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Abstract

Background: Citrus sinensis is one of the most abundant citrus species consumed. Orange peels are a waste by-
product of the fruit and may potentially contain useful phytonutrients with biological relevance.

Methods: Fresh and dry peels of sweet orange were subjected to Soxhlet extraction and then concentrated using
a rotary evaporator. Total phenolic, flavonoid and tannin content were determined using standard methods.
Antimicrobial activities against five (5) bacterial strains (Staphylococcus aureus, Enterococcus faecalis, Pseudomonas
aeruginosa, Escherichia coli and Salmonella typhimurium) and three (3) fungal strains (Candida albicans, Aspergillus
niger and Penicillium notatum) was carried out by observing the zone of inhibition using disc diffusion method.

Results: The total phenolic, flavonoid and tannin content was higher in the fresh peel extract compared to the dry
peel extract. Antimicrobial activities revealed that the fresh peel extract had better antibacterial activities against all
bacterial strains and one fungal strain studied compared to the dry peel extract. Growth of Aspergillus niger and
Penicillium notatum were however better inhibited by the dry peel extract than the fresh peel extract.

Conclusion: This study investigated the phenolic content and antimicrobial activities of fresh and dry Citrus sinensis
peel extracts. The results from the study conclude that the fresh Citrus sinensis peel extract contains more phenolics
and possesses better antimicrobial activities against the studied microbial strains compared to the dry peel extract.
The findings in this study suggest that drying plant parts before extraction for phytonutrients may lead to loss of
active components.
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Background
Citrus sinensis (L.) Osbeck (sweet orange) is the world’s
most widely grown and commercialized citrus specie.
The fruit of C. sinensis is mostly recognized for its vita-
min C content and is also an important source of other
phytochemicals such as phenolics and carotenoids which

are reputed to have health benefits [1–3]. The sweet or-
ange fruit is usually eaten whole or processed into juice
after the peeling of the external rind (flavedo). This peel-
ing process leads to the generation of substantial wastes
[4–7].
Traditional medicine is an established practice in

many parts of the world. The use of herbs is well docu-
mented and is the oldest approach for healing known [8,
9]. In Nigeria, a huge percentage of the populace depend
on herbal medicine for treating different ailments [10].
Studies into the discovery of plant parts with medicinal
properties often make use of dried plant parts that are
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subjected to solvent extraction of bioactive components.
This practice often doesn’t take into recognition the
presence of volatile compounds that may be lost during
the drying process.
Microbial drug resistance is a problem of current

world interest [11, 12]. The emergence and spread of
multidrug-resistance (MDR) microbial strains presents a
severe challenge to global public health. Research is in-
creasingly turning towards the use of herbal products as
new leads towards the development of better drugs
against microbial strains [13].
We have reported in earlier results the presence of

phytochemicals as well as evaluated the antioxidant ac-
tivities of the peels (flavedo), seeds and albedo of dry C.
sinensis fruits [1, 7]. Those previous studies evaluated
extracts obtained from shade-dried materials. This study
therefore compares the phenolic content of fresh and
dry C. sinensis peel extracts and evaluates the antibacter-
ial and antifungal activities of these extracts.

Materials and methods
Raw materials
Oranges were purchased from New Benin Market in
Benin City, Nigeria. Oranges were obtained same day
they were plucked from local farm trees not under any
pesticide treatment. The fruits were washed with dis-
tilled water and the peels removed with the aid of a
sharp knife. Outer peel removal was carried out to en-
sure that the flavedo was not harvested alongside the al-
bedo. The flavedo were divided into two equal groups.
One group was air-dried in a shade at 30–33 °C for
seven days and then pulverized. The other group was
pulverized immediately after peeling the oranges and
then subjected to extraction. Pulverization was carried
out using a sterile mortar and pestle till fine granular or
powdery consistency was obtained.

Preparation of plant extract
The pulverized samples were subjected to Soxhlet ex-
traction for a period of 12 h with 500 mL of ethanol and
then concentrated using a rotary evaporator at reduced
pressure. The extracts were stored in the refrigerator till
required for use.

Determination of Total phenolic content
Total phenolic content was determined according to
Folin-Ciocalteau reagent method of Cicco [14]. Concen-
trations of 0.2, 0.4, 0.6, 0.8, and 1 mg/mL of gallic acid
were prepared in methanol. Extracts were also prepared
in methanol to obtain concentrations of 1 mg/mL. Then
4.5 mL of distilled water was added to 0.5 mL of the ex-
tract and mixed with 0.5 mL of a ten-fold diluted Folin-
Ciocalteau reagent. Subsequently, 5 mL of 7% sodium
carbonate and 2mL of distilled water were added. The

mixture was allowed to stand for 90 min at room
temperature before the absorbance was read at 760 nm.
All determinations were performed in triplicates with
gallic acid utilized as the positive control. The total
phenolic content was expressed as gallic acid equivalent
(GAE).

Determination of Total flavonoid content
Total flavonoid contents were estimated using the
method described by Ebrahimzadeh et al, [15]. Extracts
(0.5 mL of 1 mg/mL) were mixed with 1.5 mL of metha-
nol. To this mixture, 0.1 mL of 10% aluminium chloride
was added, followed by 0.1 mL of 1M potassium acetate
and 2.8 mL of distilled water. The mixture was incubated
at room temperature for 30 min. The absorbance was
measured by a spectrophotometer at 420 nm. The results
were expressed as milligrams quercetin equivalents (QE)
per gram of extract (mg QE/g extract).

Determination of Total tannin content
The total tannin content was determined by modified
method of Polsheltiwar et al., [16]. To 0.1 mL of 1mg/
mL sample extracts was added 0.5 mL of Folin-Denis re-
agent followed by 1 mL of Na2CO3 (0.5% W/V) solution
and distilled water up to 5 mL. The absorbance was
measured at 755 nm within 30min of reaction against
blank. The total tannin in the extract was expressed as
the equivalent to tannin acid.

Antimicrobial assay
Test microorganisms
Eight (8) microorganisms were used in this study - Five
bacterial strains and three fungal strains. Two were gram
positive (Staphylococcus aureus and Enterococcus faeca-
lis) while the other three were gram negative (Pseudo-
monas aeruginosa, Escherichia coli and Salmonella
typhimurium). The three fungal strains used are Can-
dida albicans, Aspergillus niger and Penicillium notatum.
All microorganisms were clinical isolates obtained from
Lahor Research and Diagnostic Laboratories, Benin City,
Nigeria. The identities of the test organisms were con-
firmed to the specie levels using standard biochemical
and morphological procedures.

Antimicrobial susceptibility assay
Test organisms and 2 control strains (S. aureus ATCC
25923 and E. coli ATCC 25922) were sub-cultured onto
fresh suitable broth medium. Broth cultures were then
incubated at 37 °C till the turbidity of 0.5 McFarland’s
standard (1.5 × 108 CFU/mL). Mueller-Hinton agar was
used as bacterial medium and Sabouraud agar as fungal
medium. All were incubated appropriately as specified
for each test organism. The turbidity of the actively
growing broth culture was adjusted with sterile saline to
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obtain 0.5 McFarland’s standard turbidity. One milliliter
of the suspension was then used to flood the surface of
solid Mueller-Hinton agar plates and drained dry. Wells
of 5 mm in diameter and about 2 cm apart were punched
in the culture media with sterile cork borer. The extracts
(0.2 mL) were thereafter used to fill the boreholes. Each
plate was kept in the refrigerator at 4 °C for 1 h before
incubating at 37 °C for 24 h (bacteria) and 72 h (fungi).
Zones of inhibition around the wells, measured in milli-
meters, were used as positive bioactivity. All experiments
were carried out in triplicates.

Minimum inhibitory concentration (MIC)
The organisms that showed susceptibility to the different
solvent extracts were introduced into the broths contain-
ing different concentrations of each extract (Serial dilu-
tions of the extracts corresponding to 200 μg/mL,
100 μg/mL, 50 μg/mL, 25 μg/mL and 12.5 μg/mL). The
tubes were thereafter incubated for 24 h at 37 °C. The
MIC was taken as the lowest concentration of the ex-
tracts that did not permit any visible growth.

Minimum bactericidal concentration (MBC) and minimum
fungicidal concentration (MFC)
The tubes that showed no turbidity in the MIC test were
taken and a loop-full from each tube was streaked on
Mueller Hinton agar. The plates were incubated for 24 h
at 37 °C and the absence of growth was observed. The
concentration of the extracts that showed no growth
was recorded as the MBC / MFC.

Statistical analysis
The data were expressed as mean ± SEM of three repli-
cates. The data were subjected to one-way analysis of
variance (ANOVA), and differences between means were
determined by Duncan’s multiple range test using the

Statistical Analysis System (SPSS Statistics 17.0) where
applicable. P values ≤0.05 were regarded as significant.

Results
The fresh peel extract (FPE) was observed to contain sig-
nificantly higher (p < 0.05) phenolics than the dry peel
extract (DPE). Total phenol was 27.14 ± 0.23 mg GAE/g
of extract and 3.64 ± 0.09 mg GAE/g of extract for FPE
and DPE, respectively (Fig. 1a). FPE was estimated to
contain a flavonoid content of 86.82 ± 1.82 mg QE/g of
extract while DPE was estimated to contain 59.94 ± 0.06
mg QE/g of extract (Fig. 1b). Figure 1c shows the esti-
mation of tannic content. Total tannins estimated were
28.50 ± 6.80 mg TE/g of extract for FPE compared to
8.00 ± 0.33 mg TE/g of extract in the DPE.
The results show that both the FPE and DPE of C.

sinensis possess varying degrees of antimicrobial activ-
ities against the test bacterial and fungal strains (Tables 1
and 2). The FPE produced the widest zone of inhibition
(ZOI) of 20 mm against E. faecalis. This was followed by
S. aureus and P. aeruginosa with 14mm ZOI and E. coli
with 13mm ZOI (Table 1). The FPE produced a 6 mm
ZOI for S. typhimurium., the lowest observed for the
bacterial strains studied. The DPE produced generally
smaller zones of inhibition against the bacterial strains
with a 12 mm zone of inhibition observed for E. faecalis
and 10 mm for S. typhimurium. The DPE produced 4
mm, 6 mm and 8mm zones of inhibition, respectively
against S. aureus, P. aeruginosa and E. coli.
Table 2 shows that the FPE was most effective against

C. albicans, producing an 18 mm ZOI while the DPE
was most effective against P. notatum. with an observed
ZOI of 10 mm. Two (2) mm zones of inhibition were ob-
served for the FPE against A. niger and P. notatum. while
2 and 4mm respectively for C. albicans and A. niger
when exposed to the DPE.

Fig. 1 (a) Total phenolic, (b) flavonoid and (c) tannin content of fresh and dry Citrus sinensis peel extracts. Values are mean ± SEM (n = 3). *
Significantly different from the other group at p < 0.05. FPE = Fresh peel extract, DPE = Dry peel extract
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Table 3 shows that the minimum inhibitory concentra-
tions (MIC) ranged from 12.5 to 100 μg/mL. The lowest
MIC value (12.5 μg/mL) was observed for the FPE
against S. aureus, E. faecalis and P. aeruginosa. MIC
values were higher for the DPE against the same micro-
bial strains. DPE had MIC value of 50 μg/mL against P.
aeruginosa and S. typhimurium. MBC values were gener-
ally higher than the MIC values obtained ranging from
25 μg/mL for the FPE against S. aureus, E. faecalis and
P. aeruginosa to 200 μg/mL for DPE against S. aureus, E.
faecalis and E. coli.
MIC and MFC against three fungal strains studied are

shown in Table 4. The DPE had lower MIC and MFC
values against A. niger (50 μg/mL and 100 μg/mL re-
spectively) compared to the FPE (100 μg/mL and 200 μg/
mL for MIC and MFC respectively) Similar MIC and
MFC (100 μg/mL and 200 μg/mL respectively) were ob-
served for both FPE and DPE against P. notatum.
Values are mean of 3 biological replicates to the near-

est mm.
Values are mean of 3 biological replicates to the near-

est mm.
MIC =Minimum inhibitory concentration; MBC =

Minimum bactericidal concentration.
MIC =Minimum inhibitory concentration; MFC =

Minimum fungicidal concentration.

Discussion
The increasing existence of microbial resistance to drugs
has made the search for new antimicrobial drugs an im-
portant and ongoing one. A current approach is to
screen medicinal plants for novel antimicrobial princi-
ples. Bioactive natural products from plants have proven

to be very useful in the drug design and discovery
process [17].
Secondary metabolites in citrus plants have been iden-

tified as therapeutic agents in the management of several
diseases. Phytochemical analysis of Citrus sinensis has
revealed the presence of carbohydrates, flavonoids, gly-
cosides, coumarin glycosides, volatile oils, organic acids,
fats and fixed oils [7, 18]. Tannins, flavonoids, saponins,
phenolic compounds and essential oils are believed to be
the phytochemicals responsible for the antimicrobial ef-
fects of plants [13]. Flavonoids have been linked to sev-
eral biological activities including antibacterial,
antioxidant and inflammatory activities. They are also
known to possess the capacity to modulate enzymatic
activities and inhibit cell proliferation. In plants, they are
known to play a defensive role against invading patho-
gens [17, 19, 20]. Tannins form complexes with proline-
rich proteins that inhibit cell protein synthesis. Synergis-
tic action of tannins, flavonoids, alkaloids and saponins
are known to inhibit the growth of pathogens [21].
The results of this study revealed that the fresh C.

sinensis peel extract had significantly higher total phenol,
total flavonoid and total tannin content than the dry peel
extract. This may be due to loss of volatile compounds
in the fresh peels during the drying process. This finding
challenges the widespread practice of drying natural
plant parts before solvent extraction of bioactive compo-
nents from them. The drying process may lead to loss of
potent compounds that may contribute to therapeutic/
pharmacological activity of the plant material.
Our results agree with the findings of El-Desoukey

et al [22] and Baba et al [23] who also investigated anti-
microbial activities of C. sinensis peel extracts. Those pa-
pers however examined fewer organisms. The present
study suggests that the fresh C. sinensis peel extract may
have potent activity against microorganisms as a result
of the high levels of phenolics, flavonoids and tannins
present. Synergistic action of these groups of phyto-
chemicals may be responsible for the antimicrobial ef-
fects observed in this study. On the other hand, the dry
C. sinensis peel extract was observed to contain lower
total phenolic, flavonoids and tannin content. This may
explain why this extract is not as effective as an anti-
microbial agent compared to the fresh peel extract. The

Table 1 Antibacterial activities of Citrus sinensis peel extracts (200 μg/mL) against some bacterial strains tested by disc diffusion
assay

Zones of inhibition (mm)

Gram positive Gram negative

Staphylococcus aureus Enterococcus faecalis Pseudomonas aeruginosa Escherichia coli Salmonella typhimurium

FPE 14 20 14 13 6

DPE 4 12 6 8 10

Values are mean of 3 biological replicates to the nearest mm

Table 2 Antifungal activities of Citrus sinensis peel extracts
(200 μg/mL) against some bacterial strains tested by disc
diffusion assay

Zones of inhibition (mm)

Candida albicans Aspergillus niger Penicillium notatum

FPE 18 2 2

DPE 2 4 10

Values are mean of 3 biological replicates to the nearest mm
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antimicrobial effects observed in the dry peel extract
may therefore be ascribed majorly to its flavonoid
content.
Aromatic phenolic compounds in plants are well

known to possess wide spectra of antimicrobial activity.
These compounds are synthesized in plants dealing with
a microbial infection. It has been suggested that their ac-
tivity may be due to their ability to form complexes with
extracellular and soluble proteins as well as bacterial cell
walls [18]. This may therefore explain further, the better
antibacterial effect of the fresh peel extract when com-
pared to the dry peel extract.
Candida spp. are among the most frequently isolated

microorganisms in clinical microbiology laboratories.
Their relevance hinges on their ability to cause oppor-
tunistic and hospital-acquired infections [24]. In this
study, the antifungal analysis shows that the fungal
strains were not as susceptible to the C. sinensis peel ex-
tracts compared to the bacterial strains. The fresh peel
extract was however effective in inhibiting the growth of
C. albicans (ZOI 18 mm). The fresh peel extract may
therefore hold promise as an antifungal agent for the
management of candidiasis.
A surprising result was the greater zones of inhibition

against the growth of A. niger and P. notatum by DPE
compared to the FPE. It was expected that the FPE
would have better antifungal activity compared to the
DPE because of the greater phytochemicals in the FPE.
The reason for this observation is not well understood.
Further investigation utilizing a more diverse range of
fungal organisms may however provide more insight as
to whether DPE has better antifungal activities compared
to FPE.

Conclusion
This preliminary study forms the basis for further re-
search into the identification of the antibacterial com-
pounds present in the peels of C. sinensis. This further
emphasizes the waste-to-wealth potential of sweet or-
ange wastes. The results in this study show that fresh C.
sinensis peel extract contains more phenolics and pos-
sesses better antimicrobial activities against the microor-
ganisms studied compared to the dry peel extract. Our
findings also suggest that drying of plant materials prior
to extraction may not always be better as certain active
pharmacological compounds may be lost during this
process.
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