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Effect of Dietary Polyphenol-Rich Feed Additive from Grape Pomace on
Growth, Survival and Tolerance to Vibrio Infection in
Pacific White Shrimp (Litopenaeus vannamei)

Hataitip Niyamosatha, Niti Chuchird and Tirawat Rairat™
ABSTRACT

The effect of Anta®Ox FlavoSyn, polyphenol-rich feed additive from grapes, on
the health and tolerance to Vibrio infection in Pacific white shrimp was studied under
laboratory conditions. In experiment 1, postlarvae 12 were stocked in an 18 x 500-L
fiberglass tank at a density of 50 PL/tank. Water temperature and salinity were maintained
at 29 + 1°C and 20-25 ppt, respectively. Shrimp were distributed into three groups (with
six replicates/treatment), then fed four times/day with normal pelleted feed (control group),
or feed mixed with 400 and 800 ppm Anta®Ox FlavoSyn. After 60 days of feeding trials,
the body weights of shrimp fed with 400 and 800 ppm Anta®Ox FlavoSyn were 3.42 +
0.22 and 3.48 £ 0.18 g, respectively, both significantly higher than those of the control
group (2.64 + 0.43 g). However, there were no differences in the survival rates and FCR
from the three experimental groups. In experiment 2, 30 shrimp from experiment 1 were
randomly stocked in new 18 x 500-L fiberglass tanks with six replicate tanks per treatment.
At the beginning of the trial and 14 days later, Vibrio parahaemolyticus was added into
each tank to obtain a final concentration of 10* CFU/ml. Each treatment group was fed
the aforementioned diets four times daily for 30 days. All water quality parameters were
maintained as in experiment 1. At the end of this experiment, 800 ppm Anta®Ox FlavoSyn-
fed shrimp had a survival rate of 78.33 + 1.92%, significantly higher than that of the
control group (64.17 £ 1.67%). The hepatopancreas of the former showed less necrotic
cells as well. Nevertheless, weight gain, total intestinal Vibrio spp., and total bacterial
count were not significantly different among all experimental groups. The present study
indicated that Anta®Ox FlavoSyn had a positive effect on their growth and survival.
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INTRODUCTION coasts of Central and South America, is the

major shrimp species cultured in China,

Currently, Pacific white shrimp Taiwan, and Thailand (Limsuwan and
(Litopenaeus vannamei), native to the Pacific Chanratchakool, 2004). Since 2012, shrimp
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farmers in Thailand have experienced Early
Mortality Syndrome (EMS), causing major
economic losses in many cultivation areas
throughout the country. Affected shrimp
show signs of pale coloration due to pigment
loss as well as atrophy of the hepatopancreas.
These signs may become apparent as early
as four days post stocking (Munkongwongsiri
et al.,2013). Vibrio parahaemolyticus was
reported to be the suspected agent causing
mass mortality (Tran et al., 2013). Many
scientists have attempted to solve the problem
by using probiotic bacteria or organic acids
to reduce the pathogenic bacteria in the gut
of the shrimp as a prevention method (Nayak
etal.,2012; Walla et al., 2012; Jueliang et al.,
2013). The use of phytogenic compounds is
one of the promising solutions as it has a good
ability to inhibit pathogens or antioxidant
properties and enhance activities of digestive
enzymes and nutrient absorption, which
causes better growth (Lee and Ahn, 1998;
Lee et al., 2004; Cross et al., 2007; Steiner,
2009). Polyphenol-rich plant extracts are
among the good candidates for use as feed
additives as evidenced by the many reports
showing the positive effects of polyphenol
on health performance of both humans and
animals (Sun ef al., 2012; Cardona et al.,
2013; Kemperman et al., 2010). However,
their use in shrimp is limited. The objective
of this study was to evaluate the effects of
dietary supplementation of a polyphenol-rich
feed additive, namely Anta®Ox FlavoSyn
(natural plant extracts from grape pomace),
which has a total polyphenol content of 8.5%
(Fiesel et al., 2014), on growth, survival,
intestinal bacteria, and tolerance to Vibrio
parahaemolyticus infection in Pacific white
shrimp in laboratory conditions.

MATERIALS AND METHODS

Experiment 1-The Effects of Anta®Ox
FlavoSyn on the Growth and Survival of
Pacific White Shrimp Postlarvae

Experimental animals

Pacific white shrimp postlarvae 9
(PL9) were used in this study. A total of
2,000 PL9 from a hatchery were transported
to the Aquaculture Business Research Center
(ABRC) Laboratory, Faculty of Fisheries,
Kasetsart University. PL9 were acclimated
in fiberglass tanks for three days, afterwhich
they were used in this experiment (at PL12).
A total of 18 500-liter tanks were used for
rearing PL12 in seawater of 20-25 ppt
salinity. Temperature was maintained
constantly at 29 + 1°C with an aquarium
heater. Postlarvae 12 were stocked at a
density of 100 PL/m? or 50 PL/tank. Three
experimental groups consisted of a control
group in which shrimp were fed commercial
pelleted feed and two treatment groups in
which shrimp were fed pelleted feed mixed
with either 400 or 800 ppm of Anta®Ox
FlavoSyn. Each group had six replicates.

Growth and survival studies

Shrimp were fed four times daily
until satiation. The feeding rate was adjusted
according to shrimp weight throughout the
60-day experimental period. Water quality
parameters such as pH, dissolved oxygen
(DO), alkalinity, ammonia, and nitrite were
maintained at optimal levels for rearing
shrimp and analyzed weekly throughout the
experiment. Survival rate, body weight, and
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feed conversion ratio (FCR) of the shrimp
were recorded at the end of the experiment.

Experiment 2—The Effects of Anta®0x
FlavoSyn on Growth, Survival and Intestinal
Bacteria of Pacific White Shrimp Challenged

with Vibrio parahaemolyticus

Experimental animals

Juvenile white shrimp from
experiment 1 was used in this study. Eight
hundred healthy shrimp were sampled and
acclimated in fiberglass tanks at ABRC
laboratory for seven days. A total of 18
500-liter tanks were used in this experiment.
Salinity and temperature were maintained
as in experiment 1. A virulent strain of
V. parahaemolyticus cultured in Tryptic Soy
Broth (TSB) with 1.5% NaCl (w/v) was added
into the tanks at the dose of 10* CFU/ml before
stocking, and 14 days after stocking. Shrimp
were stocked at a density of 60 shrimp/m? or
30 shrimp/tank. Three experimental groups
as in experiment 1 were carried out with six
replicates. Four tanks from each group were
used for growth and survival studies. Another
two tanks from each group were used for
histological and immune parameters studies.

Growth and survival studies

Shrimp were fed four times daily
until satiation. Feeding rate was adjusted
according to shrimp weight throughout the
30-day experimental period. Water quality
parameters were maintained as in experiment 1.
Survival rate and body weight of shrimp
were recorded at the end of the trial.

Intestinal bacterial and histological studies

Five shrimp were sampled from each

group at 10, 20, and 30 days of the experiment.
Intestines of each shrimp were removed,
homogenized, and spread on TCBS (selective
media for Vibrio spp. culture) or NA (general
media for most bacteria culture) by spread
plate method, then incubated at 37°C for 24
hours. Finally, all colonies of bacteria were
counted and calculated to CFU/g unit.

At the end of the trial, five shrimp
from each group were sampled, fixed with
Davidson’s fixative solution for histological
examination of hepatopancreas, then embedded
in paraffin and stained with haematoxylin
and eosin (H&E) as describe by Bell and
Lighter (1988).

Statistical analysis

At the end of the experiments,
data from all experimental groups were
statistically compared using one-way ANOVA
and Duncan’s New Multiple Range.

RESULTS
Experiment 1

After 60 days of dietary administration,
the average body weights of 400 and 800
ppm Anta®Ox FlavoSyn-fed shrimps were
3.42 +0.22 and 3.48 = 0.18 g, respectively,
significantly higher than the control shrimp,
which had an average body weight of 2.64
+ 0.43 g. However, the average survival
rate and FCR of shrimp in all experimental
groups were not significantly different from
each other (Table 1).

Experiment 2

At the end of experiment 2, there
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Table 1. Body weight, survival rate and feed conversion ratio (FCR) of Pacific white shrimp
after 60 days of feeding with three different diets

Experimental groups Body weight (g) Survival rate (%) FCR
Control 2.64+0.43° 86.67+3.72% 1.32+£0.07%
Anta®Ox FlavoSyn 400 ppm 3.42+0.22% 89.33 +2.42% 0.99 +0.09%
Anta®Ox FlavoSyn 800 ppm 3.48+0.18% 90.33 +2.66" 0.98 + 0.06°

Data are presented as means + standard deviation. Means in the same column with different superscripts are significantly
different from each other (P<0.05).

was no significant difference in weight gain + 1.92%) groups was significantly higher
among shrimp in all experimental groups. than those in 400 ppm Anta®Ox FlavoSyn
Nevertheless, the survival rate of shrimp (67.50 + 1.67%) and control groups (64.17
from the 800 ppm Anta®Ox FlavoSyn (78.33 =+ 1.67%) (Table 2).

Table 2. Weight gain and survival rate of Pacific white shrimp fed with three different diets for
30 days after being challenged with ¥ parahaemolyticus at 10* CFU/ml

Experimental groups Weight gain (g) Survival rate (%)
Control 2.15+0.61% 6417+ 1.67°
Anta®Ox FlavoSyn 400 ppm 2.00+0.37° 67.50 = 1.67b
Anta®Ox FlavoSyn 800 ppm 2.27+047% 78.33 £1.922

Data are presented as means + standard deviation. Means in the same column with different superscripts are significantly
different from each other (P<0.05)

For intestinal bacterial study, both experimental groups throughout the feeding
Vibrio spp. and total bacterial count were trial (Tables 3 and 4).
not significantly different among all

Table 3. Total number of Vibrio spp. (10® CFU/g) in the intestine of Pacific white shrimp after
being challenged with V. parahaemolyticus at 10* CFU/ml and fed with three different

diets for 30 days
Experimental groups 10th day 20" day 30t day
Control 3.51+3.33% 8.99 +5.64% 8.02+7.82%
Anta®Ox FlavoSyn 400 ppm 3.05+1.85% 8.65+3.76% 7.00 + 3.00%
Anta®Ox FlavoSyn 800 ppm 2.87 +1.56" 7.68 +2.67° 5.75+2.29%

Data are presented as means + standard deviation. Means in the same column with different superscripts are significantly
different from each other (P<0.05)
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Table 4. Total number of bacteria (10® CFU/g) in the intestine of Pacific white shrimp after being
challenged with V. parahaemolyticus at 10* CFU/ml and fed with three different diets

for 30 days
Experimental groups 10th day 20" day 30™ day
Control 72246982 17.48 +9.80° 15.74 +9.94°
Anta®Ox FlavoSyn 400 ppm 6.51 +3.84% 16.88 + 7.57% 14.94 + 6.17%
Anta®Ox FlavoSyn 800 ppm 570 +2.57% 15.33 + 6.04" 12.92 + 7.28°

Data are presented as means + standard deviation. Means in the same column with different superscripts are significantly

different from each other (P<0.05).

A histopathological study of the
hepatopancreas of the experimental shrimp
revealed the occurrence of cell necrosis in the
organ. However, the percentage of necrotic
cells in the hepatopancreas of shrimp from
each experimental group was varied. Shrimp
from the control group showed 30% necrotic
cells, while shrimp fed with 400 and 800
Anta®Ox FlavoSyn showed 25 and 5%
necrotic cells, respectively (Figure 1).

DISCUSSION

Polyphenols are a major group of
plant secondary metabolites which have one
or several phenolic hydroxyl groups. They
are commonly found in many plant foods and
beverages such as fruits, vegetables, cereals,
legumes, tea, wine, beer, etc. (Bravo, 1998;
D’ Archivio et al., 2007; Wink and Schimmer,
2010). Their several biological effects
include antioxidant, anti-inflammatory as
well as antimicrobial activities, and make
polyphenols useful in health promotion
(Xia et al., 2010; Neyestani, 2008; Landete,
2012). There are many reports about the
positive effect of polyphenol-rich feed
additive extracted from grape pomace (Vitis
vinifera) on the health of pigs and chickens
(Brenes et al., 2010; Viveros et al., 2011;

Gessner et al., 2012, 2013; Fiesel et al., 2014).
To our knowledge, its effect on shrimp health
has never been studied.

Given the fact that polyphenols have
distinct anti-inflammatory effects and this
activity may be responsible for growth
promotion in many animals (Niewold, 2007),
it is likely that the growth enhancing effects
of Anta®Ox FlavoSyn (natural plant extracts
from grape pomace) used in this study
may be the result of the anti-inflammation
property of grape seed and grape marc
polyphenols that were proven to suppress
NF-kB activity when their target genes were
involved in inflammation in the duodenal
mucosa of pigs and Caco-2 intestinal cells
(Gessner et al., 2012, 2013). Grape skin is
rich in flavonols (e.g. quercetin, myricetin,
kaempferol), flavanols (e.g. catechin,
epicatechin, procyanidin), hydroxycinnamic
acid, anthocyanins, and resveratrol, while
flavanols (e.g. catechin, epicatechin,
procyanidin) and hydrozybenzoic acid can be
found in abundant amounts in grape seeds
(Montealegre et al., 2006; Xia et al., 2010).
One or several of these polyphenols in grapes
may account for many biological effects,
even if the identity of the active substances
and their precise mechanism of action have
yet to be investigated.
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Figure 1. Necrotic cells in hepatopancreas of shrimp. Control shrimp (1A: 40x, 1B: 100x) with
30% cell necrosis; shrimp fed with Anta®Ox FlavoSyn 400 ppm (1 C: 40x, 1 D: 100x)

with 25% cell necrosis; and shrimp fed with Anta®Ox FlavoSyn 800 ppm (1E: 40x,
1F: 100x) with 5% cell necrosis.
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The survival rate of shrimps infected
with Vibrio parahaemolyticus observed in
the 800 ppm Anta®Ox FlavoSyn-fed groups
was higher compared to the control group,
while no difference in Vibrio counts indicated
that the antimicrobial property of polyphenols
was not the relevant mechanism. The other
possible mechanism lies in the antioxidant
and anti-inflammatory activity of polyphenols
that protect gut mucosa against oxidative
stress (Scalbert et al., 2002; Gessner et al.,
2012, 2013). This explanation is also
consistent with the histopathological study
of hepatopancreas in which the 800 ppm
Anta®Ox FlavoSyn-fed groups showed a
lesser portion of necrotic cells compared to
the control group. However, in contrast to the
normal condition, the growth promoting effect
of Anta®Ox FlavoSyn in V. parahaemolyticus-
infected shrimps was diminished.

In conclusion, this study revealed the
beneficial results of using polyphenol-rich
feed additive in shrimp aquaculture. Anta®
Ox FlavoSyn 800 ppm could improve growth
and survival rate of shrimp infected with
V. parahaemolyticus.

ACKNOWLEDGEMENT

The authors would like to thank the
Dr. Eckel GmbH for financial support.

LITERATURE CITED

Bell, T A. and D.V. Lightner. 1988. A Handbook
of Normal Penaeid Shrimp Histology.
World Aquaculture Society, Baton
Rouge, Louisiana.114 pp.

Bravo, L. 1998. Polyphenols: chemistry,

dietary sources, metabolism, and
nutritional significance. Nutr Rev
56 (11): 317-333.

Brenes. A., A. Viveros, 1. Goii, C. Centeno,
F. Saura-Calixto and I. Arija. 2010.
Effect of grape seed extract on growth
performance, protein and polyphenol
digestibilities, and antioxidant activity
in chicken. Span J Agric Res 8 (2):
326-333.

Cardona, F., C. Andrés-Lacueva, S. Tulipani,
F.J. Tinahones and M.I. Queipo-
Ortufio. 2013. Benefits of polyphenols
on gut microbiota and implications
in human health. J Nutr Biochem
24: 1415-1422.

Cross, D.E., R M. McDevitt, K. Hillman and
T. Acamovic. 2007. The effect of herbs
and their associated essential oils on
performance, dietary digestibility
and gut microflora in chickens from
7 to 28 days of age. Br Poult Sci 48
(4): 496-506.

D’Archivio, M., C. Filesi, R.D. Benedetto,
R. Gargiulo, C. Giovannini and R.
Masella. 2007. Polyphenols, dietary
sources and bioavailability. Ann Ist
Super Sanita 43 (4): 348-361.

Fiesel, A., D.K. Gessner, E. Most and K. Eder.
2014. Effects of dietary polyphenol-
rich plant products from grape or hop
on pro-inflammatory gene expression
in the intestine, nutrient digestibility
and faecal microbiota of weaned pigs.
BMC Vet Res 10: 1-11.

Gessner D.K., R. Ringseis, M. Siebers, J. Keller,
J. Kloster, G. Wen and K. Eder. 2012.
Inhibition of the pro-inflammatory
NF-«B pathway by a grape seed and
grape marc meal extract in intestinal
epithelial cells. J Anim Physiol Anim
Nutr 96 (6): 1074-1083.



8 KASETSART UNIVERSITY FISHERIES RESEARCH BULLETIN 2015, VOLUME 39 (2)

Gessner, D.K., A. Fiesel, E. Most, J. Dinges,
G. Wen, R. Ringseis and K. Eder.
2013. Supplementation of a grape
seed and grape marc meal extract
decreases activities of the oxidative
stress-responsive transcription factors
NF-kB and Nrf2 in the duodenal
mucosa of pigs. Acta Vet Scand 55
(1): 1-10.

Jueliang, P., N. Chuchird and C. Limsuwan.
2013. The effects of probiotic, -1,
3-glucan and organic acid on Pacific
white shrimp’s (Litopenaeus vannamer)
immune system and survival upon
challenge with Vibrio harveyi. KU
Fish Res Bull 37 (3): 25-37.

Kemperman, R.A., S. Bolca, L.C. Roger
and E.E. Vaughan. 2010. Novel
approaches for analysing gut microbes
and dietary polyphenols: challenges
and opportunities. Microbiology
156 (Pt 11): 3224-3231.

Landete, J.M. 2012. Updated knowledge about
polyphenols: functions, bioavailability,
metabolism, and health. Crit Rev
Food Sci Nutr 52 (10): 936-948.

Lee, H.S., Y.J. Ahn. 1998. Growth-Inhibiting
Effects of Cinnamomum cassia
Bark-Derived Materials on Human
Intestinal Bacteria. J Agric Food
Chem 46 (1): 8-12.

Lee, K.W., H. Everts and A.C. Beynen. 2004.
Essential oils in broiler nutrition. Int
J Poult Sci 3 (12): 738-752

Limsuwan, C. and P. Chanratchakool. 2004.
Shrimp Aquaculture Industries of
Thailand. National Research Council
of Thailand. 206 pp.

Montealegre, RR., R.R. Peces, J.L.C. Vozmediano,
J.M. Gascuena and E.G. Romero.

2006. Phenolic compounds in skins
and seeds of ten grape Vitis vinifera
varieties grown in a warm climate.
J Food Comp Anal 19: 687-693.

Munkongwongsiri, N., C. Limsuwan and N.
Chuchird. 2013. Effects of postlarval
quality on occurrence of Early
Mortality Syndrome in Litopenaeus
vannamei culture ponds, pp. 174-181.
In Proceeding of 51" Kasetsart
University Annual Conference,
Fisheries section. Kasetsart University,
Bangkok, Thailand.

Nayak, S., C. Limsuwan, N. Chuchird and
S. Pungpang. 2012. A study on the
effect of Bacillus spp. to control the
pathogenic bacteria in aquaculture.
KU Fish Res Bull 36 (2): 1-13.

Neyestani, T.R. 2008. Polyphenols and
immunity, pp. 413-434. In F.D.
Meester and R.R. Watson, eds. Wild-
Type Food in Health Promotion and
Disease Prevention; The Columbus
Concept. Humana Press, Totowa,
New Jersey.

Niewold, T.A. 2007. The nonantibiotic anti-
inflammatory effect of antimicrobial
growth promoters, the real mode of
action? A hypothesis. Poult Sci 86
(4): 605-6009.

Scalbert, A., C. Morand, C. Manach and
C. Rémésy. 2002. Absorption and
metabolism of polyphenols in the
gut and impact on health. Biomed
Pharmacother 56 (6): 276-282.

Steiner, T. 2009. Phytogenics in Animal
nutrition: Natural Concepts
to Optimize Gut Health and
Performance. Nottingham University
Press, Nottingham, UK. 192 pp.



KASETSART UNIVERSITY FISHERIES RESEARCH BULLETIN 2015, VOLUME 39 (2)

X.J. Sun. 2012. Antitumor and
antimetastatic activities of grape skin
polyphenols in a murine model of

breast cancer. Food Chem Toxicol
50 (10): 3462-3467.

Tran, L, L. Nunan, R.M. Redman, L.L. Mohney,

C.R. Pantoja, K. Fitzsimmons and
D.V. Lightner. 2013. Determination
of the infectious nature of the agent
of acute hepatopancreatic necrosis
syndrome affecting penaeid shrimp.
Dis Aquat Organ 105 (1): 45-55.

Viveros, A., S. Chamorro, M. Pizarro, 1. Arija,

C. Centeno and A. Brenes. 2011.
Effects of dietary polyphenol-rich
grape products on intestinal microflora
and gut morphology in broiler chicks.
Poult Sci 90 (3): 566-578.

Sun, T., Q.Y. Chen, L.J. Wu, X.M. Yao and Walla, W., W. Purivirojkul, N. Chuchird and

C. Limsuwan. 2012. Effect of Activate
DA on growth, survival and the total
number of bacteria and Vibrio spp.
in rearing of Pacific White Shrimp
(Litopenaeus vannamei). KU Fish
Res Bull 36 (2): 14-22.

Wink, M and O. Schimmer. 2010. Molecular

modes of action of defensive secondary
metabolites, pp. 21-161. In M. Wink,
ed. Annual Plant Reviews Volume
39: Functions and Biotechnology
of Plant Secondary Metabolites.
2" ¢d. Blackwell Publishing Ltd,
Singapore.

Xia, E.Q., G.F. Deng, Y.J. Guo and H.B.

Li. 2010. Biological activities of
polyphenols from grapes. Int J Mol
Sci 11 (2): 622-646.



