.62 0.69 61.90
Iron Exponential 115 483 0.23 0.81 23.80
Manganese Exponential 80 423 0.18 0.89 18.91

NSR—nugget to sill ratio; RZ—R—squared; SpD—spatial dependence factor.

ation of OM with Cu is an important mechanism in its
retention and bio-availability [25]. Meanwhile, Fe is
negatively correlated with pH. Fe is commonly
affected by pH due to the latter’s direct effect on the
precipitation of soluble Fe into insoluble forms [13].
Interestingly, Zn has negative correlation to Cu and
Mn, which suggests negative interactions among these
nutrients. Alloway [2] reported that the relationships
between Cu and Zn are often antagonistic because of
their competitive adsorption on soil colloids and
absorption sites of plant roots. Cu fertilization has
been shown to alter Zn dynamics in soil or vice versa
[20, 21]. Interestingly, Rahman et al. [35] reported
that Cu and Zn were mostly speciated as carbonate
phases under P-deficient condition. The complex-
ation of these elements with carbonate and phyllosili-
cate minerals is likely the controlling factor of their
bio-availability. In addition, Vasu et al. [43] identified
antagonistic nutrient interaction as one of the primary
drivers of the concentration and spatial characteristics
of micronutrients under semi-arid tropical environ-
ment. Thus, co-fertilization trial of Cu and Zn may be
explored to further characterize the antagonistic behav-
ior of these nutrients in local soils of Santa Ignacia.

Spatial structure and variability of micronutrients.
Spherical model was the optimum semivariogram
function for Zn and Cu, while exponential model was
optimum for Fe and Mn. The highest coefficient of
determination (R?) was observed for Mn at 0.89, and
Cu has the least R? at 0.69. A strong spatial dependence
factor was observed for Fe (23.80) and Mn (18.91). It
indicates that spatial variation of Fe and Mn in the

study area is primarily affected by soil forming factors,
including parent material, terrain and other structural
parameters. Same results were reported by Kavitha
et al. [16], Shukla et al. [38] and Zou et al. [48] regard-
ing strong spatial dependence of these nutrients. How-
ever, contrary results were reported by Odoi et al. [30]
indicating weak SpD of Fe and Mn within the indus-
trial zone of Ghana. They identified the discharge of
industrial waste as main factor on the spatial structure
of such nutrients. Thus, the absence of heavy industri-
alization and other similar activities in Santa Ignacia
might have caused the dominance of structural factors
on the spatial characteristics of Fe and Mn.

On the other hand, moderate spatial dependence
factor (SpD) was observed for Zn (55.30) and
Cu (61.90). Moderate SpD suggest that spatial varia-
tion of these nutrients is primarily affected by the simul-
taneous action of structural and random factors,
including land use, crop management and anthropo-
genic pollution [48]. Moderate spatial dependence was
also observed by Shukla et al. [38] and Liu et al. [19] for
Cu and Zn respectively. They hypothesized that the
spatial characteristics of these nutrients may be
attributed to the imbalance utilization of heavy metal
containing inputs in crop production. Furthermore,
weak SpD for Zn and Cu was even observed in various
crop producing areas which suggest the significant
effect of farm management on the variability of these
nutrients [34, 38]. Such findings on spatial autocor-
relation indicate the need to conduct a deeper analysis
on the specific causes of spatial variability of soil
micronutrients in the study area.

EURASIAN SOIL SCIENCE 2023
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Fig. 2. Spatial variability map of micronutrients (a) zinc, (b) copper, (c) iron, (d) manganese.

The spatial variability of micronutrient concentra-
tion in the study area is displayed in Fig. 2. Zn defi-
cient zones accounting to 2517 ha were delineated in
the extreme northern and southern region of the

Table 5. Distribution of micronutrient availability classes

municipality, while the remaining portion varies from
highly to extremely sufficient. The application of zinc
sulphate is recommended to correct the deficiency in
the concerned areas. Under flooded conditions, zinc

Zn Cu Fe Mn
Fertility class
area, ha % area, ha % area, ha % area, ha %
Deficient 2517 18 1893 13 — — — —
Moderate 3469 24 — — — — _
High 8061 57 — - 14189 100 5788 41
Extremely High 142 1 12296 87 - — 8401 59

EURASIAN SOIL SCIENCE 2023



6 INOVEIJAS et al.

solubility often decreases due to mechanisms associ-
ated with soil redox status [1, 3]. Since paddy rice is
the dominant crop in the area, water management sys-
tem to improve aeration and drainage may be
employed to increase zinc solubility [13]. Other
options, such as utilization of ammonium sulfate and
applying organic fertilizer to further increase the avail-
ability of zinc may also be considered [11]. Cu defi-
cient zone covering 1893 ha of the study area was delin-
eated at the east-central region. The remaining portion
of the area is classified as highly sufficient for Cu. The
addition of CuO or CuSOQ, in deficient areas is recom-
mended to balance Cu levels. The amendment of Cu-
enriched foliar fertilizer and elemental sulfur is like-
wise recommended to increase Cu absorption by
plants [11, 14]. Finally, no deficient zones were delin-
eated for Fe and Mn. The levels of these nutrients are
found to be highly sufficient in the study area.

The results of the study concur with prior research
regarding micronutrient status of farmlands in the
Philippines. Yoshida et al. [47] estimated around
500000 ha of Zn deficient rice areas alone. Katyal and
Vlek [15] also reported Zn deficiency in some hydro-
sols and gleysols in the country. Mahagud et al. [22]
likewise assessed widespread Zn deficiency especially
in lowland areas. Furthermore, the Philippines was
also included in a group of countries with serious Zn
deficiency problem in their agricultural soils [2].
Meanwhile, Descalsota et al. [7] reported Cu defi-
ciency in particular areas of Central Luzon including
some parts of Mufioz, Llanera, and Zaragosa in Nueva
Ecija; La Paz in Tarlac and Santa Cruz in Zambales.
Finally, Mahagud et al. [23] reported high levels of Fe
and Mn in agricultural areas of Central Luzon. Toxic
accumulations of Fe and Mn (300 and 1000 mg kg!
respectively) are observed in rice plants evidencing the
abundance of these elements in the area.

CONCLUSIONS

The study provides the first micronutrient avail-
ability map of Santa Ignacia, Tarlac. Moderate to
strong variability of micronutrients was observed in
the area. Zn (18%) and Cu (13%) deficient zones have
been delineated in multiple regions of the municipal-
ity. The employment of field measures to increase Zn
and Cu availability in deficient areas is recommended
to further increase crop yields in the municipality.
Meanwhile, Fe and Mn are found to be entirely suffi-
cient suggesting their relative abundance in the study
area. Geo-statistical method is indeed a time and cost-
effective tool in mapping various soil properties.
Finally, the results of this study can be used to formu-
late site specific nutrient management and other rele-
vant land policies in Santa Ignacia, Tarlac.

ACKNOWLEDGMENTS

The authors would like to extend their gratitude to the
Local Government of Santa Ignacia, Tarlac for their sup-
port and participation.

FUNDING

This study has been fully funded by the Local Govern-
ment of Santa Ignacia, Tarlac.

CONFLICT OF INTEREST

The authors declare no conflicts of interest in the con-
duct of this research.

REFERENCES

1. A. S. Abdullah, “Zinc availability and dynamics in the
transition from flooded to aerobic rice cultivation,”
J. Plant Biol. Soil Health 2 (1), 5 (2015).

2. B.J. Alloway, Zinc in Soils and Crop Nutrition (1ZA and
IFA, Brussels, Paris, 2008), pp. 92—109. https://www.
topsoils.co.nz/wp-content/uploads/2014/09/Zinc-in-
Soils-and-Crop-Nutrition-Brian-J.-Alloway.pdf.

3. M. A. Bunquin, S. Tandy, S. J. Beebout, and R. Schulin,
“Influence of soil properties on zinc solubility dynam-
ics under different redox conditions in non—calcareous
soils,” Pedosphere, 96—105 (2017).
https://doi.org/10.1016/S1002-0160(17)60299-6

4. A. Chrysargyris, M. Hofte, N. Tzortzakis, S. A. Pet-
ropoulos, and F. Di Gioia, “Editorial: micronutrients:
the borderline between their beneficial role and toxicity
in plants,” Front. Plant Sci. 13, (2022).
https://doi.org/10.3389/fpls.2022.840624

5. Atlas of Soil-Based Agricultural Guide Maps V. 2. Luzon Is-
land, Region 111, IV-A, IV-B and V (Department of Agri-
culture, Bureau of Soils and Water Management, 2019).

6. R. N. Desavathu, A. R. Nadipena, and J. R. Peddada,
“Assessment of soil fertility status in Paderu Mandal,
Visakhapatnam district of Andhra Pradesh through
Geospatial techniques,” Egypt. J. Remote Sens. Space
Sci. 21 (1), 73—81 (2018).
https://doi.org/10.1016/j.ejrs.2017.01.006

7. J. P. Descalsota, C. P. Mamaril, and G. O. San Valentin,
“Fertility status of selected rice soils in the Philippines,”
Philipp. J. Crop Sci. 2 (2), 45—57 (2003). https://www.
cabi.org/GARA/FullTextPDF/2009/20093019309.pdf.

8. Standard Operating Procedure for Soil Available Micro-
nutrients (Cu, Fe, Mn, Zn) and Heavy Metals (Ni, Pb,
Cd), DTPA Extraction Method (FAO, Rome, 2022).
https://www.fao.org/3/cc0048en/cc0048en.pdf.

9. B. Hafeez, Y. M. Khanif, and M. Saleem, “Role of zinc
in plant nutrition - a review,” Am. J. Exp. Agric. 3 (2),
374—391 (2013).

10. Z. L. He, X. E. Yang, and P. J. Stoffella, “Trace ele-
ments in agroecosystems and impacts on the environ-
ment,” J. Trace Elem. Med. Biol. 19 (2—3), 125—140
(2005).
https://doi.org/10.1016/j.jtemb.2005.02.010

11. International Rice Research Institute, Zinc Deficiency—
IRRI Rice Knowledge Bank (N.D.). http://www.knowl-

EURASIAN SOIL SCIENCE 2023



12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

DELINEATION OF MICRONUTRIENT DEFICIENT ZONES 7

edgebank.irri.org/training/fact-sheets/nutrient-man-
agement/deficiencies-and-toxicities-fact-sheet/item/zinc-
deficiency.

M. L. Jackson, Soil Chemical Analysis, 2nd Ed. (M. L. Jack-
son, Madison, 1973).

. J. Jones, Iron Availability and Management Consider-

ations: A 4R Approach (2020). https://acsess.onlineli-
brary.wiley.com/doi/10.1002/crso0.20019.

D. Kaiser and C. Rosen, Copper for Crop Production
(2018). https://extension.umn.edu/micro-and-secondary-
macronutrients/copper-crop-production.

J. C. Katyal and P. L. G. Vlek, “Micronutrient prob-
lems in tropical Asia,” in Micronutrients in Tropical
Food Crop Production (Springer Netherlands, Dor-
drecht, 1985), pp. 69—94.
https://doi.org/10.1007/978-94-009-5055-9_3

C. Kavitha, M. P. Sujatha, and R. Tata, “Spatial varia-
tions in soil micronutrients as influenced by agro eco-
logical conditions in a tropical humid region,” Trop.
Ecol. 60 (3), 362—378 (2019).

https://doi.org/10.1007 /s42965-019-00037-w

P. Kumar, P. Kumar, M. Sharma, A. Shuka, and
N. Butail, “Spatial variability of soil nutrients in apple
orchards and agricultural areas in Kinnaur region of
cold desert, Trans-Himalaya, India,” Environ. Monit.
Assess. 194 (4), (2022).

https://doi.org/10.1007 /s10661-022-09936-3

W. L. Lindsay and W. A. Norvell, “Development of a
DTPA soil test for zinc, iron, manganese, and copper,”
Soil Sci. Soc. Am. J. 42 (3), 421—-428 (1978).
https://doi.org/10.2136/ss-
$aj1978.03615995004200030009x

Z. Liu, W. Zhou, J. Shen, P. He, Q. Lei, and G. Liang,
“A simple assessment of spatial variability of rice yield
and selected soil chemical properties of paddy felds in
South China,” Geoderma 235, 39—47 (2014).
https://doi.org/10.1016 /j.geoderma.2014.06.027

J. F. Loneragan and M. J. Webb, “Interactions between
zinc and other nutrients affecting the growth of plants,”
in Zinc in Soils and Plants (Springer Netherlands, Dor-
drecht, 1993), pp. 119—134.
https://doi.org/10.1007/978-94-011-0878-2_9

Y. Luo and D. L. Rimmer, “Zinc-copper interaction
affecting plant growth on a metal-contaminated soil,”
Environ. Pollut. 88 (1), 79—83 (1995).
https://doi.org/10.1016/0269-7491(95)91050-u

J. C. Magahud, R. B. Badayos, P. B. Sanchez, and
P. C. Sta. Cruz, “Levels and sources of potassium, cal-
cium, sulfur, iron and manganese in major paddy soils
of the Philippines,” Int. J. Philipp. Sci. Technol. 8 (2),
1-8 (2015).

https://doi.org/10.18191/2015-08-2-014

J. C. Magahud, R. B. Badayos, P. B. Sanchez, and
P. C. Sta. Cruz, “Levels and potential sources of heavy
metals in major irrigated rice areas of the Philippines,”
IAMURE Int. J. Ecol. Conserv. 15 (1), (2015).
https://doi.org/10.7718 /ijec.v15i1.1000

J. Manglapuz, Philippine Daily Inquirer (2023).
https://newsinfo.inquirer.net/1731058 /da-finds-micro-
nutrient-deficiency-in-farmlands-across-ph.

L. Matijevic, D. Romic, and M. Romic, “Soil organic
matter and salinity affect copper bioavailability in root

EURASIAN SOIL SCIENCE 2023

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

zone and uptake by Vicia faba L. plants,” Environ.
Geochem. Health 36 (5), 883—896 (2014). Epub 2014
Apr 24.

https://doi.org/10.1007 /s10653-014-9606-7

T. G. Mueller and F. J. Pierce, “Soil carbon maps: en-
hancing spatial estimates with simple terrain attributes
at multiple scales,” Soil Sci. Soc. Am. J. 67 (1), 258—
267 (2003).

https://doi.org/10.2136/sssaj2003.2580

T. G. Mueller, N. B. Pusuluri, K. K. Mathias, P. L. Cor-
nelius, R. I. Barnhisel, and S. A. Shearer, “Map quality
for ordinary kriging and inverse distance weighted in-
terpolation,” Soil Sci. Soc. Am. J. 68 (6), 2042—2047
(2004).

https://doi.org/10.2136/sssaj2004.2042

G. R. Nachtigall, R. C. Nogueirol, L. R. F. Alleoni, and
M. A. Cambri, “Copper concentration of vineyard soils
as a function of pH variation and addition of poultry lit-
ter,” Braz. Arch. Biol. Technol. 50 (6), 941—948 (2007).
https://doi.org/10.1590/s1516-89132007000700005

J. O. Odoi, F. A. Armah, and L. Luginaah, “Assess-
ment of spatial variability of heavy metals in soils under
the infuence of industrial soap and detergent waste wa-
ter discharge,” IJRRSA 9 (2), 322—329 (2011).

S. R. Olsen, C. V. Cole, F. S. Watanabe, and L. A. Dean,
Estimation of Available Phosphorus in Soils by Extraction
with Sodium Bicarbonate (Circular, Washington DC,
1954), vol. 939.

D. Palanog, M. 1. C. Calayugan, G. I. Descalsota-Em-
pleo, A. Amparado, M. A. Inabangan-Asilo, E. C. Aro-
cena, P. C. Sta. Cruz, T. H. Borromeo, A. Lalusin,
J. E. Hernandez, C. Acuin, R. Reinke, and B. P. M.
Swamy, “Zinc and iron nutrition status in the philip-
pines population and local soils,” Front. Nutr. 6,
(2019).

https://doi.org/10.3389/fnut.2019.00081

Philippine Council for Agriculture and Resources Re-
search, Standard Methods of Analysis for Soil, Plant, Tis-
sue, Water and Fertilizer (1980).

Philippine Rice Research Institute, PhilRice—Soils In-
Jormation System (2011). https://dbmp.philrice.gov.ph/
soils/series.

H. B.Raghupathy and S. Srinivas, “Spatial variability
studies in mango for identification of nutrient imbal-
ance using GIS technique,” in ISRS Proceeding Papers
of Sort Interactive Session (2014). ISPRS TC VIII Inter-
national Symposium on “Operational Remote Sensing Ap-
plications: Opportunities, Progress and Challenges” (Hy-
derabad), pp. 9—12.

N. Rahman, D. Peak, and J. Schoenau, “Antagonistic
effect of copper and zinc in fertilization of spring wheat
under low soil phosphorus conditions,” Can. J. Soil Sci.
102 (3), 797—809 (2022).
https://doi.org/10.1139/cjss-2021-0189

R. P. Sharma, S. Chattaraj, D. Vasu, K. Karthikeyan,
P. Tiwary, R. K. Naitam, B. Dash, G. Tiwari, A. Jangir,
A. Daripa, S. K. Singh, S. G. Anantwar, and
A. M. Nimkar, “Spatial variability assessment of soil
fertility in black soils of central India using geostatistical
modeling,” Arch. Agron. Soil Sci., 1—13 (2020).

https://doi.org/10.1080/03650340.2020.1766678



37

38.

39.

40.

41.

42.

INOVEIJAS et al.

A. Shenkin, “Micronutrients in health and disease,”
Postgrad. Med. J. 82 (971), 559—567 (2006).
https://doi.org/10.1136 /pgm;j.2006.047670

K. Shukla, S. K. Behera, N. K. Lenka, P. K. Tiwari,
C. Prakash, R. S. Malik, N. K. Sinha, V. K. Singhd,
A. K. Patra, and S. K. Chaudhary, “Spatial variability
of soil micronutrients in the intensively cultivated
Trans-Gangetic Plains of India,” Soil Tillage Res. 163,
282—289 (2016).
https://doi.org/10.1016/j.stil1.2016.07.004

F.-F. Song, M.-G. Xu, Y.-H. Duan, Z.-J. Cai, S.-L. Wen,
X.-N. Chen, W.-Q. Shi, and G. Colinet, “Spatial vari-
ability of soil properties in red soil and its implications
for site-specific fertilizer management,” J. Integr. Ag-
ric. 19 (9), 2313—2325 (2020).
https://doi.org/10.1016/s2095-3119(20)63221-x

X.-D. Song, D. J. Brus, F. Liu, D.-C. Li, Y.-G. Zhao,
J.-L. Yang, and G.-L. Zhang, “Mapping soil organic
carbon content by geographically weighted regression: a
case study in the Heihe River Basin, China,” Geoder-
ma 261, 11-22 (2016).
https://doi.org/10.1016/j.geoderma.2015.06.024

G. S. Tagore, S. K. Sethy, P. S. Kulhare, and G. D. Shar-
ma, “Characterization of spatial variability of micro
nutrients in soils: classical vs. geo-statistical approach,”
Commun. Soil Sci. Plant Anal. 2022, 1—16 (2022).
https://doi.org/10.1080/00103624.2022.2118292

G. S. Tagore, G. D. Bairagi, R. Sharma, and P. K. Ver-
ma, “Spatial variability of soil nutrients using geospatial
techniques: a case study in soils of sanwer tehsil of In-
dore district of Madhya Pradesh,” in The International
Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, Symposium, ISPRS Tech-
nical Commission VIII (Hyderabad, 2014).

43.

44,

45.

46.

47.

48.

D. Vasu, N. Sahu, P. Tiwary, and P. Chandran, “Mod-
elling the spatial variability of soil micronutrients for
site specific nutrient management in a semi-arid tropi-
cal environment,” Model. Earth Syst. Environ. 7,
1797—1812 (2021).

https://doi.org/10.1007 /s40808-020-00909-4

D. Vasu, S. K. Singh, N. Sahu, P. Tiwary, P. Chandran,
V. P. Duraisami, V. Ramamurthy, M. Lalitha, and B. Ka-
laiselvi, “Assessment of spatial variability of soil proper-
ties using geospatial techniques for farm level nutrient
management,” Soil Tillage Res. 169, 25—34 (2017).
https://doi.org/10.1016/j.still.2017.01.006

A. Walkley and I. A. Black, “An examination of the de-
gtjareff method for determining soil organic matter, and
a proposed modification of the chromic acid titration
method,” Soil Sci. 37 (1), 29—38 (1934).
https://doi.org/10.1097,/00010694-193401000-00003

R. Wang, R. Zou, J. Liu, L. Liu, and Y. Hu, “Spatial
distribution of soil nutrients in farmland in a hilly re-
gion of the Pearl River delta in China based on geosta-
tistics and the inverse distance weighting method,” Ag-
riculture 11(1), 50 (2021).
https://doi.org/10.3390/agriculture 11010050

S. Yoshida, J. S. Ahn, and D. A. Forno, “Occurrence,
diagnosis, and correction of zinc deficiency of lowland
rice,” Soil Sci. Plant Nutr. 9 (2), 83—93 (1973).
https://doi.org/10.1080/00380768.1973.10432522

R. Zou, Y. Zhang, Y. Hu, L. Wang, Y. Xie, L. Liu,
H. Yang, and J. Liao, “Spatial variation and influenc-
ing factors of trace elements in farmland in a lateritic
red soil region of China,” Agronomy 12 (2), 478 (2022).
https://doi.org/10.3390/agronomy 12020478

EURASIAN SOIL SCIENCE 2023



International Journal of Agricultural Technology 2022Vol. 18(6):2447-2458
Available online http://www.ijat-aatsea.com
ISSN 2630-0192 (Online)

Hatchability of duck eggs as affected by types of incubators
under varying relative humidity

Lagasca, A. C.", Beltran, MA. G.%, Valdez, MT. SJ.%, Franquera, E. N.,
Reyno, E. A.° and Briones, R. C.°

YUniversity Extension Center, Central Luzon State University, Science City of Mufbz, Nueva
Ecija, Philippines; *College of Veterinary Medicine, Tarlac Agricultural University, Camiling,
Tarlac, Philippines; *Department of Animal Science, College of Agriculture and Forestry,
Camiling, Tarlac, Philippines; “College of Agriculture and Forestry, Tarlac Agricultural
University, Camiling, Tarlac, Philippines; >Department of Crop Science, College of Agriculture
and Forestry, Tarlac Agricultural University, Camiling, Tarlac, Philippines; °Department of
Animal Science, College of Agriculture and Forestry, Tarlac Agricultural University, Camiling,
Tarlac, Philippines.

Lagasca, A. C., Beltran, MA. G., Valdez, MT. SJ., Franquera, E. N., Reyno, E. A. and Briones,
R. C. (2022). Hatchability of duck eggs as affected by types of incubators under varying
relative humidity. International Journal of Agricultural Technology 18(6):2447-2458.

Abstract The mean percentage hatchability was not significantly affected by types of
incubators, two levels (70% and 80%) of relative humidity, and the interaction effect of types of
incubators and relative humidity. However, the percentage of egg hatching was significantly
affected by types of incubators such that the means of the percentage hatch in Cabinet-Type
Electric Incubator (M=43.95%) and in Bamboo or “Garong”-Type Incubator (M=41.88%) were
significantly higher from “Lawanit” Board-Type Incubator (M=27.68%). There was no
significant difference in the percentage hatch as affected by two different levels of relative
humidity and the interactions of types of incubators and varying percent relative humidity. In
this study, the use of Bamboo or “Garong”- Type Incubator indicated the lowest cost (P0.83) to
hatch a duckling, the cheapest (P17.70) to produce a duckling, and highest ROI of 2.00%.Thus,
the Bamboo or “Garong”-Type Incubator was the most economical to use among the three
types of incubators.Among the three types of incubators under the two levels of relative
humidity, it was observed that the cost to hatch and the cost to produce a duckling is lower
under 80% relative humidity with an average cost of P1.89 and £20.00 respectively. Higher
ROI (1.56%) was also observed when the eggs were incubated under 80% RH than 70% RH
with an average ROI of 1.54%. Furtheremore, the Cabinet-Type Electric Incubator and Bamboo
or “Garong”-Type Incubator were identified to be the most efficient types of incubators. All the
hatching parameters were not significantly affected by two levels (70% and 80%) of relative
humidity.
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Introduction

Ducks are commonly raised by rural farmers in the Philippines mostly in
Central Luzon and some part of Western Visayas. Around 429,700 families
derive their livelihood from it (Santiago, 2018). These farmers, who have less
than 100 heads of ducks, contribute to 70% of the ducks in the country
(Philippine Statistics Authority [PSA], 2015) as reported by Arrosa (2018).
Ducks are preferred by small-holders in the communities compared to other
fowls because ducks can adapt and survive under a wide range of climatic
conditions, can feed on a variety of feedstuffs, and are resistant to diseases.
Raising Mallard Duck (Anas platyrhynchos), being known for egg production,
provides a good source of income to farmers through its products such as balut
(embryonated egg) and salted egg. These ducks can also be sold as cull after
two years of egg production when their laying performance begins to decline.
However, there are some issues and concerns about the duck industry. Results
from a farm survey on duck egg production in the Philippines showed that duck
farmers generally lack the technical know-how and extension services as well
as insufficient supply and high cost of producing good quality ducklings
(Chang et al., 2008). Most of these problems, particularly on technical and
production and supply aspects, are brought about by the issues concerning the
type of incubator used and the physical factors to which the eggs were
subjected before and during the incubation period.

The duck industry has a promising future given the high demand for
salted eggs and balut which accounts for 90% of the total egg production in the
country (Beltran, 2015). The vast knowledge of local farmers in raising ducks,
the availability of complete feeds at different stages of growth (from brooding
to laying), and the government programs on strengthening mallard duck
production (Itik Pinas) all over the country make the duck raising more
encouraging. Furthermore, it is one of the special programs of the Bureau of
Animal Industry under the Department of Agriculture that aims to contribute to
attaining one of the goals of President Duterte on food sufficiency. However,
there are other problems with the industry such as the fluctuating prices of eggs,
limited space for free-range operations, and inadequate research studies being
conducted on duck raising (“Native”, 2016).

At present, commercial incubators of varying capacities are being used by
balut and duck producers in the country. Most of these incubators are operating
with electricity for heating and other mechanical functions. However, small-
holders experience issues in the cost of procurement, maintenance, and
operations. According to Boleli et al. (2016), the main focus of research at
present is the manipulation of thermal incubation conditions and the integrated
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effect of factors that influence incubation. Commercial hatcheries use modern
state-of-the-art incubators but one of the questions that need to be answered is
how effective and cost-efficient the incubators are in terms of promoting
greater hatchability and better chick quality.

Currently, artificial incubators made from locally available materials,
using parched rice and rice husk, have been used by hatcheries in Central
Luzon and National Capital Region. However, the technology was not widely
adopted and little is known about the efficiency of using this type of incubator.
Furthermore, literature and studies suggest a wide range of humidity levels
inside the incubator and different egg turning frequencies to produce a good
hatch. Therefore, it is important to find a method and technique of duck egg
incubation that is efficient, less expensive, uses locally available resources, and
can easily be adopted by both backyard and commercial raisers.

Thus, this study was conducted to determine the hatchability of duck eggs
using different types of incubators under two levels of relative humidity. Also,
this study aimed to determine which among the three types of incubators is the
most efficient and most economical to be used and be recommended for small-
hold, backyard duck raisers, or commercial hatcheries. The results of this study
could contribute to the determination of optimum relative humidity which
would be needed to attain better hatchability of duck eggs using different types
of incubators. Moreover, the results may lead to finding better techniques for
hatching duck eggs through the use of locally available resources that would
reduce the production cost of quality hatchlings. Through the adoption of
technology to be generated, more duck raisers especially the small-hold raisers
would be benefited and be able to produce their own ducklings instead of
buying them from commercial hatcheries or other suppliers. Furtheremore, the
results of this study may be used as a basis for further researches about duck
egg incubation.

Materials and methods
Time and place of research

The experiment was conducted at the duck egg hatchery and “balutan” of
Mr. Renato C. Ramos in Brgy. Carmen, Zaragosa, Nueva Ecija from June 2020
to July 2020.

Research design

The study was laid out into treatment combinations using a Completely
Randomized Design following the 3 x 2 factorial arrangements using three
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types of incubators under varying relative humidity. Factor A served as the
three types of incubators (Cabinet-Type Electric Incubator, Bamboo or
“Garong”-Type Incubator, and “Lawanit” Board-Type Incubator) while the
Factor B served as the two levels of relative humidity (70% RH and 80%RH).

Experimental treatments and layout

Five thousand and four hundred duck eggs were used in the study. These
were randomly divided into six treatment combinations based on the
experimental factor. Each composed of 900 eggs. Each treatment combination
was further subdivided into three replications with 300 eggs per replicate.

Setting-up of cabinet-type incubator

Six cabinet-type forced-air electric incubators were used. These were
prepared by cleaning especially in the interior area. Thermometers and
hygrometers were checked and ensured that these were functioning. The
exper(i)mental eggs were incubated at a temperature ranging from 37.22-
37.78°C.

Setting-up of bamboo or “Garong” and “Lawanit” board incubator

Six “Garong” and six “Lawanit” Board Incubators were also used to
complete the types of incubators needed in the study. Each incubator had a
diameter of 45-50 cm and a height of 85-90 cm. Nylon net with a size of 75 cm
X 70 cm was used to contain 100 eggs and also to contain 1.5 kg of unpolished
rice/parched rice as a source of heat.

The rice was heated twice a day to about 42°C to 43°C using a vat or
cauldron or “kawa” following the procedures in making balut (ATBP.PH,
2016). A pan of water was placed at the bottom of the incubator. Bamboo slats
were placed on top of the pan before making a pile of heated rice and duck
eggs. Five bags of heated unpolished rice (1.5 kg per bag) and three bags of
preheated eggs (100 eggs per bag) were piled in an alternating position having
the rice at the bottom and on top when the pile was completed.

The incubators were arranged at a distance of at least four inches from
each other. Rice hull was used to fill up spaces between incubators. It served as
an insulator and to conserve heat energy.

Egg collection

Large-sized eggs, 65-70 grams, were collected from mated flocks in a
selected house on the farm. Eggs laid not later than three days were selected as
experimental materials.
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Egg setting

The 300 eggs were set in each replication of the three types of incubators.
Before setting, eggs were pre-heated under the sun for two to three hours with a
temperature ranging from 23.9-26.1°C following the procedures stated in
Hatchery Tips (2017).

Incubation duration

Experimental eggs were incubated (with a source of heat) for 15 days. On
the 16™ day after setting, eggs were transferred onto a table in a closed room
(no window) until they were hatched.

Egg turning

Eggs in “Garong” and “Lawanit” board were manually turned two times a
day following the procedures in making balut by ATBP.PH (2016). On the
other hand, eggs in electric incubators were turned b%/ switching on the “turn”
button. The eggs were turned twice a day until the 15" day of incubation. From
16 days to hatching, eggs were turned four times within 24 hours.

Candling

The first candling was done on the 10" day after egg setting to determine
the number of fertile eggs and infertile eggs. The second candling was done on
the 15™ day of incubation to select fertile eggs but would fail to hatch due to the
following reasons: (1) dead embryo, (2) presence of a red ring or blood around
the embryo, (3) enlarged blood vessels, and (4) presence of 0ozing substance
(Smith, 2018).

Relative humidity and temperature control

Relative humidity in the “Garong”-Type and “Lawanit” Board-Type
Incubators was controlled ba/ placing a moisture pan inside. Rice was heated
two times a day until the 15" day of hatching. After 15 days, rice or palay bags
were not heated anymore since the embryos could generate enough heat to keep
them warm. However, the humidity in Cabinet-Type Electric Incubator was
controlled by placing also moisture pan inside. The temperature was set into
37.5 °C until 15 days of hatching.
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Data analysis

The data from the experiment were subjected to analysis of variance in
3x2 factorial in Completely Randomized Design (Gomez and Gomez, 1984).
When significant differences were obtained, means were compared using the
Least Significant Difference (LSD) at 5% probability. To facilitate calculations
and analysis of experimental data, the computer program Statistical Tool for
Agricultural Research was used.

Results
Percentage hatchability

The mean of the percentage hatchability of duck eggs as affected by types
of incubators under varying relative humidity is shown in Table 1. The results
of the study revealed that percent hatchability of duck eggs was not affected by
the types of incubators as indicated by their means (M=48.42%, M=50.40%,
and M=37.17%) having no significant difference, F(2,12) = 2.78, p = 0.1020
when analyzed for variance. The percentage hatchability was not affected also
by the two levels (70% and 80%) of relative humidity wherein their means
(M=44.98% and M=45.68%) were comparable. As for the effect of the
interactions of types of incubators and varying percent relative humidity, it was
found out that these interactions did not affect the percent hatchability of duck
eggs, F(2,12) =1.81, p = 0.2057.

Table 1. Mean of the percentage hatchability of duck eggs as affected by types
of incubators under varying relative humidity

Factor B — Factor A
Factor A — Types of Incubators Relative Humidity Mean
70% RH 80% RH
Cabinet-Type Electric Incubator 44.83 52.00 48.42
Bamboo or “Garong”-Type Incubator 56.70 44.10 50.40
“Lawanit” Board-Type Incubator 33.40 40.93 37.17
Factor B Mean 44,98 45.68

Percentage hatch
The mean of the percentage hatch of duck eggs as affected by types of

incubators under varying relative humidity is presented in Table 2. In this
study, the percentage hatch of duck eggs was significantly affected by the types
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of incubators, F(2,12) = 5.73, p = 0.0179.The mean percentage hatch in
Cabinet-Type Electric Incubators (M=43.95%) and Bamboo or “Garong”-Type
Incubators (M=41.88%) was significantly higher than the mean percentage
hatch in “Lawanit”’Board-Type Incubator (M=27.68%).

However, the percentage hatch was not affected by the two levels (70%
and 80%) of relative humidity with which their means (M=38.03% and
M=37.65%) were not significantly different, F(1,12) = 0.01, p = 0.9290. As for
the effect of the interaction of types of incubators and varying percent relative
humidity, it was revealed that these interactions did not affect the percent hatch
of duck eggs.

Table 2. Mean of the percentage hatch of duck eggs as affected by types of
incubators under varying relative humidity

Factor B — Factor A
Factor A — Types of Incubators Relative Humidity Mean
70% RH 80% RH
Cabinet-Type Electric Incubator 39.00 48.90 43.95a
Bamboo or “Garong”-Type Incubator 48.00 35.77 41.88a
“Lawanit” Board-Type Incubator 27.10 28.27 27.68 b
Factor B Mean 38.03 37.65

Note: Means followed by the same letter are not significantly different at 5% level of significance by LSD

The most economical type of incubator

The mean of the average cost to hatch a duckling among three types of
incubators for 70% and 80% relative humidity is shown in Table 3. In this
study, the lowest average cost (P0.83) to hatch a duckling was determined when
using the Bamboo or “Garong”-Type Incubator. It was lower than the cost of
using the “Lawanit” Board-Type Incubator and Cabinet-Type Electric
Incubator with the average costs of P1.12 and P4.11, respectively.

Among the three types of incubators under the two levels of relative
humidity, it was observed that the lowest average cost (P0.75) to hatch a
duckling was with the use of Bamboo or “Garong”-Type Incubator under 70%
while the highest average cost (P4.47) was by using Cabinet-Type Electric
Incubator also under 70% relative humidity. Furthermore, the cost to hatch a
ducking was lower (P1.89) under 80% relative humidity than 70% relative
humidity with an average of P2.59.
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Table 3. Mean average cost (P) to hatch a duckling using three types of
incubators under 70% and 80% relative humidity

Incubator type Cost to hatch a duckling (P) Mean
70% RH 80% RH
Cabinet-Type Electric Incubator 4.47 3.75 411
Bamboo or “Garong”-Type Incubator 0.75 0.91 0.83
“Lawanit” Board-Type Incubator 1.22 1.01 1.12
Mean 2.15 1.89

The mean of the average cost to produce a duckling among three types of
incubators for 70% and 80% relative humidity is shown in Table 4. The study
revealed that the Bamboo or “Garong”-Type Incubator was the cheapest to use
among the three types of incubators to produce a duckling with an average cost
of P17.70. However, a higher average cost to produce a duckling was realized
with the use ofCabinet-Type Electric Incubator and “Lawanit” Board-Type
Incubator with the average costs of P21.04 and P23.72, respectively.

Among the three types of incubators under the two levels of relative
humidity, it was observed that the lowest average cost (P16.02) to produce a
duckling was by using Bamboo or “Garong”-Type Incubator under 70% while
the highest average cost (P26.02) was by using the “Lawanit” Board-Type
Incubator also under 70% relative humidity. Moreover, it was determined that it
was cheaper ((P20.00) to produce a duckling under 80% relative humidity than
under 70% relative humidity with an average cost of P21.64.

Table 4. Mean of the average cost (P) to produce a duckling among three types
of incubators for 70% and 80% relative humidity

Cost to hatch a duckling (P)

Incubator type 0% RH 80% RH Mean
Cabinet-Type Electric Incubator 22.87 19.21 21.04
Bamboo or “Garong”-Type Incubator 16.02 19.37 17.70
“Lawanit” Board-Type Incubator 26.02 21.42 23.72
Mean 21.64 20.00

The mean of the average percentage ROl among the three types of
incubators for 70% and 80% relative humidity is illustrated in Table 5. Among
the three types of incubators, the Bamboo or “Garong”-Type Incubator
obtained the highest average percentage return on investment (2.00%) while the
“Lawanit” Board-Type Incubator obtained the lowest average ROI (1.21%).

Among the three types of incubators under the two levels of relative
humidity, the highest average percentage ROI (2.37%) was obtained when
Bamboo or “Garong”-Type Incubator was used under 70%. However, the
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lowest average percentage ROI (0.99%) was attained when “Lawanit” Board-
Type Incubator was used under 70% relative humidity. On the other hand,
higher ROI (1.56%) was realized under 80% relative humidity than under 70%
relative humidity with an average ROI of 1.54%.

Table 5. Mean of the average percentage (%) return on investment among three
types of incubators for 70% and 80% Relative Humidity

% ROI
Incubator type 0% RH 80% RH Mean
Cabinet-Type Electric Incubator 1.25 1.62 1.44
Bamboo or “Garong”-Type Incubator 2.37 1.62 2.00
“Lawanit” Board-Type Incubator 0.99 1.43 1.21
Mean 1.54 1.56

The most efficient type of incubator

Based on the results of the study, only the percentage hatch was affected
by a certain factor - the types of the incubators. The analysis of variance
yielded a main effect for the type of incubator, F(2,12) =5.73, p < .05, such that
the average percentage hatch was significantly higher inCabinet-Type Electric
Incubator (M=43.95%) and Bamboo or “Garong”-Type Incubator (M=41.88%)
than in“Lawanit”Board-Type Incubator (M=27.68%) (see Table 2). The main
effects of humidity and interaction were non-significant, F(1,12) = 0.01, p > .05
and F(2,12) = 2.27, p > .05, respectively. Therefore, the most efficient types of
incubators are the Cabinet-Type Electric Incubator and the Bamboo or
“Garong”-Type Incubator.

Discussion

Commercial incubators of varying capacities are being used by balut and
duck producers. However, the cost of procurement and operation, and the
effectiveness and cost-efficiency in terms of promoting greater hatchability of
these incubators are the major concerns needed to be answered. Artificial
incubators made from locally available materials are being used by hatcheries
in Central Luzon and National Capital Region. However, the technology was
not widely adopted and little is known about the efficiency of using this type of
incubator. The study was conducted to determine the effect of types of
incubators under varying relative humidity on the different hatching
parameters.

This study demonstrated that the hatchability of fertile duck eggs was not
affected by types of incubators (p = 0.1020), by the two levels (70% and 80%)
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of relative humidity, and the interactions of types of incubators and varying
percent relative humidity (p = 0.2057) when analyzed for variance. This result is
parallel with the study of Indarsih et al. (2019) which revealed that the sawdust
incubator gave similar fertility, hatchability, and embryonic mortality values as
the electric incubator. Also, this result is associated with the findings of the
study Bruzual et al. (2000), whichpointed out that fertile hatchability was
optimum when incubated at 53% relative humidity. The findings of Bruzual et
al. (2000), is supported by Hitchener (2017) and Daniels (2020) who
recommended that the ideal relative humidity is at 55%.

The percentage hatch of duck eggs was significantly affected by the types
of incubators (p = 0.0179). In this experiment, the mean percentage hatch in
Cabinet-Type Electric incubators (M=43.95%) and Bamboo or “Garong”-Type
Incubators (M=41.88%) was significantly higher than the mean percentage
hatch in “Lawanit” Board-Type Incubator (M=27.68%). Boleli et al. (2016)
explained that this is because the latter provides better incubation physical
conditions such as ventilation, egg turning, and egg position, which may affect
hatchability. However, the percentage hatch was not affected by the two levels
(70% and 80%) of relative humidity and the interaction of types of incubators
and varying percent relative humidity. These results could be correlated to the
statement of Paniago (2005) as specified by Boleli et al. (2016) that despite the
technological advances of modern incubation machines, still, the quality of
labor both inside and outside the hatcheries determines the success of
incubation.

The most economical type of incubator was determined based on the
following aspects: (1) cost to hatch a duckling; (2) cost to produce a duckling;
and (3) percentage ROL.In this study, the use of Bamboo or “Garong”-Type
Incubator indicated the lowest cost (P0.83) to hatch a duckling, the cheapest
(P17.70) to produce a duckling, and has the highest ROI of 2.00%.

Among the three types of incubators under the two levels of relative
humidity, it was observed that the cost to hatch and the cost to produce a
duckling was lower under 80% relative humiditywith an average cost of £1.89
and P20.00 respectively against P2.15 and P21.64 under 70% relative humidity.
Higher ROI (1.56%) was also observed when the eggs were incubated under
80% RH than 70% RH with an average ROl of 1.54%. Moreover, the
determination of most economical type of incubator is greatly affected by the
hatchability of fertile duck eggs from the specific incubator. This means that
the higher the hatchability of an egg from a certain incubator, the lower the cost
that may incur to hatch or to produce a duckling. These results are supported by
the results of the experiments conducted by El-Hanoun and Mossad (2008)
pointing out that the hatchability of fertile Pekin Duck eggs could be improved
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by raising the relative humidity (RH) to 80% during the period of 14-28 days of
incubation. Their experiments are related to the study of Onbasilar et al. (2014)
which revealed that hatchability of set and fertile eggs of Pekin Ducks were
higher when incubated at 37.5°C and sprayed with warm water (25-28°C) from
day 4 to day 25 of incubation.

The most efficient type of incubator was determined only when the types
of incubators, relative humidity, and the interaction effect of incubator and
humidity have a significant effect on the hatching parameters. These conditions
were discussed by Boleli et al. (2016) in their article regarding optimizing
production efficiency that includes manipulation of thermal incubation
conditions and the integrated effect of factors that influence incubation. In this
present study, only the percentage hatch was affected by a certain factor, the
types of the incubators, which revealed that a significantly higher percentage
hatch was obtained in Cabinet-Type Electric Incubator and Bamboo or
“Garong”-Type Incubator than in “Lawanit” Board-Type Incubator. In addition,
all the hatching parameters were not significantly affected by two levels of
relative humidity. Therefore, the effects of 70% and 80% relative humiditiesare
comparative.

In summary, the study showed that the Cabinet-Type Electric Incubator
and Bamboo or “Garong”-Type Incubator yield a significantly higher number
of hatch eggs than “Lawanit” Board-Type Incubator. Also, the Cabinet-Type
Electric Incubator and Bamboo or “Garong”-Type Incubators were the most
efficient types of incubators. Bamboo or “Garong”-Type Incubator was the
most economical (lowest cost to hatch and to produce duckling and highest %
ROI) type of incubator to use.
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Abstract. This study is part of the Adaptation and Mitigation Initiative in Agri-fisheries (AMIA) Project of the
Department of Agriculture (DA) and International Center for Tropical Agriculture (CIAT) to operationalize the goal
of making agriculture and its stakeholders adapt and mitigate the effects of climate change. The outputs of this study
were vital in the implementation of the next phase of AMIA: climate-risk vulnerability (CRVA) map and investment
brief. The CRVA map was developed to identify the vulnerable areas in Tarlac. The CRVA map considered three
factors: climate-risks sensitivity, exposure, and adaptive capacity given a 15-15-70 weighted percentages, respectively.
The municipalities of Ramos, La Paz, Bamban and Victoria were identified as highly vulnerable to the effects of
climate change. Three investment briefs were prepared for policy makers for possible funding and implementation.
They were developed by identifying climate-resilient agricultural practices in the province which are the use of climate
smart varieties, crop rotation-minimum tillage combination, and alternate wetting and drying method. These practices
were evaluated using the CBA Tool and were found to be sustainable. Social net present value was also determined
taking into account the externalities, which was given a value through interview of experts.

INTRODUCTION

The Philippines is highly vulnerable to the adverse impacts of climate change as the country’s backbone is
agriculture [1]. The effect of intense and longer droughts, increase in temperature, erratic rainfall distribution and
natural hazards that affects earth’s ecosystem as well as health, livelihood, social systems and economy.
Agriculture is one of the most vulnerable sectors on the impact of climate change and farmers who are directly
dependent on their lands for survival are the most affected. Climate change mitigation and adaptation to climate
change is crucial particularly in agriculture sector, thus, different adaptive strategies are being done to cope up
with its impacts. One of the activities in the strategic actions of food security for 2011-2028 is to enhance site-
specific knowledge on the vulnerability of agriculture and fisheries [2].

The Adaptation and Mitigation Initiative in Agriculture (AMIA) seeks to enable the Department of
Agriculture (DA) to plan and implement strategies to support local communities in managing climate risks — from
extreme weather events to long-term climatic shifts. Spearheaded by the DA System-wide Climate Change Office
(DA SWCCO), AMIA Phase 1 in 2015-16 to implement activities to strengthen DA’s capacity to mainstream
climate change adaptation and mitigation strategies locally and in national scale. With AMIA Phase 2, making
climate-resilient agri-fisheries (CRA) an operational approach through field-level action that directly involves,
and influences on the livelihoods of farming communities is one of the next big task for the program. AMIA2
aims to invest in the launching of CRA communities in Tarlac province as the initial target site for action learning,
supported by an integrated package of climate services within a broader food value chain setting. The program is
launching an integrated and multi-stakeholder effort to operationalize CRA at the community level in 10 target
regions. Successful implementation of AMIA?2 at the regional level requires the strong collaboration and support
of key research and development institutions within the region. This proposed project enables AMIA2 to establish
and mobilize regional teams, each led by a local State University/College (SUC), and in partnership with the
corresponding Department of Agriculture - Regional Field Office (DA-RFOs).

Climate-resilient agriculture/agri-fisheries (CRA) aims to achieve food security and broader development
goals under a changing climate and increasing food demand [3]. With the three pillars: productivity, adaptation,
and mitigation, CRA initiates sustainably increase productivity, enhance resilience, and require planning to
address tradeoffs and synergies [4]. To enable to assess, plan and pilot climate-risk prone agri-fisheries
communities in pursuing sustainable livelihoods while effectively managing the impacts of climate variability.
Thus, one of the Region to initiates the CRA strategic framework was Region 3 or Central Luzon specifically in
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Tarlac province to identify key climate risk and vulnerable areas and to assess the current status of CRA as well
as the cost and benefits of these practices and technologies. Therefore, the study aims to establish and mobilized
team in Region III for AMIA 2 in order to operationalized AMIA strategies in managing climate risk in Tarlac
province. Specifically is to enhanced capacities of AMIA partner organizations in the Region, developed
geospatially referenced data on climate-risks in Tarlac, generate profile on community’s CRA strategies, and
perform costs-benefits & trade-offs for these CRA practices. The result of the study will serve as guide in piloting
community action research in establishing community-level research and development interventions.

MATERIALS AND METHODS

Study Area

The study was established in the province of Tarlac. The study covered an area of 273,660 hectare and is
located between latitude 15° 10°15” N to 15° 52°52” N, longitude 120° 8°4” E to 120° 46°27” E. The study area
has flat to undulating topography, with the eastern part of the province being plain and the western part to be hilly
to mountainous. Tarlac has two distinct seasons, the wet and the dry seasons. It has unimodal rainfall pattern,
having high monsoon peaks in the wet season (WS) and negligible rainfall in the dry season (DS). Recorded
annual rainfall varies from 2,030 mm to 4,060 mm in the northwestern portion [5].

Tarlac is basically an agriculture-based economy, located in the heart of Central Luzon with a total land area
of 305,345 ha, constitutes 16.75% of the regional land area and 1.0 % of the total national land area with
112,997.57 hectares concentrated on agricultural production. Rice and corn are the top 2 commodities planted in
the province planted in 2 to 3 cropping a year. There are 102,178.06 ha planted to rice, which are irrigated, rainfed
and in upland areas. On the other hand, there are 16,458.98 ha planted to corn. Of these, only a small portion, are
planted with white corn while the rest are planted with the yellow corn. With this vast track of land concentrated
in agriculture, Tarlac likewise grows lowland vegetables and root crops. Of the lowland vegetables grown in the
region, tomato occupies the largest area with 215.81 has while sweet potato is the largely grown rootcrops with a
production area of 3,641.58 ha. Both crops are grown after rice usually during the onset of the dry season when
rice has been harvested. Orchard occupies 10,498.65 hectares planted with our local fruit trees. The most common
is mango that is planted in an area totaling to 25,660.03 hectares [6].

Framework of AMIA 2 Project

The project seeks to contribute to the overall AMIA2 program framework, by contributing specific outputs
to targeted national-level research projects. It has four key components: (1) Capacity strengthening for CRA
research & development, (2) Geospatial assessment of climate risks, (3) Stakeholders’ participation in climate
adaptation planning, and (4) Documenting & analyzing CRA practices. These project components were designed
to be directly aligned with the research agenda of three AMIA2 projects: 1) climate-risk vulnerability assessment
(CRVA), 2) decision-support platform for CRA, and 3) institutional and policy innovations. Figure 1 shows the
framework for this study.

Component 1 - Capacity strengthening for CRA research & development

The regional project team participated in a series of trainings, workshops and learning events organized by
AMIA2 projects. These were focused on three key methodologies: 1) CRVA, 2) CRA prioritization, and 3) CRA
M&E. The project provided training support to key research and development stakeholders in the region, by
organizing an intra-regional training that covers key learning contents from the national-level trainings. The CRA
monitoring and evaluation was later included in the phase two of the AMIA2 which is currently handled by the
Department of Agriculture Regional Field Office 3 in Victoria, Tarlac. The town was one of the identified
vulnerable areas in the province.

Component 2 - Geospatial assessment of climate risks

The project team collected and organized geo-referenced data on vulnerability to climate risks of the region’s
agri-fisheries sector. These datasets, from both primary and secondary sources, were used on the methodological
guidelines provided by the AMIA2 CRVA project — covering climate-risk exposure, sensitivity and adaptive
capacity. Preliminary analysis — using GIS software and climate modelling tools — was undertaken at the regional
level. The project team also participated in a national-team level joint analysis of cross-regional data.
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Component 3 - Stakeholders’ participation in climate adaptation planning

The regional project team organized a series of stakeholders’ meetings and focus group discussions to collect
supplementary data and validate preliminary results of CRVA, as well as in identifying CRA prioritization and
planning. These activities were guided by process facilitation using the MaxEnt and CBA Tool developed by the
AMIAZ2 projects on CRVA and CRA decision-support platform.

Component 4 - Documenting & analyzing CRA practices

A semi-structured survey with local stakeholders was conducted to identify and document CRA practices, as
well as collect existing CRA-relevant statistical and other secondary data. Focus group discussion with farmers,
farmer-leaders, technician, municipal and provincial agriculturists, and representative of provincial government
of Tarlac were done on four separate occasions to gather data, validate and present the results, and revalidation of
results. These data was systematized and analysed using cost-benefit and trade-off analyses tools as input to
AMIA2 CRA prioritization and investment planning. A CBA Tool was made available online by the CIAT to
facilitate the computation of cost, benefits, and others. These contributed to developing knowledge products, such
as searchable online portal, under the AMIA2 project on CRVA decision-support platform.

AMIA2 Projects

Climate-risk Decision-support Institutional and
vulnerability platform for CRA policy innovations
assessment

N 0\ ™~

1. Enhanced 2. Geospatially 3. Communities- 4. Data on CRA
capacities of AMIA reference data on stakeholders” CRA-related practices analysed
partner organizations climate-risks: demographic/institutional for costs-benefits &
in target regions biophysical- profiles & trade-offs
agricultural- knowledge/perceptions/str
sociological- ategies

economic parameters

‘ SUC-led regional project

Linking SUC-led regional project with AMIA 2 project portfolio

FIGURE 1. Framework of the Study
Data Acquisition

Collection of secondary data for exposure-sensitivity and secondary-primary data for adaptive capacity was
done from different agencies such as the Provincial Agriculture Office, Municipal Agriculture Offices, and data
from the AMIA?2 outputs. Data collection started with gathering of primary and secondary data, that includes those
from focus group discussion (FGD), key informant interviews (KII) and municipality surveys.

CRVA Framework

The vulnerability mapping was done which follows the Climate-Risk Vulnerability Assessment (CRVA)
framework. It starts with the identification of the vulnerability determinants (hazard, sensitivity, and adaptive
capacity) and their respective indicators. This framework was the standardized procedure followed by different
SUCs involved in the project. Data collection started in gathering the primary and secondary data, that includes
those from focus group discussion (FGD), key informant interviews (KII) and municipality surveys. The identified
priority crops of the province are rice, corn, tomato, and mango. Sweet potato was an additional crop prioritized
by the team because it is one of the crops planted on the second cropping season after rice and corn.

CRA Practices

Key informant survey on climate-resilient agri-fisheries (CRA) practices in the province of Tarlac. These
were gathered from a series of Focus Group Discussions with municipal agriculturists, representatives of the
Office of the Provincial Agriculturists and Local Farmer Technicians. From the list of CRA practices, key
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informants identified three priority practices. The interview guide provided by CIAT was modified to fit the scope
of the study before it was given to the group of key informants. Data gathered were used in the evaluation of CRA
practices using the CBA Tool. CRA practices with the incorporation of externalities was given priority in the
study.

RESULTS AND DISCUSSIONS

Enhanced Capacities of AMIA Partner Organizations in the Region

Series of trainings, workshops and learning events were organized for AMIA2 project teams in an intra-
regional training that covers key learning contents from the national-level trainings as shown in Table 1.

Climate Risk Vulnerability Assessment (CRVA)

The vulnerability mapping was based on the Climate-Risk Vulnerability Assessment (CRVA) framework. It
started with the identification of the vulnerability determinants (sensitivity, hazards, and adaptive capacity) and
their respective indicators.

Sensitivity Analysis

In developing the impact of climate change to crop suitability, a crop distribution model was used and the
factors associated are the 20 bioclimatic variables and the existing crop location. Sensitivity index was used in the
sensitivity analysis to determine the sensitivity of crops to changes in temperature and precipitation.

The aggregated sensitivity of crops for rice, maize/corn, tomato, mango, and sweetpotato are given equal
weights of 20% as shown in Figure 2 (a). It appears that the sensitivity index of the province generally ranges
from -5% to -50% which means that it is sensitive to highly sensitive as influenced by the bioclimatic variables.
On the other hand, improved varieties of crops, water conservation and soil conservation technologies that are
being practiced by farmers mitigate the effect on crop yield.

Hazards Vulnerability

The natural hazards that were added to come up with the hazard vulnerability index are tropical
cyclone/typhoon, flood, drought and erosion which are given the corresponding weights of 35%, 35%, 27% and
3%, respectively. The areas of San Manuel, Anao, Moncada, and La Paz are highly vulnerable to hazards as shown
in Figure 2 (b). These areas experiences flooding on the onset of monsoon rain especially during typhoon because
of geographically low areas of the province and become the catchment basin of the nearby provinces.

Adaptive Capacity Analysis

The adaptive capacity indicators considered in the assessment of the province’s readiness to withstand the
effects of climate change. These seven capitals are economic, natural, human, physical, anticipatory, social and
institutional. Figure 2 (c) on the adaptive capacity illustrates the economic, natural, human, physical, anticipatory,
social and institutional capital of every municipality. These seven (7) capitals of the adaptive capacity were given
the same weight to come up with the aggregated adaptive capacity map.

The adaptive capacity of the province shows the readiness to adapt to climate risk. Concepcion and Gerona
were found to have very high adaptive capacity while the municipalities of Ramos, San Jose, La Paz, and Bamban
have very low adaptive capacity.

Climate-Risk Vulnerability

The climate-risk vulnerability map was developed by adding the sensitivity index, hazard index and the
adaptive capacity index with their corresponding weights. A national experts’ meeting composed of agriculturists,
policy makers, and scientist, agreed the 15-15-70 percentage of weight for the sensitivity, hazard and adaptive
capacity, respectively. The formula used in the development of climate-risk vulnerability map is stated in
Equation 1:

Climate - risk vulnerability = Sensitivity index *0.15 +
Hazard index *0.15 +
Adaptivecapacity index * 0.70

o
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Figure 3 show the vulnerability to climate-risk is very high in the municipalities of Ramos, Bamban and La
Paz; high in San Jose, Victoria and Pura; lowest in Tarlac City. The factor that has the major contribution in the
vulnerability assessment is the adaptive capacity given a weight of 70% compared to sensitivity and hazards with
15% weights each. The perspective of giving a high percentage to the adaptive capacity is the thought of the ability
of every municipality being able to cope with extreme events like temperature, rainfall, typhoon, flood, drought,
erosion and other natural hazards because these municipalities are equipped with facilities and structures, and
services for the adaptation.

The maps developed in the CRVA assessment was presented to a focus group discussion (FGD) with the
stakeholders from the Provincial Agriculture Office (PAO), Municipal Agriculture Office (MAO), Farmers and
other agencies. From the FGD and field visit conducted, the participants agreed that the maps developed are
similar to the actual situation in their municipality. Vulnerable areas due to risks of climate was mentioned in the

study of Dikitanan, et al. (2017).

TABLE 1. Capability Building Training, Seminars and Workshop Attended by the Regional Team

Title Date Venue
Training on Climate Risk Vulnerability June 6-8, 2016 Torre Venezia Hotel, Quezon
Assessment City
Cost- Benefit Analysis (CBA) on Climate August 6-8, 2016 Torre Venezia Hotel, Quezon
Resilient Agriculture Practices City
Methodology for Evaluating Social and December 2, 2017 Tarlac Agricultural University,
Environmental Benefits, in Agricultural Systems Camiling, Tarlac
Climate Risk Vulnerability Assessment (CRVA) January 10-12, SEARCA, UPLB, Los Banos,
Mapping & and Adaptive Capacity Mapping 2017 Laguna
AMIA2-CIAT Project: Results Sharing and February 6-7,2017 Parklane International Hotel,
Validation Workshop on CRVA & CRA Cebu City
Decision Support
Workshop on Finalizing Results on CRA and March 1-3, 2017 B Hotel, Quezon City
Prioritization and Extended CBA
Completion Review of BAR Funded Climate May31-June 2, Partido State University, Goa,
Change Projects 2017 Camarines Sur
AMIA2-CIAT Project: Workshop on Outcome June 21-22, 2017 Sequoia Hotel, Quezon City

Monitoring and Evaluation of Community-Based
Action Research
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FIGURE 2. Maps on sensitivity, hazards and adaptive capacity to produce CRVA map: (a) Aggregated
Sensitivity; (b) Aggregated Hazards; and (c) Aggregated Adaptive Capacity
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FIGURE 3. Climate-Risk Vulnerability Map of Tarlac

Cost-Benefit Analysis (CBA) of CRA Practices

The identified climate-resilient practices in the province of Tarlac which are the following: Organic
agriculture, climate smart varieties/lines, water conservation technology, adaptive crop calendar/crop switching,
soil conservation technology, intercropping/crop rotation, community-based management, crop insurance/weather
adverse condition insurance, and improved housing for animals. The identification of CRA practices were
gathered through interview. The list was trimmed and validated through a series of FGDs with municipal
agriculturists, representatives of the Office of the Provincial Agriculturists, local farmer technicians and farmers.
CRA practices have also been priorities in the study of Dikitanan, et al. (2017).

From the list of CRA practices, key informants identified three priority practices: climate smart varieties,
crop rotation, and water conservation technology particularly the alternate wet and dry method (AWD). The
interview guide provided by CIAT was modified to fit the scope of the study before it was given to the group of
key informants. Data gathered were used in the evaluation of CRA practices using the CBA Tool. Validation of
data was done by seventy one (71) municipal agriculturists, farmer leaders and farmer technicians participated in
the Focus Group Discussions. The cost and benefits derived from the CRA practices were confirmed. These data
were used to analyse the profitability and sustainability of the CRA practice. The three prioritized practices are
the climate smart varieties, crop rotation and water conservation technology because of the immediate effects and
perceived potential benefits to the farmers, food security and, mitigation and adaptation to climate change.
Investment prioritization brief were also prepared for policy makers to support the climate-resilient agriculture
practices in the provinces as shown in Figure 4. Researchers and extensions’ personnel must use the investment
brief for dissemination and reference for further validation or research in a specific area.

Climate Smart Varieties

Yield of crops is affected by extreme changes in climatic conditions such as flooding, and drought and
attack of insect pests and diseases. Farmers and agricultural technologists favor climate smart varieties because
of its high yield and its capacity to withstand varied climatic conditions. The Green Super Rice lines (GSR 8§,
15, 21, and 22) earned special mention among farmers who have experienced growing it due to its resiliency
especially during typhoons and floods, drought, and attack of insect pests and diseases. Farmers who planted
GSR lines attested the resilience of these lines to typhoon and submergence. Yield was not likewise affected.

Crop Rotation
Crop rotation was chosen mainly because farmers could switch from rice to other crops (corn, sweet potato,

etc.) depending on availability of water, soil conditions, and other climactic factors. Crop rotation also means
reduction in pest occurrence due to non-availability of the host.

Water Conservation Technology

To address problems on scarcity of water supply or limited access to water sources in the upland, rainfed,
and other areas, water conservation technologies are resorted to. The Alternate Wet and Dry (AWD) Method
was specially mentioned because it utilizes materials readily available and can be constructed easily by the
farmer. Some parts of the province depend on shallow tube wells and Tarlac Ground (TG) water as their main
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source of irrigation. In these areas, one of the main expenses incurred by farmers is gasoline that is used to run
pumps. This practice was chosen because it allows farmers to irrigate at the proper time. The intermittent drying
of fields enables the farmers to save on time and money.
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FIGURE 4. Investment Brief for Climate Smart Agriculture Practices
CONCLUSION

The two major output of this study are: climate-risks vulnerability map and investments briefs. The map was
used to identify pilot area of climate smart village. The Department of Agriculture Regional Field Office 3 chose
the municipality of Victoria as the pilot climate-smart village in the province of Tarlac. DA RFO3 based the
selection on the result of the climate-risk vulnerability mapping and willingness of the local government unit to
support the project. Victoria is considered as one of the high vulnerable municipalities that is sensitive to changes
in climate, vulnerable to hazards and has less adaptive capacity to cope up with the phenomenon. Victoria is a 2"
class municipality of the province of Tarlac with 26 barangays and is located at the eastern part of the province.
Majority of the total land area is devoted to agricultural activities and livestock production.

The climate resilient agriculture practices identified in the prioritization is being adopted in areas in the
province for further testing and evaluation in the suitability of a CRA practices in an area. The investment briefs
were presented to Department of Agriculture and Office of the President as a support for decision- and policy-
making.
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Abstract Small farm reservoir (SFR) suitability
analysis is useful in water resources management and
development assistance of  government and
non-government agencies for farmers and farmer-groups.
The researcher utilizes the geographic information system
to analyze the suitable areas for the construction and
management of small water impounding to store and
conserve rainwater in rainfed areas. The factors on rainfall,
soil texture, slope, land use, irrigation status, groundwater
availability and distance from river were considered for the
suitability mapping of SFRs. The following factors have
their corresponding weights which are derived from using
the analytical hierarchy process (AHP) procedure. The
testing of the model was done by determining the
suitability value (S) of each sample SFR. The research
findings showed the areas in the province potentially
suitable for SFRs of the total land area of Tarlac: 47% are
not suitable, 25% are marginally suitable, 13% are
moderately suitable and 15% are highly suitable.

Keywords Suitability, Small Farm Reservoir,
Geographic Information System, Rainfed Areas, AHP

1. Introduction

The Philippines has 41% total rainfed cropped area that
mostly relies on rainfall; however its availability is lesser
in dry season (Moya et al., 1994). In addition, development
of facilities for conventional irrigation is unlikely because

of undulating topography, surface drainage and monetary
constraints. Rainfed farmers suffer frequently from
drought because of the inadequate water together with poor
management practices of irrigation water. To mitigate the
effect of drought in these areas, farmers with small farms
are collecting rainfall and runoff and storing rainwater in
small farm reservoir to be used for the wet and dry season
crops (Guerra et al., 1994). Small farm reservoir (SFR) is
an earth dam structure used to harvest and store rainfall and
runoff for irrigation. It is the smallest version of small
water impounding project with an embankment height of
less than 4 meter (Ines et al, 2018). Studies showed that
small farm reservoirs (SFRs) serve as an economically
viable means for storing and conserving rainwater to lessen
the effect of drought and cropping intensification in rainfed
drought-prone areas. However, information about this
technology is very limited making a hindrance to
researchers, technical implementers and government
agencies in utilizing its maximum potential in rainfed areas.
Generating information system about SFRs with the aid of
geographic information system (GIS) technology can be
used as a basis for areas suited for SFRs as an effective
water management scheme for individual farmer and
farmer groups to improve crop production. Furthermore in
the water resources development planning strategies of the
government for the national, regional and local levels, as
GIS has often used for the geographic concerns on
agriculture. Thus, the objective of the study was to generate
suitability maps for SFR construction in the province of
Tarlac.
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2. Materials and Methods

Study Area

The study was established in the province of Tarlac
(Figure 1). The study covers an area of 273,660 hectares
and is located between latitude 15° 10°15” N to 15° 52°52”
N, longitude 120° 8°4” E to 120° 46°27” E. The study area
has flat to undulating topography, with the eastern part of
the province being plain and the western part to be hilly to
mountainous. Tarlac has two distinct seasons, the wet and
the dry seasons. It has unimodal rainfall pattern, having
high monsoon rains in wet season (WS) and lesser amount
of rainfall in dry season (DS). Recorded annual rainfall
varies from 2,030 mm to 4,060 mm in the northwestern
portion.

Data Acquisition

Rainfall map, soil texture map, slope map, land use map,
irrigation status map, groundwater availability map and
distance from river map were acquired from corresponding
agencies namely in local agrometeorological station,
Mines and Geosciences Bureau (MGB), National Mapping
and Resource Information Authority (NAMRIA), National
Irrigation  Administration  (NIA), National Water
Resources Board (NWRB) and Department of Agriculture

— Bureau of Agricultural Research (DA-BAR),
respectively.
Suitability Factors

The data on rainfall, soil texture, slope, land use,
irrigation status, groundwater availability and distance
from river were used as the factors in the suitability
mapping of SFRs. In the study of Cacayan et.al (2019), the
factors considered are average annual rainfall, soil texture,
slope and irrigation status while the past study of Galang
et.al (1994), the criteria used at macrolevel are land use,
slope, road network, municipal boundaries, however
rainfall and soil type are excluded in the study. On the
study of De Guzman (2013), the factors on rainfall, soil
texture, slope, land use, irrigation status, groundwater

Small Farm Reservoir Suitability Analysis in Tarlac Province, Philippines

availability and distance from river were used. The
corresponding weights of these factors and its suitability
ratings were determined. The factor maps derived from the
seven thematic maps were integrated to the GIS (ArcGIS)
software to develop a final suitability map to show the
potential sites for SFRs construction. The methodology for
identifying potential sites for SFRs is summarized in
Figure 2.

Suitability Model for Evaluation of the Potential SFR
Sites

Identification of the potential areas involves finding the
areas that will satisfy a chosen set of criteria for
establishment of SFR. Testing considers the impact of the
system adoption.

The small farm reservoir suitability model (S) (equation
1) was derived from combining the factors with their
corresponding weights for determining the potential areas
for SFR in the final suitability map. Every location in the
map had a suitability value. The formula below was used in
calculating the suitability value of each grid cells:

S = [(Rainfall x rf) + (Soil texture x stf) + (Groundwat
er availability x gf) + (Slope x sf) + (Land use x If) +
(Irrigation status x if) (Distance x af)] (1)

where:

S = Suitability value for small farm reservoir

Rainfall = Rainfall factor map

Soil texture = Soil texture factor map

Slope = Slope factor map

Land use = Land use factor map

Irrigation status = Irrigation status factor map

Groundwater availability = Groundwater availability
factor map

Distance = distance from river factor map

rf = rainfall weight

stf = soil texture weight

sf = slope weight

If = land use weight

if = irrigation status weight

gf = groundwater availability weight

af = distance from river weight
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Figure 2. Methodology for identifying potential sites for SFRs
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Table 1. Ranking of factors for SFRs

Factors

Description

Suitability Scale

Rainfall *

<1000 mm 1

1000 - 1200 mm 2
>1200 mm 3

Soil texture °

other class {sand, silt loam, silt, clay, Mountain soil (undifferentiated),

Angeles soil (undifferentiated), Tarlac soils}

sandy loam
sandy clay loam

clayloam & silty clayloam

Slope ©

0 - 3% (level to nearly level)
8 - 18% (undulating to rolling)
18 - 30% (rolling to moderately steep)
>30% (steep to very steep)

Land use

3- 8% (gently sloping to undulating)

other land uses {built-up, closed forest, forest plantation, inland water,

NN W W N =

[T

(=}

open forest, wooded lands}

barren land
Grassland

cultivated land

Irrigation status

irrigated area ¢

Groundwater availability °

shallow well areas
difficult areas
>200 m
100 - 200 m
50 -100 m
0-50 m 0

Distance from river

non-irrigated area

deep well areas

—_ =

N W O O W O W W

—_

Note: * Rainfall description based from the category used by Galang et al. (1994)

® Soil texture description based from different soil types used by BSWM (1997) wherein only soil

considered

types under loamy soils is

¢ Slope class used by Galang et al. (1994) based from the slope category of DA-BAR

1rrigated area of BBMP acquired from NIA-Tarlac
¢ Groundwater availability map acquired from NWRB

" Forested area with deep well areas that unsuitable for groundwater extraction

Ranking of Factor

Each map layer has individual values in each class. To
be able to perform arithmetic operation, values must be
assigned from a numeric evaluation scale referred to as
suitability scale or preference from best to worst. Each
factor was ranked by how suitable it is and is done through
the process of reclassifying.

Table 1 shows the ranking of the factors for potential
areas of SFRs wherein suitability scale of 0-3 was used, 3
being the highest value. Ranking of factors was based from
the following four suitability ratings: not suitable (0),
marginally suitable (1), moderately suitable (2) and highly
suitable (3).

Weighting of Factor

Some factors are more important than the others in the
suitability model. Therefore, percent influence or weight is
assigned to each factor based from its importance.
Calculating the weight of each factor was done using
analytical hierarchy process (AHP). From the AHP
procedures of Coyle (1989), the three steps used are as
follows: (1) construction of a single pair-wise comparison
matrix; (2) calculating the list of relative weights,
importance, or value of the factors; and, (3) calculating and
checking of the Consistency Ratio (CR).

The study of Al-Ruzouq ef al. (2019) used the AHP in
determining the importance of parameters such as
precipitation, drainage stream density, geomorphology,
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geology, curve number, total dissolve solids, elevation,
slope and major fracture Euclidean distance for dam site
suitability mapping and analysis.

Suitability Rating

Table 2 shows the suitability rating having its
corresponding ranges of each class. The interpretation of
suitability classes for each factor was classified on a scale
from 0 to 3 as follows: not suitable, marginally suitable,
moderately suitable, and highly suitable.

Table 2. Suitability rating

Suitability Levels Range

Not suitable 0.0000 - 2.0000

Marginally Suitable 2.0001 - 2.5000

2.5001 - 2.7500
2.7501 - 3.0000

Moderately suitable

Highly suitable

Testing of the Suitability Model

The selected SFRs locations in the study area were
overlayed in the final suitability map for SFRs and the
testing of the model (equation 1) was done by determining
the suitability value (S) of each sample SFR. There are one
hundred fifty (150) SFR samples that are randomly
selected on the municipality of Sta. Ignacia, Tarlac.
Locations of SFRs are done using global positioning
system (GPS).

3. Results and Discussion

Finding the best location for SFRs was accomplished in
the suitability mapping of SFR sites. Each factor map used
was reclassified according to its suitability and these maps
were combined with their corresponding percent influence
to produce the final suitability map of SFRs. Suitability
value of every location in the map was obtained after the

1531

creation of the final suitability map for SFRs.

Thematic Maps

The thematic maps (rainfall, soil texture, slope, land use,
irrigation status, groundwater availability and distance
from river) used as the factors of the study that are essential
for identifying the potential sites for SFR are presented in
Figure 4. These are the preliminary maps used with their
corresponding attributes.

Factor Maps

Each thematic map having individual values in each
class was assigned a value from the numeric evaluation
scale known as suitability scale or preferences, from best to
worst, to be able to perform arithmetic operation in the
suitability analysis. These thematic maps are ranked
according to suitability through reclassification. Ranking
of the factors was done by assigning a scale of 0 to 3, 3
being the highest value. The factor maps were the resulting
maps after reclassification of the thematic maps shown in
Figure 5.

Determination of the Relative Important Weights of
Factor

Assigning weights or percent influence to each factor
was needed because of the fact that some factors are more
important in the suitability model than others. This was
done through analytical hierarchy process (AHP). If the
factors are of equal importance then assign the same weight
to each one.

In SFR adoption, the factor considered as most
preferable is land use, and the next are rainfall, irrigation
status and distance from river followed by soil texture and
lastly, slope. Table 3 shows the pair-wise comparison
matrix for assessing the relative important weights of each
factor in creating the suitable areas for SFRs.
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Figure 5. The different factor maps produced from the thematic maps (a) Rainfall factor map (b) Soil texture factor map (c) Slope factor map (d)
Land use factor map (e) Irrigation status factor map (f) Groundwater availability factor map and (g) Distance from river factor map

Table 3. Pair-wise comparison matrix for assessing the relative weight of factors

Rainfall Soil Slope Land Irrigation Grou‘ndv'v?ter Dlstar_lce RIW
texture use status availability from river

Rainfall 1 5 7 1/3 1 3 1 0.167

Soil texture 1/5 1 3 1/7 /5 1/3 1/5 0.038

Slope 177 1/3 1 1/9 177 1/5 177 0.022

Land use 3 7 9 1 3 5 3 0.366

Irrigation 1 5 7 1/3 1 3 1 0.167
status

Groundwater

availability 13 3 5 1/5 13 1 13 0.073

Distance from 1 5 7 173 1 3 1 0.167
river

Consistency ratio (CR): 0.03
RIW = Relative Important Weight

Final Suitability for SFRs

Overlaying of the different factor maps produced the
suitable sites for SFRs. Combining these factor maps was
done by the use of raster calculator from spatial analyst tool
after reclassifying each map. Each factor maps was
multiplied with its corresponding weights and added
together to produce the final suitability map.

The formula in equation 2 used in the suitability model
was substituted by the computed values of weights or
percent influence to each factor as shown below:

S = [(rainfall factor x 0.167) + (soil texture x 0.038) +
(slope x 0.022) + (land use x 0.366) + (irrigation status x

0.167) + (groundwater availability 0.073) + (distance x
0.167)]

Figure 6 shows the suitability map for SFR sites in
Tarlac classified into four suitability classes; 0-not suitable,
1-marginally suitable, 2-moderately suitable and 3-highly
suitable. Not suitable areas have the highest value of
142,353 hectare or 47% of the total land area of the
province. Marginally suitable areas were 73,839 hectare or
25% of the total area of the province. Moderately suitable
areas had the smallest area of 40,129 hectare or 13% of the
total land area of the province. Highly suitable areas for
SFRs got 44,813 hectare or 15% of the total land area of the
province.
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Testing of the Suitability Model

Testing of the suitability model was done by
determining the suitability (S) value of each SFR overlay
in the final suitability map. The summary of the suitability
value of each SFR is shown in Table 4.

Table 4. Summary of the suitability (S) value of selected SFRs

Suitability Rz.mge: ?f Frequency Percentage
Class Suitability | —150) (%)
Value (S)
Not suitable 0.0000 -2.0000 11 8
Marginally
suitable 2.0001 -2.5000 0 0
Moderately
suitable 2.5001 -2.7500 2 1
Highly
suitable 2.7501 -3.0000 137 91

4. Conclusions

Based on the result, the usage of SFRs as a source of
water for irrigation in wet and dry season intensifies

cropping in drought-prone rainfed areas. The availability
of information system on SFRs can be used by authorities
or sectors responsible for water resources management and
development.

GIS-aided decision support system for SFRs can be a
viable means in determining the areas suited for SFR
construction as well as the location of existing SFRs to
maximize their full utilization.
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Abstract The main sources of irrigation water for irrigating crops comes from major
rivers. Usually these water sources which can be used for irrigating various crops
could be very vulnerable to contamination. The aim of the study was to determine
the physical, chemical and microbial water quality of the different irrigation sources
in Tarlac and to compare it with the existing water quality guidelines stipulated in the
DENR AO 08 Series of 2016. The water samples collected from the surface water of
different rivers were subjected to laboratory analysis. Higher TSS was found (o be
during wet season as compared during the dry season. Higher COD was found both in
dry and wet seasons in Benig river. All of the major rivers have a less than 0.05 mg/l
lead and 0.0002 mg/l mercury based from the result of the laboratory analysis. The
highest dissolved oxygen was found to be within the Tarlac River both during the dry
and wet scason. Comparing with the National standards from the DENR the major
rivers of Tarlac surpasses the minimum standards of classification of water bodies
with dissolved oxygen ranging from 2 to 6 mg/l. The lowest dissolved oxygen was
found in Concepcion River during the dry season (5.0 mg/l) and in Rio Chico River
(4.8 mg/l) during the wet season. Higher total dissolved solids were observed in the
different rivers during the dry season which ranges from 300 to 560 mg/1 as compared
during the wet season which ranges from 169 to 540 mg/l respectively. The nitrate
concentrations of the different rivers in Tarlac shows to be within the range of the
National Standards of the DENR. Higher concentrations of E. coli and fecal coliform
count were also noted within the different rivers of Tarlac.
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1 Introduction

Water is life. All living organisms on earth need fresh water. The major user of
freshwater in most countries is agriculture. The largest single user of freshwater in the
world today which consumes an average of 70% globally is accounted in agriculture.’
However, the availability of freshwater is already decreasing due to water pollution.
Agriculture is considered to be a casuaity of water pollution but it also causes and
contributes to water pollution due to excess nutrients by too much application of
fertilizers, excessive use of pesticides and other pollutants. Globally, agriculture is
also considered to be the major cause of degradation of surface including groundwater
resources as a result of erosion, excessive farming contaminating freshwater like
wastewater coming from large poultries and piggeries, chemical run off and other
indiscriminate human activities and improper agricultural management practices.
Waste coming from swine is significant source of fecal pollution leading to water
pollution by contaminating of ground and surface water from lagoon overflow and
the use of lagoon surface water for irrigation. Thus, it is important to test a system or
test a technology such as potential aquatic plants to decontaminate the wastewaters
s0 that this will resolve the problem.

In the Philippines, agriculture wastewater is one of the major sources of water
pollution which accounted 37%.% Tn addition, only 10% of wastewater is treated
while 58% ol groundwater is contaminated. Regions which had unsatisfactory ratings
for their water quality criteria include National Capital Region (NCR), Southern
Tagalog Region, Central Luzon (Region 3) and Central Visayas. Hence, there is
a need to address the global implications of water quality and there is a need for
wastewater trcatments. In central Luzon, the agricultural land area is 653,607 km?
and 9.1% contributed to the agricultural BOD generation, 9.0% industrial BOD
generation and 9.9% domestic BOD generation leading to water quality degradation
and contamination.’

Generally, the availability of clean freshwater is becoming a primary limitation to
human activities expansion and also the scope or capacity of our agricultural lands
to feed the tremendous population growth not only in the Philippines but globally.
There are an estimated 2.2 million metric tons of organic water pollution that occur in
the Philippines each year and the annual economic losses caused by water pollution
are estimated at Php67 Billion which is equivalent to more or less US$1.3 billion.*
Hence, this study aims to quantify the physical, chemical and microbiological water
qualitics of the different river waters in Tarlac, Philippines.

!www.fao.org. Last accessed 30 Nov 2017.
2www.greenpeace.org. Last accessed 30 Nov 2017.
Swww.wipo.int/wipo_ip_mnl_15_t4. Last accessed 27 Nov 2017.

4www.wepa-db.net.philippines.overview. Last accessed 30 Noy 2017.
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2 Methodology

2.1 Gathering/Collection of Data of Existing Irrigation
Water Sources in Tarlac

The existing data on the type of irrigation systems and the irrigation sources were
gathered. This was done in collaboration with National Irrigation Administration
(NIA). The water qualities that were gathered were compared to the existing standards
of the Department of Environment and Natural Resources (DENR).

2.2 Water Sample Collection

Representative water samples were collected in seven major rivers of Tarlac based
from the data of the National Irrigation Administration (NTA) and the Department of
Environment and Natural Resources and the collection was done from 9:00 AM in
the morning until 4:00 PM in the afternoon. A total of six liters of water samples werc
collected in each sampling sites based from the recommendation of the Department
of Science and Technology. The water sampling collection was done on the onset of
2018 dry and wet season productions of rice.

2.3 Water Quality Analysis

Collected water samples were analyzed for its physical, chemical and microbio-
logical qualities (Total suspended solids, chemical oxygen demand, total coliform
bacteria, E. coli, lead and mercury content). These paramelters were analyzed using
the standard methods in analysis of water samples. Portable instruments were used
for the analysis of the following parameters such as dissolved oxygen (portable oxy-
gen meter), pH (HM pH-200) total dissolved solids and electrical conductivity (-IM
COM-100). For the nitrate quantification a Horiba portable nitrate meter was used.

2.4 Analysis of Data

Laboratory results from the collected water samples were analyzed and compared
with the Water Quality Guidelines and General Effluent Standards of 2016 based
on the Department of Environment and Natural resources (DENR) Administrative
Order No. 08 Series of 2016.

edmarfranqueral 23@gmail.com
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3 Results and Discussions

See Table 1.

3.1 Total Soluble Solids and Chemical Oxygen Demand

Table 2 presents the data of the different major rivers of Tarlac in terms of the total
soluble solids and chemical oxygen demand. Results showed that the different river
water has a varied total suspended solids and chemical oxygen demand. Higher TSS
was found to be during wet season as compared during the dry season. This was also
evident in terms of the chemical oxygen demand except for the two rivers, the Rio
Chico and the Camiling river which exhibited a lower COD during the wet season
with less than. For the TSS, based from the standard water qualifications, Tarlac and
Concepcion rivers exceeded the numerical value which a body of water could be
classified ranging only from 25 to 110 but for the two rivers it has both 169 mg/l
total suspended solids during the wet season. Higher COD was found both in dry
and wet seasons in Benig river with 27 and 22 mg/l respectively. Result of the COD
laboratory test from the Benig river was also in consonance with the result of research
conducted by Fernandez and David (2008) > which also shows high COD in Benig
River. This implies that the higher COD in the sampling area, the higher level of water
pollution. The wastewater discharge coming from the different industries within the
area such as the presence of piggery farms could contribute to the higher COD of the
water samples which maybe contributed to the deterioration of water quality within
the sampling area (Al-Badaii et al. 2013).

3.2 Heavy Metals (Lead and Mercury)

The heavy metal concentrations (lead and mercury) in the different major rivers of
Tarlac are presented in Table 3. All of the major rivers have a less than 0.05 mg/l lead
and 0.0002 mg/l mercury based from the result of the laboratory analysis. Compared
to the standards for the water quality the result both of the lead and mercury content of
all the major rivers showed lesser than that of the standards. This implies that the rivers
were not contaminated with heavy metals. This could be due to the non-presence of
mining sites within the areas where the different rivers were located. Heavy metals
were considered to be toxic and dangerous. The presence of higher concentrations
of heavy metals in rivers as source of irrigation for the crops could lead also to the
decline in production and these heavy metals could bio accumulate affecting also the
humans whom will consume the crops irrigated with higher concentrations of heavy

>www.hgr.bund.de. Veranstaltungen. Last accessed 15 Dec 2017.
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Takle 2 Total soluble solids g er Total suspended solids | Chemical oxygen

and chemical oxygen demand (mg/l) demand (mg/l)

data of different major rivers —

of Tarlac province, Dry Wet Dry Wet

dry scason of 2018 Benig 32 40 27 22
Tarlac 40 169 o | 14
Bamban 58 32 11 15
Concepecion | 52 169 21 19
Lapaz 223 91 Il 28
Rio Chico | 103 66 10 <10
Camiling 17 45 0.9 <10

Table 3 Heavy metals . . )

concentration of different Haser Lead {mg/l) Meicufy (_mgf‘ U__

major rivers of Tarlac Dry Wet Dry Wet

province, Philippines during season season season season

wet and dry season of 2018 Benig <0.05 <0.05 <0.0002 | <0.0002
Tarlac <0.05 <0.05 <0.0002 | <0.0002
Bamban <0.05 <0.05 <0.0002 <0.0002
Concepcion | <0.05 <0.05 <0.0002 | <0.0002
Lapaz | <0.05 <0.05 <0.0002 <0.0002
Rio Chico | <0.05 <0.05 || <0.0002 <(0.0002
Camiling | <0.05 <0.05 <0.0002 <0.0002

metals. When crops were irrigated with water contaminated with heavy metals, the
soils will also be polluted (Verma and Dwivedi 2013).

3.3 Dissolved Oxygen and pH

Table 4 presents the data on the dissolved oxygen and pH of the different major rivers
of Tarlac province Philippines. Based from the result the highest dissolved oxygen
was found to be within the Tarlac River both during the dry and wet season with 16.0
and 14.8 mg/l respectively.

The lowest dissolved oxygen was found in Concepcion River during the dry season
(5.0 mg/l) and in Rio Chico River (4.8 mg/l) during the wet season. Comparing with
the National standards from the DENR the major rivers of Tarlac surpasses the
minimum standards of classification of water hodies with dissolved oxygen ranging
from 2 to 6 mg/1. Low DO is also caused by fertilizer and manure runoff from streets,
lawns and farms. The growth of oo much algae which could be due to the overuse
of fertilizers and the presence of fecal matters causes the speeding up of using the

edmarfranqueral23@gmail.com
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Table 4 Dissolve oxygen

Ri ' Dissolve . |

and pH of different major = | ieslyed oxygen [ pH

2 : | (mg/l) E

rivers of Tarlac province, ! : b

Philippines during wet and Dry | Wet | Dry - Wet

dry season of 2018 ' season | season | season  season
Benig | 53 | 5.4 8.0 826
Tarlac | 16.0 | 14.8 | 8.1 | 8.29
Bamban | 9.2 | 60 |80 7.96
Concepcion | 5.0 50 7.0 6.78
Lapaz | 8.0 5.0 72 7.98
Rio Chico | 79 | 48 13 7.96
Camiling 15.0 14.0 8.0 8.26

oxygen quickly resulting to a lower DO.° The dissolved oxygen which drops below
5.0 mg/l causes stress to many aquatic lives. However based from the results, all
of the rivers surpass or equal to 5.0 mg/l except for the Rio Chico River during the
wet season with 4.8 mg/L.” In terms of pH, the major rivers of Tarlac are within the
minimum and maximum standard of pH range within the DENR standards. The pH
ranges from 6.78 to 8.29 during the wet season and 7.0-8.1 during the dry season.

3.4 Total Dissolved Solids and Electrical Conductivity

Higher total dissolved solids were observed in the different rivers during the dry
season which ranges from 300 to 560 mg/l as compared during the wet season which
ranges from 169 to 540 mg/1 respectively. Too high or too low concentrations of TDS
may limit the growth and may lead to the death of many aquatic organisms.® The
reduction of water clarity, which contributes to a decrease in photosynthesis and lead
to an increase in water temperature, could be due to the high concentrations of TDS.
The EC during the dry season ranges from 389 to 423 while during the wet season
it ranges from 280 to 420 respectively (Table 5).

3.5 Nitrate

The nitrate concentrations of the different rivers in Tarlac shows (o be within the
range indicated in Table 1. During the dry season, the nitrate concentrations from

Shup://www.ririvers.org/wsp/CLASS_3/DissolvedOxygen.him. Last accessed 30 Nov 2017.
Thttp://www.mymobilebay.com/stationdata/whatisDO htm. Last accessed 30 Nov 2017.

hup://www.ei.lehigh.edu/envirosci/watershed/wq/wqbackground/tdsbg html. Last accessed 15
Dec 2017.

edmarfrangueral23@gmail.com
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Tal?le 3 ot d.l ek River Total dissolved solids Electrical conductivity
solids and electrical (mg/l) WS)
conductivity of different i ,
major rivers of Tarlac Dry Wet Dry - Wet
province, Philippines during season season season | season
wet and dry season of 2018 Benig 323 218 400 |323
Tarlac 308 169 420 1416
Bamban 300 254 418 375
Concepcion | 560 540 423 420
Lapa. 300 220 400 291
Rio Chico | 305 250 412 281
Camiling 320 200 389 280
Table 6 Nitrate content of : ; e o
Ri
different major rivers of REE Nikcate )
Tarlac province, Philippines Dry season Wet season
during wet and dry season of  Benjg 14 59
2018
2 Tarlac 10 ) 4_8 ——
Bamban 10 17
Concepcion 10 48
Lapaz |14 - 38
Rio Chico 10 45
Camiling 10 38

the different major rivers had a range of 10-14 mg/l. While during the dry season,
it ranges from 17 to 59 mg/l with Benig River as the highest. The higher nutrient
concentrations within the area could be due to the wastewater from the swine farm
lagoons which may be discharged from the nearby farms within the area. Less than
5 mg/l N has little effect, even on nitrogen sensitive crops, but may stimulate nuisance
growth of algae and aquatic plants in streams, lakes, canals and drainage ditches
(Table 6).”

3.6 Fecal Coliform and E. coli

In terms of the microbiological parameters such as fecal coliforms and E. coli, the
different river waters of Tarlac was higher than the standards particularly in Benig
River with 11,000 MPN/100 ml and within the Concepcion river which exceeds
the National standards for safe water with fecal coliform count of 140,000. Higher
concentrations of E. coli were also noted in Benig and Concepcion River both with

Thttp:/fwww.fao.org/docrep/003/T0234E/T0234E06.htm. Last accessed 15 Dec 2017.
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Tahle.’? Fecal CD_] ¥Howand River ' Fecal coliform E. coli (N[E-’NIIUU l:ﬁj)
E. coli concentration of i
P s | (MPN/100 ml)
erent major rivers of Lk
Tarlac province, Philippines Wet season  Wet season
gmg wet and dry season of  Bepig | 11,000 | 1700
Tarlac L 390 21
Bamban ; 270 17
Concepcion | 140,000 1700
Lapaz 2600 170
Rio Chico | 2800 330
Camiling | 330 <lL.8

1700 MPN/100 ml. The high concentrations within the said rivers could be due to the
wastewater discharged from the nearby areas contributing to the higher Fecal coliform
and E. coli in the said areas of concern. The higher concentrations as observed in the
two rivers could have a potential to reduce the water quality thus reducing also the
recreational value (Table 7).'"

4 Conclusions

The water samples collected from major rivers of Tarlac revealed that there were
variations in the results in terms of the different parameters used to quantify the
concentrations of the physical, chemical and microbiological quality of the river
waters for irrigation purposes. Based from the result, the different river waters were
also in accordance with the National Standards set by the Department of Environment
and Natural Resources (DENR).
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Abstract

Fermentation-biotechnology to produce high-protein agricultural biomass with
potential as a feed ingredient is well-established. However, practical
applicability of this technology in aquaculture has not been fully realized. The
present work evaluates the nutritional and feed value of fermented sweet
potato meal (ProEn-K™) to replace soybean meal in the diet of juvenile
Penaeus vannamei. Four experimental diets containing graded levels of ProEn-
K™ replacing 0 (%), 25 (%), 50 (%) and 100 (%) of soybean meal were
formulated and fed to P. vannamei for 8 weeks. Results showed that 100 (%)
of soybean meal can be replaced by fermented sweet potato and 50 (%)
replacement elicited growth promoting effects. Survival, feed conversion, and
body composition were similar in all treatments. Dietary inclusion of
fermented sweet potato promotes better ratio of the n-3/n-6 fatty acid and
lowers the total gut bacteria as well as total Vibrio. Collectively these results
suggest that fermented sweet potato meal could fully replace soybean meal in
P. vannamei diet. The use of this feed ingredient is a practical approach to
meet the increasing needs of proteins in feeds for the expansion and
sustainability of P. vannamei aquaculture.

* Corresponding author. Tel:+63 033 3158090; email: rfmtraifalgar@upv.edu.ph
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Introduction

Aquaculture of Penaeus vannamei in the Philippines is currently expanding due to the
rising global market demands and the high profit gains of this farming system. (BFAR,
2016). The increase in production of cultured shrimp goes in tandem with the rising need
for quality feed-protein ingredients, considered the most important and costly component
of formulated feeds. The limited supply of feed-protein is considered the limiting factor in
the sustainability and economic viability of this industry.

Significant research efforts have been directed to find alternative sources of feed
protein for aquaculture since fish meal is a limited resource (Tacon et al., 2006). Use of
soybean meal was found to lower the fishmeal inclusion in aquaculture feeds (Kaushik et
al., 1995). However, livestock and aquaculture industries compete in the use of soybean
meal which has resulted in the increase in prices and erratic supply of this ingredient.
Feed prices and supply are therefore factors that dictate the sustainability and economic
viability of aquaculture in the future (Tacon et al., 2006).

The application of biotechnology, specifically microbial-based solid state fermentation
(SSF), has high potential in the production of cheap and sustainable feed ingredients for
aquaculture. Technologies on SSF to convert agricultural biomass to a high-protein feed
material are well-documented, feasible, and globally acknowledged (Apines-Amar et al.
2016, Zhang et al., 2018). In earlier reports it was shown that through SSF, the
nutritional value and protein content of agricultural by-products such as copra meal was
improved (Haryati et al., 2006; Dairo and Fasuyi, 2008; Hatta et al., 2014). However,
information regarding the feed value and biological testing of these materials as a feed
ingredient for aquatic animals is limited. In the present study we evaluated the feed
value of SSF sweet potato as a replacement of soy bean meal in the diet of juvenile P.
vannamei, a shrimp commonly cultured in industrial scale in the archipelagic countries of
Southeast Asia and the Pacific region.

Materials and Methods

Diet Formulation

Fermented sweet potato meal (ProEn-K™) was produced and obtained from Agricultural
Biomass Fermentation Laboratory of the Tarlac Agricultural University, Philippines. This
ingredient was produced by solid state fermentation (SSF) of sweet potato with mixed
consortium of microbes and fungi following a process described by Hatta et al, (2014)
and Haryati et al., (2006). All other ingredients were purchased from the South East
Asian Fisheries Development Center, Aquaculture Department (SEAFDEC-AQD) Feed mill
Laboratory Tigbauan, Iloilo Philippines.

Four experimental diets were formulated containing increasing dietary inclusion levels
of ProEn-K™ to replace soybean meal by weight at 0% (TC), 25% (T25), 50% (T50), and
100% (T100) respectively (Table 1). Prior to diet formulation all the dry ingredients were
sieved through a 100 pm mesh to standardize the ingredient particle size. These dry feed
ingredients including the ProEn-K™, vitamins, and mineral mix were weighed and
thoroughly mixed in a mechanical food mixer (Hobart, USA). The wet ingredients
including lecithin, fish oil including oil soluble vitamins, were prepared and gradually
added and mixed with the dry ingredients. An adequate amount of water was then
added to the compounded dry ingredients to form a moist dough. The resulting dough
was pelleted by cold extrusion using a laboratory pelletizer (Hobart, USA). The pellets
were collected, oven-dried at 60°C, cut to appropriate size, and stored at 8°C until use.
Composition and nutrient contents of the experimental diets are presented in Table 1.
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Table 1. Composition and Biochemical analyses of the experimental diets.

Soybean meal Replacement Level

Ingredients

TC T25 T50 T100

(0 %) (25%) (50%) (100%)

Fish Meal 15.00 15.00 15.00 15.00
Plankton meal (mysids) 5.00 5.00 5.00 5.00
Soybean meal (defatted) 45.00 33.75 22.50 0.00
ProEn-K 0.00 11.25 22.50 45.00
Cod liver oil 2.00 2.00 2.00 2.00
Soybean oil 1.00 1.00 1.00 1.00
Lecithin 1.00 1.00 1.00 1.00

Wheat Flour 25.00 25.00 25.00 25.00
Vitamin mix 2 1.00 1.00 1.00 1.00
Mineral mix b 2.00 2.00 2.00 2.00
Gluten (Binder) 5.00 5.00 5.00 5.00

Total 100.00 100.00 100.00 100.00

Proximate Composition (g/100g diet, Dry Weight)

Crude Protein 40.18 38.81 38.68 38.87
Crude lipid 9.18 11.01 9.85 11.04
Crude fiber 5.14 5.34 5.62 5.57

Ash 6.96 6.98 6.97 7.01
NFE 38.54 37.86 38.88 37.51
Total 100.00 100.00 100.00 100.00

2 Vitamin premix (mg.kg of diet): B-carotene, 36; cholecalciferol, 3; thiamin, 72 ; riboflavin, 144; pyridoxine, 132
; cyanocobalamin, 0.4 ; alpha-tocopherol, 330;menadione, 48 ; niacin, 288 ; pantothenic acid,80; biotin, 0.4 ; folic
acid, 24 ;inositol, 600; stay C, 2000.

bMineral premix (mg.kg of diet):Mg, 300; Fe, 30; Zn, 84; Cu, 42; K, 1500; Co, 22; Mn, 32; Se, 0.02; Mo,0.01; Al,
0.5; 1, 8.

Feeding Trial and Growth Evaluation

P. vannamei juveniles were obtained from a private shrimp hatchery at Car-car City,
Philippines. The experimental animals were stocked in holding tanks (5-ton capacity), fed
with commercial shrimp pellets and acclimated to laboratory conditions for 2 weeks. Prior
to the experiment, random samples of shrimp were collected and sent to Fish Health
Department of SEAFDEC-AQD to check for the presence of shrimp pathogens and to
ensure that the experimental animals were in prime condition. Molecular analysis (PCR)
and examination indicate that the shrimp proved negative for white spot syndrome virus
(WSSV) and other Vibrio pathogens.

Three hundred and sixty shrimps weighing 3.48 £ 0.17 g were randomly assigned to
twelve 75L capacity polyethylene aquaria (12 shrimp/aquaria), equipped with individual
aeration in a closed recirculating system. The treatment groups were arranged following
a Complete Randomized Design. Each experimental diet was allocated to each treatment
group, applied at a feeding rate of 3% body weight. Feed was given daily at 08:00,
11:00, 14:00, and 17:00 h for 8 weeks. Water parameters were ensured to be optimum
for requirements of the shrimp throughout the experimental period. Water temperature,
salinity, dissolved oxygen and pH was monitored daily at 8:00 and 16:00 h.

Sampling for growth and adjustment of feed allocation were carried out every 15
days. During sampling, shrimp in a replicate tank were collected and bulked weighed.
Complete change of the recirculating reservoir water and total cleanup of the tanks to
prevent algal and bacterial biofilm growth were also conducted. At the end of the feeding
trial, shrimp were collected, weighed, and counted. Overall growth performance in
response to the dietary treatments was assessed in terms of biological response indices
calculated as follows:
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In (final body weight) — In (initial body weight) 100

Specific Growth Rate (SGR) = number of days

total feed intake (g)

Feed Conversion Ratio (FCR) = weight gain (g

welght gain (g

Protein Efficiency Ratio (PER) = protein intake (g)

final weight{g)— Initial weight{g)
9 % 100

Percent Weight Gain (WG %) = Initial weight I:_E'I'I

Final number af fish
Percent Survival (S %) = Initial number of fish

% 100

weight gain(g)
Protein Efficiency Ratio (PER) = total protein intake (g)

x 100

final body protain (g) - initial body protein (g)

X 100

Protein Retention (PR) = total proteinintake (g)

final body lipid (g)- initial body lipid (g)

Lipid Retention (LR) = total lipid intake (g)

x 100

Biochemical Analyses

All analyses per sample were conducted in triplicate. Proximate composition analyses
of the diets and carcass were conducted following the established methods of AOAC
(1986). Crude protein was quantified by Kjeldahl total protein Nitrogen analysis (Foss
Tecator™ Digestion and Foss Kjeltec ™ 8200 Auto Distillation). Total lipid was quantified
by Soxhlet extraction with petroleum ether as solvent (Foss Soxtec ™ 2050 Automatic
System) while total fiber was analyzed using Foss Fibertec ™ 2010 System employing the
Ceramic Fiber Filter Method for crude fiber quantification. Moisture was analyzed using
the infrared drying method (Mettler Toledo® Halogen Moisture Analyzer). Ash was
quantified by furnace combustion method at 600°C (AOAC, 1996).

Total Amino acid profiling of ProEn-K™ was conducted using Promince High
Performance Liquid Chromatography Amino Acid Analysis System (Shimadzu, Japan),
following the method detailed in the AOAC Official Method 994.12, Amino acids in feeds
(Llames & Fontaine, 1994). Fatty acid profiling was only done in the control and in the
treatment group exhibiting optimal growth responses in relation to the experimental
treatment. Total fatty acid profiling of the experimental animals fed with the
experimental dietary ingredient was performed using the Gas Chromatography/Mass
Spectroscopy (GCMS) (Perkin Elmer Clarus 600) following the method described by
Michael et al., (2006). Individual fatty acids were identified based on their retention
times and equivalent chain length.

Antibacterial activity of fermented sweet potato extracts was conducted following the
antibacterial disc assay described by Annie et al., (2009). The extract was prepared by
soaking the dried fermented biomass with ethyl acetate for 24h and insoluble materials
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removed through filtration. The collected solute was evaporated in a rotary evaporator.
The residue was collected, dried, weighed, and dissolved in a similar solvent to prepare a
100 pg/ml solution. A 10-mm sterilized paper disc was prepared, added with 50 pl of the
extract solution and dried at room temperature to remove the solvent. The control disc
was prepared using only the solvent with no extract. The discs were then laid on the
spread-plate culture of Vibrio harveyi (107 CFU/ml) in Luria-Bertani media containing 2%
NaCl. Following the 24h incubation, diameters of the clear halo zones around the discs
were measured as bactericidal zone of inhibition.

Similar to the fatty acid analysis, gut Vibrio and total bacterial loads were only
quantified in the control and in the treatment group exhibiting optimal growth responses.
To quantify the shrimp total gut Vibrios in response the test diet, the stomachs of shrimp
were dissected aseptically collected and weighed. Sterile saline solution (1.5 % NacCl in
distilled water) was added to the collected tissues which were then homogenized with a
sterile tissue homogenizer. Ten-fold serial dilutions were prepared from the tissue
homogenate and 100 pl aliquots were plated to the bacterial media, incubated at room
temperature for 18-24 h and growing colonies were counted. Thiosulfate Citrate Bile Salt
(TCBS) media was used to specifically quantify Vibrio colonies both the sucrose
fermenters (yellow colonies) and the non-sucrose fermenters (green colonies). Total
bacteria were counted using the general media Nutrient Agar (NA, Merck, Germany)
containing 1.5% NacCl (Barcenal et al., 2015).

Statistical Analysis.

If applicable, data obtained were subjected to one-way analysis of variance (ANOVA).
Significant differences observed among the treatment groups were resolved using
Tukey’s post hoc test. T-test was used to resolve the differences in comparing two
treatment groups. Probability values in all test is set at a significance level of 0.05.
Statistical analysis was carried out using the SPSS statistical package for windows version
18.

Results

Following the 8-week feeding trial, survival values among treatments were high and were
not influenced by the dietary levels of fermented sweet potato meal. Significant
improvement in weight gain in comparison to the control and the other treatment groups
was exhibited in the T50 group. Weight gain of the other treatments, T25 and T100 were
similar to the control group. Specific growth rate was also highest in the T50 group while
TC, T25 and T100 groups exhibited similar values but were lower than those in T50. No
significant treatment effects were observed in other biological growth indices including
FCR, PER, and Nutrient Retentions (Table 2). Correspondingly, no treatment effects and
significant changes were observed in terms of shrimp tissue biochemical composition
even at the highest soybean meal replacement level (Table 3).

Table 2. Growth performance and Nutrient Utilization indices of P. vannamei fed experimental diets

Growth Indices Soybean meal Replacement Levels

TC T25 T50 T100
S (%) 80.00 + 4.44 75.56 + 3.22 91.7 £ 1.01 90.20 + 2.01
WG (%) 332.00 £ 13.00@ 368.00 £ 2.302 446.00 + 11.00°> 349.00 + 3.00°2
SGR 2.44 + 0.052 2.57 £ 0.03° 2.85 £ 0.03¢ 2.50 + 0.012p
FCR 1.44 £ 0.02 1.47 £ 0.05 1.52 £ 0.02 1.40 £ 0.02
PER 1.86 £ 0.05 1.83 £ 0.07 1.78 £ 0.05 1.86 = 0.03
PR 17.41 £ 1.37 22.17 £ 2.16 18.08 + 2.89 16.67 £ 1.12
LR 9.99 + 0.84 11.22 £ 1.03 9.77 £ 0.62 9.99 + 0.84

Where S(%) is the percent survival, WG(%) is the percent weight gain, SGR is the
specific growth rate, FCR is the feed conversion ratio, PER is the protein efficiency ratio,
PR is the protein retention and LR is the lipid retention.
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Table 3. Whole body proximate compositions of P. vannamei after the 8-week feeding trial and the
antibacterial activity of ProEn-K ethyl acetate extract with V. harveyi as test bacteria.

Treatment Groups

TC T25 T50 T100
Biochemical
Composition
(% Dry Weight)
Total Protein 77.15£1.67 77.28+4.05 78.23+1.12 74.80 £2.38
Total Lipid 11.22+1.71 10.51+2.23 9.98+1.52 10.91+1.11
Ash 10.72+0.08 10.17+0.18 8.81+0.38 9.81+0.21

ProEn-K Antibacterial Activity
aBacterial Zone of Inhibition (mm)

bProEn-K extract 23.00+1.2%
Control
(solvent only) 0.00

3 Vibrio harveyi (10’CFU/ml) was used as the test bacteria.
b Ethyl acetate was used as the extraction solvent; Extract applied at a dose of 100ug/ml.
*Indicates significant statistical difference at a=0.05.

Analysis of the nutritional composition showed that the fermented sweet potato meal
had protein content of 40%, lipid content of 0.4%, ash content of 9%, fiber content of
4.2 %, and carbohydrate content of 46.4%. This ingredient also had complete content of
essential amino acids. In comparison with the essential amino acid content of P.
vananmei tissue protein, each amino acid comprising the fermented sweet potato
protein, except for Lysine, exhibited greater than 90 chemical score value (Table 4).
Table 4. Essential amino acid profile of P. vannamei muscle proteins, ProEn-K proteins and the
essential amino acid chemical score index of this ingredient.

Fermented P. vannamei Fermented Sweet
Essential Amino Sweet Potato Essential Potato Essential
Acids Essential Amino Amino acid? Amino acid
acid? (% protein) Chemical Score’?
(% protein)
Phenylalanine & 5.18 5.39 96.10
Tryptophan
Valine 4.74 3.30 143.63
Threonine 2.63 2.52 104.36
Isoleucine 2.72 2.65 102.64
Methionine & Cystine 5.78 2.67 216.47
Histidine 3.6 1.62 222.22
Arginine 5.79 6.10 94 .91
Leucine 5.18 4.69 110.44
Lysine 1.23 4.84 25.41
4Fermented Sweet 25.41
Potato Chemical Score
Index

!Fermented Sweet Potato Essential Amino acid (% protein): Actual analyzed values.

2p. vannamei Essential Amino acid (% protein): from Forster et al., 2002.

A3Essential Amino Acid Chemical Score= {(Essential amino acid amount (g) in 100 g PECM™ protein) /(Essential
amino acid amount (g) in 100 g shrimp protein)} % 100.

4CSI (Protein Chemical Score Index) = It is the chemical score value of an amino acid exhibiting the lowest
essential amino acid chemical score.
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The overall chemical score of this ingredient is 25 with Lysine as the most limiting amino
acid. Fatty acid composition of the experimental animals maintained with T50 exhibited a
similar profile than in the control group. However in terms of n-3/n-6 fatty acid ratio the
T50 group had higher values than that of the control group (Table 5).

Table 5. Tissue fatty acid profile of the shrimp fed the control diet and those fed diets containing
50% ProEn-K as a replacement of soy bean meal for 8 weeks.

TO (Control) T50
(FAME) (FAME)
Fatty Acid Methyl Esters (FAME) g/100g FAME
Decenoic acid 0.29+0.03 0.00+0.00
Dodecanoic acid 0.10+0.00 0.07%0.00
Tetradecanoic acid, 0.53+0.03 0.72+0.06
Pentadecanoic acid 0.33+£0.02 0.24+0.01
Hexadecenoic acid 1.49+0.17 1.55+0.32
Hexadecanoic acid 12.00+0.41 18.57+4.35
Heptadecanoic acid 1.90+0.29 0.90+0.09
Octadecadienoic acid (linoleic, N-6) £0.8040.20 4.9740.02
Octadecenoic acid 25.93+2.50 20.52+4.64
Octadecanoic acid 8.01+0.12 9.50+2.45
Eicosatetraenoic acid, (arachidonic, N-
6) 2.71+0.04 1.66+0.04
Eicosapentaenoic acid (EPA, N-3)
12.20+0.41 11.47+0.64
Eicosadienoic 2.73+£0.42 1.00+0.12
Eicosenoic acid, 3.50+0.12 3.53+0.08
Eicosanoic acid 0.51+£0.02 0.25+0.00
Docosahexaenoic acid (DHA, N-3) 15 214147 10.74+2.03
Docosenoic 1.37+0.08 14.14+1.04
Docosanoic 0.40+0.02 0.19+0.02
N-3 / N-6 ratio 2.02 3.35

Assessment of the antibacterial activity of the fermented sweet potato extracted with
ethyl acetate showed that the extract at 100ug/ml exhibited an inhibition diameter zone
of 23.00+1.2 mm with Vibrio harveyi as the test bacteria. No inhibition zone is
observable in the control group (Table 3). Also, a 10-fold reduction in gut Vibrio was
exhibited in the test group as compared to the control (Figure 1). Accordingly, the level
of gut bacteria was found significantly lower in those receiving the test diet as compared
to the control (Figure 2).

250 -
* Figure 1. Total gut Vibrio load of the
shrimp, P. vannamei fed with diets
containing fermented sweet potato
and the control. Values are mean +
standard error. Mean values with a
star superscript are significantly
different, T test, a=0.05.
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35 - Figure 2. Total gut bacterial
* load of the shrimp, P.
30 vannamei fed with diets
containing fermented sweet
potato and the control. Values
are mean + standard error.
Mean values with a star
superscript are significantly
different, T test, a=0.05.
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Discussion

Solid state fermentation aimed to improve the nutritional value of cellulosic and
carbohydrate-rich agricultural biomass is considered a sustainable approach to meet the
growing demands of feed ingredients for both the aquatic and the terrestrial animal-
growing industries (Iyayi & Aderolu, 2004, Yousef & Alam, 2013, Ferreira et al., 2016).
The enhancement of protein content of sweet potato to about 40% though SSF in the
present study concurs with these earlier findings. Composition of the fermented material
protein indicates complete and well-balanced essential amino acid content. All the
essential amino acid exhibits a Chemical Score higher than 90 except for Lysine which
scored lowest and is considered to be the most limiting essential amino acid. Similar to
our results, improvement of the protein content and essential amino acid profile was also
documented in wheat, soybean, and rice bran fermented with Bacillus coagulans and
Aspergillus niger (Joseph et al., 2008). The amino acid profile of the fermented material
is dictated by the microbial species and the biomass type used as substrate in the
fermentation (Denardi-Souza et al., 2018). The low content of lysine in the present study
could be attributed to the sweet potato used as substrate and the microbial species used
in fermentation.

The feeding trial results confirm the viability of the fermented ingredient to
completely replace soybean meal in the diet of juvenile P. vannamei. Growth response in
treatments with complete replacement of soybean meal was found to be similar to that of
the control. Moreover, significant growth enhancement was observed in the treatment
receiving 50% soybean meal replacement. Earlier studies also indicate significant growth
enhancement in broiler chickens fed diets containing yeast fermented products (Sulhattin
et al., 2017), with fermented soybeans (Chah et al., 1975) and with fermented cereals
(Sulhattin, 2015). In P. vannamei, feeding with fermented guar meal at 2.5% fish meal
replacement was also reported to significantly enhance growth (Jannathulla et al., 2016).
Growth promotion associated with fermented ingredients was attributed to the presence
of small peptides in the fermented products, degradation of anti-nutritional factors and
enhanced nutrient digestion due to the presence of residual microbial enzymes (Chah et
al., 1975, Jannathulla et al., 2016, Sulhattin et al., 2017). Though not measured in the
present study, these aspects may explain the growth enhancement effects of fermented
sweet potato meal in P. vannamei as observed in this study.

The observed growth enhancement in the present study could also be attributed to
improved gut health. Lower counts of gut associated bacteria and Vibrios were observed
in the treated group (T50) as compared to the control group (TC). Furthermore, the ethyl
acetate extract of the fermented material exhibits a potent antibacterial activity,
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supporting the observed effects in lowering the gut microbial load of the treated shrimp
groups. Similar to our findings, bacterial inhibitory activity of fermented feeds on gut
microflora is well-documented in terrestrial animals including pigs (van Winsen et al,
2001) and broiler chickens (Missotten et al, 2013). Our present findings on the influence
of fermented feeds on gut microflora are unprecedented in aquatic animals specifically in
cultured shrimp.

Depressed growth in cultured shrimp is commonly attributed to the dominance of
Vibrios in gut microflora. Gut infection of Vibrios in shrimp impairs digestive and
absorptive processes and occasionally results to slow growth, infection, and eventually
death (Kewadugama et al. 2017, Lavilla-Pitogo et al.1998). The decrease in the gut
bacterial load may promote better nutrient absorption and assimilation, resulting to
overall growth improvement as observed in the present study.

No negative influence of the fermented ingredient on the tissue chemical composition
of the shrimp was observed in the present study even at the highest inclusion level.
However significant alterations in terms of N-3 and N-6 fatty acids were observed in
groups receiving the fermented ingredient. The treated group exhibited a better profile of
the N-3/N-6 ratio compared to the control group, indicating lower N-6 fatty acid tissue
accumulation. To date, the significant decline in tissue N-6 fatty acids in animals as
influenced by the fermented dietary ingredient has not been not previously documented
in any other animal species and our work is the first report regarding this aspect. In
vertebrates the heightened biosynthesis of N-6 fatty acids specifically arachidonic acid is
known to be triggered by inflammatory responses due to infection (Eberhard et al, 2002).
Similarly, in insects (Stanley-Samuelson et al, 1991) and in crustaceans (Heckmann et
al, 2008) arachidonic acid (N-6) is also utilized as a precursor in the synthesis of
eicosanoids an important immunity signaling molecule that plays a vital role during
infections. In relation to the present findings, it is tempting to speculate that the lower N-
6 fatty acid content of the treated group could be due to the decreased gut Vibrio content
that reduces inflammatory responses leading to minimal synthesis and tissue
accumulation of N-6 fatty acids. However, the mechanism on how the fermented
ingredient influences the shrimp tissue fatty acid composition is not fully understood and
this aspect requires additional thorough investigation.

Collectively our findings indicate that fermented sweet potato meal could completely
substitute soybean meal and elicits a growth promoting effect if utilized as 50%
substitution of soybean meal in the diet P. vannamei. Use of this fermented ingredient
also lowers the gut Vibrio contents and improves the N-3/N-6 tissue fatty acid profile of
the cultured shrimp. Utilization of this feed ingredient is a practical approach to improve
the quality of farmed shrimp, lessen the risk of Vibriosis and promote the sustainability of
available feed-protein supply for the shrimp culture industry.

Acknowledgements
UPV Foundation Inc., USAID Philippines, Plentex Philippines Inc., Tarlac Agricultural
University, and UPV office for the Chancellor for Research and Extension are
acknowledged for the Funding grant, for the technical help, use of facilities, provision of
manpower and for all the supports that made this project possible.

References
Annie SS., Lipton A. and R. Paul Raj, 2009. Antibacterial activity of marine sponge
extracts towards fish pathogenic  bacteria. Isr. J. Aquacult.-Bamidgeh,
AquacultureHub,60:170-174.
Apines-Amar M.J].S.*, Andrino-Felarca K.G.S., Cadiz R.E., Corre, Jr. V.L.,
Adelaida T. Calpe, 2016. Effects of Partial Replacement of Fish Meal by Fermented Copra
Meal on the Growth and Feed Efficiency in Black Tiger Shrimp, 6 pages. Isr. J. Aquacult.-
Bamidgeh, AquacultureHub, [1JA 68.2016.1244]




10 Traifalgar et al.

Barcenal AR., Traifalgar RFM. and VL. Corre Jr, 2015. Anti-Vibrio harveyi Property
of Micrococcus luteus Isolated from Rearing Water under Biofloc Technology Culture
System. Curr Res Bacteriol., 8: 26-33.

BFAR, 2016. Philippine Fisheries Profile 2015. Bureau of Fisheries and Aquatic
Resources, Diliman, Quezon City. pp 70.

Chah CC., Carlson CW., Semeniuk G., Palmer IS. and CW. Hesseltine, 1975.
Growth promoting effects of fermented soybeans for broilers. Poult. Sci., 54:600-609.
Dairo, FAS. and AO. Fasuyi, 2008. Evaluation of fermented palm kernel meal and
fermented copra meal proteins as substitute for soybean meal protein in laying hens
diets. J Central European Agricult., 9: 35-44.

Denardi-Souza T., Massarolo KC., Tralamazza SM. and E. Badiale-Furlong, 2018.
Monitoring of fungal biomass changed by Rhizopus oryzae in relation to amino acid and
essential fatty acids profile in soybean meal, wheat and rice. CyTA - J Food, 16:156-164.
Eberhard 1., Jepsen S., Pohl L., Karl Albers H. and A. Yahya, 2002. Bacterial
Challenge Stimulates Formation of Arachidonic Acid Metabolites by Human Keratinocytes
and Neutrophils In Vitro. Clin diagn lab Immunol. 9:132-137.

Ferreira, J.A., Mahboubi A., Lennartsson P.R. and MJ]. Taherzadeh, 2016. Waste
biorefineries using filamentous ascomycetes fungi: Present status and future prospects.
Bioresour. Technol., 215:334-345.

Forster IP., Dominy W. and AGJ. Tacon, 2002. The use of concentrates and other soy
products in shrimp feeds. In: Cruz-Suarez, L. E., Ricque-Marie, D., Tapia-Salazar, M.,
Gaxiola-Cortés, M. G., Simoes, N. (Eds.). Avances en Nutricién Acuicola VI. Memoriasdel
VI Simposium Internacional de Nutricion Acuicola. 3 al 6 de Septiembre del 2002.
Cancun, Quintana Roo, México.

Haryati T., Togatorop MH., Sinurat, A.P., Purwadaria T. and I. Murtiyen, 2006.
Utilization off fermented copra meal with A. niger in broiler diet. Indonesian J Anim Vet
Sci 11(3): 182-190.

Hatta U. and B. Sundu, 2009. Effects of copra meal fermented by Aspergillus niger and
Trichoderma spp on performance of broiler. Paper presented at the The 1st International
Seminar on Animal Industry Bogor, Nov 23-24, 2009, Bogor Indonesia.

Heckmann LH., Sibly R., Timmermans M., and A. Callaghan, 2008. Outlining
eicosanoid biosynthesis in the crustacean Daphnia. Frontiers in zoology. 5. 11.
10.1186/1742-9994-5-11.

Iyayi EA. and ZA. Aderolu, 2004. Enhancement of the feeding value of some agro-
industrial y-products for laying hens after their solid state fermentation with Trichoderma
viride. African J Biotechnol, 3:182-185.

Joseph R., Paul R, and D. Bhatnagar, 2008. Effect of solid state fermentation on
nutrient composition of selected feed Ingredients. Indian J. Fish., 55: 327-332.
Jannathulla R., Syama J., Ambasankar K., and M. Muralidhar, 2016. Evaluation of
fungal fermented guar meal in the diet of Penaeus vannamei. In: Kaliwal, B. B., Pandey,
B. N. and Kulkarni, G. K. (eds.), Role of animal science in national development,
Nanotechnology in aquaculture. Today and Tomorrow’s Printers and Publishers, New
Delhi, India. p. 51-62.

Kaushik, SJ]., Cravedi JP., Lall SP., Sumpter J., Fauconneau B. and M. Laroche.
1995. Partial or total replacement of fish meal by soybean protein on growth, protein
utilization, potential estrogenic or antigenic effects, cholesterolemia and flesh quality in
rainbow trout, Oncorhynchus mykiss. Aquaculture 133, 257- 27.

Kewadugama R., Prasanna R., Kumara S., and H. Mangalika. 2017. White faeces
syndrome caused by Vibrio alginolyticus and Vibrio fluvialis in shrimp, Penaeus monodon
(Fabricius 1798) -multimodal strategy to control the syndrome in Sri Lankan grow-out
ponds. Asian Fish Sci 30:245-261.

Lavilla-Pitogo C., Leaio E. and M. Paner. 1998. Mortalities of pond-cultured juvenile
shrimp, Penaeus monodon, associated with dominance of luminescent vibrios in the
rearing environment. Aquaculture 164: 337-349.



Fermented sweet potato as sustainable feed ingredient for P.vannamei

Michael FR., Koshio S., Teshima S., Ishikawa M. and O. Uyan, 2006. Effect of
choline and methionine as methyl group donors on juvenile Kuruma shrimp,
Marsupenaeus japonicus Bate. Aquaculture 258: 521-528.

Missotten JA., Michiels J., Dierick N., Ovyn A., Akbarian A. and S. De Smet, 2013.
Effect of fermented moist feed on performance, gut bacteria and gut histo-morphology in
broilers. British Poultry Sci, 54:5, 627-634.

Stanley-Samuelson DW., Jensen E., Nickerson KW., Tiebel K, Ogg CL. and RW.
Howard, 1991. Insect immune response to bacterial infection is mediated by
eicosanoids. Proceedings of the National Academy of Sciences. 88:1064-1068.

Sulhattin Y., 2015. Solid-State fermented cereals promise a growth promoting effect in
broiler chicken. 20th European Symposium on Poultry Nutrition, 24-27 August 2015,
Prague, Czech Republic.

Sulhattin Y. and KY. Mustafa, 2017. Yeast fermented additive enhances broiler
growth. R. Bras. Zootec, 46:814-820.

Tacon AGJ., Hasan MR. and RP. Subasinghe, 2006. Use of fishery resources as feed
inputs for aquaculture development: trends and policy implications. FAO Fisheries circular
no. 1018.99. Rome, Italy: FAO.

van Winsen R. L., Urling BAP., Lipman LJA., Snijders JMA., Keuzenkamp D.,
Verhejden JHM. and F. van Knapen, 2001. Effect of fermented feed on the microbial
population of the gastrointestinal tracts of pigs. Appl. Environ. Microbiol. 67:3071-3076.
Yousef S., Al-Hafedh I. and A. Alam, 2013. Replacement of Fishmeal by Single Cell
Protein Derived from Yeast Growth on Date (Phoenix dactylifera) Industry Waste in the
Diet of Nile Tilapia (Oreochromis niloticus) Fingerlings. J Appl Aquacult, 25:346-358.
Zhang B., Li C., Wang X., Pi X., Wang Y., Wang X., Zhou H., Mai K., He G.*, 2018.
Apparent Digestibilities of Selected Feed Ingredients Fermented by Host Bacteria in
Juvenile Turbot (Scophthalmus maxima L.), 12 pages. Isr. J. Aquacult.-Bamidgeh,
AquacultureHub, [1JA 70.2018.1501]




Plant Gene 21 (2020} 100217

Contents lists available at ScicnceDirect

FLANT

Plant Gene

journal homepage: www.elsevier.com/locate/plantgene

Validation of suitable reference genes for normalization of quantitative |
reverse transcriptase- polymerase chain reaction in rice infected by
Xanthomonas oryzae pv. oryzae

1, b a,b

Carlo Magno Sagun™"*, Francois Grandmottet™", Natta Suachaowna™", Kawee Sujipuli*®,

Kumrop Ratanasut™"™’

* Department of Agricultiral Science, Foculty of Agriculture, Natural Resources and Emvir N University, Phil ik 65000, Thaitund

Y Center of Excellence in Research for Agricultural Biotechnology, Faculty of Agriculiure, Naturel Resources and Envirorment, Naresuan University, Phitsanulok 65000,
Thatland

“ Repartment of Research and Development, Tarlac Agricultural University, Malecampa, Camiling 2306, Tarlae, Philippines

ARTICLE INFO ABSTRACT

Bacterial blight (BB) caused by Xanthomonas oryzae pv. oryzae (Xoo) is a costdy disease in rice that threatens

Keywords:

Gene expression global rice production. Gene expression analysis by quantitative reverse transcriptase-polymerase chain reaction
Hom?e"‘_ﬂg gEaE (qRT-PCR) allows the study of the underlying mechanisms of both BB pathogenesis and resistanee. In relative
N;;"pﬂ;anm quantification, reference genes are often used to normalize the results to remove technical variations allowing
q -

Refarence jac the determination of true biological changes in a pilot experiment. However, variations in the expression of these

Rice reference genes can lead to erroneous and unreliable results. Thus, choosing the most stable reference genes for

Xanthamanas any specific experimental condition is of utmost importance in qRT-PCR experiments. Here, we used geNorm,
NormFinder, Bestkeeper, Delta-Ct and RefFinder programs and/or methods to analyze the stability of the ex-
pression of eleven candidate reference genes namely: 188 ribosomal RNA (188 rRNA), Actin-1 (ACTI), ADP-
Ribesylation Factor (ARF), Endothelial differentiation factor (Edf), eukaryotic Elongation Factor-la (eEF-1a), eu-
karyotic Initintion Factor-4a (elF-4a), Profilin 2 (Prof2), Nucleic Acid Binding Protein (NABP), Triosephosphate
Isomerase (TT), Ubiguitin 5 (UBQS5) and Ubiquitin 10 (UBQ10) in ¢DNA samples from BBE-susceptible and Xa21-
mediated resistant rice cultivars collected at various times after Xoo inoculation. Under our experimental con-
ditions, Edf and TI were the most stable reference genes while the common housekeeping genes 185 rRNA, and
UBQS were among the least stable genes. Though using either Edf or T7T as internal control is adequate for gene
expression analysis, We suggest using both genes to normalize the data of gRT-PCR assays for rice subjected to
Xoo inoculation.

1. Introduction

Bacterial blight (BB) caused by Xanthomonas oryzae pv. oryzae (Xoo)
is a threatening rice disease responsible for the large percentage of yield
reduction in all rice growing areas. Its symptom includes a vascular wilt
at the seedling stage, a leaf blight, and unfilled panicles in mature
plants which resulted from the invasion of the vascular system by Xoo
bacteria (Mew, 1987). At the molecular level, Xoo secretes transcription
activator-like (TAL) effectors which invade and highjack the host cells
by activating the transcription of genes that enhance plant suscept-
ibility and support bacterial virulence (Roch and Bonas, 2010; Romer
et al,, 2010). To date, more than 30 BB resistance genes have been

identified in Oryza sativa and its closely related species. Among them,
Xa21 has probably been the most commonly used for rice variety im-
provement as it provides high level and broad-spectrum BB resistance
(Nguyen et al., 2018; Singh et al., 2001; Zhang et al., 2006). Xa21 codes
for a plasma membrane receptor which recognizes the tyrosine-sulfated
protein RaxX and triggers the Xa2l-mediated immunity (Pruitt et al,,
2015). Tt is known that this response involves Xa21-binding proteins
(Chen et al., 2010; Park et al., 2010; Wang et al., 2007) as well as the
direct interaction of a cleaved Xa21 subunit with the WRKY62 tran-
scription factar (Park and Ronald, 2012; Peng et al., 2008), nonetheless,
the precise mechanisms of the resistance are still not yet completely
elucidated.
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Studying the variations in the expression of candidate genes pro-
vides perspectives of the mechanisms of plant responses to BB. The
quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
remains a tool of choice to quantify mRMA expression and thus confirm
the involvement of various candidate genes in a specific cellular re-
sponse due to the sensitivity, precision and reproducibility of its resulis
(Derveaux et al., 2010; Hellemans et al., 2007). However, the veracity
and reliahility of qRT-PCR results are essentially altered by the varia-
tions between samples, RNA guality and quantity, and the different
reverse transcription and PCR efficiencies (Bustin et al., 2009; Derveaux
et al., 2010). To cope with this variability, expression levels of the genes
of interest (GOIs) are usually normalized against a stably and uniformly
expressed reference genes according to the AACT method in order to
provide reliable relative expression data (Rao et al,, 2012). Though, in
this method, the selection of reference genes is critical since variations
in their expression can completely overturn the final data especially
when the variations in GOI expression are restrained. The expression of
the reference genes used in gRT-PCR analysis should remain stable
across @ll experimental samples and under different conditions
(Derveaux et al., 2010; Huggelt et al,, 2005). Yet, previous reports on
the stability of the usual reference genes has shown that no universally
stable reference gene could be found, thus implicating that reference
genes' stabilily in gRT-PCR experiments needs to be validated for spe-
cific and suitable experimental conditions and purposes (Kozera and
Rapace, 2013; Laurent ct al.,, 2008).

Several software and programs have been established to evaluate
the stability of the reference genes expression. Among the most com-
monly used are the geNorm (Vandesompele et al., 2002a), NormFinder
(Andersen et al., 2004) and BestKeeper (Pfaffl et al., 2004) algorithms,
and the Delta-Ct method (Silver et al., 2006) and RefFinder system (Xie
et al., 2012). Using these tools, various studies on rice have highlighted
that proper validation of reference genes is essential to determine their
stability and thus recommending the suitability of each reference gene
for various experiments in rice. For example, Ubiquitin 5 (UBQ5), Ubi-
quitin-conjugating enzyme E2 (UBC-EZ2), Endothelial differentiation factor
(Edf) and eukaryotic Elongation Factor-1a (EF-1a) were found ta be sui-
table for growth and development, environmental conditions, and
organ-specific gene expression analyses (Auler ot al., 2017; Narsal et al,,
2010; Wanyg et al., 2016). For hormonal and abiotic treatments and
stresses, 18S ribosomal RNA (18S rRNA), 255 ribosomal RNA (258
rRNA), Ubiquitin 10 (UBQI0) and Ubiquitin conjugating enzyme (UBG)
were the most stable reference genes (Almas and Kamrodi, 2018; Jain
et al., 2006; Kim et al., 2003; Moraes de Freitas et al., 2015) while for a
few biolic stress Like blast infection 188 rRNA, Actin, and 405 27a ri-
bosomal subunit (408 27a) were found to be the most suitable reference
genes (Bevitori et al.. 2014; Che Omar et al., 2016). To our knowledge,
no resources are currently available on the suitable reference genes for
gene expression analysis involving Xoo inoculation experiments. Hence,
in this paper, we analyzed 11 candidate reference genes in terms of
their expression stability in both BB-susceptible rice cultivar RD47 and
its improved BB-resistant progenies BCsFy (Xa21/Xa21) (Sagun, Sua-
chaowna et al., unpublished) at different times post Xoo inoculation.

2. Materials and methods
2.1. Plant material and growth conditions

Rice {Oryza sativa L. ssp. indica) cultivars RD47 and IRBB21 were
provided by the Burcau of Rice Research and Development,
Phitsanulok, Thailand. The Xa21 gene originated from the wild species
0. longistaminata was transferred through wide hybridization in TR24,
resulting in the near-isogenic line, TRBB21, In tests for disease re-
sistance, TRRR21 has been reported to be resistant to many Xoo strains
from the Philippines and India (Khush er al,, 1990). Rice cultivar RD47,
an elite Thai cultivar, was derived from threeline cross between Su-
phanburi 1 and IR64 then with CNTB6074-25-9-1 at Chainat Rice
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Research Center, Thailand (the Rice Department, Ministry of Agri-
culture and Cooperatives, Thailand).

The Xa21 gene from TRBB21 was introgressed in RD47 through
backeross breeding and Marker Assisted Selection (data not shown)
until homozygous-Xa21 BC5F; lines were obtained.

2.2 Xoo isolation and inoculation test

Since Thailand biosafety regulations limit the import of living mi-
croorganisms especially those causing diseases in major commodities
like rice, the authors made use of the local strains of Xoo in this study
and validuted them through PCR using specific universal primers.

BE infected leaves were collected from paddy fields in Phitsanulok
province and Xvo was isolated on nutrient agar (peptone-bovine-agar).
The isolated bacteria, xo016PK002, was identified as Xoo through PCR
assays using Xoo specific primers TXT (Sakthivel et al.. 2001) and Xoo
specific primers Xoo80 (Lu et al, 2014). Furthermore, preliminary
pathogenicily tests on 60 days old rice plants were done and had shown
that RD47 plants were rather susceptible to highly susceptible to
x0016PK002 with clear BB lesions lengths (LL) ranging 25-29 ¢m +

1.28 at 21 days afler inoculation, whereas RD47's near isogenic lines
BC:F; and the IRBB21 cullivar were more resistant to the Xoe strain
with LL ranging from 5 to 9 cm * (.26 (Sagun, Suochawna, Puttasem
ct al., unpublished). For the infection experiments presented here, the
Xoo isolate xo016PK002 was re-streaked and incubated at 28 °C for
48 h. A Xoo incculum (OD600 of 0.2) was prepared and used to in-
oculate 60-day-old plants according to the clipping method (Kauffman,
1973). Mock (water) inoculation was used as a control. Samples cor-
responding to 5 c¢m of the leaves directly below the inoculation sites
were collected at 0, 2, and 24 h post inoculation, respectively, and leaf
samples were frozen in liquid nitrogen immediately.

2.3. RNA extraction and cDNA synthesis

Total RNA was extracted from each 100 mg leaf sample using
RNAprep Pure Kit (Tiangen Biotech LTD., China) following manufac-
turer’s instructions. Total RNAs were guantified using Synergy H1 mi-
croplate reader {Biotek, USA) and their integrity was assessed through
agarose gel electrophoresis. The gScript™ XLT ¢DNA synthesis kit
(QuantaBio, USA) was used (o reverse transcribe 1 pg of total RNA
templates in order to synthesize first strand ¢DNAs according to man-
ufacturer’s protocol.

2.4. Quaniitative Real-time PCR

For gPCR analyses, the fast SYBR Green Master Mix (Quantabio,
USA) was used to prepare 20 pl gRT-PCR reactions containing 1 pl of
the cDNA templates and 0.5 pM of each primer pairs. Technical tripli-
cates and No Template Controls (NTCs) were run through the Eco48
Real-Time PCR system (PCRmax, UK) for 35 cycles (95 °C for 10s, 60 °C
for 10s and 72 °C for 20s) followed by a melling curve analysis. Ct
values were determined using the Eco™ 48 Study Software installed in
the Eco48 Real-Time PCR system. The Eco™ 48 Study software allows
for normalized data combination from multiple Eco 48 experiments into
a single analysis, and supports standard curve analysis and relative
quantification experiments, which were used in this study. The com-
parative Ct method was used to transform generated Ct values in re-
lative quantities with the highest relative quantity for each gene set up
to 1.0. All data were subjected to analysis using geNorm v3.4
(Vandesompele et al., 2002a), NormFinder v20 (Andersen et al., 2004),
BestKeeper (Pfaffl et al.,, 2004), Delta-Ct method (5ilver et al., 2006)
and RefFinder (Xic et al., 2012) programs.
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Table 1

List of candidate reference genes validated in this study.
Candidate reference gene Primner sequence Reference
Endothelial differentiation factor(Edf) 5UTCOGAACCAGCAGATOATIG-R! Wang et al., 2016

LOC Ds08g27/850
Trinsephosphate Isomerase (T1)
LOC Ds07g05450
eukaryotic Initintion Foctor-4a (efF-4a)

5-GCATGGTATCAAAAGACCCAGC-3'
S -CGACATCATCAACTCCGLCAC-3
5-CCTCTTCAGACATCTTCCCACG-3
5-TTGTGCTGGATGAAGCTGATG-3'

Wang et al, 2016

Wanyg et al | 2016

LOC 0s03e03020 SGGAAGGAGCTGGAAGATATCATAGA-3"

Profilin-2 (Prof2) 5-CCAACTGGTCTTTICCTIGGG-3" Wang et al., 2016
LOC 0506505880 S-GGGEGETCATCGGCTCATCATAG-3

ADP-ribosylntion factor (ARF) S-ATGAAAGGAAGACATGGCGG-3" Wang et al, 2016
LOC Ds05g41060 S-TGGTGETGGAACCTAAAGAGC-3"

Nucleic acid binding protein (NABP) S-GGAATGTGGACGGTGACACT-3 Marsai et al,, 2010
LOC 0s02g25980.1 S-TCAAAATAGAGTCCAGTAGATTTGTCA-3'

eukaryotic Elangatinn Factor-1a (eEF-1a) S~TTTCACICTTGGTGTGAAGCAGAT-3" Iain et al., 2006
LOC Os03g08020 5" GACTTCCTTCACGATTTCATCGTAA-3"

Ublquitin 10 (URQ10) S -TGGTCAGTAATCAGUCAGTTTGG-3" Jain ct al., 2006
LOC_0s02g06640 S -GCACCACAAMTACTTGACGAACAG-3"

Actin-1 (ACT1) S -CTTCATAGGAATGGAAGCTGCGGGTA-3" Narsai et al., 2010
LOCG 0s05g36290.1 5-CGACCACCTTGATCTTCATGCTGCTA-3”

185 ribosomal RNA (185rRNA) S -CIACGTCCCTGCCCITIGTACA-3" Jain et al., 2006
Locus ID: AKOSS783 5-ACACTTCACCGGACCATTCAA-3

Ubiquitin-5 (URQS) S-CCAGTACCTCAGCCATGG A-3° Jain et al, 2006

Locus ID: ARGG1988

5“GGACACAATGATTAGGGATC-3*

Gene names and all their details are presented the way they are reflected in the reference cited.

3. Results
3.1. qRT-PCR of candidate reference genes

A set of 11 candidate reference genes and their specific primers was
selected from previous studies on reference gene validation in rice
(Table 1). The expression levels of these genes were measured by qRT-
PCR in 8 different samples corresponding to the leaves from the BB
susceptible RD47 (no Xa21) and its BB resistant progeny BC.F,
(homozygous Xa21) collected at 0, 2 and 24 h after Xoo inoculation and
2 h after mock inoculation. For all the tested candidate genes, NTCs
showed no amplification, and the sample melting curve analysis gen-
erated single peaks indicating that a specific PCR product for cach gene
was amplified. Moreover, electrophoresis of gRT-PCR products showed
a single band of the expected size for each candidate gene (I'ig. 1). After
confirming the specificity of the qRT-PCR primers, the Ct values were
determined for each technical triplicate in all samples. The mean Ct
values (Supplemental Table 1) were then transformed into relative
quantity values, which was later used in the geNorm and NormFinder
programs by fixing the highest relative quantity for each candidate gene
to 1 and using the comparative Ct method. For Bestkeeeper, Delta-Cr
and RefFinder analyses, the raw Ct values were used.

3.2. Stability of candidate reference genes using geNorm analysis

The geNorm software (Vandesompele et al., 2002a) uses the prin-
ciple that the expression ratio of perfect reference genes should remain
constant across different experimental treatments. It determines the
gene expression stability measure (M) of reference genes as well as the
average pairwise variation for that gene as compared to other tested
reference genes. Stepwise exclusion of the gene with the highest M
value allows to select the two most stable genes. The two most stable
genes are determined by sequentially removing the least stable gene
with the highest M value (Vandesompele et al., 2002a). Inidally, ana-
lysis of the samples from the BB susceptible RD47 (g, Za) and the BB
resistant BC3F; plants (Fig. 7b) was undertaken separately. For the
RD47 samples, Edf and elF-4a had the lowest M values, hence, they
were the most stahle reference genes, and followed by T Meanwhile,
ARF, and 18§ rRNA yielded the highest M values and were the least
stable genes (Fig, 2a). In the BC3F; samples, Edf and TT were the most
stahle genes while elF-4a was ranked fourth. Meanwhile, ARF, I/BQS,

and 185 rRNA were among the three least stable reference genes
(Fie. 2b). Finally, when all the samples were analyzed together for the
expression stability of the candidate genes (I'ig. 2¢), Edf and TT were the
most stahle genes, followed by elf-4a while ARF, 18S rRNA, and UBQS5
were still among the least stable genes.

3.3. Determination of the optimal number of reference genes by geNorm

Although most published studies on gene expression suggest a
single internal control for QRT-PCR normalization, it is also known that
increasing the number of reference genes results in more reliable and
more accurate data (Jain et al., 2018; Vandesampele et al., 2002b; Zhao
et al, 2016). However, there is a trade-off between accuracy and
practical considerations when selecting reference genes to he used.
Pairwise variation (V) analysis calculates between two sequential nor-
malization factors containing an increasing number of reference genes;
geNorm also provides the tool in generating the optimal reference genes
to be used. The program suggests that if the value of V 1s below the 0.15
cut-off value, the last added reference gene may not need to be included
for the data normalization. In this study, the V2/3 value of 0.136 in-
dicates that the third most stable reference gene, which is elF-4a, is not
required and thus, the use of the two most stable reference genes, Edf
and T1, is already optimal for accuraic normalization (Fig. 3).

3.4. Stability of candidate reference genes using NormFinder analysis

To validatc the results of the geNorm analysis, we also assessed the
expression stability of the candidate genes in our samples with the
NormFinder software. NormFinder directly calculates for each gene a
stability value based on its inter- and intragroup variations of expres-
sion which can prevent the selection of co-regulated genes (Andersen
ef al., 2004). As the NormFinder software is limited to only 10 genes for
analysis, the top 10-ranked stable genes from the geNorm analysis were
used for the calculation. Results of the analysis showed that Edf and TI,
with the lowest individual stability values of 0.036 and 0.059, respec-
tively, were again selected as the most stable genes with a combined
stability value of 0.029. The reference gene Ldf, in particular, was
deemed ta he the best reference gene as its variation values for both
intra- and inter- groups were lowest while TT still showed more varia-
tion than elF-4a in the RD47 group (Table 2). The UBQS5 and 185 rRNA
genes, respectively, were ranked 8th and 10th among the 10 tested
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Fig. 1. Specificity of gene amplification products tested on the é-leaf stage rice cultivar RD47 at 0 h after Xoo inoculation. (a) Gel migration of gRT-PCR products. A
single DNA amplicon of the projected size is shown for each gene tested in this study. Agarose gel (2%). NTC-Non-Template Control; and (b) Dissociation curves of
qRT-PCR products for all candidate reference genes validated in this study. Analysis of dissociation curves, also called melt curves, was used to assess whether the
candidate reference genes produced single, specific products. The single peaks of dissociation curves in each candidate reference gene represented a pure, single
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Fig. 2. Expression stability and ranking of reference genes by geNorm: (a) RD47: (b) BC5F; (Xa21-Xa21) progeny; and {c) all samples. Gene(s) with lower average
expression stability M denotes more stable expression.
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Determination of the optimal number of control genes for normalization
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Fig. 3. Determination of the optimal number of control genes fur accurate normalization by geMorm pairwise variation analysis. Pairwise variation analysis (Vn/
n + 1) between the normalization factors NFn, including the n most stable reference genes, and NFn + 1, corresponding to the stepwise inclusion of the next most
stable reference gene, were calculated. A large variation means the last added reference gene has a significant effect and should be included while Vn/n + 1 with a

value below the 0.15 cutoff indicates i as the optimal number of reference genes.

Table 2
NormFinder analysis of top 10-ranked stable reference genes from the geNorm
analysis. Gene(s) with lower stability value denotes more stable expression.

Candidate reference  Stability Intra-group variation Inter-group

gene value iati
RDAT BCF;

Edf 0.031 0.003 0.005 0.022

n 0.048 0.015 0.005 0.032

elF-4a 0072 0.003 0.054 0.169

ACTI 0.184 0.319 0.0z9 0.061

UBEQio 0.208 0.135 0.217 0.037

Frof2 0.289 0.386 0.286 0.130

efF-l1a 0.322 0.280 0.575 0.297

UBQS 0.326 0.242 0.659 0178

NABP 339 0.396 0.530 0.033

188 rRNA 0.390 0.625 0.595 0.178

Best gene Edf

Stebility Value for Best Gene 0.031

Best eombinadon of two genes Edf and T1

Stability value for best combination af twao genes 0.029

Table 3

candidate reference genes indicating very low expression stability.

3.5. Stability of cundidate reference genes using BestKeeper unalysis

The BestKeeper software determines the best suited standards of
reference genes and combines them into an index. The index is used to
decide whether reference genes are differentially expressed under an
applicd treatment. All data processing [or this software is based on
crossing points and determines the optimal housckeeping genes em-
ploying the pair-wise correlation analysis of all pairs of candidate genes
and calculates the geometric mean of the ‘best’ suited ones (Pfaffl et al,
20014). In this study, though 185 rRNA and ARF were among the least
stable reference genes selected by geNorm and NormFinder, the Best-
Keeper software identified and placed these two genes in rank 1 and 2
as the most stable genes since they have the lowest variadon compared
to the other genes as determined by their standard deviation (SD) of the
crossing point values (CV) at 0.58 and 0.59, respectively. On the other
hand, Prof2 and eEF1a were among the least stable reference genes with
SD values of 1.39 and 1.78, respectively (Table 3). For BestKeeper
analysis, any SD values higher than 1 is cansidered unstable.

Crossing point data of candidate reference genes by BestKeeper. Results of data analysis were taken from raw Ct values of RD47 and BC3F; rice samples under 0, 2 and

24 h post inoculation, respectively, including mock inoculation.

185 ARF UBQIO NARP m Edf UBQS ACT1 eki4a Profa elFla
N 24 24 24 24 24 24 8 24 24 24 24
Geo mean [CP] 4.1y 17335 18.66 27 59 2114 0.4 235 3 23.64 22,7 23.03
AR mean [CP] 921 17.37 18,60 27.62 20.18 204 2230 231 23.69 228 2312
Min [CP] 8.33 15.91 17.21 26.05 18.16 182 20.28 20.2 21.21 19.7 20.1
Mae [CP] 10.51 18.24 20,58 29.59 21,92 222 25,33 25 26.12 25.1 26.62
Std dev [+/— CP] 058 0.59 0.89 097 1.09 112 1.22 1.26 1.28 1.39 1.78
LV [% CP] 6.3 5.39 477 3.49 5.43 5.47 5.44 5.46 5.41 6.09 i d
Min [x-fold] —1.B1 —272 —-2.74 —-2.92 —3.95 —456 —4.18 -7.13 -5.42 —8.25 -7.6
Max [x-fold] 25 1.8S 379 199 343 352 7.80 4.01 557 513 12.16
std dev [+/— x-fold] 15 15 1.85 1.95 214 317 2.33 2.4 2.43 262 3.43
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Fig. 4. Expression stability and ranking of candidate reference genes as determined by Delta-Ct method. Low gene stability values denote more stable expression.

3.6. Stability of candidate reference genes using the Delra-Ct (ACt) method

The ACt method compares relative expression of gene pairs within
each sample (o identify useful housekeeping genes. If the calculated
value between the two tested genes remains constant in different RNA
samples, it means that the expression of either both genes are stable
among those samples, and if the ACt changes, then either one or both
genes are inconsistently expressed (Silver et al., 2006). In our results, T1
(0.77) and Edf (0.772) were identified as the most stable reference
genes, the same genes identified by geNorm and NormFinder, while
ARF (1.272) and eEFlg (1.487) were among the least stable genes
(Fig. 4).

3.7. Stability of candidate reference genes using RefFinder analysis

To come up with a more comprehensive report on the expression
stability of reference genes relative to aur experimental conditions, we
subjected our data series for RefFinder analysis to pull out a general
recommendation. RefFinder is a web-hased comprehensive tool devel-
oped to evaluate and screen reference genes from a widespread ex-
perimental dataset. It integrates the currently available major compu-
tational programs such as geNorm, Normfinder, BestKeeper, and the
comparative Delta-Ct method. The system compares and ranks the
tested candidate reference genes based on assigned appropriate weight
of each individual gene and calculated geometric mean of their weights
for the overall final ranking.

Results of the analysis showed that TI and Edf were among the mast
stably reference genes since they have the lowest stability values at
1.778 and 1.861, respectively. These two genes were consistent in all
validation analyses except for BestKeeper. The 185 rRNA (5.335) and
ARF (7.183) which were the most stable genes determined hy
BestKeeper were ranked 6th and 8th, respectively. Prof2, UBQ5, and
ceEFla were identified as the least stable reference genes with gene
stability values of 7,364, 7.483, and 9.685, respectively (Table 4).

4. Discussion

Earlier studies reported that the expression stability of various re-
ference genes in rice vary under different experimental conditions and
emphasized the need for a proper validation of the stability of reference
genes for any gene expression analysis to come up with accurate and
reliable results. The geNorm method was the first released algorithm in

Table 4

Ranking of candidate reference gene expression stability by RefFinder.
Candidate geNorm  NormFinder  RestKeeper  Delta Gt RefFinder  Rank
reference
gene
i 0.208 0.048 1.09 0.76 1.5 1
Edf 0.208 0.g31 112 077 221 2
usQio 0.576 0.208 .89 0.86 3.65 3
eEF-1a 0.351 n.322 128 0.86 412 4
185 rRNA 0.962 0.39 0.58 1.2 4.9 5
ACTI 0.494 0.184 1.26 0.92 5.14 G
NARP 0.891 0.339 0.97 1.04 563 7
ARF 1.057 N/A" 0.59 1.46 5.69 -]
Prof2 0.65 0.289 1.39 1.09 7.17 9
UBQS 076 0.326 1.22 1.2 748 10
elF-4a 0.827 0.072 1.78 121 8497 11

“ N/A - not applicable.

evaluating the stability of the cxpression of candidate reference genes
and has established itself as the golden standard with more than 10,000
citations to date. However, as the expression stability value M for a
gene generated frum geNorm is dependent upon the other tested genes,
concern has been raised about the possible selection of co-regulated
genes instead of the stable ones. Tn this case, the NormFinder software
(Andersen et al | 2004) uses a different approach which can cope with
this problem. Thus, it is not rare that hoth of these methods alongside
with BestKeeper, Delta-Ct method and RefFinder programs are usually
used together to determine the best reference genes for a specific gene
expression assay (Auler et al., 2017; Bevitori et al., 2014; Wanyg et al.,
2016). In several studies, the genes selected by these algorithms are
often slightly different even in most cases, the most stable reference
genes selected by one program still belongs to the relatively stable
genes category in the other analysis. In our study, Edf and TTwere found
ta be the best reference genes across all approaches except for Best-
keeper therehy suggesting that their expressions are stable under Xoo
inoculation.

Traditional reference genes like the Actinl (ACTT), eEF-1a, B-tubuiin,
UBQI10, UBC-E2, UBQ5, 185 rRNA, and 255 rRNA were commonly used
as internal controls in various experiments in rice focusing on growth
and development stages, different tissue samples, and various treat-
ments due to their recognized stability. Among these reference genes,
UBC and UBQI0 were found to be the most stable in rice plant re-
sponses to heavy metal stress (Almas and Kamrodi, 2018); UBC was the
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most stable in rice treated with different nitragen levels (Benemann
et al.,, 2017); 185 rRNA was the most suitable reference gene under
various growth stages of etiolated seedlings, different cultivars, and
various tmes after UV-irradiation treatment compared to glycer-
aldehyde-3-phosphate dehydrogenase, actin, and twbulin (Kim el al., 2003).
However, other studies have also stressed that the transcription levels
of these traditional reference genes may change depending on the plant
developmental pracesses, environmental conditions and treatment sets,
and expression differences of the genes of interest could be attributed to
the expression variation of inappropriate reference genes (Gutierrez
et al., 2008a; Gutierrez et al,, 2008b; Wang et al., 2016). In the report of
Jain et al. (2006), UBQS and eEF-1a were found to be the most stable
whereas 188 rRNA and UBQI10 were among the least stable in these
commonly used reference genes when analyzed across all their samples
and in developmental series. Li et al. (2009) also analyzed the stability
of these commonly used reference genes during rice seed development
and found out that elF-4a and ACT1 were the most suitable reference
genes while again 188 and 258 rRNAs were among the least stable in
almost all the tested samples from (wo rice varieties at different de-
velopmental stages, and a total of 6 reference genes was optimal for
qPCR calibration using most of their tissue groups.

As no holistic stable reference gene could be found among the tra-
ditionally used housckeeping genes, significant efforts have been cre-
aled to find novel and more stable reference genes (Jain, 2009; Narsai
cf al., 2010). With the increasing number of analyses of large sets of
micrearray data, Edf and TT were selected as potential reference genes
for rice gene expression analysis. In a recent article, the expression
stabilities of Edf, 11, and other novel reference genes in rice were
compared to those of the more traditional ones like UBQS for 22 dif-
ferent experimental conditions (Wang et al., 2016). The results of these
experiments showed that novel reference genes were globally more
stable and Edf and T1 were often among the most stable genes. Our
study revealed similar results for the Xoo inoculation condition as Edf
and TT were also found to be the best reference genes while the tradi-
tional housekeeping genes 185 rRNA and UBQ5 including ARF and
¢EFI-a were among the least stable genmes. Though 185 rRNA has
probably been the most frequently used reference genes far gene ex-
pression analyses, increasing number of reports that it can have very
low expression stahility under blast infection and drought tolerance
(Bevitori et al., 2014) and in different developmental and environ-
mental conditions (Jain et al., 2000; Li et al., 2009). The present study
for twa different rice cultivars under Xoo inoculation also showed that
18S rRNA was the least stable and therefore, should anly be used as an
internal control with the highest caution. Moreover, in the report of
Wang et al. (2016), the stability of Edf and TT were found under hor-
mone treatments including salicylic acid (SA), which plays an im-
portant signaling role in the activation of various plant defense re-
sponses following pathogen attacks as highlighted in the report of
Dempsey et al. (2010). And since the expression of Edf and TI were
found to he stable under SA treatment, these findings indicate why the
expression of these twa genes under Xeo inoculation were also stable as
presented in this study.

5. Conclusion

In our study, Edf and TT were found to be the most stably expressed
among all reference genes validated, thus should be suitable internal
controls for the normalization of gene expression analysis in rice in-
oculated with Xoo. While the use of either of the two genes as internal
control is adequate for gene expression analysis, using both genes as
presented in this study, is suggested to produce more accurate and re-
liable results. Besides, due to the variability of the TAL effectors be-
tween Xovo strains, confirming the stability of these reference genes
when using a new Xoo strain would also be advisable.
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Abstract. Mahariawan IMD, Kusuma WE, Yuniarti A, Beltran MAG, Hariati AM. 2021. Application of wheat flour (Triticum aestivum)
on spore density and sporulation efficiency of Bacillus megaterium isolated from Litopenaeus vannamei gastrointestinal tract.
Biodiversitas 22: 3709-3715. Bacillus megaterium is frequently used in fish farming, such as white shrimp (Litopenaeus vannamei)
pond, which can produce spores with high stability in its implementation. Currently, spore production still requires the availability of
high-cost carbon sources. The objective of this research was to evaluate the effect of different wheat flour doses on spore density and
sporulation efficiency of B. megaterium BM1. In flasks, 50 mL of each test medium was treated with different doses of wheat (10, 20,
30 and 40 g. L%, respectively) and glucose was used as a control. Each treatment was inoculated with B. megaterium BM1 (2.6 x 108
CFU. mL) and incubated in a shaker incubator (120 rpm) at 37 ‘C for 120 hours. The results showed that the highest vegetative cell
concentration (17 x 108 CFU. mL™), growth rate (0.8 hour) and spore (14.7 x 108 spores. mL) were found in the wheat flour dose of
30 g. L. Furthermore, the highest sporulation efficiency was achieved at 20 g. L* of wheat (91.30%) and germination should be done at
a dose less than 40 g. L. The size of the spores was 1.35-1.39 pum. Thus, 30 g. L of wheat flour is a potential dose to produce spore for

probiotic candidates.

Keywords: Affordable carbon source, Bacillus megaterium, bacterial growth, spore density, sporulation efficiency

INTRODUCTION

Nowadays, the application of  aquaculture
biotechnology is one of the efforts to increase fish farming
production (Ayoola and Idowu 2008; Danish et al. 2017,
Rathore et al. 2019). Probiotics are potential biotechnology
products from living microorganisms that are mostly used
in the aquaculture industry (Sahu et al. 2008; Verma and
Gupta 2015). The advantages of probiotic bacteria in
extracellular enzyme secretion (Lee et al. 2012;
Eshaghzadeh et al. 2014) and antibacterial compound
production (Gozari et al. 2016; Prabhurajeshwar and
Chandrakanth 2019; Silva et al. 2020) are important
indicators to be continuously developed.

Bacillus is a genus of bacteria that is widely applied as
a probiotic in fish and shrimp farming (Buruiana et al.
2014; Swapna et al. 2015; Won et al. 2020). One species of
this genus that has been confirmed to have a positive
impact on successful aquatic organisms in culture is B.
megaterium (Li et al. 2009; Aftabuddin et al. 2013). This
bacterial species has the ability to sporulate (Grage et al.
2017; Stancu 2020). Some of the benefits in spore as a
probiotic candidate are surviving in acid pH at 2-2.5
(Ananthanarayanan and Dubhashi 2016), heat stability, and
storage in dry form (Cutting 2011). From these benefits,
bacteria in the form of spores show good stability when

applied as probiotics (Bader et al. 2012; Lakshmi et al.
2017).

Production of B. megaterium spores involves media
composed of various components. One of the media
components that presented an important role in initiating
the sporulation is the carbon source (Mazmira et al. 2012;
Gauvry et al. 2016; Rai and Tewari 2016). Commonly
available commercial carbon sources are glucose, lactate
(de Vries et al. 2005), and sucrose (Hassan et al. 2014)
which provide a high price. The alternative of inexpensive
carbon sources that could be used as a substrate to produce
spore comes from agro-industrial products (Khardziani et
al. 2017a). Wheat flour is an agricultural product that is
relatively cheap and easy to find. The utilization of organic
carbon from wheat flour is one way to reduce the spore
production cost. A previous study underlined that the
implementation of carbon sources with inappropriate doses
can result in less spore production (<10° spores. mL™)
(Senthilkumar et al. 2011). Thus, the use of wheat flour
dosage needs to be further evaluated to obtain the optimal
dose in producing vegetative cells and spores of B.
megaterium BM1 isolated from Gl tract of white shrimp.

Therefore, this study aimed to evaluate the effect of
different wheat flour doses on spore density and
sporulation efficiency of B. megaterium BM1.
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MATERIALS AND METHODS

Preparation of B. megaterium BM1 culture

The isolate of B. megaterium BM1 which isolated from
gastrointestinal tract of white shrimp was cultured in
Nutrient Agar (NA) with adding sodium chloride 2% (wi/v)
at 30°C for 24 hours. The re-culture of B. megaterium BM1
isolates was conducted by inoculating the bacterial colonies
that have grown on solid media using a loop needle into
Nutrient Broth (NB) media. Furthermore, the incubation of
the broth culture was in an incubator shaker (120 rpm) at
37°C for 18 hours as a stock culture.

Composition of tested media

The test media in this study consisted of wheat flour,
ammonium chloride (NH4CI) and mineral salts. The doses
of wheat flour used were 10, 20, 30 and 40 g. L%,
respectively. In contrast, the NH.Cl dose added was
adjusted to each wheat flour (T. aestivum) dose to obtain a
C:N ratio of 5:1. The composition of the test media that has
been determined was dissolved by distilled water and
enriched with several minerals such as CaCO3; 0.3 g. L%,
MgSO,. 7H,0 0.00033 g. L, MnSQ,4. H,0 0.12 g. L7,
FeSOs. 7H.0O 0.084 g. L, and CaCl,. 2H,0 0.09 g. L.
The control treatment used was glucose as a carbon source
with the same C:N ratio and minerals as the wheat flour
treatment. All of these treatments were repeated 3 times.

Cultivation condition

Fifty (50) ml of test media was put into each 100-ml-
Erlenmeyer flask according to the treatment and sterilized
using an autoclave. The stock culture of B. megaterium
BM1 was inoculated into the test medium as much as 1%
(v/v). The initial density obtained from the bacterial culture
stock was 2.6 x 108 CFU. mL™. Fermentation of all
treatments was carried out in a shaker incubator at a speed
of 120 rpm for 24 hours for the vegetative phase and was
continued to the sporulation phase for 120 hours.

Counting of vegetative cell, vegetative cell growth rate,
spore production, sporulation efficiency and spore
germination

The vegetative cells and spores were counted
microscopically with the Neubauer chamber. Shape of the
cells became a key to determine distinguish both of them.
The vegetative cells are rod-shaped and spores are round-
shaped. The special treatment was conducted before
counting spores by heating them at 80°C for 15 minutes. To
assist the calculation of vegetative cells and spores,
samples were serially diluted. The measurement of
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sporulation efficiency was carried out using the highest
spore and vegetative data in the predetermined period
which referred to the formula from Monteiro et al. (2014).
Furthermore, the ability of spores to germinate was done by
planting the spore samples onto the germination medium
(NB). Spore germination was observed in an incubation
time of 24 hours.

Spore visualization on Scanning Electron Microscopy
(SEM)

The highest spores that have been harvested from wheat
flour with the optimal dose were visualized by morphology
using a Scanning Electron Microscopy (SEM). This shape
and size of the spore from the optimal dose of wheat will
be compared to the spore that was grown in glucose media.
The spore samples were separated between the supernatant
and the pellets by centrifugation process at a rate of 1,000 x
g using 4°C of temperature in 5 minutes. Afterward, the
sample was conducted through incubation with 2.5% of
glutaraldehyde in 1.5 hours. The pellets collected from the
last stage of centrifugation were followed by gradual
dehydration. Visualization of spores was observed in SEM
TM 3,000. Spores were measured to determine the size of
the spores produced from each treatment.

Statistical analysis test

The results obtained of whole parameters in this study
were tested statistically by one-way ANOVA through
SPSS 20 software. The differences of all treatments can be
seen from DMRT Test.

RESULTS AND DISCUSSION

Vegetative cell density and growth rate of B. megaterium
BM1

All doses of wheat showed a higher vegetative cell
production than the control treatment (glucose) (Figure 1).
Even at wheat flour doses of 20, 30, and 40 g. L! indicated
that the vegetative cell density was two times greater than
the control treatment. In this study, the highest of the
vegetative cell was obtained at 30 g. L of wheat flour with
a density of 17 x 108 CFU. mL. The growth rate of the
vegetative cells of B. megaterium BM1 (Figure 2) in all
wheat flour concentrations exhibited a higher value than
that of the control treatment (glucose). The average growth
rate of B. megaterium BM1 grown on wheat flour with a
dose greater than 10 g. L™* had a value above 0.75 hour
and indicated no significant difference (p>0.05).

Table 1. Vegetative cell densities of germinated B. megaterium BM1 spores (x108 CFU. mL?)

Incubation Wheat Flour Doses (g. L)
(hour) 10 20 30 40 Control
8 3.43+0.03° 4.64+0.04°¢ 4.67+0.07¢ 2.42+0.042 2.47+0.022
16 7.65+0.13° 8.00+0.20° 8.93+0.25¢ 6.03+0.152 6.13+0.212
24 9.46+0.06° 9.97+0.21¢ 10.13+0.42¢ 8.56+0.092 8.59+0.232

Note: The different notation between the numbers indicated significant difference (p<0.05)
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Spore production of B. megaterium BM1

The emergence of spores in this study occurred at 12
hours of incubation for all wheat flour treatments.
However, in the control (glucose) treatment, spores first
appeared at 18 hours after inoculation (Figure 3). The
density of spores continues to increase in line with the
decreasing density of vegetative cells. After the initial
spores were formed, the number of spores gradually
increased up to 84 hours. For all dosages of wheat flour,
the highest spore density was reached at hour 84. In
contrast, the control treatment reached peak spore
production at hour 96. Furthermore, the spores indicated
the stationary phase until the end of the sporulation time.
The highest spore density occurred at a dose of 30 g. L* of
wheat flour with a value of 14.7 x 108 spores. mL™. This
result revealed 233% greater than that of the control
treatment (glucose). The trends as true for the vegetative
cells in all wheat flour concentrations.

Sporulation efficiency and spore germination of B.
megaterium BM1

In terms of the highest sporulation efficiency, can be
seen from Figure 4 that there is no statistical difference in
the dosage of wheat flour at 10 and 20 g. L with a value
of more than 90%.

In addition, the spores of B. megaterium BM1 that
germinated in all treatments increased within 8 hours of the
incubation period (Table. 1). The highest vegetative cell
density from germination was obtained in the treatment of
wheat at a dose of 30 g. L (10.13 x 108 CFU. mL™). These
results suggested that the spore regrowth from this dose
had a value 117% higher than that of the control treatment
(glucose).

Visualization of B. megaterium BM1 spores

Visualization of B. megaterium BM1 spores grown on
optimal media (wheat flour at a dose of 30 g. L™*) compared
to commercial media (glucose) was aimed to determine the
morphology and size of the spores obtained. The results
revealed that there were no significant differences in the
shape in each of the media tested (Figure 5). The results of
spore size in this study were grown in wheat flour at a dose
of 30 g. L't and glucose were 1.35 — 1.39 pm and glucose
1.09 — 1.47 pum) respectively.

Discussion

Microbes require a culture medium consisting of
various components to grow, one of them is a carbon
source. The results of this study recorded that the
implementation of organic carbon sources derived from
wheat flour under different doses had a significant effect on
the production of vegetative cells. The availability of
carbon as nutrition at the appropriate concentration can
affect the maximum bacterial growth in the incubation
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period (Sarudu et al. 2015; Allen and Waclaw 2018). The
distinction in time and density achieved by B. megaterium
BM1 between the wheat flour and control (glucose)
treatment was influenced by the different substrate types.
Mikkelsen et al. (2009) and Nur et al. (2015) noted that the
utilization of different carbon sources in culture media
would affect bacterial growth. Moreover, another factor of
carbon concentration in different carbon sources also
influences vegetative cell growth (Molina-Ramirez et al.
2017). The carbon source available in the environment was
absorbed by bacteria cells that function as the substrate of
metabolic tissue, then was broken down to supply amino
acids and several components that compose the cell (Wang
et al. 2019). After reaching the maximum density, the
vegetative cells of B. megaterium deceased at 12 hours or
more. This condition was caused by the availability of
nutrients in the culture media gradually decreased. In
consequence, the nutrient uptake by vegetative cells would
slow down and impacted starvation (Biselli et al. 2020).

——10 g/l of wheat flour
=0=20 g/l of wheat flour
——30 g/l of wheat flour
==40 g/l of wheat flour
=x=Control (glucose)

(=]
(=]
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Figure 1. Vegetative cell density of B. megaterium BM1 under
different doses of wheat flour

control

Y
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Figure 2. Maximum vegetative cell growth rate of B.
megaterium BM1 under different doses of wheat flour.
Mean data with different alphabets are significantly
different at a level of p<0.05).
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The maximum growth rate of vegetative cells was
directly comparable to the highest density of vegetative
cells obtained. The growth rate had different values
depending on the growth phase of the bacteria. The
bacterial growth rate actually began to decline when the
culture conditions entered the stationary phase (Hall et al.
2013). Furthermore, physiologically, there was an increase
in the size of B. subtilis cells in line with the growth rate
especially in cell length, while the width was constant
(Sauls et al. 2019). In this study, the dosage of wheat flour
presented an important indicator in influencing the growth
rate of vegetative cells. It can be seen that the doses of 30
g. L't and 40 g. L? of wheat are very close in value. The
availability of nutrients in the environment at the right dose
could modulate vegetative cells to carry out the
macronutrient absorption process in the culture medium.
Vadia and Levin (2015) explained that the nutrients
available in the culture media would be catabolized by
bacteria for biosynthetic process. Metabolites produced
through central carbon metabolism could serve as
intracellular signals that activated effector proteins in
modulating cell cycle development.

The process of vegetative transformation into spores is
known as sporulation. The difference in time of spore
formation was initiated by nutritional factors in the culture
media which began to decline after passing through the
stationary phase. The stress condition of vegetative cells
formed self-defense against nutrient depletion in the
environment. The carbon source of wheat exhibited a
higher spore density compared to the control treatment.
The utilization of wheat flour in this study showed a good
substrate for producing B. megaterium BM1 spores. Other
studies that utilize local materials such as molasses and soy
flour could produce spores at 5.90 x 10® spores. mL™*
(Salazar-Magallon et al. 2015). Apart from being
influenced by the type of carbon sources, the concentration
of the carbon sources used as a growth medium also played
important role in the expression of the capacity for spore
formation in the genus Bacillus (Khardziani et al. 2017b).

Certainly, the concentration of the various carbon
sources showed a different number of spores obtained. For
instance, the results of this study explained that the highest
dosage of wheat flour (40 g/L) resulted in a lower spore
production of B. megaterium BM1 than the doses of 30 g.
L and 20 g. L. This result was in line with the research
by Posada-Uribe et al. (2015) who showed that the use of a
carbon dose (2 g. L) could produce spores of 5.1 x 108
CFU. mL* while at a carbon dose (>11 g. L) did not
generate spores of B. subtilis. Jackson and Bothast (1990)
stated that giving high carbon concentration up to 40.8 g. L
Linhibited sporulation. According to Kang et al. (1992), at
200 g. L of carbon, the bacteria unable to generate the
spores. In terms of the results of this study, the application
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of lower (10 g. L) and higher (40 g. L) concentrations of
wheat were revealed at the same time resulted in close
spore production values. This condition was suspected by
the uptake of available nutrients by bacteria at different
carbon concentrations. At the lowest carbon dose, it has not
been able to provide high vegetative cells density that
would be spore candidates. In addition, the administration
of the highest carbon dose also impacted the sporulation.
The implementation of high glucose levels could inhibit the
sporulation by repressing the spoOA gene transcription
(Monteiro et al. 2005). The inhibition of the sporulation
was known as the pathway of carbon metabolism (Gauvry
et al. 2016). Thus, the carbon concentration should be
employed in optimal conditions. In consequence, the
environment did not experience a shortage or excess carbon
source that could prevent the number of spore production.
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Figure 3. Spore production of B. megaterium BM1 under
different doses of wheat flour
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Figure 4. Sporulation efficiency of B. megaterium BM1 under
different doses of wheat flour. Mean data with different alphabets
are significantly different at a level of p<0.05).
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Sporulation efficiency at doses of flour more than 20 g.
L showed a decreasing value. Even the highest dose of
wheat (40 g. LY) showed a lower sporulation efficiency
than the control treatment. This condition explained that
the high production of vegetative cells and spores was not
supported by the high sporulation efficiency obtained.
Sporulation efficiency could be achieved with a high
percentage when supported by spore availability
(Stojanovi¢ et al. 2019) and high growth rates (Carvalho et
al. 2010). Several factors that influence spore production in
increasing efficiency were carbon, nitrogen, and other
macronutrients. The carbon and nitrogen sources played an
important role in metabolic synthesis by bacteria to initiate
sporulation (Anderson and Jayaraman, 2003). The highest
sporulation efficiency of B. megaterium BML1 in this study
had a value of 15% greater than the sporulation efficiency
of B. subtilis AWS133 grown on DSM media that
researched by Serio et al. (2006). In addition, the
concentration of carbon sources (glucose) of 0.8-2 g. L in
the culture media resulted in the sporulation efficiency of
B. subtilis at 50-90% (Posada-Uribe et al. 2015). Hence, it
could be concluded that the sporulation efficiency really
depended on the Bacillus strain used and the nutritional
components in the culture media (Roy et al. 2015).

In general, the higher the carbon doses given, the higher
the vegetative cell production obtained. On the other hand,
in this study, the dose of wheat flour at 30 g. L exhibited a
bacterial density higher than at the dose of 40 g. L. This
condition explained that the high dose of wheat as a carbon
source impacted vegetative cells that could not absorb the
total of carbon available in culture media optimally. In line
with these results, Thomas et al. (2014) also revealed that
bacterial growth on excess carbon sources could reduce the
survival of S. aureus when it entered the stationary phase.
Moreover, the availability of excess carbon in bacteria
caused metabolic stress which can inhibit bacterial growth
(Zhang et al. 2020). Interestingly, excess carbon (glucose)
levels not only inhibited the respiration process but also
encouraged the transfer of electron to alternate acceptors
(Thomas et al. 2014).

The number of spores germinated into vegetative cells
showed that wheat flour with a dose of less than 40 g. L
was the best treatment. If the dose of wheat flour given was
more than that, it would show lower germination than the
control treatment. Germination is a process of returning
spores to vegetative cells induced by the availability of new
nutrients (carbon, protein, and nucleosides) (Setlow 2003;
Krawczyk et al. 2017). Apart from being influenced by
nutrient availability, the germination process was also
initiated by the presence of non-nutritional factors such as
Ca**-DPA, cationic surfactants, salts, and lysozymes
(Setlow 2003). The occurrence of spore germination
through releasing of DPA depended on the degradation of
the spore cortex layer (Francis and Sorg 2016). Some of the
variable conditions that affected sporulation were
nutritional composition, temperature, spore preparation
method, salt concentration, and oxygen availability
(Bressuire-Isoard et al. 2018). Thus, the results showed that
the spore quality from different doses of wheat flour at the
time of sporulation led to differences in the density of
vegetative cells from the germinated spores.

The spore size in this study had a larger size than the
size of B. subtilis spores (0.8 to 1.2 um) studied by Ricca
and Cutting (2003). The difference in size can be caused by
the different Bacillus species used. In addition, the cause of
differences in spore size can be tested by sequencing
analysis and gene expression of the strains used (Carrera et
al. 2007). Although not many studies have shown the effect
of differences in spore size and structure on the quality of
Bacillus spores, this study showed that lower spore size
grown in wheat flour at a dose of 30 g. L™ resulted in a
higher spore count than glucose.

In conclusion, the application of wheat flour can be a
potential carbon source to produce B. megaterium BM1
spores with the highest production at the dosage of 30 g. L
Land sporulation efficiency established less than 40 g. L.
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Abstract. Bacillus megaterium is a spore forming bacteria that is mostly used as a probiotic in
aquaculture. Spore formation for probiotic production using carbon source is costly. This
research evaluated the effect of different carbon doses of tapioca (Manihot esculenta) flour on
vegetative cells, spore production, sporulation efficiency and spore germination of B.
megaterium. Experiments were carried out in Aquaculture Laboratory, University of
Brawijaya. In flasks, 50 ml of growth media were used and were inoculated with 1% of B.
megaterium (2.6 x 108 cells/ml). The cultures were mixed (120 rpm) and incubated at 37 °C for
120 hours with 4 different treatments of carbon doses (5, 10, 15 and 20 g/L, respectively). The
results showed that the highest vegetative cells (8.4 x 107 cell/ml) and spore production (4.1 x
107 spore/ml) of B. megaterium were found at 15 g/L carbon dose. However, it was not
followed by high sporulation efficiency (only 49.01%). The high spore germination was
observed in more than 5 g/L carbon dose. Thus, 5-15 g/L carbon doses of tapioca flour could
positively enhance vegetative cells, spore production, sporulation efficiency and spore
germination of B. megaterium and could be used as a potential source of probiotics in
aquaculture.

1. Introduction

Bacillus is a genus that commonly used as a probiotic in the aquaculture industry [1,2]. Several
advantages of using it for the aquatic animal are supporting digestive fish function through an essential
enzyme production [3], reducing ammonia and nitrite concentration [4] and improving immune system
and health status of fish [S]. On the other hand, in aquaculture practice, there are some problems of
probiotic in the vegetative cell such as inactivated bacteria in an acid environment (stomach) [6] and
stressed in limited of nutrition [7]. The impact of this case is bacterial cell damage [8] consequently it
will not work optimally in the digestive tract of an organism. One of the solutions to repair the
problems is by using spore bacillus as probiotic [9]. The spore is dormant, resistant to lack of nutrition,
heat temperature and organic chemicals [10,11]. The spores can survive in a long time even hundreds
of years [12]. One of Bacillus species that produce spore is B. megaterium which has exosporium as a
special characteristic in the outer membrane [13].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Production of B. megaterium spore requires medium that consisted of carbon source. Glucose and
lactate as commonly commercial carbon source but they have costly [14,15]. Alternative carbon
source that could be used in medium to produce spore comes from local farming product such as
tubers and beans. Tapioca (Manihot esculenta) flour is a carbon source with the composition of
organic carbon more than 40% based on experimental study (data unpublished). In Indonesia, tapioca
flour is cheap, easily found and contained high carbon content. Development of low-cost medium is
needed to reduce the cost of spore production which can be used as a probiotic in fish farming. Thus,
this study evaluated the effect of different carbon levels of tapioca flour on vegetative cells, spore
production, sporulation efficiency and spore germination of B. megaterium.

2. Materials and methods

2.1 Strain of bacteria

B. megaterium used in this study was isolated from shrimp pond in Tuban East Java which had
confirmed by molecular analysis 16STRNA.

2.2 Culture Media

Tapioca flour was used as the carbon source and ammonium chloride (NH4Cl) served as nitrogen
source. The doses of the carbon were divided by four treatments (5, 10, 15 and 20 grams per liter of
distilled water (Aquadest®), respectively), while the nitrogen doses were adjusted to the carbon doses
to achieve C:N ratio 5:1. Culture media consisted of tapioca flour and ammonium chloride based on
treatments were dissolved with Aquadest® and enhanced with some minerals such as CaCOs (0.3 g),
MgSO0;4 (0.00033), MnSO4 (0.12 g), FeSO4. (0.084 g), CaCl, (0.09 g) [16], with little modifications.
All treatments were replicated three times.

2.3 Inoculum preparation

Bacteria from the frozen stock were inoculated by a loop needle to a 100 mL shake flask containing 20
mL of nutrient broth as an inoculum medium. The culture was incubated in rotary shaker at 37 °C and
120 rpm for 18 hours. Bacterial cells were counted as an initial density that would be the stock culture.

2.4 Cultivation condition

The research used 100-ml-erlenmeyer flasks with 50 ml medium and were inoculated 1% (v/v) stock
culture of B. megaterium (2.6 x 10% cells. ml™') in each flask. The culture conditions were similar to
inoculum preparation in rotary shaker (at 37 °C, 120 rpm) for 24 hours of vegetative cells and
continued to 120 hours for sporulation. In continuum, the spore germinations were carried out in the
100-ml-erlenmeyer flasks with 50 ml nutrient broth medium and were inoculated for high spore
production in all treatments. The desired density of spore germination in each of treatments was 10°
cfu/ml.

2.5 Determination of vegetative cells, spore count, sporulation efficiency and spore germination
Characteristics of vegetative cells and spore were observed and determined by their shapes. Vegetative
cell has a rod-shaped and spore has a circle one. They were diluted with Aquadest® for sterilization to
simplify counting before counting in the Neubauer chamber. Sporulation efficiency (%) was
determined based on the ratio of maximum spore production and vegetative cells [17]. Spore
germination was calculated by the number of spores that have changed to the vegetative cell.

2.6 Statistical analysis
All data were analyzed by one-way ANOVA in statistical software. The differences of all treatments
were tested using Duncan’s Multiple Range Test (P<0.05).

3. Result and discussion
3.1 Vegetative Cells of B. megaterium
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Vegetative cells production of B. megaterium cultured at different carbon (tapioca flour) levels are
presented in Figure 1.

The highest vegetative cells were obtained at carbon dose 15 g/ with a density of 8.4 x 107
cells/ml. Overall, result shows that the higher carbon doses, the higher vegetative cells produced.
However, at 20 g/L carbon dose, the peak of production was reached of vegetative cells and were
found lower than carbon dose 15 g/L. This condition is caused by the amount of carbon available in
the environment exceeds the limits of the bacterial ability to use carbon as a nutrient that supports their
lives. In giving too much carbon, the bacteria could not utilize and absorb all the carbon available
optimally, although incubation time before 10 hours has the highest density when given 20 g/L carbon
doses. Carbon is a limiting factor for bacterial growth [18,19]. The main principle of carbon as a
limiting factor occurs when the bacterial growth rate increases with an increasing C/N ratio [20].
Excessive of acetate concentration as the carbon source in the environment causes unbalanced carbon
metabolism, therefore, it can inhibit the bacterial cellular growth [21].
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Figure 1. Time Series of vegetative cells production of B. megaterium under different carbon doses of
tapioca flour (A: 5 g/L; m:10g/L; @ :15 g/L; ¢ :20 g/L)

In all treatments, the highest vegetative cell was found at the incubation time of 10 hours, then the
stationary phase occurred until the 12 hours. Afterwards, a phase of decreased vegetative cells
occurred until 24 hours of incubation time. Vegetative cells decline is caused by the longer incubation
time affect the availability of the nutrients in the culture media decreases. Nutrients derived from
carbon source (tapioca flour) and nitrogen source (ammonium chloride) are used as food sources for
the lives of these bacteria. Bacteria require carbon as constituents of cells and energy source while the
nitrogen as the main element in amino acids and protein [22]. Decreasing of vegetative cells is
influenced by inappropriate culture media such as lack of nutrients, pH, oxygen and temperature [23].
Apart from cell death, this research reveals that a declining vegetative cell population is also indicated

by the formation of Bacillus spores to survive in the environmental conditions that are less supportive
of life.

3.2 Spore production of B. megaterium
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Spore-forming bacteria can change themselves from vegetative cells to spores when an unfavourable
environmental condition (nutrients decline) [24]. The production of B. megaterium spores in the
culture media with different carbon doses are presented in Figure 2.

B. megaterium spore initially appeared 14 hours of incubation in almost all treatments of carbon
doses of tapioca flour. The beginning of the spore formation was after the growth of vegetative cell of
B. megaterium reached a peak. Initial spores continued to increase in line with a decrease of vegetative
cell density [25]. At 14 - 24 hours of incubation, the spores in all treatments increased gradually and
reached a stationary phase at 120 hours. The highest spore production was with dose level of 15 g/L
dose (4.1 x 107 spore/ml) and showed almost similar results when given lower dose of 5-10 g/L carbon
dose. On the other hand, 20 g/L carbon dose showed a lower number of spores compared to other
treatments (3.5 x 107 spore/ml).
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Figure 2. Time series of spores production of B. megaterium under different carbon doses of tapioca
flour (A:Sg/L;m:10g/L; ®@:15g/L; ¢:20g/L)

The high vegetative cell was not an indicator of the high spore production. Given a carbon dose of
15 g/L, the vegetative cells count was 8.4 x 107 cell/ml but the spore production was recorded only at
4.1 x 107 spore/ml. Increasing amount of carbon doses affects the amount of carbon available in the
culture media that impacted to bacterial lives. Other studies concurred with the recent result that the
higher carbon doses given, the lower the spores produced. Glucose concentration as a carbon source
showed that glucose with a dose of 3.5 g/L produces 4.3 x 10° spores/ml. Contrastingly, a dose of 20
g/L carbon produced 3.4 x 10° spores/ml. This condition inhibited the induction of several enzymes
involved in the sporulation process [26]. Likewise, Trichoderma harzianum when given carbon
source (glucose) 30 g/L, smaller spores count was recorded at 1.6 x 10° spore [27]. This case
indicated that the dose of carbon depends on bacterial strain and carbon source that used in spore
production.

3.3 Sporulation efficiency of B. megaterium
Sporulation efficiency is the percentage maximum vegetative cell that converts the highest spore
production [17]. The sporulation efficiency of B. megaterium was seen in Figure 3.

The sporulation efficiency of B. megaterium was affected by carbon dose of tapioca flour. The
highest of sporulation efficiency of B. megaterium was showed in the media with the carbon dose of 5
g/L with 80.97% sporulation efficiency. However, results showed no significant differences when
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given with a higher dose of 15 and 20 g/L carbon levels. The high counts of vegetative cells and
spores did not follow a high sporulation efficiency. Increasing the sporulation efficiency of B.
coagulans can be expected through the addition of carbohydrates, mineral salts, pH in culture media
[28]. In addition, the concentration of glucose as a carbon source should be reduced because it can
decrease the results of sporulation efficiency [17]. In fact, the usage of low glucose content (2.0 g/L)
increases spore production between 0.51 x 10° cfu/ml and 1.87 x 10° cfu/ml with sporulation
efficiency 50.7% and 93.2%, respectively [29]. Another carbon source (acetate) only requires < 0.04%
to increase the sporulation efficiency of Saccharomyces cerevisiae [30]. The results shown by some of
these researches indicated that each carbon source has an optimal dose to achieve the highest
sporulation efficiency.
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Figure 3. Sporulation efficiency of B. megaterium under different carbon doses of tapioca flour

3.4 Germination of B. megaterium
Germination process is the proliferation of spore to vegetative cell when the environmental supporting
condition ensues [31]. The spore germination of B. megaterium was presented in Figure 4.
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Figure 4. Time series of spore germination of B. megaterium under different carbon doses of tapioca
flour (A:5g/L; m:10g/L; ®:15g/L; 4:20 g/L)

In this study, the spore germination of B. megaterium was recorded at five (5) hours since there
was no significant difference between the different treatment means. The highest vegetative cell from
spore germination was found more than 5 g/L of carbon dose. The entire treatments achieved 100%
spore germination before 0.5 hours in the nutrient broth medium due to the presence of new nutrients
that stimulated bacteria cell division. Other reasons from some studies showed that spore germination
influenced by the heat activation of spore. The percentage spore germination reached 100% after 0.5
hours when heat activation of spore at 65 °C [32] different to this study did not use heat activation.
Another study showed that B. subtilis produce lower spore germination at 52.9%, than when spore was
not heated treatment with 94% spore germination rate [31]. The difference of this germination
percentage was influenced by concentration, density of spore, incubation temperature, heat activation
and oxygen [33].

4. Conclusion

Carbon doses of tapioca flour affected the vegetative cells, spore production, sporulation efficiency
and germination of B. megaterium. The highest vegetative cells (8.4 x 107 cell/ml) and spore
production (4.1 x 107 spore/ml) of B. megaterium were found in the carbon dose of 15 g/L with
sporulation efficiency 49.01%. The spore germination optimally was observed in more than 5 g/L of
carbon dose.
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