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University of Granada, Spain
Dedi Jusadi,
IPB University, Indonesia
Fernando Diaz,
Center for Scientific Research and Higher
Education in Ensenada (CICESE), Mexico

*CORRESPONDENCE

Angela Chien

angelachien1221@gmail.com

SPECIALTY SECTION

This article was submitted to
Marine Fisheries, Aquaculture and
Living Resources,
a section of the journal
Frontiers in Marine Science

RECEIVED 22 November 2022
ACCEPTED 06 March 2023

PUBLISHED 16 March 2023

CITATION

Chien A, Cheng YC, Sheen SS and Kirby R
(2023) Dietary grape extract can, at an
appropriate level, improve the growth
performance and antioxidant activity of the
white shrimp Litopenaeus vannamei.
Front. Mar. Sci. 10:1104870.
doi: 10.3389/fmars.2023.1104870

COPYRIGHT

© 2023 Chien, Cheng, Sheen and Kirby. This
is an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 16 March 2023

DOI 10.3389/fmars.2023.1104870
Dietary grape extract can, at an
appropriate level, improve the
growth performance and
antioxidant activity of the white
shrimp Litopenaeus vannamei

Angela Chien1*, Ya Chi Cheng1, Shyn Shin Sheen1

and Ralph Kirby2

1Department of Aquaculture, National Taiwan Ocean University, Keelung, Taiwan, 2Department of Life
Sciences, Institute of Genome Sciences, National Yang Ming Chiao Tung University, Taipei, Taiwan
This study evaluated the growth performance and in vivo antioxidant capacity of

the white shrimp, Litopenaeus vannamei, fed diets containing the grape extract

Nor-grape 80. A control diet containing 1000 ppm vitamin E without added

grape extract and four other diets containing 250, 500, 750 and 1000 ppm grape

extract were formulated. Shrimp, twenty 0.02 g of individuals in each aquarium,

were randomly assigned to one of the above five treatment diets in triplicate and

fed three times daily to satiation for six weeks. The final weight, weight gain

percentage and specific growth rate of the shrimp larvae fed diets containing 250

and 500 ppm Nor-grape 80 were significantly higher than those fed the other

treatment diets. The levels of superoxide dismutase activity of the shrimp fed

diets containing 250 and 500 ppm Nor-grape 80 were significantly higher than

those of shrimp fed the control diet. On the other hand, the thiobarbituric acid-

reactive substance levels of the shrimp fed diets containing 250 and 500 ppm of

Nor-grape 80 were significantly lower than those fed the other diets.

Furthermore, the highest levels of dietary Nor-grape 80, namely 750 and 1000

ppm, gave rise to reduced growth performance, as well as lower levels of in vivo

antioxidant activity. Therefore, for the best growth performance and highest level

of in vivo antioxidant activity, it is suggested that the optimal level of Nor-grape

80 as part of a white shrimp diet falls between 250 and 500 ppm.

KEYWORDS

SOD, TBARS, weight gain percentage, white shrimp, grape extract
Introduction

The Pacific white shrimp Litopenaeus vannamei, a native species that is distributed

along the East Pacific coasts of Mexico, Central America and Peru, has now become the

most popular farmed penaeid shrimp species throughout the world (Dugassa and Gaetan,

2018; Lucas et al., 2019). In 2020, the global aquaculture production of white shrimp was
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more than 5,400,000 tonnes and this represents approximately 80%

of the total aquaculture production of crustaceans (FAO, 2022).

This shrimp shows rapid growth, good survival under high density

culture, and a high tolerance to a broad range of salinities and

temperatures, and therefore it is highly suitable for intensive culture

systems. The shrimp has widely been employed commercially in

Southeast Asia, including in India, Thailand, Vietnam, the People’s

Republic of China and Taiwan (Briggs et al., 2004). Generally, the

white shrimp require five to seven months of cultivation to reach a

marketable size of 15 to 30 grams (Tacon et al., 2013). As part of

feeding management practices, shrimp aquafeed includes costly fish

meal that provides an excellent protein source within the formula;

therefore, the cost of feeding these shrimp can reach as much as 40%

to 60% of the total production costs when under semi-intensive and

intensive systems (Hardy and Tacon, 2002).

In order to reduce dietary costs, several plant and animal

protein sources have been successfully used as fish meal

alternatives without compromising shrimp production (Davis and

Arnold, 2000; Cummins et al., 2017). For white shrimp, it is known

that the optimal dietary protein content ranges from 32% to 36%

across the various growth stages (Lee and Lee, 2018). However, the

effect of shrimp diets supplemented with phytochemicals, which are

the bioactive components derived from plants and plant-based

beverages, such as fruit, vegetables, grains, nuts, seeds, tea and

wine (Chakraborty et al., 2013; Encarnação, 2016), has not yet been

totally explored. Many of these phytogenics, which are classified as

alkaloids, flavonoids, terpenoids, polyphenols, essential oils and

pigments, have been exploited as feed additives in order to improve

the growth performance of fish (Chakraborty et al., 2013;

Encarnação, 2016; Artés-Hernández et al., 2021).

Grapes, rich in polyphenols, are characterized as having

antioxidant, antimicrobial, anti-inflammatory and anti-

carcinogenic properties (Shi et al., 2003; Xia et al., 2010; Doshi

et al., 2013). The most abundant phenolic components of grapes are

present in their seeds, which contain 74% to 78% proanthocyanidin

oligomers and 6% free flavanols (Shi et al., 2003; Burdock, 2005),

followed by grape skins and grape pulp (Shi et al., 2003). It is worth

noting that grape polyphenols have been recognized as being able to

improve nutrient absorption and biological growth of terrestrial

animals (Viveros et al., 2011; Aditya et al., 2018). Broiler chickens

fed diets supplemented with grape seeds, grape pomace and pomace

extract containing polyphenols have been shown to have enhanced

growth performance. These findings have been attributed to

improved gut morphology and a better intestinal microbiota

(Viveros et al., 2011; Abu Hafsa and Ibrahim, 2018; Aditya et al.,

2018). Grape seed proanthocyanidin extract has also been reported

to elevate intestinal release of both glucagon-like peptide-1 and

peptide YY, two hormones that regulate appetite and glucose

homeostasis (Casanova-Marti et al., 2020). With aquatic animals,

grape seeds and pomace extracts have served as dietary additives to

improve the growth of tilapia (Oreochromis niloticus) and of Pacific

white shrimp (Zhai et al., 2014; Niyamosatha et al., 2015).

Grape seeds and pomace would seem to act as powerful

antioxidants that scavenge the free radicals causing oxidative

stress in cells, both in vitro and in vivo (Bagchi et al., 1998;

Bouhamidi et al., 1998; Bagchi et al., 2000; Jayaprakasha et al.,
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2003; Shi et al., 2003). The antioxidant potential of grape-seed

procyanidins, in particular, is twenty fold more than that of vitamin

E (Uchida, 1980; Shi et al., 2003). In several terrestrial animals, diets

including either grape seeds or grape pomace extract have been

found to result in improved antioxidant capacity, namely an

increase in superoxide dismutase (SOD) activity and a decrease in

the level of thiobarbituric acid-reactive substances (TBARS) or

malodialdehyde (MDA) (Garcia et al., 2002; Park et al., 2014;

Guerra-Rivas et al., 2016; Zhao et al., 2017; Aditya et al., 2018).

In addition to enhanced SOD activity, reduced levels of TBARS or

MDA, reactive compounds, which are the result of lipid

peroxidation of polyunsaturated fatty acids, has been observed in

broilers fed diets containing increasing amounts of grape seeds and

grape pomace (Abu Hafsa and Ibrahim, 2018; Aditya et al., 2018).

Surprisingly, penned rams fed diets containing wine grape extract

have even shown significantly higher levels of SOD activity, as well

as a lower level of MDA, in their testes when compared to those fed

diets without wine grape extract (Zhao et al., 2017).

For most animals, although dietary grape extract has been

known to improve their growth performance and in vivo

antioxidant capacity (Viveros et al., 2011; Chamorro et al., 2013;

Park et al., 2014; Zhai et al., 2014; Niyamosatha et al., 2015; Zhao

et al., 2017; Abu Hafsa and Ibrahim, 2018; Aditya et al., 2018), these

also seems to be adverse effects on the growth performance, related

to protein and amino acid digestibility, if the dietary grape products

are provided at a level higher than their optimal requirements

(Chamorro et al., 2013; Zhai et al., 2014; Abu Hafsa and Ibrahim,

2018). Broilers fed the highest dietary levels of grape seeds or seed

extracts (Chamorro et al., 2013; Abu Hafsa and Ibrahim, 2018), as

well as tilapia (O. niloticus) fed a diet containing the highest level of

grape extract (Zhai et al., 2014), showed reduced growth

performance. Previously, white shrimp fed diets containing 150

and 200 ppm Nor-grape 80, a commercial grape extract that

consists of 80% polyphenols, were found to have a significantly

higher weight gain percentage than those fed diets containing less

than 150 ppm of Nor-grape 80 (Cheng et al., 2017). As the amount

of Nor-grape 80 in the shrimp diet was increased to the highest level

of 200 ppm, an increase in SOD and a decrease in TBARS levels

were correspondingly detected (Cheng et al., 2017). However, the

optimal dietary concentration of Nor-grape 80 for white shrimp, in

terms of the growth performance and antioxidant capacity, has not

yet been determined. The aim of the present study was to examine a

suitable level of this grape extract that will give the best growth

performance for white shrimp. In vivo antioxidant activity,

specifically SOD activity and TBARS levels, of the white shrimp

were also evaluated when the shrimp were fed diets supplemented

with Nor-grape 80 at a level greater than 200 ppm.
Materials and methods

Five isonitrogenous (35% crude protein), isolipidic (9% crude

lipid) and isoenergetic (300 Kcal/100 g) diets were formulated

(Table 1). The control diet contained 1000 ppm vitamin E, while

the four other diets contained 250 (N250), 500 (N500), 750 (N750)

and 1000 ppm (N1000) of Nor-grape 80, an extract of whole Vitis
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vinefera grapes that was provided by Kaye Bio-tech Co., Taiwan.

Nor-grape 80 has been shown to comprise 80% polyphenols of

which 60% are proanthocyanidins and 0.75% are anthocyanins.

Fish meal was used as the protein source. A mixture of 2:1 fish oil

and corn oil (w/w) was used as the source of lipid. Wheat flour and

corn starch were used as sources of carbohydrate and also acted as

binders. Cellulose was also included to balance out the composition

of the diet. On preparing the experimental diets, all dietary

ingredients were first ground into small particles using a hammer

mill and then passed through a 250 mm mesh sieve. The dry

ingredients were then thoroughly mechanically mixed to insure

homogeneity before the addition of the oil. The mixture, after an

addition of distilled water, was blended until a consistent dough was

formed. Each of the diets was extruded through a chopper (3.0 mm

die diameter) to produce pellets. The pellets were then ground into

small particles (<500 mm) and dried in an air oven at 60 0C for 12

hours and finally the five experimental diets were stored separately

at 4 0C in a refrigerator until use.

The post larvae shrimp of 20 days after hatch were obtained

from a local aquafarm (Pintung, Taiwan), where the water

temperature and salinity ranged from 28°C to 30°C and 30‰ to

33‰, respectively, and then acclimatized in a 2000 L fiberglass tank

at National Taiwan Ocean University for one week. During the

acclimatization phase, the shrimp were cultured under 26-28 °C and

fed the control diet. At the beginning of the feeding trial, the

shrimp, which had initial weights of 0.02 g, were starved for 24 h

before they were randomly distributed into the 15 glass aquaria (57

x 35 x 30 cm), each of which finally contained twenty shrimp. Three

replicate groups of shrimp were fed one of the five treatment diets

three times a day. They were fed 30% of their body weight daily until

satiation for six weeks. The experiment aquaria were closed systems

with continuous aeration. Half of the water in each tank was

renewed daily to maintain water quality. The water temperature,

salinity, dissolved oxygen and pH ranged between 25 and 28°C,

31‰ and 33‰, 5.6 mg/L and 7.0 mg/L and 8.1 and 8.5, respectively.

The concentration of total ammonia-nitrogen was maintained at

less than 0.05 ppm during the entire feeding trial period. Uneaten

feed and feces were siphoned off from each tank every day. At the

end of the feeding trial, feeding was stopped for 24 h prior to

weighing. Each shrimp was individually weighed, sacrificed by

placing it in ice water and then carefully dissected. The muscle

tissue of individual shrimp that had been cultivated in the same

aquarium was pooled, dried and homogenized (n=3) in order to

carry out the proximate analysis twice. In parallel, the

hepatopancreas of the shrimp from each aquarium was isolated

and pooled to measure SOD activity and the level of TBARS (n=3).

The growth parameters of the shrimp were calculated according

to the following equations:

Weight gain ( % )  =  100%  x (Wt –  W0)=W0, a n d

specific growth rate (SGR) (% day-1)  ¼  100% x ½(ln Wt– ln W0)=t�
, where W0 is the initial mean body weight (g), Wt is the final mean

body weight (g).

The compositions of the experimental diets and the shrimp

muscle samples were analyzed according to the method of AOAC

(1984). Crude protein was determined using the Kjeldahl system
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(Kjeldahl system 1002, Tecator, Sweden) after acid digestion. Crude

lipid was measured by the chloroform and methanol (2:1, v/v)

extraction method (Folch et al., 1957). Crude fiber was determined

by acid and alkaline digestion using the Fibertec M 1020 system

(Foss Tecator, Sweden). Moisture and ash were determined by

conventional methods using an oven at 105 0C and a muffle furnace

at 540 0C, respectively. Nitrogen-free extract (NFE) was calculated

as follows: NFE= [100 – (crude protein + crude lipid + crude fiber +

ash)] %. A proximate analysis of the experimental diets is presented

in Table 2. The crude protein, crude lipid, ash, crude fiber and NFE

of the treatment diets ranged from 37.85% to 38.03%, 8.86% to

9.03%, 14.11% to 14.23%, 11.90% to 12.29% and 26.59% to

27.77%, respectively.

The SOD activity of each pooled hepatopancreas sample was

measured using SOD assay kits (19160 SOD determination kit,

Sigma, USA). In brief, a total of 0.5 g of hepatopancreas tissue was

homogenized in 0.1 M phosphate buffer using a T25 homogenizer

(IKA, Germany). The homogenate was then centrifuged at 3000

rpm for 10 min and the supernatant was collected. From this point

onwards, the procedure described in the instruction manual of the

SOD assay kit was followed. The working solution in the kit,

namely, WST-1 (2- (4-iodopheny) - 3- (4-nitophenyl) -5- (2, 4-

disulfophenyl) -2 H tetrazolium), reacts with the superoxide

radicals generated in the presence of oxygen and the enzyme,

xanthine oxidase. The superoxide radicals would be reduced and

this results in the formation of a yellowish water-soluble formazan

dye. However, the superoxide anions are also reduced by SOD and

such reaction will decrease the amount of formazan formed. Thus,

after the optical density has been measured at 450 nm using a

spectrophotometer (Synergy HT, Biotek, USA), the SOD activity is

able to be expressed as a percentage inhibition rate.

TBARS was measured using the method of Kornbrust and

Mavis (1980). A total of 1 g hepatopancreas tissue was

homogenized in a buffer solution (0.15M KCL and 5 mM Tris-

maleate, pH 7.4) using a T25 homogenizer (IKA, Germany). Next,

1 ml of ascorbic acid (2 mM) was added and the mixture was

incubated at 37 0C for 30 min. After the addition of 5 ml HCL

(0.7 M) and 5 ml thiobarbituric acid (0.05 M), the samples were

boiled for 25 min and then placed on ice. Next, 5 ml of

trichloroacetic acid (200 g/L) was added and then the samples

were centrifuged at 495 g for 5 min. The supernatant was collected

to measure the amount of TBARS present using a U-1800

spectrophotometer (Hitachi, Japan) at 530 nm. The concentration

of TBARS was expressed as micrograms of malondialdehyde

equivalent per milligram of tissues of the hepatopancreas.

Standard MDA solutions (Sigma T-1642) were used to create a

calibration curve in order to measure the concentration of MDA in

each pooled shrimp hepatopancreas sample.

Significant differences among treatments were analyzed by

analysis of variance (ANOVA) after confirming the homogeneity

of variance using the Levene’s test (Snedecor and Cochran, 1980). A

one-way analysis of variance was performed to examine differences

in weight gain percentage, SGR, and survival in the five treatments.

When a significant difference was observed, Tukey’s range test was

used to compare differences among treatments. Weight gain
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percentage data were log-transformed while others were arcsine-

transformed before statistical analysis. Polynomial contrast

procedures were applied to detect linear and quadratic trends

between the growth parameters of the shrimp and the dietary

levels of Nor-grape 80. The significant level was set at p< 0.05

and all statistical analyses were conducted using a SAS software

program for Windows (V.9.3., SAS Institute, Cary, NC, U.S.A.).
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Results

The growth performance and survival of the white shrimp fed the

experimental diets for six weeks are shown in Table 3. The survival of

white shrimp fed the treatment diets was in all cases more than 90%.

The shrimp fed diets containing different levels of Nor-grape 80

showed better growth performance than those fed the control diet
TABLE 2 Proximate composition of diets for white shrimp.

Composition (%)
Diets Statistical test

Control N250 N500 N750 N1000

Moisturea 4.85 ± 0.02 4.81 ± 0.05 4.90 ± 0.12 4.84 ± 0.19 4.90 ± 0.34 NS

Crude proteina 37.97 ± 0.05 38.03 ± 0.12 38.00 ± 0.42 37.85 ± 0.32 37.97 ± 0.23 NS

Crude lipida 9.03 ± 0.15 8.88 ± 0.07 8.88 ± 0.08 8.86 ± 1.08 8.89 ± 0.05 NS

Asha 14.12 ± 0.08 14.23 ± 0.09 14.13 ± 0.05 14.23 ± 0.04 14.11 ± 0.02 NS

Crude fibera 12.29 ± 0.09 11.90 ± 0.14 12.14 ± 0.29 12.19 ± 1.02 12.06 ± 0.76 NS

NFEb 26.59 ± 0.14 27.77 ± 0.10 26.85 ± 0.08 26.87 ± 0.11 26.97 ± 0.52 NS

Calculated energy (kcal/100g)c 339.51 343.12 339.32 338.62 339.77 –
aExpressed as percent of dry weights.
Values are presented as mean ± SD (n=3).
bNitrogen-free extract (NFE): [100 - (crude protein + crude lipid + crude fiber + ash)] %.
cCalculated digestible energy (kcal/g) was calculated based on protein 4 kcal/g, lipid 9 kcal/g and carbohydrate 4 kcal/g.
NS in statistical test means not significant at p<0.05.
TABLE 1 Ingredient composition of dietary treatments for white shrimp.

Ingredients
Diets

Control N250 N500 N750 N1000

Fish meal1 50 50 50 50 50

Shrimp meal2 6 6 6 6 6

Oil3 1.5 1.5 1.5 1.5 1.5

a-starch 15 15 15 15 15

Choline chloride 0.5 0.5 0.5 0.5 0.5

Cholesterol 0.5 0.5 0.5 0.5 0.5

Mineral mix4 4 4 4 4 4

Vitamin mix5 4 4 4 4 4

Vitamin A 0.1 0.1 0.1 0.1 0.1

Vitamin D3 0.1 0.1 0.1 0.1 0.1

Vitamin E 0.1 0 0 0 0

Cellulose 12.700 12.775 12.750 12.725 12.700

Yeast 5 5 5 5 5

Lecithin 0.5 0.5 0.5 0.5 0.5

Nor-grape 80 0 0.025 0.050 0.075 0.100
1Fish meal: CP 67.42%, CL 12.53%.
2Shrimp meal: CP 49.60%, CL 6.29%.
3Fish oil: Corn oil = 2: 1.
4Calcium carbonate 2.1%, Calcium phosphate dibasic 73.5%, Citric acid 0.227%, Cupric acid 0.046%, Ferric acid (16-17% Fe) 0.558%, Magnesium oxide 2.5%, Magnesium citrate 0.835, Potassium
sulfate 6.8%, Sodium chloride 3.06%, Sodium phosphate 2.14%, Zinc citrate 0.133%, Potassium iodine 0.001%, Potassium phosphate dibasic 8.1% (Bernhart and Tomarelli, 1966)
5Thiamin HCl 0.5%, Riboflavin 0.8%, Niacinamide 2.6%, D-biotin 0.1%, Ca-pantothenate 1.5%, Pyridoxine HCl 0.3%, Folic acid 0.5%, Inositol 18.1%, Ascorbic acid 12.1%, Para-aminobenzoic
acid 3%, Cyanocobalamin 0.1%, BHT 0.1%, alpha-cellulose 60.3%.
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that contained 1000 ppm vitamin E without Nor-grape 80. The final

weight, weight gain percentage and SGR of the white shrimp fed diets

containing 250 and 500 ppm Nor-grape 80 were significantly higher

than those of shrimp fed the other diets. However, no significant

differences were found in the final weight, weight gain percentage and

SGR of white shrimp fed diets containing 250 and 500 ppm Nor-

grape 80. Only the quadratic trends analyzed using polynomial

contrast procedures between the growth parameters and Nor-grape

80 levels showed a significant difference.

The proximate analysis of the muscle of white shrimp fed the

treatment diets for six weeks is shown in Table 4. The crude protein

content of the muscle tissue from shrimp fed with the treatment diets

was all above 80%. The crude lipid of muscle from shrimp fed the

treatment diets ranged from 6.81 to 7.38%, The ash of the muscle

tissue from shrimp fed the treatment diets ranged from 6.61 to 6.91%.

The levels of SOD activity and the amounts of TBARSs present

in the hepatopancreas samples from white shrimp fed the

experimental diets for six weeks are shown in Table 5. The

highest SOD activity and the lowest TBARS level were found in

the hepatopancreas of shrimp fed the diet containing 250 ppm of

Nor-grape 80. Both the SOD value and the TBARS level in the

hepatopancreas of shrimp fed the diet containing 250 ppm Nor-

grape 80 are significantly different from those of shrimp fed the
Frontiers in Marine Science 05
control diet containing 1000 ppm vitamin E. However, the

hepatopancreatic SOD values of shrimp fed the diets containing

250 and 500 ppm of Nor-grape 80 were not significantly different.

By way of contrast, the hepatopancreatic TBARS level of shrimp fed

the diet containing 250 ppm of Nor-grape 80 was significantly lower

than that of shrimp fed the other diets. A decrease in SOD activity

and an increase in TBARS level in the hepatopancreas of shrimp fed

the treatment diets, without the control diet being compared, was

found to be proportional to the increase in the amount of Nor-grape

80 in the shrimp diets.
Discussion

Positive and negative effects of grape extract were observed in

relation to the growth performance of the white shrimp. In this

study, white shrimp fed the diets supplemented with 250 and 500

ppm Nor-grape 80 showed an equivalent best growth performance,

and a decrease in growth performance was observed among the

white shrimp fed diets containing 750 and 1000 ppm Nor-grape 80.

Both tilapia and shrimp fed diets supplemented with grape by-

products, depending on the dosage used, showed either an

improved or a reduced growth performance (Zhai et al., 2014;
TABLE 3 Initial weight, final weight, weight gain percentage, SGR and survival of white shrimp fed dietary treatments for 6 weeks.

Diets Initial weight (g) Final weight (g) Weight gain (%) SGR (% day-1) Survival (%)

Control 0.019 ± 0.000 0.406 ± 0.031c 1985.81 ± 160.32c 7.23 ± 0.21c 92.78 ± 2.55

N250 0.020 ± 0.000 0.968 ± 0.227a 4863.47 ± 1154.99a 9.25 ± 0.53a 97.78 ± 1.92

N500 0.020 ± 0.000 0.968 ± 0.107a 4856.86 ± 504.29a 9.29 ± 0.25a 92.22 ± 0.96

N750 0.020 ± 0.000 0.681 ± 0.093b 3394.93 ± 484.14b 8.45 ± 0.32b 97.78 ± 0.96

N1000 0.019 ± 0.000 0.642 ± 0.021b 3200.73 ± 144.43b 8.32 ± 0.10b 95.00 ± 3.33

ANOVA

Pr > F – 0.0009 <0.0001 <0.0001 0.3336

Linear Trend

Pr > F – 0.6926 0.4096 0.0530 –

Quadratic Trend

Pr > F – 0.0052 0.0002 <0.0001 –
Values are presented as mean ± SD (n=3). Different superscript letters in the same column denote difference between diets (p<0.05).
TABLE 4 Proximate analysis of muscle samples from white shrimp fed dietary treatments for 6 weeks.

Composition (%)
Diets Statistical test

Control N250 N500 N750 N1000

Moisture 76.49 ± 0.04 76.22 ± 0.05 76.66 ± 0.15 76.89 ± 0.12 76.69 ± 0.03 NS

Crude proteina 80.18 ± 0.63 80.06 ± 0.35 80.10 ± 0.03 80.05 ± 0.91 80.13 ± 0.02 NS

Crude lipida 6.81 ± 0.08 7.05 ± 0.13 7.09 ± 0.05 7.25 ± 0.03 7.38 ± 0.06 NS

Asha 6.91 ± 0.01 6.78 ± 0.03 6.62 ± 0.08 6.68 ± 0.01 6.61 ± 0.04 NS
aExpressed as percent of dry weights.
Values are presented as mean ± SD (n=3).
NS in statistical test means not significant at p<0.05.
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Rosas et al., 2022). In tilapia, O. niloticus, the weight gain increased

as the diets contained increasing amounts (0, 200 and 400 ppm) of

grape seed proanthocyanidins and this was followed by a decrease

as the dietary grape seed proanthocyanidins were increased to 600

and 800 ppm (Zhai et al., 2014). Similarly, white shrimp fed a diet

containing 2.5 x 104 ppm grape bagasse had the highest growth

parameters, while shrimp fed a diet containing the highest 1.5 x 105

ppm grape bagasse showed the lowest growth performance (Rosas

et al., 2022). Although grape polyphenols, when included in diets at

a lower dose, have previously been described as benefiting the

growth performance of a wide range of animals (Dolara et al., 2005;

Rhodes et al., 2006; Kao et al., 2010; Tucsek et al., 2011; Viveros

et al., 2011; Fiesel et al., 2014; Zhai et al., 2014; Shimizu, 2017; Abu

Hafsa and Ibrahim, 2018; Ao and Kim, 2020), it is also obvious that

there are detrimental effects on the growth performance of animals

fed diets containing high levels of grape by-products. This could be

due to an increase in the antinutritional factors present in grapes,

such as alkaloids, saponins and tannins (Shi et al., 2003; Iriti and

Faoro, 2006), as well as intensified grape polyphenol-protein

interactions that are likely to reduce the nutritional value of the

protein present in food matrix (Shi et al., 2003). As a result, we

suggested that the dietary level of Nor-grape 80 fed to 0.02 g white

shrimp should not be greater than 500 ppm in order to prevent the

above adverse effects on the shrimp growth performance.

In this study, it is hypothesized that dietary grape extract enhances

the growth performance of animals and that this might be due to the

phenolic components present in the supplement, which appear to

promote intestinal health. Several phenolic components in grape

extract are known to possess antibacterial activity that can alter the

intestinal microbiota (Dolara et al., 2005; Rhodes et al., 2006; Kao

et al., 2010; Viveros et al., 2011; Zhai et al., 2014; Abu Hafsa and

Ibrahim, 2018; Ao and Kim, 2020), as well as being able to attenuate

intestinal inflammation (Kao et al., 2010; Tucsek et al., 2011; Fiesel
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et al., 2014; Shimizu, 2017). Anthocyanins and their metabolites when

interacting with the microbiota have been reported to enhance the

growth of Bifidobacteria spp. and Lactobacillus-Enterococcus spp.

(Hidalgo et al., 2012). In rats, broilers and Pekin ducks, ingestion of

red wine polyphenols and grape seeds has been shown, not only to

increase the ileal and colonic numbers of probiotic bacteria such as

Lactobacilli and Bifidobacteria spp., but also to inhibit the intestinal

growth of detrimental bacteria such as Escherichia coli, Clostridia and

Streptococcus (Dolara et al., 2005; Abu Hafsa and Ibrahim, 2018; Ao

and Kim, 2020). Additionally, grape phenolic compounds have been

found to be capable of modulating the intestinal morphology in

poultry (Viveros et al., 2011; Ao and Kim, 2020). In post larvae

stage of the freshwater prawn,Macrobrachium rosenbergii, the activity

of digestive enzymes has been observed to increase whengrape waste is

included in the diets (Bhavan et al., 2013). The dominant intestinal

microbiota of white shrimp fed diets containing tannins, which are

part of the polyphenols present in grapes, have recently been

characterized and found to include Proteobacteria and Bacteroidota

(Bolıv́ar-Ramıŕez et al., 2022); these are groups of bacteria that are

normally present in the intestinal tracts of heathy shrimps (Xiong

et al., 2017; Ayiku et al., 2020; Schleder et al., 2020). Taking these

findings together, we suggest that grape polyphenols improve nutrient

absorption by directly affecting the digestive tracts of animals and thus

enhance the growth performance of these animals, including the white

shrimp in our case.

Previously, white shrimp fed the diets containing 50 to 200 ppm

of Nor-grape 80 have been shown to exhibit an increase in SOD

activity and a decrease in TBARS levels (Cheng et al., 2017). In the

present study, the in vivo antioxidant capacity of the hepatopancreas

of white shrimp fed diets containing 250 to 1000 ppm of Nor-grape

80 also showed trends involving a decrease in SOD activity and an

increase in TBARS levels as the level of Nor-grape 80 increased. To

date, the adverse effects of dietary grape by-products on in vivo

antioxidant activity have not been investigated in terrestrial animals

(Abu Hafsa and Ibrahim, 2018; Aditya et al., 2018; Ao and Kim,

2020). Pekin ducks fed diets containing 0, 0.01 and 0.02% grape seed

extract showed an increase in growth parameters and serum SOD

levels, and a decrease in serum TBARS values (Ao and Kim, 2020).

Similar increases in SOD activity and the reduction in TBARS levels

were also found in the serum and the meat of the broilers fed diets

supplemented with increasing amounts of grape pomace and grape

seeds (Abu Hafsa and Ibrahim, 2018; Aditya et al., 2018). On the

other hand, Rosas et al. (2022) have shown a decrease in the

hepatopancreatic TBARS level of white shrimp fed the diets

containing 0, 2.5 and 5% grape bagasse; this was accompanied by a

slight increase in the hepatopancreatic TBARS level of the white

shrimp, as the dietary grape bagasse was increased from 5% to 15%.

Therefore, it is possible that animals fed diets containing grape extract

have an optimal level of such supplementation and going above this

optimal level will result in both a reduced growth performance and a

detrimental effect on in vivo antioxidant capacity.

Feed manufacturers have used vitamin E as an antioxidant in

aquafeeds for many decades. In terms of highest weight gain, optimal

SOD activity and lowest TBARS levels, the findings of the present

study indicated that 250 ppm of Nor-grape 80 is more suitable than

1000 ppm of vitamin E when producing an aquafeed for white
TABLE 5 SOD activity and TBARS levels in the hepatopancreas of white
shrimp fed dietary treatments for 6 weeks.

Treatments SOD (U/ml) TBARS (µg MDA mg-1

hepatopancreas)

Control 34.394.99c 0.210.01b

N250 73.372.14a 0.110.01d

N500 65.169.46ab 0.160.01c

N750 46.6313.41bc 0.240.01a

N1000 47.090.69bc 0.230.01a

ANOVA

Pr>F 0.020 0.0001

Linear Trend

Pr>F 0.973 0.202

Quadratic Trend

Pr>F 0.101 0.079
Values are presented as mean ± SD (n=3). Different superscript letters in the same column
denote difference between diets (p<0.05).
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shrimp. In the present study, the weight gain of the shrimp fed a diet

supplemented with 250 ppm Nor-grape 80 was almost 2.5 times

higher than that of shrimp fed a diet containing 1000 ppm vitamin E.

As a powerful antioxidant, the grape extract Nor-grape 80, at an

optimal level, is not only able to promote the growth performance

and in vivo antioxidant capacity of white shrimp, but using Nor-

grape 80 will also lower the dietary cost of feeding white shrimp in an

aquaculture system. In 2022, the prices for Nor-grape 80 and vitamin

E in the Taiwan market were US $ 10/kg and US $ 30/kg,

respectively. If 1000 ppm of vitamin E is completely replaced with

a minimum of 250 ppm of Nor-grape 80, one that allows the white

shrimp to reach their highest yield, the dietary cost of the aquafeed

would be reduced by US $ 27.5 per tonne. Notwithstanding the

above, the optimal dietary level of Nor-grape 80 for white shrimp

that will give the maximum growth performance appears to be in the

range between 250 and 500 ppm. This is a wide range and further

large feeding trials of the white shrimp are needed to pinpoint

exactly the optimal dietary level of Nor-grape 80 that gives the best

weight gain. This would need to include a cost-benefit analysis and

the optimal diet might change depending on the market price of

Nor-grape 80, the total feed needed to reach a marketable size for

white shrimp and the price that can be obtained for such white

shrimp in the market place.
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