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Abstract
Aim: The aim of this study was to investigate the effect of feeding rice based distillers dried grains with solubles (rDDGS) 
and gluten meal on nutrient transporter genes and immunity in broiler chickens.

Materials and Methods: A 2×3 factorial design resulted in six experimental diets, namely T1 (no rDDGS/rice gluten 
meal [RGM]/enzyme), T2 (no rDDGS/RGM, with multienzymes), T3 (12.5% rDDGS, 15% RGM, no enzyme), T4 (12.5% 
rDDGS, 15% RGM, with protease enzyme), T5 (10% rDDGS, 12.5% RGM, no enzyme), and T6 (10% rDDGS, 12.5% 
RGM, with protease enzyme). Each treatment was allocated five replicates of chicks, with eight birds in each. Nutrient 
transporter genes such as Mucin (MUC 2), excitatory amino acid transporter 3 (EAAT3), and peptide transporter (PepT1) 
and immunity were estimated using standard procedures.

Results: Feeding rDDGS and RGM combination improved humoral immunity, while cell-mediated immunity did not show 
any significant (p>0.05) effect on broiler chickens. MUC and PepT1 genes showed significantly (p<0.01) decreased relative 
fold expression in 12.5% rDDGS +15% RGM combination, while EAAT3 gene showed significantly (p<0.01) decreased 
relative fold expression in both rDDGS and RGM combination levels.

Conclusion: Thus, it may be concluded that feeding rDDGS and RGM combination improved humoral immunity but had 
an adverse effect on nutrient transporter gene in broiler chickens.

Keywords: broiler, immunity, nutrient transporter genes, protease, rice distillers dried grains with solubles, rice gluten meal.

Introduction

Poultry industry is the fastest growing sector in 
Indian agriculture. Feed is the major constituent in 
the poultry production accounting for 65-75% of total 
recurring expenditure. Feed costs are primarily driven 
by the cost of protein sources. Substitution of expen-
sive protein sources with lower cost ingredients would 
potentially reduce the cost of the feed [1].

The rice production in our country was about 
106.65 MT in 2013-2014, and rice tops the list of total 
cereal production in the country [2]. Nowadays, cer-
tain newer rice by-products are available in apprecia-
ble quantities, and cheaper rate that can be utilized as 
protein sources from rice processing industries such 
as rice distillers dried grain with solubles (rDDGS) 
and rice gluten meal (RGM). DDGS is a coproduct of 
the ethanol industry produced during the dry milling 

process. Its availability is increasing due to higher 
demand for ethanol as biofuel [3].

Very few researches were done in rDDGS 
and gluten meal regarding immunity and gene 
expression [4-6] in broiler. No study is available in 
the literature regarding feeding of rDDGS and RGM 
in combination. Hence, there is a need to explore 
regarding effect of feeding rDDGS and gluten meal 
replacing costly soybean meal (SBM) in broiler diet 
on immunity and gene expression.
Materials and Methods
Ethical approval

All the procedures carried out on the birds were 
approved by the Institutional Animal Ethics Committee 
(IAEC) and Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA) of 
ICAR-Central Avian Research Institute, Izatnagar – 
243 122, Uttar Pradesh. The IAEC/CPCSEA number 
is 452/01/ab/CPCSEA.
Experimental design and diets

A total of 240 CARIBRO-Vishal broiler chicks 
of the same hatch and uniform weight were procured 
from the institutional hatchery and housed in specially 
designed battery brooder cages with standard watering 
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and feeding facilities. The broiler chicken ration was 
formulated by recommendation of the ICAR [1] using 
rDDGS and RGM as replacement of SBM in the basal 
diets along with enzyme supplementation. The levels of 
rDDGS, RGM, and the suitable enzymes were standard-
ized in a preliminary trial. The rDDGS levels of 10% and 
12.5% and RGM levels of 12.5% and 15% along with 
either multienzymes or protease enzyme were selected 
to formulate the experimental diets as the pre-starter, 
starter, and finisher diets. The feed ingredients and the 
nutrient composition of diets have been given in Table-1.

A 2×3 factorial design resulted in six experimen-
tal diets, namely T1 (no rDDGS/RGM/enzyme), T2 
(no rDDGS/RGM, with multienzymes), T3 (12.5% 
rDDGS, 15% RGM, no enzyme), T4 (12.5% rDDGS, 
15% RGM, with protease enzyme), T5 (10% rDDGS, 
12.5% RGM, no enzyme), and T6 (10% rDDGS, 
12.5% RGM, with protease enzyme). Each treatment 
was allocated five replicates of chicks, with eight birds 
in each. The feeding trial was conducted for 6 weeks, 
and the feed, as well as drinking water, was provided 
ad libitum to the birds during the entire experimental 
period. The biological experiment was conducted from 
February 20 to April 3, 2018, recorded mean poultry 
shed temperature of 28±0.57–32±0.84°C and relative 
humidity of 52±0.80–57±0.63%. Continuous lighting 
was provided for 23 h at the intensity of 0.72±0.05–
0.85±0.02 foot-candle at bird eye level in battery 
cages. Stocking density was maintained in terms of 
eight birds per battery cage with standard floor space.
Immunological parameters

The antibody response to sheep red blood cells 
was determined using a standard hemagglutination 
assay for humoral immunity [7,8]. The in vivo cell-me-
diated immune (CMI) response to phytohemaggluti-
nin type P was evaluated by the method of Cheng and 
Lamont [9]. Eight birds (4 male and 4 female) from 
each treatment were selected for assessing cell-medi-
ated immunity (CMI) and humoral immunity.
Genomic expression

Four experimental birds (2 male and 2 female) 
from each treatment were sacrificed at the 21st day 
of experiment for the expression of gut-related genes 
such as mucin (MUC 2), excitatory amino acid trans-
porter 3 (EAAT3), and peptide transporter (PepT1). 
The jejunum tissues were collected aseptically and 
preserved for RNA estimation. The birds were slaugh-
tered humanely at the Division of Avian Nutrition and 
Feed Technology, ICAR-CARI, Izatnagar. Isolation of 
total RNA from tissue samples was done by an estab-
lished TRIzol method in our laboratory. The PCR 
conditions followed for cDNA synthesis will be as: 
25°C for 5 min, 42°C for 60 min, and 70°C for 5 min. 
The resultant first strand cDNA was stored at −80°C 
until further analysis. Annealing temperature used 
for this study was standardized in our laboratory. The 
annealing temperature for PepT1, EAAT3, MUC, and 
GAPDH genes was 51, 57, 58, and 56°C, respectively.

Statistical analysis
Data subjected to test of significance as per 2×3 

factorial completely randomized design were ana-
lyzed for mean, standard errors, and analysis of vari-
ance using Statistical Package for the Social Sciences 
(SPSS) 16.0 version, and comparison of means was 
done using standard procedures [10,11]. The gene 
expression data were analyzed by software REST 
2009 version (Developed by Technical University, 
Munich and QIAGEN company, Germany).
Results
Immunological parameters

The data pertaining to feeding different levels 
of rDDGS and RGM combinations with or with-
out enzymes on immunological parameters in terms 
of humoral and CMI are presented in Table-2. The 
results revealed that 0% rDDGS +0% RGM (DR1), 
12.5% rDDGS +15% RGM (DR2), and 10% rDDGS 
+12.5% RGM (DR3) combination levels did not show 
any significant (p>0.05) difference on CMI. However, 
humoral immunity was improved significantly 
(p<0.05) in DR2 and DR3 as compared to DR1. There 
was no significant (p>0.05) difference in humoral 
immunity in DR2 as compared to DR1. Effect of with 
or without enzymes and their interaction of rDDGS 
and RGM combinations did not show any significant 
(p>0.05) difference on humoral and CMI.
Gene expression

The results pertaining to feeding different levels 
of rDDGS and RGM combinations with or without 
enzymes on gene expression (relative fold expression) 
are presented in Table-3. MUC 2, EAAT3, and PepT1 
genes related to nutrient transport were studied for 
this experiment on 21 days taking jejunum tissue. The 
results revealed that 0% rDDGS +0% RGM (DR1), 
12.5% rDDGS +15% RGM (DR2), and 10% rDDGS 
+12.5% RGM (DR3) combination levels showed that 
MUC and PepT1 genes showed significantly (p<0.01) 
decreased relative fold expression in DR2 level 
as compared to DR1 and DR3 levels. Relative fold 
expression of MUC and PepT1 genes did not show 
any significant (p>0.05) difference in DR3 as com-
pared to DR1 level. EAAT3 gene showed significantly 
(p<0.01) decreased relative fold expression in DR2 
and DR3 levels as compared to DR1 level. Relative 
fold expression of EAAT3 genes did not show any 
significant (p>0.05) difference in DR3 as compared 
to DR2 level. Effect of with or without enzymes and 
their interaction with rDDGS and RGM combinations 
did not show any significant (p>0.05) difference on 
MUC, EAAT3, and PepT1 gene expression.
Discussion

Our results are in agreement with researchers 
Barekataina et al. [12] and Wani [6] but disagreement 
with Gupta [5] in terms of immune response as result 
of feeding rDDGS and gluten meal. Sorghum DDGS at 
20% level with or without combination of protease and 
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xylanase in broiler chickens improved (p<0.01) the IgA 
and IgG titer at day 13 under disease condition [12]. No 
significant (p>0.05) difference was found on dietary 
inclusion of RGM up to 20% level with or without pro-
tease enzyme and their interaction on humoral immu-
nity and CMI [6]. Contrary to this, immune response 
was found non-significant (p>0.05) when rDDGS was 
included in the diets at varying levels (5%, 7.5%, and 
10%) with or without protease supplementation [5]. 
Better humoral immunity in our experiment may be 
associated with a higher level of methionine amino acid 
in rDDGS and RGM-based diets.

Our results are in agreement with Gilbert 
et al. [4] and Wani [6] in terms of gene expression as a 
result of feeding rDDGS and gluten meal. The PepT1 
and EATT3 were influenced by dietary protein quality 
as well as feed restriction, with greater expression in 

chicks that fed high-quality protein SBM compared 
with chicks that consumed corn gluten meal [4]. 
Downregulation in PepT1 and MUC gene at 21 days 
post-hatch and EAAT3 gene expression did not reveal 
any significant (p>0.05) difference in 20% RGM with 
protease group compared to control in broiler chick-
ens [6]. No other reference is available regarding 
the effect of rDDGS and RGM combination on gene 
expression. Downregulation in nutrient transporter 
genes in our experiment may be associated with poor 
digestibility of rDDGS and RGM protein sources as 
compared to SBM.
Conclusion

It may be concluded that feeding rDDGS and 
RGM combination improved humoral immunity, 
while CMI did not show any significant effect. 

Table-2: Effect of feeding different levels of rDDGS and RGM combinations on immunological parameters.

Treatment rDDGS% RGM% Enzyme HA (log2) CMI (mm)

T1 0 0 - 2.71 55.75
T2 0 0 M 2.75 57.00
T3 12.5 15 - 2.87 57.88
T4 12.5 15 P 2.90 60.38
T5 10 12.5 - 2.85 58.25
T6 10 12.5 P 2.85 58.75

Pooled SEM 0.02 0.48
rDDGS% RGM%

0 0 2.72a 56.37
12.5 15 2.88b 59.12
10 12.5 2.84b 58.50

Enzyme
Without 2.81 57.29
With 2.83 58.71

Significance
rDDGS+RGM p<0.05 NS
Enzyme NS NS
Interaction NS NS

Values bearing different superscripts within the column differ significantly. NS=Non-significant (p>0.05), 
M=Multienzymes, P-Protease, rDDGS=Rice based distillers dried grains with solubles, RGM=Rice gluten meal

Table-3: Effect of feeding different level of rDDGS and RGM combinations on gene expression (relative fold expression).

Treatment rDDGS% RGM% Enzyme MUC EAAT PEP

T1 0 0 - 1.00 1.02 0.99
T2 0 0 M 1.03 1.03 0.91
T3 12.5 15 - 0.86 0.87 0.71
T4 12.5 15 P 0.87 0.91 0.71
T5 10 12.5 - 1.00 1.00 0.77
T6 10 12.5 P 1.05 0.99 0.77

Pooled SEM 0.02 0.02 0.03
rDDGS% RGM%

0 0 1.01b 1.02b 0.95b

12.5 15 0.86a 0.89a 0.71a

10 12.5 1.02b 0.99a 0.77b

Enzyme
Without 0.95 0.96 0.82
With 0.98 0.98 0.79

Significance
rDDGS+RGM p<0.01 p<0.01 p<0.01
Enzyme NS NS NS
Interaction NS NS NS

Values bearing different superscripts within the column differ significantly. NS=Non-significant (p>0.05), 
M=Multienzymes, P=Protease, rDDGS=Rice based distillers dried grains with solubles, RGM=Rice gluten meal, 
EAAT=Excitatory amino acid transporter 3, MUC=Mucin
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MUC and PepT1 genes showed significantly 
(p<0.01) decreased relative fold expression in 12.5% 
rDDGS +15% RGM combination, while EAAT3 
gene showed significantly (p<0.01) decreased rel-
ative fold expression in both rDDGS and RGM 
combination levels.
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