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Abstract: Antibacterial activity limonoid compounds of three different solvent extracts (methanol, ethyl acetate
and n-heksane) prepared by soxhlet extractor from orange waste juice were screened against two
pathogenic bacteria Escherichia coli and Salmonella enteridis. The highest antibacterial potentiality was
exhibited by the limonoid-ethyl acetate followed by the (limonoid-methanol) and (limonoid-n-hexane).The
orange waste juice extract can be considered to be as equally potent as the antibiotics. The zone of inhibition,
Minimum Inhibitory Concentration (MIC) of the crange waste juice extracts showed that limonoids extracted
with ethyl acetate (limonocids-ethyl acetate) resulted in better inhibition of limonoids extracted with (limonoids-
methanol) and (limonoids-n-hexane). The concentration 250 ppm of MIC were test showed inhibition of
(limonoids-ethyl acetate) higher with a percentage minimum (44.15 for the bacterium Escherichia coli and
14.69 for the salmonella enteridis) than (limonoids-methanol) (10.67 and 3.84) and (limonoids-n-hexane)
(35.58 and 14.10). /n vitro antibacterial screening of crude (limonoid-ethyl acetate) (limonoid-methanol) and
(limonoid-n-hexane) of methanol extract of orange juice waste with concentration 250 ppm were test showed
the clear zone in millimeters (11.75 for the bacterium Escherichia coli and 10.25 for the salmonelfa enteridis)
than limonoid-methanol (8.00 and 9.00) and limonoid-n-hexane (8.00 and 9.25). However, when compared
to synthetic antibictics (neomiditril and coleridin), the clear zone of limonoids lower (24%) but still showed
his ability as an anti-microbial. (Limonoids-ethyl acetate) dose of 250 ppm showed better activity than doses
of (limonoid-methanol) and (limonoid-n-heksana) for the bacterium E£scherichia coff to saimonella enteridis
bacterial at 11.918 and 9.158. From these results we can conclude (limonoids-ethy| acetate) extract better
than (limonoids-methanol) and (limonoids-n-hexane) and can be used as a substitute for anti biotic synthetic
antimicrobial. The phytochemical analysis of orange waste juice extracts showed presence of triter penes,

alkaloid, flavonoids, steroid, phenolic, saponin.
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INTRODUCTION

Orange is one of the most important commercial fruit
crops grown in all continents of the world (FAO, 2004).
Orange importance is attributed to its diversified use and
growing world demand with about 102.64 million tones
total world production and probably stands first largest
among the produced fruit.

Orange are mainly used by juice processing industries
while the peels are generally wasted. Since the juice
yield of citrus is less half of the fruit weight, very large
amounts of byproduct wastes, such as peels are formed
every year (Manthey and Grohmann, 2001).

Peel waste are highly perishable and seasonal, is a
problem to the processing industries and pollution
monitoring agencies. There is always an increased
attention in bringing useful products from waste
materials and orange wastes are no exceptions.
Suitable methods have to be adopted to utilize them for
the conversion into value-added products Nand (1998).
By-product recovery from fruit wastes can improve the

overall economics of processing units. Besides this, the
problem of environmental pollution also can be reduced
considerably. The orange are rich in nutrients and
contain many phytochemicals, among others the most
important is the limonoid compounds, they can be
efficiently used as drugs or as food supplements too.
Since there is an increase in the number of antibiotic
resistance pathogens, there is always a search of an
alternative drug that is regarded as safe. Orange wastes
juice if proved to have antibacterial activity, they can be
also used in same food industry which generates large
peel wastes as a food preservative. Food processors,
food safety researchers and regulatory agencies have
been increasingly concerned with the growing number
of food-borne illness outhreaks caused by some
pathogens (Wilson and Droby, 2000; Friedman et a/,
2002; Sokovic et al,, 2007). The food industry has tended
to reduce the use of chemical preservatives in their
products due to increasing pressure of consumers or
legal authcrities, to either completely remove or to
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adopt more natural alternatives for the maintenance or
extension of product shelf life {(Nychas and Tassou,
2000). The orange waste juice of orange fruit is a rich
source of flavanones, mainly compounds limoneid
(Miller et alf, 2004) and many polymethoxylated
flavones, which are very rare in other plants (Ahmad
et al., 2006). The antimicrobial abilities of essential oils,
among which citrus oils, are also shown to be a
particularly interesting field for applications within the
food and cosmetic industries Caccioni et al. (1998). It
has also been used as an anti-cancer Guthrie et af
(2007), antimicrobial Roy and Shalendra (2006),
antifungal, anti-virus, anti bacterial, anti inflamasi Ko ef
al. ( 2007), hypotensive agent Kumamoto et a/. {(1986),
antioxidant Ferguson ef al. (2002), Paulose et al. (2005),
Majo et al (200%), carminative, insect repellent,
antibacterial, larvicidal, antiviral, uricosuric, anti-yeast,
antihepatotoxic and antimutagenic agent Voogd (1981).
This study was aimed to focus on waste minimization in
fruit juice processing industry. This study investigates
the antibacterial activity and the fundamental scientific
basis for the use of orange waste juice of crange fruits
by determining the chemical constituents as well as
quantifying  the  vyield percentage of crude
phytochemicals.

MATERIALS AND METHODS

Plant material: The orange waste juice collected in
November 2011 from the local fruit juice shops in the city
Jambi and rinsed with clean water. After collection, the
orange juice waste were shade dried at oven
temperature (45-50°C) to constant weight over a period
of 5 days and then pulverized using a mortar and pestle.
The pulverized orange waste juice were kept separately
in an air-tight cellophane bag until used.

Preparation of extracts: Waste mashed with orange
juice using a mortal and pestle as much as 2.20 kg.
Then at room temperature. Then filtered to obtain the
extract, the extract was concentrated using a rotary
evaporator at a temperature of 40°C. Exactly 700 g each
of the pulverized plant was macerated successively in
n-hexane, ethyl acetate and 95% methanol for 36 h each.
The mixtures were then filtered under vacuum and the
filtrates concentrated using a rotatory evaporator. The
methancl concentrate was evaporated to dryness in a

Table 1: Phytochemical analysis of orange juice waste extracts

water bath. The extracts were stored in an airtight
sample bottles and kept in a desiccator until used.

Microorganism used for the activity test: Both gram
positive and gram negative bacterial strains were taken
for the test. The bacterial strains used for the
investigation are listed in Table 1. These organisms
were collected from the Microbiology Laboratory of
Pharmacy Discipline Andalas University, Padang
Indonesia.

Isolation of limonoid compound: Extraction method
used was meserasi (Arbain, 1995). Waste mashed with
orange juice using a mortal and pestle as much as 2.20
kg. Then at room temperature. Then filtered to obtain the
extract, the extract was concentrated using a rotary
evaporator at a temperature of 40°C.

Preliminary phytochemical analysis (qualitative test)
Test for alkaloids: Two milliliter filtrate was mixed with
1% HCI| and about 6 drops of Mayor's reagents. A
Creamish or pale yellow precipitate indicated the
presence of respective alkaloids.

Test for flavonoids: Two milliliter filtrate was added to
conc. HCI and magnesium ribbon. Pink-tomato red
colour indicated the presence of flavonoids.

Test for steroids: Two milliliter of acetic anhydride was
added to 0.5 g ethanolic extract of each sample with 2
mL H2SQ4. The color changed from violet to blue or
green in some samples indicating the presence of
steroids.

Test for saponins: Froth test for saponins was used.
1 g of the sample was weighed into a conical flask in
which 10 mL of sterile distilled water was added and
boiled for 5 min. The mixture was filtered and 2.5 mL of
the filtrate was added to 10 mL of sterile distilled water
in a test tube. The test tube was stopped and shaken
vigorously for about 30 sec. It was then allowed to
stand for half an hour. Honeycomb froth indicated the
presence of saponins.

Test for terpenoids (Salkowski test). Five milliliter of
each extract was mixed in 2 mL of chloroform and
concentrated H:504 (3 mL) was carefully added to form

Secondary metabolites Reagent Observation Result
Alkaloids Meyer White mist formed {+)
Flavonoids Sianidin test Orange solution {+)
Steroids Liebermann-burchard Blue solution (+)
Triterpenoids Lieberman-burchard Red-brown salution (+)
Phenolic FeCls Solution blue/purple {+)
Saponin H-.O Foam {+)
Coumarin NaOH/EthanolAWater Fluorescence more light on the KLT plate (+)

Description: (+): contains secondary metabolites (x): does not contain secondary metabolite
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a layer. A reddish brown coloration of the inter face was
formed to show positive results for the presence of
terpenoids.

Test for phenolic compounds: Most of the
water-methanol phase were removed with a pipette into
a small test tube, then add FeCl: reagent the formation
of blue / purple indicates the content of phenolic
compounds.

in vitro testing of extracts for antimicrobial activity
Antimicrobial assay. Escherichia coli, Salmoneila
enteridis. The culture medium in this research: GTA+
Cal0Qs plate a consisted of 20 g glucose, 2,5 g tripton,
20 g bacto agar (Oxoid) and 15 g CaCQOs, MRS broth
(Merck), Nutrient Agar (NA) (Merck). A loopful of the test
organism was taken from their respective agar slants
and sub-cultured into test-tubes containing nutrient broth
for bacteria. The test-tubes were incubated for 24 h at
37°C for bacteria. The obtained microorganisms in the
broth were standardized using normal saline to obtain a
population density of 108 cfu/mL for the bacteria. The
spores suspension were standardized to 105 cfu/mL.
The medium was prepared according 20 g of Blood Agar
were weighed into a conical flask 1000 mL of distilled
water was added and capped with a cotton wool. The
media were boiled to dissolution and then sterilized at
121°C for 15 min. The media were allowed to cool to
45°C and 20 mL of the sterilized medium was poured
into sterile petri-dishes and allowed to cool and solidify.
The plates were labeled with the test microorganism
(each plate with a test microbe). The microbes were
spread evenly over the surface of the medium with the
aid of a glass spreader. The plates were dried at 37°C
for 30 min and divided into two sets to be used for the
well diffusion method and the disc diffusion method,
respectively.

Minimum inhibitory concentration-hroth dilution
method: The MIC was determined using broth dilution
method as described in |bekwe et al (2001). The
nutrient broth and sabouraud dextrose liquid were
prepared according to the manufacturer's instruction
(10 mL of each broth was dispensed into separate
test-tube and was sterilized at 121°C for 15 min and
then allowed to cool. Two-fold serial dilution of the
extract in the broth were made from the stock
concentration of the extract to obtain 250 ppm for
limonoid-methanol and limonoid-ethyl acetate and the
limonoid-hexane extracts. 0.1 mL of the standardized
inoculums of the microbes were then inoculated into the
different concentrations of the extracts in the broth. The
test tubes of the broth were then incubated at 37°C for
48 h and 30°C for 1-7 days for bacteria respectively and
observed for turbidity of growth. The lowest concentration
which showed no turbidity in the test tube was recorded
as the Minimum Inhibition Concentration.

RESULTS AND DISCUSSION

The maceration extract of the orange waste juice using
different solvents yielded different results in each of the
experiment conducted in the this study. There are
existing, a difference in the percentage yield of the extract
obtained of the three solvent. Figure 1, shows the
comparison of the percentage yield of extracts obtained
from different solvent with respect to various sources.
For methanol extract percentage yield of 4 times more
than the extraction solvent ethyl acetate and n-hexane.
This variation in yield of the three ranges of solvents
explains that solubility of different plant compound in
different solvent. Orange waste juice extracts showed a
significant antibacterial activity against all the test
organisms. (Limonoid-ethyl acetate) extracts showed a
very good antimicrobial activity when compared to
(limonoid-methanocl) extracts and (limonoid-n-hexane)
extracts. (Limonoid-ethyl acetate) extracts showed a
maximum zone of inhibition against E. coli (11.750 mm)
followed by S. enteridis (11.500 mm), where as the
(limonoid-methanol) extracts showed a maximum zone
of inhibition against £. coli (8.062 mm) followed by
S. enteridis (9.125 mm) and (limonoid-n-hexane) extract
showed zone inhibition against £. colf (8.000 mm) and
S. enteridis (9.312 mm). This antibacterial activity may be
indicative of the presence of metabolic toxins or broad
spectrum antibiotic compounds. In case of (limonoid-
ethyl acetate) show more or less the same antibacterial
activity. (Limonoid-ethyl acetate) proves to be a good
solvent for the extraction of antibacterial agents from
both the sources as it has shown better yield as well as
antibacterial activity relating that higher yield means high
concentration of single or variety of phytochemicals and
therefore high antibacterial activity. This statement can
be validated as (limonoid-ethyl acetate) showed the
highest yield as an antibacterial activity in crange juice
waste. Ekwenye, Uchechi and Edeha, Oghenerobo
(2010) reported the antibacterial activity £. colf extract
ethanol from citrus sinensis leaf extract water 3 mm and
7 mm. Results microbial test E. colf showed that water
and ethanol solvents have high levels of antibacterial
activity is low when compared with the results of this
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Fig. 1. Percentage yield of orange juice waste extracts
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Table 2:
extract of Orange juice waste

In wvitro antibacterial screening of crude (limonoid-ethyl acetate) (limonoid-methanol) and (limonoid- n-hexane) of methanol

Diameter of zone of inhibition in mm

Limonoid- Limonoid-ethyl Limonoid
Neomiditril Coleridin methanol acetate 250 n-hexane 250
Bacterial strain 250 ppm/disc 250 ppm/disc 250 ppm/idisc ppm/idisc ppm/disc
Escherichia coli 18.25 24.50 8.00 11.75 8.00
Saimonella enterisch 20.00 23.75 9.00 10.25 9.25

Table 3: Minimum Inhibition Concentration of Orange juice waste
Percentage of minimum inhibition concentration

Limonoid- Limonoid-ethyl Limonoid

methanol 250 acetate 250 nhexane 250
Bacterial strain ppmMIC ppm/MIC ppmMIC
Escherichia coli 10.67 44.15 35.58
Salmonella 3.84 14.69 14.10
enterisditis

study microbial test E coli to extract (limonoid-ethyl
acetate), (limonoid-methanol) and (limonoid-n-hexane)
from waste orange juice waste namely: 11,500 mm,
9125 mm and 9.135 mm. MIC and Disc of different
solvent extracts of orange waste juice shown in Table 1
and Table 2, respectively. The extracts showed
significant activity. Results microbial test £. cofi that
(limonoid-ethyl acetate), (limonoid-methanocl) and
(limonoid-n-heksane) extract showed the highest
antibacterial activity when compared with result of
research Ekwenye, Uchechi and Edeha, Oghenerobo
(2010). This difference is due to differences in the
phytochemical composition of various crops or perhaps
also due to the extraction method used or the
environmental factors and genetic factors orange used.
Orange waste juice extract in this study showed that the
antibacterial activity is lower than that of synthetic
antibiotic use. Inhibition zone for the (limonoid-ethyl
acetate) extract of orange waste juice to £ coli and
salmonelfa, respectively 11,750 mm and 11,500 mm.
Ashok et al. (2011) reported the inhibition zone for citrus
sinensis peel extract against £ cofi 13 mm.
Furthermore Gilay Kirbaslar et al., (2009) reported the
inhibition zone for citrus sinensis peel extract and
lemon citrus against E. coli, respectively 13 and 14
mm. While research Singh Amandeep et al (2009)
reported that the inhibition zone citrus sinensis peel
extract 13 and 17 mm against £. colf and salmonelia
enteridis respectively. The difference in the antibacterial
activity with the same source when extracted with
different solvent has proven that not all phytochemicals
that are responsible for antibacterial activity are soluble
in a single solvent. Hence solvents of different polarity
should be employed as discussed in this study (polar:
water, acetone, ethanol; non-polar: ethyl acetate,
petroleum ether). Sequential or successive solvent
extraction is as good option for better solubility of many
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of the phytochemical but it is always necessary to know
the phytochemicals extracted by each individual solvent
so as to avoid the inclusion of unnecessary solvents
for extraction process as well as to understand the role
of each solvent in the extraction of an individual or class
of phytochemicals. With no antibacterial activity, extracts
may be active against other bacterial species which
were not tested Shale ef a/. (1999). The medicinal value
of these plants lies in bioactive phytochemical
constituents that produce definite physiological action on
the human body Akinmoladun et al. (2007). The
preliminary phytochemical investigation revealed the
presence of various constituents of orange waste juice.
The results are shown in the Table 3. Different solvent
showed different class of phytochemicals they showed
the presence of flavonoids, saponins  efc.
anthraquinones were completely absent in both the
orange waste juice. These constituents could account
for the antibacterial activity but it is difficult to correlate
their action to a specific phytochemical. The presence of
phenol further indicated that orange waste juice could
act as anti-inflammatory, anti clotting, antioxidant,
immune enhancers and hormone modulators. Orange
waste juice have high quantity of saponin which has
hemolytic activity and cholesterol binding properties.
Therefore, in addition to their use as drugs, citrus peels
can be used as a food preservative or even as food
supplement as many literature says that they are highly
nutritive.

Conclusions: Recycling of fruit waste is one of the most
important means of utilizing it in a number of innovative
ways yielding new products and meeting the
requirements of essential products required in human,
animal and plant nutrition as well as in the
pharmaceutical industry. This work has identified the
antibacterial activity against the test organisms and
phytochemical constituents in Orange juice waste
extracts obtained from different solvents. However,
further evaluation performed with the pure compounds
is required for the definite conclusion of the bioactive
compounds contributing to the antimicrobial activity,
although the nature and number of active components
involved in each extract are not clear, however they are
promising. This finding can form the basis for further
studies to prepare an optimize preparation of the herbal
extract.
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