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ABSTRACT

This study evaluated growth, daily energy balance, and energy parameters in broilers 
fed with sorghum (varieties—Australian Red, US Red, Indian White, and locally 
developed IPB Cosor 5) and compared with those fed with corn and wheat. Male 
broilers (Ross 308 n=70) were assigned, using a completely randomized design, to 
7 dietary treatments (10 replicates each), consisting of a 60% corn-soybean meal 
basal diet and 40% test ingredient. Individually housed in metabolic cages, broilers 
were fed on days 13-22, with excreta collected on days 21-23. All sorghum diets had 
comparable body weight gain and feed intake (p=0.06) to corn and wheat. Feed-to-
gain ratio (F/G) of birds fed Australian Red, US Red, and Indian White were similar 
to corn and wheat, but those fed IPB Cosor 5 had poorer (p<0.001) F/G. On a DM 
basis, apparent metabolizable energy (AME) values of the sorghum grains ranged 
from 3,337-3,845 kcal/kg, which is comparable (p=0.04) to corn (3,575 kcal/kg) and 
wheat (3,677 kcal/kg). Nitrogen-corrected AME (AMEn) in sorghum grain ranged 
from 2,985-3,382 kcal/kg DM, similar (p=0.11) to corn (3,149 kcal/kg) and wheat 
(3,230 kcal/kg). In conclusion, comparable energy concentration results regardless 
of varietal differences indicate good replacement potential of sorghum for corn and 
wheat in broiler diets. 
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INTRODUCTION

Feeds account for 70% of livestock production expenses (Makkar, 2018), making 
grain prices a key factor influencing animal performance and the broader poultry industry. 
Corn, wheat, and sorghum are among the most common cereal grains used in global livestock 
feed, providing highly digestible carbohydrates essential for broiler diets. However, 
corn availability faces challenges from rising and volatile prices, supply constraints, and 
increased demand, impacting the Philippines’ local corn production and feed industry, due 
to climate events and pest infestations from both local and global disruptions—resulting 
in higher costs and reduced agricultural growth (Kocak et al., 2022; Westcott & Hoffman, 
1999; USDA, 2024a; Gomez, 2024; Statista, 2024; Ceballos et al., 2017). The country also 
relies heavily on wheat imports, which have fluctuated amid global economic disruptions, 
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leading to increased wheat prices and heightened economic vulnerability (Mottaleb et al., 
2022). These circumstances emphasize the importance of reducing dependence on corn and 
wheat by exploring alternative energy sources. 

Sorghum emerges as a promising alternative, serving as a staple livestock feed in 
leading producers such as the United States and Nigeria. Global sorghum production has 
shown more stable year-over-year fluctuations over the past decade than corn, yet exhibits 
less stability than wheat (USDA, 2024b). Sorghum is distinguished by its superior drought 
tolerance and adaptability relative to maize and wheat (Rooney, 2016). The yields of maize 
and wheat decline under conditions of drought (Nguyen et al., 2023) and water stress (Zhao 
et al., 2020). Conversely, sorghum, which flourishes with minimal water requirements, can 
survive for several weeks without irrigation (Bi et al., 2022) and adapts well to low-water 
conditions (Hossain et al., 2022). Its ratooning capability—permitting multiple harvests 
within a single season (Rosentrater and Evers, 2018)—coupled with its shorter maturation 
period relative to maize and wheat, renders it particularly suitable for the Philippines’ 
typhoon-prone climate (Chisi and Peterson, 2019; Sun et al., 2007; Wcislo & Szarlej-
Wcislo, 2014). These characteristics collectively position sorghum as a resilient alternative 
grain to maize and wheat.

Sorghum contains tannins, which are significant anti-nutritional factors that reduce 
energy digestibility in poultry feed (Hariprasanna et al., 2015). Sorghum grains are categorized 
into three types based on tannin concentration. Type 1 grain sorghum, characterized by an 
unpigmented pericarp, is tannin-free, although the average recorded tannin concentration is 
0.28 g/kg; Type 2 sorghum has condensed tannins in the pigmented testa of approximately 
4.48 g/kg; and Type 3 sorghum contains tannin in both testa and pericarp, roughly around 
11.95 g/kg (Asquith et al., 1983; Dykes and Rooney, 2006). High-tannin sorghum decreases 
nitrogen-corrected apparent metabolizable energy (AMEn), as chickens fed high-tannin 
sorghum tend to exhibit lower AMEn values compared to those on corn diets (Nyachoti et 
al., 1996). Conversely, low-tannin sorghum does not impair growth performance in birds 
from days 1 to 21 (Torres et al., 2013), enhances gut health and digestion in broilers (Moritz 
et al., 2022a; Huang et al., 2017), and can be incorporated into approximately 50% of starter 
and finisher diets without adverse effects (Hulan and Proudfoot, 1982; Scott et al., 1998). 
Consequently, low-tannin sorghum presents a viable alternative to corn and feed wheat in 
broiler nutrition.

This study examined low-tannin sorghum varieties IPB Cosor 5, Australian Red, 
US Red, and Indian White. While previous research found that red and white sorghum have 
lower energy levels than corn and wheat (Moss et al., 2020), data on growth performance 
or energy values for these varieties, including IPB Cosor 5, are lacking. This study aimed to 
evaluate their effects on broiler growth performance (weight gain, body weight, feed intake, 
and feed-to-gain ratio), daily energy balance (apparent total tract digestibility (ATTD) of 
dry matter (DM) and gross energy (GE), and AME/AMEn concentrations, compared to corn 
and wheat.

MATERIALS AND METHODS

The protocol for this study was approved by the Institutional Animal Care and Use 
Committee of the University of the Philippines Los Baños (approval number UPLB-2024-
028). Day-old Ross 308 chicks were sourced from a commercial hatchery (San Miguel 
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Foods, Inc., Candelaria, Quezon) and brooded conventionally until day 12 at the University 
Animal Farm, Putho-Tuntungin, Los Baños, Laguna. They were housed in open-sided grow-
out pens before being individually transferred to a 50 x 60 cm cage in a metabolism room 
maintained at approximately 24-26°C, with 24-hour fluorescent lighting provided from days 
13 to 23. 

On day 13, n=70 male chicks were randomly selected and assigned to 7 dietary 
treatments using a completely randomized design. Each treatment had 10 replicates. A corn–
soybean meal diet served as the basal diet, while the other 6 treatments consisted of 60% 
basal diet and 40% (as-fed basis) of the test ingredients: yellow corn, feed wheat, and any 
one of the four low-tannin sorghum varieties (IPB Cosor 5, Australian Red, US Red, and 
Indian white), respectively (Table 1).

Feed intake and refusals were recorded from days 13 to 23, while the birds were 
fasted and weighed on day 21 to calculate body weight gain and feed efficiency (F/G). 
Excreta were collected every 24 hours from days 21 to 23, then cleaned, weighed, frozen at 
-4°C, homogenized, oven-dried at 75°C, and ground. Test ingredient samples were analyzed 
for tannin content. Diet, test ingredients, and excreta gross energy (GE) were measured 
using a bomb calorimeter (Model 6400, Parr Instruments, Moline, IL) at the Animal 
Nutrition Analytical Service Laboratory, University of the Philippines Los Baños, Laguna. 
The apparent metabolizable energy (AME) of each diet was calculated using Equation 1.

The energy value of the basal diet was determined using the direct method. In 
contrast, the energy values of the test ingredients were determined and calculated using 
the difference method. Nitrogen-corrected AME (AMEn) is corrected for zero N retention 
to account for factors such as the gross energy value of uric acid at 0.034 MJ/kg (Hill & 
Anderson, 1958) or the gross energy of nitrogen-containing compounds in chicken urine at 
0.037. The correction factor is valued at 8.22 kcal per g of N retained in the body (Sauvant 
et al., 2004). It was calculated using Equation 2:

Lastly, the AME and AMEn of the cereal grains were determined to evaluate their 
individual effects without the other energy-providing ingredients in the formulation. It was 
calculated using Equations 3 and 4:

Data were analyzed using the Mixed Procedure of SAS (SAS Inst., Cary, NC, USA), 
with individual birds as the experimental unit. The model included diet as the fixed effect 
and replicate as the random effect. When diet is a significant source of variation, least-
squares means were compared using the PDIFF option of SAS with the Tukey-Kramer Test 
at a 5% significance level. 

Equation 1

Equation 2

Equation 3

Equation 4
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RESULTS AND DISCUSSION

Body weight gain of birds fed with a corn diet was comparable across all sorghum 
varieties (Table 2), supporting previous findings that sorghum-based diets perform similarly 
in broilers fed with corn (Ciurescu et al., 2023). Weight gain in feed wheat was similar to 
IPB Cosor 5, Australian Red, US Red, and Indian White grain sorghum, supporting findings 
that 20% whole wheat or sorghum produce comparable weight gain in chicks aged 8 to 
21 days (Biggs and Parsons, 2009). Weight gain in birds fed with the basal diet differed 
significantly (P<0.05) from all sorghum diets, while all sorghum-based diets yielded similar 
body weight gain. 

Birds fed with feed wheat had feed efficiency (F/G) similar to those fed with 
Australian Red, US Red, and Indian White sorghum, while IPB Cosor 5 had poorer F/G. 
Feed efficiency of birds fed the corn-based diet was also similar to that of birds fed with 
sorghum, supporting previous findings in broiler chickens from days 0 to 21 (Moritz et al., 
2022a). However, this contrasted with findings where broilers fed red sorghum varieties had 
poorer F/G than those fed with white sorghum varieties (Olorunsola and Jegede, 2023). IPB 
Cosor 5 only had a similar F/G to US Red but performed inferior to corn, wheat, and other 
sorghum varieties. 

The poorer F/G in broilers fed IPB Cosor 5 was a body weight gain response, which 
was a likely result of slightly greater tannin content in this sorghum variety or other anti-
nutritional factors not determined in the current study. Australian Red, US Red, and Indian 
White sorghums were comparable to corn and feed wheat in body weight gain and F/G, 
highlighting their potential as alternatives. Birds fed with IPB Cosor 5 had similar body 
weight gain, but had an inferior F/G compared to other treatments.

While high tannin levels negatively affect growth performance (Lee et al., 2010), 
protein digestibility, and amino acid availability (Samtiya et al., 2020), low tannin levels can 
enhance growth. In the present experiment, the analyzed tannin content (DM basis) of corn, 
wheat, and US Red was 0.04%, while Australian Red and IPB Cosor 5 contained 0.05% 
and 0.08%, respectively. The Indian White was not tested for tannin because white sorghum 
varieties were not known to contain detectable tannins, with an average of approximately 
0.02% (Awika et al., 2004; Pan et al., 2018). All tested feed ingredients were considered low 
in tannin, with contents below 5% (Ochieng et al., 2020). Therefore, the low tannin content 
of these sorghum varieties likely contributed to their growth performance being comparable 
to corn and wheat.
	 The apparent total tract digestibility (ATTD) of dry matter (DM) of the basal diet 
was similar to Australian Red, US Red, and IPB Cosor 5, but lower (P<0.001) than Indian 
White (Table 3). The ATTD of DM in corn was comparable to Australian Red, US Red, and 
Indian White, but higher (P<0.001) than IPB Cosor 5. Indian White had higher (P=0.001) 
ATTD than the basal diet and IPB Cosor 5. The DM digestibility of wheat was similar to 
that of all sorghum varieties. The ATTD of GE of the basal diet was similar to Australian 
Red, US Red, and IPB Cosor 5. Corn was comparable to Australian Red, US Red, and Indian 
White, but not to IPB Cosor 5, with Indian white and corn showing higher (P<0.001) GE 
digestibility than IPB Cosor 5. Wheat had GE digestibility similar to that of all sorghum 
varieties. Overall, sorghum-based diets had energy balances comparable to those of corn 
and feed wheat. Indian White occasionally outperformed the standard ingredients, with 
Australian Red and US Red showing moderate promise. IPB Cosor 5 demonstrated good 
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viability, comparable to corn in many parameters, and matched wheat’s daily energy balance. 
Therefore, all the sorghum varieties show promise as alternatives, although IPB Cosor 5 may 
require further improvements in composition or formulation to fully match the performance 
of corn and wheat.  

All sorghum varieties had AME values similar to those of corn and wheat. Indian 
White had the highest AME at 4,021 kcal/kg (as-fed), while IPB Cosor 5, although the 
lowest, remained comparable to corn, wheat, Australian Red, and US Red, but was lower 
(P=0.03) than Indian White (Table 3). On a dry matter basis, the AME values of the four 
sorghum varieties evaluated were comparable (P=0.04) to corn and wheat. Indian White’s 
highest AME value of 3,846 kcal/kg exceeded the reported performance of HFQ sorghum 
at 2,940 kcal/kg (Truong et al., 2016) and Australian sorghum’s 3,681 kcal/kg in broilers 
at week 3 (Khalil et al., 2021). IPB Cosor 5, Australian Red, and US Red had values of 
3,337 kcal/kg, 3,634 kcal/kg, and 3,654 kcal/kg, respectively, which are higher than the 
reported AME of red sorghum at 2,925 to 2,937 kcal/kg (Truong et al., 2016), but lower than 
Australian sorghum’s 3,681 kcal/kg in broilers at week 3 (Khalil et al., 2021). The last three 
varieties had higher AME than the reported Australian sorghum at 3,436 kcal/kg (Khalil et 
al., 2021), while IPB Cosor 5 had a lower AME. Differences in nitrogen-corrected apparent 
metabolizable energy (AMEn) (as-fed) were not significant, indicating all six ingredients 
had comparable AMEn values. Similarly, AMEn differences on a dry matter basis were not 
significant, with Indian White reaching 3,382 kcal/kg. Although lower than the reported 
White/Tan sorghum’s AMEn value of 3,800 ± 140 kcal/kg (Moritz et al., 2022b), this value 
is higher than HFQ’s 2,827 kcal/kg (Truong et al., 2016). IPB Cosor 5, Australian Red, and 
US Red had AMEn values of 2,985 kcal/kg, 3,209 kcal/kg, and 3,249 kcal/kg, respectively. 
Australian Red and US Red had higher AMEn values than red/bronze sorghum (3,168 ± 
138 kcal/kg; Moritz et al., 2022b), while IPB Cosor 5 had a lower AMEn but remained 
comparable to the others. Overall, all four sorghum varieties contained AMEn comparable to 
those in corn and wheat, indicating similar performance across species (Lopez and Leeson, 
2007).

CONCLUSION

All four sorghum varieties are promising alternatives to wheat and corn as feed, with 
Indian White performing best. Ultimately, the results of this study showed a good indication 
that any of the four sorghum varieties can serve as a replacement for corn or wheat on a 
weight-by-weight basis. 

REFERENCES

Asquith TN, Izuno CC, and Butler LG. 1983. Characterization of the condensed tannin 
(proanthocyanidin) from a group II sorghum. J Agric Food Chem 31(6):1299–1303.

Awika JM and Rooney LW. 2004. Sorghum phytochemicals and their potential impact on 
human health. Phytochemistry 65(9):1199–1221.

Bi Y and Wang P. 2022. Exploring drought-responsive crucial genes in Sorghum. iScience 
25(11):105347.

Biggs P and Parsons CM. 2009. The effects of whole grains on nutrient digestibilities, growth 
performance, and cecal short-chain fatty acid concentrations in young chicks fed 



Manatad et al.10

ground corn-soybean meal diets. Poult Sci 88(9):1893–1905. 
Ceballos F, Hernandez MA, Minot N, and Robles M. 2017. Grain price and volatility 

transmission from international to domestic markets in developing countries. World 
Dev 94:305-320.

Chisi M and Peterson G. 2019. Breeding and agronomy. In Taylor JRN and Duodu KG, 
eds. 2nd ed. Sorghum and Millets: Chemistry, Technology and Nutritional Attributes, 
United Kingdom: Woodhead Publishing, pp. 23-50. 

Ciurescu G, Vasilachi A, Idrceanu L, and Dumitru M. 2023. Effects of corn replacement 
by sorghum in broiler chickens diets on performance, blood chemistry, and meat 
quality. Italian J Anim Sci. 22(1):537-547. 

Dykes L and Rooney LW. 2006. Sorghum and millet phenols and antioxidants. J Cereal Sci 
44(3):236-251.

Gomez CJJ. 2024, August 22. Q2 Corn Supply and Price Trends, Impact of Fall Armyworm 
and Emerging Locust Infestation. PCAARRD ISP-IS (Industry Strategic Science 
& Technology Program Information System). Retrieved on 31 March 2026 from 
https://ispweb.pcaarrd.dost.gov.ph/q2-corn-supply-and-price-trends-impact-of-fall-
armyworm-and-emerging-locust-infestation/.

Hariprasanna K, Agte V, Elangovan M, Gite S, and Kishore A. 2015. Anti-nutritional factors 
and antioxidant capacity in selected genotypes of sorghum [Sorghum bicolor L. 
(Moench)]. Int J Agr Sci 7(8):620-625.

Hill FW and Anderson DL. 1958. Comparison of metabolizable energy and productive 
energy determinations with growing chicks. J Nutr 64(4):587–603. 

Hossain MS, Islam MN, Rahman MM, Mostofa MG, and Khan MAR. 2022. Sorghum: A 
prospective crop for climatic vulnerability, food and nutritional security. J Agric 
Food Res. 8:100300. 

Huang Q, Liu X, Zhao G, Hu T, and Wang Y. 2017. Potential and challenges of tannins as an 
alternative to in-feed antibiotics for farm animal production. Anim Nutr 4(2):137–
150. 

Hulan HW and Proudfoot HG. 1982. Nutritive value of sorghum grain for broiler chickens. 
Can J  Anim Sci 62(3):869–875. 

Khalil MM, Abdollahi MR, Zaefarian F, Chrystal PV, and Ravindran V. 2021. Apparent 
metabolizable energy of cereal grains for broiler chickens is influenced by age. 
Poult Sci 100(9):101288. 

Kocak E, Bilgili F, Bulut U, and Kuskaya S. 2022. Is ethanol production responsible for the 
increase in corn prices? Renew Energy 199:689–696. 

Lee SH, Shinde PL, Choi JY, Kwon IK, Lee JK, Pak SI, Cho WT, and Chae BJ. 2010. 
Effects of tannic acid supplementation on growth performance, blood hematology, 
iron status and faecal microflora in weanling pigs. Livest Sci 131(2-3):281–286. 

Lopez G and Leeson S. 2007. Relevance of nitrogen correction for assessment of metabolizable 
energy with broilers to forty-nine days of age. Poult Sci 86(8):1696–1704. 

Makkar HPS. 2018. Review: Feed demand landscape and implications of food-not feed 
strategy for food security and climate change. Animal 12(8):1744–1754. 

Moritz AH, Bridges WC, Wilson S, Blair ME, Buresh RE, PAS, Strickland JR, and Arguelles-
Ramos M. 2022a. Effects of select tannin-free grain sorghum varieties on broiler 
performance and intestinal morphology. Appl Anim Sci 38(6):592–606. 

Moritz AH, Krombeen SK, Presgraves B, Blair ME, Buresh RE, Kaminski RM, Bridges 



Effects of different sorghum varieties fed to broiler chickens 11

WC, Arguelles-Ramos M, and Wilmoth TA. 2022b. Apparent metabolizable energy 
and performance of broilers fed selected grain sorghum varieties. Appl Anim Sci 
38(3): 268–278. 

Moss AF, Khoddami A, Chrystal PV, Sorbara JOB, Cowieson AJ, Selle PH, and Liu SY. 
2020. Starch digestibility and energy utilisation of maize- and wheat-based diets is 
superior to sorghum-based diets in broiler chickens offered diets supplemented with 
phytase and xylanase. Anim Feed Sci Technol 264:114475. 

Mottaleb KA, Kruseman G, and Snapp S. 2022. Potential impacts of Ukraine-Russia armed 
conflict on global wheat food security: A quantitative exploration. Glob Food Secur 
35:100659. 

Nguyen H, Thompson A, and Costello C. 2023. Impacts of historical droughts on maize 
and soybean production in the southeastern United States. Agric Water Manag 
281:108237. 

Nyachoti CM, Atkinson JL, and Leeson S. 1996. Response of broiler chicks fed a high-
tannin sorghum diet. J Appl Poult Res 5(3):239–245. 

Ochieng BA, Owino WO, Kinyuru JN, Mburu JN, and Gicheha MG. 2020. Effect of low 
tannin sorghum based feeds on broiler meat nutritional quality. J Agric Food Res 
2:100078. 

Olorunsola R and Jegede VM. 2023. Growth performance and energy metabolisability of 
finisher broiler chickens fed red and white sorghum-based diets supplemented with 
methionine. Alex J Agric Sci 68(2):93-100. 

Pan L, Ma X, Hu J, Liu L, Yuan M, Liu L, Li D, and Piao X. 2018. Low-tannin white 
sorghum contains more digestible and metabolisable energy than high-tannin red 
sorghum if fed to growing pigs. Anim Prod Sci 59:524-530. 

Rooney WL. 2016. Sorghum production and improvement practices. In Wrigley C, Corke H, 
Seetharaman K, and Faubion J, eds. 2nd ed. Encyclopedia of Food Grains, Waltham 
MA: Academic Press, pp. 201-206. 

Rosentrater KA and Evers AD. 2018. Introduction to cereals and pseudocereals and their 
production. In Rosentrater KA and Evers AD, eds. 5h ed. Kent’s Technology of 
Cereals An Introduction for Students of Food Science and Agriculture, United 
Kingdom: Woodhead Publishing, pp. 1-76. 

Samtiya M, Aluko RE, and Dhewa T. 2020. Plant food anti-nutritional factors and their 
reduction strategies: an overview. Food Prod Process Nutr 2(1):6.

Sauvant D, Perez JM, and Tran G. 2004. Tables of composition and nutritional value of feed 
materials. 2nd ed. The Netherlands: Wageningen Academic Publishers

Scott TA, Silversides FG, Classen HL, Swift ML, Bedford MR, and Hall JW. 1998.  A broiler 
chick bioassay for measuring the feeding value of wheat and barley in complete 
diets. Poult Sci 77(3):449–455. 

Statista. 2024, September 27. Domestic retail price of yellow corn grain Philippines from 
2012 to 2023 (in Philippine pesos per kilogram). Retrieved on 31 March 2026 
from https://www.statista.com/statistics/1046977/philippines-domestic-retail-price-
yellow-corn-grain/.

Sun H, Zhang X, Chen S, Pei D, and Liu C. 2007. Effects of harvest and sowing time on 
the performance of the rotation of winter wheat–summer maize in the North China 
Plain. Ind Crops Prod 25(3):239–247. 

Torres KAA, Pizauro Jr JM, Soares CP, Silva TGA, Nogueira WCL, Campos DMB, Furlan 



Manatad et al.12

RL, and Macari M. 2013. Effects of corn replacement by sorghum in broiler diets on 
performance and intestinal mucosa integrity. Poult Sci 92(6):1564–1571. 

Truong HH, Neilson KA, McInerney BV, Khoddami A, Roberts TH, Liu SY, and Selle PH. 
2016. Sodium metabisulphite enhances energy utilisation in broiler chickens offered 
sorghum-based diets with five different grain varieties. Anim Feed Sci Technol 219: 
159–174. 

U.S. Department of Agriculture [USDA]. 2024a.  Grain and Feed Annual. 
Retrieved on 31 March 2026 from  apps.fas.usda.gov/newgainapi/api/Report/
DownloadReportByFileName?fileName=Grain%20and%20Feed%20Annual_
Manila_Philippines_RP2024-0009.pdf.

U.S. Department of Agriculture [USDA]. 2024b.  Production Data for Wheat, Corn, and 
Sorghum. Retrieved on 31 March 2026 from  www.fas.usda.gov/data/production/
commodity/0410000 & /0440000.

Wcislo G and Szarlej-Wcislo K. 2014. Colorectal Cancer Prevention by Wheat Consumption: 
A Three-Valued Logic – True, False, or Otherwise?. In Watson RR, Preedy VR, and 
Zibadi S. eds. Wheat and rice in disease Prevention and health: Benefits, risks and 
mechanisms of whole grains in health promotion, USA: Academic Press, pp. 91-
111.

Westcott PC and Hoffman LA. 1999. Price determination for corn and wheat: The role of 
market factors and government programs. AgEcon Search (University of Minnesota, 
USA).

Zhao W, Liu L, Shen Q, Yang J, Han X, Tian F, and Wu J. 2020. Effects of water stress on 
photosynthesis, yield, and water use efficiency in winter wheat. Water 12(8):2127.


