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Abstract
A series of experiments were performed to find out the impact of food waste on growth attributes and performance of 
broilers in a tropical climate. Two hundred and fifty-one-day-old broiler chicks were randomly separated into 5 groups, 
where each group comprised 50 animals. The broilers were fed with five different dietary treatments. Treatment 1 
(T1), the diet consisted of food waste ingredients such as sprat heads, fish offal (protein), scraped coconut, and swill 
cooked rice as energy supplements; dietary treatment II (T2) diet was formulated with protein rich food waste; treat-
ment III (T3) diet formulated with energy-rich food waste; treatment IV (T4) without any food waste materials, but a 
diet formulated with commercially available feed ingredients; and treatment V (T5), a 100% commercially-available 
broiler diet. Total feed intake per week and total weight gain were significantly (p < 0.05) higher in the commercial 
diet (T5) contrary to the formulated diets. The highest feed conversion ratio (FCR) was recorded in T3. The average 
dressing percentage was not significantly different (p > 0.05) in T1, T3, and T5. Average DM % in litter and DM % 
in feces were higher in T5, but average nitrogen % in droppings were lower in T4 and T5 compared to other diets. The 
study shows the potential application of food waste as an alternative feed in the broiler industry and its abundance and 
easy collection makes it a promising feeding regime in urban and suburban areas.
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Abbreviations
DHA	� Docosahexaenoic acid
DM,	� Dry matter
EPA	� Eicosapentaenoic acid
FCE	� Feed conversion efficiency
FCR	� Feed conversion ratio

Introduction

“Wastes are by-products which, for economic or social rea-
sons, are not fully utilized within the confines of the pro-
duction unit, and are allowed to burden the natural environ-
ment” (Taiganides 1979). Utilization of waste generated in 
the poultry industry such as excreta, litter, left-over feed, 
dead birds, broken eggs, feathers, offal, and organic waste 
from slaughterhouses and municipal waste have attracted 
the interest of many scientists (Kelleher et al. 2002; Salm-
inen and Rintala 2002; Garćia et al. 2005; Sanabria-Leόn 
et al. 2007). Likewise, use of food waste as an animal feed 
has been practiced for a long time (Truong et al., 2019). 
Generally, food waste contains plenty of crude proteins and 
also has higher energy values (Westendorf and Myer 2004). 
However, feed values of food waste vary depending upon the 
origin of waste (Westendorf 2000; Chae et al. 2000; Kwak 
et al. 2002). Food waste comprising grains or by-products 
has been able to improve animal performance (Myer et al. 
1999; Chae et al. 2000; Walker 2000; Westendorf 2000), 
signifying the importance of crude protein and the dietary 
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energy balance of food waste that is fed. Moreover, nutrients 
and bioactive compounds in food wastes may have benefi-
cial impacts on animals (Georganas et al., 2020; Mechkirrou 
et al., 2021). High nutritional variation, nutritional imbal-
ance, and low digestibility of nutrients of food waste can 
cause slow growth, inferior meat quality, and softening of 
the fat in some farm animals (So 1999; Myer et al. 1999; 
Chung 2001).

Waste from the household food and food industry in urban 
and peri-urban areas have created environmental problems in 
many countries, and prevention or minimization of genera-
tion, material recovery, recycling, upgrading, incineration, 
gasification, thermolysis, or disposal in controlled landfills 
are the methods of disposing or the controlling of accumula-
tion of all forms of waste (Sakai et al. 1997; Debaere, 2000; 
Crowe et al. 2002; Koufodimos and Samara 2002; Joshi and 
Visvanathan, 2019). Nevertheless, some of these methods 
can cause other types of environmental issues such as air 
pollution, soil and ground water contamination, and the 
greenhouse gas emissions, which may lead to phenomena 
such as global warming (Kwak and Kang 2006, Dao et al., 
2019; Siddiqui et al., 2021). Taiganides (1979) states that 
waste recycling is a highly developed art in some parts of 
the world, which, however, must be developed into science 
in order to endure the vigorous developments in modern 
scientific agricultural production operations. Therefore, the 
present study was conducted with the aim of evaluating the 
effects of replacing energy and protein supplementary ingre-
dients in broiler diets with food waste, such as fish offal, 
cooked rice, scraped coconut, and sprat heads on growth 
performances and meat quality characteristics of broilers 
under a tropical climate.

Materials and method

Food waste mixture manufacture

Experimental diets were formulated according to NRC 1994. 
Fresh food waste such as swill cooked rice, sprat heads, 
scraped coconut (after extracting coconut milk), and fish 
waste were collected from several restaurants and houses 
in the Kamburupitiya, Sri Lanka. Then, the collected food 
waste was oven dried at 65 °C for 6 h, and cooked rice and 
sprat heads were ground before feed formulation. The diets 
were formulated to be both iso-proteic and isoenergetic.

Crude protein and the gross energy value of food 
waste samples

Food waste samples were finely ground and analyzed 
for crude protein level by micro Kjeldahl method. Gross 
energy value was calculated by bomb calorimetric (6200 

Calorimeter with 1108 Oxygen Bomb, Bucket and 1757 
Printer, Parr Instrument Company, Illinois) method, 
referring to AOAC 1997.

Experimental design

Briefly, 250 unsexed commercial avian broiler chicks (1-day 
old, approximately 48 g body weight, Indian River strain) 
were randomly allocated to five dietary treatment groups (ten 
birds/pen with five pens per treatment). The broilers were 
housed in a concrete-floored experimental cage between 1 
and 42 days of age. Feeds and water were supplied in the 
morning and the residues were collected around the same 
time of the following day, and weighed.

Dietary treatment

Four experimental diets were formulated. Treatment I (T1) 
diet was formulated with rice polish, soybean oil meal, 
scraped coconut, dried rice, sprats, fish offal, L lysine, D 
Methionine, and vitamin-mineral mixture. Dietary treat-
ment II (T2) diet consisted of rice polish, soybean oil 
meal, sprats, fish offal, yellow maize meal, coconut oil, L 
lysine, D methionine. and vitamin-mineral mixture, while 
treatment III (T3) diet was formulated with rice polish, 
soybean oil meal, gingerly oil meal, fish meal, scraped 
coconut, dried rice, DCP, shell powder, D methionine, 
salt, and vitamin-mineral mixture. Treatment IV (T4) was 
formulated without any food waste materials, but formu-
lated with commercially available feed ingredients such as 
rice polish, yellow maize meal, coconut oil, soybean oil 
meal, gingerly oil meal, fish meal, DCP, shell powder, D 
methionine, salt, and vitamin-mineral mixture. Treatment 
V (T5) was the commercially available broiler diet, with-
out any food wastes. (See Tables 1 and 2 for proximate 
composition).

Parameters measured

Weekly weight gain, daily feed, and water intakes were 
recorded. The average dressing percentage and the aver-
age weights of various body parts were measured sepa-
rately in processing, using 25 samples from each dietary 
treatment. The samples of litter were collected from five 
random places from each cage excluding the areas sur-
rounding the feeder and the drinker, and the samples of the 
same treatment were pooled before the analysis. Then, the 
average dry matter (DM %) content of litter was analyzed. 
The ammonia emission of litter was calculated referring to 
the method described in Atapattu et al. (2008), with minor 
modifications.

The poultry feces from each cage were collected using a 
small shovel and the samples from the same treatment were 
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mixed together. Then, the DM % and average nitrogen % in 
droppings were analyzed.

Determination of the fatty acid composition 
of chicken skin and abdominal fat

Chicken skin and abdominal fat from 42-days-old broilers 
were taken separately in each treatment, and fatty acid com-
position was determined by the GC-MS method according 

to the method described by Klinkesorn et al. (2004). The 
fatty acids from chicken skin and chicken abdominal fat were 
prepared according to Senanayake and Shahidi (1999) and 
Wanasundara and Shahidi (1999) with slight modifications. 
Fatty acids methyl esters were prepared referring the method 
of Jham et al. (1982), with modification for scale up.

The GC analysis was carried out using a Perkin–Elmer 
Autosystem XL (The Perkin–Elmer Corporation, Nor-
walk, CT) equipped with a PERMABOND-FFAP DF-0.25 

Table 1   Ingredient and chemical compositions (on dry matter basis) of experimental diets (I–IV) fed to broilers

T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut and swill cooked rice (energy) sup-
plement; T2 diet formulated with protein rich food waste; T3 diet formulated with energy rich food waste; T4 without any food waste materials, 
but diet formulated with commercially available feed ingredients; T5 commercially available broiler diet

Item Diet I
(T1)

Diet II
(T2)

Diet III
(T3)

Diet IV
(T4)

Diet V
(T5)

Starter Finisher Starter Finisher Starter Finisher Starter Finisher Starter Finisher

Ingredient composition (%)
  Yellow maize meal 39.6 39.8 27.5 28.6 Commercial preparations 

were used
  Rice polish 15.6 30.1 13.7 22.6 11.3 16 27.0 30.2
  Coconut oil 3.8 3.4 5.9 5.6
  Gingelly oil meal 4.0 5.4 5.4 7.1
  Soybean oil meal 16.05 13.25 25.35 26.0 24.3 24.8 24.0
  Fish meal 9.1 4.5 7.6 2.6
  Dried scraped coconut 6.6 4.4 17.9 14.9
  Dried swill rice 36.2 33.0 29.8 33.0
  Dried sprat heads 7.2 5.5 6.2 3.9
  Dried fish offal 17.1 12.5 10.4 6.8
  Salt 0.25 0.25 0.25 0.25
  Vitamin-mineral mix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
  D methionine 0.60 0.5 0.4 0.3 0.2 0.2 0.1 0.05
  L lysine 0.6 0.5 0.2 0.2
  Dicalcium phosphate 0.7 0.6 0.2 0.3
  Shell powder 0.5 0.8 0.6 1.0 1.0 1.15

Table 2   Chemical compositions (on dry matter basis) of experimental diets (I–IV) fed to broilers

T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut and swill cooked rice (energy) sup-
plement; T2 diet formulated with protein rich food waste; T3 diet formulated with energy rich food waste; T4 without any food waste materials, 
but diet formulated with commercially available feed ingredients; T5 commercially available broiler diet

Item Diet I
(T1)

Diet II
(T2)

Diet III
(T3)

Diet IV
(T4)

Diet V
(T5)

Starter Finisher Starter Finisher Starter Finisher Starter Finisher Starter Finisher

Crude protein (%) 23.02 20.05 23.06 20.01 23.02 20.08 23.00 20.05 21.5 19.5
Metabolizable energy (Kcal/Kg) 3201.2 3201.6 3201.4 3200.3 3200.4 3201.6 3200.1 3200.7 2980 3050
Calcium (%) 1.09 0.90 0.94 0.81 1.01 0.93 0.99 0.85 1.00 0.90
Available phosphorous (%) 0.56 0.51 0.47 0.39 0.45 0.34 0.45 0.35 0.7 0.7
Lysine (%) 1.11 1.00 1.02 0.98 1.25 1.00 1.27 1.02
Methionine + cysteine (%) 0.88 0.79 0.90 0.78 0.93 0.80 0.91 0.73
Crude fiber (%) 2.10 0.80 3.30 3.69 2.84 3.16 4.54 4.80 5.00 5.00
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fused-silica capillary column 25 m × 0.25 mm id (MACH-
EREY-NAGEL, Germany) and FID detector, and operated in 
a split mode with split ratio 100:1. The injector and detector 
temperatures were 245 °C and 250 °C, respectively. The 
column temperature was held at 150 °C for 0.5 min, then 
programmed to 170 °C at 4 °C/min, further programmed to 
195 °C at 5vC/min; the final temperature was 215 °C at 10 
°C/min from 195 °C and held for 7.5 min. The carrier gas 
used was helium, set at a flow rate of 0.5 mL/min (15 psi). 
The content of fatty acid methyl ester as g/100 g oil was 
calculated with 19:0 as internal standard according to Joseph 
and Ackman (1992).

Statistical analysis

The experimental design was a completely randomized 
design and the experimental data were analyzed using SAS 
Windows version and Minitab statistical package. The data 
were subjected to ANOVA using the general linear model 
procedure of SAS V 8.1 (SAS Institute Inc, 2019). The Dun-
can test was applied to determine the differences among 
means, and it was considered as significant if p < 0.05.

Results

Growth performance and carcass characteristics

Feed intake

The average feed intake per bird (Table 3) was significantly 
different (p < 0.05) among five dietary treatments in ear-
lier weeks. The weekly intake of the commercial diet was 
the highest, and of four experimental formulations, T1 had 

the highest feed intake in earlier weeks. The feed intakes of 
birds increased with the progress of age, and the difference 
among the feed intakes of five diets began to decreases after 
the 4th week.

Daily water consumption

The average daily water consumption per bird is presented in 
Table 4. The daily water consumption increased with the age 
of the bird. Birds supplied with T1 and T2 exhibited higher 
water consumption compared to other diets, and the differ-
ence was significant (p < 0.05) from the rest of the treat-
ments in the first 3 weeks. The difference between T1 and T2 
was not significant (p > 0.05). However, in the 4th and 5th 
weeks, no significant difference (p>0.05) in the daily water 
consumption of the birds of all five treatments was observed, 
and again in the 6th week, a significant difference (p < 0.05) 
was found between T1, T2, and the rest of the treatments.

Weight gain

The weekly record of weight gain per bird is depicted in 
Table 5. A significantly higher (p < 0.05) total weight gain 
was recorded in the birds fed with the commercial diet 
(2535.33 ± 148.4 g/bird) than formulated diets. Of the for-
mulated ones, birds fed with T1 and T3 showed the highest 
(2131.33 ± 114.5 g/bird) and the lowest (1948.66 ± 160.9 
g/bird) total weight gains, respectively, but they were not 
significantly different (p > 0.05). The weekly weight gain 
increased with the age of the birds, with a marked incre-
ment in the fourth week and then it decreased gradually in 
all treatments. In earlier weeks, the weight gain was signifi-
cantly different (p < 0.05) among the five treatments, but the 
differences became less among the formulated diets after the 

Table 3   The effect of 
experimental diets on average 
feed intake per week (g/bird)

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; T5 commercially available broiler diet

Feed intake (g/per bird)

T1 T2 T3 T4 T5 SEM

1st week 108.13b 100.00c 97.19d 92.19e 110.28a 20.3 (p < 0.05)
2nd week 305.64c 285.00e 332.50b 296.37d 407.06a 28.3 (p < 0.05)
3rd week 461.66c 483.30c 507.60b 529.30b 579.12a 40.6 (p < 0.05)
4th week 725.88b 729.88b 759.60b 853.70a, b 967.70a 122.9 (p < 0.05)
5th week 909.16a, b 843.72b 977.44a, b 933.22a, b 1072.55a 129.6 (p < 0.05)
6th week 1357.94a 1224.05a 1201.55a 1221.00a 1400.90a 212.9 (p > 0.05)
Total feed 

intake/ bird
3868.41b 3665.98b 3876.02b 3925.89b 4537.67a 327.4 (p < 0.05)
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third week. In the sixth week, the highest weight gain was 
reported in T1 (392.67 ± 45.8 g/ bird), while T5 had the 
lowest (303.33 ± 95.0).

Feed conversion ratio (FCR)

The feed conversion ratio for the whole period of T3 
(1.925 ± 0.050) was the highest and was significantly 
higher (p < 0.05) than T1, T2, and T5, but was not sig-
nificantly different (p > 0.05) from T4 (1.779 ± 0.097) 
(Table 6). The FCR of T5 (1.709 ± 0.135) was not sig-
nificantly different (p > 0.05) from T1 (1.670 ± 0.075) 
and T2 (1.683 ± 0.199). As revealed by Table 6, the FCR 
increased from week 1 to 3, and then slightly declined in 

the 4th week and again increased up to the 6th week in all 
treatments. The highest FCR was observed in the 6th week 
in all five treatments.

Dressing percentage and yield parts

As revealed by Table 7, feeding with commercial diet resulted 
in a significantly higher (p < 0.05) average fresh weight, average 
dressing weight with and without gizzard, liver, and heart (G, L, 
H) in the broilers compared to the test dietary treatments. How-
ever, no significant difference (p > 0.05) was observed in the 
abovementioned parameters among the four formulated diets. 
Average dressing % was not significantly different (p > 0.05) in 
T1, T3, and the commercial diet. There was no significant dif-
ference (p > 0.05) in the weight of drumsticks among the five 

Table 4   The effect of 
experimental diets on average 
daily water consumption (g/
per bird)

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; T5 commercially available broiler diet

Average daily water consumption (g/bird)

T1 T2 T3 T4 T5 SEM

1st week 38.73a 40.22a 29.67c 26.46c 33.40b 2.73 (p < 0.05)
2nd week 118.37a 114.74a 90.10c 82.35d 104.35b 3.93 (p < 0.05)
3rd week 229.66a 185.33c 170.95d 181.76c 198.97b 4.21 (p < 0.05)
4th week 320.76a 318a 261.95a 280.38a 276.33a 57.2 (p > 0.05)
5th week 453.71a 441.61a 379.61a 388.19a 410.47a 60.0 (p > 0.05)
6th week 561.14a 635.71a 417.42b 464.38b 462.57b 65.4 (p < 0.05)

Table 5   The effect of 
experimental diets on average 
weight gain per week (g/bird)

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; T5 commercially available broiler diet

Weight gain per week (g/bird)

T1 T2 T3 T4 T5 SEM

Day old 0 0 0 0 0 0
1st week 135.86b 125.12c 96.00e 116.00d 166.70a 20.78 (p < 0.05)
2nd week 231.44c 220.54d 213.66e 238.66b 312.94a 72.08 (p < 0.05)
3rd week 245.69a 219.34a 214.67a 253.01a 241.18a 73.48 (p > 0.05)
4th week 620.67cd 751.29b 612.33d 734.33b, c 889.84a 87.71 (p < 0.05)
5th week 505.00b 410.00b, c 482.00b, c 403.33c 621.33a 70.15 (p < 0.05)
6th week 392.67a 367.86a 330.00a 331.33a 303.33a 71.58 (p > 0.05)
Total wt. gain 

(g)/bird/Trt
2131.33b 2094.10b 1948.66b 2076.66b 2535.33a 149.5 (p < 0.05)
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treatments. The weights of thighs were significantly lower (p < 
0.05) in T1, T3, and T4 than the commercial. But the weights 
of thighs were not significantly different (p > 0.05) in treatment 
2 with the commercial diet. The weights of back parts were 
significantly (p < 0.05) higher in the commercial diet than four 
dietary treatments. The highest weight for breast (700.0 ± 113.0 
g) and leg (52.6 ± 1.3 g) was recorded in T5, but the neck weight 
was lowest (34.3 ± 2.1 g) in the commercial diet. The highest 
neck weight was reported in T2 (82.4 ± 35 g).

The quality of litter material and analysis of droppings

Ammonia emission of litter was the highest in T3, but 
it was not significantly different (p > 0.05) from T4. T2 
showed the lowest ammonia emission (Table 8). The aver-
age dry matter % of litter was significantly higher (p < 
0.05) in the commercial diet compared to the test diets.

As shown in Table 9, DM % of feces were higher in 
the commercial diet than the test diets, but it was not 

Table 6   The effect of 
experimental diets on feed 
conversion ratio (FCR) of birds

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; T5 commercially available broiler diet

FCR

T1 T2 T3 T4 T5 SEM

1st week 0.796c 0.799b 1.012a 0.795d 0.661e 0.342 (p < 0.05)
2nd week 1.320b 1.292d 1.556a 1.242e 1.301c 0.199 (p < 0.05)
3rd week 1.879a 2.204a 2.365a 2.092a 2.401a 0.404 (p > 0.05)
4th week 1.170a, b 0.972b 1.241a 1.163a, b 1.088a, b 0.145 (p < 0.05)
5th week 1.800b 2.058a, b 2.027a, b 2.314a 1.726b 0.304 (p < 0.05)
6th week 3.458a 3.328a 3.641a 3.685a 4.618a 0.891 (p > 0.05)
FCR for whole period 

(average value)
1.670b 1.683b 1.925a 1.779a, b 1.709b 0.122 (p < 0.05)

Table 7   The effect of experimental diets on dressing percentage and yield parts

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
A (G gizzard; L liver; H heart)
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut and swill cooked rice (energy) sup-
plement; T2 diet formulated with protein rich food waste; T3 diet formulated with energy rich food waste; T4 without any food waste materials, 
but diet formulated with commercially available feed ingredients; T5 commercially available broiler diet

T1 T2 T3 T4 T5 SEM

Avg fresh wt. 2179.33b 2123.23b 1996.66b 2124.66b 2583.33a 156.2 (p < 0.05)
Avg dressing wt. without G, L, and HA 1592.67b 1471.33b 1422.67b 1474b 1898a 143.0 (p < 0.05)
Avg dressed wt. with L, G, and H 1702.44b 1582.81b 1522.33b 1574.05b 2002.70a 139.8 (p < 0.05)
Avg dressing % 78.03a 74.07b 76.94ab 74.10b 77.72a 2.08 (p < 0.05)
Drumsticks (g) 157.4a 172.05a 147.3a 163.45a 170.3a 20.3 (p > 0.05)
Thighs (g) 467.4b 542.2a, b 406.5b 467.5b 630a 54.1 (p < 0.05)
Back (g) 254.6b 306.5b 234b 360b 580a 58.8 (p < 0.05)
Brest (g) 475.8b 620.0a, b 462.6b 540.0a, b 700.0a 80.3 (p < 0.05)
Neck (g) 81.1a 82.4a 45.8b, c 52.6b 34.3c 21.9 (p < 0.05)
Leg (g) 42.1b, c 50.9a, b 39.6c 47.6a, b, c 52.6a 3.8 (p < 0.05)
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significant (p > 0.05). Moreover, average nitrogen % in 
droppings was lower in T4 and the commercial diet rather 
than the diets made by using food waste, but the difference 
was not significant (p > 0.05).

Fatty acid composition of broiler chicken skin 
and abdominal fat

As demonstrated in Table 10, the saturated fatty acids in 
both broiler skin and abdominal fat ranged between 36.3 
and 58.2 %. The saturated fatty acid content of both skin 
and abdominal fat of broilers fed with the commercial diet 
were the lowest (41.9 and 36.6 %), while the highest val-
ues were recorded in T3. Of the saturated fatty acids, C 
16:0 (palmitic acid) was the most prominent. Except for 
T5, the content of saturated fatty acids of abdominal fat 
was slightly higher than the skin fat. The monounsaturated 
fatty acid content ranged between 25.3 and 45.9%, with the 
highest in the commercial diet and the lowest in T3. The 
most prominent monounsaturated fatty acid in all five treat-
ments was C 18:1, which is oleic acid. In all five dietary 
treatments, the monounsaturated fatty acid content in skin 
fat was higher compared to that of abdominal fat. The high-
est and the lowest polyunsaturated fatty acid content were 
reported in abdominal fat (17.9%) and skin fat (4.2%) of T5, 
respectively. Of the polyunsaturated fatty acids, C 18:2n-6 
(linoleic acid) was the most abundant.

Discussion

Feed intake, daily water consumption, and weight 
gain

Both feed intake and daily water consumption of the birds 
increased with age due to the increasing body weight, which 
augments energy and nutrient requirements. However, the 
feed intake in formulated diets was lower compared to that of 
commercial diet. Food waste-based feed may have undesirable 
anti-nutritional, physical, and sensory characteristics (Bou-
mans et al.,2022), which may have negative effects on these 
parameters.

The water consumption is closely linked with feed intake, 
and it is regulated by several factors, including age, sex, envi-
ronment, and feed content (McCreery, 2015). Higher sodium 
chloride levels of feed can result in high water intakes (McCre-
ery, 2015). Therefore, high daily water consumption in birds 
fed with T1 and T2 than the other diets can be attributed to 
their high salty nature. Dao et al. (2019) have also reported high 
sodium content in food waste samples collected, with the aim of 
processing them to be used as poultry feed. Generally, commer-
cial broilers have an intestinal transit time of 4–8 h (Lavorgna 
et al., 2014). Increased water intake may reduce the feed transit 
time through the gut, thus reducing the gut efficiency. This can 
increase the risk of dysbacteriosis; hence negatively affect intes-
tinal microbiota balance (Johnson, 2019). Moreover, increased 

Table 8   The effect of experimental diets on quality of litter

Letters (a, b, c) in the same row are significantly different at p < 0.05 level
SEM standard error of means
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut and swill cooked rice (energy) sup-
plement; T2 diet formulated with protein rich food waste; T3 diet formulated with energy rich food waste; T4 without any food waste materials, 
but diet formulated with commercially available feed ingredients; T5 commercially available broiler diet

T1 T2 T3 T4 T5 SEM

Ammonia emission of litter 
(mg/kg of fresh litter.hour)

(litter sample size 120 g)

0.00148263b, c 0.00107146c 0.00368922a 0.0034928a 0.00202982b 0.000244 (p < 0.05)

Avg DM % in litter 45.60b 47.05b 46.21b 46.75b 76.70a 0.62 (p < 0.05)

Table 9   The effect of 
experimental diets on droppings

SEM standard error of means (p > 0.05)
T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; T5 commercially available broiler diet

T1 T2 T3 T4 T5 SEM

DM % of feces 41.47 30.58 41.65 48.16 54.58 0.72 (p > 0.05)
Avg N % in droppings 2.96 2.96 2.92 2.86 2.29 0.54 (p > 0.05)
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water consumption can result in wet droppings, which may lead 
to high litter moisture. This supplies favorable conditions for the 
parasite Eimeria, increasing the risk of coccidiosis, as well as is 
foot problems such as hock burn or pododermatitis (Lavorgna 
et al., 2014; Johnson, 2019).

The weekly weight gain of broilers corresponds to their feed 
intake. Hence, the highest weight gain of the birds fed with com-
mercial diet can be due to the high feed intake. A study con-
ducted in South Korea has found that the weight gain of broilers 
fed with a diet incorporated with 10–30% of dried leftover foods 
was lower compared to the birds fed with control diet without 
any leftover food (Cho et al. 2004). However, the same study 
has reported higher feed intake of the birds fed with 20–30% 
of dried leftover foods with the addition of proteins compared 
to the control group. Both the total feed intake and the total 
body weight gain of the broilers in the current study are higher 
compared to Cho et al. (2004). Mechkirrou et al., (2021) have 
reported low feed intake, weight gain, and meat yield of poultry 
fed with a lab-prepared diet based on kitchen waste. Moreover, 

Hossein and Dahlan, 2015, investigated the effects of incorpora-
tion of dehydrated processed food waste (DPFW) into the diet of 
free-range village chicken. The study revealed a decrease in feed 
intake and body weight gain, and a higher FCR, when DPFW 
levels of the diet were increased beyond 20%. According to the 
findings, the substitution of 20% of poultry feed with DPFW 
had no negative impact on the growth performance of village 
chickens.

Feed conversion ratio (FCR)

The highest FCR recorded in T3 corresponds to the low weight 
gain. Increased water consumption is also associated with 
higher feed conversion ratios (McCreery, 2015). Hence, higher 
water intake levels of broilers in this study can be a possible rea-
son for high FCR. Cho et al. (2004) has reported that the FCE 
of broilers decreased with the increasing dried leftover food 
content in their diets. Also, the viscosity of the diet has a great 
impact on the FCR. Iji et al. (2001) reported that increased FCR 

Table 10   The effect of 
experimental diets on fatty acid 
composition (g/100 g oil) of 
broiler skin and abdominal fat

T1 diet consisting of food waste ingredients such as sprat heads and fish offal (protein) and scraped coconut 
and swill cooked rice (energy) supplement; T2 diet formulated with protein rich food waste; T3 diet formu-
lated with energy rich food waste; T4 without any food waste materials, but diet formulated with commer-
cially available feed ingredients; and T5 commercially available broiler diet

T1 T2 T3 T4 T5

Skin Abdomen Skin Abdomen Skin Abdomen Skin Abdomen Skin Abdomen

C 12:0 5.5 5.2 8.2 16.1 15.1 17.2 14.6 14.7 1.0 1.2
C 14:0 4.5 4.2 6.4 11.3 10.1 11.0 9.8 9.7 1.6 1.4
C 15:0 0.3 0.2 0.3 0.2 0.1 0.3 0.2 0.2 0.3 0.1
C 16:0 21.8 23.3 21.8 20.9 18.1 19.7 19.1 19.6 27.5 22.6
C 16:1 6.6 7.1 4.8 4.4 3.6 4.3 2.8 3.0 5.1 6.3
C 17:0 0.6 0.5 0.5 0.3 0.2 0.5 0.3 0.2 0.2 0.3
C 18:0 5.6 5.4 5.8 5.0 5.0 5.1 4.6 4.6 6.2 4.4
C 18:1 34.8 34.0 31.9 26.0 25.7 24.6 28.5 28.3 42.9 43.9
C 18:2n-6 12.7 12.5 11.8 8.4 9.7 9.3 14.8 11.8 1.7 15.7
C 18:3n-3 0.6 0.5 0.4 0.3 0.4 0.5 0.5 0.3 0.2 0.6
C18:4n-3 0.1 0.0 0.1 0.1 0.1 0.2 0.1 0.1 0.0 0.0
C 20:1 0.9 0.6 0.8 0.7 0.7 0.6 0.6 0.7 2.1 0.5
C20:2n-6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1
C20:3n-6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.2
C20:4n-6 0.3 0.6 0.3 0.2 0.2 0.3 0.2 0.2 0.1 0.3
C20:3n-3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
C20:4n-3 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.1 0.0
C 20:5n-3 0.3 0.3 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.1
C 22:1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.9 0.0
C21:3n-3 0.4 1.7 0.5 0.6 2.9 0.5 0.5 1.2 1.0 0.7
C 22:5n-6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
C 22:4n-6 0.0 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.0 0.0
C 22:5n-3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.4 0.1
C 22:6n3 0.2 0.4 0.2 0.1 0.3 0.3 0.1 0.0 0.3 0.0
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in chicks fed with highly viscous diets incorporated with non-
starch polysaccharides, which may be due to the low weight 
gain caused by low efficiency of nutrients.

Dressing percentage and yield parts

The highest average dressing percentage of birds fed with T1 
and the commercial diet corresponds to the high weight gain. 
According to Esteve-Garcia and Mack (2000), the carcase 
weight, carcase yield, and breast weight and the breast yield 
of broilers were positively affected by the supplementation 
with methionine and betaine showing a significant role of such 
ingredients in improving the carcase yield. However, the breast 
weight values recorded in Esteve-Garcia and Mack (2000) was 
much lower (198.5–278.4 g) compared to the current study 
(700–462.6 g). This may be due to the variations in diet, climatic 
conditions, and broiler breeds.

The quality of litter material and droppings

The control of the litter and excreta quality has a major impact 
in reducing environmental and animal welfare problems as well 
as decreasing the productive losses (Yalçın et al. 2017). Aver-
age DM % in litter and feces were higher in the commercial diet 
compared to the other diets because of the high-water consump-
tion stemming from the highly salty nature of diets made by 
using food wastes. Higher dry matter content (86.3%) in poultry 
litter compared to the present study has been reported by Deshck 
et al. (1998). This can be due to the air-dried state of litter at 
the time of collection. The season and time of collection have a 
strong impact on the dry matter content of poultry litter (Deshck 
et al. 1998).

The microbial breakdown of nitrogenous wastes such as 
undigested proteins and excretory uric acid is responsible for the 
formation of ammonia, and pH, moisture content, and tempera-
ture of litter and the type of litter material are factors that directly 
control the ammonia emissions from litter (Atapattu et al. 2008). 
The ammonia emissions from litter (paddy husk) in the current 
study is significantly lower compared to the values recorded in 
Atapattu et al. (2008) for paddy husk (33.0–44.0 mg/kg of litter 
per h), refused tea (13.0–13.2 mg/kg of litter per h), and saw dust 
(34.2–54.0 mg/kg of litter per h) litter. The ammonia emissions 
of litter also increase with the progress of the cycle (Atapattu 
et al. 2008). The accumulation of manure, which mixes with the 
litter material and removal of both materials together at the end, 
can be the reason for this (Kellerher et al. 2002).

A total nitrogen content of 3.56% (dry weight) in poultry 
manure has been reported by Guerra-Rodriguez et al. (2001), 
which is slightly higher compared to the values observed in the 
present study. Typically, poultry manure comprises substantial 
amount of organic nitrogen which can be attributed to the pres-
ence of high amounts of proteins and amino acids (Kellerher 

et al. 2002). Jacob et al. (2000) reported reduced nitrogen con-
tent in excreta of broiler and layer chickens fed with low protein 
diets. Moreover, studies have discovered that the reduction of 
dietary crude protein levels (Ferguson et al. 1998; Nahm 2003) 
and application of liquid alum in broiler litter surface (Arm-
strong et al. 2003) have significantly reduced the ammonia emis-
sions in poultry operations.

Fatty acid composition of broiler chicken skin 
and abdominal fat

The abdominal fat contents of broilers have showed an increas-
ing trend with the dietary methionine supplementation (Esteve-
Garcia and Mack 2000). Higher oleic and palmitic acid levels in 
skin and abdominal fat of the present study agrees with White-
head (1986), which reported that fatty acids of chicken body 
mainly consist of the above two components. Cho et al. (2004) 
have reported that plasma and meat of broilers fed with diets 
supplemented with dried leftover food contained mainly pal-
mitic acid, linoleic acid, oleic acid, and stearic acid. It has also 
discovered that the plasma DHA and EPA contents increased 
with the increasing content of dried leftover food. The abdomi-
nal fat composition of broilers is significantly affected by the 
degree of hepatic lipogenesis, nature of the dietary fat, where 
the feeding with polyunsaturated fats results in a deposition of 
unsaturated fatty acids in broilers (McLeod 1982). It has been 
reported that short chain fatty acids dominate the abdominal fat 
of birds fed with coconut oil, and feeding with soybean oil have 
increased the content of linoleic acid in abdominal fat (Pan et al. 
1979). The high amount of saturated fatty acid content in T3 
may be due to feeding the birds with an energy rich diet, with a 
higher amount of saturated fatty acids.

Siddiqui et al. (2021) have shown that food waste is a low-
cost protein rich feed ingredient. The findings of the current 
study suggest that food waste could be exploited as an alterna-
tive feed ingredient in the diet of broilers, which would be a 
more economical alternative compared to the commercial feeds. 
Moreover, the abundance and easy collection make it an effec-
tive feeding regime in urban and/or peri-urban areas, revealing 
an effective way of food waste management. However, there are 
some limitations in the usage of food waste as animal feed. Dao 
et al. (2019) have reported that the nutrient composition of food 
wastes varied depending on the source. Also, the quality of food 
waste may vary in the same place in different seasons (Siddiqui 
et al., 2021). Hence, the nutrient variability of food wastes gives 
rise to complications in their applications as animal feed (Geor-
ganas et al., 2020; Boumans et al., 2022). However, the variation 
of chemical composition of food waste can be minimized when 
it is collected from many places (Kawashima 2004). According 
to Garcia et al. (2005), a more balanced nutritional composition 
has been reported from restaurant and household waste.
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Also, food wastes are high in moisture, and perishable items 
such as fish offal have a very short shelf life (Siddiqui et al., 
2021). Another drawback of using food waste as poultry feed is 
that they contain undesirable substances such as mycotoxins and 
microorganisms, as well as plastic fragments from food packag-
ing materials. Hence, great care should be taken in segregat-
ing suitable organic materials when preparing feed. Although 
harmful microorganisms are destroyed during heat processing, 
mycotoxins are heat resistant.

Moreover, due to the potential risks of disease outbreaks, use 
of food waste as an animal feed is banned in some countries, 
while special processing conditions need to be applied in the 
countries where the use of food waste in animal feed is permit-
ted (Truong et al., 2019). Leib et al. (2016) have reported that in 
Minnesota State of the USA, food waste should be subjected to 
a mandatory heat treatment at 100 °C for 30 min before feeding 
poultry. However, higher temperatures may decrease the avail-
ability of proteins due to denaturation (Kawashima 2004). In 
our study, food wastes were oven dried at 65 °C for 6 h prior to 
feed formulation, which aids in the reduction of moisture con-
tent, hence, microbial load. It also lessens the effects of anti-
nutritional factors and improves the handling and processing of 
waste (Garcia et al. 2005).

Although the use of food waste as poultry feed may be cost 
effective, costs associated with food waste collection, transporta-
tion, segregation, storage, and processing also should be taken 
into consideration (Siddiqui et al., 2021). Another important 
consideration is that the quantity of generated food wastes from 
different sources may vary in different regions and seasons; 
hence, the sustainability of food waste as a continuous feed 
material in adequate quantities should be analyzed.

Furthermore, the use of food wastes to animals is banned in 
the European Union since 2001, after the foot and mouth dis-
ease outbreak. Hence, there are potential burdens to export food 
waste fed poultry to the countries where the use of food wastes 
as an animal feed is banned.

According to our findings, broilers fed the diets based on 
food waste exhibited low growth performances compared to that 
of commercial diet. Therefore, we suggest that it is better to 
substitute some proportion of commercial feed in broiler diets 
with food waste, rather than feeding the broilers on diets based 
entirely on food waste. Hence, further studies should be con-
ducted in order to find the best substitution percentage of food 
waste in broiler diets to gain the highest economical advantage, 
simultaneously preserving the growth performances.
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