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ABSTRACT

The present study evaluates the effect of replacing the dietary crude protein (CP) of vegetable source with that 
of maize gluten meal (MGM) on the performance, gut health and carcass composition of vencobb broilers. Two 
hundred day-old Vencobb chicks were randomly distributed into five treatments having four replicates of ten birds 
each. Treatments included CON: basal diet without MGM; MGM25: Replacement of 25% CP of vegetable source 
with MGM; MGM50: Replacement of 50% CP of vegetable source with MGM; MGM75: Replacement of 75% 
CP of vegetable source with MGM and; MGM100: Replacement of 100% CP of vegetable source with MGM. 
MGM25 birds had significantly (p<0.05) higher body weight gain (BWG) with the best FCR (1.69) among all the 
groups. Replacement of dietary vegetable protein with MGM above 50% led to significant (p<0.05) drop in BWG 
in comparison to CON. Ileal microbial plate count for E. coli and Lactobacillus were not affected (p>0.05) by the 
dietary inclusion of MGM. However, villus height, (VH, µ), villus height: villus width (VH: VW) and villus height: 
crypt depth (VH:CD) were improved in MGM25 and MGM50 groups compared to other groups. SOD and catalase 
activity was significantly higher (p<0.05) in MGM25. Eviscerated (dressed weight after removal of viscera) and 
drawn (eviscerated weight with giblets) percentage was severely affected above 50% replacement of vegetable 
source protein with MGM origin protein. Replacement of dietary vegetable protein with MGM protein at 25 % level 
yielded best results in terms of broilers’ performance with maximum economic returns.
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India is the fifth largest broiler meat producer with a 
tremendous annual growth of 12% in the Indian broiler 
industry (Prabakar et al. 2023). Protein concentrates 
are practically the second largest component of broilers 
ration after energy. Modern fast growing broiler chicken 
require higher levels of protein with balanced amino acids 
composition (Bhunia et al. 2023). Principal component 
of broiler diets is corn as energy and soybean meal as 
protein source with the addition of fats and oils (Rathaur 
et al. 2022).  In India, conventionally, a limited number 
of protein sources are used by the commercial broiler 
industry to supply protein. Since, price of conventional 
protein sources like soybean meal has increased manifold, 
feed manufacturers have started exploring different viable 
alternate sources like DDGS and gluten meals (maize and 
rice) in poultry diets (Kaninde et al. 2023). Maize gluten 
meal(MGM), a by-product of wet milling of maize contains 
around 60% high quality crude protein comparable to that 
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of animal source protein. It comprises primarily of zein 
(68%), glutelin (27%) and some globulins (1.2%) (Cha et 
al., 2000) and xanthophylls (up to 300 mg/g). It is also rich 
in methionine (Sasse and Baker, 1973) and contain highest 
known metabolizable protein value among plant proteins 
(Heuzé et al., 2015). Literature citing inclusion of MGM 
in broilers’ diet is available (Abhijeet et al. 2021; Babcock 
et al. 2008 and Shariat et al. 2015) but, no study has so 
far been conducted on how much of the dietary protein 
from conventional vegetable sources can be replaced with 
that of MGM protein. Therefore, this study was carried 
out to assess the effect of dietary inclusion of MGM on 
the performance of Vencobb broiler chicken by replacing 
protein from other vegetable sources. 

MATERIALS AND METHODS 

The experiment was approved by Institutional Animal 
Ethic Committee meeting held in April 2022. Two 
hundred newly hatched Vencobb broiler chickens were 
procured from a local commercial hatchery vaccinated 
in-ovo against Marek diseases. Additionally, chicks were 
vaccinated against F-1 strain of NCD disease on 3rd day 
and IBD on 14th day. The birds were wing-tagged, weighed 
individually and randomly allocated to five pens (40 chicks 
per pen) representing different treatment groups viz. CON, 
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MGM25, MGM50, MGM75 and MGM100. All the pens 
were further divided in to four floor-spaces (replicates) of 
10ft x10ft of 10 birds each. The birds were offered a 3-phase 
feeding program: a pre-starter diet from 0 to 7 d, a starter 
diet from 8 to 21 d and a finisher diet from 22 to 42 d. Diets 
were formulated to meet BIS (2007) requirements (table 
2). CON group was fed basal diet containing no maize 
gluten meal (MGM). CP of vegetable origin i.e. soybean 
meal and groundnut cake was replaced with CP of MGM at 
25, 50, 75 and 100% level in MGM25, MGM50, MGM75 
and MGM100 group keeping all the diets iso-nitrogenous. 

Table 1. Nutrient composition of Maize gluten meal

Attributes % level
Analysed
Crude protein 60.07
Ether extract 1.78
Crude fibre 1.65

Leeson and summer (2005)
Methionine 1.61
Lysine 0.90
Threonine 1.70

Table 2. Ingredient and nutrient composition of basal diets

Physical composition

Ingredients (% as 
fed basis)

Pre-starter ration (0-7 days) Starter ration (8-21days) Finisher ration (22-42 days)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Maize 49.61 50.36 52.60 56.07 58.54 50.60 52.60 55.56 58.55 59.54 54.58 56.56 58.55 60.51 63.02
Soybean meal 30.76 24.80 17.86 7.93 0.00 28.78 21.83 13.90 5.95 0.00 23.81 17.86 11.90 5.96 0.00
Groundnut cake 7.94 5.95 3.95 1.98 0.00 7.94 5.95 3.96 1.98 0.00 7.94 5.95 3.97 1.99 0.00
MGM (60%) 0.00 7.20 13.90 22.33 29.77 0.00 6.94 13.90 20.84 27.78 0.00 5.96 11.91 17.87 23.31
Fishmeal 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95 5.95
Vegetable oil 2.98 2.98 2.98 2.98 2.98 3.97 3.97 3.97 3.97 3.97 4.96 4.96 4.96 4.96 4.96
Mineral blend1 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98
Agemix2 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Veldot3 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Choline (60%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Lysine (98%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
DL-Met (98%) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Chlortetracycline 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Chemical composition
Parameters Pre-starter ration (0-7 days) Starter ration (8-21days) Finisher ration (22-42 days)

Calculated Nutrients (%, DM basis except ME)
ME (Kcal/kg) 2982 29.90 29.96 3007 3011 3067 3070 3084 3092 3105 3185 3190 3196 3205 3215
Dig. Lys 1.18 1.10 1.07 0.98 0.94 1.14 1.11 1.07 1.01 0.96 1.02 1.05 1.02 1.01 0.99
Dig. Met + Cys 0.75 0.78 0.80 0.82 0.85 0.75 0.76 0.78 0.81 0.83 0.69 0.71 0.73 0.76 0.79
Dig. Thr 0.76 0.73 0.79 0.76 0.77 0.73 0.69 0.72 0.77 0.73 0.66 0.62 0.65 0.61 0.67

Analysed nutrients (%, DM basis)
Dry matter 89.88 89.16 90.10 89.70 90.22 89.82 90.25 88.96 89.35 90.05 89.85 90.08 89.20 89.17 89.80
Crude protein 22.85 22.13 22.54 22.48 22.32 21.90 21.38 21.56 22.05 21.72 20.00 20.56 20.48 20.34 21.11
Ether extract 4.26 4.80 4.10 4.05 411 5.35 5.31 5.26 5.20 5.18 6.42 6.34 6.25 6.28 6.19
Crude fibre 3.81 3.90 3.88 3.75 3.62 3.72 3.46 3.27 3.12 3.54 3.58 3.46 3.21 3.65 3.57
AIA 2.10 2.22 2.11 1.98 2.02 2.01 1.96 1.94 2.23 2.10 2.19 2.14 2.10 1.96 1.88
Ca 1.10 1.13 1.10 1.14 1.20 1.08 1.10 1.05 1.15 1.21 1.11 1.09 1.22 1.17 1.23
P 0.76 0.79 0.60 0.67 0.59 0.77 0.62 0.71 0.68 0.72 0.81 0.78 0.74 0.81 0.70
GE (kcal/kg) 4780 4795 4772 4766 4810 4634 4590 4622 4670 4785 4450 4394 4410 4445 4475

1: CON; 2: MGM25; 3: MGM50: 4: MGM75: 5: MGM100; 1Each kg of mineral blend contained 300g Ca; 90g P, 4g Mg, 4g Zn, 
0.; 1.0g I, 0.5g Cu and 2g Fe.; 2Each 5kg Agemix (produced by Neospark Drugs and Chemicals Pvt. Ltd., India) contains Vitamin A: 
12.5MIU; Vitamin D3: 2.5MIU; Vitamin E:8.0g; Vitamin K3: 1.0g; Vitamin B1: 800mg; Vitamin B2: 5.0g; Vitamin B6: 1.6g; Vitamin 
B12: 20.0mg; Niacin: 12.0g; Calcium d-Pantothenate: 8.0g; Folic Acid: 800.0mg; Biotin: 6.0mg; Choline Chloride: 300.0g; Calcium: 
760.0g; Copper: 15.0g; Iodine: 1.0g; Iron: 60.0g; Manganese: 80.0g; Zinc: 80.0g and Selenium: 300.0mg).; 3Veldot (produced by Venky 
India Ltd.) contains Dinitro-O-Toluamide, a coccidiostat.
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Treatment diets were offered ad libitum throughout the trial 
period except for 10-h fasting period prior to slaughtering. 
The birds were monitored daily for general flock condition, 
temperature, lighting, water, feed, and any unanticipated 
events inside the poultry house. Wheat straw was used as 
litter material. Performance characteristics viz. feed intake 
(FI), body weight gain (BWG), feed conversion ratio 
(FCR) were calculated for 1-14, 15-28, 29-42 days as well 
as for the overall i.e. 1-42 days.

Analytical determinations of feeds and digesta were 
performed as per AOAC (2005). Gross energy content of 
feed and digesta was measured with digital bomb calorimeter 
(Tanco Bomb Calorimeter, P.L. Tandon & Co., New Delhi, 
India). Ca and P content of the feed was estimated as per 
the method of BIS (1992). At the completion of the feeding 
trial (42d), four birds from each replicate of different 
treatment groups were selected randomly and shifted to 
metabolic cages. These birds were fed weighed quantity 
of feed for 5 days. Amount of feed offered, leftover feed 
and faecal output was weighed daily and a representative 
sample of each was preserved for assessing gross energy 
metabolizabilty and nitrogen retention. After 5 days of 
metabolism study, these birds were sacrificed by cervical 
dislocation. After bleeding, birds were de-feathered after 
hot scalding at a temperature of 58° - 60oC and then, the 
carcasses were manually eviscerated and rinsed with water 
to assess carcass characteristics.

Samples were aseptically taken from 4 cm above the 
caecum, immediately frozen, and stored at –20°C until 
further processing for ileal microbiology and histology. 
Colony forming units (cfu) count of E. coli and lactobacilli, 
in the content of ileum was performed by selective growth 
medium. E. coli were counted after 24 to 48 h of incubation 

in MacConkey agar. Lactic acid bacteria were determined in 
MRS agar. The average number of colonies was multiplied 
by reciprocal of the dilution factor and expressed as log 
cfu/g of contents. Histological analysis was performed 
in tissue samples from ileum fixed by immersion in 10% 
formalin, paraffin-embedded, and sections stained with 
hematoxylin/ eosin (Luna, 1968). Measurements included 
villus height (VH, μm), villus width (VW, μm), crypt 
depth (CD, μm), villus height: villus width (VH: VW) and 
villus height: crypt depth (VH: CD). The villus height was 
measured from tip of the villus to the villus–crypt junction, 
and the crypt depth was defined as the invagination depth 
between adjacent villi. Crypt depth was measured as the 
invagination depth between neighbouring intestinal villi. 

Statistical analysis of data was carried out with ANOVA 
using SPSS version 20.0 (IBM corp. USA). Duncan’s post 
hoc multiple comparison (Duncan, 1955) was applied to 
separate means. Statistical differences were considered 
at P<0.05. For the microbiological data, the plate counts 
values were log-transformed.

RESULTS AND DISCUSSION 

Birds fed MGM25 diet had significantly (p<0.05) 
higher BWG and feed intake in comparison to others (table 
3). However, replacement of dietary vegetable protein with 
MGM @ 75% or above led to significant (p<0.05) drop 
in BWG which was anticipated to be due to reduced feed 
intake at these levels. FCR improved significantly (p<0.05) 
up to the replacement of 50% CP of vegetable source with 
MGM. Overall FCR was best (1.69) in MGM25 having 
25% CP of MGM origin, which tended to increase as the 
replacement level of vegetable protein with MGM was 
increased. The decreased feed intake at higher levels of 

Table 3. Performance of broiler chickens fed different diets 

Treatment CON MGM25 MGM50 MGM75 MGM100
Body weight gain (BWG), g

1-14d 285.25c ±7.69 450.70a ±7.74 378.15b ±3.49 141.80d ±4.88 93.99e ±3.31
15-28d 829.93c ±7.60 923.45a ±1.68 872.30b ±6.48 230.28d ±4.03 164.74e ±5.52
29-42d 973.99c ±1.10 1103.66b ±4.50 1116.04a ±1.58 197.09d ±6.98 124.37e ±0.71
1-42d 2089.18c ±11.30 2477.89a ±9.98 2366.50b ±3.87 569.17d ±3.92 383.11e ±6.81

Feed intake, g
1-14d 438.29c ±11.33 665.94a ±14.25 565.74b ±5.091 221.58d ±7.49 145.48e ±5.72
15-28d 1466.75b ±10.29 1535.24a ±7.38 1478.55b ±12.62 406.83c ±8.97 299.03d ±8.91
29-42d 2016.67c ±7.49 2144.50b ±0.59 2213.54a ±8.86 417.07d ±13.67 266.33e ±2.18
1-42d 3921.71c ±22.11 4345.69a ±20.95 4257.83b ±7.57 1045.48d ±10.98 710.85e ±10.58

FCR (g feed: g BWG)
1-14d 1.54a ±0.007 1.48b ±0.012 1.49b ±0.007 1.56a ±0.013 1.55a ±0.008
15-28d 1.76b ±0.011 1.66d ±0.007 1.69c ±0.006 1.77b ±0.011 1.82a ±0.010
29-42d 2.07b ±0.007 1.94d ±0.008 1.98c ±0.009 2.12a ±0.014 2.14a ±0.009
1-42d 1.79c ±0.006 1.69e ±0.005 1.72d ±0.002 1.82b ±0.009 1.83a ±0.004
Viability (%) 97.50 97.50 97.50 80.00 72.50

Values bearing different superscripts in a row differ significantly.
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MGM might be due to its fairly unpalatable characteristics 
as reported by Blair (2008) and Abhijeet et al. (2021). 
Corn gluten meal above 10% in broiler diets leads to anti-
nutritive effects of amino acid imbalance that reduces 
the feed intake of broiler chicks (Waldroup et al. 2002). 
Kang et al. (2022) also reported similar results at higher 
inclusion level of wheat gluten in chicks’ diet. Viability 
of the birds was also decreased considerably at and above 
75% replacement of GNC and SBM based protein with 
MGM protein which might be due to amino acid imbalance, 
especially lysine being mostly deficient in MGM based 
diets. Improved performance at lower MGM replacement 
level might be due to its higher methionine content 
(Sasse and Baker, 1973) and negative effects at higher 
replacement level might be due to decreased availability 
of other essential amino acid e.g. lysine and tryptophan 
(Vasal, 2000). A better gross energy metabolizability 
(figure 1) was observed in MGM25 (64.02%) and MGM50 
(64.10%) than other groups. Percent nitrogen retention was 
not affected (p>0.05) up to 75% replacement of vegetable 
protein with MGM protein. Higher levels of MGM in 
broilers diet may reduce digestibility, resulting in growth 
depression as already reported by Babcock et al. (2008) and  
Shariat et al. (2015).

Ileal microbial plate count (table 4) for E. coli and 
Lactobacillus did not differ (p>0.05) with the inclusion 
of MGM origin protein as reported earlier also by 
studies. However, ileal histomorphology (figure 2 and 
table 4) in terms of VH, (µ), VH:VW and VH:CD were 
improved significantly (p<0.05) in MGM25 and MGM50 
as compared to other treatments. VW (µ) and CD (µ) 
decreased as the level of MGM was increased. Earlier 
studies show that higher levels of gluten meal upregulate 
the expression levels of interleukin-family genes (IL-12 
and IL-8) leading to inflammatory changes and damage 
to villi length of broiler chickens as compared to lower 
inclusion levels (Kang et al., 2019). SOD and catalase 
activity was higher (p<0.05) in MGM25 comparative 
to others groups. The increased antioxidant activity may 
primarily be due to bioactive peptides released when its 
proteins are hydrolysed (Hu et al., 2020) leading to better 
performance by fighting oxidative stress, improved growth, 

Table 4. Ileal microbial count, intestinal morphology and anti-oxidant enzyme activity
Treatments 

Variables CON MGM25 MGM50 MGM75 MGM100
Ileal microbial count
E.coli (log cfu/g) 5.28±0.03 5.29±0.05 5.81±0.05 5.32±0.07 5.24±0.08
Lactobacillus (log cfu/g) 5.77±0.04 5.73±0.09 5.74±0.11 5.56±0.08 5.57±0.06

Histomorphometry of ileum
VH, µ 1100.40b ±8.81 1304.82a±13.62 1283.53a±13.88 416.60c±12.24 305.81d ±7.32
VW, µ 253.12a ±5.93 208.68b ±4.63 209.29b ±7.64 221.21b±7.43 200.16b±11.05
CD, µ 251.20a ±4.42 222.66b ±4.19 227.94b ±4.67 184.93c±7.46 182.11c ±5.56
VH:VW 4.36b ±0.19 6.26a ±0.10 6.18a ±0.09 1.90c ±0.14 1.56d ±0.17
VH:CD 4.39b ±0.11 5.88a ±0.16 5.65a ±0.17 2.27c ±0.11 1.68d ±0.06

Anti-oxidant enzyme activity
SOD(U/mgHb) 25.51ab ±0.16 25.90a ±0.08 25.36b ±0.15 22.27c ±0.10 22.30c ±0.20
Catalase(U/mgHb) 24.63b ±0.14 25.51a ±0.10 25.42a ±0.08 20.77c ±0.07 20.68c ±0.05

Where, VH= Villus height; VW= Villus width; CD= Crypt depth.Values bearing different superscripts in a row differ significantly.

Fig. 1. Gross energy metabolizability and nitrogen balance 
under different treatments

Fig. 2. Ileal histomorphology of birds under different treatment 
group
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feed efficiency and immune functions. The unaltered E. 
coli count due to a different protein source in the current 
study is supported by the fact that the growth of E. coli 
in the small intestine is independent of any exogenous 
amino acids availability (Apajalahti and Vienola, 2016). 
Lactobacillus, dependent on the availability of amino 
acid in small intestine (Morishita et al., 1981) remained 
unaffected in consistent to reports by Wani et al. (2017), 
Giannenas et al. (2017) and Dinani et al. (2018). Carcass 
characteristics (table 5) were not affected up to 50% 
vegetable protein MGM protein replacement. However, 
above 50% replacement level, there was a significant 
(P<0.05) negative impact on these carcass characteristics. 
Decreased growth performance and feed intake at and 
above 75% dietary inclusion of MGM protein in place 
of SBM and GNC might have resulted in the negative 
effects on the carcass characteristics of the broilers as also 
reported by Longo et al. (2007). Economics of raising 
broiler chickens (table 6) on various diets revealed that the 
MGM25 yielded the highest profit per bird. Inclusion of 
MGM protein above 50% is uneconomical due to decreased 
growth performance. 

In conclusion, 25% replacement of dietary vegetable 
protein with MGM protein led to a 18.61% increase in 
BWG and the best FCR of 1.69 as compared to control 

without any unfavorable impacts on gut microflora 
and carcass charateristics of broiler chicken. The gut 
histomorphology, in terms of villus height and width and 
the economics returns of raising the broiler in terms of 
profit was highly improved in broilers fed 25% of dieatry 
protein from MGM. It was inferred that maize gluten meal 
(MGM) can serve as a novel and efficient substitute for 
conventional vegetable protein in poultry diets provided 
that the inclusion rate is given due deliberations.
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