
      Journal of Animal Health and Production

March 2026 | Volume 14 | Issue 1 | Page 342

Abstract | Papain and bromelain are plant-derived proteolytic enzymes that may enhance protein degradation and 
nutrient availability in livestock. This study aimed to evaluate the effects of oral administration of papain or bromelain 
on rumen fermentation characteristics, blood metabolite profiles, and meat quality of thin-tailed sheep. Fifteen female 
thin-tailed sheep (8–10 months old; body weight 12.75 ± 0.30 kg) were randomly assigned to three groups (n = 5 
per group): a control group, a papain-treated group (36 mg/kg body weight), and a bromelain-treated group (36 mg/
kg body weight), with treatments administered orally. Sheep were fed a diet consisting of 70% starter concentrate 
and 30% Pennisetum purpureum for 12 weeks. The parameters measured included rumen fermentation characteristics, 
blood metabolites profile, feedlot performance, and meat quality. Oral administration of papain or bromelain tended 
to reduce nutrient intake (P < 0.10) and increase the molar proportion of propionate (P = 0.08). In addition, bromelain 
administration tended to increase blood albumin concentration compared with the control (P = 0.06). No differences 
were observed in average daily gain, final body weight, and carcass traits by papain or bromelain oral administration. 
T﻿he administration of papain significantly increased (P<0.05) the meat moisture content compared to bromelain, but 
in general, no changes were observed in the quality of lamb meat with the administration of papain or bromelain. In 
conclusion, oral administration of papain or bromelain at 36 mg/kg BW may modify rumen fermentation characteristics 
but is insufficient to enhance growth performance and meat quality. 
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INTRODUCTION

The sheep population in Indonesia has shown a consistent 
increase over the years. This condition is due to the 
increasing demand for mutton and lamb chops, especially 
in Java and Sumatra islands, which are rich in traditional 
cuisine. Improving the feeding efficiency is a key to 

fulfilling the growing demand in sheep production. The 
efficient digestion process is essential for supporting 
growth performance and product quality in intensive 
sheep production systems. Among various strategies, feed 
additives, particularly exogenous enzymes, offer a great 
potential to modulate the rumen microbial activity and 
enhance nutrient digestibility (Chung et al., 2012). 
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Papain and bromelain, plant-derived proteases that are 
widely known for their application in meat tenderization 
through the breakdown of both myofibrillar and connective 
tissue fractions postmortem (Ramli et al., 2018; Maqsood 
et al., 2018). Both proteases were reported to improve 
the tenderness and nutritive value by decreasing shear 
force and increasing amino acid content in the treated 
meat (Malek et al., 2016; Singh et al., 2018; Xu et al., 
2020). Many studies have reported the effectiveness of 
papain and bromelain applied at post-mortem by meat 
marination or injection on meat tenderization (Maqsood 
et al., 2018; Habtu et al., 2020; Marino et al., 2023). Their 
proteolytic activities are stable across a wide range of pH 
and temperature conditions (Pavan et al., 2012). Papain 
has an optimal temperature of 50-60 oC (Kusumadjaja 
and Dewi, 2010; Malle et al., 2015). In acidic conditions, 
Bromelain enzyme activity is optimum at the temperature 
range of 10–20 °C, while in alkaline conditions, the 
temperature for optimum bromelain activity is 30–40 °C. 
Besides that, at neutral pH values, a temperature of 40–60 
°C is required to achieve the optimum activity (Manzoor 
et al., 2016). Despite its application postmortem, both 
proteases gained interest as an oral supplement to 
livestock. Those enzymes have been demonstrated to 
have antibacterial properties against various pathogens 
(Ahamed et al., 2016; dos Anjos et al., 2016), which 
could promote a beneficial microbial population in the 
rumen. The proteolytic activity of bromelain could break 
down feed components and enhance the availability 
and digestibility of nutrients (Pimentel et al., 2022). 
Therefore, they may influence rumen fermentation and 
nutrient digestibility. These changes may be reflected in 
blood metabolite profiles such as glucose, albumin, and 
lipid parameters.

Several studies in poultry reported that bromelain 
can improve intestinal morphology, enhance nutrient 
absorption, modulate immune systems, and improve 
meat quality (Akit et al., 2019; Yenice et al., 2023). 
Bromelain inclusion has shown a positive effect on rumen 
fermentation characteristics and nutrient digestibility 
in cattle (Khongpradit et al., 2022). Only a few studies 
have examined protease supplementation in ruminants 
(Contreras et al., 2009; Putriana et al., 2020), while 
comparative trials evaluating the oral administration of 
papain and bromelain in ruminants remain scarce. The 
present study aimed to evaluate the effects of oral papain 
and bromelain administration on rumen fermentability, 
blood metabolite profiles, feedlot performance, and meat 
quality of thin-tailed sheep. Our study may provide new 
insights into the potential use of papain and bromelain in 
sheep production systems. 

MATERIALS AND METHODS

This research got approval from Directorate of Management 
for Research and Innovation Permit and Scientific 
Authorities, National Research, and Innovation Agency 
of Indonesia with number of Ethical Clearance: 192/
KE.02/SK/10/2023 and was conducted in accordance with 
animal experimental guidelines provided by Directorate 
of Management for Research and Innovation Permit and 
Scientific Authorities, National Research and Innovation 
Agency of Indonesia. 

Animals and dietary treatments
The feeding trial was conducted for 12 weeks (84 days), 
which was preceded by 7-day adaptation period. Fifteen 
female thin-tailed lambs (8-10 months old, BW 12.75 ± 
0.30 kg) were used in this study, located at the Pamoyanan 
Local Farm, Bogor, West Java, Indonesia. The treatments 
were with no administration (control=C; n=5), 36 mg/
kg BW papain administration (n=5), and 36 mg/kg 
BW bromelain administration (n=5). The number of 
animals was selected based on comparable sheep trials 
and chosen to ensure statistical reliability, while also 
considering ethical considerations for animal use. The 
papain (100,000 u/g activity) was obtained from Nanning 
Pangbo Bioengineering Service Co., Ltd (China), while 
bromelain (50,000 u/g activity) was obtained from Ningbo 
Dingyuan Biotechnology (China). Previous oral bromelain 
study in dairy goats applied 185 mg/kg BW for 7 months 
(Contreras et al., 2009). In this study, the dosage was selected 
to evaluate safety and metabolic responses in meat-type 
small ruminants. Although enzyme activities differed, equal 
supplementation dosing was used to ensure comparable 
administration volumes and handling under practical farm 
conditions. This study was designed to assess the relative 
enzyme response rather than absolute activity equivalence. 
The enzyme was offered by top dressing at morning feeding, 
while the control treatment received a placebo. 

Feeding management 
All animals were individually housed and fed concentrate 
and Pennisetum purpureum cv. Thailand in the ratio of 
70:30. The formulation followed the requirements of sheep 
(NRC, 2007). The ingredients and chemical composition 
ratio of the concentrate mixed with grass are presented 
in Table 1. Animals were fed three times a day based 
on 4% DMI of their BW for 12 weeks. Individual daily 
intake, including concentrate, forage, and supplements, 
was recorded, while the water was available ad libitum. 
The forage and concentrate were collected as a sample for 
proximate analysis by using an FT-NIR Spectrometer 
solid cell (NIRFlex N-500, BUCHI, Switzerland). Every 
two weeks, the body weight was measured at 09.00 a.m. 
before morning feeding. 
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Table 1: Nutrient content of forage and concentrate of the 
basal diet.
Nutrient (%) Pennisetum purpureum 

cv. Thailand
Concen-
trate

Dry matter 16.10 88.30
Ash 8.59 6.18
Crude protein 11.10 16.30
Crude fat 1.39 2.28
Crude fiber 33.00 10.20
Nitrogen-free extract 45.90 65.00
Total digestible nutrient1 67.30 75.40

1Wardeh (1981).

Rumen fluid and blood samples collection
Individual blood samples were collected 2 hours after 
morning feeding on the last day of the proteases 
administration through the jugular vein using an EDTA 
collection vial for plasma metabolite measurements. The 
EDTA plasma was separated by centrifugation (3000 rpm 
for 15 min) and stored at -20 oC until analysis. After the 
last blood collection, rumen fluid was collected using an 
oral stomach tube method (Shen et al., 2012). The pH 
measurement was done from fresh rumen fluid, and about 
0.5 mL of rumen fluid was kept on glycerol medium 
for total bacteria population, and 1 mL on trypan blue 
formalin saline for total protozoa analysis. A total of 2 
drops of HgCl2 were added to the rest of the rumen fluid 
sample before being stored at -20 oC until further analysis.

Rumen fermentation analysis
Rumen fluid pH was immediately measured with a portable 
pH meter (HI99163, Hanna Instrument, Romania). 
Concentration of total and partial VFA was analyzed using 
gas chromatography Scion 436 GC-MS (Bruker Corp., 
Germany). Ammonia concentration was analyzed using 
the Conway micro-diffusion method following Jayanegara 
et al. (2016). Total bacteria were counted using the roller 
tube method, while total protozoa population was counted 
using the Fuchs-Rosenthal counting chamber (Ogimoto 
and Imai, 1981).

Blood metabolite analysis
All metabolite profiles, including glucose, triglyceride, 
cholesterol, total protein, and albumin, were measured 
using colorimetric kits number ETI11210400-6, 
ETI11630200-2, ETI10150200-5, ETI115700400-5, 
and ETI15600400-4 from Human Diagnostic worldwide 
(Weisbaden, Germany), respectively. 

Slaughter procedures and meat quality 
measurements
On day-85, lambs were weighed and slaughtered according 
to Halal protocols. The hot carcass weight and initial meat 

pH were recorded immediately post-slaughter. The left leg 
of each carcass was removed, vacuum-sealed, and aged at 
2°C for 7 days. The physicochemical analysis of leg meat 
was evaluated at 7 days. The leg meat was cut, and then 
the rest of the samples were stored at -20 °C. Samples for 
cooking loss, shear force, and meat color were prepared 
unblended, and results were obtained promptly. 

At seven days of aging, about 200 g samples of minced leg 
meat were divided to analyze the chemical composition, 
calcium content, and cholesterol. The meat’s chemical 
composition (moisture, crude protein, and crude fat) was 
analyzed using the standard AOAC method (AOAC, 
2019). The physicochemical parameters of meat were 
analyzed 7 days post-mortem using a calibrated portable 
pH meter (HI99163, Hanna Instrument, Romania). 
Cooking loss (%) was assessed by weight difference before 
and after cooking at 75 °C for 50 minutes in a water bath. 
Then, samples for cooking loss were utilized to assess shear 
force with a Warner-Bratzler shear force equipment. The 
greater force required to cut through the muscle fibers 
indicates the enhanced toughness of the meat. The water-
holding capacity was determined by the centrifugation 
method described by Fassah et al. (2023). The water-
holding capacity (WHC) was calculated by quantifying 
the moisture retained in the meat sample relative to the 
initial moisture content. 

Statistical analysis
All data were assessed for deviations and mean using an 
analysis of variance by SPSS Statistics software (version 
26.0; IBM Corp, Armonk, NY, USA). Standard errors of 
the mean (SEM) were calculated as the standard deviation 
divided by the square root of the sample size, based on the 
raw experimental data. Orthogonal contrast (control vs. 
papain, control vs. bromelain, and papain vs. bromelain) 
was used to compare the effects of papain and bromelain 
administration. Statistical significance level was set at P ≤ 
0.05, and tendencies were designated at 0.05 ≤ P ≤ 0.10. 

RESULTS AND DISCUSSION

Nutrient intake
Protease oral administration tended to reduce (P<0.10) 
nutrient intake (dry matter, crude protein, crude fat, ether 
extract, and nitrogen-free extract) compared to the control 
group, while a significant reduction (P<0.05) was observed 
for bromelain compared to the control (Table 2). Papain 
administration showed a tendency to lower intake of ether 
extract (P= 0.09) and nitrogen-free extract (P= 0.10) 
compared to the control group. 

The reduction in nutrient intake due to proteases 
administration may be associated with changes in nutrient 
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Table 2: Effect of oral Papain or Bromelain administration on nutrient intake of thin-tailed lambs. 
Parameters Control Papain Bromelain SEM P-Value

P-Val-
ue

Control vs 
Papain

Control vs 
Bromelain

Papain vs 
Bromelain

Total DM intake/BW0.75 (g/d) 69.3 63.0 60.7 1.68 0.08 0.11 0.03 0.53
Total nutrient intake/BW0.75

Crude protein (g/d) 10.6 9.59 9.25 0.26 0.09 0.10 0.04 0.55
Crude fiber (g/d) 10.3 9.42 8.98 0.25 0.08 0.13 0.03 0.43
Ether extract (g/d) 1.46 1.32 1.27 0.03 0.08 0.09 0.03 0.55
Ash (g/d) 4.62 4.21 4.04 0.11 0.08 0.11 0.03 0.50
Nitrogen-free extract (g/d) 42.4 38.5 37.1 1.03 0.09 0.10 0.03 0.55

SEM = standard error mean, BW = body weight; DM = dry matter.

Table 3: Effect of oral Papain or Bromelain administration on rumen fermentation characteristics of thin-tailed lambs.
Parameters Control Papain Bromelain SEM P-Value

P-Value Control vs 
Papain

Control vs 
Bromelain

Papain vs 
Bromelain

pH 6.83 6.79 6.58 0.07 0.33 0.82 0.18 0.25
Total bacteria, log CFU/mL 12.2 12.3 11.2 0.33 0.33 0.84 0.24 0.18
Total protozoa, log CFU/mL 5.33 5.31 5.27 0.02 0.61 0.83 0.36 0.48
NH3, mM 17.8 20.6 20.6 0.63 0.11 0.07 0.07 1.00
Total volatile fatty acid, mM 204.3 203.6 198.6 4.20 0.87 0.95 0.64 0.68
C2, % 50.1 45.9 44.4 1.34 0.22 0.20 0.10 0.65
C3, % 38.4 43.3 42.4 1.01 0.08 0.04 0.08 0.65
isoC4, % 0.98 1.10 1.09 0.05 0.60 0.38 0.42 0.94
C4, % 9.29 8.52 10.8 0.52 0.21 0.52 0.24 0.09
isoC5, % 0.78 0.73 0.81 0.02 0.48 0.46 0.65 0.25
C5, % 0.51 0.49 0.47 0.03 0.92 0.84 0.69 0.84
C2/C3 ratio 1.31 1.07 1.05 0.06 0.12 0.09 0.07 0.85

SEM = standard error mean.

utilization and metabolic efficiency (Zheng et al., 2020; 
Rao et al., 2022; Wang et al., 2023; Rodriguez-Carias et al., 
2018). In this study, proteases increase the molar proportion 
of propionate (Table 3). As a major gluconeogenic 
substrate in ruminants, propionate provides more energy 
to meet metabolic demands. Although digestibility was 
not measured in this study, an improvement in nutrient 
utilization may promote earlier satiety, leading to lower feed 
intake while maintaining adequate nutrient requirements. 
In comparison to the control, bromelain administration 
showed a significant reduction in nutrient intake compared 
to papain; however, no significant effect was observed in 
the nutrient intake between the two proteases. Bromelain 
and papain are proteolytic enzymes, but they may have 
different specific activities in the digestive process. In 
this study, the enzyme activity of the bromelain used was 
lower than that of papain, which reflects the broader range 
of proteolytic activity compared to papain. Proteolytic 
activity can be influenced by environmental factors such 
as temperature and pH. Recently, there has been no direct 

comparison between bromelain and papain on their effects 
on nutrient intake in lambs. Previously reported, bromelain 
showed a broader optimal pH and temperature ranges, 
lower activation energy, and higher catalytic efficiency, 
which make it exhibit more digesting proteins and lower 
nutrient intake (Manzoor et al., 2016; Corzo et al., 2012; 
Ansari et al., 2025). In line with our study, the addition 
of exogenous proteolytic enzymes to dairy cattle has been 
shown to improve nutrient digestibility while feed intake 
was decreased (Eun and Beauchemin, 2005). Our results 
suggest that papain and bromelain may support nutrient 
efficiency by acting on the digestion process, enabling 
lambs to maintain performance despite reduced nutrient 
intake. Bromelain provides a greater impact on feed 
utilization efficiency, reflected in lower nutrient intake. 

Rumen fermentation
Oral administration of papain or bromelain did not change 
the rumen pH and microbial population, while protease 
administration showed an increasing trend (P=0.08) in 
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the propionate molar proportion (Table 3). Lambs offered 
both individual proteases showed an increasing trend 
(P=0.07) in NH3 concentrations compared to the control. 
Papain administration significantly increased (P<0.05) 
propionate molar proportion compared to control, while 
bromelain showed a tendency (P=0.08) to increase 
propionate and have lower (P=0.10) acetate. Compared 
to papain, bromelain administration showed a tendency 
to produce more butyrate (P=0.09). Individual protease 
administration showed a tendency to have a lower (P < 
0.10) acetate/propionate ratio. 

Our study revealed a potential shift in rumen fermentation 
patterns toward more efficient energy utilization following 
the administration of papain or bromelain. Papain or 
bromelain, as a proteolytic enzyme, may improve protein 
degradation, increase the availability of amino acids 
and peptides, which are then rapidly deaminated by 
ruminal microbes, releasing ammonia (Xu et al., 2019). 
In addition, bromelain has been shown to improve dry 
matter digestibility and crude protein digestibility, which 
may be reflected in higher rumen ammonia concentrations 
(Putriana et al., 2020). 

An increase in propionate molar proportion was observed 
as a trend due to papain or bromelain administration in 
comparison to the control. Volatile fatty acids are produced 
from microbial fermentation of carbohydrates in the 
rumen. These results were in line with our ammonia data, 
which was elevated by proteases administration. Ammonia 
is a critical nitrogen source for microbial protein synthesis 
in the rumen, which may influence microbial population 
(Xu et al., 2019), including propionate-producing bacteria, 
even without changing total bacteria numbers (Sparks et 
al., 2011). Furthermore, this change might downregulate 
the activity of acetate-associated fibrolytic bacteria such as 
Fibrobacter succinogenes, which shifts the microbial balance 
(Gleason et al., 2021).
 
Although there is no change in bacterial and protozoal 
populations, the enhanced propionate production suggests 
a shift in rumen microbial fermentation due to the 
enzymatic effect of the proteases. Oral administration 

of proteases is expected to contribute to initial stage of 
protein degradation within the rumen before they are 
degraded. Despite their generally low bioavailability 
in ruminants, a partial enzyme activity may persist 
long enough to hydrolyze dietary proteins and alter the 
microbial fermentation pathways (Lorkowski, 2012; Song 
et al., 2022). Although methane was not measured in this 
study, previous studies suggested that increased propionate 
formation may indicate improved hydrogen utilization 
and lower methane production, leading to a more energy-
efficient fermentation process favorable for growth 
(Ungerfeld 2020; Palangi and Lackner 2022; Sun et al. 
2015; Nguyen et al. 2018). Overall, papain and bromelain 
administration can modulate rumen fermentation by 
enhancing nutrient availability, favoring propionate over 
acetate production without major changes in the total 
microbial population. 

Blood metabolites
As shown in Table 4, bromelain administration showed a 
tendency to have higher blood albumin compared to the 
control. However, no significant differences (P>0.05) were 
observed in any measured parameters, including glucose, 
triglycerides, and total protein, by papain or bromelain 
administration (Table 4). The lack of changes suggests that 
the proteases administration may have a minimal impact on 
modulating nutrient metabolism in this dosage. However, 
our results suggest that proteases are metabolically safe and 
do not disrupt the blood metabolites homeostasis in lambs. 

In this study, bromelain administration tended to result 
in higher serum albumin levels compared to the control 
(P= 0.06), while no change was observed with papain 
administration. This result may reflect the changes in 
protein synthesis, possibly linked to the stronger proteolytic 
action of bromelain to improve nutrient digestibility and 
absorption. In this study, an increase in serum albumin 
was observed alongside the numerical increase in ruminal 
ammonia levels. This result may suggest more deamination 
process of dietary protein or microbial turnover, resulting 
to greater nitrogen availability for protein utilization 

Table 4: Effect of oral Papain or Bromelain administration on the blood metabolites of thin-tailed lambs.
Parameters Control Papain Bromelain SEM P-Value Reference1

P value Control vs 
Papain

Control vs 
Bromelain

Papain vs 
Bromelain

Glucose (mg/dL) 85.6 78.8 86.8 2.89 0.51 0.36 0.88 0.29 33.00-98.10

Triglyceride (mg/dL) 18.0 18.3 23.5 1.58 0.31 0.94 0.18 0.20 5.00-78.00
Total protein (g/dL) 6.51 6.68 6.68 0.11 0.76 0.53 0.53 1.00 3.10-11.40
Albumin (g/dL) 3.43 3.59 3.69 0.06 0.17 0.24 0.06 0.44 1.12-5.38

SEM = standard error mean. 1Varanis et al. (2021).
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Table 5: Effect of oral Papain or Bromelain administration on physicochemical meat quality of thin-tailed lambs.
Parameters Control Papain Bromelain SEM P-Value

P-Value Control vs 
Papain

Control vs 
Bromelain

Papain vs 
Bromelain

Moisture (%) 74.3 76.9 72.6 0.85 0.11 0.20 0.39 0.04
Protein (%) 18.7 19.9 20.4 0.44 0.28 0.27 0.13 0.66
Fat (%) 3.60 4.47 4.03 0.55 0.73 0.55 0.89 0.46
pH 5.43 5.43 5.50 0.02 0.29 0.92 0.17 0.19
Water holding capacity (%) 86.2 83.0 84.0 0.99 0.44 0.22 0.38 0.71
Cooking loss (%) 30.3 30.2 31.3 1.87 0.97 0.98 0.86 0.84
Shear force (kg/cm2) 2.65 2.48 2.27 0.14 0.53 0.61 0.27 0.55

SEM = standard error mean

(Tan et al., 2021; Xu et al., 2019). Previously reported, 
elevated ruminal ammonia has been associated with changes 
in blood parameters, including blood urea nitrogen and 
albumin levels (Hare et al., 2023). Additionally, enhanced 
microbial activity induced by enzymatic treatments has 
been linked to elevated ammonia concentrations and 
shifts in blood nitrogen indicators (Fomichev et al., 2019). 
Although the rumen microbial population remained 
unchanged, bromelain administration may have improved 
protein digestion efficiency and amino acid absorption, 
thereby supplying more substrates for albumin synthesis. 
The numerical trends of albumin increased may indicate 
the potency of the metabolic benefits of bromelain by 
increasing dosage for administration. 

Feedlot performance
No significant changes (P>0.05) in average daily gain and 
final body weight were observed with papain or bromelain 
administration (Figure 1a, b). Neither protease significantly 
affected (P>0.05) hot carcass weight or carcass percentage 
of female thin-tailed lambs (Figure 1c, d). 

Figure 1: Effect of papain or bromelain oral administration 
on feedlot performance of female thin-tailed sheep. 
Average daily gain (a); final body weight (b); hot carcass 
weight (c); carcass percentage (d). 

In this study, protease administration showed a tendency 
to increase the molar proportion of propionate. However, 
using current dosages, this improvement did not translate 
into measurable gains. This is especially relevant in 
ruminants, since the muscle accretion changes require 
longer adaptation periods to dietary modifications (Thanh 
et al., 2022; Wang et al., 2024). However, the improvement 
in fermentation and nutrient digestibility observed in 
this study could support enhanced growth if they were 
administered in higher dosages or over a longer period. 
While current dosages of protease administration did not 
show significant improvements in growth and carcass 
quality, a trend in the shift of rumen fermentation pattern 
showed a promising result. 

Meat quality
In this study, chemical and physical meat properties 
were not different (P>0.05) between treatments (Table 
5), whereas papain administration exhibited higher 
moisture content (P= 0.04) compared to bromelain. The 
comparable physical traits between treatments (P>0.05) 
indicate that protease administration did not adversely 
affect meat physical quality. Proteases, such as papain 
and bromelain, can degrade muscle proteins and reduce 
meat toughness when applied exogenously in the meat 
tenderization process (Manohar et al., 2016). In this 
study, both proteases were administered orally, resulting 
in enhancement of nutrient digestion and absorption. The 
tendency to increase ammonia and serum albumin levels 
by protease administration supports its effect in enhancing 
digestion and absorption; however, it has not had a 
significant impact on the chemical composition of lamb 
meat. Papain administration contained approximately 10% 
more intramuscular fat compared to bromelain, although 
the difference was not significant. The numerical higher 
fat may partially explain the higher moisture content 
observed, as fat acts as a physical barrier that limits the 
water loss and interacts with muscle proteins to stabilize 
water within the tissue (Daszkiewicz et al., 2005). It 
has been reported that intramuscular fat helps preserve 
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muscle fiber integrity during cooking, reducing structural 
shrinkage and moisture evaporation, which can result in 
greater apparent water retention (Im et al., 2024).

The lack of a substantial shift in these meat components 
affects the physical quality parameters. Water holding 
capacity and cooking loss are strongly influenced by the 
stability and structure of muscle proteins, while shear force 
reflects the connective tissue content and myofibrillar 
integrity (Al-Moadhen et al., 2024). Protein structure and 
its interaction with water molecules are critical for water 
holding capacity, influencing juiciness and tenderness 
(Hughes et al., 2014). Higher fat content in meat is 
associated with lower cooking loss since it retains more 
moisture during cooking, resulting in less weight loss, 
and lower shear force values indicating more tender meat 
( Jung et al., 2016). Thus, no significant enhancement in the 
chemical composition of meat showed a similar structure 
and functional properties of meat. These findings would 
likely result in minimal variation in sensory characteristics, 
which reflect consumers’ perception of lamb meat (Monaco 
et al., 2015). Overall, our study suggests that the current 
dosage and administration duration were not sufficient 
to improve the quality of lamb meat. A longer feeding 
duration or higher dosages of administration are required 
to confirm the effectiveness of papain or bromelain 
administration to enhance the meat quality of lambs. 

CONCLUSION

Oral administration of papain or bromelain at a 36 mg/
kg body weight effectively modulates rumen fermentation, 
notably by increasing the molar proportion of propionate 
and reducing nutrient intake. However, the current 
administration period did not significantly improve feedlot 
performance or meat quality characteristics. These findings 
suggest that oral papain or bromelain administration 
shows a promising positive effect on influencing rumen 
fermentability. A longer-term administration period and 
higher dosages are recommended to clarify its effects on 
feedlot performance and meat quality improvements in 
thin-tailed sheep production. 
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