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Abstract
The objective of this work was to study the bioactive properties of kumquat fruit (Citrus japonica thumb)peel. The mineral 
composition (ICP-MS), phenolic and flavonoid contents (HPLC), volatiles (GC–MS), antioxidant activity (DPPH) and anti-
microbial activity of kumquat peel were determined. Kumquat peel was found to be a good supplement of K, Mg, Ca and 
Na. The major phenolic acids found were p-hydroxybenzoic acid that followed by vanillic, protocatechuic, chlorogenic and 
sinapic acids, respectively. The extract contained also apigenin 7-glucosideflavonoid. The volatiles oil analysis showed that 
kumquat peel essential oil was rich in monoterpenoid limonene (96.33%). The oil was also composed of considerable amount 
of d-germacrene, α-myrecene, and α-pinene and minor amount of bicyclogermacrene and sabinene. The highest antioxidant 
activity was obtained using 70% ethanol extract (55.47%), while the least one was observed with n-hexane (27.05%). The anti-
oxidant activity of kumquat extract increased from (21.31%) when the extract concentration was (63 µg/100 µl) to (64.98%) 
with concentration of (1000 µg/100 µl). Regarding the antimicrobial activity, the highest zone of inhibition (16.58 mm) was 
recorded with 70% ethanol extract, while the least zone of inhibition (8.98 mm) was found with acetone extract. Staphylococ-
cus aureus was the most sensitive organism with the highest zone of inhibition (16.70 mm) and Escherichia coli was the most 
resistant organism with the least zone of inhibition (11.30 mm). The present study reviewed antioxidant and antimicrobial 
activity of different extracts of kumquat peel and concluded that kumquat peel might be used as a natural bioactive source, 
mainly in the food and pharmaceutical industries.
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Introduction

Citrus is the most economically important genera in the 
Rutaceae family (orange family) which includes orange, 
grapefruit, lemon and lime [1]. The taxonomic classification 
of the Citrus genus is complex and diverse. Citrus species 
fall under the Aurantioideae subfamily, which is comprised 
of 33 genera and 203 species [2]. Kumquat is orange oval 
citrus fruit with approximately 2–3 cm in diameter. It has 
the smallest size among citrus fruits [3]. kumquat is native 
to South Asia and Asia–Pacific regions. The flesh is quite 
sour and whole fruit along with peel is eaten [4].

The oil composition of this fruit has a special impor-
tance because of its content of unsaturated fatty acids which 
reduce blood cholesterol and can be used in prevention of 
cardiovascular diseases [5]. These volatile compounds are 
mainly come from kumquat peels [6]. Kumquat volatile oil 
inhibited 55–63% of human prostate cancer cell prolifera-
tion at for 24–72 h [4]. Kumquat may also be used as dietary 
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supplement with antiobesity drugs [7]. Because of its useful 
properties, kumquat has been used as antiphlogistic, antivi-
rus, carminative, deodorant and expectorant [8]. Peng et al. 
[9] identified 37 volatile compounds including limonene, 
α-pinene, caryophyllene and α-humulene in kumquat essen-
tial oil. Limonene is the dominant component of the kum-
quat essential oil (93.73%) [10]. Dehghan et al. [11] reported 
that the essential oil of kumquat was having antimicrobial 
activity. It has been reported that kumquat essential oil was 
considered generally recognized as safe (GRAS) to be used 
in food products [12].

Peel waste are considered problem to the processing 
industries and causes environmental pollution. Suitable 
methods have to be developed for the conversion these 
wastes into value added products [13]. The peel of kumquat 
is usually edible with a typical aroma due to the presence 
of flavonoids and terpenoids [14]. The total phenolic and 
flavonoid contents of kumquat peel extracts were found to 
be higher than those in pulp extracts [15]. Kumquat fruit 
is also rich in flavonoids such as C-glycoside flavonoids 
and dihydrochalcone compounds [16]. Hot water extract of 
kumquat peel contained seven flavonoids, including 3,5-di-
C-b-glucopyranosylphloretin, acacetin 8-C neohesperido-
side, acacetin 6-C-neohesperidoside, fortunellin, apigenin 
8-C-neohesperidoside,poncirin and rhoifolinin [15]. The 
antioxidant activity of citrus species is attributed to its flavo-
noid content [17]. Flavonoids have been implied in reduction 
of certain chronic diseases [18], the prevention of some car-
diovascular disorders [19]. Flavonoids also have been proved 
to have anti-tumour [20], antiviral [21].

The present study aimed to investigate active constitu-
ents of kumquat peel. Although some studies on kumquat 
investigated the antioxidant activity and/or composition of 
kumquat extracts [14, 16, 22], to our knowledge, none of 
these reported studies examined antimicrobial and antioxi-
dant activity of kumquat peel extract from different solvents 
with different polarities. This study is also among the rare 
reports, which examined the mineral composition of kum-
quat peel for safety consumption of this fruit waste. There-
fore, the present study was designed to examine bioactivity 
of kumquat in detail. Since the bioactivity was concentrated 
in the fruit peel, kumquat peel was used as material in all 
determinations.

Materials and methods

Plant materials and sample preparation

Mature kumquat (Citrus japonica var. margarita) fruits were 
obtained from a local market of Cairo, Egypt in April 2018 
Fig. 1. After washing, the peels were dried in the oven at 
50 °C for 48 h. The dried peels were pulverized by grinding 

to get 60-mesh size. Ground kumquat peels were stored at 
18 °C in screwed brown bottles.

Mineral content determination

The mineral composition of the dried kumquat peels was 
determined using inductively coupled plasma-mass spec-
trometry (ICP-MS). 0.5 g of dried peel was digested with 
10 ml of a mixture of 69%  HNO3 and concentrated acid: HCl 
(3:1 v/v) in a heating digester (DK 20, VELP Scientifica, 
Milan, Italy). The extract was filtered using 0.2 µm PTFE 
syringe filters (DISMIC-25HP, Advantec, Tokyo, Japan). 
The metal concentrations in the extract was determined by 
an ICP-MS (iCAP, Thermo, Germany). Certified reference 
materials (Merck, Germany) were used. Qtegra software was 
used for average and relative standard deviation calculation 
[23].

High performance liquid chromatography (HPLC) 
analysis of phenolic acid and flavonoids

20 ml of 2.0 M NaOH was added to 1 g of kumquat peel 
in a quick fit conical flask. The flask was flushed with  N2 
and the stopper was replaced. The sample was magneti-
cally stirred for 4 h at room temperature. Then, pH of the 
solution was adjusted to 2.0 using 6.0 M HCl. The mixture 
was centrifuged at 5000 rpm for 10 min and the supernatant 
was collected. The supernatant fraction was extracted twice 
with 50 ml ethyl ether and ethyl acetate 1:1 mixture. The 
solvents in the collected organic phases were evaporated at 
45 °C until dryness and the residue was re-dissolved in 2 ml 
methanol.

HPLC analysis was carried out using an Agilent Tech-
nologies 1100 series liquid chromatography equipped with 
an auto sampler and a diode-array detector. The analytical 
column was an Eclipse XDB-C18 (150 × 4.6 µm; 5 µm) 
with a C18 guard column (Phenomenex, Torrance, CA). The 
mobile phase consisted of acetonitrile (solvent A) and 2% 
acetic acid in water (v/v) (solvent B) [24]. The flow rate was 

Fig. 1  Kumquat fruits
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kept at 0.8 ml/min for a total run time of 70 min and the gra-
dient program was as follows: 100% B to 85% B in 30 min, 
85% B to 50% B in 20 min, 50% B to 0% B in 5 min and 0% 
B to 100% B in 5 min. The injection volume was 50 µl. The 
peaks were monitored simultaneously at 280 and 320 nm 
for the benzoic acid and cinnamic acid derivatives, respec-
tively. All samples were filtered through a 0.45 µm Acro-
disc syringe filter (Gelman Laboratory, MI) before injection. 
Peaks were identified by comparison of their retention times 
with those of standards and UV spectra.

Determination of volatile oil composition 
of kumquat peel

100 g Kumquat fruit peels were hydro-distilled for 3 h using 
a Clevenger-type steam distillation apparatus. The essential 
oil was stored at − 20 °C in until analysis by gas chromatog-
raphy–mass spectrometry (GC–MS).The GC–MS analysis 
of the essential oil samples was carried out using a gas Trace 
GC Ultra Gas Chromatograph (Thermo Scientific Corp., 
USA) coupled with an ISQ (single quadrupole mass spec-
trometer).The column was TR5 MS (30 m × 0.32 mm i.d., 
0.25 µm film thickness). Helium at a flow rate of 1.0 ml/
min was used as carrier gas. The 1 µl of diluted sample 
(1:10 hexane, v/v) was injected with 1:10 split ratio. The 
temperature program was as follows: starting at 60 °C, held 
at 60 °C for 1 min; increasing to 240 °C with 4.0 °C/min 
heating rate and maintained at this temperature for 1 min. 
The injection and detector temperature were 200 and 240 °C, 
respectively. Mass spectra were obtained by electron ioni-
zation (EI) at 70 eV, using a spectral range of m/z 40–450. 
The compounds were identified by Wiley spectral library 
collection and NSIT library. Authentic chemicals were also 
used in identification when they were available.

Extraction of kumquat fruit peels

The 50  g of ground peel was extracted by shaking at 
150 rpm with 500 ml of solvent (80% methanol, 70% etha-
nol, acetone, ethyl acetate, n-hexane and chloroform) for 6 h. 
Extracts were filtered using Whatman No. 1 filter paper in a 
Buchner funnel. The residue was re-extracted with 200 ml 
of solvent, filtered and the resulting filtrates were pooled and 
evaporated at reduced pressure in a flash evaporator at 40 °C 
(Büchi, Flavil, Switzerland). It was further dried in a desic-
cator under vacuum until constant weight was achieved. The 
final extracts weights were recorded and then the residue 
was re-suspended in least amount of solvent to have a con-
centration of 10 mg/ml. The extracts were kept at − 18 °C 
until use. Triplicate determinations (n = 3) were applied in 
the study.

Antioxidant capacity assay

The free radical scavenging activity was estimated by 
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay [25] In this 
assay, the violet color of DPPH was reduced to a pale-yellow 
color due to the abstraction of hydrogen atom from antioxi-
dant compound. The DPPH reduction increased by increas-
ing antioxidant activity was observed.

The assay reaction mixture contained 100 μl of kumquat 
peel extract from different solvent extractions at different 
concentrations (1000–62.5 μg), which were prepared by 
dilution of the extract with the extraction solvent and 1 ml of 
methanolic solution of 0.1 mM DPPH radical. The mixture 
was incubated at 37 °C for 30 min after vigorous shaking. 
The absorbance was measured at 517 nm. Ascorbic acid 
was used as a positive control. Decreasing absorbance of the 
reaction mixture is correlated to higher free radical scaveng-
ing activity which was calculated using the following equa-
tion: DPPH scavenging activity (% ) = 100 × (A0 − A1)∕(A0), 
where,  A0 and  A1 are absorbances of the control and the 
sample, respectively. The results are demonstrated as the 
average of triplicate analysis and the main values as well as 
the SD were given.

Antimicrobial activity

Microorganism

Four standard microbial strains were used in the experi-
ments: Escherichia coli (ATCC-25922), Salmonella typh-
imurium (ATCC-14028), Staphylococcus aureus (ATCC-
25923) and Pseudomonas aeruginosa (ATCC-27853). The 
bacterial cultures were propagated and screened in trypticase 
soy agar (TSA) and trypticase soy broth (TSB) media (Difco, 
Sparks, MD).

Paper disc diffusion assay

For disc diffusion assay, 100 µl of cell suspension was uni-
formly spread onto TSA. The 6 mm diameter filter paper 
discs (Whatman No. 41) impregnated with 25 µl extract, 
which was prepared in 10 mg/ml concentration, were placed 
to contact the surface of inoculated agar. Plates were incu-
bated at 37 °C for 24 h. Then, the diameter of the zone of 
inhibition (ZOI) was precisely measured and their tripli-
cates’ means were calculated [26].

Determination of minimal inhibitory concentration (MIC)

In order to determine minimal inhibitory concentrations 
(MIC), as a quantitative assay, each of kumquat peel extract 
against examined bacterial strains was tested [27]. Broth 
microdilution method used ρ-iodonitro-tetrazolium violet 
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(INT) as an indicator of bacterial growth. 50 µl from each 
well, containing serial concentrations from kumquat peel 
extracts, was spread on TSA plates, and incubated at 37 °C 
for 24 h.

Statistical analysis

All data were subjected to analysis of variance (ANOVA). 
Three samples of each item were analyzed and the main 
values as well as the SD were given. Significance of the 
variable mean differences was determined using Duncan’s 
multiple range tests (p ≤ 0.05). All analyses were carried out 
using SPSS 16 software [28].

Results and discussion

Mineral content of kumquat peels

Our study is among the rare reports about the mineral com-
position of kumquat fruit. Table 1 shows the mean concen-
tration and the range of values of the mineral composition 
(aluminum, calcium, iron, potassium, magnesium, sodium, 
phosphorus, zinc, lead, chromium, nickel and copper) of all 
the kumquat samples obtained by the chemical reference 
methods ICP-MS).The analysis showed that nutritional ele-
ments such as K, Mg, Ca and Na were in high concentrations 
(369.6, 34.54, 49.01 and 32.68 mg/l, respectively) in the 
kumquat peel. The range scales of these four elements were 
consistent with the reference value of AIJN (Association 
of the Industry of Juices and Nectars) from Fruits and Veg-
etables of the European Union [29]. On the other hand, Cu 
and other toxic metals such as Mn, Pb, and Cr were found in 
trace amounts (7.309, 14.17, 14.20 and 1.736 mg/l, respec-
tively) suggesting that the kumquat fruit is safe for human 
consumption and that they were within the permissible limit 
that is no deleterious to health.

High performance liquid chromatography (HPLC) 
analysis of phenolic acid and flavonoids

Phenolic acids in kumquat were rarely investigated. This 
is may be due to the covalent bounding of some phenolic 
acids to the insoluble polymers in plant tissue [30]. Phenolic 
acids and flavonoids of kumquat peel extract are shown in 
Table 2. Eight phenolic acids were detected in the kumquat 
peel extract. The content of phenolic acids was in the fol-
lowing order: p-hydroxybenzoic acid > vanillic acid > pro-
tocatechuic acid > chlorogenic acid > sinapic acid > gallic 
acid > ferulic acid > caffeic acid respectively. Similar phe-
nolic compounds compositions were found in the reported 
studies for various citrus extracts [30–32],. Bound pheno-
lics link to plant components by ester, or acetal bonds [30]. 

Releasing these compounds into extracts and therefore con-
centration of these compounds in the extracts highly depend 
on the extraction method applied.

Apigenin 7-glucoside, which is a flavonoid compound, 
was found in kumquat extract. Ho and Lin [33] reported 
that 80% of total flavonoids of whole fruit are concentrated 
in the peel. Lou et al. [34] reported that most of the flavo-
noids inkumquat are O-glycosides. Apigenin 7-glucoside, 
is O-glucoside with the sugar moiety bound to the aglycone 
hydroxyl group at C-7. Its peak area percentage was found to 
be 0.34%. Different studies reported the presence of apigenin 
flavonoid in extract of kumquat fruit peel [4, 15, 16].

Volatiles composition of kumquat peel essential oils

Essential oils are produced within the rind of a citrus 
fruit. They are termed volatile oils as they evaporate in the 
presence of air and heat [2]. In this study, 0.4 g essential 
oil/100 g peel was collected by hydro distillation. The essen-
tial oil was analyzed by GC–MS for determining of its vola-
tile components. Six volatile compounds were identified and 
grouped according to their chemical structures as monoter-
penes and sesquiterpenes. The essential oil contained four 
monoterpenes which were limonene (96%), α-myrcene 
(0.96%), α-pinene (0.52%) and sabinene (0.11%); and two 
sesquiterpenes which were d-germacrene (1.47%) and bicy-
clogermacrene (0.33%) (Table 3).

All of these constituents have potent and distinctive 
odors which contribute to the character of the kumquat 
essential oil. The abundance of sesquiterpenes contribute 
to the spicy and woody flavor of kumquat. d-limonene is 
the main compound of citrus fruits essential oils and it is 
found in higher concentrations (over 90% of total volatiles) 
and in an enantiomerically pure form [35]. Limonene is also 
essential to the background aroma, and citrus peel-like odor 
[2]. Sicariand Poiana [36] found that limonene is the major 
compound, in the essential oil obtained from kumquat peel 
was high (96%), followed by myrcene (1.6–1.7%) and the 

Table 2  Phenolic acids and flavonoids composition of kumquat peels

Retention time (min) Compound name Peak area 
percentage

03.93 Gallic acid 0.29
07.76 Protocatechuic acid 0.59
12.30 p-hydroxybenzoic acid 1.44
17.74 Chlorogenic acid 0.41
20.88 Caffeic acid 0.13
30.73 Vanillic acid 0.81
31.31 Ferulic acid 0.17
35.40 Sinapic acid 0.30
40.64 Apigenin 7-glucoside 0.34



3225Antimicrobial and antioxidant activities of different extracts of the peel of kumquat (Citrus…

1 3

d-germacrene (0.9–1.4%) that is in accordance with our 
findings. The specific difference in percentage of some con-
stituents of kumquat peel essential oil may be due to variety 
differences. d-limonene was found in different concentra-
tions in different citrus fruits. For instance, sweet orange 
was reported to have 97–98% d-limonene, while lemon and 
bergamot contained 45–76% that were respectively higher 
and lower than that of found in kumquat essential oil in 
the present study [37, 38]. Overall, monoterpenes made up 
97.92% of the total oil volatiles determined in kumquat peel 
essential oil while sesquiterpenes were only 1.8%. This low 
percentage of sesquiterpenes was still higher than those of 
found in orange and grapefruit essential oils [39].

DPPH radical scavenging activity of kumquat 
extracts

The antioxidant potential of kumquat fruit is due to its 
high phenolic and flavonoid contents with poly-hydroxyl 
groups that was determined by DPPH radical scaveng-
ing assay [40]. The anti-oxidant mechanisms of phenolic 
compounds is by  direct absorption and neutralization 
of free radicals, Inhibition of oxidase enzymes such as 
NADPH oxidase, xanthine oxidase and myeloperoxidase 
and  enhancement of the activities of human anti-oxidant 
enzymes: superoxide dismutase, catalase [41, 42].

To investigate the potential health- properties of kum-
quat, we carried out a screening on the antioxidant abili-
ties of different extracts of kumquat peel. All extracts 
of kumquat peels scavenged the DPPH radical in a 

dose-dependent manner Table 4. Regarding to the effect 
of the extraction solvent on the antioxidant activity, the 
highest scavenging potency (55.47%) was statistically 
obtained using 70% ethanol extract (p < 0.05)”. On the 
other hand, n-hexane statistically showed the lowest scav-
enging potency (27.05%) among all extraction solvents 
(p < 0.05)”. The scavenging potency was found to increase 
by increasing the kumquat concentration. Based on statis-
tical analysis, the highest scavenging percentage (64.98%) 
was observed using the concentration of 1000 µg/100 µl 
that was followed by 500  µg/100  µl (50.23%) and 
250 µg/100 µl (37.69%), respectively (p < 0.05)”. On the 
other hand, the concentration of 62.5 µg/100 µl gave the 
lowest scavenging potency with an average of 21.31% 
value (p < 0.05)”.

Our results coincide with previous studies in which polar 
extracts of citrus fruits exhibited higher radical-scavenging 
activity than non-polar extracts [24]. Several studies showed 
that the high antioxidant activity is related to the total phe-
nolic acids [43]. Ogiwara et al. [44] found that caffeic, chlo-
rogenic, and ferulic acids scavenged free radicals, such as 
superoxide anions and hydroxy radicals. Karmac et al. [45] 
stated that the antioxidant activity increased by increasing 
the number of hydroxyl groups substitution on aromatic ring 
of phenolic acids. Also, the antioxidant activity is related to 
presence of flavonoids such as apigenin flavone. In apigenin 
7-O-glucoside, the structure of the aglycone, apigenin, con-
tained a 4-oxo group and the C2–C3 double bond that can 
provide a long chain conjugation system in the B-ring. This 
should result in the electron delocalization of the B-ring.

Table 1  Minor and major 
elements of kumquat peels (mg/
kg)

7Li 11B 23Na 24Mg 27Al 39K 44Ca 48Ti 52Cr
0.002 1.655 32.68 34.54 71.11 369.6 49.01 17.04 1.74
55Mn 57Fe 59Co 60Ni 63Cu 66Zn 71Ga 88Sr 107Ag
14.17 57.59 0.130 5.532 7.309 8.516 1.163 4.173 6.169
111Cd 115In 137Ba 208Pb 209Bi
4.593 7.808 4.307 14.20 4.17

Table 3  Volatiles composition 
of essential oil of kumquat peel

a * Indicates base peak, which is the most intense ion (tallest peak)
b (Peak area of individual volatile compound/total peak areas of all volatiles) × 100

Compound name Retention 
time (min)

Molecular formula m/z  fragmentsa Peak area 
 percentageb

α-pinene 4.66 Monoterpenes  (C10H16) 136, 93*, 92, 91, 77 0.52
Sabinene 5.68 Monoterpenes  (C10H16) 136, 93*, 91, 79, 77 0.11
α- myrcene 6.13 Monoterpenes  (C10H16) 93*, 91, 79, 69 0.96
Sesquiterpenes
 Limonene 7.40 Monoterpenes  (C10H16) 136, 93, 79, 68*, 67 96.33
 d-germacrene 25.55 Sesquiterpenes  C15H24 204, 161*, 133, 119, 105, 91, 81 1.47
 Bicyclogermacrene 26.13 Sesquiterpenes  C15H24 204, 161, 121*, 107, 93, 79 0.33



3226 M. A. Al-Saman et al.

1 3

Our study is unique because of evaluating the antioxi-
dant activity of several kumquat peel extracts from different 
polarity solvents and related the antioxidant activity of these 
extracts to mainly phenolic acids and apigenin 7-O glucoside 
flavonoid. Lou et al. [16], investigated the antioxidant activ-
ity of aqueous, methanolic and ethanolic extract of kum-
quat fruit and related it to its flavonoid content. Nouri and 
Shafaghatlonba [6] investigated the antioxidant activity of 
essential oil and hexane extract of kumquat fruit and stated 
that the antioxidant activity is attributed to its essential oil 
content. Ho and Lin [33] investigated the antioxidant activ-
ity of the methanolic extract of kumquat fruit and verified 
that antioxidant activity was related to its flavonoid contents.

Antimicrobial activity of kumquat peel extracts

The extracts from kumquat peel were collected using vari-
ous solvents (“Plant materials and sample preparation” 

section) and these extracts were investigated for antimicro-
bial activity against different strains of bacteria (S. typh-
imurium, S. aureus, E. coli and P. aeruginosa). Qualitative 
and quantitative determination of the antimicrobial activity 
was carried out according to presence of inhibition zones 
diameters and MIC values. The results are summarized in 
Table 5 which showed that the essential oil of all extracts 
was active against Gram negative strain (E. coli, P. aerugi-
nosa and S. typhimurium) and Gram positive (S. aureus) 
bacteria except for DMSO extract which had no inhibitory 
effect against any strain. E. coli is the most resistance strains 
of bacteria to all extracts. It showed the lowest inhibition 
zone (11.30 mm) and the highest MIC (679.17 µg/ml) that 
was followed by S. typhimurium which showed inhibition 
zone of (12.25 mm) and MIC of (662.5 µg/ml). On the other 
hand, S. aureus was the most sensitive one where it scored 
the highest inhibition zone (16.70 mm) and the least MIC 
(495.85 µg/ml). Regarding the effect of extraction solvent, 

Table 4  Radical scavenging activity of kumquat peel extracts at different concentrations

Means followed by the same letter(s) within a column are not significantly different (p ≤ 0.05) according to Duncan’s multiple range test
1 Radical scavenging activity given as percentage inhibition. The percentage inhibition of the standard ascorbic acid was 100%
2 Values are means of three replicates and the relative standard deviations ˂ 1%
3 Concentration μg/100 μl

Radical scavenging activities of  extracts1,2

Conc.3 Methanol 80% Ethanol 70% Acetone Ethyl acetate n-Hexane Chloroform Conc. mean ± SE

1000 60.08 ± 0.05a 60.27 ± 0.05a 69.12 ± 0.06a 83.69 ± 0.06a 50.52 ± 0.05a 66.18 ± 0.07a 64.98 ± 4.56a

500 39.83 ± 0.05b 58.93 ± 0.05a 49.13 ± 0.05b 71.75 ± 0.06b 33.91 ± 0.05b 47.84 ± 0.05b 50.23 ± 5.54b

250 30.28 ± 0.04c 56.35 ± 0.05b 34.96 ± 0.05c 50.82 ± 0.05c 24.02 ± 0.04c 29.69 ± 0.05c 37.69 ± 5.27c

125 26.84 ± 0.05d 53.01 ± 0.06c 17.95 ± 0.04d 30.03 ± 0.05d 15.76 ± 0.04d 22.03 ± 0.05d 27.77 ± 5.46d

63 21.97 ± 0.05e 48.81 ± 0.04d 16.66 ± 0.04d 17.06 ± 0.04e 10.04 ± 0.03e 13.33 ± 0.04e 21.31 ± 5.73e

Group mean ± SE 35.80 ± 6.74c 55.47 ± 2.08a 37.56 ± 9.89c 50.67 ± 12.43b 27.05 ± 7.08d 35.81 ± 9.49c

Table 5  Antibacterial activity of different kumquat peel extracts against bacterial pathogens strains measured as zone of inhibition diameter 
(ZOI, mm) and minimal inhibitory concentrations (MIC, µg/ml)

Different superscript letters in the same column indicate significant difference at p < 0.05
*Zone of inhibition (ZOI) diameters included the diameter of paper disc (6 mm) ± standard deviations
**MIC: minimal inhibitory concentration (the lowest concentration that prevents growth)
***NI: no inhibitory effect

Extract S. typhimurium S. aureus E. coli P. aeruginosa Group mean

ZOI* MIC** ZOI MIC ZOI MIC ZOI MIC ZOI ± SE MIC

Methanol 80% 14.6 ± 0.4a 600 20.3 ± 0.6b 325 13.7 ± 0.4a 625 14.2 ± 0.5b 575 15.70 ± 1.26ab 531.25
Ethanol 70% 15.4 ± 0.5a 525 21.4 ± 0.6a 300 14.4 ± 0.6a 600 15.1 ± 0.3a 550 16.58 ± 1.32a 493.75
Acetone 08.3 ± 0.2e 800 11.6 ± 0.4f 700 07.2 ± 0.2e 850 08.8 ± 0.4d 750 8.98 ± 0.76d 775.00
Ethyl acetate 10.4 ± 0.4d 725 13.8 ± 0.5e 650 09.7 ± 0.2d 700 11.6 ± 0.6c 675 11.38 ± 0.73c 687.50
n-Hexane 13.3 ± 0.2b 625 17.6 ± 0.3c 450 12.2 ± 0.3b 625 14.1 ± 0.4b 600 14.30 ± 0.95b 575.00
Chloroform 11.5 ± 0.2c 700 15.5 ± 0.5d 550 10.6 ± 0.4c 675 12.3 ± 0.3c 650 12.48 ± 0.87c 643.75
ZOI mean ± SE 12.25 ± 1.34bc 16.70 ± 1.89a 11.30 ± 1.34c 12.68 ± 1.15b

MIC mean ± SE 662.5 495.83 679.17 633.33
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acetone was the least effective extract against all strains of 
bacteria where it showed the lowest inhibition zone among 
all extracts with inhibition zone of (8.98 mm) and the high-
est MIC (493.75 µg/ml). In contrast, 70% ethanol was the 
most effective solvent against all strains of bacteria as it gave 
the highest inhibition zone (16.58 mm) and the least MIC 
(493.75 µg/ml).

The high activity against Gram-positive bacteria can be 
explained by the higher sensitivity of Gram-positive bacteria 
that might be due to relative impermeability of the outer 
membranes of Gram-negative bacteria [46].The bioactiv-
ity of different extracts can be attributed to single major 
compound or to the synergism between different com-
ponents [47]. It was reported that limonene, which is the 
major compound in kumquat oil, had strong antibacterial 
activity against (Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, and clinical isolates Bacillus ssp., 
Salmonella typhi, Klebsiella pneumoniae, Proteus mirabilis, 
Candida albicans [48]. On contrary to these results Fischer 
and Philip [49] reported that limonene did not show any 
antimicrobial activity in both oil and vapor phases against 
Campylobacter jejuni, E. coli O157, L. monocytogenes, B. 
cereus and S. aureus. These findings indicated that further 
studies must be done for the antimicrobial assessment of the 
main individual compounds in various essential oils/extracts 
and toxicological evaluations for the safe usage of these oils/
extracts in food products including kumquat.

The mechanisms of antimicrobial activity of essential 
oils are not fully understood [50]. Oussalah et al. [51], 
reported thickening and disruption of the cell wall, in addi-
tion to increased roughness and lack of cytoplasm in E. coli 
by volatile oils. Ultee et al. [52], reported that carvacrol 
increased membrane fluidity and cause the leakage of pro-
tons and potassium ions, resulting in a collapse of membrane 
potential and inhibition of ATP synthesis.

The study is unique since the antimicrobial activity of 
several extracts with different polarities of kumquat peel 
were evaluated. Wang et al. [14], investigated the antimi-
crobial activity of kumquat fruit essential oil while Barreca 
et al. [53], focused on the antimicrobial activity of the fla-
vonoid fraction of kumquat.

Conclusion

Kumquat peels are rich in bioactive compounds that were 
shown by several analysis in this study. The range scales 
of mineral contents of kumquat were consistent with the 
reference value of Association of the Industry of Juices and 
Nectars indicating its safe consumption. GC–MS analysis 
showed that monoterpenes are the class of compound pre-
sent in the greatest quantity in the oil, with a value of around 
98% in all oils analyzed. Of these monoterpenes, limonene is 

the compound present in the greatest quantity. The essential 
oils of kumquat show antibacterial activity against Gram 
positive and Gram-negative bacteria. The major phenolic 
acids of kumquat were p-hydroxybenzoic acid that followed 
by vanillic, protocatechuic, chlorogenic and sinapic acids, 
respectively. The highest scavenging potency (83.69%) was 
obtained in ethyl acetate extract of kumquat. It can be con-
cluded that kumquat could be used as an accessible source of 
natural bioactive compounds with consequent health benefits 
that would be useful mainly for food and pharmaceutical 
industries.
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