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The Influence of Sweet Soy Sauce or Honey Addition Toward
Antibacterial Activity of Lime (Citrus aurantifolia Swingle) Juice
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Abstract: In Indonesia, lime (Citrus aurantifolia Swingle) juice is frequently used as a medicine for acute
respiratory tract mfection by mixing it with sweet soy sauce or honey. Therefore, a study aiming to know the
mfluence of sweet soy sauce or honey addition toward antibacterial activity of lime juice at Salmonella aureus
and S. pyogenes bacteria iz conducted. At the beginning, lime juice is measured at its resistivity toward
S. aureus and S. pyogenes bacteria. Then, the chosen concentration 1s mixed with sweet soy sauce or honey
in different concentration. The result shows that lime juice concentration of 50% has a strong antibacterial
activity with each value of MIC and MBC for S. aureus s 0.48 and 1.93% and for S. pyogenes 1s 0.59 and 2.97%.
Sweet soy sauce or honey addition does not affect the antibacterial activity while the optimum concentration
which can be added is 50%. Antibacterial activity of lime juice is indicated by cell wall damage which gives
effect on lysis and morphological changes on bacterial cell.

Key words: Antibacterial activity, honey, lime juice, sweet soy sauce, wall

INTRODUCTION

Citrus has been used for food and medicinal herbs for
years. One of the most used citrus for food and drug 1s
lime. As a foodstuff, lime can be brewed for beverage as
food acidulant (Meliono-Budianto, 2004), to eliminate
fishy scent (Poemorno et al., 2004) to alleviate heavy
metal in foodstuff (Haryani, 2011) as an antioxidant
(Ghafar et al., 2010, Khuwijitjaru et al., 2008) to preserve
the food or as antimicrobial agent (Nogueira ef al., 2003;
Tomotake et al., 2006, Razak et al., 2013; Matan, 2012;
Taiwo et al., 2007; JTafari et al., 2011; Jayana et al., 2010),
etc. As medicine, lime can be utilized for cough medicine,
plaque on teeth medicine (Owhe-Ureghe er al., 2010),
nefrocalcinosis medicine (Penniston et al., 2008), etc.

Parts of utilized lime for food and medicine 18
vary from the leaves (Chaisawadi et «l, 2005,
Thanaboripat et al, 2006), lime rind (Aibinu et al,
2007; Matan, 2012; Chanthaphon et al, 2008;
Bosquez-Molina et al, 2010) and lime juice
(Nogueira et al., 2003; Taiwo ef al., 2007, Adedeji et al.,
2007). Contributing components for preservatives or
medicines are essential oil in the lime rind and organic acid
i lime pulp. Lime essential o1l and organic acid are
antimicrobial characteristic which can be functioned as
preservatives or medicines. Organic acid in hime 18 not
only being an antimicrobial agent but also being a heavy
metal solvent agent (Haryani, 2011), fishy scent solvent
(Poemorno et al., 2004) and prevention of nefrocalcinosis
shaping (Penniston ef af., 2008).

Traditionally in Tndonesia, lime has been used for
cough medicine. This 1s related to the content of
organic acid and essential oil in the lime with its
antimicrobial characteristic agamst the causal bacteria of
acute respiratory tract infection, they are Staphvlococcus
aureus and Strepfococcus pyogenes (Haq et al., 2010).
Utilization of lime juice for cough medicine in Indonesia is
frequently mixed with sweet soy sauce or honey to
alleviate its lime acid flavor. Hence, it needs to be
analyzed the mfluence of sweet soy sauce or honey
addition into lime juice toward antibacterial activity. Tt is
expected from this study that it will reduce the antibiotic
use for acute respiratory tract mfection under 1ts risk on
health (Bayarski, 2006).

MATERIALS AND METHODS

Used materials m this study are line (Citrus
aurantifolia Swingle) and bacteria culture as well as some
matenials for microbiology analysis and chemical analysis.
Used lime are bought from hypermart of Karawaci,
oval-shaped lime with diameter of 3-4 cm with green color.
Used bacteria culture are Staphyviococcus aureus and
Streptococcus pyogenes which are the collection of
Microbiology Department of University of Indonesia.

Other materials are Nutrient Agar Merck media,
Nutrient Broth Merck media, Blood Agar Base Oxoid
media, defibrination of sheep blood from Microbiology
Department of University of Indonesia, sweet soy sauce
ABC, pure honey Madurasa and distilled water.
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Used equipments in this study are bench scale,
analytical scale, micro pipette, tip, petri dish, measuring
cylinder, screw tube, incubator, beaker glass, Erlenmeyer
flash Pyrex, Vernier calipers, autoclave, refrigerator, oven,
thermometer, laminar air flow, test tube, heater, pH meter
and Scanning Electron Microscope (SEM) Teol
ISM-6360LA.

Lime juice preparation: Washed fresh lime 1s cut in half
and liquidized using citrus juicer manually i order to get
its juice or citrus juice. Then, it is strained using tea
strainer.

Antibacterial activity testing of lime juice: Antibacterial
activity testing is conducted by Well Diffusion Methods
of Bloomfield (1991). A mumber of 1 ml bacterial
suspension (S. aureus and S. pyogenes) is inoculated into
the media which will be poured into petri dish to make it
dense. Next, there will be made a well in it with diameter of
0.6 cm aseptically. A number of 60 pL. lime juice with
concentration of 10, 20, 30, 40 and 50% (v/v) are put into
the well which was made aseptically. Then, the petri dish
1s mcubated at temperature of 37°C for 24 h. Diameter of
mhibition zone which i1s marked by clear area is measured
by ruler.

MIC (Minimum Inhibition Concentration) value is
determined by Bloomfield (1991) Method that is by
creating linear regression cwve between X-axis
(In Mo = In Mt) and Y-axis (Z® = quadrat score of
inhibition zone). Linear regression curve which cut the
K-axis 18 called Mt value. MIC value 1s 0.25 Mt. MBC
(Mimmum Bactericidal Concentration) value 1s 4 times of
MIC. MIC value 13 an extract minimum concentration
which can hamper bacterial growth. MBC value is an
extract minimum concentration which can kall the bactera.

Antibacterial activity testing of lime juice with sweet soy
sauce and honey: Antibacterial activity testing from lime
juice in different concentration and mixing material are
conducted by well diffusion method of Bloomfield (1991).
The best three concentration of lime juice from the
previous research phases are used as the treatments in
this phase. Used mixing materials are sweet soy sauce and
honey. If the chosen lime juice concentration is x%, the
mixing concentration 1s (100-x)%. After lime mixture
making, antibacterial activity testing 1s conducted by Well
Diffusion Method.

RESULTS AND DISCUSSION

Antibacterial activity of lime juice: Antibacterial activity
of lime juice toward the causal bacteria of acute
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Table 1: Lime juice inhibition toward Staphylococcus
Inhibition zone (mm)

Concentration/Inhibition (%o) S, aureus S pyogenes
10 9.81+1.01° 3.02+£0.17
20 13.67+0.60° 5.28+0. 54
30 16.14+0.60° 8.01£1.028
40 17.5540.76% 9.6+£1.02%
50 18.6341.008 11.35£1.111
MIC 0.48 0.59

MBC 1.93 2.37

Superscript letter notation shows tangible difference at o = 0.05

Table 2: Phytochemistry components in qualitative manner within lime
juice

Phytochemistry components Testing results

Raponin +

Alkaloid

Tannin

Phenolic

Flavonoid

Triterpenoid

Steroid

Glycoside

+ = positive; - =negative

I e e

Respuratory tract nfection S. aureus and S. pyogenes
which are measured based on infubition zone diameter can
be seen in Table 1.

In Table 1, it shows that lime juice is able to hamper
S. aureus and S. pyogenes bacteria growth where the
higher concentration of the lime juice 13 the wider of its
inhibition zone diameter. Lime juice at concentration of
40 and 50% have the biggest intubition zone diameter and
so does for S. awreus bacteria while for S. pyogenes,
the biggest resistivity is at concentration of 50%.
Antibacterial activity division uses David Stout Method
based on measurement of mlubition zone diameter
(Suryawiria, 1978) that 15 <5 mm (weak), 5-10 mm
(moderate), 10-20 mm (strong) and >20 mm (very strong).
Thereby, mlubition which 1s resulted by lune juice at
concentration of 50% toward S. aureus and S. pyogenes
is strong.

In order to know an active component in lime juice in
qualitative manner which may play a role to hamper
bacterial growth there will be phytochemistry testing.
Result of phytochemistry testing can be seen in Table 2.

Table 2 shows that almost all phytochemistry are
exist in lime juice. Components of phenolic, flavonoid,
alkaloid and triterpenoid have antibacterial activity
toward B. subtilis, Salmonella sp., E. coli and S. aureus
(Sohn et al., 2004). According to Cooper et al. (1999) the
existence of active components such as phenolic,
flavonoid and tannin can function as antibacterial
components toward patogenic bacteria like E. faecalis,
S. pyogenes and B. cereus. Saponin, tanmin, steroid and
glycoside compounds also have antibacterial activity
toward gram-positive bacterium and gram-negative
bacterium such as S. aureus, E. coli and B. cereus
(Seotan et al., 2006).
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Table 3: Inhibition of lime mixture toward Staphylococcus bacteria

Tnhibition diameter (mm) of S. pyogenes

Tnhibition diameter (rmim) of S0 aureny

Concentration of lime juice (%) Sweet sov sauce Honey Sweet soy sauce Honey

40 8.53+0.26 9.54+0.72% 14.46+0.29 15.03+0.13*
50 10.85+0.35% 13.47+1.1% 14.98+0.23 15.73+0.18"
60 13.534+1.93¢ 14.5141.15° 15,6940, 44 16.43+0.82"
MIC (%) 0.86 0.85 0.51 0.49

MBC (%) 3.46 3.39 2.04 1.96

Superscript letter notation shows a tangible difference at o = 0.05

According to Haq et al. (2010) the existing phenolic
components 1n lime such as limonene, carvacrol, citral
and geraniol have activity to hamper the growth of
S.  awuwreus. This phenolic component hampers
bacterial growth by destroying phospholipid layer
from the cell membrane which causes permeability
rise  and cell composing  constituents  loss
(Parhusip et al., 2006). Grounded on conducted study by
Razzaghi-Abyaneh er al. (2009), the bigger of used
antimicrobial compound concentration s the bigger of
resulted microorganism growth inhibition ability.

Minimum concentration or dosis of bacterial
mbibition 1s shown by MIC value while the minimum
dosis to kill the bacteria i1s shown by MBC value. From
Table 1, it can be seen that MIC and MBC value of lime
juice toward S. aureus bacteria is smaller than S. pyogenes
bacteria. It means that antibacterial activity of lime juice
toward S. aureus 13 bigger than antibacterial activity
toward S. pyogenes. Tt also can be seen by virtue of the
similar lime juice concentration which the resulted
mhibition diameter at S. awreus 13 bigger than at
S. pyogenes. The large of mhibition diameter shows that
bacteria is susceptible to antimicrobial component
(Nuraini, 2007). The more susceptible of bacteria toward
antimicrobial compound is the smaller of required
antimicrobial concentration to hamper or to kill this
bacteria. In other words, S. aurens 15 more sensitive
toward antibacterial component containing in lime juice
than in S. pyogenes.

Determination of lime juice concentration selection: Lime
juice concentration selection to be mixed with honey or
sweet soy sauce 13 conducted by selecting the best lime
Juice concentration in hampering bacterial growth from
Table 1. Based on Table 1, the best lime juice
concentration in hampering the growth of S. aureus is
the concentration of 40 and 50% while in hampering
S. pyvogenes, concentration needs 13 50%. Hence, the
chosen concentration which will be used in the future
research by increasing sweet soy sauce or honey is lime
Juice with concentration of 50%.

Antibacterial activity of lime juice with sweet soy sauce
and honey: In this phase, lime juice will be combined by

sweet soy sauce or honey with concentration of 100-x%
thus if the concentration of lime juice 18 50%, the
concentration of sweet soy sauce or honey is 50%. As a
comparison treatment, it uses the lime juice concentration
of 40 and 60%. The used bacterial test is still S. aureus
and S. pyogenes.

Antibacterial activity of lime and sweet soy sauce or
honey mixture toward S. aureus and S. pyvogenes can be
seen in Table 3. From the statistical testing result, it 1s
gained that mixing materials, 1.e., sweet soy sauce and
honey, do not give a tangible effect on the resistivity
toward S. aureus or S. pyogenes (p>0.05) bacteria. Tt gives
an effect if the concentration 1s p<<0.05 (Table 3). For the
lime juice mixed by sweet soy sauce or honey, lime juice
concentration of 40% is not really different from its
concentration of 50%. Yet, lime juice concentration of 50%
gives a tangible different from a lime concentration of
60%. Thus, the chosen concentration 1s the mixing lime
juice with honey or sweet soy sauce with concentration
of 50%.

If this antibacterial activity mixture (Table 3) 1s
distinguished from antibacterial activity of lime juice
(Table 1), it is seen that sweet soy sauce or honey
addition does not give any effect on antibacterial activity
toward S. aureus but it slightly weakens antibacterial
activity of the lime juice toward S. pyogenes. However, it
is reported that there is an antibacterial components
in honey and sweet soy sauce. According to
Maddocks ef af. (2012), antibacterial components in
honey can be used to hamper S. pyogenes growth which
is an infection causal bacteria on injured skin.
Components of hydrogen peroxide and phytochemistry in
honey can hamper S. pyogenes growth by destroying the
bond between S. pyogenmes and fibronectin found on
human skin tissue. Other than hydrogen peroxide, honey
has bioactive components such as polyphenol, flavonoid,
tannin and glycoside which can hamper the growth
of E. coli, P. mirabilis, S. aureus, P. aeruginosa,
K. pneumoniae and C. albicans (Mboto et al., 2009). The
existing antibacterial component in sweet soy sauce
which 1s called nicotinamide can hamper bacterial growth
of S. aureus, S. flexneri, V. cholera, S. enteridis and
E. coli (Kataoka, 2005). Thereby, it can be said that mixed
sweet soy sauce or honey addition only plays a role on
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Fig. 1: a) Morphological observation by SEM, control over S. aurens (7500x), b) shows an exposure of lime (5000x), ¢)
control over S. pyogenes (3000x) and d) shows an exposure of lime (10000x)

masking taste due to the quite acid of lhime taste. This
is in accordance with one of the opinion stated by
Nattadiputra (2009). He says that the use of two combined
antimicrobial components can give an equal effect or a
stronger effect; synergistic effect, stronger effect resulted
by effect from two kinds of additive medicine or
antagonist effect, a weaker effect which can be reached
from one of the two components in mdividual use.

Grounded on MIC and MBC value, S. aureus bacteria
1s smaller than S. pyogenes. It proves that S. aureus is
more sensitive toward antimicrobial components in lime
and honey mixture than S. pyogenes bacteria. The same
result 1s also shown by a research conducted by
Moussa showing that MIC and MBC value from honey
for 8. aureus bacteria 1s smaller than S. pyvogenes.

Cell damage resulted by Scanning Electron Microscope
(SEM): Occurred damage in S. aureus and S. pyogenes
bacterial cell as the effect of lime juice exposure can be
observed by using SEM. Result of SEM can be seen in
Fig. 1.

Result of SEM that there
morphological changes of S. aureus and S. pyogenes
which were added by lime juice. Morphological damage in
S. aureus and S. pyogenes cell is visible on cell form
which had not been round intact and on the cavity

shows is a cell

formation m the cell as an indication of cell wall and lysis
damage. This 13 m accordance with a statement of
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Hartmann et af. (2010), the occurrence of cell damage n
bacteria by giving antimicrobial addition 1s proved by cell
bacterial form which had not been round intact, perforated
wall and lysis.

CONCLUSION

Lime juice concentration of 50% mdicates a strong
antibacterial activity toward S. aureus and S. pyogeness
with each value of MIC and MBC 1s 0.48 and 1.93, 0.59
and 2.37%. Honey or sweet soy sauce added to lime juice
does not affect antibacterial activity toward acute
respiratory tract mfection bacteria of S. aurews and
S. progenes. Optimum concentration of sweet soy sauce
or honey which can be added to the lime juice is 50%.
Antibacterial activity of lime juice grounded on SEM
observation is the occurrence of cell wall damage thus
lysis and cell morphology 1s not formed.
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