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INTRODUCTION

Soybean meal retail price in the global market has 
increased by 12.0% from 2021-July to 2022-Jan (526 versus 
470 USD/MT) (www.indexmundi.com). Therefore, the 
interest in finding efficient cheap protein sources for broiler 
diet formulations has increased, especially in countries 
reliance on imported soybean meal as their main protein 
source in broiler diets. Moreover, land clearance caused by 
soybean cultivation negatively impacts global biodiversity 
and does not help sustainable chicken meat production 
(Greenhalgh et al., 2020). However, to date, soybean meal 
remains the dominant protein source for broiler chickens over 

other protein sources due to its favorable protein content and 
amino acid profile (Beski et al., 2015). However, a gradual 
diminution of soybean meal inclusion in broiler diets is 
warranted and this can be achieved by introducing alternative 
protein sources for broiler diet formulation. 

Poultry by-product meal (PBM) is tested as an alternative 
protein source in previous studies for broiler chickens 
(Aimiuwu and Lilburn, 2006; Mahmood et al., 2016). PBM 
is produced by rendering the inedible waste products in 
poultry carcasses at poultry processing units (Senkoylu et al., 
2005; Mahmood et al., 2016) and also supports efficient 
removal of poultry waste from processing plants and provides 
additional revenue. The nutrient composition of PBM can be 
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inconsistent due to the diversity in poultry carcass components 
used to produce PBM; for instance, Ravindran and Blair 
(1993) reported that PBM has 600 g/kg of crude protein and 
170 g/kg of crude fat concentrations whereas Mahmood et al. 
(2016) reported that 560 g/kg of crude protein and 340 g/kg 
of crude fat concentrations. Moreover, Li and Wu (2020) 
reported that broiler by-product meal has 694 g/kg of crude 
protein and 136 g/kg of crude fat concentrations. Even 
though PBM has a relatively higher crude protein content, 
lysine and methionine concentrations are limited for broiler 
chickens (Jackson et al., 1971; Bhargava et al., 1975). 
Glycine, arginine, and leucine are the prominent amino acids 
in PBM as reported by Ravindran and Blair (1993) and 
Mahmood et al. (2016). 

The recommended inclusion level of PBM to broiler diets 
varies from 50 to 100 g/kg (Mahmood et al., 2016) due to 
its inconsistent protein quality and lower amino acid 
digestibility which could be triggered by higher rendering 
temperature (Mahmood et al., 2017). Moreover, it has been 
reported that higher ash concentration in meat and bone meal 
depress amino acid digestibility coefficients in broiler 
chickens (Macelline et al., 2020) where PBM may have 
higher ash content when subjected to the inclusion of tibia 
and femur bones to the rendering process. 

Exogenous protease has proven its ability to improve 
amino acid utilization and growth performance in broiler 
chickens as reported by Ghazi et al. (2003) and Freitas et al. 
(2011), respectively. Therefore, exogenous protease would be 
beneficial in diets containing poorly digestible raw materials. 

The poultry population in Sri Lanka has increased from 
6.3 million to 41.97 million during the last four decades 
(Livestock statistical bulletin, 2020) which means there is a 
high potential to produce PBM as a cheap protein source in 
Sri Lanka. However, there is a lack of studies performed to 
identify the efficient usage of PBM in broiler diets in the Sri 
Lankan context. Therefore, the present study is designed to 
determine the impact of protease enzyme supplementation in 
a diet formulated with PBM on growth performance, carcass 
parameters, and meat quality in broiler chickens from 21 to 
35 days post-hatch.

MATERIALS AND METHODS

The Research Ethics Committee of the Uva Wellassa 
University of Sri Lanka has reviewed and approved 
(UWU/REC/2023/007) the complete experimental procedure 
of the current study. All bird rearing, caring, handling, and 
sampling were conducted following the Guide for the Care 
and Use of Agricultural Animals in Research and Teaching, 
4th edition (2020).

1. Bird Management and Experimental Design

A total of 120 Arbor Acres Plus broiler chickens (as 
hatched) were randomly allocated to two dietary treatments 
and each treatment contained six replicate cages (10 
birds/pen). The average body weight of day-old chicks was 
42 g and the cumulative variance of weight distribution 
between replicate pens was 2.84%. Broilers were raised in 
floor pens (30 feet × 5 feet × 5 feet) consistent with the 
Arbor Acres Plus Broiler Management Guide (2018). Birds 
were offered a common starter diet from 1 to 20 days 
post-hatch. Birds were offered experimental diets from 21 to 
35 days post-hatch on an ad-libitum basis and had free access 
to fresh drinking water. 

2. Diet Preparation

Experimental diets were formulated to meet or exceed the 
breeder nutrition requirement guidelines and diets were based 
on rice, wheat, and soybean meal (Table 1). Both 
experimental diets included poultry by-product meals as an 
alternative protein source. Both control (CON) and protease 
(Proactive) supplemented diets (CON+protease) included 
phytase and xylanase. Diets were steam pelleted at a 
temperature of 80°C and used in the experiment for two 
weeks. The diets were stored at a properly maintained facility 
upon their usage.

3. Data and Sample Collection

On days 21 and 35, individual body weights were recorded 
whilst pen basis feed intake was measured as the feed 
disappearance of the feeders in each pen. The weight 
difference between day 21 and day 35 was calculated as 
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weight gain whereas the feed conversion ratio was calculated 
as the feed intake requirement to increase 1 g of body 
weight. 

Two birds per replicate (12 birds per treatment) that were 
closer to the mean BW were selected, fasted, and euthanized 
by cervical dislocation for sample collection on day 35. 
Abdominal incisions were made on each sacrificed bird and 
the duodenum, jejunum, and ileum were separated from the 
gastrointestinal tract. Then the relative length (relative to the 

body weight of the bird) and the relative weight (relative to 
the body weight of the bird) of each intestinal part were 
calculated. The right portion of breast meat was collected 
from each sacrificed bird to determine the physicochemical 
parameters of meat (i.e., pH, cooking loss, water holding 
capacity, meat surface color, and minced meat color).

4. Determination of Physicochemical Parameters

of Meat

The pH values were determined according to the 

Item
Treatment

Control Control+protease

Rice (80 g/kg of CP) 320.00 320.00

Wheat (110 g/kg of CP) 300.00 300.00

Soybean meal (480 g/kg of CP) 210.00 210.00

DDGS1 (260 g/kg of CP) 60.00 60.00

Poultry by-product meal 30.00 30.00

Vegetable oil 50.00 50.00

Di-calcium phosphate 5.00 5.00

Limestone powder 10.00 10.00

Salt 3.50 3.50

DL-Methionine 2.50 2.50

L-Lysine 3.00 3.00

L-Threonine 1.00 1.00

L-Glutamic acid 0.10 0.10

Vitamin premix 1.00 1.00

Mineral premix 1.00 1.00

Xylanase 0.10 0.10

Phytase 0.10 0.20

Coccidiostat (Diclazuril 0.5%) 0.20 0.10

Butyric acid (30%) 0.50 0.50

Choline chloride 1.00 1.00

Emulsifier 1.00 0.95

Protease - 0.05
1 Distiller's dried grains with soluble.
Analyzed nutrient composition in basal diet: crude protein=207 g/kg; crude ash=56.8 g/kg; crude fat=76.0 g/kg; crude fiber=30.2 g/kg; 
calcium=12.4; total P=6.30 g/kg; salt=3.70 g/kg.

Table 1. Diet composition and analyzed nutrient concentrations in experimental diets (as-fed basis, g/kg)
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methodology reported by Jung et al. (2011) using a calibrated 
pH meter (pH 700, Eutech Instrument, Ayer Rajah Crescent, 
Singapore) at room temperature. The mean value of three 
repeated measurements from each sample was used. For the 
determination of cooking loss, vacuum-packed meat samples 
(25 g) were cooked in a water bath (LWB-IIID, Daihan 
Labtech) at 80℃ for 20 min and allowed to cool down to 
room temperature. The cooking loss was calculated as the 
weight loss of the sample during cooking as a percentage of 
the initial weight (Onenc et al., 2004; Bai et al., 2017). The 
WHC was determined by following the method stated by 
Hamm (1961) and Wilhelm et al. (2010) with slight 
modification. Initially, the meat samples were made into 
2.0±0.10 g cubes and placed between two pieces of filter 
paper (No. 4; Whatman International). Then, a standard 
weight of 10 kg was placed on top of the filter paper for 5 
min separately for each sample and the final weights were 
recorded. Finally, WHC was calculated using the following 
equation, where Wi and Wf are the initial and final weights 
of the sample, respectively.

Water holding capacity = 100–[(Wi–Wf) × 100 / Wi]
The meat surface color and color values of minced meat 

samples were determined by a calibrated colorimeter (CR- 
410, Konica Minolta, Osaka, Japan). The values of lightness 
(CIE L*), redness (CIE a*), and yellowness (CIE b*) were 
obtained using the average value of three repeated 
measurements taken from different locations on the meat 
surface and on minced meat samples.

5. Statistical Analysis

The complete experiment was conducted according to a 
completely randomized design and experimental data were 
analyzed using the one-way ANOVA technique, General 

Linear Model (GLM) in the SPSS software package (Version 
26; IBM SPSS 2019). Significant differences between mean 
values were determined by using Tukey’s multiple range test 
at a significance level of P<0.05. A probability value 
between 0.05 and 0.1 was considered tendentious.

RESULTS

All birds showed adequate growth performances and 
remained healthy during the experimental period. Dietary 
treatments did not affect the mortality of birds and the rate 
was below 2% during the entire period. 

The influence of protease supplementation on growth 
performance in broiler chickens from 21 to 35 days 
post-hatch is shown in Table 2. Protease supplementation did 
not significantly influence growth performance (P>0.05). 
However, there was a treatment trend (P=0.082) on FCR 
where protease supplemented group had improved FCR by 
12.0% (1.489 versus 1.693) compared to the control group. 

Table 3 showed the impact of dietary treatments on the 
relative weights and lengths of three small intestinal sections 
in broiler chickens at 35 days post-hatch. There was no 
significant treatment effect found on relative weights and 
lengths in the duodenum, jejunum, and ileum. Protease 
supplementation numerically reduced (P>0.05) duodenum 
length by 14.8% (6.15 versus 7.22 cm/kg bird) and jejunum 
length by 5.71% (10.41 versus 11.04 cm/kg) compared to the 
control group. On the other hand, protease supplementation 
numerically increased (P>0.05) ileum length by 9.41% (54.3 
versus 49.6 cm/kg bird) than broilers offered a control diet.

The effect of protease supplementation on breast meat 
physiochemical parameters in broiler chickens at 35 days 
post-hatch is tabulated in Table 4. Neither meat pH, water 

Treatment Weight gain (g/bird) Feed intake (g/bird) Feed conversion ratio (g/g)

Control 976.69 1,648.43 1.69

Control+protease 1,053.93 1,559.23 1.49

SEM1 47.611 79.660 0.073

P-value 0.284 0.451 0.082
1 Standard error of the mean.

Table 2. Influence of protease supplementation on growth performance in broiler chickens from 21 to 35 days post-hatch
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holding capacity, cooking loss, or surface color were influenced 
by dietary treatments (P>0.05). Protease supplementation 
reduced (P<0.001) yellowness (CIE b*) in minced meat by 
15.4% (9.99 versus 11.81) compared to meat obtained from the 
control group. Moreover, protease supplementation showed a 
tendency (P=0.059) to reduce meat redness (CIE a*) in minced 
meat by 24.0% (9.80 versus 12.89) compared to the control 
group. 

DISCUSSION

Overall weight gain and feed intake in the present study 
were inferior to the Arbor Acres Plus Broiler Performance 
Objectives (2019) for 21 to 35 days post-hatch. Nevertheless, 
overall FCR was improved in the present study by 6.52% 
(1.591 versus 1.702) than performance objectives where birds 
offered protease-supplemented diets had 12.5% better FCR 
than breeder performance objectives (1.489 versus 1.702), 
and the control group showed comparable FCR with 

performance objectives. However, it was noted that there is 
a marked feed intake reduction in the present study than the 
targeted feed intake in breeder objectives.

There was no significant treatment effect found on growth 
performance in the present study, but overall FCR was better 
than the performance objectives. Therefore, it indicates that 
30 g/kg inclusion of PBM would be acceptable in broiler 
diets regardless of protease supplementation. These outcomes 
are consistence with previously published work as diets 
formulated with 30 to 60 g/kg of PBM showed similar 
growth performance in broiler chickens in comparison to a 
corn-soybean meal-based conventional broiler diet (Mahmood 
et al., 2017, 2018). Therefore, the present study confirmed 
that the low inclusion level of PBM, or approximately 16% 
of protein from PBM out of total dietary protein is acceptable 
for broiler diets. On the other hand, the influence of 
exogenous protease maybe not be prominent in older birds 
where it is reported that positive effects of exogenous 
protease on growth performance are more pronounced in 

Treatment 
Duodenum Jejunum Ileum

Length 
(cm/kg bird)

Weight 
(g/kg bird)

Length 
(cm/kg bird)

Weight 
(g/kg bird)

Length 
(cm/kg bird)

Weight 
(g/kg bird)

Control 7.22 2.48 11.04 2.48 49.62 16.36

Control+protease 6.15 2.48 10.41 2.99 54.29 17.41

SEM1 0.520 0.075 0.642 0.372 5.356 2.168

P-value 0.184 0.967 0.511 0.370 0.734 0.744
1 Standard error of the mean.

Table 3. Influence of protease supplementation on relative weights and lengths of three different small intestine sections in broiler 
chickens at 35 days post-hatch

Treatment pH WHC 
(%)

Cooking loss 
(%)

Surface meat color Minced meat color 

CIE L* CIE a* CIE b* CIE L* CIE a* CIE b*

Control 7.62 98.44 9.65 62.12 11.96 10.21 57.05 12.89 11.81

Control+protease 7.71 98.50 9.51 60.99 12.24 9.46 55.07 9.80 9.99

SEM1 0.070 0.061 0.592 0.660 0.502 0.551 1.040 1.084 0.292

P-value 0.378 0.453 0.869 0.239 0.698 0.344 0.264 0.059 <0.001
1 Standard error of the mean.

Table 4. Influence of protease supplementation on physiochemical parameters in breast meat in broiler chicken at 35 days post-hatch
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young broiler chickens (Erdaw et al., 2017). This may be due 
to the low secretion of endogenous protease in young broiler 
chickens and starter diets have higher crude protein contents 
than grower or finisher diets where protease has more 
substrates to react on.

The intestinal organ dimensions may be indicative 
physiochemical functionality of the gastrointestinal tract 
(GIT) in broiler chickens and could be influenced by the diet 
composition (Mahardhika et al., 2021). Moreover, relatively 
larger intestinal organs negatively impact final dressing 
weights in chicken carcasses (Yuan et al., 2008). Particularly, 
relative dimensions of intestinal sections may represent their 
physiochemical functionality. The impacts of dietary protease 
supplementation on weights and lengths of different GIT 
sections in broiler chickens were inconsistent throughout the 
previous studies, such as Kalmendal and Tauson (2010) 
reported that protease supplementation did not alter relative 
weights and lengths of the duodenum, jejunum, and ileum; 
whereas Mahardhika et al. (2021) stated that protease 
supplementation significantly reduced ileum weight and 
jejunum lengths whilst other small intestine sections retained 
non-effected. Moreover, protease supplementation into diets 
formulated with 150 g/kg of DDGS resulted in 14.5% lower 
duodenum weight compared to the control diet whereas 
exogenous protease did not influence duodenum weights at 0 
and 300 g/kg of DDGS inclusions (Barekatain et al., 2013). 
Moreover, it has been reported that 0.3 g/kg of protease 
inclusion significantly reduced small intestine weight in 
broiler chickens compared to 0.1 g/kg protease inclusion by 
8.14% (Erdaw et al., 2017). Overall, it is indicated that the 
exogenous protease has a tendency to reduce small intestine 
weights and lengths which is lined with the outcomes of the 
present study for duodenum and jejunum lengths. Moreover, 
it has been reported that any changes in pancreases 
physiology and functionality would affect duodenum size 
(Erdaw et al., 2017) and the inclusion of exogenous protease 
could compromise endogenous protease production in 
pancreases, which can be resulted in smaller pancreases and 
duodenum by reducing its workload for enzyme production 
(Mahardhika et al., 2021). Moreover, it was described that 
reducing small intestine dimensions resulted in improved 

body weight gain in broiler chickens which might be 
indicating that the exogenous protease has the potential to 
enhance physiological functions in the small intestine (Erdaw 
et al., 2017). Similarly, protease supplementation numerically 
reduced relative lengths of duodenum length (14.8%) and 
jejunum (5.71%) compared to the control group in the present 
study where their reduction percentages are presented in 
parentheses. Moreover, there was a treatment trend on 
duodenum+jejunum length (data not shown) where protease 
supplementation reduced the proximal small intestine length 
by 9.31% (16.56 versus 18.26 cm/kg; P=0.091). A different 
rationale was described by Cowieson et al. (2003) about the 
impact of exogenous protease on reduced GIT tract 
dimensions where exogenous protease reduces substrates 
availability to protein putrefactive microorganisms in GIT 
and compromised their capability on volatile fatty acid 
production. It was noted that some volatile fatty acids can 
stimulate intestinal cell proliferation and enlarge the small 
intestine. 

The significant effect of dietary protease supplementation 
on meat color is noted in the present study where protease 
reduced redness and yellowness in minced breast meat at 35 
days post-hatch. However, dietary protease supplementation 
has not influenced chicken meat color in previous studies (Xu 
et al., 2017; Lu et al., 2020; Sumanasekara et al., 2020; 
Wang et al., 2020). Higher meat pH value seems to be 
influential in generating darker or reddish color in meat 
(Fletcher, 1999; Wattanachant et al., 2004); however, it is not 
the case in the present study. Meat's red color is caused by 
the presence of higher myoglobin and haem pigments 
concentrations whilst yellow color results due to a higher 
accumulation of carotenoids and xanthophyll pigments in 
poultry meat, which would be influenced by the feed grain 
used in the diet (Smith et al., 2002) and supplementation of 
synthetic vitamin E (Nam et al., 2013). The dietary xanthophyll 
absorption in GIT in broiler chickens was investigated by 
Littlefield et al. (1972) who found that most of the 
xanthophylls are absorbed in the proximal small intestine. In 
the present study, protease supplementation reduced proximal 
small intestine length which may also reduce the surface area 
for dietary color pigment absorption. Interestingly, it is 
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deduced from the data from the present study that the 
duodenum+jejunum length has significant positive linear 
correction with meat redness (r=0.482, P=0.032) and showed 
a positive trend with meat yellowness. On the other hand, it 
has been reported that fat digestibility has a positive impact 
on xanthophyll and carotenoid absorption in humans 
(Pérez-Gálvez et al., 2005). Therefore, a significant reduction 
of duodenum length in response to protease supplementation 
may negatively be impacted fat digestion which might result 
in inferior color pigments and vitamin A absorptions in the 
present study. 

SUMMARY

Broilers offered a diet formulated with PBM with or 
without exogenous protease did not influence growth 
performance from 21 to 35 days post-hatch. Exogenous 
protease showed a trend of improving FCR. Exogenous 
protease showed a tendency to reduce relative 
duodenum+jejunum length which may be indicating the 
impact of exogenous protease on duodenum and pancreases 
functionality. Broilers offered a diet supplemented with 
exogenous protease generated lower colorimetric values for 
redness and yellowness in minced meat at 35 days post-hatch. 
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