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INTRODUCTION

Growth performance and meat quality are among the 
main drives in ruminant livestock industry. Perfor-

mance is usually influenced by nutritional quality, palata-
bility, consumption rate and feed digestibility. Meat quality 
includes flavor, tenderness, color, shelf-life and healthiness 
for the consumer (North et al., 2019). Besides feed, meat 
quality is also influenced by the metabolic system in the 
body of livestock. For instance, lipid oxidation causes a 

decrease in the shelf life and meat quality, loss of weight 
and nutritional value, changes in color, flavor and texture 
(Lorenzo and Gómez, 2012; García-Lomillo et al., 2017; 
Ding et al., 2015).

One of the efforts to increase the growth performance and 
meat quality is through the supplementation of growth 
promoters or synthetic antioxidants. Nitrite, butylated hy-
droxytoluene (BHT), butylated hydroxyanisole (BHA), 
tert-butyl hydroquinone (TBHQ) and propyl gallate (PG) 
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are several synthetic antioxidants used in the livestock 
industry (Aminzare et al., 2019). However, these addi-
tives have been reported to have negative impacts on the 
health of consumers and carcinogenic potential (North et 
al., 2019; Landers et al., 2012; Zhong et al., 2009). In line 
with these evidences, it is necessary to find alternative safe 
and healthy feed additives that concomitantly can increase 
growth performance and meat quality of ruminants. There-
fore, the interest regarding natural antioxidants as dietary 
addives has been increasing in recent years (de Florio et al., 
2017; Ehsani et al., 2012). 

Catechins are flavonoid compounds with some hydroxyl 
groups and are able to enhance the skeletal muscle prop-
erty and antioxidant activity (Agrawal et al., 2020; Li et 
al., 2019).  Catechins increase mitochondrial biogenesis 
and angiogenesis (Nogueira et al., 2011; Huttemann et al., 
2013), inhibit the activity of myostatin (Gutierrez-Salmean 
et al., 2014) and promote muscle regeneration (Kim et al., 
2017).  Catechins have antioxidant capacity by authorita-
tive to free radicals and expanding the activity of antiox-
idant endogenous enzymes such as superoxide dismutase, 
glutathione peroxidase, and catalase (Higdon and Frei, 
2003; Abd El-Aziz et al., 2012). Supplementation of green 
tea catechins at 2, 3 or 4 g/kg feed had been detailed to 
progress the average daily gain (ADG) of goats (Tan et al., 
2011), increase natural antioxidant and meat quality (kept 
under aseptic condition at 4°C), namely enhance color sta-
bility and decreased thiobarbituric acid reactive substance 
and drip loss of meat (Zhong et al., 2009). 

Catechins can be extracted from various plant sources such 
as grape, cherry, pear, apple, and green tea (Agrawal et al., 
2020). Each catechin source has a more dominant type of 
catechin with its own unique character. Generally, there 
are eight natural substances of catechin, namely catechin, 
epicatechin, catechin gallate, epicatechin gallate, gallocat-
echin, gallocatechin gallate, epigallocatechin, and epigal-
locatechin gallate (Ananingsih et al., 2013; Dalluge and 
Nelson, 2000). 

A catechin source that widely available in Indonesia is the 
gambir plant. Phytochemical content detected in gambir 
leaves were mostly catechin (50%), pyrocatechol (20-30%), 
gambirin (1-3%), red kateku 3-5 (3-5%), quercetin (2-4%), 
wax (1-2%), and alkaloids (2-5%) (Nurdin and Fitrimiwa-
ti, 2018). Ibrahim et al. (2016) also reported that the main 
content of gambir was catechin. Catechin content of gam-
bir was about 50.87-55.40% (Anggraini et al., 2019). Ex-
traction using a UV-VIS spectrophotometer showed that 
Uncaria gambir contains catechins up to 85.3% (Musdja 
et al., 2018). However, there is a lack of study attempted 
to utilize extract of gambir leaf as a feed additive for ru-
minants.

This experiment therefore aimed to explore the impact of 
dietary gambir leaf extract supplementation on goat per-
formance and meat quality.  

MATERIALS AND METHODS

ethicAl APProvAl
The Institutional Animal Care and Use Committee, In-
donesian Agency for Agricultural Research and Develop-
ment (IAARD) has approved all the procedures used in 
this study with the approval number: Balitbangtan/Lolit-
kambing/Rm/02/2019.

sAmPle PrePArAtion
Gambir leaves were obtained from farmers’ plantations in 
Halaban, Payakumbuh, West Sumatera, Indonesia, and ex-
tracted by traditional method. The leaves of gambir were 
harvested and steamed immediately using an aluminum 
container for 1.5 hours and then pressed. Gambir extract 
solution was macerated for 12 h, filtered, pressed and dried 
under the sun in a greenhouse for 3-4 days. The gambir 
extract was then ground into fine powder (80 mesh) and 
used as a feed additive.

exPerimentAl AnimAls And dietAry treAtments
A total of 18 Boerka male goats crossbred (Boer x Indo-
nesian local) with average initial body weight of 21 ± 2 
kg (average age of 10 months) were arbitrarily conveyed 
into three dietary treatments (six replicates each), specifi-
cally: T0 (basal diet without gambir supplementation), T1 
(basal diet + 2 g/kg DM gambir extract), and T2 (basal 
diet + 4 g/kg DM gambir extract). Each goat was fed with 
approximately 4% body weight (on DM basis), consisted 
of Dwarf elephant grass (Pennisetum purpureum cv moot) 
(60%) and concentrate (40%). The ingredients and chem-
ical composition of basal diet and catechin content of leaf 
gambir extract are shown in Table 1. Fresh water was freely 
supplied. Feeding trial was carried out for three months 
with an adaptation period of two weeks. 

AnAlyticAl Procedure
Feeding amount and residual feed were weighed every 
day to calculate feed intake levels. All goats were weighed 
every two weeks to adjust the amount of feeding. Aver-
age daily gain (ADG) was calculated based on initial body 
weight, final body weight and days of the feeding period. 
At the end of feeding period, the goats were humanely 
slaughtered in line with the approved procedures by The 
Institutional Animal Care and Use Committee, Indone-
sian Agency for Agricultural Research and Development 
(IAARD). The skin, feet, head, gastrointestinal tract and 
viscera organs were removed from the carcass and were 
weighed. Approximately 0.2 kg of Gluteus medius (GM) 
muscles were sampled for meat quality analysis. The pH 
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Table 1: Ingredients and chemical composition of basal experimental diet, and catechin content of gambir leaf extract
Ingredient (% DM) Chemical compositions
Dwarf elephant grass 60 Organic matter (% DM) 88.18
Palm kernel cake 8 Crude protein (% DM) 14.94
Cornstarch 8 Crude fiber (% DM) 22.13
Rice Bran 12 Ether extract (% DM) 4.91
Soybean Meal 2
Coconut Meal 6 Gambir leaf extract 
Fish flour 1.2 Catechin (%) 62.46
Molasses 2
Salt 0.4
Minerals 0.4

value of meat was measured using a pH meter. Meat and fat 
color were tested using a meat color card (Aus-Meat, Aus-
tralia). Color score was starts from 1 (pale red) to a score 
of 7 (dark red). Tenderness test was conducted according 
to the Hopkins method (Hopkins et al., 2010). The meat 
sample was boiled for 35 min using a water bath at 71°C. 
The meat sample was formed with a cylinder corer tool and 
measured the value of its breaking power using the Warn-
er-Blatzer shear tool. Cooking loss (CL) was measured by 
calculating the ratio of the weight loss of the meat sample 
after cooking for 1 h in water bath at 80°C with the initial 
weight (Babikerm et al., 1990). The chemical composition 
of meat quality was determined by using the method of 
AOAC (2019).  

stAtisticAl AnAlysis
Data for feed intake, average daily gain, carcass and 
non-carcass proportions, meat quality and meat nutrient 
contents of Boerka goats were analysed by analysis of vari-
ance, using the General Linear Model (GLM), Univariate 
Model procedure of SPSS 25.0 (SPSS Inc., Chicago, IL, 
USA). If significant, further analysis was done using Dun-
can’s test.

RESULTS AND DISCUSSION

Feed intAKe And AverAge dAily gAin
Gambir leaf extract supplementation had a non-significant 
effect on the feed intake of dry matter, organic matter, crude 
protein, crude fiber and ether extract (Table 2). It indicated 
that nutritional content of ration was relatively same for 
each treatment. The amount of feeding was proportional 
to each animal. These data also illustrated that addition of 
gambir leaf extract up to 4 g/kg DM did not have a neg-
ative effect on level of ration palatability. With the same 
intake, gambir leaf extract addition at 2 and 4 g/kg feed 
increased (P<0.05) the ADG by 52.9% and 48.1% as com-
pared to the control treatment, respectively. The increase of 
ADG occured apparently due to activity of phytochemical 

in gambir leaf extract. Phytochemical types in gambir leaf 
extract were mostly catechins (40-60%) and tannins (16-
25%) (Yeni et al., 2014). These compounds contributed to 
increase ADG through several mechanisms. Tannins were 
able to bind proteins and protect them from rumen micro-
bial activity (Bunglavan and Dutta, 2013; Min et al., 2005). 
Therefore, the protein would be available in intestine as a 
by-pass protein which was ready to be absorbed and used 
for growth (Waghorn, 2008). Tannins also played a role in 
increasing feed energy efficiency by reducing formation of 
methane in the rumen. Tannins inhibited growth of meth-
anogenic archaea (Carulla et al., 2005) and devaunated 
protozoa which were growth medium for methanogenic 
archaea in the rumen (Goel et al., 2008). Feed energy could 
be optimized for growth because energy requirement to 
form methane was reduced.

Like tannin, catechin contributed to increase ADG with 
similar mechanisms relatively. Catechin was a polyphenol 
that have many hydroxyl groups (Agrawal et al., 2020), so 
it was able to bind proteins (Yang et al., 2009), prevent the 
formation of methane by binding hydrogen (Becker et al., 
2014), inhibit the growth of methanogenic archea (Osk-
oueian et al., 2013), and reduce the population of proto-
zoa (Sinz et al., 2018). The catechin content of gambir leaf 
extract used in this study was quite large, namely 62.46%.  
Thus, catechins were believed to contributed significantly 
to the increase in ADG.

Apart from the mechanisms, catechins had a positive role 
in metabolism and muscle cell formation which was be-
lieved to contribute on increasing of animal growth. Cat-
echins maintain balance of protein synthesis and degra-
dation, increase absorption and metabolism of glucose 
and lipid, stimulate cell growth and formation of skeletal 
muscle mass (Li et al., 2019). Catechins stimulated differ-
entiation of muscle cells by increasing production of heavy 
chain myosin and expanding the expression of myogenic 
regulatory factors and myocyte enhancer factor (Gutier-
rez-Salmean et al., 2014; Lee et al., 2017). Catechin also 
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Table 2: Feed intake and average daily gain of Boerka goats supplemented with gambir leaf extract 
Items  T0 T1 T2 Sig.
Dry matter intake (g/d) 609±80.7 627±55.1 626±67.1 ns
Organic matter intake (g/d) 495±118 556±48.9 516±76.9 ns
Crude protein intake (g/d) 89.1±11.7 91.4±8.0 87.2±12.5 ns
Crude fiber intake (g/d) 123±16.4 124±10.9 121±14.7 ns
Ether extract intake (g/d) 33.5±4.9 35.1±3.1 34.7±4.5 ns
Average daily gain (g/d) 64.0±14.1b 97.8±15.5a  94.7±14.5a  *

Different superscripts within the same row are statistically different at P<0.05. T0 = Basal diet; T1 = Basal diet + 2 g/kg DM gambir 
leaf extract; T2 = Basal diet + 4 g/kg DM gambir leaf extract; * = significant (P<0.05); ns = not significant.

Table 3: Carcass and non-carcass proportions of Boerka goats supplemented with gambir leaf extract
Parameter (% body weight) T0 T1 T2 Sig.
Carcass 48.6±1.48 47.9±0.95 47.1±0.50 ns
Digestive tract 18.8±0.67b 20.9±0.33b 24.9±2.11a **
Rumen-reticulum 1.35±0.13b 1.41±0.17b 1.76±0.19a *
Small intestine and colon 6.40±0.26 5.85±1.26 7.02±0.34 ns
Heart 0.60±0.02a 0.42±0.04b 0.46±0.09ab *
Liver 1.72±0.09 1.54±0.10 1.58±0.05 ns
Kidneys 0.34±0.09 0.26±0.05 0.25±0.03 ns
Lung 0.88±0.09 0.77±0.04 0.77±0.06 ns
Skin 10.4±0.46 9.5±0.46 9.4±0.81 ns
Head 9.37±1.81 8.28±0.57 8.02±0.04 ns

Different superscripts within the same row are statistically different at P<0.05. T0 = Basal diet; T1 = Basal diet + 2 g/kg DM gambir 
leaf extract; T2 = Basal diet + 4 g/kg DM gambir leaf extract;  **= highly significant (P<0.01); * = significant (P<0.05); ns = not 
significant. 

Table 4: Meat quality of Boerka goats supplemented with gambir leaf extract.
Parameter T0 T1 T2 Sig.
pH 5.78±0.04 5.88±0.18 5.90±0.12 ns
Tenderness (kg/cm2) 7.13±1.98 5.17±0.72 6.87±1.0 ns
Cooking loss (%) 48.0±2.87 40.8±8.79 46.9±5.15 ns
Meat colour 2.0±0.0 2.0±0.0 2.0±0.0 ns
Fat colour 2.0±0.0 2.0±0.0 2.0±0.0 ns

T0 = Basal diet; T1 = Basal diet + 2 g/kg DM gambir leaf extract; T2 = Basal diet + 4 g/kg DM gambir leaf extract; ns = not 
significant. 

Table 5: Meat nutrient contents of Boerka goats supplemented with gambir leaf extract
Parameter T0 T1 T2 Sig.
Dry matter (%) 23.7±0.7a 23.2±0.21ab 22.6±0.71b **
Organic matter (% DM) 98.9±0.06 98.9±0.03 98.8±0.08 ns
Crude protein (% DM) 18.8±1.10 19.3±0.72 18.2±1.23 ns
Ether extract (% DM) 0.79±0.14ab 0.45±0.06b 0.87±0.04a *

Different superscripts within the same row are statistically different at P<0.05. T0 = Basal diet; T1 = Basal diet + 2 g/kg DM gambir 
leaf extract; T2 = Basal diet + 4 g/kg DM gambir leaf extract; **= highly significant (P<0.01); * = significant (P<0.05); ns = not 
significant.
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indirectly increases skeletal muscle improvement by hin-
dering myostatin activity (Gutierrez-Salmean et al., 2014; 
McDonald et al., 2015). Myostatin binds the ActRIIA / B 
receptor on the cell membrane and regulates muscle growth 
negatively (Rebbapragada et al., 2003). Epicatechin has the 
ability to upregulate follistatin expression, binds myostatin 
C-terminals and restrains interactions between myostatin 
and its downstream receptors, accordingly repressing the 
physiological function of myostatin (Gutierrez-Salmean et 
al., 2014). 

cArcAss And meAt quAlity
The carcass proportions of Boerka goats were comparable 
among the dietary treatments (Table 3). The percentage of 
carcass was relatively in the normal range, where according 
to Ensminger et al. (2002), goat carcass range is 37-55% of 
body weight. These data illustrate that gambir leaf extract 
supplementation up to 4 g/kg feed did not have a negative 
effect on carcass. Several non-carcass components also did 
not appear to be significantly different between treatments, 
namely small intestine and colon, liver, kidneys, lung, skin 
and head. The supplementation of gambir leaf extract has 
an effect (P<0.05) on reducing heart weight and increasing 
the weight of the rumen, reticulum and digestive tract.

The pH value of the meat was relatively same in each treat-
ment and was in the normal range, 5.78 to 5.9 (Table 4). 
Supplementation of gambir leaf extract as much as 2 and 4 
g/kg feed did not have a negative impact on the meat phys-
ical quality, namely cooking loss, meat color and fat color. 
The pH value of meat was influenced by feed intake, stress 
during slaughter, species, individual livestock and muscle 
type (Soeparno, 2011). All of these components were rela-
tively same in each treatment; therefore the pH value was 
not significantly different. Feed additive of gambir leaf ex-
tract has no effect on feed intake and pH value.

The pH value of the meat will affect cooking loss, where the 
increase in the pH of the meat will reduce cooking loss of 
goat meat (Lawrie, 2003). The same pH value causes cook-
ing loss value in this study to be not different relatively. The 
cooking loss value was in the normal range and lower than 
the results of Tao et al. (2021) study, where the cooking loss 
value of goat meat was ranged at 44,58 - 51.38%. The pH 
value also affects meat color and meat fat color. The color of 
meat and fat in this study did not differ in each treatment 
with a score of 2. The assessment of meat quality using a 
color card showed that the Boerka goat meat in this study 
was classified as bright red, where this color is usually fa-
vored by consumers. 

The tenderness rate of meat ranges from 5.17 to 7.13 kg/
cm2.  Pearson et al. (1989) explained that the value of meat 
tenderness into four categories, namely tender (scale 0-3), 

quite tender (scale 3- 6), tough (scale 6-11), and not suit-
able consumption (above 11). Based on this scale, the sup-
plementation of gambir leaf extract was able to increase 
the tenderness of meat from a tough scale in the control 
treatment to be quite tender by giving gambir leaf extract 
2 g/kg feed. 

The nutritional quality of meat in this study was consid-
ered quite high as presented in Table 5. The dry matter 
content ranged from 22.63 to 23.66 % of fresh meat with 
organic material content of 98.83 to 98.87 %, protein con-
tent of around 18.24 to 19.33%, and ether extract about 
0.45 to 0.87 % mutton in dry matter. The supplementation 
of gambir leaf extract 2 g/kg DM was proven to reduce 
ether extract content from 0.79 to 0.45%, 43.04% com-
pared to the control. The decrease in the amount of fat con-
tent is believed will increase the shelf life of meat, because 
the oxidation of fat which causes the low storage capacity 
will be reduced. The most variables that impact lipid oxi-
dation in meat are fat substance and fatty acid composition 
(Domínguez at al., 2019). Lipid oxidation causes a decrease 
in meat quality, including rancid odor, discoloration, loss of 
nutrients, decreased shelf life, and accumulation of harmful 
compounds (Falowo et al., 2014).

CONCLUSION

Gambir leaf extract additions did not have any negative 
effects on nutrient intake and ration palatability of Boerka 
goats. It increased average daily gain of the goats, increased 
tenderness and maintained physical quality and nutritional 
value of the mutton. 
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