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INTRODUCTION

The Indonesian crossbred chicken (ICC), which 
is a hybrid descent of male Indonesian native chicken 
and female commercial laying hen (a final laying stock 
of imported parent or grand-parent stock), has recently 
obtained wider attention from the Indonesian chicken-
meat market. Compared to modern broiler chickens, the 
crossbred chicken has tastier and more delicacy meat 
(Chen et al., 2016). The recent increase in the domestic 
market hence encourages the farmers to intensify the 
rearing system of the ICC. In intensive broiler produc-
tion, increasing the stocking density has commonly been 
practiced to decrease the production cost per house and 
to achieve higher profits (Jeong et al., 2020). Indeed, the 
rearing under high stocking density has also been ap-
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ABSTRACT

The study evaluated the influence of fermented papaya leaf and seed powder (FPLS) and/or 
multienzymes on the growth, physiology, antioxidant, and gut ecology of the Indonesian crossbred 
chicken (ICC) at high stocking density. Three hundred and seventy ICC were randomly allotted to 
LSD (chicks fed conventional feed at low stocking density), HSD (chicks fed conventional feed at 
high stocking density), HSD+mE (chicks fed conventional feed plus multienzyme at high stocking 
density), HSD+FPLS (chicks fed FPLS at high stocking density) and HSD+FPLS+mE (chicks fed FPLS 
plus multienzyme at high stocking density). Body weight and feed intake were determined weekly. 
Two ICC were taken from each pen (10 chicks per treatment group) at week 10 for sampling. The study 
was arranged based on a completely randomized design with five treatment groups, each consisted 
of five replicates. Except for performance, analysis of variance was conducted on two chicks from 
each replicate (10 chicks per treatment group). Chicks in LSD consumed more (p<0.05) feed and had 
a higher (p<0.05) feed conversion ratio. Platelet distribution width (PDW) was lower (p<0.05) in HSD, 
HSD+FPLS, and HSD+FPLS+mE chicks than in LSD chicks. Lymphocyte counts were lower (p<0.05) 
in HSD relative to HSD+mE chicks. Superoxide dismutase (SOD) was higher (p<0.05) in HSD and 
HSD+FPLS+mE chicks than in LSD, HSD+mE, and HSD+FPLS chicks. High-density lipoprotein was 
smaller (p<0.05) in HSD+mE chicks than in LSD, HSD, and HSD+FPLS chicks. Compared to the other 
treatment groups of chicks, HSD+FPLS chicks had a lower (p<0.05) albumin level. Creatinine level was 
lower (p<0.05) in HSD chicks than in the other group of chicks. Enterobacteriaceae counts were lower 
(p<0.05) in HSD+FPLS cecal content of chicks than in LSD and HSD chicks. The redness values of 
breast meats were lower (p<0.05) in HSD+FPLS chicks than the chicks in HSD+mE and HSD+FPLS+mE 
dietary treatments. LSD chicks had higher (p<0.05) redness values of thigh meat than the other 
treatment groups of chicks. LSD chicks also had higher (p<0.05) yellowness values than HSD+mE and 
HSD+FPLS+mE chicks. In conclusion, high stocking density resulted in mild stress conditions, as was 
demonstrated by the increased SOD and decreased PDW and redness meat values. A combination of 
FPLS and multienzyme ameliorated the adverse influence of high stocking density in ICC.
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plied for Thai crossbred chickens (Huo & Na-Lampang, 
2016) as well as for indigenous chickens (Jobe et al., 
2019). Apart from the resource efficiency concern, rear-
ing the chicks under high stocking density may, how-
ever, lead to a stress condition causing oxidative stress, 
lowered final body weight, and health problems (Jobe et 
al., 2019; Jeong et al., 2020; Magnuson et al., 2020). 

To deal with stress, poultry farmers have usu-
ally used synthetic antioxidants as dietary additives. 
However, Sugiharto et al. (2019a) pointed out that the 
long-term use of synthetic antioxidants for poultry may 
potentially risk human health due to its carcinogenic 
and mutagenic effects on humans. Furthermore, the 
enzyme is the other dietary additive that has been 
reported to alleviate the negative effect of stress in poul-
try. A former study by Madrid et al. (2010) showed that 
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a multi-enzyme complex of protease and carbohydrase 
was capable of ameliorating the negative effects of stress 
on the growth rate and nutrient utilization of broilers 
under commercial farm conditions. Dietary supplemen-
tation of xylanase was also beneficial in ameliorating the 
destructive impact of high temperature-related stress on 
the productive outcome and physiological conditions 
of broilers (Hosseini & Afshar, 2017). In the previous 
study, we incorporated the fermented papaya leaf and 
seed powder (FPLS; by using the fungus Chrysonilia 
crassa as the fermentation starter) into the rations of the 
ICC. We found that such dietary treatment improved 
the growth, immune competencies, physiological condi-
tion, and intestinal functions of the ICC (Sugiharto et 
al., 2020a). In such cases, the antioxidant capacities of 
papaya leaf (Asghar et al., 2016), seed (Sugiharto, 2020), 
and the fungus C. crassa (Sugiharto et al., 2017) seemed 
to partly contribute to the improvement in poultry per-
formance and health. The enzymes contained in papaya 
leaf (Welde & Worku, 2018) and seed (Sugiharto, 2020) 
were also responsible for the improved performance, 
digestibility, and antioxidative status of the animal 
(Oloruntola et al., 2018). To the best of our understand-
ing, no other work has investigated the use of FPLS and 
its combination with enzymes to mitigate the detrimen-
tal effects of high stocking density on the ICC. The goal 
of this current work was to investigate the influence of 
FPLS and/or multienzymes on the growth, physiology, 
antioxidant status, and intestinal ecology of the ICC 
reared under high stocking density. 

MATERIALS AND METHODS

Preparation of Starter for Fermentation

The fermentation starter was prepared accord-
ing to Sugiharto et al. (2020a). The pure isolates of C. 
crassa were initially rejuvenated from the culture stock 
(nurtured on potato dextrose agar [PDA; Merck KGaA, 
Darmstadt, Germany] and kept at 4°C) and then re-
cultured on PDA under the aerobic condition for 48 
hours at 38°C. The spores were harvested using 10 mL 
of sterilized water. To make the starter for fermentation, 
100 g of rice was steamed for about 1 hour and spread 
on a tray. The steamed rice was then cultivated with 10 
mL of spore suspension as previously prepared. The 
cultivated rice was aerobically incubated for 48 hours 
at room temperature. Then, it was dried under the sun, 
ground, and sifted. The sample was taken for counting 
of the fungal colony, and the remainder was used as 
a starter of fermentation. Plate count procedure (us-
ing PDA; aerobically incubated for 48 hours at 38°C) 
showed that the starter of fermentation contained >1 × 
108 cfu/g C. crassa.

Preparation of FPLS

The papaya leaves were picked from the local cam-
pus gardens. The harvested leaves were dried at room 
temperature, grounded, and stored until being used. 
The seeds were obtained from the fruit vendors around 
the campus. The seeds were separated from the pa-

paya flesh, and the collected seeds were then sun-dried, 
ground, and stored prior to being used. According to 
Sugiharto et al. (2020a), the manufacture of FPLS was 
carried out with few modifications. In short, 645 g of 
papaya-leaf powder, 345 g of papaya-seed powder, and 
10 g of starter were thoroughly blended.  The autoclaved 
water was added to the blend (1:1) to operate the solid-
state fermentation. For four days, the culture was aero-
bically incubated at room temperature and then sun-
dried afterward. The FPLS production was carried out 
in multiple batches using identical protocols for each 
batch. Samples from each sample were collected and 
then pooled for proximate examination (AOAC, 1995) 
and counting of colonies of fungi. The rest of FPLS was 
used for in vivo trials. Table 1 presents the proximate 
components of the leaf, seed, and FPLS. The number of 
fungi in FPLS was around 1 × 106 cfu/g.

In Vivo Experiment

The in vivo experiment was approved by the 
Animal Ethics Committee of the Faculty of Animal and 
Agricultural Sciences, Universitas Diponegoro (No. 57-
01/A3/KEP/FPP) and carried out in accordance with the 
basic animal husbandry and health protocols referred to 
Legislation of the Republic of Indonesia No. 18, 2009.

Four hundred day-old ICCs, purchased from the lo-
cal hatchery, were raised under the standard intensive-
rearing system for the ICC from arrival until week 4. 
The chicks were solely weighed at the end of week 
4, and the in vivo study used 370 chicks with slightly 
similar body weight (236.4±4.33 g; mean ± standard 
deviation). They were shared to one of five groups (each 
consisted of five replicates or pens), i.e., LSD (chicks 
provided with conventional feed ingredients and raised 
at low stocking density [10 chicks in 1×1 m2 pen]), HSD 
(chicks provided with conventional feed ingredients 
and raised at high stocking density [16 chicks in 1×1 
m2 pen]), HSD+mE (chicks provided with conventional 
feed ingredients supplemented with commercial multi-
enzyme [0.5 g/kg diet] and raised at high stocking den-
sity),  HSD+FPLS (chicks provided with feed containing 
7.5% of FPLS and raised at high stocking density), and 
HSD+FPLS+mE (chicks provided with feed containing 
7.5% of FPLS and supplemented with commercial mul-
tienzyme (0.5 g/kg diet) and maintained at high stocking 
density). In each pen, half of the chicks were male, and 
the other half were female. The treatments were ap-
plied from weeks 5 to 10. To date, there is no published 

Table 1.  Chemical ingredients of leaf and seed powders of pa-
paya and FPLS

Note:  DM= dry matter; FPLS= fermented papaya leaf and seed powders.

Nutrients 
(%, DM basis) Leaf powder Seed powder FPLS

Dry matter 87.6 89.9 87.9
Crude protein 27.7 24.6 28.6
Crude fat 6.30 15.2 9.20
Crude fiber 31.7 35.6 31.4
Crude ash 13.9 9.00 12.2
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study reporting the standard/ideal stocking density for 
ICC. The only study was reported by Patria et al. (2016), 
of which high stocking density of Kampong-broiler 
crossbred chickens was defined as 12 chicks per m2, 
while low stocking density was 8 chicks per m2 (reared 
until 12 weeks of age). Given that ICC was raised only 
until 10 weeks of age, in this study, low stocking density 
was defined as the rearing of 10 ICC per m2, while the 
high density was 16 ICC per m2. Treatment diets were 
produced in mash form (Table 2) and were provided 
ad libitum. The commercial multienzyme (Natuzyme, 
Bioproton Europe Oy, Kaarina, Finland) consisted 
of cellulose (6,000,000 u/kg), xylanase (10,000,000 u/
kg), β-glucanase (700,000 u/kg), protease (3,000,000 u/
kg), α-amylase (700,000 u/kg), pectinase (70,000 u/kg), 
phytase (1,300,000 u/kg), and lipase (5,000 u/kg). The 
multienzyme was added ‘on top’ at the end of the feed 
mixing process. The drinking water was also provided 
ad libitum throughout the experiment.   

For the entire study period, the ICC was raised on 
the litter of rice husk in an open-sided chicken shelter. 
Each pen has one manual feeder and one drinker. 
The light was scheduled for 24 hours per day. The 
temperature and humidity of the chicken house were 
partially controlled by the plastic curtains, light bulbs, 
and blower fans. The chicks were inoculated with the 
Newcastle disease vaccine (NDV) on day 4 by eye drops 
and on days 18 and 30 by drinking water. From week 5 
to 10, live weight, the amount of feed intake, as well as 
feed conversion ratio (FCR) were reported on a weekly 
basis. At the ultimate of week 10, two ICC were taken 
from each pen, and blood was then withdrawn from 
the veins of their wings. The blood was preserved in 

containers containing ethylenediaminetetraacetic acid 
(EDTA) for the assessment of whole blood numbers, and 
the remainder of the blood was placed in vacutainers 
without EDTA. The remaining blood was allowed to 
clot and then centrifuged at 5,000 rpm for 10 minutes 
to create the serum. The serum was frozen before the 
biochemical analysis was carried out. The same ICC 
used for blood sampled was killed, the feathers were 
removed, and the internal organs were eviscerated. 
Digesta was taken from the ileal and cecal segments of 
the ICC for the enumeration of selected bacteria and 
stored in sterile sample bottles. Subsequently, the empty 
weight of the internal organs was measured. The small 
intestinal segments (each roughly 2 cm) were collected 
and placed into 10% neutral formalin buffer solution 
(Leica Biosystems Richmond, Inc., Richmond, USA) to 
assess small intestinal morphology. The ICC’s eviscer-
ated carcass and commercial proportions were also 
calculated. The skinless muscles of the breast and thigh 
were obtained to determine the meat color.

Laboratory Analysis
 
By using Prima Fully-auto Hematology Analyzer 

(PT. Prima Alkesindo Nusantara, Jakarta, Indonesia), 
the complete blood profiles of the ICC were calculated 
according to the electrical impedance method based on 
the manufacturer instructions. Based on the hemagglu-
tination inhibition (HI) method (Villegas, 1987), the cal-
culation of antibody titers toward NDV was performed. 
Briefly, NDV antigen was mixed with two-fold serial 
dilutions of the test samples. Following the addition of 
chicken red blood cells, the dilutions were tested for 

Table 2.  Chemical compositions of experimental feeds

Note:  ¹Premix composed (per kg of feed) of vitamin A (7,750 IU), vitamin E (1.88 mg), vitamin D3 (1,550 IU), vitamin B1 (1.25 mg), vitamin B2 (3.13 mg), 
vitamin B6 (1.88 mg), vitamin B12 (0.01 mg), vitamin C (25 mg), folic acid (1.50 mg), Ca-d-pantothenate (7.5 mg), niacin (1.88 mg), biotin (0.13 
mg), Co (0.20 mg), Cu (4.35 mg), Fe (54 mg), I (0.45 mg), Mn (130 mg), Zn (86.5 mg), Se (0.25 mg), L-lysine (80 mg), Choline chloride (500 mg), 
methionine (900 mg), CaCO3 (641.5 mg), DCP (1500 mg).

 ²ME (metabolizable energy) was counted with respect to formula (Bolton, 1967)= 40.81 {0.87 [crude protein + 2.25 crude fat + nitrogen-free extract] 
+ 2.5}

Items (%, unless otherwise noted) Starter (week 1-4)
Finisher (week 5-10)

Conventional feed Feed with FPLS
Maize 55.9 62.5 58.8
Soybean meal (SBM) 37.1 29.5 25.7
Fermented papaya leaf and seed powder (FPLS) - - 7.50
Palm oil 2.22 3.22 3.22
DL-methionine 0.19 0.19 0.19
Bentonite 1.00 1.00 1.00
Limestone 1.34 1.34 1.34
Monocalcium phosphate (MCP) 1.51 1.51 1.51
Premix¹ 0.27 0.27 0.27
Chlorine chlorite 0.07 0.07 0.07
NaCl 0.40 0.40 0.40
Nutrient content: 

ME, (kcal/kg)² 2,900 3,042 3,041
Crude protein 21.0 18.0 18.0
Crude fiber 5.50 5.50 6.50
Ca 1.30 1.29 1.26
P 0.60 0.62 0.59
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full hemagglutination inhibition. The HI titers were 
recorded as geometric mean titers (log2). 

The total serum triglyceride was calculated using 
glycerol-3-phosphate oxidase (GPO) based on the en-
zymatic colorimetric procedure. Total cholesterol, high-
density lipoprotein (HDL), and low-density lipoprotein 
(LDL) cholesterol were assessed using the cholesterol 
oxidase/p-amino phenazone (CHOD-PAP) enzymatic 
colorimetric tool. The triglycerides were assessed fol-
lowing enzymatic separation with lipoprotein lipase, 
whereas total cholesterol was assessed following enzy-
matic hydrolysis and oxidation. Using hydrogen perox-
ide and peroxidase as a catalyst, both triglyceride and 
cholesterol used a quinoneimine indicator synthesized 
from 4-aminoantipyrine and 4-chlorophenol (DiaSys 
Diagnostic System GmbH, Holzheim, Germany). 
Heparin was used to precipitate the LDL. After cen-
trifugation, the HDL remained in the supernatant 
and was enzymatically processed using CHOD-PAP 
technique. The difference between total cholesterol and 
cholesterol in the supernatant was used to determine the 
LDL concentration. Using the Reflotron system (Roche 
Diagnostics Corporation, Indianapolis, IN, USA), the 
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) enzymes were spectrophotometrically 
determined. The serum and the ALT or AST reagents 
were mixed at room temperature. The absorbance was 
then measured at 340 nm after 60 seconds of incubation 
at 37°C. Total serum protein was measured by a photo-
metric examination based on the biuret kit process (total 
serum protein kit, DiaSys Diagnostic System GmbH, 
Holzheim, Germany) according to the instructions from 
the producer. In principle, proteins in alkaline solution 
created a violet blue color complex with copper ions. 
The absorbance of the color (measured at 545 nm) was 
directly proportionate to the protein concentration. The 
serum albumin was assessed with bromocresol green 
(DiaSys Diagnostic Device GmbH, Holzheim, Germany) 
using a photometric examination. The color of serum 
albumin changed from yellow-green to green-blue 
in the presence of bromocresol green at a slightly acid 
pH. The globulin concentration was determined from 
the overall protein subtracted by albumin. The uric 
acid level was determined according to the enzymatic 
colorimetric method by mixing 4-aminoantipyrin with 
2-hydroxy-2,4,6-tribromobenzoic acid (TBHBA; DiaSys 
Diagnostic Device GmbH, Holzheim, Germany) and 
hydrogen peroxide in the presence of peroxide to 
produce a chromogen measured at 520 nm.  The serum 
creatinine was determined according to the enzymatic 
colorimetric test (DiaSys Diagnostic Device GmbH, 
Holzheim, Germany), and the absorption of the red dye 
produced at 545 nm was proportional to the serum level 
of creatinine. 

The concentration of malondialdehyde (MDA) 
in the serum was determined based on the reaction of 
MDA with thiobarbituric acid (TBA) (Sigma-Aldrich, St. 
Louis, USA). The concentration of MDA was quantified 
spectrophotometrically at 532 nm. The serum superox-
ide dismutase (SOD) concentration was measured using 
SOD kits (Sigma-Aldrich, St. Louis, USA) according to 
an indirect assay procedure based on xanthine oxidase. 

A spectrophotometer (absorbance at 550 nm) was used 
to measure the concentration of SOD in the serum. 

On 5 μm duodenal, jejunal, or ileal slices stained 
with hematoxylin and eosin, histological analyses 
were performed on the small intestinal segments. 
An optical microscope with a digital camera (Leica 
Microsystems GmbH, Wetzlar, Germany) was used to 
calculate the height of the villus and the depth of the 
crypt in each segment. The mean value of villus height 
and crypt depth of each sample was derived from 
the five measurements. As defined by Sugiharto et al. 
(2019b), the populations of bacteria in the ileal and cecal 
digesta of the ICC were enumerated based on the total 
viable count procedure. The numbers of coliform and 
lactose-negative enterobacteria were counted as red and 
colorless colonies on MacConkey agar (Merck KGaA, 
Darmstadt, Germany), respectively, following aerobic 
incubation at 38°C for 24 hours. Enterobacteriaceae is 
known to be the cumulative amount of coliform and 
lactose-negative enterobacteria. The counts of lactic acid 
bacteria (LAB) were determined on de Man, Rogosa, 
and Sharpe agar (MRS; Merck KGaA) after anaerobic 
incubation for 48 hours at 38°C. 

The ICC meat color was measured in Mac OS X (set 
to CIE Lab) by means of the digital color meter as de-
fined by Sugiharto et al. (2019b). The color was given as 
L* values (lightness), a* values (redness), and b* values 
(yellowness). The color determination was conducted in 
triplicate. 

Statistical Analysis

The study was arranged based on a completely 
randomized design with five treatment groups, each 
consisted of five replicates. Except for performance, 
statistical analysis was conducted on two chicks from 
each replicate (10 chicks per treatment group). Data 
were examined according to the analysis of variance 
(SPSS 16.0 version). As means and standard error of 
the means (SEM), findings are presented. When notable 
variations (p<0.05) occurred within the group of treat-
ments, posthoc analysis using Duncan’s multiple-range 
test was performed.

RESULTS

Performances of the ICC

Details on the growth and economical traits of the 
ICC are provided in Table 3. The chicks in LSD group in-
gested more (p<0.05) feed than those of the other chicks. 
The LSD chicks had higher (p<0.05) FCR and feed cost 
per weight gain than those of the other chicks. Income 
over feed cost was greater (p<0.05) in HSD+FPLS+mE 
than that in LSD and HSD, but did not vary from 
HSD+mE and HSD+FPLS chicks.    

Complete Blood Counts of the ICC
 
Results regarding the whole blood numbers of the 

ICC are listed in Table 4. The levels of PDW were lower 
(p<0.05) in HSD HSD+FPLS, and HSD+FPLS+mE than 
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that in LSD, but did not vary from HSD+mE chicks. The 
number of lymphocytes appeared (p=0.09) to be lower 
in HSD relative to HSD+mE chicks in particular. The 
treatment had no influence (p>0.05) on the other blood 
indices.   

Serum SOD, MDA, Biochemical Indices, and 
Antibody Titers against NDV of the ICC

 
The concentrations of SOD were greater (p<0.05) 

in HSD and HSD+FPLS+mE c than that in the other 
chicken groups, and HSD+mE had the lowest serum 
SOD concentration. There was no major impact of treat-
ments on MDA concentrations of chicks (Table 5). The 
HDL values were lower (p<0.05) in HSD+mE in com-
parison to LSD, HSD, and HSD+FPLS, but not different 
from HSD+FPLS+mE chicks. In comparison to the other 

chicks, HSD+FPLS had a lower (p<0.05) concentration 
of albumin. The level of creatinine was slightly lower 
(p≥0.05) in HSD than in the other group of treatments. 
Other biochemical indices were not impacted (p>0.05) 
by the applied treatments. Antibody titers against NDV 
were not significantly different across the treatment 
groups (Table 5). 

Selected Bacterial Counts and Intestinal Morphology 
of ICC

 
The number of Enterobacteriaceae was shown to 

be reduced (p<0.05) in HSD+FPLS cecal content than 
in LSD and HSD, but did not vary significantly from 
HSD+mE and HSD+FPLS+mE chicks. There was no im-
pact (p>0.05) of treatments on the bacterial populations 
in the ICC ileal digesta (Table 6). 

Table 3.  Growth and economic performances of Indonesian crossbred chickens given experimental diet up to 10 weeks of age

Variables
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Final BW, g 863 857 868 863 889 5.45 0.43
Weight gain, g 621 622 633 628 653 5.51 0.37
Cumulative FI, g 2,503ᵃ 2,160ᵇ 2,103ᵇ 2,175ᵇ 2,131ᵇ 48.8 0.04
FCR 4.03a 3.47ᵇ 3.33ᵇ 3.47ᵇ 3.26ᵇ 0.08 0.01
Feed cost per weight gain (IDR)¹ 25,081ᵃ 21,558ᵇ 20,732ᵇ 20,033ᵇ 18,850ᵇ 565 <0.01
Income over feed cost (IDR)² 2,559c 4,552ᵇ 5,138ab 5,553ab 6,351ᵃ 343 <0.01

Note:  Means in the same row with different superscripts differ significantly (p<0.05).
 1= Calculations were conducted at the period of investigation as the cost of feed ingested to reach a kilogram of live body-weight gain; 2= 

Calculations were conducted at the period of investigation as the entire income minus entire feed cost; LSD= chicks fed conventional feed at low 
stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed conventional feed plus multienzyme at high 
stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed FPLS plus multienzyme at high stocking 
density; BW= body weight; FCR= feed conversion ratio; FI= feed intake, IDR= Indonesian Rupiah (Indonesian currency); SEM= standard error of 
means.

Table 4.  Complete blood profile of Indonesian crossbred chickens given experimental diet up to 10 weeks of age

Variables
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Hemoglobin (g/dL) 10.3 10.5 12.7 10.3 10.9 0.38 0.24
Erythrocytes (10⁶/µL) 2.89 2.99 3.54 2.93 3.06 0.11 0.28
Hematocrit (%) 34.9 37.0 42.7 35.0 37.1 1.27 0.29
MCV (fl) 121 125 122 122 122 0.51 0.20
MCH (pg) 35.6 34.5 35.8 35.4 35.5 0.24 0.47
MCHC (g/dL) 29.5 28.4 29.6 29.5 29.3 0.22 0.36
RDW-SD (fl) 54.3 54.5 49.8 53.0 53.5 0.72 0.25
RDW-CV (%) 11.8 11.6 10.8 11.6 11.6 0.15 0.24
MPV (fl) 9.23 9.07 9.12 9.22 9.14 0.11 0.99
PDW (%) 4.42ᵃ 1.78ᵇ 2.08ab 0.73ᵇ 0.92ᵇ 0.41 0.03
Leukocytes (10³/µL) 87.6 101 114 92.6 95.2 4.43 0.41
Heterophils (10³/µL) 6.00 6.95 6.55 7.05 7.35 0.43 0.89
Lymphocytes (10³/µL) 81.4 79.7 107 85.6 87.9 3.51 0.09
Thrombocytes (10³/µL) 10.1 9.30 8.10 8.50 8.40 0.52 0.76

Note:  Means in the same row with different superscripts differ significantly (p<0.05).
 LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 

conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks 
fed FPLS plus multienzyme at high stocking density; MCH= mean corpuscular hemoglobin; MCV= mean corpuscular volume; MCHC= mean 
corpuscular hemoglobin concentration; RDW-SD= red blood cell distribution width-standard deviation; RDW-CV= red blood cell distribution 
width-variation coefficient; MPV= mean platelet volume, PDW= platelet distribution width; SEM= standard error of means.
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The data on intestinal morphology of the ICC are 
provided in Table 7. In general, the treatments possessed 
no noticeable impact on the height of the villus, depth of 
crypt, and villus height to crypt depth ratio of the ICC.

Internal Organ Weights and Carcass Traits of the ICC

Findings on the weights of internal organs of ICC 
are provided in Table 8. In general, the weights of the 
internal organs of the ICC were not impacted (p>0.05) 
by the treatments. The carcass traits and commercial 
proportions of the ICC were also not influenced (p>0.05) 
by the treatments (Table 9). The a* values of breast 
meats were lower (p<0.05) in HSD+FPLS than those par-

ticularly in HSD+mE and HSD+FPLS+mE chicks, but the 
values did not differ from LSD and HSD chicks. In thigh 
meat, LSD had greater (p<0.05) a* values than the other 
chicks. LSD chicks also had greater (p<0.05) b* values 
than HSD+mE and HSD+FPLS+mE chicks (Table 9). 

DISCUSSION

Performances of the ICC

It was documented in this study that the ICC in 
LSD group consumed more feed and had greater FCR 
than those raised at high stocking density. In modern 
broiler strains, high stocking density has been confirmed 

Table 5.  Serum superoxide dismutase, malondialdehyde, biochemical variables, and antibody titers toward Newcastle Disease vac-
cine of Indonesian crossbred chickens given dietary experimental up to 10 weeks of age

Variables
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

SOD (U/mL) 24.0c 26.8ᵃ 22.6ᵈ 25.5ᵇ 27.0ᵃ 0.29 <0.01
MDA (nmol/mL) 7.71 6.99 7.01 7.97 7.79 0.49 0.95
Total triglyceride (mg/dL) 85.9 72.7 93.9 76.2 88.6 3.07 0.15
Total cholesterol (mg/dL) 125 112 124 115 129 2.79 0.25
LDL (mg/dL) 12.9 10.2 24.2 10.7 23.4 2.35 0.14
HDL (mg/dL) 99.8ᵃ 95.4ᵃ 80.9ᵇ 92.8ᵃ 89.0ab 1.82 <0.01
Total protein (g/dL) 4.04 3.84 4.03 3.67 3.98 0.06 0.17
Albumin (g/dL) 1.55ᵃ 1.59ᵃ 1.61ᵃ 1.41ᵇ 1.57ᵃ 0.02 0.04
Globulin (g/dL) 2.50 2.25 2.42 2.25 2.41 0.05 0.45
A/G ratio 0.62 0.71 0.69 0.63 0.65 0.01 0.22
AST (U/L) 255 263 229 232 247 5.71 0.27
ALT (U/L) 1.39 1.44 1.03 0.77 1.46 0.17 0.64
Uric acid (mg/dL) 6.12 6.60 5.72 5.50 7.00 0.26 0.35
Creatinine (mg/dL) 0.03 0.02 0.03 0.03 0.03 <0.01 0.05
Antibody titers against NDV 
(Log₂ GMT)

3.90 2.90 3.70 3.20 3.00 0.32 0.83

Note:  Means in the same row with different superscripts differ significantly (p<0.05).
 LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 

conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed 
FPLS plus multienzyme at high stocking density; SOD= superoxide dismutase; MDA; malondialdehyde; LDL= low-density lipoprotein; HDL= 
high-density lipoprotein; A/G= albumin to globulin ratio; AST= aspartate transaminase; ALT= alanine transaminase; GMT= geometric mean titer; 
NDV= Newcastle disease vaccine; SEM= standard error of means.

Table 6.  Bacterial counts in intestinal segments of Indonesian crossbred chickens given dietary experimental up to 10 weeks of age

Variables (Log cfu/g)
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Ileum 
Coliform 7.13 6.80 7.25 6.79 6.48 0.25 0.89
Enterobacteriaceae 6.71 6.84 7.28 7.00 6.90 0.25 0.97
LAB 10.8 11.1 11.2 11.2 11.3 0.10 0.60

Caecum
Coliform 8.80 7.82 8.13 7.63 7.70 0.19 0.28
Enterobacteriaceae 9.10ᵃ 9.06ᵃ 8.49ab 8.10ᵇ 8.23ab 0.14 0.04
LAB 11.7 11.7 11.6 11.6 11.7 0.02 0.74

Note:  Means in the same row with different superscripts differ significantly (p<0.05).
 LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 

conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed 
FPLS plus multienzyme at high stocking density; LAB= lactic acid bacteria; cfu= colony forming unit; SEM= standard error of means.
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to deleteriously influence the growth and feed efficiency 
of chicks, especially during the growing phase (Rashidi 
et al., 2019). The lacking impact of high stocking density 
on the crossbred chickens has actually been reported by 
Huo & Na-Lampang (2012; 2016). The latter investiga-
tors reported that Thai crossbred chicken could be safely 
raised as high density as 16 chicks per m2 up to 12 weeks 
old (body weight of around 1,242 g). It was interest-
ing to report in the current investigation that chicks 
reared at low stocking density resulted in poor FCR as 
compared to those reared at high stocking density. The 
reason for this difference was not well understood, but 
more space available for chickens could increase chicken 
activity (Patria et al., 2016) and thus assign more feed-
derived energy to the activity rather than for growth. 
Notice that, unlike modern broiler strains (fast-growing 
chickens), ICC (slow-growing chickens) displayed 

higher physical activity (Tallentire et al., 2016). With 
regard to the higher feed consumption in LSD (than 
in chicks reared at high stocking density), the higher 
physical activity seemed to increase the energy need 
and thus increase the feed consumption of chickens. 
Also, less competition among chicks in LSD group may 
increase the access to feed and thereby increase feed 
intake of ICC. In this study, the higher feed intake and 
FCR in LSD may consequently increase the feed cost per 
weight gain of chickens. It was apparent in the current 
work that HSD+FPLS+mE had higher income over feed 
cost than those particularly of LSD and HSD chicks. The 
improved FCR and the cheaper price of feed containing 
FPLS (than that of conventional feed) may be attributed 
to the higher income over feed cost in HSD+FPLS+mE 
chicks.

Table 7.  Intestinal morphology of Indonesian crossbred chickens given dietary experimental up to 10 weeks of age

Items
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Duodenum
Villi height (μm) 1,077 1,128 983 1,105 970 33.4 0.46
Crypt depth (μm) 92.2 103 93.0 104 107 2.42 0.17
VH/CD 12.0 11.2 10.8 10.9 9.22 0.43 0.36

Jejunum
Villi height (μm) 1,007 882 942 822 868 45.9 0.76
Crypt depth (μm) 130 118 111 128 128 3.67 0.40
VH/CD 7.91 7.62 8.63 6.34 6.89 0.35 0.27

Ileum
Villi height (μm) 680 657 581 569 629 21.3 0.41
Crypt depth (μm) 110 98.6 94.7 99.4 98.7 2.71 0.47
VH/CD 6.19 6.77 6.39 5.85 6.47 0.22 0.77

Note:  LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 
conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed 
FPLS plus multienzyme at high. stocking density; VH/CD= the ratio of villi height to crypt depth; SEM= standard error of means.

Table 8.  Internal organ weight of Indonesian crossbred chickens given dietary experimental up to 10 weeks of age

Variables (% live BW)
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Heart 0.51 0.49 0.48 0.53 0.52 0.01 0.54
Liver 2.19 2.11 2.19 2.19 2.18 0.03 0.46
Proventriculus 0.60 0.60 0.64 0.60 0.58 0.01 0.50
Gizzard 2.63 2.48 2.64 2.52 2.40 0.05 0.56
Pancreas 0.24 0.23 0.26 0.23 0.24 0.01 0.77
Abdominal fat 0.98 1.02 0.81 1.03 0.82 0.07 0.78
Duodenum 0.57 0.63 0.56 0.58 0.62 0.02 0.50
Jejunum 0.98 0.95 0.94 1.02 0.98 0.02 0.78
Ileum 0.58 0.70 0.66 0.65 0.60 0.02 0.19
Caeca 0.69 0.61 0.64 0.60 0.64 0.02 0.35
Spleen 0.28 0.25 0.24 0.26 0.23 0.01 0.86
Thymus 0.48 0.47 0.45 0.43 0.47 0.02 0.97
Bursa of Fabricius 0.08 0.08 0.09 0.08 0.08 <0.01 0.92

Note:  LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 
conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed 
FPLS plus multienzyme at high stocking density; BW= body weight; SEM= standard error of means.
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Complete Blood Counts of the ICC
 
Full blood counts were investigated in the pres-

ent study, and we found that platelet distribution 
widths (PDW) were lower in HSD, HSD+FPLS, and 
HSD+FPLS+mE when compared with LSD chicks. 
Santimone et al. (2011) previously reported that during 
inflammation, the numbers of platelets (thrombocytes) 
increased while PDW decreased because platelets 
become smaller and more monotypic. Note that high 
stocking density is often attributable to the inflamma-
tory conditions in chickens (Magnuson et al., 2020). With 
regard particularly to HSD+mE, the ICC in this group 
had no significant difference in PDW when compared 
with that in LSD group. This may suggest that the 
HSD+mE chicks experienced less stress conditions due 
to high stocking density. An earlier study by Müller 
Fernandes et al. (2015) showed that dietary enzymes 
(i.e., protease, amylase, xylanase, and galactosidase) 
could alleviate the stress condition due to high stocking 
density in broiler chickens. Likewise, Lee et al. (2019) 
noticed that phytase might serve as a stress alleviator in 
broiler chickens due to hot temperature. In this study, 
the numbers of lymphocytes tended to be lower in HSD 
as compared particularly to HSD+mE chicks. High 
stocking density has usually been associated with the 
stress condition, which may implicate in the decreased 
lymphocyte value in chickens (Qaid et al., 2016). Indeed, 
the higher lymphocyte value in the HSD+mE ICC chicks 
seemed to be contributed by the role of multienzyme in 
ameliorating the stress condition due to high stocking 
density (Müller Fernandes et al., 2015; Lee et al., 2019).   

Serum SOD, MDA, Biochemical Indices, and 
Antibody Titers against NDV of the ICC

The SOD is an enzyme that plays a key role in ani-
mals’ first adaptation to different stress environments 
(Surai et al., 2019). Compared to LSD, the ICC in HSD 
group had higher concentrations of SOD, indicating that 
stress due to high stocking density enhanced the level of 
SOD in the blood of chickens. This current result was in 
contrast to the report of Li et al. (2019), documenting the 
decreased SOD concentration in the serum of poultry at 
high stocking density. The increased production of SOD 
is, in fact, an adaptive mechanism of poultry during 
stress conditions to mitigate free radical formation and 
avoid oxidative stress. The SOD is decreased only when 
the stress condition becomes more severe (Surai et al., 
2019). In this study, the rearing of 16 chicks per square 
meter seemed to exert mild stress, not severe stress (as 
there was no noticeable increase in MDA level). As a 
result, the increased SOD level in HSD was most likely 
the adaptive response of the ICC to stress-related high 
stocking density. With regard particularly to HSD+mE 
chicks, their SOD levels were lower compared to the 
other chicks. The SOD is an inducible enzyme, and that 
free radical is the prominent factor inducing the produc-
tion of SOD in poultry (Surai, 2016). Taken together, the 
capacity of multienzyme in reducing the production of 
free radicals (Attia et al., 2020) could therefore be attrib-
uted to the lower need of SOD for neutralizing the free 
radicals. Compared to LSD, the chicks in HSD+FPLS 
and HSD+FPLS+mE groups showed higher SOD levels. 
In this study, FPLS seemed to contribute to the increase 
SOD level of the ICC. This assumption was supported 
by our previous study showing the increased SOD con-

Table 9.  Eviscerated carcass and commercial proportions of Indonesian crossbred chickens given dietary experimental up to 10 weeks 
of age

Variables
Treatments

SEM p value
LSD HSD HSD+mE HSD+FPLS HSD+FPLS+mE

Eviscerated carcass (% live BW) 60.7 60.7 60.3 60.2 60.2 0.22 0.90
% eviscerated carcass

Breast 25.5 25.4 25.5 25.5 25.0 0.15 0.77
Wings 14.6 14.6 14.6 14.7 14.5 0.10 0.99
Thigh 17.4 17.7 17.0 17.3 17.1 0.13 0.51
Drumstick 17.2 16.7 16.7 17.2 17.3 0.12 0.33
Back 25.3 25.5 26.2 25.7 26.1 0.15 0.25

Meat color
Breast meat 

L* 47.0 47.7 47.2 47.7 46.6 0.49 0.95
a* 4.79ab 5.71ab 6.17ᵃ 4.00ᵇ 6.11ᵃ 0.27 0.04
b* 10.6 11.9 10.4 12.1 11.9 0.25 0.10

Thigh meat
L* 49.3 50.7 51.0 50.9 50.3 0.25 0.19
a* 11.2ᵃ 7.89ᵇ 6.44ᵇ 7.51ᵇ 6.93ᵇ 0.34 <0.01
b* 10.8ᵃ 9.91ab 9.15bc 10.3ab 8.19c 0.23 <0.01

Note:  LSD= chicks fed conventional feed at low stocking density; HSD= chicks fed conventional feed at high stocking density; HSD+mE= chicks fed 
conventional feed plus multienzyme at high stocking density; HSD+FPLS= chicks fed FPLS at high stocking density; HSD+FPLS+mE= chicks fed 
FPLS plus multienzyme at high stocking density; BW= body weight; L*= values of lightness; a*= values of redness; b*= values of yellowness; SEM= 
standard error of means.
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centration in broilers fed with fermented cassava pulp 
and Moringa oleifera leaf powder (Sugiharto et al., 2020b).

Our result showed that HDL level was lower in 
HSD+mE than those in LSD, HSD, and HSD+FPLS. 
Irrespective of the stocking density effect, dietary 
administration of multienzyme seemed to reduce the 
serum HDL concentration of the ICC. The explanation 
for such a latter circumstance was not definitely known, 
but multienzyme may increase the fiber digestibility 
(Attia et al., 2012), thus decrease bile acid secretion in 
the small intestine and consequently decrease HDL in 
serum (Aghili et al., 2019). In support of our result, Amer 
et al. (2020) pointed out that dietary supplementation 
of AlphaGal (galactosidase; EC 3.2.1.22) also decreased 
the blood concentration of HDL in broiler chickens. 
In contrast, however, Attia et al. (2020) pointed out 
that multienzyme treatment increased HDL level in 
the serum without affecting the apparent digestibil-
ity of crude fiber of broilers. The variations in chicken 
breeds, enzymes (types and doses), feeds, and other 
trial circumstances may be accounted to the various 
results above. Irrespective of stocking density, feeding 
FPLS resulted in a lower albumin concentration in the 
serum of the ICC. It was most likely that the high fiber 
content in the feed containing FPLS may be attributed 
to the reduced protein digestibility (Sobayo et al., 2012), 
thus reduced the total protein and albumin values in 
the serum of poultry (Law et al., 2018). With regard to 
HSD+FPLS+mE, the high fiber content in the feed may 
be compensated by multienzyme in improving the 
digestibility of fiber and protein (Attia et al., 2012; 2020) 
that eventually increase total protein and albumin in the 
serum of broilers. There was an obvious tendency that 
high stocking density decreased the serum creatinine 
level of the ICC. This finding was in contrary to that 
pointed out by Silas et al. (2014) that stocking density 
had no noticeable impact on the serum creatinine level 
of broiler chickens. In general, serum creatinine is de-
rived from creatine in the muscle (Patel et al., 2013). 
Given that high stocking density may induce stress, 
which can attenuate the creatine biosynthesis (Gonzalez-
Esquerra & Leeson, 2006), the lower serum creatinine 
levels in HSD than that in LSD could therefore be 
understood. Moreover, multienzyme and FPLS seemed 
to alleviate the stress-related high stocking density and 
therefore could maintain the levels of serum creatinine 
in the ICC.  

Selected Bacterial Counts and Intestinal Morphology 
of ICC

The counts of Enterobacteriaceae were reduced in the 
cecal content of HSD+FPLS compared to that of LSD and 
HSD chicks. Regardless of the effect of stocking den-
sity, the antibacterial activity of papaya seed (Sugiharto, 
2020) and leaves (Lonkala & Reddy, 2019) in FPLS 
may be responsible for the reduced Enterobacteriaceae 
population in the cecum of ICC in the present study. 
Indeed, the fermented feed component itself may also 
lead to the reduced count of Enterobacteriaceae in the 
cecal content of ICC, as was previously indicated by 

Olukomaiya et al. (2019) in broiler chickens. In this cur-
rent trial, treatment posed no impact on the intestinal 
morphology of the ICC. This finding was in contrast 
to the result reported by Kridtayopas et al. (2019), 
showing the decreased villous height and the ratio of 
villous height to crypt depth in broilers at high stock-
ing density. In general, there was a close connection 
between intestinal morphology and intestinal bacterial 
population in poultry. Kridtayopas et al. (2019) reported 
that broiler chickens bred under high stocking density 
exhibited higher pathogenic bacteria, lower lactic acid 
bacteria, lower intestinal villi, and a lower ratio of villi 
height to crypt depth in comparison to normal stocking 
density. In the current study, the bacterial populations 
in the small intestine (particularly in the ileum) were not 
different among treatment groups. For this reason, the 
absent impact of treatments on the small intestinal mor-
phology of the ICC could therefore be understood. The 
differences in the type of chickens, the number of chicks 
per square meter, and the condition during the trial are 
among the arguments explaining the divergent impacts 
of particularly stocking density on poultry. 

Internal-organ Weights and Carcass Traits of the ICC

In this study, the effect of stocking density was not 
substantial on the internal-organ weight of the ICC. In 
accordance with this finding, Sekeroglu et al. (2011) 
found no effect of stocking density on the relative 
weight of broiler chickens’ internal organs. Irrespective 
of the effect of stocking density, feeding FPLS resulted 
in lower a* values in the breast meat when compared, 
especially to the multienzyme treatment. It was most 
likely that high fiber content in diets impaired protein 
digestibility (Sobayo et al., 2012) and thus reduced pro-
tein availability and deposition in the breast meats. Note 
that there is a positive relationship between protein 
content and a* values of chicken meat (Sugiharto et al., 
2019c). With regard to multienzyme, such treatment 
may improve fiber and protein digestibility (Attia et al., 
2012; 2020), and thereby increase the muscle protein 
deposition as was indicated by the higher a* values. In 
thigh meats, high stocking density decreased a* values 
of meat, regardless of the dietary treatments. Perhaps, 
stress conditions due to high stocking density increased 
myoglobin oxidation and thereby reduce a* values of 
chicken meats (Pan et al., 2018). Irrespective of the effect 
of stocking density, the b* values were lower in HSD 
+mE and HSD+FPLS+mE as compared to control. It has 
been thought that b* values may reflect the oxidative 
meat stability, in which higher b* values are associated 
with the improved oxidative stability of chicken meats 
(Szymczyk et al., 2007). In general, chicken meats, espe-
cially thigh meat, are vulnerable to fat oxidation as it 
is rich in polyunsaturated fatty acids (Botsoglou et al., 
2002). In respect to the action of complex enzymes in in-
creasing the polyunsaturated fatty acids in broiler meats 
(Disetlhe et al., 2019), the more sensitive thigh meats in 
HSD +mE and HSD+FPLS+mE chicks to lipid oxidation 
could therefore be understood. 
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CONCLUSION

High stocking density resulted in mild stress condi-
tions, as was demonstrated by the increased SOD (as an 
adaptive mechanism to avoid oxidative stress) and de-
creased PDW and redness values of the ICC thigh meat. 
Combination of FPLS and multienzyme ameliorated the 
adverse effect of high stocking density-induced stress by 
increasing the production of SOD to scavenge or neu-
tralize the excess free radicals.  The improved antioxida-
tive status due to feeding FPLS and multienzyme was 
attributed to the health improvement (demonstrated 
by the increased numbers of lymphocytes and reduced 
cecal Enterobacteriaceae count) in chicks. The improve-
ment in health seemed to increase energy allocation for 
growth and hence improved income over feed cost of 
the ICC. Overall, the combination of FPLS and multi-
enzyme was beneficial to alleviate the negative effect of 
high stocking density on the ICC.
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