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Abstract

Nile Tilapia (Oreochromis niloticus) is an economic freshwater fish with high price
and high demand in both domestic and international markets. The yield of Nile tilapia has
limit by low survival rate of fry, low growth rate, high cost of using living or fiesh feed. For
this study, juvenile Nile tilapia was fed by garlic extracts to additive feeds at 0 (control), 0.3,
0.5, 1.0, 3.0 and 5.0 % (w/w) for 7 days. The activities of 4 digestive enzymes, i.c. amylase,
lipase, trypsin and chymotrypsin, were measured. Immune activities were identified by blood
composition (hematocrit, red blood cell count, white blood cell count) and humoral immune
responses (lysozyme analysis). It was resulted that the values of digestive enzyme activities
and immune responses were rise up in almost garlic oil extract additive groups (P<0.05). The
satisfied value of enzyme activities was the garlic oil extract and the highest growth index,
trypsin/chymotrypsin (T/C) ratio, was 3.0% and 5.0% (w/w). The highest values of all

immune activitics belonged to the garlic oil extract was 3.0% and 5.0% (w/w). It was
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obviously that garlic extracts showed the trend to enhance growth rate and immune system in
Nile tilapia. Therefore, these extracts might be benefited to apply for special feed additive for
this fish.

Keywords: Trypsin, chymotrypsin, T/C ratio, amylase, total protease, lipase, hematocrit,

blood cells count, serum lysozyme, freshwater prawn, Nile tilapia, Nile tilapia

Introduction

Nile Tilapia or marbled sleepy goby (Oreochromis niloticus) is a carnivorous fish of
the family Eleotridae. It is commonly found in both fresh and brackish water in all regions of
Southeast Asia. It consumes mainly on small fishes, shrimps, aquatic insects, and
crustaceans. It is an economic species with high price and high demand in both domestic and
international markets such as Thailand, Singapore, Hong Kong, Taiwan and China. Because
of its delicious soft white fluffy sticky but not mushy, the price of whole fish has been higher
than any edible freshwater fishes with a farm gate price of around US$ 25-30 per kg. At
present, Nile tilapia has been harvested mostly from riparian fisheries.

The problems for Nile tilapia commercial culture are low growth rate, high mortality
during early juvenile stage, and the unstable high cost of using living or fresh feed. However,
Nile tilapia rejecting pellet feed is the most particular obstruction. Aquaculture feed additive
with Thai herb extracts were reported, Supaluck (2012).

Garlic (4/lium sativam L.), one of the common medicinal plants, possess the wide ranges
of antimicrobial properties. It has been proved for therapeutic effects to many viruses,
bacteria, parasites, fungi and protozoans. Allicin was identified as the major active
pharmaceutical molecule found in crashed garlic, however it has a very short haft-life as it
reacts with many of the surrounding proteins, Kasornchandra et al. (2005). Allicin is derived
from an amino acid called alliin that will be converted to allicin by the action of an enzyme
allinase presented in the garlic cloves. But allicin énd other derivatives compounds in oil was
reported more stability than in fresh garlic, Yoshida, et al. (1987).

In aquaculture, garlic was used to prevent and treat the bacterial and fungal diseases of
fish in China by mixing one kilogram of garlic with powdered feed five kilograms, one
kilogram sodium chloride and one kilogram of binder, Bai (1994). In white shrimp, oil garlic
extract supplementation at 2.5 and 5.0% enhanced the immune response and disease

resistance with feeding for 14 day, Jumroensri ef al. (2010). It was showed that the effects
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garlic in tilapia promoted growth rate, decrease mortality rate and increase antioxidant
activity (Metwally, 2009). And the artificial feed of Nile tilapia by feed supplementary garlic
extract, turmeric extract, spirulina and probiotic found that garlic extract with water and
ethanol can help stimulate the digestive enzymes, be used to enhance feeding and growth
rates in Nile tilapia, Supaluck (2012).

This study, we were interested in garlic oil extract additive feed for immune
enhancements by humeral and cellular activities and growth by characterization enzyme
activities. This research will provide critical information for development of artificial feed

formulation culture of Nile Tilapia (Oreochromis niloticus)

Materials and methods
Preparation of garlic extract

Garlic and soybean oil were purchased from a local market. Garlic was peeled, washed with
clean water, minced, and extracted by shaking overnight with soybean oil at a ratio of 1:1
(W/v). The garlic oil extract was filtrated through a white cloth and kept at —20°C for a

maximal period of three months.

Fish rearing
Nile tilapia

Juvenile Nile tilapia (Oreochromis niloticus) with an average initial weight of 30-50 g were
used. They were divided into main groups and sub-groups, provided with experimental diets,
and individually cultured, as in the Experiment 1. The control group was provided with the
same diet but without garlic oil extract and soybean oil. The experimental diets were made by
spraying with the garlic oil extract or soybean oil using a commercial pellet feed for juvenile
Nile tilapia with at least 40% protein (a mixture of fishmeal and soybean meal) and 4% lipid
(Saffich Charoen Pokphand Foods, Chiangmai, Thailand). Consumption rates were recorded
and feed efficiency was calculated as in the Experiment 1.

At the end of the experiment, the fish were killed by chilling in an ice bath, and the
digestive tracts were collected for later studies of digestive enzymes (amylase, lipase, trypsin
and chymotrypsin). Weight and length of the digestive tracts were measured. The digestive

tracts were kept frozen at —80°C until analyses.
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Determinations of digestive enzymes

Enzymes extraction

The enzymes extraction was performed according to Rungruangsak-Torrissen (2007). Frozen
digestive tract was extracted in 50 mM Tris-HCI buffer pH 8 containing 200 mM NaCl (1:2
w/v) using a micro-homogenizer. The homogenate was then centrifuged at 10000 x g for 20
min at 4°C. The supernatant of crude enzyme extract was collected after removing lipid and
kept at —80°C in small portions.

Protein concentrations in the crude enzyme extracts were determined according to Lowry

et al. (1951), using bovine serum albumin (BSA) as standard.

Amylase specific activity

Amylase activity was determined using the method modified from Areekijseree et al. (2004),
based on Bernfeld (1951), using soluble starch as substrate. The reaction mixtures contained
25 pl of 5% starch solﬁble, 62.5 pl of 0.2 M phosphate buffer pH 7, 37.5 pl of 20 mM NaCl
and 125 pl of diluted crude enzyme extract. The reaction time was 15 min at ambient
temperature, and 250 pl of 1% 3,5-dinitrosalicylic acid (dissolved in 2 M NaOH and 6%
sodium potassium tartrate) was added before boiling for 5 min. Then 2.5 ml of distilled water
was added and the absorbance at 540 nm was measured and compared to maltose standard

curve. Amylase specific activity was expressed as pmol maltose h™' mg protein™.

Lipase specific activity

Lipase activity was analyzed based on Winkler and Stuckmann (1979) using p-nitrophenyl
palmitate as substrate. The reaction mixtures contained 200 pl of 0.01 M p-nitrophenyl
palmitate, 800 pl of 0.2 M phosphate buffer pH 8 and 10 pl of crude enzyme extract. The
reaction time was 15 min at ambient temperature, and stopped with 250 pl of 1 M Na;COs,
then centrifuged at 10000 x g for 15 min before measuring the absorbance at 410 nm.

Specific activity of lipase was expressed as pmol p-nitrophenol produced h™! mg protein™'.
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Trypsin and chymotrypsin specific activities

Trypsin and chymotrypsin activity were determined using 1.25 mM benzoyl-L-arginine-p-
nitroanilide (BAPNA) and 0.1 mM N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (SAPNA),
respectively, according to Rungruangsak-Torrissen (2007). Each substrate was dissolved in
dimethylformamide (5% final concentration) before making up to final volume with 0.2 M
Tris buffer pH 9. The reaction mixture of 10 pul crude enzyme extract and 1000 pl substrate
solution was incubated at ambient temperature, and increased absorbance of one-minute
initial reaction rate was measured at 410 nm. Both trypsin and chymotrypsin specific
activities were expressed as umol p-nitroaniline produced h™ mg protein™'. The digestive
efficiency was expressed as the activity ratio of Trypsin to Chymotrypsin (T/C ratio), as
described by Rungruangsak-Torrissen ef al. (2006) and Rungruangsak-Torrissen (2012).

Non-specific immune assaps
Haematocrit

Blood sample was collected into a micro-haematocrit capillary tube about three fourth of the
tube, with one end of the tube closed with clay. Packed red cell volume was measured as

haematocrit value, after centrifuging at 10,000 to 15,000 rpm for 5 min.

Counting of white and red blood cells

Red blood cells were counted using a haemocytometer White blood cell counts were
performed after staining the blood smear using Wright instant stain set (Biomedical
Laboratory, Bangkok, Thailand).

Serum lysozyme activity

Blood samples were collected in micro-centrifuge tubes, and stored overnight at 4°C. Serum
was obtained by centrifuging blood sample at 10,000 rpm for 10 min at 4°C. Lysozyme
activity in the serum was assayed by mixing with bacteria Micrococcus lysodeikticus
suspension and measured spectrophotometrically at 540 nm, according to Puangkaew et al.
(2004) modified from Ellis (1990). The results are given as units (U) mI™' where one unit is

the amount of sample causing a decrease in absorbance of 0.001 min™'.
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Statistical analysis

All data were expressed as means + SD. Multiple group comparisons were performed using

one-way ANOVA. Statistically significant level was considered when P < 0.05.

Results

Digestive enzymes in Nile tilapia

Feed efficiency (Table 3)

Garlic oil extract significantly increased (P < 0.05) specific activities of the digestive
enzymes amylase (Fig. 3a), lipase (Fig. 3b), trypsin (Fig. 3c) and chymotrypsin (Fig. 3d), and
the increases seemed to relate with the levels of garlic oil extract. Contrastingly, soybean oil
seemed to impact the specific activities of amylase, trypsin and chymotrypsin, with
decreasing specific activities related with increasing levels of soybean oil. However, lipase
specific activity was not affected by soybean oil.

The digestive efficiency T/C ratio significantly increased (P < 0.05) in the presence of
garlic oil extract, and seemed to increase with increased concentrations of the garlic oil
extract (Fig. 3e¢). Contrastingly, soybean oil decreased the levels of T/C ratio when its
concentrations increased (Fig. 3e). However, the increased T/C ratio at 5.0% soybean oil was

within the normal level.

Non-specific immune responses in Nile tilapia

Juvenile Nile tilapia showed significant increases (P < 0.05) in the values of haematocrit
(Fig. 4a), red blood cells count (Fig. 4b), white blood cells count (Fig. 4c), and serum
lysozyme activity (Fig. 4d) after feeding with garlic oil extract, whereas soybean oil had no
effect on these immune parameters, compared to the control (Fig. 4).

Haematocrit values seemed to increase with the levels of garlic oil extract, showing the
highest increase of more than 130% at 5.0% garlic oil extract. However, the values of red and
white blood cells counts did not seem to be affected by the levels of garlic oil extract,
showing the average increased values of 63.8% and 74.2%, respectively, by garlic oil extract.
For serum lysozyme activity, garlic oil extract at 0.5-5.0% double increased lysozyme

activity (4159%), compared to the increase by 0.3% garlic oil extract (2048%).
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RESULTS AND DISCUSSION
Immune Responses

For non-specific immune, were identified by blood composition (hematocrit, red blood cell
count, white blood cell count) and humoral immune responses (lysozyme analysis).

For blood composition, this study used garlic extracts and soybean oil for growth
enhancing immune responses activity in juvenile Nile tilapia fish compare with control group
and juvenile Nile tilapia were fed with feed containing soybean oil group. The result showed
that, for hematocrit in blood of Nile tilapia fish that were fed with diet containing garlic
extracts, it the highest increasing value was in Nile tilapia fish fed garlic extracts, in value of
5.0, 0.5 and 3.0% (w/w) (46.53+ 1.726, 43.41+ 1.698 and 42.63 + 0.604%), respectively. And
it the lowest in value of 0% (w/w) (20.18% 1.098%) and Nile tilapia fish that were fed with
diet containing soybean oil it the lowest compare with control group and juvenile Nile tilapia
were fed with feed containing garlic oil extract in value of 5.0, 3.0, 0.5 % (wiw) (23.32+
1.168, 21.59+ 1.873 and 21.61+ 1.792%), respectively. (Figure 1A)

Red blood cell count in blood of Nile tilapia fish that were fed with diet containing garlic
extracts, it the highest increasing value was in Nile tilapia fish fed garlic extracts, in value of
5.0, 0.3 and 3.0% (w/w) (231 0.052, 2.27 + 0.050 and 2.26 + 0.077x106 cell/mm3),
respectively. And it the lowest in value of 0% (w/w) (1.41% 0.097x106 cell/mm3) and Nile
tilapia fish that were fed with diet containing soybean oil it the lowest compare with control
group and juvenile Nile tilapia were fed with feed containing garlic oil extract in value of 5.0,
1.0, 3. % (w/w) (1.51% 0.062, 1.48+ 0.074 and 1.47 + 0.093 x106 cell/mm3), respectively.
(Figure 1B). And white blood cell count in blood of Nile tilapia fish that were fed with diet
containing garlic extracts, it the highest increasing value was in Nile tilapia fish fed garlic
extracts, in value of 0.3, 0.5 and 1.0% (w/w) (10.94 £ 0.932, 10.83 + 1.034 and 10.86 +
1.896%), respectively. And it the lowest in value of 0% (w/w) (6.28+ 0.606%) and Nile
tilapia fish that were fed with diet containing soybean oil it the lowest compare with control
group and juvenile Nile tilapia were fed with feed containing garlic oil extract in value of 5.0,
0.0, 0 % (w/w) (6.69 £ 0.650, 6.61 + 0.493 and 6.30 + 0.838%), respectively. (Figure 1C)

For humoral immune responses show that lysozyme analysis in blood of Nile tilapia fish
that were fed with diet containing garlic extracts, it the highest increasing value was in Nile
tilapia fish fed garlic extracts, in value of 5.0, 3.0 and 1.0% (w/w) (11.50+ 0.918, 10.90 +
2.040 and 10.13 + 2.164 units/ml serum), respectively. And it the lowest in value of 0% (wiw)
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(0.27+ 0.047 units/ml serum) and Nile tilapia fish that were fed with dict containing soybean
oil it the lowest compare with control group and juvenile Nile tilapia were fed with feed
containing garlic oil extract in value of 0, 0.3, 5.0 % (w/w) (0.64 £ 0.209, 0.47 & 0.125 and
0.4 14 0.009 units/ml serum), respectively. (Figure 1D).
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Figure 1 Immune response of Nile tilapia. A. Hematocrit, B. Red blood cell count, C. White

blood cell count and D. Lysozyme analysis. = garlic extracts group :!Eybean oil

group.

From studies, found that juvenile Nile tilapia fed with diets containing garlic extracts
increasing value hematocrit, red blood cells count, white blood cell count, lysozyme analysis
in blood of Nile tilapia fish compare with control group and juvenile Nile tilapia were fed
with feed containing soybean oil group, that Indicators in a positive way for the operation of
the immune system because the cells have a key role in the immune system including cells,
take capturing unknown, creating antioxidant disinfectant, Correspond with Jumroensri et al.
(2010) reported that the effects oil garlic extract supplementation at 2.5 and 5.0% enhanced

the immune responses of white shrimp, however when considering the disease resistance,
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5.0% of oil macerated garlic extract feeding for 14 day is suggested according research of
Metwally (2009) reported that the effects garlic (Alium sativum) on antioxidant system in
Tilapia can promote growth rate, decrease mortality rate and increase the antioxidant activity
in fish. From studies have been focusing on the benefits of a variety of sulfur-containing
compounds in garlic instead of allicin. These are classified as oil- and water-soluble
compounds. Oil-soluble compounds include sulfides, such as diallyl sulfide (DAS), diallyl
disulfide (DADS), diallyl trisulfide and allyl methyl trisulfide, dithiins, and ajoene. Water-
soluble compounds include cysteine derivatives, such as S-allyl cysteine (SAC), S-allyl
mercaptocysteine (SAMC) and S-methyl cysteine, and gamma-glutamyl cysteine derivatives.
Oil-soluble sulfur compounds are odorous, whereas water-soluble compounds are odorless.
Moreover, water-soluble compounds are more stable and safer than oil-soluble compounds of
Lawson et al. (1991) found that garlic extracts with soybean oil containing compounds such
as 70% vinyldithiins, 18% dialkyl sulfides, 12% ajoene. Garlic was used to prevent and treat
the bacterial and fungal diseases of fish in China by mixing one kilogram of garlic with
powdered feed five kilograms, one kilogram sodium chloride and one kilogram of binder, Bai
(1994).

Growth promotion

This study efficacy of garlic extracts and soybean oil for enhancing growth rate and enzyme
activity in juvenile Nile tilapia were fed with feed containing garlic extracts group and
soybean oil group at O(control), 0.3, 0.5, 1.0, 3.0 and 5.0% (w/w)

This study used garlic extracts group for growth enhancing and characterization of
digestive enzymes in juvenile Nile tilapia fish compare with control group and juvenile Nile
tilapia were fed with feed containing soybean oil group. The result showed that, for amylase
enzyme activity in digestive tract of Nile tilapia fish that were fed with diet containing garlic
extracts, it the highest increasing value was in Nile tilapia fish fed garlic extracts, in value of
5.0, 3.0 and 1.0% (w/w) (83.76+ 0.001, 69.97+ 0.000 and 36.55+ 0.000 U/mg protein),
respectively. And it the lowest in value of 0% (w/w) (2.80% 0.000 U/mg protein) and Nile
tilapia fish that were fed with diet containing soybean oil it the lowest compare with control
group and juvenile Nile tilapia were fed with feed containing garlic oil extract in value of 5.0,
3.0, 0.5 % (w/w) (2.98+ 0.001, 1.72+ 0.000 and 1.15% 0.001 U/mg protein), respectively.
(Figure 2A)
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For lipase enzyme activity in digestive tract of Nile tilapia fish that were fed with diet
containing garlic extracts, it the highest increasing value was in Nile tilapia fish fed garlic
extracts, in value of 5.0, 3.0 and 0.5% (w/w) (6.64% 0.005, 4.46+ 0.006 and 2.35+ 0.002
mU/mg protein), respectively. And it the lowest in value of 0% (w/w) (0.50+ 0.002 mU/mg
protein) and Nile tilapia fish that were fed with diet containing soybean oil it the lowest
compare with control group and juvenile Nile tilapia were fed with feed containing garlic oil
extract in value of 3.0, 5.0, 0.5 % (w/w) (1.04% 0.006, 0.67+ 0.005 and 0.24% 0.002 U/mg
protein), respectively. (Figure 2B)

For trypsin enzyme activity in digestive tract of Nile tilapia fish that were fed with diet
containing garlic extracts, it the highest increasing value was in Nile tilapia fish fed garlic
extracts, in value of 5.0, 3.0 and 1.0% (w/w) (57.84+ 0.004, 42.17+ 0.004 and 28.16+ 0.002
U/mg protein), respectively. And it the lowest in value of 0% (w/w) (6.73+ 0.002 U/mg
protein) and Nile tilapia fish that were fed with diet containing soybean it the lowest compare
with control group and juvenile Nile tilapia were fed with feed containing garlic oil extract in
value of 0, 0.3, 5 % (w/w) (6.30+ 0.002, 4.41% 0.001 and 4.15% 0.003 U/mg protein),
respectively. (Figure 2C)

For chymotrypsin enzyme activity in digestive tract of Nile tilapia fish that were fed with
diet containing garlic extracts, it the highest increasing value was in Nile tilapia fish fed
garlic extracts, in value of 5.0, 3.0 and 1.0% (w/w) (87.29+ 0.005, 58.40+ 0.004 and 51.43%
0.004 U/mg protein), respectively. And it the lowest in value of 0% (w/w) (23.31 0.006
U/mg protein) and Nile tilapia fish that were fed with diet containing soybean oil it the lowest
compare with control group and juvenile Nile tilapia were fed with feed containing garlic oil
extract in value of 3.0, 0, 0.3 % (w/w) (17.28+ 0.005, 16.78% 0.005 and 15.79+ 0.004 U/mg
protein), respectively. (Figure 2D)

For Trypsin and Chymotrypsin ratio (T/C ratio), the biomarker of growth rate, it was
significantly increased in in digestive tract of juvenile Nile tilapia fish that were fed with diet
containing garlic extracts group and soybean oil. The highest value was in juvenile Nile
tilapia fed with diets containing garlic extracts in value of 3.0, 5.0 and 0.5% (w/w) (0.72+
0.004, 0.66% 0.004 and 0.63% 0.003), respectively. And it the lowest in value of 0% (w/w)
(0.29+ 0.004) and Nile tilapia fish that were fed with diet containing soybean oil it the lowest
compare with control group and juvenile Nile tilapia were fed with feed containing garlic oil
extract in value of 5.0, 0, 0.3 % (w/w) (0.39+ 0.004, 0.38+ 0.004 and 0.28+ 0.003),
respectively. (Figure 3)
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Figure 2 Digeslive enzyme activity of Nile tilapia. A. Amylase enzyme activity, B. Lipase
enzyme activity, C. Trypsin enzyme activity and D. Chymolrypsin enzyme activity.
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Figure 3 Digestive enzyme activily ratio of trypsin to chymotrypsin (T/C ratio) of Nile

lilapia. garlic extracts group, 'H)ybean oil group.

For Consumption rate of Nile tilapia fish that were fed with diet containing garlic
extracts, it the highest increasing value was in Nile tilapia fish fed garlic extracts, in value of

5.0 and 3.0% (w/w) (3.5% oz 2.8% per day) respectively. (Figure 4A). And it the lowest in
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value of 0.5% and 3.0% (w/w) (2.45% per day) in Nile tilapia fish that were fed with diet
containing Soybean oil. (Figure 4B).
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Figure 4 Consumption rate of Nile tilapia. A. Garlic extracts group and B. Soybean oil

group. <~0% - 0.3% < 0.5% == 1.0% == 3.0% o 5.0 feed efficiency (increased

weight/consumption rate)

This study efficacy of garlic extracts for enhancing growth rate, enzyme activity and
immune responses in juvenile Nile tilapia were fed with feed containing garlic extracts 0, 0.3,
0.5, 1.0, 3.0 and 5.0% (w/w), the showed that four specific enzyme activity of Nile tilapia
were fed with feed containing garlic extracts were significant different (P<0.05) compare
with control group and juvenile Nile tilapia were fed with feed containing soybean oil group.
The result showed that, amylase enzyme activity, lipase enzyme activity, trypsin enzyme
activity, chymotrypsin enzyme activity in digestive tract of Nile tilapia fish that were fed with
diet containing garlic extracts, it the highest increasing value was in Nile tilapia fish fed
garlic extracts, in value of 5.0 and 3.0% (w/w) respectively, correspond with Supaluck (2012)
reported that the artificial feed of Nile tilapia by feed supplementary garlic extract, turmeric

extract, spirulina and probiotic found that garlic extract with water and ethanol can help
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stimulate the digestive enzymes, be used to enhance feeding and growth rates in Nile tilapia.
Respectively allicin in garlic has been identified as the major active pharmaceutical molecule
found in crashed garlic, however it has a very short hafi-life as it react with many of the
surrounding proteins. Allicin is derived from an amino acid called alliin which is a stable
precursor that will be converted to allicin by the action of an enzyme allinase presented in the
garlic cloves. But Garlic oil stability than fresh garlic, garlic oil contains substances that
ajoene and other compounds that are derivatives of allicin as the main component is the more
stable compounds allicin in fresh garlic, Yoshida (1987). And have the help to stimulate -
intestinal flora living in the local intestine, as well as help improve the digestive system and
also helps to maximize the energy utilization, Khalil (2001). So juvenile Nile tilapia were fed
with feed containing garlic extracts can induce consumption in Jjuvenile Nile tilapia highest
significantly increasing compared with control group and juvenile Nile tilapia were fed with
feed containing garlic oil extract.

The trypsin and Chymotrypsin ratio (T/C ratio), the biomarker of growth rate, it was
significantly increased in in digestive tract of juvenile Nile tilapia fish that were fed with diet
containing garlic extracts group and soybean oil. The highest value was in juvenile Nile
tilapia fed with diets containing garlic extracts in value of 3.0 and 5.0% (w/w) respectively,
compare with control group and diet containing soybean oil group correspond with
Rungruangsak-Torrissen ef al (2006) reported that the trypsin and chymotrypsin enzyme
activity were consistent with the study in Atlantic salmon fish, Salmo salar L. that T/C ratio
were associated with a growth rate when the fish are grow thing within the T/C ratio were
higher and lower when the growth rate of fish decreases, because trypsin enzyme activity
high specific and plays an important role in digestion process of fish growth, and decreased
growth rate slows down. The T/C ratio were useful as indicator of quality feed for the growth

rate of animal.

Conclusion

In conclusion, it can be concluded that garlic extracts adding feed significantly induce
digestive enzyme activities and immune responses in juvenile Nile tilapia. Highest increasing
value of all digestive enzymes activities and immune responses was in juvenile Nile tilapia

fed with 3.0% and 5.0% (w/w) garlic extracts. It was obviously that garlic extracts showed
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the trend to enhance growth rate and immune system in Nile tilapia. Therefore, these extracts

might be benefited to apply for special feed additive for this fish.
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Figure 1 Specific activities of studied digestive enzymes (a) amylase (umol maltose h™" mg
protein™), (b) lipase (pmol p-nitrophenol h-! mg protein™), (c) trypsin (umol p-nitroaniline
h™" mg protein™), (d) chymotrypsin (umol p-nitroaniline h-' mg protein™), and (¢) T/C ratio,
in freshwater prawn afler 7 days feeding with feeds containing different concentrations of
garlic oil extract or soybean oil. The values with different superscripts are significantly

different (P < 0.05).
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Figure 2 Specific activities of studied digestive enzymes (a) amylase (umol maltose h™! mg
protein™), (b) lipase (umol p-nitrophenol h™' mg protein™), (¢) trypsin (umol p-nitroaniline
h™" mg protein™), (d) chymotrypsin (umol p-nitroaniline h™" mg protein™), and (e) T/C ratio,
in Nile tilapia after 7 days feeding with feeds containing different concentrations of garlic oil

extract or soybean oil. The values with different superseripts are significantly different (P <
0.05).
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Figure 3 Immune responses study by (a) hacmatocrit (%), (b) red blood cell count (x10° cells
mm™), (c) white blood cell count (%), and (d) serum lysozyme activity (U ml™), in Nile
tilapia after 7 days feeding with feeds containing different concentrations of garlic oil extract

or soybean oil. The values with different superscripts are significantly different (7 < 0.05).



N

The Effects of dietary Garlic Extract on Immune response, Digestive Enzymes
and Growth performance in Broiler Chickens
M. Supa-aksorn™*, J. antimmkorn‘f& B. Mancewan"*
“Faculty of Fisherics Technology and Aquatic Resources, Maejo University
*Faculty of Animal Science and Technology, Maejo University

Nong Han sub district, San Sai district, Chiang Mai, 50290, Thailand.

*Corresponding author: buaream@mju.ac.th J\‘s agﬂ'@w\ju‘at.‘[%
/ %



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

ABSTRACT (12pt, bold, center, capital letter)

Boiler Chicken improvement by using Garlic extract was conducted in 320
Roman brown hens 17 weeks of ages. The laying hens were randomly assigned to 4
experimental groups (Completely Randomized Design; CRD), 4 replicates of 20 laying
hens. Group 1, the chickens were fed control diet without Garlic extract (0%). Group 2
and 3 the chickens were fed the 0.10 and 0.15% Garlic extract diets respectively. Group
4, the chickens were fed commercial laying hen diet. The egg production performance
and egg quality were observed for 12 weeks. The nutritional content in boiled whole egg,
amino acid profile in boiled white egg, fatty acid profile in boiler egg yolk and antioxidant
activity in raw egg yolk were observed at the end of the experimental period. The overall
results of the 1-12 weeks showed that the feed intake and egg production were not
different (P > 0.05). The feed conversion ratio of commercial group was not different
from control group (P >0.05) but higher than the Garlic extract groups (P < 0.05). The
egg weight, yolk index, egg shell thickness, strength and color and Hough unit of the
experimental groups were not different (P > 0.05). Immune response in the Garlic extract
groups was higher than the control group but lower than the commercial group (P <0.05).

The moisture, crude protein, nitrogen free extract (NFE), crude fat, crude fibre,
calcium and phosphorus of whole boiled egg were not different (P > 0.05). The raw egg
yolk of the 0.10% Garlic extract group showed the DPPH radical-scavenging activity as
25.95% and was not different from control group (P > 0.05) but the using Spirulina
platensis at 0.15% decreased the DPPH radical-scavenging activity to 6.49% (P < 0.05).
The antioxidant activity was not found in the commercial diet group. The boiled egg yolk
fatty acid profile in the control and 0.15% Garlic extractgroups were not different (P >

0.05) excepted that the tricosylic acid was detected in Garlic extractgroup, the m)}ristic
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acid of Garlic extract group was higher than control and the steric acid and
docosahexaenoic acid in Garlic extract group was lower than control (P < 0.05). The
boiled white egg amino acid profile in the control and 0.15% Garlic extract groups were
not different (P > 0.05) excepted that the isoleucine and valine of the 0.15% Garlic
extractgroup tended to be higher than control group (P = 0.098 and P = 0.091). Therefore,
the 0.15% Garlic extract can be use in safety laying hen diet to improved egg yolk colour
and increased mysristic acid in egg yolk and increased isoleucine and valine in white egg
although the egg yolk color was lower than the using of commercial diet which the
synthesis colour was added.

Key words: Boiler Chicken, Garlic extract, egg quality, Immune response
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INTRODUCTION

At present, the broiler chicken production industry in Thailand has developed and
expanded rapidly. Competitive Potential of Thailand chicken meat and chicken products
is a leader in producing standardized chicken meat. In 2020, the world's fourth-largest
producer of broilers, export target 956,470 tons. It is fresh chicken meat-processed
1,001,743 tons and consumed in the country 1,915 thousand tons. (montrepituk, 2020).
From consumer demand in large quantities causing entrepreneurs to use growth
accelerators of chickens to grow faster, be the cause of chicken stres‘s, decreased immune
system, and lead to the disease easily. Therefore, farmers must use antibiotics to treat the
disease. But the limitation of the use of antibiotics is that if antibiotics are used for a long
time the residue problems in the meat will increase. The antibiotic residue directly affects
the consumers health such as causing cancer and anemia, etc. (Vaidya et al, 2009 and
Block et al, 2010) It also contributes to the resistance of the disease from such causes,
European Union Which is imported meat has passed a law prohibiting use Antibiotic
substances in animal husbandry and not allowed imported meat and animal products
containing antibiotic residues (Amagase et al, 2001; Demir et al, 2003) Cho et al. (2006).
It also causes resistance to pathogens. For that reason, the European Union has passed a
law, it is forbidden to use antibiotics in animal husbandry and meat is not allowed, and
animal products containing antibiotic residues.

Garlic (Allium sativam L.) is one of the most common medicinal plants with a
wide range of antimicrobial properties. It has been proven effective in treating many
viruses, bacteria, parasites, fungi, and protozoa (Vaidya et al, 2009 and Block et al, 2010)
and the use of garlic as a natural food additive has been reported. It stimulates the immune

system of broilers (Demir et al, 2003) and has also been found to improve the activity of
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microorganisms in the digestive tract (Lewis et al, 2003) as well as improving broiler
growth and conversion ratios. It is also possible to reduce mortality (Tollba & Hassan
(2003) and the use of garlic powder in chicken feed). This resulted in good efficiency of
the carcass quality of broilers (Amagase et al, 2001; Demir et al, 2003). Cho et al. (2006)
also reported that allicin had immunosuppressive activity in birds. The key ingredient
found in garlic is Allicin, which is an active ingredient. But it was found that the lifespan
of allicin was very short because it reacted with many proteins, Kasornchandra et al
(2005). It is converted to allicin by the action of the allinase enzyme present in garlic
cloves. But it was reported that allicin and other derivatives in oil and alcohol were more
stable in fresh garlic, Yoshida, et al‘. (1987).

This research was to investigate the efficacy of garlic extract against the activity
of non-specific immune responses (Haematocrit, Counting of white and red blood cells,
types white blood cells, Serum lysozyme activity, superoxide dismutase activity),
digestive enzyme (amylase). activity, lipase activity, trypsin activity, chymotrypsin

activity, T / C ratio) growth rate, and carcass quality in broilers

MATERIALS AND METHODS
Garlic extract preparation
Garlic was purchased from a local market. Garlic was peeled, washed with clean
water, minced, and extracted by shaking overnight with 50% Ethanol (w/v) The garlic
extract was filtrated through a white cloth, then put into powder with coolness using the

freeze-dry machine.
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Animals and diets

The 144 newly hatched male broiler chickens were separated to three groups with
four replicates of 12 birds each according to a completely randomized block design.
Group 1, the chicks were provided control diet without garlic extract (0.0%). Group 2 and
3 the chicks were provided-control diet mixing with the garlic extract at the concentration
of 0.1 and 0.2% (w/w) respectively. The control feed was prepared for broiler into 2
periods comprising as starter feed (1-3 weeks) (CP, 23%; ME, 3200 kecal/kg) and a
grower feed (4-5 weeks) (CP, 20%; ME, 3200 kcal/kg). Feeding and water were provided
adlibitum. Feed intake and body weight were monitored weekly until 35-d of age.

At the end of the experiment, 12 of birds randomly selected from each treatment
were collected the blood sample were collected wing vein and slaughtered. The weight

of the carcass, each meat part and visceral organs was measured. The intestinal content

was collected.

Non-specific immune assays
Haematocrit
Haematocrit was determined using the method modified from Blaxhall and
Daisley (1973). Blood sample was collected into a micro-haematocrit capillary tube about
three fourth of the tube, with one end of the tube closed with clay. Packed red cell volume

was measured as haematocrit value, after centrifuging at 10,000 to 15,000 rpm for 5 min

Counting of white and red blood cells
Counting of white and red blood cells were performed according to Anderson and

Siwicki (1995). Red blood cells were counted using a haemocytometer. White blood cell
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counts were performed after staining the blood smear using Wright instant stain set

(Biomedical Laboratory, Bangkok, Thailand).

Counting of types white blood cells, including basophil, eosinophil, monocyte,

lymphocyte, heterophil, and H/L Ratio according to Gross and Siegel (1986).

humoral immunity activity

Serum lysozyme activity according to Puangkaew et al. (2004) modified from
Ellis (1990). Blood samples were collected in micro-centrifuge tubes and stored overnight
at 4°C. Serum was obtained by centrifuging blood sample at 10,000 rpm for 10 min at
4°C. Lysozyme activity in the serum was assayed by mixing with bacteria Micrococcus
lysodeikticus suspension and measured spectrophotometrically at 540 nm. The results are
given as units (U) ml™' where one unit is the amount of sample causing a decrease in
absorbance of 0.001 min™!,

The activity of superoxide dismutase was determined using the method modified
from Cook et al. (2001), based on Siwicki et al (1993), was determined as the reduction
of nitroblue tetrazolium (NBT). The optical density of the supernatant was measured at

540 nm with a microplate reader.

Determinations of digestive enzymes
Enzymes extraction
The enzymes extraction was performed according to Rungruangsak-Torrissen
(2007). Frozen digestive tract was extracted in 50 mM Tris-HCI buffer pH 8 containing

200 mM NaCl (1:2 w/v) using a micro-homogenizer. The homogenate was then
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centrifuged at 10000 x g for 20 min at 4°C. The supernatant of crude enzyme extract was
collected after removing lipid and kept at —80°C in small portions.
Protein concentrations in the crude enzyme extracts were determined according to

Lowry et al. (1951), using bovine serum albumin (BSA) as standard.

Amylase specific activity

Amylase activity was determined using the method modified from Areekijseree
et al. (2004), based on Bernfeld (1951), using soluble starch as substrate. The reaction
mixtures contained 25 pl of 5% starch soluble, 62.5 pl of 0.2 M phosphate buffer pH 7,
37.5 pl of 20 mM NaCl and 125 pl of diluted crude enzyme extract. The reaction time
was 15 min at ambient temperature, and 250 pl of 1% 3,5-dinitrosalicylic acid (dissolved
in 2 M NaOH and 6% sodium potassium tartrate) was added before boiling for 5 min.
Then 2.5 ml of distilled water was added and the absorbance at 540 nm was measured

and compared to maltose standard curve. Amylase specific activity was expressed as

pmol maltose h™ mg protein™.

Lipase specific activity
Lipase activity was analyzed based on Winkler and Stuckmann (1979) using p-
nitrophenyl palmitate as substrate. The reaction mixtures contained 200 pl of 0.01 M p-
nitropheny! palmitate, 800 pl of 0.2 M phosphate buffer pH 8 and 10 pl of crude enzyme
extract. The reaction time was 15 min at ambient temperature, and stopped with 250 pl
of 1 M NaxCO3, then centrifuged at 10000 % g for 15 min before measuring the absorbance

at 410 nm. Specific activity of lipase was expressed as pmol p-nitrophenol produced h™

mg protein~'.
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Trypsin and chymotrypsin specific activities

Trypsin and chymotrypsin activity were determined using 1.25 mM benzoyl-L-
arginine-p-nitroanilide (BAPNA) and 0.1 mM N-succinyl-Ala-Ala-Pro-Phe-p-
nitroanilide (SAPNA), respectively, according to Rungruangsak-Torrissen (2007). Each
substrate was dissolved in dimethylformamide (5% final concentration) before making
up to final volume with 0.2 M Tris buffer pH 9. The reaction mixture of 10 ul crude
enzyme extract and 1000 pl substrate solution was incubated at ambient temperature, and
increased absorbance of one-minute initial reaction rate was measured at 410 nm. Both
trypsin and chymotrypsin specific activities were expressed as pmol p-nitroaniline
produced h™' mg protein~'. The digestive efficiency was expressed as the activity ratio of
Trypsin to Chymotrypsin (T/C ratio), as described by Rungruangsak-Torrissen ef al.

(2006) and Rungruangsak-Torrissen (2012).

Statistical analysis

All data were expressed as means = SD. Multiple group comparisons were
performed using one-way ANOVA. Statistically significant level was considered when
P <0.05.

RESULTS AND DISCUSSION
Immune Responses in Boilers
From the study of garlic extract supplementation in feed for fed broiler chickens
for 3 weeks, it was found that, the haematocrit were higher in broiler chickens fed with
0.1% garlic extract and 0.2% garlic extract significant increases (P < 0.05) compere with
control group, (Table 1 and Figure 1). No significant different of the haematocrit among

treatment was found after 5 weeks (Table 1 and Figure 2).
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The Red blood cells count, and white blood cells count increased significantly (P

< 0.05) for the boilers fed with 0.2% garlic extract supplemented diet after 3 weeks,

respectively (Table 1 and Figure 1).

The serum lysozyme activity after feeding with 0.2% garlic extract for 3 weeks,

significant increases (P < 0.05) compere with 0.1% garlic extract group, and control

group, (Table 1).

Table 1. The effects of garlic extract on Non-specific immune responses in Boilers

chicken on these immune parameters

Garlic extract (%)
Parameter Week 0.0 0.1 02 SEM  P-value
Haematocrit (%) 1-3 9706° 31,52 30.81° 0.79 0.014
4-5 28.26 29.28 29.32 0.42 0.702
Red blood cells count 1-3 1.83° 175" 2.50* 0.13 0.010
(x105 cell ml™) 4-5 1.06° 1.57° 1.45° 0.08 0.000
white blood cells count 1-3 1.25° 2,15" 2.69° 0.21 0.000
(x10% cell mI™) 4-5 2.39 245 2.23 0.06 0.290
Lymphocyte (%) 1-3 65.00° 73.00° 74.00° 1.53 0.002
4-5 64.67 76.33 71.33 2.14 0.001
Heterphil (%) 13 2767 21000 2133 122 0010
4-5 30.00 19.33 20.67 1.76 0.001
Basophil (%) 1-3 433 3.67 3.67 0.20 0.332
4-5 3.33 1.00 1.67 0.55 0.223
Monocyte (%) 1-3 233" 1.67% 0.67° 0.29 0.033
4-5 1.33 0.00 0.00 0.29 0.079
Eosinophil (%) 1-3 0.67 0.67 0.33 0.24 0.850
4-5 0.67 0.00 0.33 0.17 0.296
H:L ratio 1-3 0.43° 0.29% 0.29° 0.03 0.007
4-5 0.47 0.25 0.27 0.04 0.000
Lysozyme 1-3 6.13° 8.73° 9.07° 0.49 0.001
(units ml serum™) 4-5 12.53¢ 24.73% 19.53% 1.80 0.000
Superoxide dismutase 1-3 0.64° 0.81° 0.86° 0.04 0.031
(units mg protein™) 4-5 0.56° 0.80" 0.74* 0.04 0.004

Note: ™® in the same row show statistically differences (P<0.05)

When fed broiler chickens with feed supplements garlic extract for Sweeks,

then blood samples were collected to recheck the immune system found that the Red

blood cells count, white blood cells count, and serum lysozyme activity after feeding

10
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with 0.1% garlic extract was showed significant increases (P < 0.05), whereas control

group had no effect on these immune parameters (Table 1).

When fed broiler chickens with feed supplements garlic extract for 3 weeks and 5
weeks, then blood samples were collected to recheck the Superoxide dismutase (SOD)

found that the SOD activity after feeding with garlic extract was showed significant
increases (P < 0.05), whereas control group had no effect on these immune parameters

(Table 1).

Digestive enzymes in Broiler chickens

This study efficacy of garlic extracts compares with control group for enhancing
enzyme activity in broiler chickens were fed with feed containing garlic extracts group at
concentration 0 (control), 0.1 and 0.2% (w/w) for 3 weeks and 5 weeks.

For 3 weeks, the specific activities of enzymes amylase in 0.2% garlic extract
group significantly increased (P < 0.05) when compared with the other groups.
Contrastingly, the specific activities of trypsin, and chymotrypsin were significantly
increased (P < 0.05) in 0.1% garlic extract group (Table 2, and Figure 4). And The
digestive efficiency T/C ratio significantly increased (P < 0.05) in the 0.1% garlic extract

group (Table 2).

Table 2. The effects of garlic extract on specific activity of digestive enzymes.

11



Garlic extract (%)

Week SEM P-value
0.0 0.1 0.2
Amylase
(pmol maltose h™' mg protein™)
1-3 118.77 130.47 15753 7.90 0.12
4-5 93.42° 99.47° 118.37° 2.68 0.00
Lipase
(pmol p-nitrophenol produced h™ mg protein™).
1-3 25.62° 44.08° 22.20° 2.32 0.00
4-5 23.26° 40.30° 26.56° 1.76 0.00
Trypsin
(umol p-nitroaniline produced h™ mg protein™)
1-3 304.32 356.61 394.86 9.59 0.00
4-5 2053.58®  2103.74° 2537.95° 45,75 0.00
Chymotrypsin
(pmol p-nitroaniline produced h™ mg protein™)
1-3 275.84 262.69 263.12 4.57 0.43
4-5 787.01*°  517.58 785.82" 30.18 0.00
T/C ratio
1-3 1.10° 1.36° 1.50° 0.04 0.00
4-5 2.62° 428" 3.26° 0.18 0.00

228  Note: *®° in the same row show statistically differences (P<0.05)

229
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For 5 weeks, The result showed that, for amylase enzyme activity in broiler
chickens that were fed with diet in control group and diet containing 0.1% garlic extracts,
and 0.2% garlic extracts, no effect on amylase enzyme activity in broiler chickens (P >
0.05). Lipase enzyme activity, Trypsin enzyme activity, Chymotrypsin enzyme activity
increased significantly (P < 0.05) of the broiler chickens fed with 0.1% garlic extracts,
0.2% garlic extracts, and control group, respectively (Table 2, and Figure 5). And T/C
ratio increased significantly (P < 0.05) of the broiler chickens fed with 0.1% garlic
extracts, control group, and, 0.2% garlic extracts, respectively (Table 2, and Figure 6).

Growth performance

Results of this investigation indicated that garlic extract had no effect on final
weight, body weight gain and feed conversion ratio (Table 3 and 4) (P> 0.05). The feed
intake of garlic extract groups were higher than control groups during 1-3 weeks of age
(P <0.05) but during 4-5 and 1-5 week of age the feed intake were not different among
the experimental groups (P > 0.05).

Table 3. The effects of garlic extract on final weight, feed intake and body weight gain.

Garlic extract (%)
Week SEM  P-value
0.0 0.1 0.2
Final weight (g)
1490.53 1475.95 1438.03 16.58 0.45
Feed intake (g/b/w)
1 108.05 107.79 94.86 3.23 0.16
2 423.65 437.00 454.90 7.23 0.22
3 488.00° 534.38% 558.58" 1224  0.04
4 850.00 794.22 822.35 23.14 0.66

13



5 964.21 944.79 974.51 20.42 0.86
1-3 339.90° 359.72° 369.44° 4.44 <0.01
4-5 907.10 869.51 898.43 14.75 0.60
1-5 566.78 563.64 581.04 6.74 0.58
Body weight gain (g/b/w)
1 92.10 92.46 93.33 1.21 0.93
2 164.10 172.42 154.96 515 0.42
3 169.98 188.54 188.54 5.28 0.27
4 47443 388.82° 419.70® 1477  0.04
5 511.74 553.79 499.39 19.38 0.53
1-3 142.06 151.14 145.61 2.13 0.23
4-5 493.09 471.31 459.54 8.75 0.31
1-5 282.47 279.20 271.18 3.24 0.38
245  Note: *® in the same row show statistically differences (P<0.05)
246
247  Table 4. The effects of garlic extract on feed conversion ratio
Garlic extract (%)
Week SEM P-value
0.0 0.1 0.2
1 117 1 ) 1.02 0.03 0.06
2 2.64 2.54 2.94 0.09 0.15
3 2.93 2.84 2.97 0.09 0.87
4 1.80 2.05 1.96 0.06 0.22
5 1.92 1.72 1.95 0.03 0.29
1-3 240 2.38 2.54 0.04 0.14

14
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250

251

252

253
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255

256

4-5 1.84 1.85 1.96 0.03 0.31

1-5 2.01 2.02 2.14 0.03 0.07

The garlic extract had no effect on carcass characteristic (P > 0.05) except that the
drumstricks of the garlic groups were higher than control (P < 0.05) and the pectoralis
minor of 0.1 % garlic extract group was higher than the 0.2% garlic extract group (P <
0.05) but had no different from control group (P > 0.05) whereas the gizzard and
proventriculus and the visceral organs of 0.1 % garlic extract group was lower than the
0.2% garlic extract group (P < 0.05) but had no different from control group (P > 0.05)
(Table 5).

Table 5 The effects of garlic extract on carcass composition (%live weight)

Garlic extract (%)

Carcass composition SEM  P-value
0.0 0.1 0.2
Hot carcass (%) 81.42 83.17 79.71 0.63 0.08
Wings 8.83 9.28 9.04 0.13 0.40
Drumsticks 10.46° 11.29* 11.62*  0.15  <0.01
Thigh 14.99 13.55 13.59 0.42 0.30
Feet 4.70 4.78 4.81 0.07 0.79
Pectoralis major 15.44 15.25 14.06 0.26 0.06
Pectoralis minor 3.73% 3.88° 3.5 005  0.03
Skeleton 20.9 20.97 22.02 0.27 0.17
Heart 0.68 0.62 0.64 0.02 0.35
Liver and gallbladder 2.61 249 2.62 0.03 0.23
Spleen 0.13 0.15 0.19 0.01 0.18

15



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

Gizzard and proventriculus 2.44%h 2.36° 2.64° 0.04 0.03

Visceral organs 11.28% 10.70° 11.69* 0.15 0.02

ab in the same row show statistically differences (P<0.05)

And have the help to stimulate intestinal flora living in the local intestine, as well
as help improve the digestive system and also helps to maximize the energy utilization,
Khalil (2001). However, supplementation of garlic extract in broiler chickens Did not
increase the growth parameter significantly (P>0.05) correspond with Qureshi et al.
(1983) reported no differences in final body weight of pullets fed diets with various garlic
products at levels equal to about 50 kg/t of added garlic bulb. Bodyweight gain in broiler
chickens, that received a diet supplemented with a commercial garlic product at
concentrations up to 45 kg/t, were not affected (Horton et al., 1991b; Konjufca et al.,
1997; Freitas et al., 2001). The body weight gain of broiler chickens fed low
concentrations of commercial garlic products was improved (Lewis et al., 2003; Demir et

al., 2003).
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Introduction

Chitosan nanoparticles (CS-NPs) are solid colloidal
particles which have special properties such as
biocompatibility, biodegradability and mucosal delivery
activity [1]. In human, CS-NPs has been applied as
carrier, adhesive and active molecules to target organs,
and to eohance the performance of drugs, Innovative
fimctional foods that can bring physiological benefits or
reduce long-term risks of developing diseases which are
being developed by the scientific community [2]. There
were few reports of CS-NPs available relevant to fish
and shrimp, Moreover, there is no any research
involving toxicity of CS-NPs in aquatic animals,

In this study, chitosan uanoparticles were
synthesized by ionotropic gelation technique using
commercial chitogan and tripolyphosphate (TPP) as
crosslinker,

Materlals and methods

Materials

Chitesan % DD = 8145 (TMECO), sodium
tripolyphosphate 95% purity (Bio basic) and glacial
acetic acid (Merck).

Preparation of chitosan nanopariicle

CS-NPs werc prepared with ionotropic gelation
technique [3] using chitosan in 1% (w/v) acetic acid and
sodium tripolyphosphate as crosslinker. Nanoparticles
were collected, freeze dried and stored at 4°C uatil
using.

Characterization of Chitosan Nanoparticles

The morphologic characterization of chitosan
nanoparticles was evaluated by using a scanning
clectron microscopy (SEM) (IJSM-5410 LV; JEBOL,
Japun). The particle size and zeta potential were

JSFS

determined using nanosizer (S4700; Malvem, English).

Food preparation coated with chitasan nanoparticles
Chitosan nanoparticles as a dry powder to be dissolved
in water in a ratio of 1:1 (w/v). Shrimp food number 2,
Sprayed with dissolved nanoparticles in a ratio of 0.1,
0.5 1.0 and 5.0% (w/w) all over, then desiccate and
store food in a closed container.

In vivo toxicity test

Tissue of representative giant freshwater prawns from
each test and control group was tested. Subsequently,
the organs including gill, liver, pancreas, stomach
intestines and heart were prepared, Fixative samples In
95% ethanol for 24 hours, then stored at 75% ethanol,
were performed section cutting and hematoxylin—eosin
stain, consider the differences with the control group.
Before being viewed under a light microscope [4].

In vivo gene expression test

The GFP gene into an expression plasmid (expression
vector pcDNA3.1 eukaryotic), the GFP plasmid are to
be transferred into Escherichia coli (DHSa) cells. To
increase the number of plasmids (pGFP). Plasmid
extraction from E. coli cells were used for further
experiments.  Preparcd  encapsulated  chitosan
nanoparticles were containing pGFP (CS-NPs- pGFP).
Giant freshwater prawns were fed with 0.1% (w/w)
CS-NPs-pGFP (1 pug per prawn); and followed the
expression of fluorescent proteins.

Results

Physical and chemical characteristics of nanoparticles
were identified by SEM, nano-sizing and zeta potential,
It indicated that CS-NPs had size of 274473 nm with
zeln potential range of -11.164£0.467 mV.

For in vivo toxicity test, giant freshwater prawn was
fed with CS-NPs 0.1, 0.5, 1 and 5% (w/w) added feed,

http:ihwrww,jsfe.jp/
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Histopathology of interested tissues, i.e. heart, gill,
stomach, intesline, liver and pancreas studies werc
followed at 2 and 4 weeks of feeding. It showed that
heart, gill, stomach; and intestine of groups showed the
normal cells and distinctly structure. Liver and pancreas
tissues of all high dose groups showed the abnormal
cells in liver tissue, hepatopancreatic tubularis
separaling from reserve inclusion cells were observed.
Whereas in low dose group, all tissue was normal,

For in vive gene expression test, pGFP encapsulated
in chilosan nanoparticles (CS-NPs-pGIP) were uscd.
Giant freshwater prawn was fed with CS-NPs-pGFP
0.1 % (w/w) (1 pg por prawn) for “one day". The
expression  was  anolyzed under the {luorescent
microscope at 1, 3, 5 and 7 days after feeding, i
showed that green fluorescence in all organs such as
gill, stomach, intesting, heart, brain and pancreas
beginning at 1 day afler feeding and increasing till 7
days (Fig. 1).

Fig. 1. It showed green fluorcscence in all organs such as intestine
(A), heart (B), gill (C) and stomach (1) at 3rd day aller feeding.

Discussion

Physical cxamination with SEM, demonstrates the
particle size of the nano-solar chitosan and the zeta
potential with a nano-sizing. The size of chitosan
nanoparticles that was small, have a vounded shape.
Nanoparticles visible that colloid translucent of the gel
is clear. When tested with SEM found that chitosan
particles of the shape are round, and small [5].

The toxicity of chitosan nanoparticles was found in
muscle tissue; and the liver and pancreas are
dysfunctional. Compared to the control group,
abnormal aceurred in the development of nwcus cells
(MC) and epithelial cclls (BPC) which has intermittent
spaces, Tissue normal of shrimp muscle it consists of
long-form cells in parallel which is attached to the fiber,
development of MC and EPC appear together clearly
There are alternately streteh and shrink according to the

Symposium Procecdings, No. 02014

eurvature of the body [6].

The organ of expression was CS-NPs-pGFP to be an
organ about the digestive system and the exeretory
system of waste. Also found in the mosl luminous
organs, liver, kidneys, stomach and intestines which
appears in the light green fluorescent protein. There are
reports to the use of chitosan nanoparticles for delivery
of DNA vaceines. Study found that DNA vaccines, can
be delivered to the fish, use of chitosan nanoparticles
for the delivery of DNA vaccines. By bringing chilosan
nanoparticles, mix with food to feed for fish, Also
showed gene expression on the liver, spleen and colon
7.

Finally, this study results, concluded that owr
chitosun nanoparticles well carried gene for tissue
expression with low toxicily in shrimp. Thus, it can be
continued available as gene delivery system by feed
additive for shrimp and other squatic animals.
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Fisheries Science for Future Generations Registration Secretariat <jsfs_sy@gakkai-web.net>

2, 26/6/2017 17:22

febenz_499@hotmail.com <benz_499@hotmail.com>;

Thank you for your application for the International Symposium
Fisheries Science for Future Generations,

We received your registration application as follows.
Registration ID: 5664
Password: us+FqWhR

DATE: 2017-06-26

Below is your registered data,
[Applicant]
Title: Mr.
Given Name: Pichai
Family Name: Phongudom
E-mail: benz_499@hotmail.com
Category: Student
Membership ID:
Affiliation; Student
Department: Faculty of Fisheries Technology and Aquatic Resources
Office or Home: Office
Address: 63 moo 4, Nong Han, Sansai, Chiang Mai
Bldg.:
Zip: 50290
Country: Thailand
Phone: +66-5-3-8751-002 ext 503
Fax: +66-5-3-8751-002 ext 130
Abstract application ID: 1450

{Registration Category]
Registration Fee: Student Advance Registration JPY5000
Banquet Fee: Student JPY10000

[Payment]
Credit card

Total Amount: JPY 15000

ARARAKK kAR A dAhRk bRk

[Online Credit Card Payment]
Please make online credit card payment from the site below.

[Bank Transfer)

Bank Name: The Bank of Tokyo-Mitsubishi UFJ, Ltd.
Branch Name: Shinagawa-Ekimae Branch

htips://outloak.tive.com/owa/?path=imallfinbox/rp
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*" Account Name: The JSFS 85th Anniversary-Commemorative International
Symposium
Account Number: 0356638 (Ordinary account)
SWIFT Code: BOTKIPIT
Postal Address: 2-16-2, Konan, Minato-ku, Tokyo, Japan 108-0075

(In Japanese)
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" JSFS International Symposium Registration Desk Info.: Registration

v

No. 5664

JSFS International Sympsium <jsfs_sy@gakkai-web.net>

Q, 18/9/2017 13:05

fla:benz_499@hotmail.com <benz_499@hotmail.com>;

Septernber 19, 2017

Dear Mr. Pichai Phongudom,

Please kindly come to the Inquiry Desk to make payment procedures as requested on June 20 (advance
registration fee) at the ‘Rakusui Hall'.

( As to symposium venue, please refer to https://www.gakkai-web.net/gakkai/jsfs/sympo/registration/index.htm! )

Your Registration No, is 5664,
Please print out this email message and bring it to the registration desk to smooth registration procedures.
We look forward to seeing you soon in Tokyo.

Sincerely,

__________________________

Secretariat

International Symposium

Fisheries Science for Future Generations
Email: jsfs_sy@gakkai-web.net

hitps:/loutlook.live.com/owa/viewmotel=ReadMessageltem&litem!D=AQMKADAWATZIZmYAZC1hMDMbBLTk1Z DgIMDACLTAWCgBGAAADKkm1UUBWYUEQM
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The Japanese Society for Fisheries Science (JSFS)

The JSFS 85th Anniversary-Commemorative International Symposium
“Fisheries Science for Future Generations”

Abstract Notification

Dear Mr. Pichai Phongudom,

Thank you for submitting the abstract “Effective Gene Delivery of Chitosan Nanoparticles
in Giant freshwater prawn (<i>Macrobrachium rosenbergii<i>)", to the JSFS 85th
Anniversary-Commemorative International Symposium “Fisheries Science for Fu
Generations"to be held in Tokyo, Japan on 22-24 September, 2017. -

On behalf of the Program Committee, I am pleased to inform you that your presentation has
been accepted as Oral as follows.

Session: Oral

Abstract Number: 1450

Please note that the presenting author of this presentation must register for the Symposium
by the 30 June, 2017, Failure to register by 30 June, 2017 will lead to cancellation of the
presentation and removal of the abstract from the final program and the Symposium
Proceedings.

Please check the Symposium website (Presentations) for instruction on the preparation of
presentations.

I look forward to welcoming you to Tokyo later this year. Should you require any further
assistance, please do not hesitate to contact me.

Kind regards

Haruo Sugita, Ph.D.

Chair, Program Committee

on bekalf of;

The JSFS 85th Anniversary-Commemorative Intenational Symposium Program Committee
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WELCOME TO ALL PARTICIPANTS THE JSFS 85th ANNIVERSARY-
COMMEMORATIVE INTERNATIONAL SYMPOSIUM

On behalf of the Organizing Committee, we welcome you all to the JSFS (Japanese Society of
Fisheries Science) 85th Anniversary-Commemorative International Symposium “Fisheries Science
for Future Generations”. We are proud to host the event, and we will see over 900 delegates
from around the world coverage in the city of Tokyo, at Tokyo University of Marine Science and
Technology (TUMSAT),

People in developed countries are keen to improve their health by choosing healthier foods. Seafood
is particularly suitable, and so the demand for seafood has been increasing around the world.
However, against this social background, the decrease of natural resources, competition for limited
resources, and the influences of climate change on fisheries species, among other problems, have
become serious global issues requiring solutions through research in the field of fisheries science.
Interested parties from industry, government and academia need to gather and discuss these difficult

problems.

With this in mind, we host an international symposium on “Fisheries Science for the Future
Generations™ at TUMSAT. This symposium also commemorates the 85th anniversary of the JSFS,
One of the main purposes of this symposium is to discuss the ideal vision for future research on
fisheries science together with young researchers from all over the world. We invited three plenary
speakers and have a lineup of 14 sessions with 750 presentations, We also host a Trade show

featuring more than 20 exhibitors.

So once again, on behalf of the JSFS 85th Anniversary-Commemorative International Symposiumn
Organizing Committee, we welcome you to Tokyo, and TUMSAT, and truly hope that you have a
productive and enjoyable stay.

YOKOSO, L ‘3'
é’?ﬂﬂ 7 592 W

« 4 Vilr wov Wﬂ’
i B |
LR NYY w-—“o‘f’@«’/)

Shuichi Satoh, Ph.D.
Chair, Organizing Committee



e Student Number :
Certificate of MJU-TEP Results 5910501003
Registration Number :
= . 660222003
This is to certify that

Mpr. Pichai Phongudom
took the Maejo University Test of English Proficiency (MJU-TEP) on
February 22,2023

The test results are as follows (see reverse side for more details):

I. Listening Comprehension Skill 3/30 points
2. Semi-speaking Skill 9/25 points
3. Semi-writing Skill 8/30 points
4. Reading Comprehension Skill 9/35 points
Total Score 29/120 points

Given on February 24™, 2023
__,/yé'

(Assoc. Prof. Dr. Rapeephun Dangtungee)
Dean of Maejo Uiversity International College



Student Number :

Certificate of MJU-TEP Results | 5910501003

Registration Number :
660315009

This 1s to certify that

Mr.Pichai Phongudom
took the Magjo University Test of English Proficiency (MJU-TEP) on
March 15, 2023

The test results are as follows (see reverse side for more details):

I. Listening Comprehension Skill 5/30 points
2. Semi-speaking Skill 6/25 points
3. Semi-writing Skill 10/30 points
4. Reading Comprehension Skill 11/35 points
Total Score 32/120 points

Given on March 17, 2023

(Assoc. Prof. Dr. Rapeephun Dangtungee)
Dean of Maejo Uiversity International College



Certificate of MJU-TEP Results

This is to certify that

Mpr.Pichai Phongudom
took the Maejo University Test of English Proficiency (MJU-TEP) on
March 2279, 2023

The test results are as follows (see reverse side for more details):

1. Listening Comprehension Skill 4/30 points
2. Semi-speaking Skill 9/25 points
3. Semi-writing Skill 5/30 points
4. Reading Comprehension Skill 10/35 points
Total Score 28/120 points

Given on March 24t 2023

7 /7\_/
e

(Assoc. Prof. Dr. Rapeephun Dangtungee)
Dean of Maejo Uiversity International College

Student Number :

5910501003
Registration Number :

660322011
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258361 / Junpen Saraetal. / msdsafiuanudiiusmoviugnssnaasflanldiniaominma Library

Workflow Publication

Submission nsdsaiv

sau 1

Round 1 Status

One or more reviewers missed their deadline. The editorial team has been notified and will
take action to ensure reviews are completed, You do not need to take any action at this time.
You will be notified when a decision has been made.

Review Discussions Add discussion
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[IRR] Editor Decision
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JTIR-ADMIN NPRU via Thai Journals Online (ThaiJO) <admin@tci-thaijo.org> 9 dlguinu 2566 a1 10:20

aaundullde: JTIR-ADMIN NPRU <irr@npru.ac.th>

fiv: Kitti Lucha <mr.kittilucha@gmail.com=, Phattharakorn Mahasorasak <mahasorasak.p@gmail.com>, Chalinda Ariyadet
<chalinda.bio@gmail.com>, Pathipan Sutigoolabud <pathipan@miju.ac.th>, Chanchai Sangchyoswat
<graduateschool@mju.ac.th>, Chanthana Susawaengsup <chanthana@mju.ac.th>

Kitti Lucha, Phattharakorn Mahasorasak, Chalinda Ariyadet, Pathipan Sutigoolabud, Chanchai Sangchyoswat, Chanthana

Susawaengsup:

We have reached a decision regarding your submission to Interdisciplinary Research Review, "Influence of Longan wood
Biochar on the growth of Pure White Hokkaido sweet corn and Siamese Ruby Queen"”,

Our decision is: Accept.(send your arlicle for an improving article in Microsoft word 2010 file and PDF file) back to system
within 16 June 2023 for publishing your article in the future.

Reviewer A:
Recommendation: Revisions Required i

Is the English in this article understandable?

Yes, it is understandable.

Accept or Reject

Accept with minor revisions

Recommendation

Explain why the author use these ratio of biochar content. Is it suitable (related research).
Need english ediling

Attached file.

Reviewer B:
Recommendation: Revisions Required
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« Details of biochar production/ chemical analysis should be added.
» Effect of biochar properties/ effect of initial soil properties is of great importance to research. There should be
detailed.

Recommendation: Revisions Required
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Editorial Board and Secretary
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