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ABSTRACT

The study was carried out to investigate the effect of marination, performed by soaking of beef in
garlic juice, on microbiological and physical properties. The study was committed to a completely
randomized design, with 5 treatments, i.e.: TO (unmarinated beef, as a control), T1, T2, T3, and T4 that
beef were marinated in garlic juice for 5, 10, 15, and 20 minutes, respectively, at room temperature
(25°C). Each treatment consisted of 4 replications. Examination upon experimental parameters was
conducted after marinated (and control) beef was stored for 8 hours at room temperature. Total bacteria,
total coliform and water holding capacity of beef were significantly (P<0.05) affected by marination
with garlic juice. Conversely, cooking loss was not significantly affected (P>0.05) by the treatments. As
a conclusion, marination of beef with garlic juice could reduce total bacteria, total coliform, and water
holding capacity, but could not reduce cooking loss.
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INTRODUCTION

Beef is one of the animal-origin-foodstuffs
that rich in valuable nutrients. The nutrients
contained in beef are water (72.25-73.06%),
protein  (24.03-25.29%), fat (3.91-4.40%),
minerals (0.83-1.04%), and a few of carbohydrate
(Brahmantiyo, 2000). Due to its nutrients content,
beef is a favorable medium for bacterial growth,
therefore it becomes easily spoiled.

Bacterial contamination in beef begins from
slaughterhouse. As reported by Sartika et al.
(2005), beef  obtained  directly  from
slaughterhouses at Cibinong (Bogor regency) and
Bogor city contained a significant amount of
Escherichia coli. E.coli also contaminated by 60%
of water samples collected from slaughterhouse,
and 41.7% laborer who worked there. Arifin et al.
(2008) reported that bacterial content of beef
obtained from slaughterhouse in Semarang was

1.0 x 107 CFU/g, while the number of bacteria in
beef displayed at traditional market obtained from

the same slaughterhouse was 1.2 x 108 CFU/g.
Microbiological standard requirements upon

beef circulating in Indonesia is 10 CFU/g for
total plate count (TPC), coliform bacteria is 102
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CFU/g, Staphylococcus aureus is 102 CFU/qg,
Salmonella sp. contained (per 25 g beef) should
be negative, and E. coli should be 10 CFU/g (SNI
3932, 2008). When the content of bacteria in beef
exceeds these determined-standards, the beef is
considered not recommended as food, due to its
potential to be easily spoiled. The contaminated
beef also potentially cause diseases when it is not
processed (cooked) properly.

One method to process or preserve beef is
marination. Marination is a process which meat is
soaked in marinade-ingredients prior to further
process (Smith and Young, 2007). Marinade is a
seasoned solution that serves as substances for
meat to be soaked. It is commonly used to
increase meat yield, improve meat flavor, increase
tenderness and juiciness, increase water holding
capacity, lower cooking losses, and extend the
shelf life of meat (Alvarado and Sams, 2003).
Marination can be performed through soaking,
injection, or tumbling (Alvarado and McKee,
2007). Processing of beef through marination also
serves to lower bacterial content. One of the
spices that may be used to marinate beef and at
the same time as an anti-bacterial is garlic (Allium
sativum L.). Garlic is often used as a seasoning in
the processing of beef, and possibly can be used
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as a sole preservative (anti bacterial). Many
studies reported that garlic could reduce the
population of E. coli, Salmonella,
Staphylococcus, Streptococcus, Klebsiella,
Proteus, Bacillus, Clostridium, and Heliobacter
pylory (Ress et al., 1993; Ankri and Mirelman,
1999; Sivam, 2001; Banarjee and Sarkar, 2003; El
Astal, 2004). Garlic contains organo-sulfur
compounds in the form of alliin and allicin. When
garlic is crushed, the alliin reacts with the enzyme
alliinase to form allicin in a few seconds (Ankri
and Merelman, 1999). Allicin is a derived sulfur
compound, provides a typical garlic aroma (smell)
(Maidment et al., 2001). Pérez-Giraldo et al.
(2003) reported that allicin with concentration of
4 mg/ml could inhibit the formation of biofilms
(bacterial capsules) nearly 50% cultures of
Staphylococcus epidermidis incubated 24 hours.

On the basis of reasons above, it was
therefore of great interest to marinate beef with
garlic juice using a soaking method. The purpose
of this study was to investigate the effect of these
treatments on microbiological features (total
bacterial and total coliform) as well as physical
properties (water holding capacity and cooking
losses). The study was expected to provide
information about beneficial effects of garlic as
marinating ingredients, seasoning, anti-bacterial
agent, as well as a substance that could improve
the physical properties of beef.

MATERIALS AND METHODS

Materials

Materials used in this study were selected
beef meat (shank) obtained from slaughterhouse
in Semarang, and peeled garlic (water content of
65.48%). Beef used in the study was collected
from carcasses aged 2 hours post-mortem
(withering process has not been completed yet).
Medium used to calculate total number of bacteria
was Nutrient Agar (NA), whereas Brilliant Green
Lactose Bile Broth (BGLBB) was a medium used
to count total coliform (Fardiaz, 1993). Nutrient
Agar (brand Pronadisa) consisted of 3 g beef
extract, 5 g peptone gelatin, 15 g agar and 1000
ml aquadest water, with pH 6.8. BGLBB (brand
Merck) consisted of 10 g peptone, 10 g lactose, 20
g dried oxbile, 0.0133 g brilliant green, and 1000
ml aquadest water, with pH 7.2.

Methods

Experiment was conducted according to
completely randomized design (CRD) consisted
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of 5 treatments and 4 replications. The treatments
applied were TO (unmarinated beef, as a control),
T1, T2, T3, and T4 that beef was marinated with
garlic juice for 5, 10, 15, and 20 minutes,
respectively, at room temperature (25°C).

First stage of the study was making garlic
juice by juicer producing an average yield of 40%
with pH 5.90. Next stage was marination of beef
by soaking the beef in garlic juice (according to
treatment applied). Each replication used 100 g of
beef. After being marinated, beef was drained for
10 minutes, put in glass bottles, and stored at
room temperature (25°C). Examination upon
experimental parameters was conducted after
marinated (and control) beef that was stored 8
hours at room temperature. Variables tested were
total bacteria, total coliform, water holding
capacity, and cooking losses of beef.
Quantification of total bacterial was based on
pour plate count method, while total coliform was
quantified based on most probable number (MPN)
method. Those methods were in accordance to
National Indonesia Standard method (SNI 2897,
2008). Examination of water holding capacity and
cooking losses were performed according to the
method proposed by Soeparno (1994). Data
obtained were analyzed using analysis of
variance. A p-value of less than 0.05 was
considered statistically significant. Duncan’s
Multiple Range Test was applied to assess
significant statistical differences between means
at 5% level of probability (Steel and Torrie,
1990).

RESULTS AND DISCUSSION

Microbiological properties of marinated beef

The average total of bacteria and coliform in
beef after being marinated with garlic juice can be
seen in Table 1. The results showed that the time
of marination (soaking) significantly affected
(P<0.05) by the total bacteria and coliform in
beef.

Marination of beef by soaking in garlic juice
for 5-20 minutes led to a decrease of total bacteria
and total coliform after 8 hours of storage at 25°C.
The decrease of total bacteria in marinated beef
was most likely due to the acidic properties of
garlic juice (pH 5.90). Thus, marination of beef
using garlic juice could be categorized as an acid
marination that was intended to control or inhibit
the growth of bacteria. Alvarado and McKee
(2007) reported that marinating of meat with
phosphoric acid salt resulted in lowered pH value,
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decreased water holding capacity, and controlled
bacterial growth. Similar to the latter authors,
Birk et al. (2010) reported that marinating of meat
using organic acids might also inhibit bacterial
growth. Low pH wvalue is caused by the

accumulation of hydrogen ions (H*). Aritonang
and Mihrani (2008) suggested that hydrogen ions
which accumulate inside bacterial cell could be
toxic; therefore it must be removed out. To
eliminate the accumulation of hydrogen ions,
bacteria need energy in the form of adenosine
triphosphate (ATP). Thus, the higher hydrogen
ions accumulated in the cell, the more ATP was
needed to remove these ions out, as a result, the
growth of bacteria became disrupted.

Garlic contains organo-sulfur compounds,
namely alliin (S-allyl-cysteinesulphoxide) that is
synthesized from amino acids cysteine. It is
odorless and has no anti-microbial properties
(Ankri and Mirelman, 1999). However, when
garlic is crushed, alliin is immediately oxidized
into allicin that has anti-bacterial properties
(Maidment et al., 2001). This allicin could reduce
cysteine contained in bacterial cells, so that it
could disrupt disulfide bonds in bacterial proteins
(Hernawan and Setyawan, 2003).

Based on the facts discussed earlier, it could
therefore be concluded that the decrease of total
bacteria and total coliform in marinated beef were
the result of lowered pH value (acidic) and
disrupted bacterial protein due to allicin. Our
findings also suggested that soaking of beef in

garlic juice for 15 minutes produced the best
result. It was indicated by the total number of

bacteria obtained, 6.7x10° CFU/g, and the total

coliform was 3.0 x102 MPN/100 g or 3.0 or
MPN/g. Referred to SNI 3932 (2008), total

bacteria in beef should not exceed 108 CFU/g and
total coliform should be under 102 CFU/g.

Physical properties of marinated beef

The average of water holding capacity and
cooking losses of beef after being marinated with
garlic juice can be seen in Table 2. This study
showed that the value of water holding capacity of
beef were affected significantly (P<0.05) by the
duration of soaking upon beef in garlic juice.
Conversely, cooking losses of beef was not
significantly affected (P>0.05) by the treatments.

The results showed that marinating of beef
using garlic juice could decrease the water
holding capacity. The decreased water holding
capacity was assumed to be attributed to the
decrease of pH value of beef due to the acidic
properties (pH 5.9) of garlic juice. The decrease
value of pH in marinated beef was closely related
to water holding capacity of beef. Water holding
capacity is the ability of meat to bind water or
added-water when any influences from outside
force, such as: meat cutting, heating, milling, and
pressure (Soeparno, 1994). Table 2 indicated that
marinating of beef with garlic juice resulted in
lowered water holding capacity compared to that

Table 1.  Average of Total Bacteria and Total Coliform Contained in Beef Marinated with Garlic Juice
Treatments Total Bacteria (CFU/q) Total Coliform (MPN/100g)

TO 1.2x107 9.6x10%

T1 4.4x108 9.2x10%

T2 6.5x10¢e0 5.8x10%

T3 6.7x10% 3.0x10%

T4 6.6x10% 3.0x10%

#bMean followed by different letters within the same column were statistically different (P<0.05)

Table 2. Average of pH Water Holding Capacity and Cooking Losses of Beef Marinated with Garlic Juice

Treatments Water holding capacity Cooking losses
............................................ Q0. e
T0 56.64 32.50
T1 47.57° 35.78
T2 49.11P 34.37
T3 50.43° 31.18
T4 51.402P 35.25

&bp\tean followed by different letters within the same column were statistically different (P<0.05)
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of control (unmarinated beef). Alvarado and Sams
(2003) suggested that marinating or soaking of
beef in phosphate salt solution could lower pH
value which in turn reduced water holding
capacity and yield of beef. Water holding capacity
decreased along with the decrease of pH value,
from a high pH (7.00) to the pH of isoelectric
point of meat proteins (5.10) (Purbowati et al.,
2006). The decrease of water holding capacity
was caused by the changes of pH of proteins actin
and myosin that approached to isoelectric point
after harvest (post-rigor). Post-rigor led to reduce
space between protein filaments as well as
reducing functional properties of proteins,
consequently reducing water holding capacity of
beef (Alvarado and McKee, 2007).

The results showed that cooking losses of
beef was not affected significantly (P>0.05) by
the different times of soaking of beef in garlic
juice (Table 2). Cooking loss is the loss of weight
or the shrinkage of meat due to cooking processes
(Soeparno, 1994). Soaking of beef in garlic juice
up to 5-20 minutes did not increase the yield of
beef; perhaps, water from garlic juice was not
optimally absorbed by the meat. This reason was
most likely to convince why cooking losses of
beef was not affected by marination. This result s
were similar to that of reported by Wongwiwat et
al. (2007). They reported that marination of
chicken meat with various seasonings solution
had no significant effect on tenderness (shear
force) and drip loss of meat.

CONCLUSION

Marination of beef by soaking in garlic juice
for 5-20 minutes could reduce total bacteria, total
coliform, and water holding capacity of beef after
being stored 8 hours in room temperature, but this
treatment could not reduce cooking losses of beef.
Soaking of beef in garlic juice for 15 minutes
produced the best result since the content of total
bacteria and total coliform fit to the provision
required by SNI 3932 (2008).
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