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Abstract 

HIS WORK aimed to assess the effects of fermented rice bran containing commercial probiotic 

bacteria in relation to culture density (150 and 200 shrimp/ m3) and its effects on Litopenaeus 

vannamei's health, microbiota, immune response, and gene expression. The shrimp (initial weight: 

0.86±0.011 g) were randomly divided into three groups, three replicate each. Group I (G-I) was fed 

only on formulated feed (Control group), Group II (G-II) was fed on 50 % formulated feed and 50 % 

fermented feed and Group III (G-III) was fed on 100 % fermented feed. Feed modification affected 

water dissolved oxygen, pH, total ammonia nitrogen (TAN), and nitrite but stocking density 

significantly affected both pH and TAN. Stocking density and feed fermentation had an impact on the 

phytoplankton in the culture pond. The maximum number of copepods and phytoplankton was 

reported in G-III. The highest growth performance was reported in G-I followed by G-II and then G-

III. The application of fermented feed improved the antioxidant capacity, immune response and 

histomorphology of the intestine of L. vannamei while increasing stocking density induced a negative 

impact on shrimp immune-oxidative responses and intestine morphometry. In conclusion, fermented 

feed may serve as a sustainable substitute for commercial feed in shrimp nutrition, promoting 

improved growth and feed utilization while boosting stress resilience and enhancing immune-

oxidative responses in shrimp. 
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Introduction  

According  to FAO, 2020 had seen a record-breaking 

122.6 million tonnes of aquaculture produced 

globally, valued at USD 281.5 billion  [1] moreover, 

the worldwide production of White leg shrimp 

exceeded 5.4 million tons in 2019. The Pacific white 

shrimp (Litopenaeus vannamei), which makes up to 

more than 70% of the total output worldwide, is the 

most commercially farmed species of all the shrimp 

[2]. The relevance of this species emerged as a result 

of its characteristics and competency. It can deal with 

a wide range of environmental conditions and 

stocking rates of up to 400 animals per m
3
 [3,4]. 

Shrimp aquaculture is one of the fastest growing 

industries of the aquaculture business. However, this 

progress has also been linked to a rising in health-

related problems and a deterioration of the 

environment [5,6]. It is well recognized that feed 

quality and amount have a major influence on 

aquaculture productivity [7]. 

When the density of shrimp per cubic meter 

exceeds 100 animals, a number of production 

outputs, including growth and survival rates, feed 

conversion ratios, and growth, are compromised 

[2]. Appropriate management strategies need to be 

implemented when aquaculture production 

increases. The water quality and the growing 

species' ability to grow might both be impacted by 

the carbon source [8]. This is occurring due to a 

number of negative consequences, including waste 

buildup, declining water quality, and cannibalism 

brought on by inconsistent feed management and 

insufficient feed accessibility [9,10]. Together with 

a worldwide fish meal shortage, the cost of feed is 
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thought to be the primary cause of marine-farmed 

species' high market prices [11]. Furthermore, 

according to Sarker, [7], there may be a shortfall of 

fishmeal of between 0.4 and 1.32 million metric 

tonnes by 2050, which would seriously hinder the 

expansion of the aquaculture sector. Alternative fish 

meal substitutes in fish feed are becoming more and 

more crucial due to the decline of fishing sources 

[12]. Like any other aquatic species, shrimp require 

a precise and balanced feed calculation to ensure 

they receive the right amount of protein and to 

diminish the release of nitrogenous compounds into 

the culture medium, which is greatly influenced by 

stocking density [13,14]. Furthermore, growth 

performance and water quality may be impacted by 

the change in the carbon supply [8]. As an 

illustration of how the carbon source might change, 

rice bran fermentation may increase digestibility 

while lowering the amount of anti-nutritional 

factors in the food of aquatic animals [15]. 

Additionally, including plant-based protein 

sources into a fish diet increases the prevalence of 

anti-nutritional factors, which reduces the benefits of 

the available proteins [16, 17]. Nutritionists are 

becoming more interested in the fermented diet 

because of its advantages. Among these benefits is 

the breakdown of anti-nutritional substances during 

fermentation, which also produces or enhances useful 

elements including probiotics, organic acids, short 

peptides, and flavonoids [18, 19]. In order to increase 

the nutritional content and digestibility of soybean 

meal, many probiotic strains have been used during 

the fermentation process [20]. Additionally, the 

fermentation process has enhanced Litopenaeus 

vannamei's non-specific immune response while 

lessening the detrimental effects of soybean anti-

nutritional components [21].  

The protein content of rice bran ranges from 10 to 

15% [22]. Prior studies have demonstrated that 

fermenting rice bran can increase its protein content 

by up to 23% [23]. Because of the fermentation's 

higher protein content, it may be able to partially 

substitute fish meal in shrimp diets. Moreover, 

nothing is known about how well the white leg 

shrimp, L. vannamei, perform in terms of stocking 

density and feeding on a diet consisting primarily of 

fermented agricultural waste. Therefore, the primary 

objective of this work was to assess the effects of 

fermented rice bran containing commercial probiotic 

bacteria in relation to the culture density, with 

particular attention to how these effects affected L. 

vannamei's health, microbiota, immune system, and 

gene expression in grow-out ponds. 

Material and Methods 

Shrimp husbandry and acclimation period 

From May to September 2021, the study was 

carried out in a private marine farm in Borg-El Arab, 

Alexandria, Egypt. The Ghallioun project in Egypt 

produced the White leg shrimp, Litopenaeus 

vannamei which had an average weight of 

0.86±0.011 g. Prior to the experiment, the shrimp 

were acclimated to the culture environment for two 

weeks at 15 part per thousand (PPT) salinity and fed 

the control diet (40% crude protein) according to the 

Wabete et al. [24] protocol.  

Feed fermentation  

The fermented feed was prepared by fermenting 

the following ingredients: Twenty kilograms of rice 

bran, one thousand liters of water, one hundred 

kilograms of molasses, and one hundred grams of 

commercial probiotics (Sanolife PRO-W
®
, which 

includes a blend of Bacillus species, INVE Company 

Belgium, featuring 10
11

 CFU/gram) were mixed. 

Sodium bicarbonate was then used to adjust the pH 

to 7.9. After the mixture had been left to aerate for 48 

hours, 500 liters/feddan were added daily, divided 

equally between feeding times, and the amount was 

adjusted in accordance with weekly growth 

monitoring. 

Experimental population and treatments 

The acclimatized shrimp, weighing 1.004±0.052 g 

at first, were split into three groups ( 

TABLE1), with three replicates of each group and 

a stocking density of 150 and 200 animals/m
3
 (one 

feddan and water capacity 4000 m
3
). Group II (G-II) 

was fed 50% formulated feed with CP=40 % and 

50% fermented feed, Group III (G-III) was provided 

100% fermented feed, and Group I (G-I) was fed just 

formulated feed () with CP=40 % (control group). 

The shrimp were given experimental diets at the 

following times: 8:00, 10:00, 12:00, 14:00, 16:00, 

20:00, and 22:00 h, until they seemed satiated. 

Physico-chemical analyses of water 

Temperature and dissolved oxygen were recorded 

twice a day using the OxyGuard Handy Gamma 

(08:00 am and 3:00 pm). Using a pH meter and 

refractometer, the pH and salinity were monitored 

once a day at 8:00 am (Hach Lange HQ 40D). Every 

day, a portable photometer was used to measure total 

ammonia nitrogen (NH4+-N) using a 

spectrophotometric method (Martini MI 405). 

Phytoplankton and zooplanktons monitoring  

Using a 150-micron net to collect samples and a 

microscope to examine them, the experiment 

considered the densities of phytoplankton, copepods, 

and zooplankton in general. Every week at around 6 

or 8 am, water samples are taken for phytoplankton 

examination. Four distinct locations within each 

pond provided composite samples, which were then 

placed in one-liter acid-washed polyethylene 

containers awaiting examination. Three distinct 

depths were used to measure the quantity and profile 

of zooplankton, and aliquots (10 L) were extracted 
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from the corners and middle of each pond (0.1, 0.5, 

and 1.0 m). After that, the zooplankton were 

identified and tallied in a Sedgwick-Rafter chamber 

using a stereoscope (Wildlife Supply Co. Buffalo, 

NY, USA). To detect tiny creatures (10 X and 40 X) 

a microscope was used. 

Vibrio spp. and total bacterial count monitoring   

Weekly samples were taken for total vibrio and 

total bacterial count enumeration. For sample 

examination, Villamil et al. [25] methods were 

utilized. The total bacterial count (TBC) was tested 

using nutritional agar (NA), and the total Vibrio 

count (TVC) was determined using trypticase soy 

agar (TSA) medium supplemented with 7% NaCl, 

and the findings were estimated as CFU/mL of water 

sample. 

Growth performance measurements 

The shrimp samples were weighted during the 

experiment, and the body weight gain (BGW) was 

measured in all groups at the end. According to 

Abdel-Rahim et al. [26], the values were computed 

as follows: BWG= W2-W1, and the specific growth 

rate (SGR) = 100 x [(ln W2- ln W1)/T], where W2 = 

final weight, W1 = initial weight, T = experiment 

duration (days), and ln = Natural logarithms. The 

shrimp body's proximate composition was 

determined using standard procedures (n=10) [27].  

Immunological responses  

Lysozyme (LSZ) activities were measured using a 

turbidimetric approach using Micrococcus lysodekticus 

ATCC No. 4698 (Sigma M 3770) as the substrate, as 

described by Leaño et al. [28]. The activity of 

Phenoloxidase was evaluated spectrophotometrically 

using L-dihydroxyphenylalanine (L-DOPA, Sigma) as 

substrate, as described by Hernández-López et al. [29]. 

Antioxidant capacity  

The antioxidant capacity of the homogenized 

larvae was measured using spectrophotometry. 

Claiborne's [30] 

method was used to measure catalase (CAT) activity 

(U/mg protein). Superoxide dismutase (SOD) 

activity was measured using the method described by 

Payá et al. [31] with minor modifications made by 

Peixoto et al. [32]. The ferric reducing antioxidant 

power (FRAP) technique was used to assess the total 

antioxidant capacity of larval extract [33]. 

Glutathione (GSH) activity was measured using the 

technique described by Maran et al. [34]. Glutathione 

peroxidase (GPx) activity was determined using the 

Flohé & Günzler, [35] method. Finally, Lipid 

peroxidase (Malondialdehyde assays): Peroxidative 

damage of lipids was determined using of Utley et al. 

[36] technique. 

Cytokines gene expression 

Total RNA was isolated from larval homogenate 

using TRIzol reagents (Invitrogen, UK) according to 

the manufacturer's recommendations for cytokine 

gene expression. The reverse transcription (RT-PCR) 

was carried out using the SYBR green technique in 

an iQ5 iCycler thermal cycler (Bio-Rad). 

On a 96-well plate, 1 µL of diluted (1/20) cDNA, 

5 µL of 2x concentrated iQ
TM

 SYBR Green 

Supermix (Bio-Rad), 0.3 µM forward primer, and 0.3 

µM reverse primer were mixed. Table (3) shows the 

sequences of specific primers used for interleukin 4 

(IL-4), interleukin 12 (IL-12) and heat shock protein 

(HSP) respectively. The thermal profile for all 

reactions was 3 min at 95 °C and then 45 cycles of 

20s at 95 °C, 20s at 60 °C and 20s at 72 °C. 

Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was used as an internal reference for gene 

expression data standardization. The 2−
ΔΔCT

 method 

was used to analyze the data [37]. 

Antioxidant genes expression  

Towards the end of experiment, the expression 

levels of the genes cytosolic manganese superoxide 

dismutase (cMnSOD), catalase (CAT), and 

glutathione peroxidase (GPx) were examined. Table 

4 lists the primer sequences that were employed 

specifically for each gene in the current 

investigation. The housekeeping gene in this case 

was β-actin. The protocol for the real-time PCR was 

set to run at 95 °C for one minute, then 40 cycles of 

95 °C for 15 seconds, 60 °C for 15 seconds, 72 °C 

for 45 seconds, and one step of 95 °C for 10 seconds. 

The double-stranded DNA was denatured by raising 

the temperature from 65 to 95 °C (0.5 °C/s) in order 

to get the melting curves. The gene expression was 

calculated with the comparative CT method (2
-ΔΔCT

), 

and the values mean n-fold difference was compared 

with the control [37]. 

Intestinal morphometric and hepatopancreas 

histological analysis 

At the end of the trial, the intestinal tract and 

hepatopancreas of L. vannamei were removed (10 

animals/treatment) from the various groups. The 

samples were preserved for 24 hours in 4% buffered 

formalin. Tissues were next passed through a series 

of alcohol solutions (70%, 85%, and 98%) to 

dehydrate them, and at last they were embedded in 

paraffin. Hematoxylin and eosin (H&E) were used to 

stain the 4-5 µm histological sections for general 

morphological purposes. The sections were then 

photographed and recorded using an Olympus BX50 

microscope (Japan)[40]. 

Calculations and statistical analysis 

Data were checked for normality and 

homoscedasticity. After that, data were assessed 

using Graph Pad Prism 7 for two-way analysis of 

variance (ANOVA) and Tukey's test for post hoc 
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comparisons (Graph Pad Prism v7.0, San Diego, CA, 

USA). A significant value was defined as a P-value < 

0.05 for all statistical investigations. The results were 

shown as the replicates' mean and standard error of 

the mean (SEM) (n = 3). 

Results and Discussion  

Physico-chemical analyses of water 

The effects and interactions between the 

stocking density and feed modification on the 

physicochemical characteristics of water were 

investigated (TABLE 5). A closer examination of 

the data revealed that the feed modification only 

exerted a considerable change to all the tested 

parameters except for temperature. The increased 

replacement of the diet resulted in a slight reduction 

in both DO and pH values; however, it resulted in 

increased concentrations of TAN and nitrite. The 

highest TAN was 0.485 mg/L in G-III, while nitrite 

was estimated to be 0.025 mg/L. Nonetheless, there 

was still dissolved oxygen within the required ideal 

range of 5.0 mg/L. The highest replacement level 

was where the ammonia increased. This could be 

caused by microbial activity of breaking down 

organic matters and producing byproducts. The 

stocking density showed a statistically significant 

effect on both pH value and TAN, while the change 

on the DO, nitrite, and temperature was not 

significantly affected by the stocking density. It is 

important to mention that the most affected 

parameter was the ammonia concentration, which 

was increased in response to both feed replacement 

and stocking density level increases. The change in 

pH might be due to the accumulation of organic 

acids produced by microbial activity during 

fermentation processes, which may be the cause of 

this condition. A similar pH drop was observed in 

the fermented soybean meal that was meant to 

partially replace the fish meal in goldfish [41].  

Phytoplankton and zooplanktons monitoring  

The main producer in fishponds where 

zooplankton feed is phytoplankton [42]. Table 6 

displays the outcomes of the abundance of 

phytoplankton and zooplankton. The extent of feed 

replenishment significantly influenced the numbers 

reported per individual/L of copepod presence in the 

culture pond, based on the gathered data. The total 

was 128 individual / L copepods, with the diet 

replaced by 100% of the meal, at which point the 

number of copepods peaked. As the replacement 

ratio rose, the phytoplankton population grew; 

however, higher stocking density led to a decline. 

The impact of stocking density on the number of 

copepods was minimal. Comparable findings were 

noted by Silva et al. [43]. De et al. [44] mentioned 

that the addition of fish waste hydrolysate to P. 

vannamei resulted in enhanced growth performance 

and survival rates, likely due to increased abundance 

and diversity of phytoplankton and zooplankton. 

Vibrio spp. and total bacterial count monitoring   

One common pathogen found in marine water 

that can infect fish and shellfish is Vibrio spp. [6,45–

47]. The feed replacement excreted a statistically 

significant effect on vibrio and total bacterial count 

with change happened on the opposite direction. In 

other words, the increase in feed replacement ratio 

has increased the total bacterial count while reducing 

the Vibrio spp. count. Table 7 clearly shows that, 

among the three treatments, the G-III group had the 

highest total bacterial count (TBC), but the total 

vibrio count (TVC) showed the opposite pattern, 

with the G-III group often having the lowest TVC. 

This might be because the probiotic strain in use 

produces an anti-Vibrio compound that inhibits 

Vibrio spp. or competes with vibrio for resources. 

Similar evidence of Bacillus subtilis' ability to 

suppress Vibrio spp. was revealed in shrimp culture 

[48,49].  

Growth performance measurements 
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TABLE 8 display the shrimp's initial body weight 

(IBW), final body weight (FBW), weight gain (WG), 

daily weight gain (DWG), and specific growth rate 

(SGR). A closer look at the statistics in the table 

shows that the G-I group had the highest weight gain, 

followed by the G-II group, and the G-III group had 

the lowest weight gain. The average daily gain 

(ADG) and specific growth rate of G-I were higher 

than those of the other groups. When considering the 

influence of stocking density, the 150/m
3
 group 

FBW, WG, ADG, and SGR were considerably 

higher than in the 200/m
3
 group. The body weight 

changes of the treatment groups are depicted in Fig. 

1. Weekly development of the average body weight of L. 

vannamei cultivated in two different stocking densities 

and fed on 3 different formulated diets. The G-I group 

showed responses in both densities with the greatest 

body weight among the three treatments. The results 

confirm that the basal diet is the best. Similar results 

were reported by Zhang et al. [50] who found that 

dietary supplementation of fermented diet with 

mixed strains improved growth performance and 

survival rate of shrimp. 

Body Proximate composition   

Table 9 presents the proximate analysis of the 

shrimp body following the conclusion of the 

experiment. The data indicates that the diet change 

significantly affected the proximate composition. 

Following the use of fermented rice bran as a 100% 

replacement, the proportion of carbohydrates and 

total ash was increased, whereas the proportions of 

crude protein and fat decreased. In addition to that, 

the stocking density exerted the same effect on the 

body composition. The protein and lipid content 

were lower in the high stocking density, while the 

carbohydrate and total ash were higher in the high 

stocking density. Similar results were observed in the 

study conducted by Qiu & Davis [51]. 

Immunological responses  

Table 10 displays a compilation of the 

immunological parameters that were tested. Upon 

closer inspection of the statistical analysis, it reveals 

a notable increase in THC, phagocytosis, and 

phagocytic index (Fig. 2) correlated with the rise in 

the feed replacement ratio. Along with the increase in 

LSZ, RB and PO activities were stimulated by the 

heightened diet replacement ratio. However, the 

measurements mentioned earlier were notably 

reduced due to the rise in stocking density. The 

LSZ's response to the analyzed parameters has 

remained relatively unchanged. Similar findings 

were recorded by Lin & Chen, [52] and Zhang et al. 

[50]. Fig. 2. Phagocytic activity of hepatocytes showing 

different number of candida albicans phagocytes 

engulfed and digested (Giemsa stain).This finding is 

coincided with that reported by Lin & Mui, [21] who 

found the fermentation process has enhanced 

Litopenaeus vannamei's non-specific immune 

response while lessening the detrimental effects of 

soybean anti-nutritional components. 

Antioxidant activities  

The activity of antioxidant enzymes is 

demonstrated in Table 11. In general, there has been 

no noticeable change in any of the examined 

antioxidant parameters as the meal replacement 

increased, except for GPx, which was significantly 

decreased with total replacement. The stocking 

density significantly increased the production of 

MDA and GPx. Despite this, the production of CAT, 

GSR, TAC, and SOD has all diminished. The relative 

expression levels of several antioxidant genes, as 

shown in Table 12, corroborate this. With increasing 

stocking density, GPx expression rose, while cMn-

SOD and CAT expression decreased. The increase in 

diet replacement displayed the contrary trend, 

revealing a general rise in the expression of 

antioxidant genes as the level of diet replacement 

grew. There was an unexpected outcome in G-II 

concerning the analyzed antioxidant, however. 

Increased density might raise oxidative stress 

because of competition for resources or the buildup 

of waste products. GPx is recognized as a crucial 

enzyme in detoxification mechanisms. This result is 

similar to Zhang et al. [50] who found that dietary 

supplementation of fermented diet with mixed strains 

improved antioxidant activity of shrimp. 

Cytokines genes expression 

TABLE 13 shows the relative gene expression of 

cytokines in response to an increase in stocking 

density as well as the feed replacement. There's a 

significant effect (P-value < 0.0001) of stocking 

density on the expression of all three genes. 

Expression was decreased with higher stocking 

density for all genes. The gene expression was 

increased in response to the increase in the ratio of 

diet replacement. Similar results were observed in 

common carp [53] and freshwater cryfish  [54]. 

Intestine morphometric analysis and histological 

structure 

The morphology of the intestine was examined at 

90 days (Table 14). At 90 days, shrimp that 

consumed the G-I diet exhibited the greatest height 

of intestinal villi, width of villi, crypt depth, and 

quantity of goblet cells in the intestine (Fig. 3). 

Shrimp that was given the G-II and G-III diets 

exhibited reduced villi width and crypt depth, along 

with fewer goblet cells in the intestine compared to 

shrimp on diet G I (Fig. 4). Moreover, the shrimp 

that were given a low stocking density diet (Stocking 

density 150/1-m3) exhibited greater intestinal villi 

height, villi width, crypt depth, and goblet cell 

presence in the intestine when compared to those fed 

at high stocking density (200 shrimp/m
3
) (Fig. 3 & 

4). These results could be linked to the beneficial 

impacts of bacillus species and fermentation 
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byproducts that may improve intestinal health 

[55,56].  

Hepatopancreas histomorphology  

The hepatopancreas in shrimp plays a crucial role 

in the production and release of immune compounds 

and digestive enzymes, in addition to nutrient 

absorption and lipid storage. The hepatopancreas of 

shrimp in the G-I diet group exhibited the orderly 

glandular tubular structure typically found in L. 

vannamei. The tubules were tightly packed (Fig. 5). 

The infiltration of haemocytes was indicated by a 

significant quantity. The sections of hepatopancreatic 

tissue from L. vannamei that were fed the G-I diet 

displayed a variety of hepatopancreas tubules. Each 

tubule has four kinds of cells, namely B-cell 

(blasenzellen), F-cell (fibrillazellen), R-cell 

(restzellen) and E-cell (embryonalzellen) (Fig. 5). 

The hepatopancreas of shrimp in the G-II diet 

group exhibited a reduction in the dimensions of 

hepatopancreas tubules, while other tissue structures 

appeared mostly normal. Nonetheless, shrimp that 

received the diet from the G-II group exhibited 

histological alterations such as abnormal lumens, 

decreased B-cells and R-cells, ruptured epithelial 

cells, melanization of cells, and degeneration of 

tubules (Fig. 6). A minor presence of haemocyte 

infiltration was noted. 

The shrimp from the G-III diet group showed no 

histological alterations in the size of hepatopancreas 

tubules, other than a decrease in the number of R-

cells (Fig. 6) when compared to those fed G-I and G-

II diets. A low infiltration of haemocytes was 

observed. Comparable findings were observed by 

Novriadi et al. [57] who discovered that giving 

shrimp fermented feed might lead to slight alterations 

in the hepatopancreas, yet it does not influence 

growth performance. 

Conclusion  

The present results suggested that fermented feed 

could be used as an alternative for a sustainable 

approach to replace commercial feed in shrimp diets 

to have better growth and feed absorption as well as 

enhancing stress resistances and increasing immune-

oxidative responses of shrimp through enhancing the 

lysozyme activities, phagocytosis assay and 

antioxidant enzymes in L. vannamei  
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TABLE1. Experimental design of the trial with different stocking densities 

Group  Stocking density 150/1-m3 Stocking density 200/1-m3 

G-I 600000 shrimp/ feddan 800000 shrimp/ feddan 

G-II 600000 shrimp/ feddan 800000 shrimp/ feddan 

G-III 600000 shrimp/ feddan 800000 shrimp/ feddan 

 
Error! Not a valid bookmark self-reference. 

TABLE 2. Ingredients and proximate chemical composition (g/kg on dry matter basis) of the control diet 

Ingredients g/kg diet Analysis % 

Fish meal (72% protein) 300 Dry matter  90 

Soybean meal (45% protein) 300 Crude protein  40 

Corn gluten (60% protein) 100 Ether extract  9 

Corn grain 215 Crude fiber  3.3 

Vegetable oil 40 Ash  12.7 

Vitamins mixture 10 Nitrogen free extract1  35 

Minerals mixture 10   

Di–Calcium phosphate 15 Gross energy (kcal/100g diet)2 458.75 
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Anti-aflatoxin 5   

Vitamin C 5   

Total  1000   
1Nitrogen-Free Extract (calculated by difference) = 100 – (protein % + lipid% + ash% + fiber %). 2GE (gross energy) was 

calculated according to NRC (1993) by factors of 5.65, 9.45 and 4.22 kcal per gram of protein, Lipid and carbohydrate, 

respectively. 

 

TABLE 3. Primers sequences for the cytokine genes expression 

Genes Primer sequence Reference 

IL-4 Forward; 5`CTATTAATGGGTCTCACCTCCCAACT`3 

Reverse; 5`CATAATCGTCTTTAGCCTTTCCAAG`3 

[38] 

 

IL-12 Forward; 5`CAGCCTTGCAGAAAAGAGAGC`3 

Reverse; 5`CCAGTAAGGCCAGGCAACAT`3 

[38] 

 

HSP Forward; 5`GTGACGCGAAGATGGACAAGTC`3 

Reverse; 5`CACCGTAAGCTACAGCCTCGTC`3 

[38] 

 

β-actin  Forward; 5`GCCCATCTACGAGGGATA`3  

Reverse; 5`GGTGGTCGTGAAGGTGTAA`3 

[39] 

 

 IL-4 =interleukin 4, IL-12 = interleukin 12, HSP` = heat shock protein, β-actin = Beta actin (a housekeeping gene) 

 

TABLE 4. Primers sequences for the antioxidant genes expression 

Gene name Primer sequence (5'-3') Product size (bp) Accession no. 

cMn-SOD F: AATTGGAGTGAAAGGCTCTGGCT 

R: ACGGAGGTTCTTGTACTGAAGGT 

153 DQ005531 

CAT (F): GCCCGTACAAGGAACTACCA 

(R): TGACGTTCTGCCTCATTCAG 

110 AY518322 

GPx (F): AGGGACTTCCACCAGATG  

(R): CAACAACTCCCCTTCGGTA 

117 AY973252 

β-actin  (F): GCCCATCTACGAGGGATA  

(R): GGTGGTCGTGAAGGTGTAA 

121 AF300705 

cMn-SOD = Cytosolic manganese superoxide dismutase; CAT = Catalase; GPx = Glutathione peroxidase; β-actin = Beta 

actin (a housekeeping gene). 

TABLE 5. Parameters of water quality during larval rearing (growth breeding of post larvae) feeding on fermented 

rice bran (90 days) 

Stocking Density Dissolved oxygen (mg/L) pH Temperature (°C) 
TAN 

(mg/L) 

Nitrite 

(mg/L) 

150/1-m3 5.556 7.911a 29.89 0.334a 0.019 

200/1-m3 5.300 7.744b 30.22 0.388b 0.023 

Feed treatment       

G-I 5.750a 8.133a 29.67 0.200a 0.017a 

G-II 5.333ab 7.700b 30.50 0.398b 0.022ab 

G-III 5.200b 7.650b 30.00 0.485c 0.025b 

SEM 0.154 0.062 0.782 0.012 0.002 

P-value      

Stocking Density 0.065 0.007 0.611 0.0001 050.0 

Feed treatment 0.009 0.0001 0.577 0.0001 05016 

Interaction 0.399 0.397 0.914 0.007 0533. 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 

0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II 

(G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % 

fermented feed. 
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TABLE 6. Phyto and Zooplankton during larval rearing (growth breeding of post larvae) feeding on fermented rice 

bran (90 days) 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 

0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II (G-

II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % fermented 

feed. 

TABLE 7.The total count of bacteria and vibrio (cfu/ml) in the rearing water during the 90-day larval rearing phase, 

which involves the growth and breeding of post larvae fed on fermented rice bran. 

 Total Bacterial Count x 105 (cfu/ml) Total Vibrio spp. x 102 (cfu/ml) 

Stocking Density   

150/1-m3 4.367 2.344 

200/1-m3 4.489 2.522 

Feed treatment   

G-I 3.833a 2.783a 

G-II 4.333b 2.317b 

G-III 5.117c 2.200b 

SEM 0.175 0.178 

P-value   

Stocking Density 0.409 0.067 

Feed treatment 0.0001 0.001 

Interaction 0.959 0.816 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, 

P < 0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). 

Group II (G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 

100 % fermented feed. 

 

  

 Copepods (individual /L) Phytoplankton x 105 (cells /mL) 

Stocking Density   

150/1-m3 78.22 4.278a 

200/1-m3 66.67 3.967b 

Feed treatment   

G-I 26.17a 3.600a 

G-II 63.17b 4.067b 

G-III 128.0c 4.700c 

SEM 8.486 0.077 

P-value   

Stocking Density 0.121 0.001 

Feed treatment 0.0001 0.0001 

Interaction 0.723 0.135 
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TABLE 8.Growth performance of L. vannamei in the treatments during larval rearing (growth breeding of post 

larvae) feeding on fermented rice bran (90 days) 

 IBW (g) FBW (g) WG (g) ADG (g) 
SGR 

(%/ day) 

Stocking Density      

150/1-m3 1.077 12.42a 11.35a 0.126a 2.72a 

200/1-m3 1.089 10.81b 9.72b 0.108b 2.55b 

Feed treatment      

G-I 
1.083 15.87a 14.79a 0.164a 2.98a 

G-II 
1.077 10.83b 9.753b 0.108b 2.56b 

G-III 
1.088 8.148c 7.060c 0.078c 2.24c 

      

SEM 0.013 0.109 0.108 0.001 0.119 

P-value      

Stocking Density 0.693 0.0001 0.0001 0.0001 0.0001 

Feed treatment 0.288 0.0001 0.0001 0.0001 0.0001 

Interaction 0.209 0.001 0.001 0.001 0. 001 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 

0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II (G-

II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % fermented 

feed. 

 

 
Fig. 1. Weekly development of the average body weight of L. vannamei cultivated in two different stocking densities 

and fed on 3 different formulated diets. 
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TABLE 9. Proximate composition (g/100 g) of L. vannamei at the end of larval rearing (growth breeding of post 

larvae) feeding on fermented rice bran (90 days) 

 Proximate Composition 

 
Crude Protein 

(%) 
Crude lipid (%) Moisture (%) Carbohydrate (%) Total Ash (%) 

Stocking Density      

150/1-m3 18.30a 1.506a 72.44a 5.333a 2.423a 

200/1-m3 17.33b 1.391b 72.69b 5.514b 3.079b 

Feed treatment      

G-I 19.62a 1.862a 72.33ab 4.527a 1.668a 

G-II 18.32b 1.280b 72.59b 5.733b 2.073b 

G-III 15.51c 1.203c 72.76c 6.012c 4.512c 

      

SEM 0.045 0.023 0.045 0.044 0.075 

P-value      

Stocking Density 0.0001 0.0001 0.0001 0.002 0.0001 

Feed treatment 0.0001 0.0001 0.0001 0.0001 0.0001 

Interaction  0.0001 0.671 0.547 0.015 0.001 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, 

P < 0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). 

Group II (G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 

100 % fermented feed. 

 

 

 

 

Fig. 2. Phagocytic activity of hepatocytes showing different number of candida albicans phagocytes engulfed and 

digested (Giemsa stain). 
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TABLE 10. Immune parameters of L. vannamei during larval rearing (growth breeding of post larvae) feeding on 

fermented rice bran (90 days) 

 

Parameter of immune status 

 Phagocytosis assay Parameter in serum (hemolymph) 

THC  

(X 106 

cells μL) 

Phagocytosis 

(%) 

Phagocytic 

index 

LSZ 

(UmL_1) 

PO 

(Umg_1prot) 
RB 

Total 

protein 

(mg m l-1) 

Stocking Density        

150/1-m3 17.89a 28.22a 3.678a 2493 4.491a 0.357a 12.38a 

200/1-m3 14.22b 22.89b 3.089b 2443 3.644b 0.257b 8.400b 

Feed treatment        

G-I 11.83a 18.67a 1.867a 2145 3.255a 0.225a 5.217a 

G-II 16.67ab 27.83b 4.117b 2671 4.345b 0.332b 12.70b 

G-III 19.67b 30.17b 4.167b 2588 4.603b 0.365b 13.25b 

SEM 1.748 1.944 0.159 228.5 0.286 0.019 1.085 

P-value        

Stocking 

Density 
0.025 0.006 0.001 0.796 0.004 0.0001 0.001 

Feed treatment 0.003 0.001 0.0001 0.085 0.001 0.0001 0.0001 

Interaction 0.138 0.076 0.031 0.982 0.029 0.006 0.028 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P 

<0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II 

(G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % 

fermented feed. 

 

TABLE 11. Antioxidation factors of L. vannamei (U mg_1 protein) during larval rearing (growth breeding of post 

larvae) feeding on fermented rice bran (90days) 

 

  

 
SOD 

Umg_1 

protein 

CAT Umg_1 

protein 

MDA Umg_1 

protein 

GSR mmol/g 

wet tissue 

TAC mML-

1/g wet tissue 

GPx, U/g 

tissue 

Stocking Density       

150/1-m3 32.45a 2.424a 5.048a 6.506a 2.851a 16.87a 

200/1-m3 26.65b 1.776b 5.636b 5.850b 2.309b 18.28b 

Feed treatment       

G-I 26.78 1.840 5.603 5.958 2.477 18.40a 

G-II 30.37 2.255 5.318 6.307 2.642 16.96b 

G-III 31.49 2.205 5.103 6.268 2.622 17.37c 

SEM 2.017 0.158 0.228 0.153 0.236 0.139 

P-value       

Stocking Density 0.004 0.001 0.008 0.002 0.016 0.0001 

Feed treatment 0.089 0.043 0.130 0.080 0.752 0.0001 

Interaction 0.151 0.044 0.537 0.055 0.583 0.0001 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 

0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II (G-

II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % fermented 

feed. 
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TABLE 12. Relative expression of genes of antioxidants genes expression in hemolymph and hepatopancrease extract 

of L. vannamei during larval rearing (growth breeding of post larvae) feeding on fermented rice bran (90 

days) 

 
Relative expression of genes in hemolymph extract of L. vannamei 

cMn-SOD CAT GPx 

Stocking Density    

150/1-m3 1.514a 1.572a 1.516a 

200/1-m3 1.348b 1.396b 1.672b 

Feed treatment    

G-I 1.350a 1.388a 1.640a 

G-II 1.490b 1.570b 1.530b 

G-III 1.453b 1.493c 1.612a 

SEM 0.015 0.010 0.017 

P-value    

Stocking Density 0.0001 0.0001 0.0001 

Feed treatment 0.0001 0.0001 0.0001 

Interaction 0.0001 0.0001 0.0001 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, 

P<0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II 

(G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % 

fermented feed. 

 

TABLE 13. Relative expression of genes of cytokine genes expression in hemolymph extract of L. vannamei during 

larval rearing (growth breeding of post larvae) feeding on fermented rice bran (90 days) 

 
Relative expression of genes in hemolymph extract of L. vannamei 

IL-4 IL-12 HSP 

Stocking Density    

150/1-m3 1.634a 1.514a 1.703a 

200/1-m3 1.499b 1.393b 1.520b 

Feed treatment    

G-I 1.493a 1.388a 1.555a 

G-II 1.615b 1.502b 1.672b 

G-III 1.592b 1.472c 1.608c 

    

SEM 0.012 0.009 0.012 

P-value    

Stocking Density 0.0001 0.0001 0.0001 

Feed treatment 0.0001 0.0001 0.0001 

Interaction 0.0001 0.0001 0.0001 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, 

P<0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II 

(G-II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % 

fermented feed. 
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TABLE 14. Morphometric analysis of the gastrointestinal tract of L. vannamei during larval rearing (growth breeding 

of post larvae) feeding on fermented rice bran (90 days) 

 Villus height, mm Villus width, mm Crypt depth, mm 

Stocking Density    

150/1-m3 2.267a 0.352a 0.218a 

200/1-m3 2.142b 0.290b 0.174b 

Feed treatment    

G-I 2.177a 0.307 0.172a 

G-II 2.208ab 0.327 0.217b 

G-III 2.228b 0.330 0.200b 

    

SEM 0.012 0.010 0.008 

P-value    

Stocking Density 0.0001 0.0001 0.0001 

Feed treatment 0.004 0.075 0.001 

Interaction 0.0001 0.075 0.005 

Means within a column and effect that lack common superscripts differ significantly (Tukey’s multiple comparison test, P < 

0.05). SEM= standard error of the mean. Group I (G-I) shrimp was fed only on formulated feed (Control group). Group II (G-

II) shrimp was fed on 50 % formulated feed and 50 % fermented feed. Group III (G-III) shrimp was fed on 100 % fermented 

feed. 

 

 

 

Fig. 3. Photomicrograph of gastrointestinal tract of L. vannamei feeding on fermented rice brain showing high 

intestinal villous height and increase number of goblet cell metaplasia stained with H&E 

  

 

Fig. 4. Photomicrograph of gastrointestinal tract of L. vannamei feeding on fermented rice brain showing high 

intestinal villous height and increase number of goblet cell metaplasia stained with H&E 
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Fig. 5.  Photomicrograph of hepatopancrease of L. vannamei feeding on fermented rice brain showing normal HP 

structure and tubule epithelial cells surrounded by hemolytic infiltration stained with H&E 200 X. show mild 

haemocyte infiltration and normal hepatopancreas lumen and tubule H&E stain magnification (×200) 

 

 

Fig. 6. Photomicrograph of hepatopancrease of L. vannamei feeding on fermented rice brain showing light haemocyte 

infiltration and normal hepatopancreas lumen and tubule H&E stain magnification (×200); show highly 

activation of hepatic glandular duct system H&E stain magnification (×200). 
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تأثٍر الأعلاف المخمرة على أداء نمى الجمبري رو الساق البٍضاء 

(Litopenaeus vannamei والاستفادة من الأعلاف والاستجابت المناعٍت )

 الاكسذة فً أحىاض التربٍت وحالت

 1راضً علً محمدو  1بهاء عبذ الا ، 2رٌاض خلٍل،  1مالك محمد خلف الله،  1محمد عىض 

 5ِصش –جاِؼح وفش اٌش١د  - اٌثشٚج اٌسّى١ح ٚاٌّصا٠ذػٍَٛ و١ٍح  – الإسرشاع اٌّائٟلسُ  1
 5ِصش -جاِؼح الإسىٕذس٠ح -و١ٍح اٌطة اٌث١طشٜ-لسُ اِشاض اٌذٚاجٓ ٚالاسّان  2

 

 الملخص

٘ٛ ذم١١ُ ذأث١شاخ ٔخاٌح الأسص اٌّخّشج اٌّحر٠ٛح ػٍٝ تىر١ش٠ا تشٚت١ٛذ١ه ذجاس٠ح ف١ّا ٠رؼٍك  ٘زٖ اٌذساسحواْ اٌٙذف ِٓ 

١ِٚىشٚت١ٛذا اٌجسُ  (Litopenaeus vannamei) ٚذأث١شاذٙا ػٍٝ صحح اٌجّثشٞ رٚ اٌساق اٌث١ضاء سىاْتىثافح الا

 05011±  05.0اٌٛصْ الأٌٟٚ:  ٌث١ضاءٚالاسرجاتح إٌّاػ١ح ٚاٌرؼث١ش اٌج5ٟٕ١ ذُ اٌحصٛي ػٍٝ اٌجّثشٞ رٚ اٌساق ا

5 ذُ ذمس١ُ اٌجّثشٞ إٌٝ ثلاز ِجّٛػاخ: 3ح١ٛاْ / َ  200ٚ  1.0 اسىآِْ ِفشخ غ١ٍْٛ ٚذُ ذشت١رٗ تىثافح  (جُ

(، ضاتطحّجّٛػح اٌاٌفمط ػٍٝ الأػلاف اٌّصٕؼح ) (G-I) ثلاز ِىشساخ ٌىً ِجّٛػح5 ذُ ذغز٠ح اٌّجّٛػح الأٌٚٝ

٪ ِٓ الأػلاف اٌّخّشج ٚذُ ذغز٠ح 0.٪ ِٓ الأػلاف اٌّصٕؼح ٚ 0.ػٍٝ  (G-II) ١ٔحٚذُ ذغز٠ح اٌّجّٛػح اٌثا

٪ ِٓ الأػلاف اٌّخّشج5 أثش ذؼذ٠ً اٌؼٍف ػٍٝ الأوسج١ٓ اٌّزاب فٟ اٌّاء، 100ػٍٝ  (G-III) اٌّجّٛػح اٌثاٌثح

ٍٝ وً ِٓ دسجح أثشخ تشىً وث١ش ػ سىاْ، ٚإٌرش٠د، ٌىٓ وثافح الا(TAN) ١حاٌىٍ ٚالا١ِٔٛاٚدسجح اٌحّٛضح، 

 حٛضٚذخ١ّش اٌؼٍف ذأث١ش ػٍٝ اٌفشد/ٌرش ِٓ ٚجٛد اٌؼٛاٌك إٌثاذ١ح فٟ  رسى١ٓواْ ٌىثافح اٌ .TANاٌحّٛضح ٚ

 اٌحصٛي ػٍٝ٪، ٌٛحظ اٌحذ الألصٝ ٌؼذد اٌمشش٠اخ ٚاٌؼٛاٌك إٌثاذ١ح5 ذُ 100الاسرضساع5 ِغ اسرثذاي اٌٛجثح تٕسثح 

أدٜ ذطث١ك الأػلاف اٌّخّشج إٌٝ ذحس١ٓ لذسج ِضاداخ الأوسذج  .G-III ثُ G-II ذ١ٍٙا G-I أػٍٝ أداء ٌٍّٕٛ فٟ

إٌٝ إحذاز ذأث١ش سٍثٟ ػٍٝ  سى١ٓت١ّٕا أدٜ ص٠ادج وثافح اٌر L. vannamei ٚالاسرجاتح إٌّاػ١ح ٚشىً الأِؼاء ٌذٜ

ّخّشج وثذ٠ً ٌٕٙج ِٚٛسفِٛرش٠ح الأِؼاء5 فٟ اٌخراَ، ٠ّىٓ اسرخذاَ الأػلاف اٌ جّثشٌٍٞالاسرجاتاخ إٌّاػ١ح ٌلأوسذج 

اٌغزائ١ح ٌٍحصٛي ػٍٝ ّٔٛ أفضً ٚاِرصاص أفضً ٌلأػلاف  جّثشٞاٌِسرذاَ لاسرثذاي الأػلاف اٌرجاس٠ح فٟ أٔظّح 

 .فٟ اٌجّثشٜتالإضافح إٌٝ ذؼض٠ض ِماِٚح الإجٙاد ٚص٠ادج الاسرجاتاخ إٌّاػ١ح ٌلأوسذج 

 5أداء إٌّٛ، إٌّاػح، اٌىائٕاخ اٌح١ح اٌذل١مح، ذخ١ّش الأػلاف، Litopenaeus vannameias الكلماث المفتاحٍت:


