



Impact of Dietary Inclusion of Rice Distillers Dried Grains with Solubles (DDGS) on Biochemical Parameters of Commercial Broilers

Abstract
An experiment was conducted to assess the effect of dietary inclusion of rice-derived distillers dried grains with solubles (DDGS) on the biochemical parameters of commercial broiler chicks. A total of 2250 day-old broiler chicks were randomly allocated into nine treatment groups and sub-divided into five groups to serve as a replicates. The control group was fed with basal diet formulated to meet all nutrient requirements, (as per the Beuro of Indian Standard) while the experimental diets included rice DDGS at progressively increasing levels, starting from 0% and increasing by 2% increments across treatments. At the end of sixth week, blood samples were collected from one bird per replicate for biochemical analysis. The results revealed that serum globulin, glucose, total serum sugar, and Serum Glutamic-Pyruvic Transaminase (SGPT) levels were significantly influenced (P<0.05) by the inclusion of rice DDGS, indicating effect on metabolic and hepatic activity. However, no significant changes were observed in total serum protein, albumin, and Serum Glutamic-Oxaloacetic Transaminase (SGOT) values, result indicate that protein metabolism and liver function remained unaffected. Variations in biochemical responses may be attributed to differences in the quality, origin, and possible mycotoxin contamination of rice DDGS. Based on these findings, it can be recommended that high-quality rice DDGS, free from aflatoxins contamination, can be safely included up to 16% in broiler diets without adverse effects on key biochemical parameters. 
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Introduction 
Feed is the single largest expense in poultry production, accounting up to 70% of total cost. Availability of soya and corn for feed could be a major challenge for the poultry industry (Mark and Vijay, 2016). Indian broiler industry is growing at the rate of 7-8%. India stands in 3rd position in egg production; however, it is still growing in terms of poultry meat production and stands in 5th position in the world in terms of broiler production (Nutan et al., 2025). The DDGS is co-product of the ethanol industry produced during the dry milling process. Availability of DDGS is increasing as ethanol is used as biofuel. The DDGS contain all the nutrients from grain in a concentrated form except for the majority of the starch, which has been utilized in the fermentation process during ethanol production. Rice DDGS has 8.28% moisture, 91.72% DM, 45% CP, 45% 4.49% EE, 4.89% CF,10.22% TA, 27.12% NEF, 4.28% AIA, 0.73% Ca, 0.77% P and 4097 (kcal/kg) GE (Gupta et al., 2017, Keerthana et al., 2022). 
Remaining product is a concentrate of proteins and fibre that is suitable for animal feeding, particularly for ruminants (Crawshaw, 2004). The nutritional value of brewer’s grains varies depending on the grain used (barley, wheat, rice, or corn), the extent of the fermentation, and the type of fermentation process used. Brewer’s grains are primarily fed to dairy cattle but also have some nutritional value for poultry birds. The major problem limiting the use of dried brewer’s grains in poultry rations is related to the grains high fiber content. Brewer’s dried grain is an excellent source of quality by-pass protein and digestible fiber, with good amino acid profile and it has high mineral and water soluble vitamin content. Brewer’s dried grain is relatively cheap, readily available with little or no competition between humans, farm animals and industries. The use of brewery waste as feedstuff can help to improve farmer’s economic returns and environment (Doley et al., 2021).  DDGS contain approximately 6% yeast biomass which is rich in mannans, there may be anti-nutritional effects associated with mannans (Radfar et al., 2013). Rice DDGS also have yeast enzyme (probiotic factor) which increases the level of production (Gupta et al., 2017). 
The diet and plane of nutrition are prominent factors that influence the serum biochemistry of animals, which are sensitive indicators of the state of health and reflect the intensity of metabolic processes taking place in the animals. Many research showed that the serum biochemical parameters are the good indicators of the physiological, nutritional, and pathological status of animals/birds and can be correlated to identify the impact of nutritional factors and additives supplied in the diet (Toghyani et al., 2010; Andrews et al., 2006); Roy et al., 2013;  Vazquez et al., 2008). Similarly, it has been reported that the serum biochemical parameters are the good indicators of the physiological, nutritional, and pathological status of animals/birds and can be correlated to identify the impact of nutritional factors and additives supplied in the diet. Thus, the dietary manipulations in broiler chicken are expected to reveal differential effects on the serum biochemistry of broiler chicken. In this regard, the rice distillers dried grains with solubles (rDDGS) is potential economic feed ingredient of poultry ration produced by rice processing industries (Dinani et al., 2018). The dietary manipulations in broiler diet are expected to reveal differential effects on the serum Biochemical parameters of broilers. The high protein and good source of rice distillers dried grains with solubles (rDDGS) with the inclusion of NSP and Phytase enzymes is potential economic feed ingredient in poultry ration produced after co-product of ethanol. Bio-chemical parameters including total protein, albumin, globulin, glucose, cholesterol, and liver fraction test (SGOT and SGPT) are good indicators of the physiological and metabolic status of broilers. These blood biomarkers help assess the impact of dietary changes on liver function, protein metabolism, and general health. Therefore, the present experiment was designed to see the effects of rice DDGS inclusion on the metabolic health of broilers and to identify an optimal level of inclusion that supports both performance and economic sustainability.
Materials and Methods
Experimental Design and Management
A total of 2250 disease free healthy Cobb-400 broiler chicks were procured from commercial hatchery. Chicks were randomly distributed in 9 treatment groups and the chicks of each treatment were further sub-divided into 5 groups to serve as replicates. The chicks were reared in 45 pens comprising 50 chicks in each. The birds in control group (T0) were offered with control diet, adequate in all nutrients as per BIS (2007) during pre-starter, starter and finisher phases. Treatment combinations of Rice DDGS are showed in Table 1.
Table 1.  Treatment Combinations for pre- starter, starter and finisher feed.
	Treatment
	Soybean meal (%)
	Rice DDGS (%)
	Lysine (%)
	Methionine (%)
	Phytase (%)
	NSP Enzymes (%)

	
	Pre-starter
	Starter
	Finisher
	
	
	
	
	

	T0
	37
	32
	27
	00
	0.00
	0.00
	0.00
	0.00

	T1
	34.1
	29.10
	24.1
	2
	0.40
	0.40
	0.04
	0.06

	T2
	31.98
	26.98
	21.98
	4
	0.45
	0.45
	0.05
	0.07

	T3
	29.86
	24.86
	19.86
	6
	0.50
	0.50
	0.06
	0.08

	T4
	27.74
	22.74
	17.74
	8
	0.55
	0.55
	0.07
	0.09

	T5
	25.62
	20.62
	15.62
	10
	0.60
	0.60
	0.08
	0.10

	T6
	23.5
	18.5
	13.5
	12
	0.65
	0.65
	0.09
	0.11

	T7
	21.38
	16.38
	11.38
	14
	0.70
	0.70
	0.10
	0.12

	T8
	19.26
	14.26
	9.26
	16
	0.75
	0.75
	0.11
	0.13


(* Yellow maize 58, 63 and 67%, Soybean oil 1, 1 and 2% and premix (vitamins and minerals) 4% was constant in all treatments during pre- starter, starter and finisher phase respectively.)
Estimation of biochemical parameters  
Blood samples were collected from one bird per replicate at the end of the experiment. Blood sample transfer into sterile clot activator tube for the serum separation. The separated serum was made clear by centrifugation at 3000 rpm for 12 minutes and stored in a refrigerator for estimation of biochemical parameters. Estimation of total protein was done using the Biuret method (Gornall et al., 1949). Estimation of albumin was carried out using the Bromocresol Green (BCG) dye binding method (Doumas et al., 1971), and globulin was estimated by subtracting albumin from total protein (Globulin = Total Protein – Albumin). Estimation of glucose was performed using the Glucose Oxidase-Peroxidase (GOD-POD) method (Trinder, 1969), while total sugar was estimated using the Anthrone method (Yemm and Willis, 1954). Estimation of SGOT (AST) and SGPT (ALT) was done using the Reitman and Frankel method (Reitman and Frankel, 1957).
Statistical analysis
The data were analysed statistically using Analysis of variance (ANOVA) technique as per Snedecar and Cochran (2004).  
Results and Discussion
The biochemical parameters of broiler chicks influenced by different treatments of rice DDGS are shown in Table 2, revealed that significant differences were observed between the values of serum globulin, serum glucose, total serum sugar and SGPT However, total serum protein, serum albumen and SGOT showed non-significant differences.
From the data on the total serum protein and serum albumin of broiler chicks presented in Table 2, it was concluded that non- significantly different were observed between the values of total serum protein and serum albumen. Similarly, Kumar et al., 2023 reported that at the non-significant differences were observed with the inclusion of 7.5, 15 and 22.5 % rice DDGS in diet. Ravindran et al., (2013) reported that inclusion of distillers dried grains with solubles (DDGS) up to 15% in broiler diets did not significantly influence serum protein concentrations, indicating no adverse effect on protein metabolism. Also, Wang et al., (2007)
Found that feeding up to 20% corn DDGS to broilers did not significantly alter serum total protein and albumin levels, supporting the safe inclusion of DDGS in poultry diets. Whereas, Keerthana et al., (2022) reported that serum protein level significantly increased with increasing dietary levels (0, 5, 10, 15 and 20%) of rice DDGS in the diet of quails. Similarly, Gupta et al. (2017) in CARI Sonali layers reported significantly increased in serum protein by incorporating rice DDGS with and without enzyme. The different results claimed by authors may be because of origin and source of rice DDGS and their different nutritional values.
The result pertaining to the serum globulin, serum glucose and total serum sugar as shown in Table 2, revealed that the differences between the value of serum globulin, serum glucose and total serum sugar found significant. Similarly Kumar et al., 2022 observed the non-significant differences between the values of serum globulin and serum glucose. However, Keerthana et al., 2022 reported the significant differences between the values of serum globulin. Similarly, Gupta et al. 2017 reported that the rice DDGS, with and without enzymes, at inclusion levels of 0%, 5%, 7.5%, and 10% had no significant effect on serum albumin levels in 45-week-old CARI Sonali layers.  Dinani et al. (2019) found that serum glucose levels and total serum sugar decreased significantly due to feeding of rice DDGS and RGM at the levels of 12.5% and 15%.

Table 2: Biochemical parameters of chicks influenced by different treatments of rice DDGS
	Treat
ments
	Bio-chemical parameters 

	
	Total Serum protein (g/dl)
	Serum Albumin (g/dl)
	Serum Globulin (g/dl)
	Serum Glucose (mg/dl)
	Total serum sugar (mg/dl)
	SGOT
U/L
	SGPT
U/L

	T0
	6.06
	3.68
	2.52
	95.4
	141.6
	29
	31

	T1
	6.48
	3.66
	3.06
	89.6
	136.4
	27.6
	33.4

	T2
	6.22
	3.26
	2.86
	100.6
	162
	35.4
	40.6

	T3
	6.24
	3.54
	2.48
	101.6
	155.8
	29
	37.6

	T4
	6
	3.66
	2.46
	91
	153.8
	25
	33.6

	T5
	6.38
	3.52
	2.64
	91
	144.6
	30.8
	35.2

	T6
	6.2
	3.24
	3.22
	90.8
	171.6
	24
	27.2

	T7
	6.26
	4.08
	2.96
	100.8
	197
	32.2
	42.4

	T8
	6.18
	3.44
	2.82
	109.4
	121.2
	27
	29.6

	Mean
	6.22
	3.56
	2.78
	96.68
	1537
	28.88
	34.51

	P-value
	0.588
	0.439
	0.018
	0.002
	0.0
	0.083
	0.003

	Results
	NS*
	NS*
	S**
	S**
	S**
	NS*
	S**


*= Non-significant
**= Significant 
The data on serum glutamic-oxaloacetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT) of broiler chicks contained in Table 2, it was observed that differences between the values of SGOT found non-significant similarly Kumar et al., 2023 reported that the non-significant difference was found on SGOT at inclusion of 7.5, 15 and 22.5 % rice DDGS. Whereas, Wani et al. (2017) and also Agena et al. (2019) reported that supplementation of RGM at 15% without enzyme had significantly higher SGOT values as compared to control. Whereas, conflicting results were observed for SGPT on broiler chicks. Differences between the values of SGPT found significant. Similarly, Dinani et al., 2019 reported significant differences between the values of SGPT. Differences in the values of rice DDGS may be due to the presence of aflatoxins, which are commonly found in various types of DDGS and can vary depending on the source or origin of DDGS. Also, Kumar et al., 2022 reported that the enzymes SGPT (serum glutamate pyruvate transaminase) and SGOT (serum glutamate oxaloacetate transaminase) serve as sensitive and specific biomarkers of acute hepatocellular injury and the pathophysiological manifestations of liver failure. Hepatocellular damage results in the release of SGPT and SGOT into the systemic circulation; thus, elevated serum concentrations of these transaminases are indicative of potential hepatic dysfunction.
Conclusion
The findings of the present study indicate that dietary inclusion of rice DDGS significantly influenced certain biochemical parameters in broiler chicks, with notable differences observed in serum globulin, serum glucose, total serum sugar, and SGPT levels, suggested that effects on liver function and metabolic activity. In contrast, total serum protein, serum albumin, and SGOT levels remained stable, indicating no adverse impact on protein metabolism or hepatic health at the inclusion levels tested. Considering the variability in nutritional composition and quality of rice DDGS from different sources, as well as the possible presence of mycotoxins such as aflatoxins, further research is necessary to establish optimal inclusion levels and ensure safety. Nonetheless, it can be recommended that high-quality rice DDGS sourced from reliable origins may be safely incorporated up to 16 percent in broiler diets to achieve economic and nutritional benefits.
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