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Abstract

This study aims to look at the role of liquid smoke as an antioxidant added in feed
supplement block and administered to cattle for 45 days on the functional properties of
meat. The level of liquid smoke in the feed and the time of maturation in Muscle
Longissimus dorsi after slaughtering cattle were the two treatment factors observed for the
functional properties of meat. The study used a complete randomized design in which
factor 1 was a 10% smoke level in the feed (0, 1, 2%) and factor 2 was maturation time (0,
2, 4, 6, 8 days). The parameters observed were water holding capacity (WHC), raw meat
shear force (RMSF), fat oxidation rate (thiobarbituric acid reactive substance) and
antioxidant activity (DPPH). The results showed that liquid smoke levels lowered the
WHC, RMSF more or less the same, increased fat oxidation rate, and antioxidant activity
more or less the same. While maturation tends to increase WHC, increase RMSF, fat
oxidation rate, and antioxidant activity. It can be concluded that liquid smoke as an
antioxidant in the diet of block supplements can maintain the functional properties of
Muscle Longissimus dorsi of Bali cattle during maturation.

1. Introduction

The functional properties of meat decreased postharvest, especially water holding capacity and shear
force value of meat. One of the causes of the decline in the functional properties of meat is stress due
to the uncomfortable treatment of livestock before slaughter resulting in oxidation of the functional
properties. Oxidation in the functional properties of meat can occur in fats and proteins; fat oxidation
results in increased rancidity, while oxidation of proteins results in decreased functional properties of
meat [1].

Efforts to provide concentrate feed during cattle fattening before slaughter and post-slaughter
handling are expected to reduce or inhibit stress due to transport and uncomfortable treatment of
livestock. Cattle that experience stress during transport and do not get adequate rest before slaughter
resulted in decreased meat quality marked by dark red meat, firm and dry texture [2]. WHC decline
and tenderness of the meat and increased cooking loss is an implication of livestock who experience
stress before slaughter [2,3].

Giving antioxidants to the feed or the meat and its processed products is an attempt made to
reduce or inhibit oxidation in the functional properties of meat. The researchers provided antioxidants
to the meat to inhibit the oxidation in which free radicals would be bound by antioxidants so that the
functional properties of the muscles persisted during postharvest handling. One such antioxidant is
liquid smoke from pyrolysis at 400°C, producing 4.13% phenol, 11.3% carbonyl and 10.2% acid [4].
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The phenol compound is one of the chemical content of liquid smoke that acts as an antioxidant and as
a preservative.

Some researchers use liquid smoke as an antioxidant in meat and its processed products; [5]
suggest that liquid smoke as an antioxidant can increase WHC and decrease cooking loss in meatballs
products. Similarly, [6] reported that the functional properties of Bali beef increase with the
administration of liquid smoke in Longissimus dorsi muscle during maturation.

The use of liquid smoke in mice was conducted by [7] in which in 14 days of observation, the
body weight of mice increased at all levels of liquid smoke exposures. Meanwhile, the liquid smoke as
an antioxidant in catfish was studied by [8]. [9] concluded that the protein of tilapia (Oreochromis
niloticus) increased to 79% with the use of liquid smoke concentration of 5% as a preservative.

Another way of giving liquid smoke as an antioxidant is to add it to the block supplement
feed. Previous studies have shown that the higher concentrations of liquid smoke in feed supplement
block decreased shear force value to 3.23 kg /cm” at a concentration of 20%. Similarly, WHC
increases with increasing maturation time [10]

This study aims to improve or maintain the functional properties of post-aging flesh through
the provision of liquid smoke as an antioxidant into the block supplement feed; UCSMB.

2. Materials and Methods

This study utilized the post-rigor Longissimus dorsi (LD) muscle, from 9 males of 2-year-old cattle fed
with Urea Coconut Smoke Multi-nutrient Blocks (UCSMB) and eclephant grass (Pennisetum
purpureum) as a source of roughages for 45 days. Longissimus dorsi muscle-derived from Bali cattle
raised in Maiwa Breeding Center Hasanuddin University, 198 km north of Makassar capital of South
Sulawesi. Muscle extraction and retrieval were performed at the slaughterhouse Tamangapa Makassar.
The liquid smoke concentration of 10% added to the UCSMB feed at 1 to 2% (w/w) functioned as an
antioxidant to preserve meat, especially during the maturation time. Longissimus dorsi muscles (LD)
were dissected from all of the nine male cattle after the slaughtering and aged for eight days with two
days interval the measurement.

Table 1. Composition of feed materials in UCSMB"

Composition (g/kg) at Levels of liquid smoke concentration of

Feed materials 10%

0% 1% 2%
1. Coconut water 30 29 28
2. Urea 5 5 5
3. Rice Bran 30 30 5
4. Cornmeal 10 10 10
5. Copra meal 10 10 10
6. Cement 10 10 10
7. Cow Mineral 2 2 2
8. Table salt 3 3 3
9. Liquid smoke 0 1 2

D Abustam e al. (2015b)
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Urea, coconut water, liquid smoke multi-nutrient block (UCSMB) is a modification of UMMB
(urea-molasses block multi-nutrient) where molasses replaced with coconut water, and liquid smoke
was added as an antioxidant [11]. There were three kinds of UCSMB used with liquid smoke in
concentration 10% treatment adapted to the levels of 0% (control), 1%, and two % in the formulation
(w/w). The composition of the feed material in UCSMB shows in Table 1.

This research used an entirely randomized design of factorial pattern of 3 x 5. The first factor
was the levels of liquid smoke in the feed block (0, 1%, and 2%) and the second factor was the aging
time (0, 2, 4, 6, 8 days) at a temperature of 2 - 5%C replicated for three times. Thus, the variables
measured included raw meat shear force value (RMSF), water holding capacity (WHC), fat oxidation
by the thiobarbituric acid reactive substance (TBARS) and antioxidant activity (DPPH). Every animal
received feeds in the form of 500 g of UCSMB, and 20 kg of Pennisetum purpureum per day for 45
days.

The shear force measured by using CD Shear Force, in which the meat samples in cylinder
form with 1 cm length and a diameter of 0.5 inches placed in the hole on CD shear force. Thus, the
samples have torn by using CD shear force knife with 1 mm thickness. The bigger the weight to tear
the meat samples, the harder the meat tenderness. SF value was in kg/cm” [2].

Measurements on WHC of raw meat was carried out by using Filter-Papers Press Method as
proposed by Hamm 1986 [2]. TBARS test was performed to measure the level of rancidity caused by
fat oxidation during maturation [12].

Measurement of antioxidant activity by methods DPPH (1, 1-diphenyl-2-picrylhydrazyl) [13]
was slightly modified. An aliquot of 3.9 mL of 0.1 mM DPPH radical in methanol was mixed with 0.1
mL of methanol extract samples. The mixture of DPPH reagent was shaken vigorously and allowed to
stand at ambient temperature in the dark for three h. Measurement of the absorbance of the sample
used with a UV-VIS spectrophotometer (Shimadzu brand) at 515 nm.

Processing of the data by utilizing analysis of variance (ANOVA) and testing between average
uses LSD based on [14] with SPSS (SPSS 16.0, SPSS Ltd., West Street Woking, Surrey, UK).

3. Results and discussion

Variance analysis showed that liquid smoke level did not significantly affect RMSF even though there
was a tendency of RMSF to increase with increasing liquid smoke level (Table 2). It indicates that
liquid smoke in UCSMB feeds up to 2% has not been able to trigger cathepsin enzymes to digest
muscle protein so that the RMSF value even increases. In theory, maturation will increase the
tenderness of meat due to the work of cathepsin enzymes. The provision of liquid smoke in the block
feed needs to be increased by the amount given by the weight of the cow body, which is likely to have
a noticeable effect. As the RMSF increases with increasing levels of liquid smoke suppressed by
protein oxidation, as suggested by [1] stated that if the protein undergoes oxidation, it can decrease the
tenderness of the flesh. [15] suggest that the protein oxidation will change the WHC and the
tenderness of the meat.

The maturation time had a very significant effect (P <0.001) on the RMSF where there was a
marked difference between day maturation to zero by day four, day six and day eight (Table 2). The
more maturation time the RMSF increases even though there is no real difference between the fourth
day with the sixth day and the eighth day. This condition indicates that the level of liquid smoke in the
feed shows two groups of RMSF namely the maturation group 0 and two days and the maturation
group 4, 6, and eight days. An increase in RMSF in the second group reached an average of 0.48
points from the first group. It concludes that the RMSF increases with increasing maturation time until
the fourth day.

In this case liquid smoke, up to 2% in the feed has not been able to improve the tenderness
during maturation. Oxidation of proteins may be the cause. [1] stated that if the protein undergoes
oxidation, it can decrease the tenderness of the flesh. [15] suggest that the protein oxidation will
change the WHC and the tenderness of the meat.
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Increasing the level of liquid smoke in UCSMB feed, the WHC values decrease even though
there is no real difference between liquid smoke level 0 and 1%. At the 2% level, it lowers the WHC
to 6.11 point of the no-smoke liquid. This increase indicates that the provision of liquid smoke in the
feed to 2% has not been able to maintain a high WHC when the new cattle finish slaughtering [2,3].
The amount of liquid smoke provided is relatively low compared with the weight of the cow body, and
the high activity of rumen microbes may be the cause.

The maturation time has no significant effect on WHC values , but there is a tendency for
WHC to increase. The results of this study do not support previous studies where the WHC increased
significantly with increasing maturation time [10]. Differences in treatment wherein the previous study
using the treatment of differences in smoke concentration of 0, 10, 20% as much as 2% in the diet of
block supplements can explain this.

The higher the liquid smoke level increases the TBARS value reaching 65.62% at 2% level
(Table 2), indicating that the delivery of liquid smoke in UMSCB feed has not been able to inhibit the
increase of TBARS value, although the value of TBARS is still very low. This value is really low
when compared with the critical value of 3 mg MDA/kg in which the level of rancidity is detected
[16]. [17] point out that the low intensity on fat oxidation during storage occurs if TBARS values
remain low in the threshold to detect rancidity but remain high in meat maturation sampling.

Increased maturation time resulted in increased TBARS value reaching 0.93 points on the
eighth day compared to day zero. The increase in TBARS values is quite high but is still within the
limits of low-fat oxidation rates. [17] point out that the low intensity on fat oxidation during storage
occurs if TBARS values remain low in the threshold to detect rancidity but remain high in meat
maturation sampling. An addition of vitamin E to the pasture as an antioxidant in cattle increases the
vitamin E in muscle and decreases the impact of fat oxidation on beef [18].

Analysis of variance showed a significant interaction (P <0.05) between liquid smoke level
and maturation time on TBARS value (Figure 1). Until the fourth day of maturation, the TBARS
values are more or less the same at all three levels of liquid smoke. The three levels of liquid smoke
though not significantly different, increase the value of TBARS from the fourth day to the eighth day
of maturation. At 0% level, the increase of TBARS value until the eighth day of maturation is lowest
among the three levels of liquid smoke. At the end of maturation, the value of TBARS at 1% and 2%
levels increased significantly with the 0% level.
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Figure 1. Interaction between levels liquid smoke and time of aging on TBARS value
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Analysis of variance showed that liquid smoke level did not significantly influence, while
maturation time had a significant effect (P <0.001) on antioxidant activity. There is a tendency for
antioxidant activity to decrease with increasing levels of liquid smoke in UCSMB feed. Differences
between liquid smoke treatments that did not differ in antioxidant activity may cause the WHC to
decrease, the value of TBARS increases and RMSF is approximately equal to the increase of liquid
smoke level (Table 2).

Antioxidant activity increased with increasing maturation time reaching 57.20% on the eighth
day compared to days zero (Table 2). The high antioxidant activity reached 88.44% on the eighth day
of maturation indicating that beef protein is a good source of antioxidant. [19] argued that food of
animal origin that contains high protein is a good source of antioxidants. This increase has
implications for the RMSF decrease until the second day of maturation, the WHC trend more or less
the same during maturation and the increasing TBARS in the sixth day of maturation.

Table 2. Effects of liquid smoke levels in UCSMB and aging time of Longissimus dorsi on
the functional properties of meat quality of Bali cattle (means and SE)

TBARS (mg

Treatments RMSF (kg/cm?) WHC (%) MDA/kg) DPPH (%)
LS Levels: Sig:NS Sig:0.001 Sig:0.05 Sig:NS
0% 1.20+0.38 30.28+3.80° 0.32+0.25° 60.42+18.47
1% 1.24+0.32 30.12+4.04° 0.4140.41% 60.72420.98
2% 1.26+0.33 24.1743.61° 0.53+0.26° 57.74+21.36
Aging: Sig:0.001 Sig:NS Sig:0.001 Sig:0.001
0 days 1.0340.24° 26.06+2.94 0.12+0.09° 31.24+7.39°
2 days 0.86+0.18" 28.70+5.38 0.11+0.08° 58.93+7.17°
4 days 1.40+0.20" 29.71+5.88 0.2140.02° 52.44+6.55°
6 days 1.45+0.22" 28.37+5.10 0.61+0.50° 67.07+7.70¢
8 days 1.4140.35™ 28.12+4.00 1.054+0.25°¢ 88.44+2.56°

Description: Numbers with different superscripts in the same column stated a significant difference
(P <0.05) and a highly significant difference (P <0.001).
LS Levels: Liquid smoke levels; RMSF, raw meat shear force; WHC, water holding
capacity; TBA, thiobarbituric acid reactive substance; DPPH, 1,1-diphenyl-2-
picrylhydrazyl.

4. Conclusion

This study revealed that liquid smoke levels lowered the WHC, RMSF more or less the same,
increased fat oxidation rate, and antioxidant activity more or less the same. While maturation tends to
increase WHC, increase RMSF, fat oxidation rate, and antioxidant activity. It can be concluded that
liquid smoke as an antioxidant in the diet of block supplements can maintain the functional properties
of Muscle Longissimus dorsi of Bali cattle during maturation.
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