
 

Food Waste Product for Overcoming Heat 
Stress in Broilers  

Rusli Tonda1,2, Manar Fayiz Mousa Atoum3, Roy Hendroko Setyobudi1, Lili Zalizar1, 

Wahyu Widodo1,*, Mohammad Zahoor4,  David Hermawan1, Damat Damat1,                         

Ahmad Fauzi1, Asgami Putri5,  Zainuddin Zainuddin6,  Sri Yuniati7,                                                     

Erni Hawayanti8,  Imelda Rosa9, Sapar Sapar9, Adil Adil9,                                                                    

Dodi Sukma RA5,  Nonok Supartini10, Retno Indriatiningtias11,                                                          

Umi Kalsum12, Iswahyudi Iswahyudi13, and Trias Agung Pakarti14,15 

 
1University of Muhammadiyah Malang, Malang 65145, East Java, Indonesia 
2PT. Zakiyah Jaya Mandiri, Lumajang 67381, East Java, Indonesia  

3The Hashemite University, 13133 Zarqa, Jordan 
4University of Malakand, 18800 Khyber Pakhtunkhwa, Pakistan 
5Universitas of Lancang Kuning, Pekanbaru 28264, Riau, Indonesia 
6Widyagama Mahakam University, Samarinda 75119, East Kalimantan, Indonesia 
7Dayanu Ikhsanuddin University, Baubau 93711, Southheast Sulawesi 
8University of Muhammadiyah Palembang, Palembang 30116, Indonesia 
9University of Muhammadiyah Palopo, Palopo 91922, South Sulawesi, Indonesia 
10Tribhuwana Tunggadewi University, Malang 64144, East Java, Indonesia 
11Trunojoyo University of Madura, Bangkalan 69162, Madura, Indonesia 
12University of Islam Malang, Malang 65144, East Java, Indonesia 
13Universitas Islam Madura, Pamekasan 69317, Madura, East Java, Indonesia 
14University of Brawijaya, Jl. Veteran, Malang 65145, East Java, Indonesia 
15Mayantara School, Jl. Puncak Mandala No.40A, Malang 65146, East Java, Indonesia 

Abstract. Broiler farms in tropical areas have to deal with heat stress. Dried rice, a 

waste recycle product cheaper than corn, contains resistant starch that is mostly 

excluded from calorie-emanating metabolism yet advantageous for digestion. This 

study analyzes its potential to function as heat stress suppressor. Employing 

completely randomized design of three treatments in five repetitions, variables 

observed were panting frequency, heart weight, and blood profiles (leukocyte, 

heterophile, lymphocyte, and H:L ratio). The data gained were run through ANOVA, 

followed by LSD. T1 was of 100 % basal feed, T2 20 % dried rice spread atop 80 % 

basal feed, and T3 20 % dried rice thoroughly mixed with 80 % basal feed. The lowest 

panting frequency was of T2 (2.7 s-1), significantly different from T3 (2.9 s-1) and T1 

(3.1 s-1). The lowest heart weight was also of T2 (0.44 mg 100 g-1), followed by T3 

(0.49 mg 100 g-1) and T1 (0.57 mg 100 g-1). As of blood properties, the lowest H:L 

ratio was of T1 (0.22), significantly different from T3 (0.47) and T2 (0.59). To sum it 

up, dried rice is influential in relieving heat stress in broiler. 
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1 Introduction 

Other than the constantly rising feed cost, a common problem faced by broiler chicken 

farmers in tropical areas is the generally high temperature [1, 2]. An increase in 

environmental temperature often costs them low farming performance [3–5] as heatstroke in 

broilers triggers sudden death or infectious diseases [6, 7]. When broiler morbidity and 

mortality rates rise, their productivity drops [8, 2] and negatively affects their income [9, 10]. 

High temperature instigates heat stress [11, 8], which is defined as a condition when cattle 

undergoes increasing warmth or other stressors either externally or internally [12, 2]. 

Responding to heat stress can impair jejunum that will disrupt digestive process when it 

occurs [13–15], causing a halt to overall metabolism [16, 17]. Feeling uncomfortable, cattle 

consume less, so fewer nutrients will be absorbed. Low nutrient intake brings about protein 

deficiency in blood [18, 19], which then reduces the cattle’s ability to form antibody             

[20, 21]. 

A scheme to prevent digestive problem under the stress is by optimizing apathogen 

microorganism functions internally [22, 23], as higher quantity and quality of such 

microorganisms should be able to boost organic acid production, which is key to restore and 

enhance ileal villi in the jejunum [24, 25]. Attempts to maximize microorganism functions 

have been made by researchers by employing probiotics and synbiotics to complement ileal 

villi [26, 27]. Another endeavor made is by administering resistant starch (RS) that is proven 

effective to improve ileal villi for digestion [28, 29]. At days of high environmental 

temperatures, RS helps to relieve intestinal activities as it is not easily digested [30, 31]. 

Further, RS is able to maximally function as microbial nutrients in organic acid forming [30]. 

A source of RS is carbohydrate that has been through heating and cooling procedures. The 

RS development process is called gelatinization, and the result is also recognized as 

retrograded starch [32–34, 31]. One of the feed choices containing RS is dried rice. 

Dried rice is an organic waste product recycled from expended rice. The fact that organic 

waste in the form of food remains in Indonesia is as high as 30 × 106 t yr–1 [35–37] – of which 

276 × 103 t is rice waste [38, 39] – can be detrimental to the environment if left unmanaged 

[40–43]. Out of three presented recommendations to solve the problem covering biogas 

production [44–46, 36], compost fertilizer production [47, 48], and feed production [49–51], 

dried rice is an answer for the third one. 

Overall, processing rice waste into dried rice for chicken feed elucidates three problems 

in one fell swoop: to overcome heat stress in chicken, to offer an alternative feed, and to 

reduce organic pollutants. This study aims to investigate the potential of dried rice to 

overcome heat stress and keep broiler chicken healthy. 

2 Materials and methods 

Conducted in the experimental cage of PT. Zakiyah Jaya Mandiri in Lumajang, East Java, 

Indonesia, this research had been consented by the ethical commission of the Faculty of 

Medicine of University of Muhammadiyah Malang (No. E.5a./2022/KRPK-UMM/X/2022). 

The hematology test was completed in the Office of Veterinary Research in Wates, 

Yogyakarta, Indonesia.   

2.1 Materials 

The objects of 200 d old chickens (DOCs) were of platinum class (PT. Multibreeder Adirama 

Indonesia, Tbk.) at an average weight of 42 g. Preliminary maintenance had been ongoing 

since they were of 1 d old, involving feed of BR1 series (PT. Wonokoyo) and battery-powered 
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cage sized 100 cm × 100 cm × 100 cm per treatment unit. Feed and water were administered 

adlibitum. Treatments began at the age of 21 d. 

Dried rice utilized had been tested for nutrient contents in the Nutrition Laboratory of 

University of Muhammadiyah Malang, East Java, Indonesia with the results of water content 

12.58 %, dry matter 87.42 %, ash content 0.83 %, crude protein 8.96 %, crude fat 0.43 %, 

and crude fiber 0.59 %.  

2.2 Methods 

Completely randomized design of three treatments in five repetitions – making up to 15 tests 

– was appointed. 12 healthy broilers of 21 d were selected for each unit, totaling 180. The 

first treatment (T1) was given 100 % basal feed, the second one (T2) with 20 % dried rice 

spread on top of 80 % basal feed, and the third one (T3) with 20 % dried rice evenly mixed 

with 80 % basal feed. Feed was administered on daily basis at the same amount for 35 d. The 

observation data was tabulated using Microsoft Excel program. Feed formula had been run 

through Microsoft Excel and is detailed in Table 1. 

Table 1. Feed formula in treatments. 

No Ingredient T1 T2 T3 

1 Corn (%) 69.43 48.91 48.91 

2 Wheat pollard (%) 5.31 2.66 2.66 

3 Corn gluten meal (CGM) (%) 12.60 12.49 12.49 

4 Distillers dried grains with solubles (%) 3.00 5.00 5.00 

5 "Aking-rice" (%) 0.00 20.00 20.00 

6 Meat bone meal (%) 7.23 8.04 8.04 

7 Palm oil (%) 0.20 1.00 1.00 

8 L-Lysine HCL (%) 0,96 0.88 0.88 

9 Calcium carbonate (CaCO3) (%) 0,65 0.58 0.58 

10 Salt (%) 0.17 0.21 0.21 

11 DL methionine (%) 0.15 0.13 0.13 

12 Dicalcium phosphate (%) 0.30 0.10 0.10 

--------------------------------------- Calculated analyses ------------------------------------- 

13 Poultry ME (kcal kg–1) 3 200.00 3 200.00 3 200.00 

14 Crude protein (%) 20.00 20.00 20.00 

15 Crude fat (%) 4.75 4.75 4.75 

16 Crude fiber (%) 3.84 3.84 3.84 

17 Calcium (%) 0.90 0.90 0.90 

18 Available phosphorus (%) 0.45 0.45 0.45 

19 Na (%) 0.15 0.15 0.15 

20 Lysine (%) 1.00 1.00 1.00 

21 Metionin (%) 0.38 0.38 0.38 

2.2.1 Panting frequency 

Panting is chicken’s way to release heat from its body for heat stress relief. To determine 

panting frequency, counting exhales or chest heaves for 1 min is the procedure [52, 53]. 

Objects were checked for their panting frequencies at 13:00 at an average environmental 

temperature of 31 ℃ with a stopwatch. 
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2.2.2 Heart weight 

Heart distributes blood in the lungs to exchange O2 and CO2 in an efficient manner during 

metabolism [54] as well as other parts of the body, nourishing cells when circulating. To 

determine heart weight, Equation (1) applies: 

 

Heart weight (%) = 
𝐻𝑒𝑎𝑟𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
 × 100 %                (1) 

2.2.3 Leukocyte  

Leukocyte is a blood component with ability to counter infections due to viruses, bacteria, or 

toxin metabolic process [55, 56]. For leukocyte test, 5 mL of EDTA or heparin blood of each 

object was added in a mini tube with 95 HCl 5 %, and then mixed with HCl 5 % by taking 

and releasing five times using a pipette. 10 mL of the solution was placed in a glass 

hematocytometer and observed under a microscope with a 10 × objective. 

2.2.4 Heterophile and lymphocyte 

Hematological parameters were collected from blood smears [57, 58, 7]. Blood samples were 

taken from the brachial wing vein and stored in 2 mL tubes once all treatments had concluded. 

Each was smeared on an object glass, fixed with methanol, colored with giemsa, washed with 

water, and left in room temperature. Microscope observation was done when the smears had 

dried to find the percentages of existing heterophile and lymphocyte. The proportions were 

then multiplied by the number of leukocytes in order to obtain the number of heterophiles 

and lymphocytes. 

2.2.5 H:L ratio 

H:L ratio is the essential stress indicator in poultry. A healthy chicken should be of between 

0.3 and 0.7 [59, 60, 56], and any values below or past the interval are signs of health issue, 

including heat stress. Dividing the number of heterophiles by the number of lymphocytes 

results in H:L ratio [61, 52].  

2.3 Statistical analysis 

The data obtained from panting frequency and heart weight examinations as well as 

hematology analysis were tabulated in Microsoft Excel and then run through ANOVA        

[62, 63]. Any significance in treatments called for LSD test [64, 65]. 

3 Result and discussion 

3.1 Physiological review of broiler health  

The effect of dried rice towards broiler’s physiological conditions in heat is detailed in                     

Table 2.  
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Table 2. Panting frequency rates and relative heart weights. 

Treatment Panting frequency (s–1) Heart weight (mg 100 g–1 ) 

T1 3.1a ± 0.09 0.57a ± 0.10 

T2 2.7b ± 0.05 0.44b ± 0.05 

T3 2.9c ± 0.05 0.49a ± 0.06 

 

3.1.1 Panting frequency 

The result shows significant differences among treatments (P < 0.05) with the lowest panting 

frequency belongs to T2 [(2.7 ± 0.05) s–1], followed by T3 [(2.9 ± 0.05) s–1] and T1                         

[(3.1 ± 0.09) s–1]. The significance is mapped further in Figure 1. 

 
Fig. 1. Panting frequency. 

 

The level of heat stress in broilers is apparent from the panting frequency per minute   

[66–68] – the more a broiler pants, the higher the heat stress is [69, 70]. High panting 

frequency implies high calorie discharge [71, 72], which is the chicken’s attempt to reduce 

heat as one has no sudoriferous glands to cool itself down. The heat is a result of both high 

environmental temperature and the increasing bodily temperature due to metabolism.  

The low panting frequency in T2 compared to T1 and T3 is inferred to be the effect of 

dried rice as it prevents calorie from forming even in heat stress. The RS allows it to head to 

the colon in spite of the small intestine, avoiding involvement in metabolism that produces 

heat. Spreading it atop the basal feed guarantees higher intake, thus more effective. 

3.1.2 Heart weight 

Significant differences among treatments (P < 0.05) were recorded, with the lowest heart 

weight rate is of T2 [(0.44 ± 0.050) mg 100 g–1], followed by T3 [(0.49 ± 0.06) mg                                    

100 g–1] and T1 [(0.57 ± 0.10) mg 100 g–1]. The significance is depicted in Figure 2. 
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Fig. 2. Heart weight. 

 

A normal heart weighs 0.4 % to 0.70 % [74, 54], and it becomes heavier when conditions 

like toxin accumulation, pathogenic disturbance, or heat stress strike. The harder the heart 

works, the larger it will be [75, 54] due to additional heart muscle formation. An increase in 

heart weight is a physiological response of broiler in high temperature, as the heart is forced 

to work harder. If the temperature is higher than 35 °C, one exerts itself so hard it can burst 

at a certain point, which is the cause of sudden death. 

The low heart weight rate in T2 compared to T1 and T3 is surmised to be the involvement 

of dried rice. Mostly spared from metabolism, it does not actively increase the temperature, 

therefore heart enlargement unlikely occurs. Furthermore, its direct move to the colon makes 

it beneficial nutrient source for apathogen bacteria there. When apathogen bacteria grow well 

owing to nutrients in dried rice, there will only be little space for pathogen ones to live in 

[76, 25]. 

 

3.2 Hematological review of broiler health  

How dried rice affects broiler’s hematological conditions in heat is detailed in Table 3.  

Table 3. Rates of leukocyte, heterophile, and lymphocyte in broiler. 

Treatment 
Leukocyte  

(103 mm–3) 

Heterophile  

(%) 

Lymphocyte 

(%) 
H:L 

T1 39.24a ± 2.98 17.60b ± 6.656 81.20b ± 6.058 0.22b ± 0.096 

T2 31.28b ± 2.92 36.00a ± 6.042 62.40a ± 6.504 0.59a ± 0.152 

T3 25.48c ± 5.83 30.20a  ± 10.257 68.00a ± 9.670 0.47a ± 0.214 

3.2.1 Leukocyte 

Table 3 confirms significant differences among treatments (P < 0.05), with the highest 

number of leukocytes is found in T1 [(39.24 ± 2.981) 103 mm–3], followed by T2                

[(31.28 ± 2.921) 103 mm–3] and T3 (25.48 ± 5.83) 103 mm–3] . The significance is presented 

in Figure 3. 
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Fig. 3. Leukocytes. 

 

The number of leukocytes is a parameter in examining immunity [79, 80], and the it is 

typically between 16 × 103 mm-3 and 40 × 103 mm-3 in a broiler [77, 78]. Despite the disparity, 

all treatments are considered normal, with T1 at the closest benchmark. The high leukocyte 

rate in T1 is a physiological response to improve immunity due to heat stress. The increase 

in leukocyte number does not always mean advanced immunology, as it can represent a bad 

one. Abnormal quantity of leukocytes indicates depriving immunity. Poor nutrient content in 

feed, bacterial or viral infections, and intensive free radicals from heat stress are affective 

toward it [60, 80]. 

Leukocyte rate in T1 is high, which suggests a challenge to immunity. dried rice in the 

other treatments apparently helps to ease heat stress, resulting in unelevated leukocyte 

activities. Supplying nutrients for apathogen microorganism improvement in both quantity 

and quality, it allows them to constantly produce organic acid for duodenal, ileal villi, and 

pancreas optimizing. That way, immunity and digestion should be well maintained. 

3.2.2 Heterophile 

With the highest heterophile rate in T2 [(11.22 ± 1.79) 103 mm–3], followed by T3                

[(7.90 ± 3.58) 103 mm–3] and T1 [(6.98  ± 2.90) 103 mm–3] , significant difference (P < 0.05) 

transpires. The result of LSD test is stated in Figure 4. 
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Fig. 4. Heterophile. 

 

Serving as the front line of defense against diseases [56, 78], high percentage of 

heterophyles indicates good immunity [60, 78]. High temperature lowers the number of 

heterophyles in leukocytes [81]. While T2 and T3 do not affect the heterophile rates, they are 

higher than in T1. Dried rice is conclusively operational in increasing heterophile number 

and, in time, suppressing stress level. 

3.2.3 Lymphocyte 

The highest lymphocyte rate is in T1 [(31.65 ± 2.75) 103 mm–3], followed by T2                 

[(19.57 ± 3.15) 103 mm–3] and T3 [(17.11 ± 3.43) 103 mm–3] as listed in Table 3. With existing 

significant differences (P < 0.05), further test came out with results shown in Figure 5. 

 

 
Fig. 5. Lymphocytes. 
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A high lymphocyte rate implies disruption in broiler’s immunity system [82, 61]. While 

T2 and T3 are of similar numbers of lymphocytes, they are clearly lower than in T1. It is 

certain that dried rice has a role in minimizing internal disturbance in broilers. 

3.2.4 H:L ratio 

Table 3 reveals the highest H:L ratio is achieved by T2 (0.59 ± 0.15), followed by T3         

(0.47 ± 0.21) and T1 (0.22 ± 0.10), with significant differences among treatments (P < 0.05) 

exhibited in Figure 6. 

 
Fig. 6. Heterophile: lymphocyte ratio. 

 

An indicator of stress levels in broilers [83, 84, 58, 61], H:L ratio of a healthy chicken 

should be of 0.2 to 0.8 [78, 58] – when it drops to ≤ 0.2 or rises to ≥ 0.8, the broiler is in an 

abnormal condition [59, 60, 78]. Other studies state that the limits are of 0.3 at the lowest and 

0.6 at the highest [85, 27, 78], meaning that abnormality is represented by ratios < 0.3 or        

> 0.6 [59–61]. According to the first, the H:L of T1 is in the lowest ratio or normal, while 

referring to the latter, it is abnormal. It is therefore definite that dried rice supports broiler’s 

health stability by reducing heat stress. 

Featuring RS [88, 30], only a portion of dried rice is digested in the small intestine to 

generate energy while the rest goes to the colon and aid organic fermentation there [86, 87], 

maximizing the performance of pancreas by boosting organic acid production [89, 29, 88]. 

A fit pancreas is able to formulate more insulin for a better metabolism [90, 31]. Furthermore, 

it nurtures microbes that decompose food remains in the colon to work amiably, allowing 

them to suppress the ammonia content in the feces [92, 31] and minimize chance of disease 

from spreading. Pathogenic bacteria are unable to use RS [93, 31], so there is even lower 

opening to microbial imbalance in digestion. 

4 Conclusion and recommendation 

It is conclusive that dried rice administration as functional feed in high environmental 

temperature of > 30 °C is effective in overcoming heat stress in broilers. RS content makes 

it inconsequential in rising bodily temperature through metabolism. It even facilitates the 
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improvement of digestive system – which often suffers when a broiler gets stressed – by 

assisting apathogenic microorganism multiplication and fortification to optimize pancreas 

functioning while suppressing the growth of pathogenic ones. 

A household waste recycle product, dried rice is relatively cheap and easy to obtain. Its 

use as an alternative feed in tropical areas is recommended in order to maintain farming 

performance and, ultimately, reduce organic pollutant for better environment. 
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