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ABSTRACT

The objective of research was to determine the effect of different protein levels on the carcass
and meat characteristics of male Bali cattle fattened in smallholder farms. The cattle used were 18
heads aged 2 to 2.5 years with initial body weight of 229.86+12.46 kg. The experimental cattle were
randomly divided into 3 treatment groups i.e., Ty, Ty, and T.. The T, group cattle were fed ration ac-
cording to traditional practices of fattening cattle by farmers (100% forage). The T; group cattle were
fed ration with 12% CP and 72% TDN. The T, group cattle were fed ration with 15% CP and 72%
TDN. The variables measured were final body weight and the characteristics of the carcass (meat, fat,
and ratio of meat to bone), and meat quality including the chemical composition of the meat (protein,
fat, and collagen), meat tenderness, cooking loss, water holding capacity, and degree of acidity (pH).
Data were analyzed by variance analysis. Results of research showed that the final body weight, and
weight of carcass, meat, and fat of T, and T, groups were similar; conversely, those parameters in
T, group cattle were lower (P<0.05) that those in T; and T, groups cattle. The meat protein content
of T, and T, groups cattle were similar; conversely, T, group cattle had lower (P<0.05) meat protein
content compared to T; and T, groups cattle. Fat content of T, group of cattle was higher (P<0.05) than
that of T, group; while moisture contents and cooking losses of T, group cattle were higher (P<0.05)
compared to those of T, and T, groups cattle. Collagen content of meat in T; group cattle was higher
than (P<0.05) that in T, group cattle, but T, group cattle had similar meat collagen content to T, and
T, groups cattle. Meat tenderness of T, group cattle was higher (P<0.05) compared to those of T, and
T, group cattle. It is concluded that the male Bali cattle fed ration with 12% CP and 72% TDN can
increase the carcass characteristics and meat quality. This proves that the productivity of male Bali
cattle can be increased when fed ration with adequate protein with a balanced energy content.
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INTRODUCTION

Bali cattle are indigenous beef cattle in Indonesia
which have great potential for producing quality meat
under local conditions compared to the other domestic
strains of cattle or imported cattle. Carcass production
is quite high (Oka et al., 2012), with an average reaching
52.76% (Suryanto et al., 2014). Moreover, Bali cattle have
adapted to poor nutritional conditions such as those
found during the dry season, are highly fertile, and have
low calf mortality (Panjaitan et al., 2014). The potential
value of Bali cattle has encouraged farmers to raise them
to increase their family income levels.

Nevertheless, the pattern for raising livestock on
a typical smallholder farm is still largely traditional in
terms of feeding, which means the quality assurance
and quantity impact on livestock productivity are not

optimized (Tahuk & Dethan, 2010). Evidence of this
situation was documented by Panjaitan et al. (2014) who
reported that average daily weight gain of male Bali
cattle fattened with Leucaena leucocephala was 0.512 kg/
day during January-June but the average only 0.35 kg/
day during July-December. Tahuk & Dethan (2010)
reported that the average daily weight gain (ADG) and
feed conversion ratio for male Bali cattle fattened by
farmers during the rainy season were 0.53 kg/day and
7.55, respectively. The report by Tahuk et al. (2018")
indicated the ADG of male Bali Cattle fattened in small-
holder farms during the rainy season was 0.51 kg/head/
day; conversely, during the dry season, the ADG was
only 0.30 kg/head/day.

The above reports show that Bali cattle definitely
have enough potential to produce profitable carcasses
when the animals are able to obtain sufficient feed.
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Conversely, the carcasses produced by these livestock
were not optimal when the feed obtained was not suf-
ficient in quality or quantity.

Observations made by groups of farmers also show
that the availability of protein is abundant, more than
enough to meet the needs of livestock. This condition of
sufficiency is established because the majority of farmers
can use legumes as animal feed. However, the avail-
ability of digestible energy is not sufficient because the
farmers rely on the structural carbohydrate sources such
as grassy fields (Tahuk et al., 2017). As a result, cattle are
not able to obtain a proper balance between protein and
energy sufficiency. Therefore, the low performance of
Bali cattle when fed with this forage in feedlots is pre-
sumably related to the lack of availability of digestible
energy in the forage used. According to Ali et al. (2014),
the indicator for feed efficiency is average daily gain
(ADG). Reduced or low body weight gain may be due to
the lack of feed efficiency in feed ingredients. Therefore,
the amount of increase in body weight is also an indi-
cator of the quality of feed used in fattening livestock
(Tahuk & Dethan, 2010).

Tahuk et al. (2017) reported that improving the
fattening feed by adding digestible carbohydrates with
a formulation consisted of 12% crude protein (CP) and
72% total digestible nutrients (TDN), which resulted
in a higher growth rate for male Bali cattle fattened on
smallholder farms. Efforts are being made to improve
the performance of male Bali cattle being fattened on
smallholder farms by improving the composition of the
feed, considering both sufficient quantities and proper
nutrient balance, especially the balance between protein
and energy. Referring to the report by Tahuk et al. (2017)
above, the use of CP and TDN at the level of 12% and
75% is thought to be able to produce better carcass char-
acteristics and meat quality compared with other types
of feed treatments. Based on the background informa-
tion cited above, this study was focused on determining
carcass production and meat quality of male Bali cattle
on smallholder farms when fattened with rations with
different protein levels.

MATERIALS AND METHODS
Cattle, Research Design, and Animal Feed

The research was conducted for a 90 day period, us-
ing 18 male Bali Cattle aged 2 to 2.5 years with average
initial body weight of 229.86+12.46 kg. Each animal was
placed randomly within individual cages, which created
18 individual 1.5 x 2.0 m plots that were equipped with
separate feed and water boxes. The 90 days period for
cattle raising included 14 days for adjustment period.
Feed was distributed three times a day, at 7:00 a.m.,
12:00 a.m., and 17:00 p.m. local time. Drinking water
was available ad libitum.

Forage and concentrates were fed to the cattle sepa-
rately; in the first stage of feeding, the cattle were given
forage; after 60 min allotted for forage consumption,
in the second stage the cattle were given supplemental
concentrates as needed. To analyze the chemical com-
position and quality of meat, samples (as much as 700
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g each) were taken from the Longissimus dorsi and Biceps
femoris muscles.

The research design used was completely random-
ized design. The cattle were divided into three treat-
ment groups, with one group designated as a control
group (T,), and two groups selected to be treated with
specific, modified rations (T, and T,). Each group con-
sisted of six cattle. In the T, group cattle, the ration fed
to the cattle varied according to the traditional practice
used by farmers for fattening cattle. The crude protein
(CP) and total digestible nutrients (TDN) contents of
food consumed by the T, group were determined to be
17.0% and 65.51%, respectively. For the T, group and T,
group cattle, rations were prepared with different levels
of crude protein, containing iso-energy in the form of
TDN. The T, group cattle were fed rations with 12%
crude protein (CP) and 72% energy (TDN), and the T,
group cattle were fed rations with 15% CP and 72% en-
ergy (TDN). The rations were composed of native grass,
Gliricidia sepium, corn meal, and rice bran. The type and
chemical composition of feedstuffs and the ration for-
mulations are shown in Tables 1 and 2. In order to avoid
a shortage of nutrients, especially minerals, during the
fattening process, the experimental cattle were given
additional mineral supplements produced by Medion,
Bandung composed of 165,000 mg Calcium; 52,000 mg
Phosphorous; 157,000 mg Sodium; 2500 mg Iron; 2500
mg Copper; 2000 mg Manganese; 125 mg lodine; 50 mg
Cobalt; 5000 mg Selenium; and 10 mg Zinc. The distri-
bution was 2% per 100 kg of concentrate mixture used.

Measurement Variables and Data Collection

The variables measured in this study were the
characteristics of the carcass (meat, fat, and ratio of meat
to bone), and meat quality including the chemical com-
position of the meat (protein, fat, and collagen), meat
tenderness, cooking loss, water holding capacity, and
degree of acidity (pH).

Determination of slaughter weight and carcass charac-
teristics. The experimental cattle were slaughtered after
the animals had previously fasted for + 24 hours. The
slaughter weights were obtained by weighing the cattle
shortly before slaughtering. The hot carcass weight was
obtained by weighing the carcass after slaughtering. The
hot carcass percentage was obtained by comparing the
hot carcass weight to the slaughter weight, multiplied
by 100%. The percentages of carcass components of
meat, trim fat, and bone were obtained by comparing
the weight of each component of the carcasses with the
carcass weight, multiplied by 100%.

Determination of the chemical composition of the
meat. The chemical compositions of meats were deter-
mined by using the Near-Infrared (NIR) Spectroscopy
method by utilizing the Food Scan Meat Analyzer
(Osborne, 2006). Procedure for determination: The sam-
ples were ground (milled) using a meat grinder; then
the samples were weighed (+ 30 g); then the samples
were inserted into the cup/sample cups (with 15 cm di-
ameter) and then leveled to the average (surface sealed).
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Table 1. The chemical composition of feedstuffs used for male Bali cattle fattening on smallholder farms, with different levels of pro-

tein (% of DM)

Kinds of feed DM (%) OM Ash Ccp EE CF NFE* TDN**  NDF ADF
Native grass 36.54 8471  15.29 6.08 4.11 32.8 41.72 57.3 68.72 39.74
Gliricidia sepium 2427 8756 1244 2419 1255  14.51 36.31 7221 32.98 21.87
Leucaena leucocephala 25.25 90.19 9.81 25.65 8.41 18.96 29.52 79.79 34.11 18.47
Sesbania grandiflora 2033 8529 1471 2177 8.9 13.18 3294 75.06 24.72 15.85
Pennisetum purpuroides 2524  86.62 1338 1198 4.68 31.07  32.37 46.69 68.09 36.24
Banana stem (Musa x paradisiaca) 1040 8549 1451 3.31 7.57 3236  32.08 54.77 47.65 25.85
Banana leaves (Musa x paradisiaca) 2212 91.06  15.01 4.37 23.17 8.9 39.87 50.69 - -
Cassava leaves (Manihot utilissima) 24.42 90.34 9.66 24.52 8.23 19.47 31.16 79.45 - -
Corn meal 90.09  98.81 119 7.89 1.44 1.82 87.66 87.66 22.14 1.99
Rice bran 90.42  84.49 8.26 6.97 2.03 1737  65.37 65.37 54.67 40.32

Note: *NFE=[100 - (% Ash + % CF + % EE + % CP)]; **TDN= According to the equation from Hartadi et al. (1980); NDF= Neutral detergent fiber, ADF=

Acid detergent fiber

Table 2. The rations used for male Bali cattle fattening on small-
holder farms, with different levels of protein

Number Ration nutrient

Treatments Feedstuff of usage composition (%)
(%) CP TDN

To* Forage 100 17.09 65.51
Ty Native grass 14 0.85 9.92
Gliricidia sepium 30 7.26 21.66

Corn meal 39 3.08 32.66

Rice bran 17 1.18 8.61

Total 100 12.37 72.85

T, Native grass 13 0.79 9.21
Gliricidia sepium 46 11.13 33.22

Corn meal 28 2.21 23.45

Rice bran 13 0.91 6.58

Total 100 15.03 72.46

Note: *Adjusted with feed provided by the farmers. Forage proportions
included: natural grass 33.76%, Gliricidia sepium 26.71%, Leucaena
leucocephala 26.99%, Sesbania glandiflora 3.52%, Pennisetum purpu-
roidess 1.78%, and other feedstuffs 7.24%.

The computer that was connected with the food-scan
tool was turned on; the icon for food scan was clicked
or “Menu” was selected and then the food-scan program
was launched; configuration was selected by specifying
the parameters of the test including fat, protein, colla-
gen, and water; wavelengths were set between 800-1400
nm. The sample cup was inserted into the food-scan
space; the food-scan analysis tool was selected and acti-
vated by pressing “Run/On.” 15 minutes elapses, during
which time the tool detected and read the average mois-
ture, protein, fat, and collagen in % units. At the end,
the sample was given a unique sample code and the file
reading was saved.

Determination of meat quality

1. Determination of Water Holding Capacity (WHC)
(Abraham & Sivakumar, 2000). The stages of mea-
surement begin with determining free water content
(FWC). Measurement procedures: Around + 0.3 g
sample was placed on filter paper. The two plates

were pressed under a load of 35 kg for + 5 minutes.
The image area was established with a plastic trans-
parency and the specific area (cm?) was determined.
The equation to calculate WHC was: mgH.0 = vol-
ume of the wet area (cm?) / 0.0948. Free water con-
tent (FWC) (%) was calculated using the following
equation: mgH 0 / sample weight (mg) x 100%. The
total water content (TWC) was determined by us-
ing the following procedure: the filter paper (initial
weight) was weighed, and around + 1 g of sample
was weighed (sample weight) and wrapped with
the filter paper. The oven was preheated and the
sample was heated at 110°C for 8 hours. The sample
was weighed after being removed from the oven (fi-
nal weight). The TWC (%) was calculated using the
following equation: sample weight - (final weight
- initial weight) / sample weight (mg) x 100%. The
WHC (%) was calculated using the following equa-
tion: TWC (%) - FWC (%).

Determination of meat tenderness (kg/cm?)
(Shear force Warner-Bratzler method (Abraham
& Sivakumar, 2000); AMSA, 2015). Measurement
procedure: Around 20 g sample was weighed and
placed in a polypropylene plastic and packed with
a vacuum pack. The sample was heated in a water
bath at 80°C for 30 minutes. Next, the sample was
removed from the water bath and after cooling, the
sample field of the size of 1.5 x 0, 67 cm or 1x1 cm
was determined or form a tube measuring a certain
area in the direction of the fibers of the meat. The
test sample plate was placed on the tool with the
fiber direction in a transverse position, and the
Warner-Braztler shear machine was turned on. The
tool cut the meat fibers. The result of measurement
was recorded. The measurement was repeated 2 or
3 times.

Determination of the degree of acidity (pH)
(Abraham & Sivakumar, 2000). Measurement
procedure: Samples of meat were mashed by chop-
ping or with a meat grinder. Around 2 grams of the
mashed/ground meat was weighed for a sample
and then the sample was diluted in 18 mL of dis-
tilled water, stirred/mixed until homogeneous, and
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then the mixture was filtered. The following steps
were done using a pH meter calibrated by using
buffer solutions of pH 4 and pH 7. The pH of the
filtrate samples were measured by a pH meter and
the measurements were recorded. Each sample was
measured in duplicated; after each pH measure-
ment, the pH meter was checked for standardized
calibration with buffer solutions of pH 7 and pH 4.
The specification tool used was Testers: HI 9811X
Piccolo, Hanna instrument.

4. Determination of cooking loss (Jama et al., 2008).
Measurement procedure: Around + 20 g sample
was weighed and placed in a plastic polypropylene.
The samples were packed using a vacuum pack
then heated in a water bath at 80°C for 30 minutes.
The cooking loss (%) was determined by equation:
A -B/A x100%, where A and B were the weights of
the sample before and after heating (g).

Statistical Analysis

Data were analyzed by one way analysis of vari-
ance. If there were differences among the treatments,
further tests were conducted by Duncan’s Multiple
Range Test (DMRT) (Steel & Torrie, 1995). SPSS software
version 19 was used to facilitate the analysis.

RESULTS
Characteristics of the Carcass

The slaughter weight, carcass properties, meat and
fat weights (kg) of the male Bali cattle in the T, and T,
groups were relatively similar and higher (P<0.05)
compared those in T, group. The percentage of car-
casses, meat-to-bone ratio, weight and bone percentage
of the three groups showed no significant differences.
Nonetheless, male Bali cattle fed with ration with 12%
CP (T, group) had a better carcass percentage and the
meat-to-bone ratio tended to be higher than the other
two groups (T, and T,). The meat percentage of male
Bali cattle fed with 100% forage according to the farmer
tradition (T;) was higher (P<0.05) than those of cattle
fed with ration with 15% CP and 72% TDN (T, group).
However, the Bali cattle fed with ration with 12% CP
and 72% TDN (T,) had similar meat percentages with
those fed with 100% forage according to the farmer
tradition (TO) and those fed with 15% CP and 72% TDN
(T, group). The meat percentages of male Bali cattle fed
100% forage (T, group) and those fed ration with 12%
CP and 72% TDN (T, group) were high in relation to a
lower proportion of fat (kg) when compared with the
male Bali cattle fed ration with 15% CP and 72% TDN
(T, group) (Table 3).

Meat Quality

Meat moisture, protein, collagen, and fat. The mois-
ture/water content (%) of the meat of Bali cattle fed 100%
forage according to the farmer tradition (T, group) was
higher (P<0.05) than those of Bali cattle fed ration with
12% CP and 72% TDN (T, group) and 15% CP and 72%
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TDN (T, group). However, meat protein content (%) of
male Bali cattle fed with ration with 15% CP and 72%
TDN (T, group) was higher (P <0.05) than those fed with
15% CP and 72% TDN (T, group), and the meat protein
content of the male Bali cattle fed with 100% forage ac-
cording to the farmer tradition (T, group) was relatively
equal to those of male Bali cattle fed with ration with 12%
CP (T, group) and 15% CP (T, group). The fat content (%)
of meat in the male Bali cattle fed with ration with 12%
CP and 72% TDN (T, group) was higher (P<0.05) than
those of fed 100% forage according to the farmer tradi-
tion (T, group); however, the meat fat content of male
Bali cattle fed with ration with 15% CP and 72% TDN (T,
group) was relatively equal to male Bali cattle fed with
100% forage according to the farmer tradition (T,) and
male Bali cattle fed with ration with 12% CP and 72%
TDN (T, group). The collagen content (%) of meat in the
male Bali cattle fed ration with 12% CP and 72% TDN
(T, group) was higher (P<0.05) than those of male Bali
cattle fed 100% forage according to the farmer tradition
(T, Group). In contrast, the collagen content of meat of
male Bali cattle fed ration with 15% CP and 72% TDN
(T, group) was relatively similar to those fed with 100%
forage (T, group) and 12% CP and 72% TDN (T, group).

Meat tenderness, cooking loss, water holding capacity,
and degree of acidity. The meat tenderness (kg/cm?) of
the male Bali cattle fed with 100% forage according to
the farmer tradition (T, group) and those fed with ration
with 15% CP and 72% TDN (T, group) were relatively
close or similar, but the meat tenderness of both groups
were lower (P<0.05) compared to those of male Bali cattle
fed with ration with 12% CP and 72% TDN (T, group).
The tenderness of meat in the male Bali cattle fed with

Table 3. Carcass characteristics of male Bali cattle fattened on
smallholder farms with different levels of protein

Variables To T, T,

DM intake (BW%)* 1.76+0.192 2.71x0.12¢ 2.40+ 0.14°
Feed consumption 4.60+0.602 7.76%0.28¢ 6.60+ 0.24°
(kg)*

Initial body weight 233.33+13.80 222.75+9.74  233.50+12.31
(kg)*

Final body weight (kg)* 260.67+15.31 286.08+9.11  275.924+25.33
Slaughter weight (kg)  228.60+8.652  249.40+4.16>  251.20+13.94>
Carcass weight (kg) 123.64+7.89*  138.68+1.77°  137.60+ 7.17°
Carcass percentage™ 54.07+2.39 55.61+0.93 54.79+ 0.98
Meat weight (kg) 84.98+4.472 93.16£1.94>  89.60+ 2.17°
Meat percentage 68.78+1.40° 67.18+1.19®  65.19+ 1.88°
Bone weight (kg)™ 29.82+3.23 32.20+1.92 33.56+ 3.49
Bone percentage™ 24.07+1.28 23.21+1.12 2434+ 1.28
Fat weight (kg) 8.73+0.672 13.60+1.820 14.52+ 1.65°
Fat percentage 7.06+0.232 9.82+1.40° 10.53+ 0.74>
Meat to bone rations 2.87+0.21 2.90+0.14 2.69+ 0.22

Non-carcass weight 104.96£5.712  110.72+3.82*  113.60+ 7.48°

(kg)

Note: Data were presented in average +SD; ** mean in the same row with
different supersripts differ significantly (P<0.05); ns= not signifi-
cant; *According to Tahuk et al. (2017); To= group cattle fed 100%
forage; Ti= group cattle fed ration with 12% CP and 72% TDN; T=
group cattle fed ration with 15% CP and 72% TDN.
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ration with 12% CP and 72% TDN (T, group) was related
to the high water-holding capacity and low cooking loss
compared with the other two groups.

The meat cooking loss (%) in the male Bali cattle fed
with 100% forage according to the farmer tradition (T,
group) was higher (P<0.05) than those fed with ration
with 12% CP and 72% TDN (T, group) and 15% CP and
72% TDN (T, group). However, male Bali cattle fed with
ration with 12% CP and 72% TDN (T, group) and 15%
CP and 72% TDN (T, group) exhibited the relatively
similar cooking loss. The values of the water-holding
capacity (%) in the meat of male Bali cattle fed 100%
forage according to the farmer tradition (T, group), fed
ration with 12% CP and 72% TDN (T, group), and fed
ration with 15% CP and 72% TDN (T, group) exhibited
non-significant differences and were within the normal
range. The degree of acidity (pH) of meat from the male
Bali cattle fed 100% forage according to the farmer tradi-
tion (T, group), fed ration with 12% CP and 72% TDN
(T, group), and fed ration with 15% CP and 72% TDN
(T, group) showed non-significant differences (Table 4).

DISCUSSION
Carcass Characteristics

The results of this study showed that feeding
male Bali cattle with rations containing 12% CP and
72% TDN or 15% CP and 72% TDN could increase the
slaughter and carcass weight and components of the
carcass (meat and fat), when compared to the control
group cattle fed 100% forage according to the farmer
tradition. This difference is related to the inadequate
intakes of protein and energy in the cattle fed 100%
forage according to the farmer tradition (T, group).
According to Tahuk et al. (2018°), feeding male Bali cattle
during fattening period with rations containing 12% CP
and 72% TDN improved the nitrogen balance and blood
metabolites. This condition had a direct impact on the
animal growth as was reflected in the improved growth

Table 4. The meat quality of meat from male Bali cattle fattened
on smallholder farms with different levels of protein

Variables To T, T,
Water/moisture 72.75+0.54>  71.97+0.542  71.73+0.522
(%)

Protein (%) 21.62+0.27%*  21.21+0.472  21.71+0.14°
Fat (%) 3.03+0.762 4.68+1.510 3.62+0.63®
Collagen (%) 1.56+0.142 1.72+0.09> 1.66:0.08*°
Cooking loss (%)  40.50+£1.11>  37.36+2.312  37.60+0.882
Water holding 14.93+1.60 15.79+2.48 15.07+1.40
capacity (%)™

Tenderness 7.94+1.46° 5.58+0.792 8.80+0.86°
(kg/em?)

pH™ 5.74+0.14 5.65+0.21 5.68+0.28

Note: Data were presented in average +SD; ®* mean in the same row with
different supersripts differ significantly (P<0.05); ns= not signifi-
cant; To= group cattle fed 100% forage; T:= group cattle fed ration
with 12% CP and 72% TDN; To= group cattle fed ration with 15%
CP and 72% TDN.

performance and synthesis of the body tissues (Tahuk et
al., 2017).

The carcass characteristics and chemical composi-
tion of the meat of male Bali cattle were significantly
influenced by the dietary energy and protein levels (Li
et al., 2014). The optimum ration quality in cattle was
ration containing 13% crude protein, resulting in the
highest carcass yields. Increasing CP concentrations up
to 14.5% does not further improve the carcass perfor-
mance. Similarly, cattle fed rations with only 11.5% CP
yield lower carcass production (Gleghorn et al., 2004).
That report differed from the results found in this study,
where the animals that received 12% and 15% CP yield-
ed basically the same level of carcass production. This
means that in fattened male Bali cattle, an increase in CP
concentration up to 15% is not significantly effective in
increasing the carcass production. This difference could
be due to genetics, unequal body weights of the cattle
being tested, and/or different compilations or sources of
feed rations. According to Prado et al. (2014), there was
no difference in carcass characteristics between Frisian
steers that were fed rations containing low (14.6%) and
high (16.8%) levels of protein.

In beef cattle which acquire high concentrate feed
during fattening, propionate production in the rumen
will be higher as well, which is further converted into
glucose to meet the needs of body tissue synthesis pro-
cess, resulting in a higher carcass production (Fluharty,
2009).

The meat weights (kg) of male Bali cattle fed ra-
tion with 12% CP and 72% TDN (T, group) and 15%
CP and 72% TDN (T, group) were higher than those in
male Bali cattle fed 100% forage according to the farmer
tradition (T, group) because both treatments produced
higher ADGs (Tahuk et al., 2017) and the slaughter
weights. According to Guerrero ef al. (2013), the pro-
portion of carcasses and fats in livestock is affected by
body weight. The averages daily gains of animals in the
male Bali cattle fed rations with 12% CP and 72% TDN
(T, group) and 15% CP and 72% TDN (T, group) were
0.70 and 0.47 kg/head/day, respectively, contributing to
the increased synthesis of body tissue, which led to the
higher meat production. Conversely, ADG for the male
Bali cattle fed 100% forage according the farmer tradi-
tion (T, group) was only 0.30 kg/head/day which had a
definite impact in lower synthesis of body tissue (Tahuk
etal., 2017).

Nevertheless, the meat percentage of the three
treatment groups with different crude protein intakes
did not vary significantly, with a range of 35.67 to
37.35%. The meat percentage of the male Bali cattle fed
100% forage according to the farmer tradition (T, group)
was 37.17% while in male Bali cattle fed ration with 12%
CP and 72% TDN (T, group) and 12% CP and 72% TDN
(T, group) each amounted to 37.35 and 35.67% of the
slaughter weight. According to Soeparno (2011), beef
cattle can produce meat equivalent to approximately
30%—40% of the slaughter weight. Thus, the meat pro-
duced in this study was deemed appropriate based on
the above range.
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Meat Quality

Moisture. The results of this research (Table 4) show
that male Bali cattle fed 100% forage had higher moisture
content in the meat than those fed with ration with 12%
CP and 72% TDN (T, group) and 15% CP and 72% TDN
(T, group). The higher the moisture content of meat in
male Bali cattle fed 100% forage (T, group) was closely
linked with the low-fat content of meat in this group
when compared with male Bali cattle fed ration with 12%
CP and 72% TDN (T, group) and 15% CP and 72% TDN
(T, group). On the other hand, the male Bali cattle fed ra-
tion with 12% CP and 72% TDN (T, group) and 15% CP
and 72% TDN (T, group) had lower moisture contents
in the meat because they had higher fat contents in the
meats compared with those male Bali cattle fed with
100% forage (T, group). Even though there were differ-
ences between the groups of cattle, the meat water levels
obtained in this study were still within the normal stan-
dard. Theoretically, the water content of the meat has
a negative correlation with the fat content of the meat.
Differences in water contents in the meat were affected
by the intramuscular fat contents. When the fat content
of the meat increases, it will decrease the water content of
the meat. The water contents of the muscles often had a
significant negative correlation with the fat content of the
meat (Ueda et al., 2007; Soeparno, 2011).

According to Orellana et al. (2009) and Gebrehiwot
et al. (2018), the normal water content in fresh meat
ranges from 70%-75%. Therefore, the water contents of
the meats from the three treatment groups in this study
are still in the normal range.

Protein, collagen, and fat. The meat protein contents of
the cattle fed ration with 12% CP and 72% TDN (T, group)
and 15% CP and 72% TDN (T, group) in this study were
not significantly different. However, the meat protein
contents of the two groups of male Bali cattle fed rations
with different CP percentages were higher than those of
male Bali cattle fed 100% forage (T, group). The differ-
ence in meat proteins between male Bali cattle fed ration
with different CP percentages in this study (Table 4) illus-
trates that the use of protein supplements when balanced
with sufficient feed energy may increase the production
of meat protein. According to Li et al. (2014), improved
feed nutrition such as protein and energy can increase
the deposition of fat and protein. These research condi-
tions proved that meat from cattle fed with 100% forage
and meat from cattle fed with diet with higher digestible
carbohydrates were not very different in terms of protein
contents. For cattle that are in growing phases, the rates
of protein synthesis and protein degradation increases,
and the rate of protein synthesis is often exceeds the pro-
tein degradation. For mature cattle, the rates of synthesis
and degradation decrease and eventually reach low and
balanced rates of synthesis and degradation (Soeparno,
2011).

The collagen content in the present study was
higher in the male Bali cattle fed ration with 12% CP and
72% TDN (T, group), followed by those fed ration with
15% CP and 72% TDN (T, group) and 100% forage (T,
group). The results of this study indicate the distribu-
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tion of collagen (%) in the meat of male Bali cattle vary
significantly. The collagen content of meat can differ be-
cause it is influenced by the fat content. A relatively high
fat content will dissolve or degrade collagen contents
(Moon et al., 2006).

The amount of collagen in the meat of male Bali
cattle fed ration with 12% CP and 72% TDN (T, group)
was not consistent with the above statement because it
had fairly high fat content on one side, yet had fairly
high collagen levels compared with those fed with 100%
forage (T, group) on the other side. This fact may be due
to the differences in the amounts of cross-linking in the
flesh of each group. The meat from male Bali cattle fed
ration with 12% CP and 72% TDN (T, group) was con-
sidered to have more cross-linking and collagen fibers.
According to Moon (2006), better-quality and higher-
grade muscles with higher marbling scores and better
texture scores tend to have lower total collagen contents.

The fat composition (%) of the meat in male Bali
cattle fed ration with 12% CP and 72% TDN (T, group)
was higher than in those fed 100% forage (T, group)
(Table 4) indicating that the addition of high-energy
ration resulted in the increasing fat content of the meat.
Nevertheless, the deposition of fat (inter- or intramuscu-
lar) in the meat among cattle fed 100% forage and those
fed with higher digestible carbohydrates did not differ
very much, especially in those fed with 15% CP and 72%
TDN (T, group). According to Gredell et al. (2018), feed-
ing grains in cattle can increase the collagen solubility of
the meat produced.

Meat tenderness and cooking loss. Meat tenderness is
a major quality characteristic that is highly correlated
with the overall consumers’ acceptance of beef (Czyzak-
Runowska et al., 2017). The meat tenderness (kg/cm?) of
male Bali cattle fed with 12% CP and 72% TDN (T, group)
was higher (P<0.05) than those of male Bali cattle fed
100% forage (T, group) and 15% CP and 72% TDN (T,
group), which had relatively the same tenderness (Table
4). The tenderness of meat in the male Bali cattle fed ra-
tion with 12% CP and 72% TDN (T, group) related to the
high water-holding capacity and low cooking loss com-
pared with the other two groups. According to Spehar et
al. (2008), meat tenderness is influenced by factors such
as breed/genetic differences, age, marbling, time of feed,
stress — pre-slaughter handling, ageing, and chilling rate;
and by the other factors such as intra-muscular connec-
tive tissue (IMCT) characteristics represented by total
collagen and collagen solubility (Frylinck ef al., 2015).
Moreover, the meat tenderness of the male Bali
cattle fed ration with 12% CP and 72% TDN (T, group)
was also related to the high intramuscular fat content.
The different levels of fat and collagen content in
the muscles affect the meat tenderness value (Lee ef
al., 2017). The marbling content of the muscles has a
positive correlation with the tenderness level. If the
marbling content increases, the tenderness of the meat
will also increase (Ueda et al., 2007; Highfill et al. 2012;
Frylinck et al., 2015). The sources of variations in tender-
ness in beef may be attributed by carcass composition
(marbling), breed/genetics, the age of the animal, the
duration of time given feed rations and supplements
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compared to forage, ante-mortem stress (Spehar et al.,
2008), and total and soluble collagen (Tullio ef al., 2014).

Meat tenderness of both groups of male Bali cattle
fed with 100% forage (T, group) and those fed with 15%
CP and 72% TDN (T, group) did not differ in terms of
protein content, water-holding capacity, or meat col-
lagen. These results showed that the use of high-protein
and energy feed did not have a significant impact on
meat tenderness. According to Scaglia et al. (2012), beef
cattle fattening using forage and concentrate produced
carcasses with the same tenderness.

The value of tenderness of meat is closely linked
with the collagen content of the meat. Nonetheless, this
study was inconsistent with the predicted results, be-
cause the collagen content of meat in male Bali cattle fed
ration with 12% CP and 72% TDN (T, group) was quite
high, but on the other hand the tenderness of the meat
was higher. Therefore, differences in tenderness of meat
in the male Bali cattle in this study were assumed to be
caused by the differences in crosslinking of the collagens
in the meat.

The meats with collagen crosslinking are heat
stable, so heating the meat will increase tension and
lower the tenderness of the meat. Conversely, if meats
contain collagen which exhibits a heat-labile bond, then
heating the meat will result in a greater collagen solubil-
ity, so the meat becomes more tender. The main factors
that affect the toughness level of meat are the amount of
collagen and the collagen solubility level (Lawrie, 2003).

The ranges of results of shear force measurements
of the meat tenderness are divided into three categories:
namely, tender, with the shear force range of 0-3 kg/
cm? moderate, with the shear force range of 3-6 kg/
cm? and tough, with shear force range of 6-11 kg/cm?.
If the shear force measurement results indicate a score
of more than 11, then the meat is too tough to be eaten
by humans (Pearson & Dutson, 1985). Referring to the
above references, the meat of the male Bali cattle fed
ration with 12% CP and 72% TDN (T, group) is quite
soft, whereas the meat of male Bali cattle fed 100%
forage (T, group) and fed ration with 15% CP and 72%
TDN (T, groups) are included in the tough category.
Meat tenderness in this study was lower than the meat
tenderness of Sumba Ongole bulls with averages range
of 4.10-5.10 kg/cm? (Yantika et al., 2016) and 5.21 kg/
cm? according to the reports of Kim et al. (2007), and the
reports of Khasrad et al. (2017) in Bali cattle that reached
5.84 kg/cm?.

The meat cooking losses in this study varied, and
the male Bali cattle fed 100% forage (T, group) had
cooking losses higher than either male Bali cattle fed
ration with 12% CP and 72% TDN (T, group) or those
fed ration with 15% CP and 72% TDN (T, group). The
high cooking loss of meat in male Bali cattle fed with
100% forage (T, group) indicates that the meat does not
sufficiently protect nutrients during cooking. This result
means that in the meat of male Bali cattle fed 100%
forage (T, group), the proteins’ ability to bind water is
weak. As a result, many nutrients were lost along with
the drippings that came out of the meat. Conversely,
relatively low cooking losses in the meats of male Bali
cattle fed ration with 12% CP and 72% TDN (T, group)

and 15% CP and 72% TDN (T, group) illustrate that the
nutrients in the meat were well preserved (protected)
during the cooking process.

The low cooking loss in this study was related to
the water holding capacity of the meat, which was quite
high (in the range of 14.93%-15.79%), and an ultimate
optimal pH value that ranged from 5.65-5.74. In addi-
tion, the fat contents of the meats in the male Bali cattle
fed ration with 12% CP and 72% TDN (T, group) and
15% CP and 72% TDN (T, group) were important in re-
ducing meat cooking loss. Therefore, feeding male Bali
cattle during fattening with protein levels of 12% and
15% at 72% TDN had a positive impact on meat cook-
ing losses. Fodder with high enough energy content can
increase the synthesis of intramuscular fat (marbling) so
as to protect the liquids during the cooking process.

According to Ueda et al. (2007), the cooking loss is
negatively correlated with fat content. The increase in
the intramuscular fat content can reduce the cooking
loss; on the contrary, the low intramuscular fat content
can increase the cooking loss. The amount of cooking
loss is influenced by the extensive damage to cell mem-
branes, the amount of water that comes out of the meat,
the shelf life of the meat, the amount of meat protein
degradation, and the ability of the meat to bind water
(Shanks, 2002). However, the use of different protein
levels does not affect cooking losses (Prado ef al., 2015).

Water holding capacity and the degree of acidity. The
water-holding capacity (%) of the meat did not differ sig-
nificantly between the three groups of male Bali cattle (T,
T, and T, groups), and the values were within the normal
range (Table 4). This result demonstrates that, in general,
neither 100% forage, nor feed containing either 12% CP
and 72% TDN or 15% CP and 72% TDN, negatively af-
fected the water-holding capacity of the meat obtained
from the male Bali cattle. Normally, water holding capac-
ity is affected by the pH value of the meat being tested,
but the pH of meats from each of the three treatment
groups are all within the normal pH range of 5.5. Water
holding capacity and meat quality levels are closely relat-
ed to the final pH of the muscle. The results of this study
are not much different from those reported by Agustina
et al. (2017) which indicate that the water holding capaci-
ties of meats obtained from male and female Bali cattle
are relatively similar. According to Lawrie (2003), chang-
es in carcass pH (post-mortem) affect the water holding
capacity; the higher the final pH, the higher the decrease
in water-holding capacity of the meat.

According to Cheng & Sun (2008), factors affecting
the water holding capacity (also known as WHC) of red
meat products include the growth and development of
the meat animals, genotype, diet, stresses, and stunning
methods. Other factors that will affect WHC are cooking
and cooling procedures for the final meat products: in
particular, cooking and cooling methods; the rates of
heating and cooling; the cooking temperature; and the
endpoint temperature.

The degree of acidity (pH) of the meat from the
male Bali cattle in this study was normal and the mea-
surements were relatively equivalent for the meat of
male Bali cattle fed ration with different protein and
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total digestible nutrient in the T, T,, and T, treatment
groups. This result demonstrated that the feed treatment
given had no significant influence on the meat pH of the
cattle even though high and low pH were influenced
by the total amount of glycogen reserves in the muscle,
where muscle glycogen reserves were retained by the
three groups of cattle, they were considered not to make
much impacts on the meat pH. According to Prado et
al. (2014), if the livestock is not stressed before being
slaughtered, it will produce meat with a normal pH.
The differences between the meat pH measurements
among the cattle in this study were due to the variations
between livestock and treatment prior to the cattle being
slaughtered.

CONCLUSION

Male Bali cattle fed rations with crude protein
level of 12% and TDN of 72% produced a higher-quality
carcass, as well as demonstrating that meat quality is
higher compared with the control group reared with
traditional practices typically used by farmers in fatten-
ing cattle. Feeding the male Bali cattle with rations that
contain 15% CP and 72% TDN is not any more effective,
because the carcass and meat quality produced is not
better than that obtained from the cattle which were fed
12% crude protein and 72% TDN.
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