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Real-time electrochemical measurement of N-
acetyl-3-D-glucosaminidase activity, using
redox-tagged N-acetyl-3-D-glucosaminide
hydrolysis as proof-of-principle
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|. Introduction

HE N-acetyl-f-D-glucosaminidases (GlcNAcases) are

members of the GH20/EC 3.2,1 family of glycoside
hydrolases, which catalyze the hydrolytic release of terminal N-
acetyl-D-hexosamine  residues  from  N-acetyl-§-D-
hexosaminides and are key players in the chitin utilization
pathways of various microbes [1,2]. Marine bacteria in
commensal growth with crustaceans of all sorts have, for
instance, the ability to generate fragments of
chitooligosaccharides adjacent to their cell walls, through the
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action of secreted chitinases {3-5). After hydrolytic chitin
breakdown a heterogeneous mixture of chitooligosaccharides
enters the bacterial periplasm through specific chitosugar
uptake channels (‘chitoporins’) [6-9]. After further degradation
to monomers by periplasmic GlcNAcase and transport through
the inner membrane, N-acetylglucosamine (GlcNAc) then
serves as a source of carbon, nitrogen and energy, through its
metabolism in the cytoplasm. Although endogenous chitin is
absent from the human body and there is therefore no explicit
need for chitin/chitosugar degradation, human GlcNAcases
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Effects of Jerusalem artichoke-rich inulin prebiotic
mixed in milk replacer on faecal score of newborn
goats
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Abstract

This study was to conduct the effects of dietary inulin from Jerusalem artichoke in milk replacer of
kid dairy goats. Twenty newborn Saanen kids goats were sorted by parity of their dams and multiple
birth (twin or triplet) and assigned to the five groups (There are five dietary treatments as follows:
Treatment 1: Goat milk, Treatment 2: 0% inulin in milk replacer, Treatment 3: 0.1% inulin in milk
replacer, Treatment 4: 0.2% inulin in milk replacer and Treatment 5: 0.3% inulin in milk replacer)
at birth. Each group in 4 replicates. All kids were fed with colostrum for the first 7 days after birth,
and then each kid in treatment 3, 4, 5 were supplemented with 0.1 %, 0.2 % and 0.3 inulin on day 8
to 90, respectively. The results showed that faecal score was different (P <0.05) in groups. There
were differences in faecal score on days 7 to 56 (P <0.05). Kid goats fed with inulin from Jerusalem
artichoke are improved in faecal health. Whereas no difference in faecal score on days 70 to 90 (P
>0.05) was detected in groups.

Keywords: inulin, Jerusalem artichoke, faecal score, newborn goats

1. Introduction

Currently, the farmers in turn to dairy goats farming are very serious. The goat milks the
benefits similar to breast milk. Also, it’s maintained allergies and substitute dairy milk for babies
who are allergic to dairy milk. Then, the goat milk is very expensive. But in farming of dairy goats
is especially problematic in the young goats has been a less level of immunity (Liang and
Paengkoum, 2019). Which causes such as diarrhea diseases in goat or dairy goats during lactation
may be a low immunity level. This is the problem of critical importance to the dairy goats farming
are enormous. Because it will decreases production. The research this should help reduce such
problems occurred with dairy goats as well. Triyakun and Paengkoum, 2013). Moreover, Jerusalem
artichoke has shown to increase Bifidobacteria and lactobacilli concentration in the intestinal tract
and decrease pathogens such as, clostridium and Escherichia coli (Tian et al., 20 19a; Thongruang
et al., 2019). In the event that utilization prebiotic with probiotic or we call symbiotic, the probiotic
will flourish than include probiotic since they are sub serve together. Furthermore, more probiotic
go to intestinal (Tian et al., 20 19b; Thongruang et al., 2018). The previous study (Bhutarit et al.,
2019) showed that the term synbiotic is used when a product contains both probiotics and prebiotics.
These results shows that synbiotic in creep feed is beneficial to hematological attributes of goat kids,
resulting in improved production performance and fecal score.

Jerusalem artichoke (Helianthus tuberosus L.) is an herbaceous plant, eaten at its bulb. The
bulb of Jerusalem artichoke has important ingredients, i.e. inulin, fructo-oligosaccharide (FOS),
protein, fiber, calcium and phosphorus. Jerusalem artichoke can be adapted to growing condition in
Thailand and tend to increase planting for both of human diet and also by-products or co-products
for animals. Jerusalem artichoke contains 15-20% inulin and FOS. It is considered as prebiotics
which have been proposed to improve health by stimulation of beneficial bacteria in the intestine of
humans and animals. Inulin is carbohydrate in the form of fructan; it is fiber source which is not

108 office@multidisciplinarywulfenia.org
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digested in digestive system (stomach and intestine) in single stomach animal or human. Therefore,
inulin will fall into colon and is benefit to body growth due to an increase in number of health benefit
microorganisms, such as Lactobacillus and Bifidobacteria (Younes et al., 1995; Raksasiri et al.
2018).

A lot of studies have been conducted to investigate the effects of prebiotics on intestinal
microbial populations, digestive and systemic health, immune function and growth performance in
non-ruminant. Therefore in ruminant animals (cattle, buffalo, goat, sheep, deer), some of
microorganisms in the rumen can digest inulin, thereafter the efficiency of inulin in digestive system
decreases. However, there is no information on the effects of supplemental inulin and other prebiotic
compounds in the ruminant. The objectives of this study are to investigate the effects of feeding
inulin in milk replacer on faecal score as a health parameter and the incidence of diarrhea.

2. Materials and methods

2.1 Jerusalem artichoke

Jerusalem artichoke were obtained from Phetchabun Research Station, Agro-Ecological
System Research and Development Institute, Kasetsart University, Thailand. And Analysis of the
inulin by modified method based on AOAC (1990) method 997.08 using high temperature gas
chromatography, Food and Nutriton Technical Services, Institute of Nutrition, Mahidol University,
Salaya, Phuttamonthon, NakhonPathom 73170, Thailand.

2.2 Animals and experimental design

Twenty newborn crossbred Saanen goats used into a randomly assigned in complete
randomized design (CRD) with four replications per treatment. The goat kept in individual pens at
7 day after birth. The goats were divided into five treatment groups. The experiment was conducted
for 90 days. There are five dietary treatments as follows: Treatment 1: Goat milk, Treatment 2: 0%
inulin in milk replacer , Treatment 3: 0.1% inulin in milk replacer, Treatment 4: 0.2% inulin in milk
replacer and Treatment 5: 0.3% inulin in milk replacer.

2.3 Management of feeding

All goat kids were fed colostrum for the first 7 days after birth. And then the goat kid were
housed in individual pens. The goats kid were fed a basal diet containing pangola grass (Digitaria
eriantha) hay and pelleted concentrate supplemented with minerals and vitamins. Feeding
management during experimental period of pelleted starter concentrate and hay are presented in
Table 1 during the suckling period, kids were closely monitored to ensure sufficient sucking.
Uniform feeding and management standards were applied in both groups. The diet formulated to
meet nutrient requirements for maintenance and 1.5% daily weight gain was offered twice daily at
08.00 and 16.00 hrs. Animals had free access to water and kept in individual pens.

Table 1 Feeding management during experimental period

Age (days) Milk (L) Concentrate / day Roughage /day
7-30 0.7-1 - -
31-60 1.5 1.5 % bodyweight Unlimited
61-90 0.5 1.5 % bodyweight Unlimited

The kids in treatment 3, 4 and 5 were adapted to inulin supplementation by an increased
dosage from days 7 to 90. Each kid in was supplemented with 0.1 %, 0.2 % and 0.3 % inulin on
treatment 3, 4 and 5 respectively, whereas the kids in treatment 1 was supplemented with Goat milk
and treatment 2 was supplemented with milk replacer did not receive inulin. Inulin dissolved mix in
milk replacer was to the kids via the suckling.
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Abstract

Supplementation of prebiotic (inulin) from Jerusalem artichoke on
haematological traits in kids dairy goats. Twenty newborn Saanen kids were sorted by
parity of their dams and multiple birth (twin or triplet) and assigned to the five groups.
The five dietary treatments as follows: T1 (control): normal goat milk, T2: 0% inulin
in milk replacer, T3: 0.1% inulin in milk replacer, T4: 0.2% inulin in milk replacer and
T5:0.3% inulin in milk replacer). All kid goats were fed with colostrum for the first 7
days after birth, and then each kid in treatment 3, 4, 5 were supplemented with 0.1 %,
0.2 % and 0.3 inulin on day 8 to 90, respectively. The results showed that total red
blood cell, total white blood cell and hematocrits value were similar for all treatments.
There were no differences (P >0.05) in total red blood cell, total white blood cell and
haematocrit value in groups. The results of our study suggested that daily dose (0.3 %)
of inulin might not be enough to observe effects of it.

Keywords: inulin, Jerusalem artichoke, hematological traits, goat kid

Introduction

Jerusalem artichoke (Helianthus tuberosus, L.) is an herbaceous plant, eaten at
its bulb. The bulb of Jerusalem artichoke has important ingredients, i.e. inulin, fructo-
oligosaccharide (FOS), protein, fiber, calcium and phosphorus. Jerusalem artichoke
can be adapted to growing condition in Thailand and tend to increase planting for both
of human diet and also by-products or co-products for animals. Jerusalem artichoke
contains 15-20% inulin and FOS. It is considered as prebiotics which have been
proposed to improve health by stimulation of beneficial bacteria in the intestine of
humans and animals. Inulin is carbohydrate in the form of fructan; it is fiber source
which is not digested in digestive system (stomach and intestine) in single stomach
animal or human. Therefore, inulin will fall into colon and is benefit to body growth
due to an increase in number of health benefit microorganisms, such as Lactobacillus
and Bifidobacteria (Younes et al., 1995; Kaur and Gupta, 2002; Raksasiri et al., 2020).
Inulin is a natural f-(2-1)-linked fructo-oligosaccharide with up to 60 units common
in plants used in the Western diet (Van Loo et al., 1995). It has been show to lead to a
shift in the intestinal bacteria flora toward more beneficial Bifidobacterium (Gibson et
al., 1995), to stimulate the immune system (Schley and Field, 2002; Tian et al., 2019a;
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Thongruang et al., 2018). In addition, it was shown to enhance growth performance of
livestock (Petlum et al., 2019; Liang and Paengkoum, 2019). Furthermore, more
probiotic go to intestinal (Tian et al., 2019b; Tiengtam et al.,2015). The previous study
(Raksasiri ef al., 2019; Raksasiri et al., 2018) showed that the term synbiotic is used
when a product contains both probiotics and prebiotics.

The digestive system of the young goat is very similar to that of the pig, human
or preruminant. During these first stages of milk feeding, the abomasum (true stomach)
and small intestine play a relatively important role with respect to digestion and
nutrition. In young goats, and other young ruminants, the suckling reflex triggers the
esophageal groove to close so that milk bypasses the rumen and flows directly in to
the abomasum where clotting and some digestion occurs. Milk protein is rapidly
digested in the small intestine, as is lactose. If the esophageal groove does not close,
for whatever reason, then milk goes into the rumen where it 'ferments', allowing
digestive upsets to become problems (Anita O'Brien., 1998).

A lot of studies have been conducted to investigate the effects of prebiotics on
intestinal microbial populations, digestive and systemic health, immune function and
growth performance in non-ruminant. Therefore in ruminant animals (cattle, buffalo,
goat, sheep, deer), some of microorganisms in the rumen can digest inulin, thereafter
the efficiency of inulin in digestive system decreases. However, there is no information
on the effects of supplemental inulin and other prebiotic compounds in the ruminant.
The objectives of this study are to investigate the effects of feeding inulin in milk
replacer on traits,

Materials and methods

Jerusalem artichoke were obtained from Phetchabun Research Station, Agro-
Ecological System Research and Development Institute, Kasetsart University,
Thailand. And Analysis of the Inulin by Modified method based on standard method
997.08 (AOAC, 2005) using high temperature gas chromatography (from Food and
Nutriton Technical Services, Institute of Nutrition, Mahidol University, Salaya,
Phuttamonthon, NakhonPathom 73170, Thailand).

Twenty newborn crossbred Saanen goats used into a randomly assigned in
complete randomized design (CRD) with four replications per treatment. The goat kept
in individual pens at 7 day after birth. The goats were divided into five treatment
groups. The experiment was conducted for 90 days. There are five dietary treatments
as follows: Treatment 1: Goat milk, Treatment 2: 0% inulin in milk replacer ,
Treatment 3: 0.1% inulin in milk replacer, Treatment 4: 0.2% inulin in milk replacer
and Treatment 5: 0.3% inulin in milk replacer.

All goat kids were fed colostrum for the first 7 days after birth. And then the
goat kid were housed in individual pens. The goats kid were fed a basal diet containing
pangola grass (Digitaria eriantha) hay and pelleted concentrate supplemented with
minerals and vitamins. Feeding management during experimental period of pelleted
starter concentrate and hay are presented in Table 4.1 during the suckling period, kids
were closely monitored to ensure sufficient sucking. Uniform feeding and
management standards were applied in both groups. The diet formulated to meet
nutrient requirements for maintenance and 1.5% daily weight gain was offered twice
daily at 08.00 and 16.00 hrs. Animals had free access to water and kept in individual
pens.
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Performance in Weaned Piglets
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Abstract

This study produced neem (4zadirachta indica) wood vinegar and explored its chemical compositions
in laboratory by gas chromatography—mass spectrometry (GC-MS), its effects on antibacterial activities by 1)
agar disc diffusion method, 2) broth microdilution method and 3) scanning electron microscopy, and its effects
on growth performance in weaned piglets. The GC-MS analysis showed the presence of acetic acid (24.8%) and
phenol, 2,6-dimethoxy (15.3%) as major bioactive compounds of neem wood vinegar which exhibited broad
spectrum of antibacterial activities with MIC value ranging from 1.25 to 5 % v/v and MBC value from 2.5 to
10 %v/v. The scanning electron micrographs observation showed that neem wood vinegar inhibited bacterial
cell division. The feed conversion ratio with piglets treated with neem wood vinegar was not different to those
received antibiotics. The study of intestinal morphology revealed that neem wood vinegar trended to increase
the ratio of villus height to crypth depth in jejunum and ileum of piglets which was similar to those received
antibiotics. This was consistent with the study of scanning electron micrographs. The finding illustrated that
neem wood vinegar has antibacterial activities and may be substituted as an alternative use for antibiotics in

weaned piglets farm.
Keywords: Wood vinegar, Neem, Antibacterial activities, Growth performance, Weaned piglets
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Abstract
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ABSTRACT The genome sequence of Rhodotorula paludigena strain CM33, an ole-
aginous yeast isolated from castor bean (Ricinus sp.) in Thailand, is reported here.
Genome sequencing and assembly yielded 20,657,327 bases with a 64.3% G-+C
content.

he nonrenewable nature of fossil fuels has stimulated efforts to find new means of
. production of non-petroleum-based fuels. Oleaginous yeasts display several advan-
tages over microalgae, fungi, and bacteria. Some genera, such as Lipomyces spp.,
Rhodosporidium spp., and Rhodotorula spp., are able to accumulate lipid up to 70% of
dry cell weight (DCW) (1). Their fatty acid profiles are also similar to those of plants. The
red yeast Rhodotorula is of interest to the field of applied bioprocessing due to the
significant accumulation of fatty acid in the form of triglycerides, which are useful
precursors for fatty acid-based biofuels (2, 3). To increase the amount of genomic
information and its potential to produce bioenergy from microbial systems, we report
here the genome sequence of Rhodotorula paludigena strain CM33.

CM33 was isolated from castor beans that were ground and resuspended in 2 ml
sterilized deionized (DI) water. Bacterial cell contamination was eliminated by lysis with
200 pl of 10 mg/ml lysozyme, and then dilutions were spread and grown under
standard laboratory conditions on yeast extract-peptone-dextrose (YPD) agar (10 g/liter
yeast extract, 20 g/liter peptone, 20 g/liter glucose, and 15 g/liter agar) containing
50 wg/ml chloramphenicol (4). Plates were incubated at 30°C for 3 days until colonies
were visible. Yeast morphology was observed under a light microscope, and then
colonies were restreaked on YPD agar to isolate single colonies. Species identification
was performed by sequencing the internal transcribed spacer 5.85 (ITS-5.85) and

; ; Citation Gosalawit C, Imsoonthorriruksa S,
dorTwalns 1 and 2 (D1 and D2) of the 265 rDNA regions of CM33. To generate these 2 Udlormel . Keticlataime M, 2020/ Genorne
regions, its genomic DNA (gDNA) was extracted with a DNeasy blood and tissue kit sequence of the oleaginous yeast Rhodotorula
(Qiagen, USA) and used as a template. Primers ITS1_F (5'-TCCGTAGGTGAACCTGCGG-3') DG’?d@II@”U;“ai” CM33, Dolie”“a' strain for

' i ¢ biofuel production. Microbiol Resour Announc
and ITS4_R (5'-TCCTCCGCTTATTGATATGC-3") were used for ITS-5.85 rDNA region am- 9:000286-20, https//dol.org/10.1128/MRA
plification, while NL1_F (5'-GCATATCAATAAGCGGAGGAAAAG-3') and NL4_R (5'-GGTC 00286-20.
CGTGTTTCAAGACGG-3') (5) were used for D1/D2 of 26S rDNA region amplification, The Editor Antonis Rokas, Vanderbilt University
two fragments were cloned into pTG19-T cloning plasmid (Vivantis, Malaysia) and then Copyright © 2020 Gosalawit et al. This is an
sequenced by Macrogen, Inc. (South Korea). The ITS-5.85 (GenBank accession number N ARl

) . of the Creative Commons Attribution 4.0
MT279493) and D1/D2 265 (MT279506) sequences from strain CM33 displayed 99.8% Interhational licanse.
identity with those of Rhodotorula paludigena (LC190825.1 and KY109146.1, respec- Address correspondence to Mariena Ketudat-
tively) in a BLAST search against the NCBI database. Phylogenetic analysis revealed that Gairns, ketudat@sutacth.
CM33 was grouped in the same cluster as Rhodotorula paludigena (Fig. 1). 2?;‘2:"’::3 '175”:'\a:§]“‘25(2’(2)0
|
The gDNA of CM33 was extracted from a 5-ml YPD overnight culture using the pub|§hed7M:y2020

Wizard kit (Promega, USA) following the manufacturer’s protocols. The gDNA was
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CM33

FJ743628.1 Rhodotorula paludigena ATT261

AB986546.1 Rhodotorula paludigena 22A-9
100

MF377375.1 Rhodotorula paludigena TLF1-1

KY108145.1 Rhodotorula paludigena CBS:5016

KY108143.1 Rhodotorula paludigena CBS:6567

NG 059770.1 Rhodotorula ngohengohe ICMP 22106

KJ507281.1 Rhodotorula glutinis HB44-1

47 —— MN782348.1 Rhodotorula kratochvilovae CHE-15P

43
NG 058387.1 Rhodotorula araucariae CBS 6031

U76963.1 Pichia pastoris

100

KF141702.1 Saccharomyces cerevisiae

FIG. 1 Phylogenetic tree based on D1/D2 265 rDNA sequences displaying phylogenetic relationships between strain CM33
and other members of the genus Rhodotorula. The phylogenetic tree was calculated with the maximum fikelihood method
with 1,000 bootstrap replicates and the Kimura 2-parameter model (8) using MEGA X software (9).

quantified using a Qubit assay with a high-sensitivity kit (Life Technologies, USA). The
libraries were constructed using the NEBNext DNA library prep master mix kit for
lllumina (New England Biolabs, Inc.,, USA). The DNA was sequenced on an lllumina
HiSeq 2000 platform using 2 X 150-bp paired-end reads at Novogene Bioinformatics
Technology Co. Ltd. (Hong Kong), leading to the generation of 29,333,333 paired-end
reads. Prior to the de novo assembly, paired-end reads with low-quality (Q value of <38)
nucleotides exceeding 40 bp, N-nucleotides exceeding 10bp, and reads with an
adapter overlap exceeding 15bp were removed from the raw data. After adapter
filtering and quality trimming, de novo assembly of high-quality clean reads was
performed with SOAPdenovo v2.04 (6, 7). For all software, default parameter values
were used unless otherwise stated. The genome size was 20,657,327 bp, and it had a
G+C content of 64.3%. There were 82 contigs with an N, value of 371,695 bp, an Ny,
value of 126,264 bp, a maximum contig length of 1,647,824 bp, and a minimum contig
length of 20,441 bp.

Data availability., The whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the BioProject PRINA491831, BioSample SAMN10089541,
and accession number SWEA00000000. The assembled genome sequences are pro-
vided under the GenBank accession numbers SWEA01000001 to SWEA01000078. The
version described in this paper is the first version, SWEA01000000. The raw data
sequences have been deposited in the SRA database under accession number
SRX6085390.
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The used of insects as protein sources is growing rapidly for a variety of reasons, including global food

security, sustainability, nutritional value and animal welfare. The nutritional composition and functional

properties of extracted proteins from two cricket species (4. domesticus and G. bimaculatus) were investigated.
Both cricket species contained high amounts of proteins (60-70 % dry weight) with all essential amino acids
and 10-23 % lipids. The amount of omega-3 and omega-6 fatty acids and several minerals, such as P, Na and
Ca were also high. Proteins were isolated from both cricket species by solubilisation at pH 11.0-12.0, followed
by pH 4.0 isoelectric precipitation. The cricket proteins have high water capacity, moderate foaming capacity
and stability with high emulsion activity. Therefore, they certainly could be further utilized as ingredients in
various food types that could be an alternative nutritional source for both direct consumption and processing

for protein extracts.

Keywords: cricket, amino acid profile, protein extraction. fatty acid profile, polyunsaturated fatty acid

Introduction

Almost 2 000 species of insects are known to be edible and
have always been a part of the human diet. Ants, bees, beetles,
caterpillars, cicadas, crickets, dragonflies, flies, grasshoppers,
leathoppers, locusts, planthoppers, termites and wasps, are the
most commonly eaten insects group (Jongema, 2017).
Approximately 113 countries in Asia, Africa, Australia and the
Americas, consider edible insects to be a well-appreciated food
(van Huis et al., 2013). Insect-consuming behaviour differs in
various regions depending on the cultural practices and the
availability of the insect. Recently, eating insects has become
not only an alternative source of proteins that offers a cheap
and sufficient nutrient intake in the human diet in developing
countries but also very popular in developed countries that
concerns about healthy food (Hanboonsong et al.. 2013).
Edible insects are the new trend on the food market worldwide

because they are not only a healthy food source and that is
highly nutritious that is rich in protein, healthy fats, vitamins,
fibre and minerals with low carbohydrates but also are more
environmentally friendly to raise than other livestock protein
sources (Banjo et al., 2006; Zielinska et al., 2015; Payne et al.,
2016).

In Thailand, eating insects is not new. Thai people have
had a long history and tradition of using over 200 different
insect species as food. Crickets, bamboo caterpillars, silkworm
pupae, grasshoppers and giant water bugs are commonly eaten
and sold regularly in Thailand (Yhoung-Aree, 2010; van Huis
et al., 2013). Before now, most edible insects are collected
from nature depending on specific species’ behaviour and life
cycles. An increasing demand for edible insects has resulted in
insect farming worldwide. Crickets are the most common
species farmed. Recently over 20 000 cricket farms have been

*To whom correspondence should be addressed.
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established in Thailand. However, only two species of edible
crickets, field crickets (Grvllus bimaculatus (Orthoptera:
Gryllidae)) and house crickets (Acheta domesticus (Orthoptera:
Gryllidae)), are farmed economically (Halloran et al., 2016).
The challenges in addition to developing rearing technologies
are the need to maintain the quality of the crickets and
consequently cricket flour for nutritional value, hygiene and
sanitation. This present work has been performed to determine
the amino acid profile. fatty acid profile, nutritional
composition, and mineral content of A. domesticus and G.
bimaculatus. In addition, protein solubility and functional
properties were also investigated. This information would help
to perceive the plausible of using insects as health food and to
record information of the nutritional contents of these two
commercial insect species.

Materials and Methods

Sample preparation Frozen adult house crickets (4.
domesticus) and field crickets (G. bimaculatus) were purchased
from a local farm in Kanchanaburi Province, Thailand. Frozen
crickets were thawed and then air-dried at 60 °C for 48 h. Dried
samples were ground to powder and stored at 4 C in metallic
vacuum-sealed bags prior to analysis.

Proximate analysis The nutritional composition was
determined following standard methods recommended by the
Association of Official Analytical Chemists (AOAC, 1990).
Briefly, samples were placed in a crucible and kept in an oven
at 105°C for 6 h. Then, the samples were cooled in a desiccator
and weighed to determine moisture content. Fat content was
determined after petroleum ether extraction in a Soxhlet
apparatus for 1 h. Ash was determined Determination of ask
was done by kindle the sample in a muffle furnace at 550°C
overnight. The Kjeldahl method applying a nitrogen conversion
factor of 6.25 was used to determine the protein content. Fibre
content was determined through the use of the Fibretherm
system. Subtraction of the sum of the moisture, total fat, crude
protein, fibre and ash from the total weight of the sample was
used to calculate the carbohydrate content.

Mineral analysis The ground crickets were digested with
HNO; and HCI in a microwave digestion system as described
above. Inductively coupled plasma-optical emission
spectroscopy (ICP-OES, Optima 8000, Perkin Elmer, USA)
was used to determine the amounts of calcium, sodium,
potassium, phosphorus, magnesium, iron, copper, manganese
and zinc in the samples. Standard calibration solutions with
concentrations between 0.5 and 10 ppm were prepared by
consecutive dilutions of the stock solution of the elements
investigated (Chem Lab, Zedelgem, Belgium).

Amino acid analysis The amino acid profile was
performed using a Biochrom30+ amino acid analyser
(Pharmacia-Biotech, Buckinghamshire, UK) followed the
slightly modified method of Udomsil ez al. (2011). Briefly, the
ground samples were hydrolysed in a microwave oven (Anton

Paar GmbH, Graz, Austria) with 12M HCI containing 1 %
phenol. Subsequently, precipitates after acid evaporation, were
dissolved and filtered through a 0.22-mm membrane filter.
Determination of cysteine and methionine contents was done
by hydrolysis after oxidation with performic acid. Tryptophan
analysis was performed after alkaline hydroxylation of the
samples with 4.2 N NaOH. The samples were then hydrolysed
as described and analysed for amino acid composition.
Ninhydrin was used for post-column derivatisation with
photometric detection at 570 nm (440 nm for Proline). The
amino acids were identified and quantified by comparison with
standards (A6282, A6407 Sigma-Aldrich, USA).

Fatty acid analysis Fatty acid composition was analysed by
gas chromatography, GC-7980A (Agilent Technology, USA)
following the method of Bonturi et a/. (2015). Total lipids of the
ground samples were extracted with chloroform:methanol (2:1v/
v). Subsequently, fatty acid methyl esters (FAMESs) of the total
lipid extract were prepared by transesterification in methanolic
KOH solution (5 % w/v) with the addition of a 10 % BF3-
methanol solution (Sigma-Aldrich). Gas chromatography was
performed using a Supelco SPTM-2560 fused silica capillary
column (100m x 250 um x 0.2 pm) (Sigma-Aldrich). The oven
temperature was programmed to start at 70 ‘C for 4 minutes,
increase to 175°C for 27 min, increase to 215°C for 17 min and
finally increase to 240 °C for 10 min. Identification and
quantification of FAMEs were accomplished by comparing their
retention times to those of FAME standards (Sigma-Aldrich).

Protein extraction Aqueous protein extraction was carried
out following the method of Foste et al. (2015). Briefly, a pH-
dependent extraction of the cricket proteins was done by
adjusting the pH of the extracts from 5 to 12 using I N HCl or
1 N NaOH. The suspensions were stirred for 1 h at 30 C,
40 C, or 50°C. Separation of soluble proteins from the
insoluble residue was performed by centrifugation at 10 000xg
for 20 min at 4°C. Then, the protein concentration of the
supernatants was determined using the Lowry method (Lowry
et al., 1951). Afterwards, the protein isolated at the optimal pH
value and temperature was precipitated by adjusting the pH
from 3 to 5.5 with 1 N HCI. Then, the proteins were centrifuged
at 10 000 xg for 20 min at 4 °C. The obtained white precipitates
were dried in a hot air oven at 60 °C for 1 h and stored at 4 C
until further analyses.

Protein solubility  Solubility of the cricket proteins was
tested using a slightly modified method of Hall ef al. (2017).
Briefly, the extracted proteins were dissipated in buffers of pH
3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0.
Each mixture was stirred at room temperature for 30 min and
centrifuged at 10 000 xg for 15 min at 4 °C. The protein
contents of the supernatant and total protein in each sample
were determined using Lowry method. Protein solubility was
calculated as a percentage.

Water holding capacity (WHC)  WHC was determined
according to Mishra and Rai (2006) with some modifications.
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Dear Dr Yongsawatdigul,

We are pleased to inform you that your manuscript: "Effect of marinating ingredients on
temperature-induced denaturation of hemoglobin and its relation to red blood spot formation
in cooked chicken breast" (JEDS-2020-0115.R1) has been accepted for publication in Journal of
Food Science and will be listed under Food Chemistry.

We will use the files you already uploaded for this accepted version of your manuscript for
production, unless you alert us at jfs@ift.org within 24 hours that you will send updated files. If
there are any problems with your files, the editorial office will contact you.

IF MINOR EDITS NEED TO BE MADE, YOU MAY MAKE THEM WHEN YOU RECEIVE YOUR PAGE
PROOFS.

Your article cannot be published until the publisher has your signed license agreement. Once
your article has been received by Wiley for production, the corresponding author will be sent an
e-mail from Wiley's Author Services system which will ask to log in and sign and return the
appropriate license.

For your reference, the copyright terms are available

from https://mc.manuscriptcentral.com/societyimages/jfs/IFT Journals-CTA Terms.pdf

A few comments from the Editor and/or reviewers follow; if applicable, please take appropriate
action.

Editor's Comments to the Author:
Associate Editor: Estévez, Mario
Comments to the Author:

(There are no comments.)

Reviewers' Comments to the Author:

Reviewer: 1



Comments to the Author

The authors perfectly addressed all my comments. Therefore, | recommend this article for
publication.

Reviewer: 2

Comments to the Author

Thanks for an imporved version of your MS. It is now much clearer. | have suggested it for
publication, although there are still some smaller grammar issues here and there, e.g.
"Intracellular Hb remained in the blood vessels is protected by cell membranes which is
maintained via cytoskeleton, membrane lipids, transmembrane proteins (Singh, Ponnappan,
Verma, & Mittal, 2019)"

Here "is" should be "are" and "remained" should here be "remaining". Maybe the Journal of
Food Science are going over smaller grammar issues?

During the latter part of the production process -- which should take about 1 to 2 months --
you will receive an e-mail with a link to access your PDF page proof. After you approve the page
proof you will receive an e-mail with your page charge invoice, if applicable. There are no page
charges for IFT Premier, Student, or Emeritus members.

We greatly appreciate your choice of the Journal of Food Science as an outlet for your work.
Sincerely,

Professor Daniel Granato
Scientific Editor, Journal of Food Science

P.S. - You can help your research get the attention it deserves! Check out Wiley's free Promotion
Guide for best-practice recommendations for promoting your work

at www.wileyauthors.com/eeo/guide. And learn more about Wiley Editing Services which offers
professional video, design, and writing services to create shareable video abstracts, infographics,
conference posters, lay summaries, and research news stories for your research

at www.wileyauthors.com/eeo/promotion.
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Fermentation of an Oleaginous Yeast Rhodosporidium
paludigenum for biofuels production

Pongsatorn Poopisut !, Chotika Gosalawit', Mariena Ketudat-Cairns',
Apichat Boontawan'*

!'School of Biotechnology, Institute of Agricultural Technology
2 Center of Excellent in Agricultural Product Innovation, Suranaree University
of Technology, 111 University avenue, Muang district, Nakhon Ratchasima,
THAILAND 30000

! pongsatornpoopisut@gmail.com, ? ketudat@sut ac.th,
3 gosarawit@hotmail.com, * apichat@sut.ac.th

Abstract— A third.generation biofuel production was
investigated in a 500-L bioreator using an oleaginous yeast
Rhodosporidium paludigenum. This strain contains a high
triglyceride content, and the main fatty acids are C14, CI16
and CI18 which are very similar to fatty acids found in
vegetable oils. The yeast was cultured, harvested, and
extracted the oil by using solvent extraction. After
Sfermentation, a combined cross-flow microfiltration (MF)
process of concentration and diafiltration mode was
investigated for the recovery of yeast cell. The membrane

Sfouling mechanism was investigated using cleaning method
in order to evaluate the major factors causing in the flux
decline. The flux of pure water was obtained at 80.05 Lm’.h

corresponding to the membrane resistance of 3.1 x 10> m’’.

For MF of the whole broth, the flux sharply decreased and
reached its plateau at around 10 Lm’h until the end of

experiment. Pure water was then added during diafiltration
mode for the removal of all impurities. After cell harvesting,

a chemical cleaning was applied in order to obtain the cake
and adsorption resistances. After cleaning with pure water,

the regained flux was obtained at 69.50 Lmi’h, and the
regained flux after 1 wts NaOH washing was 80.01 Lm*.h. As
a result, the percentage of absorption resistance was 13.24%,
and the percentage of cake was 86.76%, respectively. The yeast

was dried by a spray dryer prior to extract the oil using diethyl
ether as an organic solvent. After solvent removal, the lipid

can be used as an appropriate raw material for biofuels
production.

Keywords— Oleaginous yeast, Fermentation,

Microfiltration, Oil extraction, Biodiesel production

[. INTRODUCTION
Oleaginous yeast species are an alternative for the
production of lipids or triacylglycerides (TAGs), which can be
an alternative to fossil fuels. Oleaginous yeast, can accumulate
oil more than 20% of dry cell weight. It can be used as the so-
called second generation biofuels (11. Moreover, lipids isolated
from oleaginous micro-organisms can be used as components

in several application such as, coatings, paints, personal care
products, and biodiesel (2). Fatty Acid Methyl Esters

originating from the lipids of oleaginous yeast show identical
fueling properties compared to conventional diesel (3).

In order to design the production process, microfiltration is
an important operation in the processing of bio-products. The

solid particle or microbial cells can be separated from a mixture
by forcing the fluid though a filter medium. The solid particle

can not pass through the membrane, and the particle will be
deposited on a filter that cause filter cake increases as well as
the resistant to permeate flow. In this experiment, a cross flow

microfiltration system was investigate of its efficiency to
removal of the oleaginous yeast from fermentation broth.

The objective of this study was to study the microfiltration
technique for harvesting of Rhodosporidium paludigenum, an
oleaginous yeast, from a 500-L bioreactor by using cassava

starch as the main substrate. The harvested cell was subjected

to spray dry, and a solvent extraction was employed for oil
extraction,

II. MATERIALS AND METHODS

A. Fermentation study
The oleaginous yeast R. paludigenum was isolated from

Assoc. Prof. Dr. Mariena Ketudat-Cairns's laboratory. The seed
culture was prepared in a 500 mL medium containing (g/L)



of; 70 g glucose, 0.75 g yeast extract, 0.55 g NH4»SO4, 0.4 g

KH2POq4, and 2.0 g MgSO4.7H,0, respectively.

Cell cultivation began in a 5-L bioreactor at 30 °C for 48 h.
After that, the inoculum was transferred into a 50-L bioreactor
at 30 °C for 48 h. The batch experiment was performed in a 500-
L bioreactor with 350-L of working volume (BE Marubishi,
Thailand). The fermentation broth for R paludigenum was
prepared using cassava starch as the main substrate. The
hydrolyzed starch solution was liquefied by an addition of 0.05
wtw of thermostable o-amylase (Termamyl®, Novozymes,
Denmark) at the working temperature of 90 °C for 2 h (4). The

temperature of the liquefied solution was then decreased to 60
°C before being saccharified by an addition of gluco-amylase

(Spirizyme® Fuel, Novozymes, Denmark) at 0.05 wte for 12 h
[51. After sterilization, the inoculum was transferred aseptically
into the bioreactor. During fermentation, temperature was
automatically maintained at 30 °C under aerobic condition. The
aeration rate was 0.75 VVM with the agitation rate of 150 rpm.
Fig. 1 illustrates the optical microscope picture of the yeast cell
(left) showing the budding process, and scanning electron
microscope (SEM) of the cell with the size of approximately 5
pm.

Fig. 1. The optical microscope (left)and SEM picture right) of

R. paludigenum used in this work.

B. Microfiltration set up

Oleaginous yeast cells from fermentation were separated by
using not only a cross-flow microfiltration, but also dead-end

filtration for study involving the volume concentration ratio
(VCR) in the experiment. The cross-flow MF experiment was

investigated using a spiral-wound MF element with the nominal
pore size of 0.1 pm (Synder's Filtration, USA) was installed in
a stainless steel housing. The diameter, and the length of the
membrane element were measured at 102 cm, and 96.5 cm,
respectively. The feed spacer was 3 mm, and the total filtration
area was 427 m? A 0.75 kW pump was employed to re-circulate
the fermentation broth at the volumetric flow rate of 70 L/min
corresponding to the calculated linear flow velocity of 0.09 mys.
The feed temperature was controlled at 30 °C by using a
cooling coil submerged in the MF feed tank. Transmembrane
pressure was calculated from the feed, retentate, and permeate

2

pressures using conventional pressure gauges. After each run,
the membrane was firstly rinsed with RO water. It was then
circulated with 1 wt NaOH solution for 20 minutes, and rinsed
to neutrality with RO water. Finally, it was cleaned with 1.5 wtx
phosphoric acid solution before rinsed to pH 7.0 with RO water.

C. Resistance Analysis
Darcy's Law is used to describe flow through microporous
membranes during the microfiltration step. Permeate flux

declines owing to the accumulation of oleaginous yeast cell and
others particles on the membrane surface and causing pore
clogging (7). Darcy's law describes liquid passage though the

membrane as a function of the applied pressure (8.

Darcy's law

0AD
U=—

When [ = Volumatic filtration flowrate (m*/s)

h

(1 = Darcy's law permeability (m?)

[J[) = Pressure drop across the filter medium (Pa)
[J = Viscosity of the broth (kgm.s)

[ = Thickness of the filter medium )

The permeability and thickness of filter can be combine into
a medium resistance term .

- O
O ==—
O
When [J;; - medium resistance (m")
Equation (1) can be written as;
oao oo 0AO

[:=:'_., or F=T=f

At any instant during filtration basing on the Darcy's law,
rate of filtration is given by the equation;

U=c—7=— 2)

When [ =Flux, and [0 =0+ [

In this case [] is a combination of resistance of filter medium
() and resistance of cake solids ([1,). And the resistance of
cake solids ([15) can be written as;

g = 00g2 3

When [, is the mass of dry cake solids per volume of filtrate
and [ is specific cake resistance. Combination of equation (2),
and (3) results in the following equation;

100 _ A0

ooo :[‘.—W:y—»g-{'j:‘]

And integration of the eqution 4)results in;



(3]

[4]

(51

161

7
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Anthocyanin pigments of purple corn improves rumen fermentation parameters in vitro

-C. Ban"?, P. Paengkoum'" and X, 7. Tian™" _

! School of Animal Technology and Innovation, Institute of Agricultural Technology, Suranaree University of Technology,
Muang, Nakhon Ratchasima 30000, Thailand, 4 College of Animal Science, Guizhou University, Guiyang, 550025, China
*Correspondence: pramote@sut.ac.th; tianxingzhou@yeah.net.

Introduction

Anthocyanins belong to the class of water-soluble phenolic compounds, which possess numerous of pharmacological

properties to promote better health (Tian et al., 2019a). To note, anthocyaning have the potential to increase antioxidant -
capacity and decrease oxidative stress of ruminants (Hosoda et al., 2012). Tian et al. (2019b) shown that goats’
receiving anthocyanin-rich plants displayed stronger levels of plasma superoxide dismutase activity and 2,2-diphenyl-

1-picrylhydrazyl scavenging activity. In addition, anthocyanins in plant extract were easily degraded by ruminal fluid,

and the content of anthocyanins gradually decreased with incubation time by in vitro rumen fermentation technique

(Leatherwood, 2013). As a consequence, anthocyanins might impact on the rumen fermentation parameters, affecting

the health of the body. The objective of this study was to evaluate anthocyanin pigments of purple corn on the rumen

fermentation in Saanen dairy goats. '

Materials and methods

The completely randomized design was used in this in vitro experiment: (1) control (Pangola grass hay); (2) low level of
anthocyanin (1%, LA); and high level of anthocyanin (3%, HA). The diets were formulated to meet requirements for dairy
goats according to the NRC (1981). Rumen fluid was collected from the mouth of three healthy multiparous Saanen dairy
goats (42.5040.50 kg; mean+standard deviation) using a vacuum pump before feeding in the moming, and then taken to
the laboratory immediately and squeezed through four layers of gauze and mixed (1:2 v/v) with an artificial saliva and per
liter containing: 475.0 mL distilled water, 240 mL macromineral solution (5.7 g Na,HPO,, 6.2 g KH2PO,, 0.6g MgSO,/
L), 240 mL buffer solution (13.2g CaCl,.2H,0, 10.0 g MnCl,.4H,0, 1.0 g CoCl,.6H,0 and 0.8 g FeCl,.6H,0/L), 0.12
mL micromineral] solution (35 g NaHCO,, 4g (NH,)HCO,/L) and 1.22 mL resazurin aqueous (100 mg/100 mL). Next,
the samples were transferred to the water bath preheated to 39°C and purged with CO, then add reducing solution (47.5
mL distilled water, 2.0 mL 1M NaOH and 336 mg Na,S,.H,0). The 100 mL glass gas-tight syringes used as fermentation
vessels and were given 30 mL buffer with 0.50 g substrate.

All data were analyzed using GLM model of SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA). Differences were considered
statistically significant at P<0.05. ‘

Table 1. Effect of anthocyanin pigments of purple corn on gas production

Ttem, b' Control LA’ HA SEM P-value
3 14.33° 15.37" 15.93" 0.3377 0.0400
6 26.67" 29.67° 30.83" 1.0715 0.0779
9 39.77 42.93 41.67 1.1992 0.2493
12 48.67" 54.17° 54.50° 0.7226 0.0046
24 75.00 77.67 79.75 1.4898 0.2159 -
48 94.67° 99.17% 103.82° 1.7136 0.0501
72 105.50° 108.83™ 113.33° 1.6055 0.0694
96 109.50° 112.33® 116.83° 1.8012 0.1211

Values with different letter superscripts mean significant difference (P<0.05).
" Values represented the means of 3 replicates (n=3).
' LA=1% level of anthocyanin; HA=2% level of anthocyanin; SEM=standard error of the mean.
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Results

The level of gas volumes increased (P<0.05) with incubation time and anthocyanin content (Table 1). Moreover, the high
level of anthocyanin groups showed significantly higher (P<0.05) gas production from the insoluble fraction (b), potential
extent of gas production (a+b) and effective degradability (ED) relative to the control (Table 2).

Table 2. Effect of anthocyanin pigments of purple corn on kinetics of rumen fermentation

Tteml Control LA? HA SEM P-value
a, mL} 0.73 1.22 152 0.5648 0.6287
b, mL 108.17° 110.20® 115.37° 1.6752 0.0546
b, %h 0.048" 0.051° 0.048" 0.0006 0.0193
a+b, mL 108.89" 111.42% 116.89" 1.6271 0.0335
OMD, %" 85.38 88.01 90.06 1.3409 0.1210
ME, M/kg 12.24 12.61 12.90 0.1891 0.1210
ED, % 66.19° 69.68" 71.69" 1.0876 ©0.0309

Values with different letter superscripts mean significant difference (P<0.05).

! Values represented the means of 3 replicates (n=3).

? LA=1% level of anthocyanin; HA=2% level of anthocyanin; SEM=standard error of the mean.

’ a=gas production from the immediately soluble fraction; b=gas production from the insoluble fraction; c=gas production rate constant; a+b=potential
extent of gas production; OMD=organic matter digestibility; ME=metabolizable energy; ED=¢ffective degradability.

* The OMD, ME, and ED were calculated according to Tian et al. (2018): OMD (%)=0.986 xGP (24 h)+0.0606xCP+11.03; ME (MJ/kg)=—
0.20+0.1410xOMD; and ED (%)=a+bc/(k+c).

Conclusions

The current study suggested that anthocyanin pigments of purple comn had significant effect on the gas production, and
could increase the kinetics of rumen fermentation of a, a+b and ED. Accordingly, anthocyanin pigments of purple corn
have the ability to improve rumen fermentation parameters.
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Exploring Microorganisms: Recent Advances in Applied Microbiology

Isolation and identification of biodegradable plastic
polyhydroxyalkanoate-producing strains by utilizing cassava pulp as

a substrate

R.Toensakes', S. Potivichayanon®, P. Tittabutr® and V. Vao-soongnern®
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The aims of this study were to screen and identify PHA-producing strains by utilizing cassava pulp as a substrate
for PHA production. The primary screening of PHA-producing strains using Nile red dying technique with directly
growing colonies showed 2 isolates, SUTR | and SUTS 1, positive colonies. These were Candida rugosa SUTR 1
and dgrobacterium tumefaciens SUTS |. Both isolates presented the spherical PHA granules inside the cells with
Nile blue A staining under the fluorescence microscope at excitation wavelength 546 nm. Quantification of PHA
yield from SUTR 1 and SUTS | were cultivated in nitrogen limitation as ammonium sulfate 1.0 g/l and cassava
pulp 50 gL as a sole carbon source. The results revealed that the maximum PHA production by SUTR | and
SUTS | were 0.14 and 0.072 gL, respectively, after 48 h of incubation. The purified PHA was characterized by
Fourier-transform infrared spectroscopy (FT-IR) and indicated that this biosynthesized polymer was
polyhydroxybutyrate (PHB).

Keywords Polyhydroxyalkanoate (PHA); Biodegradable plastics; PHA -producing strains; Cassava pulp; Fourier
transform infrared spectroscopy (FT-IR)

1. Introduction

Polyhydroxyalkanoate (PHA) are group of biodegradable and biocompatibility polymers of biological origin that
can be synthesized and accumulated as intracellular material for the storage of carbon and energy in the
cytoplasm of bacterial cells by abroad range of microorganisms in the environment (1) The polymers are
normally produced under nutrient limited conditions such as nitrogen, phosphorus while the carbon source in
excess [2, 3, 4, 51. PHA can be synthesized as homopolymer or copolymer or even their mixture depending on

the bacterial strain employed and the growth substrate supplied. The interest in this polymer are the only 100

biodegradable polymers to carbon dioxide and water that can be produced from renewable carbon source such as
agricultural waste and that having similar material properties of various thermoplastics such as polypropylene
and polyethylene (6, 7, 81 However, the main obstacle to growing PHA market is its high cost of production and

suitable bacterial strains that are capable of PHA accumulating (101, Hence, there is a need of hour to search low
cost sustainable alternative for reducing of production cost.

In the present study, The PHA production was studied employing inexpensive carbon source in from of
cassava pulp that is a fibrous by-product left over from starch production processes arc abundant and still

contain a high amount of starch content about 50-70 starch on a dry weight basis (9, 10;as a substrate in PHAs
production by directly without involvement of any hydrolysis steps. The extracted polymer from the isolated was
confirmed by Fourier transform infrared spectroscopy (FT-IR).

2. Materials and methods

2.1 TIsolation and identification of PHA-producing strains

In order to screening of PHA-producing strains, the microorganisms were collected from cassava wastewater
treatment plant and previously isolated under nitrogen limitation condition, the 10% (v/v) consortium was
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cultivated in a minimal salt medium (MSM medium) [11], supplemented with 10 gl glucose as a carbon
substrate and incubated at room temperature at 150 rpm. After that, the isolation of PHA-producing strains was
done by spreading plate technique on MSM agar supplemented with 0.5 mg/l Nile red (12)and incubated at 30°C
for 72 h. The culture were observed exciting of orange or pink colonies under UV light at wavelength 360 nm.
Finally, these colonies were selected for PHA-producing strains analysis. The selected microorganisms were
identified based on morphology following by Bergey's manual (13). After that the taxonomy of these strains were
studied by 16S rRNA sequencing analysis by Mahidol University-Osaka University Collaborative Research
Center for bioscience and biotechnology (MU-OU CRC), Thailand.

2.2 Screening of effective the amylolytic-producing microorganisms

The amylolytic-producing efficiency of the isolated microorganisms were evaluated by point inoculum
technique with Yeast-Peptone Cassava agar (YPC medium; 0.5 g/l yeast extract, 0.5 g/l peptone and 5.0 gl
cassava starch, 18 g/l agan. The isolates producing amylolytic enzyme exhibited clear zone around colony when
poured with Lugal's iodine solution and measuring the diameter of clarity of the clear zone. Colonies were
purified by streaking three times on YPC agar plate.

2.3 PHA -producing strains growth analysis

The growth of each isolated strains was studied by colony count technique as a ten-fold dilution performed with
sterile 0.85% NaCl solution. The number of viable colonies was determined daily by spreading plate technique on
MSM agar after incubated at 30°C for 48 h. The growth curves were plotted semi-logarithmically during 7 days
of incubation time.

2.4 Observation of PHA granules
PHA accumulation cells were grown in MSM agar after incubated 72 h were taken smear on clean glass slide,
heat-fixed and stained with [+ Nile blue A solution for 10 min. After being stain, the slide were washed with tab
water to remove excess stain and cover with 0.1 mm. cover slip. Fluorescence of culture were measure after
staining with 1% Nile blue A by fluorescence microscope (Carl Zeiss; Axio scopy A 1) at excitation 546 nm. For
the presence of PHA within the cells as indicated by the intensity of bright orange fluorescence.

2.5 Preparation and optimization of substrate concentration

The cassava pulp was prepared by heating of wet cassava pulp at 60 °C for 24 h followed by grinding and
sieving through a 0.5 mm mesh screen The dry pulp was store inside plastic bag in desiccator.

2.6 PHA production

The production medium was contained a cassava pulp as a substrate. The microbes were cultivated in a 500 ml
Erlenmeyer flask containing 200 ml of MSM medium inoculated with an inoculum of 10 wviv). All flasks were
incubated for 72 h in an incubator shaker at 30°C at 150 rpm and collected in every 6 h after incubation. The
samples were centrifuged at 7000 rpm for 15 min. The supernatant was used for residual nutrient analysis
including total sugar measured by DNS method (14). The residual nitrogen in form of ammonia nitrogen were
determined according to standard methods for the examination of water and wastewater (167 and the pellet was
collected for PHA extraction.

2.7 Extraction and quantification of PHA

Biomass suspension were harvested by centrifugation. The cells pretreatment was lysis by 98w ethanol and
agitated on rotary shaker at 200 rpm for 2 h. The mixture was centrifuged to collect the polymeric sediment and
the supernatant was discarded. PHA was extracted by refluxing the cells with 1,2 dichloroethane 50 ml at 70 °C
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for 2 h. The mixture of the cells and cassava pulp debris was removed by filtration. The 1,2 dichloroethane
solution containing the extracted PHA was concentrated by evaporated on water bath at 50°C and the
precipitated PHA was re-dissolved in a small volumes of 1,2 dichloroethane. Then, the solution was poured into
watch glass and evaporated in a fumigation hood to constant mass. After that, measured the amount of polymer

by dried weight.

2.8 Characterization of polymer

Fourier transform infrared spectroscopy (FT-IR) was used to record the spectrum of extracted PHA using
attenuated total reflectance (ATR) mode. The PHA polymer film was subjected to FT-IR under the following
scanning condition; absorbance spectra at wavenumber 4000 and 400 cm average 64 scan times.

3. Results and discussion

3.1 Isolation and selection of PHA-producing strains

The Nile red colony staining technique was used for screening of various environmental niches for isolation and
identification of PHA-producing strains. This strain can subsequently enter the bacterial cells and bind with PHA

inclusions giving rise to pink or orange distinctive fluorescence under UV light (12). In the present study, a total
of 5 isolated colonies were obtained from the wastewater sample plated on nitrogen-limiting MSM agar
containing glucose (10 g and Nile red dye 0.5 mgmb (12). The investigated microbes were identified as
potential PHA-producers, namely isolated SUTS 1 and SUTR I. Both strains showed positive colonies with the
fluorescent dye. The colony of SUTR | was circular shape, entire margin, convex, smooth, non-pigmented and
Gram staining represented Gram positive. The second of isolated is SUTS | appeared Gram negative stain with
short-rod shape, while the colony type was circular in shape, convex, smooth, white and opaque, The 16S tRNA

sequences obtained for SUTR 1 and SUTS 1 revealed that the first strains was yeast Candida rugosa SUTR |
(99% identity). SUTS 1 showed a 100 identity of Agrobacteriun tumefaciens SUTS 1 that was capable to

degraded cyanide contaminant and be able to synthesized PHA inclusion in their cells (15},

3.2 Screening of effective the amylolytic-producing microorganisms

The evaluation of the amylase-producing efficiency, based on the clear zone around colony, it was indicated that
SUTR I and SUTS 1 could produce amylase enzyme. The result represented that they can use cassava starch as
a carbon source and showed the amylase-producing feasibility. The isolated amylolytic strain SUTR 1 and SUTS
1 showed an average diameter of clear zone was 5 and 3.5 mm, respectively.

3.3 Growth of PHA-producing strains

The growth curve of isolate SUTR | showed a clear exponential phase followed by the stationary phase. The
highest growth rate was obtained on day 4 of the incubation period approximately 10* CFUml while the
maximum growth rate of SUTS | showed the exponential phase started on day 2 and finished on day 3 of
incubation period but did not present the stationary phase of this strain. The maximum growth of SUTS | on day

3 that was 10° CFU/ml.

3.4 Observation of PHA accumulation in the cells
Qualitative assessment of PHA granules formation were based on the intensity of fluorescence technique to
confirmed the ability to accumulated PHA in their cells by applying the fluorescent dye Nile blue A (16} For this

reason, the both isolated revealed the PHA granules which fluoresced bright orange and appeared as intense
bright images within the cells (Fig 1) The PHA storage inclusions from yeast SUTR | was found to be the most
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content PHA producer that contained red huge inclusion bodies in the eytoplasmic fluid and an appear as highly
refractive fluorescence inside the cells with the intensity mear value revealed of 3435. On the other hand,
bacteria SUTS [ showed very small PHA granule, the fluorescence mean value revealed of 1778. As a result,
Yeast was found to be the most content PHA. It might be the yeast cells are larger than the bacterial cell and
metabolisms or nutrition physiology are sufficiently and flexible to faciiitate such production (17).

b)
F

ig. 1 Epifluoreseence of PHA inclusion bedies within cells of isolated stained with Nile blue A a) Candida rugosa SUTR
| and by Agrobacterium snmejuciens SUTS 1.

3.5 PHA-production

The results indicated that PHA accumulation were associated with PHA product (Fig 2). The PHA accumulation
by yeast SUTR | significantly increased when all cultures reached the exponential phase until stationary phase.
The maximum values of reducing sugar reached up to 144 gl that could produce PHA 0.14 g/ similar the trend
of cell growth rate with the maximum cells count which was 10° CFU/ml while an ammonium ion concentration
lessen to 0.15 ¢l at 3648 h in cultivation. However, the maximum value of PHA content from SUTS 1 was
obtained 0.07 gl with the maximum cells count approximate 10° CFUiml whereas the reducing sugar and
ammonium ion concentration contained 8.7 g/l and 0.09 gl, respectively at 48 h of cultivation. As a result, the

amount of PHA production reach up corresponded with high amount of sugar and low amount of nitrogen
source. In contrast, the PHA accumulation decreased with decreasing of sugar concentration but the cell grew

continuously which indicated that the presence of an intracellular PHB depolymerase (17).
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Fig. 2 The abilities of PHA production by using reducing sugar as a carbon source from cassava pulp and (NH,SO, 1.0 g/l

a) Candida rugosa SUTR | and by dgrobacteriam tumefaciens SUTS 1.

3.6 Characterization of extracted polymer
Polymer extraction from SUTR 1 and SUTS | were observed to be depositing as a thin filim, that production of
PHA were characterization by FT-IR spectrum. Meanwhile, this spectrum was practically identical to a
commercial polyhydroxybutyrate (PHB) cacquired from Sigmay All specra revealed the typical band tunctional
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groups characteristic of PHA, included hydroxyl group (O-H; 3200-3500 emh, carboxyl group as an ether bond
(C-O-C; 1185-1228 cm') 118}, Alkane (C-H; 29222929 cm’y and carbonyl ester bond (C-0; 1600-1850 cm™) (191,
with similar values to commercial PHB. The assessment of functional group as shown in Fig 3. Thus, these peaks
were clearly established the precipitated materials as PHB from the extracted cells. However, the composition of
polymers was found to be varying with type of microorganisms and growth substrate used (201
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Fig. 3 FT-IR spectra of PHA extracted from a) Candidu rugosa SUTR 1 and by dgrobacterium tumefaciens SUTS 1.

4. Conclusion

Candida rugosa SUTR 1 showed the highest values of specific growth rate () 0.9 h' and PHA concentration
0.14 gl in nitrogen limitation condition. The characterization of purified extracted polymer that indicated this
biosynthesized polymer was polyhydroxybutyrate (PHB). The further studies will provide useful data about the

optimization conditions to improve this strategies that can be utilized for industrial production of PHB, a fast
emerging alternative non-biodegradable plastics by using renewable carbon sources.
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3. AAINTANE

- 2017 - 2018 Master of Science by Research in Biological Sciences, Bangor University, UK.
( A research degree that comprised a year- long research project:
“Investigating the potential susceptibility of selected Malagasy species
to the toxins produced by the Asian Common Toad (Duttaphrynus
melanostictus).” It was a lab based study using genetic methods to
predict the resistance of naive island species to an introduced toxic
toad.)

- 2011 - 2015 Master of Arts (Scot.) with Honours of the Second Class (Division 1) in
Geography, University of St Andrews, UK.
(Honours Dissertation: "The timing and extent of Betula decline during
the Landnam period in Skaftartunga, Southern Iceland." A palynological
study, supplemented by tephrochronological, and historical data. -
Modules included: Long-term Perspectives in Sustainability, Natural
Resource Management, Periglacial Geomorphology, Science of Climate
Change, Statistics and GIS, Fieldwork in Norway, Review Essay: "The

debate over the causes of the Late Pleistocene Megafaunal Extinctions.")

4. U321An15M19u

2017 - present  Suranaree University of Technology | Researcher
- I 'am currently working as a full-time researcher under Dr. Colin Strine. The
research is primarily focused on the spatial ecology and habitat use of king
cobras, but also covers other aspects of snake ecology and conservation.

2017 - present  Herpetological Highlights Podcast | Co-producer
- | am working with fellow ecologist Tom Major to host and produce a freely
available podcast that discusses the recent scientific findings in herpetology.
Running the podcast involves, prior research, audio recording and editing,
science communication via social media, and graphic design.

2015 - 2016 Sakaerat Conservation and Snake Education Team | Research Assistant



2014

2011

2010

2009 - present

- | worked on a team researching venomous snakes, mainly king cobras
(Ophiophagus hannah) and green pit vipers (Trimeresurus sp.), in Sakaerat
Biosphere Reserve, Thailand. My role primarily was radio tracking of and data
collection on the king cobras. - My duties included data review, presenting
data summaries, creating publication material from videos to logos, photo
documentation, assisting with education, training team members, aiding
capture efforts, and surveying. Additionally, | was a team liaison for a BBC
film crew shooting the Wild Thailand documentary.

Logo and Poster Design | Freelance

- | designed a logo for the local currency exchange scheme for the St.
Andrews area, along with poster templates and other design assets.
Operation Wallacea Volunteering | Research Assistant

- | participated in a month- long expedition to Southern Madagascar.
Experiences included performing behavioural studies on lemurs and lizards,
pit-fall trap construction, and species surveys via day and night transects.
Photography for BP Calendar | Freelance

- | supplied all photographs for the 2011 landowners calendar for the Wytch
Farm oil pipeline, work included locating suitable locations and taking
photographs to a predefined specification.

Published Photography | Freelance

- | have published photography in digital and print newspapers (Daily
Telegraph, Daily Mail and the Dorset Echo). My photographs have been used:
by the BBC, in the tenth edition Schmap York Guide, a guide by the World
Lighthouse Society and by the Marwell Zoological Park. | continue to sell

photographs in various forms online
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Marshall BM, Strine CT. 2019. Exploring snake occurrence records: Spatial biases and marginal

gains from accessible social media. Peer) 7:e8059. DOI: 10.7717/peerj.8059.

Marshall BM, Strine CT, Jones MD, Artchawakom T, Silva |, Suwanwaree P, Goode M. 2019.

Space fit for a king: spatial ecology of king cobras (Ophiophagus hannah) in Sakaerat



Biosphere Reserve, Northeastern Thailand. Amphibia- Reptilia 40: 163- 178. DOI:
10.1163/15685381-18000008.

Marshall BM, Strine CT, Jones MD, Theodorou A, Amber E, Waengsothorn S, Suwanwaree P,
Goode M. 2018. Hits Close to Home: Repeated Persecution of King Cobras (Ophiophagus
hannah) in Northeastern Thailand. Tropical Conservation Science 11:194008291881840.
DOI: 10.1177/1940082918818401.

Strine C, Silva |, Barnes CH, Marshall BM, Artchawakom T, Hill J, Suwanwaree P. 2018. Spatial
ecology of a small arboreal ambush predator, Trimeresurus macrops Kramer, 1977, in
Northeast Thailand. Amphibia-Reptilia 39:335-345. DOI: 10.1163/15685381- 17000207.

Marshall BM, Casewell NR, Vences M, Glaw F, Andreone F, Rakotoarison A, Zancolli G, Woog F,
Wiister W. 2018. Widespread vulnerability of Malagasy predators to the toxins of an
introduced toad. Current Biology 28:2194. DOI: 10.1016/ j.cub.2018.06.012.

Knierim TK, Marshall BM, Hayes L, Suwanwaree P, Strine CT. 2018. The movements and habitat
preferences of a Malayan krait (Bungarus candidus) in an agrarian landscape. The

Herpetological Bulletin 143:30-33.
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2019 Young Conservation Scientists Conference, Nakhon Ratchasima - Talk: "Malagasy Predators
vs Toxic Toads" (Award for Best Oral Presentation)
2019 International Conference on Biodiversity, Bangkok - Poster: "Documenting human-snake

conflict in the Sakaerat Biosphere Reserve"
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528464 Computer-Aided Product Design 2(1-3-5)
Prerequisite : 525101 Engineering Graphic |

This is an introductory course aiming to provide a fundamental approach to computer-
aided engineering for plastics product design. Emphasis is upon the theory and techniques of
using computer software to design and animate three-dimension (3D) model of plastic products,
Students will be working on a team project to design and create 3D model of plastic product
contained at least 2 parts.
Learning outcomes

On completion of this course, the student should be able to explain the fundamentals
concept and steps required for develop 3D model of plastic product using computer-aided design.

Ability to use computer software to create moving 3D model of plastic product.
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528465 Statistical Analysis and Artificial Intelligence Basic 2(1-3-5)
Prerequisite : 533042 Probability and Statistics for Engineering

The use of statistical data analysis programs for analysis of variance and experimental
design. Basic principles and concepts of artificial intelligence. The application of statistical analysis
in conjunction with artificial intelligence methods for analysing data, showing the results and
solving various polymer engineering problems.
Learning outcomes

On completion of this course, the students should be able to use tools for computing
basic statistics values. The students should be able to apply statistical data analysis programs and
artificial intelligence concepts as tools in data analysis, results presentation and a decision on

polymer engineering problems solving.
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