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INTRODUCTION

The citrus family has the scientific name of Rutaceae with
6 subfamilies, 154 genera and more than 2119 species of plants
[1]. Itis widely distributed worldwide and concentrated mainly
in tropical and temperate zone [2]. According to the Food and
Agriculture Organization (FAO), the world supply of citrus
fruits in 2019 reached 157.98 million tons, including oranges
(48.8%), tangerines (22.4%), pomelos (5.8%), lemon and lime
(12.7%) and the other citrus fruits (9.2%). The applications of
citrus in food technology was developed 100 years ago [3].
Citrus genus is not only applied in food technology but also in
many other fields [3]. Although there have been many practical
applications, the impact of citrus on the environment is quite
large. As reported by Panwar et al. [4], the byproducts after
processing are peel (50-70%), pulp (60-65%), seeds (30-35%)
and residue (less than 10%). Citrus byproducts contain about
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Extracts of orange, lemon, tangerine, pomelos and kumquat peels were extracted by two methods viz. solvent extraction and ultrasound- |
assisted extraction. Extracts from peel were evaluated for their moisture, biological activity and antibacterial capacity. Raw material |
powder after preliminary processing tends to turn golden brown with moisture content below 10%. The antioxidant capacity of the extract
from low to high (orange > tangerine > pomelos > lemon > kumquat) was found. The vitamin C equivalent of tangerine is the highest |
recorded at the value of 1.30 mg g'. In addition, the total polyphenol and flavonoid content of pomelos and tangerine was found to be |
higher than that of other extracts. The antibacterial ability was also evaluated based on four intestinal-specific strains including E. coli, B. |
subtilis, P. aeruginosa and S. aureus. The orange peel extract isolated from solvent extraction method has the highest resistant to bacterial |
strains, whereas, the other extracts have moderate antibacterial activity. The results on the pectin composition in the peels have also been |
specifically evaluated. All the types of pectin powders have a degree of esterification (DE) coefficient < 50% corresponding to pectin LM
(low-methoxyl), especially pectin from lemon peel gives a DE coefficient > 50% corresponding to pectin HM (high-methoxyl). I
|
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80-90% moisture and large amounts of organic matter [4,5].
Organic compounds in citrus byproducts have high content
including sugars, carbohydrates, proteins, organic acids, lipids,
essential oils, pigments like carotenes, vitamins and poly-
phenols [4,6,7]. Therefore, to take advantage of this byproduct,
researchers have used shells to prepare essential oils, waste
residues are used to compost as organic fertilizers.

Essential oils from citrus fruits have been commercialized
for along time and are often used in the cosmetic and environ-
mental industries. However, the potential applications of citrus
byproducts is quite limited. Therefore, the researchers studied
extracts from the peels and seeds of citrus trees with polyphenol
compounds such as hesperidin, eriocitrin [8], neohesperidin
[9], vanillin [10], limonene, neral, trans-verbenol, narirutin,
naringin, sinensetin, tangeretin, nobiletin, caffeic, p-coumaric,
ferulic, decanal and sinapic acids [11,12]. There are also a
number of organic compounds such as flavanoinic, vitamin C
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[13], folic acid, potassium and pectin [14]. Organic compounds
in citrus peels have been studied for their anticancer potential
such as nobiletin [15] and flavonoid compounds [16].

After the process of solvent extraction or extracting essential
oils, the rind residue of citus still contains pectin present in
the peel. Pectin is a known natural polymer compound and is
extracted from the citrus genus. In 2021, Hu ef al. [17] extracted
pectin from citrus byproducts including lemon (21.76%),
pomelos (20.17%) and orange (20.81%), at a rate greater than
that of commercial pectin (17.10%). Recently, Picot-Allain [ 18]
investigated the antioxidant capacity of pectin in orange and
lemon peels and their ability to inhibit cholesterol esterase in
the pancreas. Acid hydrolysis is the most widely used method
for pectin extraction, which has the advantages of low cost, easy
operation and environmental protection [ 19]. Citrus peels have
a high potential for use in medicines, foods and cosmetics due
to their essential oil content, natural organic compounds and
pectin components. To understand in depth about the benefits
of bioactive chemical compounds and pectin components
obtained from various kinds citrus peels e.g. lemon, orange,
grapefruit, kumquat and tangerine skins in Vietnam is discussed.
Different types of citrus peels were purchased from food proce-
ssing facilities and extracted organic compounds such as poly-
phenols, flavonoids, efc. and evaluated for their antioxidant
capacity. The residue obtained after extracting the extract will
be further processed to extract the pectin component present
in the peel and then the ratio of pectin components will be
established using pectin powder.

EXPERIMENTAL

Sodium hydroxide, citric acid, sodium carbonate anhydrous,
aluminium chloride, hydrochloric acid (37%) and ethanol (=
95% purity) were supplied from Xilong Scientific Co., Ltd.
China. The Folin-Ciocalteu’s reagent, 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), ascorbic acid (vitamin c), gallic acid, phenol-
phthalein reagent and quercetin standard were procured from
Sigma, USA. After collecting the citrus peel samples, the
damaged parts were discarded and washed several times with
water to remove dirt. Samples were dried at 70 °C for 48 h and
finely ground into powder.

Solvent extraction: The solvent based extraction process
was carried out by following the method suggested by To &
Muoi [20] with some modifications. The citrus peel powder
(1 g) was added to 15 mL of 70% ethanol and soaked for 24 h
at room temperature. The extract was recovered after filtration
to remove the residue. The solution was stored in the sample
tube at 10 = 5 °C in the refrigerator.

Ultrasound-assisted extraction: The extraction process
was carried out by adopting the method as reported by Esteve
et al. [21] with some modifications. The citrus peel powder (1
g) was added to 15 mL of 70% ethanol and ultrasonic for 60
min at room temperature. The extract was recovered after filtr-
ation to remove the residue. The solution was stored in the
sample tube at 10 = 5 °C in the refrigerator.

Preparation of pectin: Weighed 1 g citrus peel powder,
add ed15 mL citric acid solution (1 M) and stirred at 70 °C for
120 min, speed 500 rpm and pH 1.5. The solution was washed

with ethanol and centrifuged at 6000 rpm for 15 min to obtain
a solid. Samples will be washed several times to pH 4-5 and
dried at 60 °C for 24 h to obtain pectin powder.

Colourimetric method: The colour system L* a* b* (also
known as CIELAB) was determined using a CR-400 Konica
Minolta colorimeter, Japan. L* signifies the lightness of colour,
ranging from black (0) to white (+100). The value of a* is the
trend in the colour of a surface, ranging between green (-100)
and red (+100). The value of b* represents the trend in the colour
of a surface ranging between blue (-100) and yellow (+100)
[22].

Moisture (% ): The samples were dried at 105 °C to constant
weight by adopting the standard AOAC 934.06 method.

DPPH scavenging analysis: The in vitro antioxidant activity
was assessed by following DPPH free radical scavenger method
using an ascorbic acid standard [23]. Briefly, I mL of ethanol
DPPH solution (0.6 mM) was thoroughly mixed with 1 mL of
concentrated extract (10-60 mg mL™") and incubated in dark
for 60 min. The absorbance will then be recorded at 517 nm
in a UV-VIS spectrophotometer and the inhibition concen-
tration at 50% value (ICsy) will be calculated from the ascorbic
acid calibration curve [24]. The DPPH* free radical scavenging
activity (OR %) was determined based on the formula. The
results were recorded based on the OR% value at the specified
dilution concentration:

Abs. — Abs.;.

Free radical scavenging activity (%) = x100

SC
where Absc: Optical absorbance of the control sample and
Absr: Optical absorbance of the specimen.

Determination of total phenolic content (TPC): The
total phenolic content (TPC) was determined by the Folin-
Ciocalteu method by following Pham et al. [25] method with
some modifications. In brief, 0.5 mL of extract or standard
gallic acid solution (with concentration from 0.05 to 3 mg
mL") was added to 2.5 mL of Folin-Ciocalteu reagent (1:10)
and mixed well. After 4 min, 2 mL of saturated Na,COs solution
was added, shaked and then incubated for 2 h at room tempera-
ture. The absorbance of the solution after the reaction was
measured at 760 nm. Gallic acid was used as a reference standard
and the results are expressed as milligrams of gallic acid per
gram of sample material.

Determination of total flavonoid content: The total
flavonoid content (TFC) was also determined according to the
method of Hung et al. [25] with some modifications. About
0.5 mL of sample solution (diluted to appropriate concentration)
was added to 0.1 mL of 10% AICl; solution followed by the
addition of 0.1 mL of CH3;COOK solution (1 M) and 4.3 mL
of distilled water and finally mixed thoroughly. Leave the
solution at room temperature for 30 min. Then measure the
optical absorbance at 415 nm on a UV-Vis spectrophotometer.
Quercetin was used as standard and the total flavonoid content
is expressed as a percentage of the milligram equivalent of
quercetin in 1 g of dry matter compared with the sample.

Antimicrobial activity: The antimicrobial activity experi-
ments were conducted by following the method of Khane et
al. [26] with some modification, In brief, 100 uL of bacterial
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suspension was poured on the medium dish containing evenly
spreaded agar. With the help of a sterile cork drill with a dia-
meter of 7 mm to create perforations in the agar and then
injected 70 pUL of distilled water for the negative control well,
70 uL of ampicillin as a positive control and 70 pL of extract
into the marked holes. The plate was then incubated at 37 °C
for 24 h.

Degree of esterification (DE): A pectin powder (5 g)
was mixed with 10 mL distilled water, 5 mL ethanol, 1 g NaCl
followed by the addition of few drops of phenolphthalein in a
conical flask and finally shaked thoroughly and diluted the
solution with distilled water till the volume become 100 mL.
Titrate the solution with 0.1 N NaOH until the colour turns
pink, then hold steady for 30 s and record the results. Then
esterify the solution by adding 25 mL of 0.25 N NaOH solution
with continuous stirring and allowed to stand for 30 min.
Neutralized the solution with 25 mL of 0.25 N HCI. Finally,
the mixture was titrated again with 0.1 N NaOH solution. The
results were recorded and calculated:

DE (%) = Vs %100
Vv, +V,

where DE: degree of esterification of pectin, V,: volume of
0.1 N NaOH solution titrated for second time (mL), V;: volume
of 0.1 N NaOH solution titrated for first time (mL).

Methoxyl index (MI): Determination of methoxyl index
was investigated according to the method of Dhushane &
Mahendran [27]. Placed 0.5 g of pectin into a 250 mL
Erlenmeyer flask, moistened with 5 mL of ethanol and then
added 1 g of NaCl and 100 mL of distilled water (make sure
the pectin is completely dissolved and free of lumps). Then,
added 6 drops of phenol red as indicator and titrated with 0.1 N
NaOH until a pink colour appears. The mixture was added 25
mL of NaOH solution (0.25 N), shaked thoroughly and allowed
to stand for 30 min. Then, 25 mL of 0.25 N HCI was added to
the above mixture and titrated again with 0.1 N NaOH solution
and Vy.on was obtained. The methoxyl index (MI) was calcu-
lated according to the formula:

V, xCN x3.1
m

MI (% ) — __NaOH NaOH N

where Vy,on: volume of final titration solution (mL), CNnaon:
concentration of titrated NaOH solution (N), m: mass of raw
pectin sample (g).

Pectin yield (% ): The extraction efficiency of pectin (%)
was calculated according to the following formula:

Pectin yield (%) = 22 x100
1
where m;: weight of the starting material (g), m,: volume of
pectin powder obtained after extraction (g).

Determination of pectin (P) composition: Weighed 10 g
of sample was added to 100 mL of 0.1 N NaOH in an Erlenmeyer
flask and mixed well. To mke saponify the pectin, leave the
mixture stirred overnight. Filtered the mixture through filter
paper and added 50 mL 1 N CH;COOH to the filtrate. After 5
min, added 50 mL CaCl, (2.0 N) and left for 1 h. Now boiled
the mixture for 5 min, then filtered through a filter paper to
obtain the constant mass and weight (m;). Washed the calcium
pectate precipitate with hot distilled water until there are no
CI ions (test the wash water with 1% AgCl solution until no
white precipitate is present). Placed the filter paper with the
precipitate in the oven, dry to constant weight and weigh (m.):

P (%)= M2=Mm)x092
m
where m: weight of sample (g), m;: weight of filter paper (g),
m,: mass of filter paper and calcium pectate precipitate (g),
0.92: conversion factor from calcium pectate to pectin (i.e.
pectin makes up 92% by mass of calcium pectate).

RESULTS AND DISCUSSION

Antioxidant activity: Extracts of orange, lemon, tangerine,
grapefruit and kumquat peels were extracted by two methods:
solvent extraction (SE) and ultrasound-assisted extraction (UE)
methods. The antioxidant capacity was determined by ICs
value, mg vitamin C per g dry weight (mg g™') and shown in
Table-1. The ICs, value was calculated by regression equation
based on the evaluation of DPPH by concentration range [26].
For DPPH method, the lower ICs, value is the higher anti-
oxidant capacity [28]. The ICs, value of vitamin C (ViC) was
recorded at a concentration of 0.005 mg mL". The results showed

TABLE-1
IC,, VALUES AND VITAMIN C EQUIVALENTS OF EXTRACTS FROM ORANGE,
LEMON, TANGERINE, GRAPEFRUIT AND KUMQUAT PEELS BY DPPH METHOD

Method Sample Regression equation R’ IC,, (mg mL") Egil;vv?/zrglilrl(guglsl
Vitamin C y = 16.47In(x) + 139.12 0.95 0.005 -

Grapefruit y = 26.155In(x) + 4.534 0.89 8.05 1.28 £ 0.10
Ultrasound- Lemon y = 33.974In(x) — 25.639 0.96 9.27 1.23 +£0.09
assisted Orange y =32.989In(x) — 24.309 0.99 9.51 1.13 £ 0.06
extraction Tangerine y =27.905In(x) — 2.1638 0.86 6.48 1.34 £0.13
Kumquat y = 25.541In(x) — 8.7762 0.98 9.99 0.94 = 0.03
Grapefruit y = 19.27In(x) + 24.588 0.95 3.74 1.29 £ 0.11
Solvent Lemon y = 16.548In(x) + 30.541 0.88 3.24 1.20 £ 0.10
extraction Orange y = 18.554In(x) + 19.179 0.94 5.26 1.15+0.10
Tangerine y =20.331In(x) + 19.022 0.90 4.59 1.30 £0.12
Kumquat y = 11.887In(x) + 41.644 0.85 2.02 1.16 £ 0.10
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that the tangerine sample yield the lowest value of 6.48 mg
mL". For SE method, the kumquat sample gave the lowest
value of 2.02 mg mL™". The ICs, values of SE method are twice
or three times lower than those of UE method. This shows
that organic compounds extracted from solvent have better
oxidation resistance than ultrasonic. Although the vitamin C
equivalent concentrations from both methods were similar and
have no significant difference. Equivalent ViC/dry weight
results showed that tangerine sample had the highest concentra-
tions of 1.34 mg g (UE) and 1.3 mg g (SE). This shows that
biologically active substances with antioxidant capacity such
as vitamin C in the sample account for only about 1.0-1.5 mg.
This result is consistent with the concentration of 0.93 mg g’
obtained by Esteve ez al. [21] for vitamin C equivalent concen-
trations in orange peel extract by UE method. Lin et al. [29]
also showed that the ICs, value of pomelos peel ranged from 1
to 4 mg mL"' by SE method. The results show agreement with
other studies with the SE and UE methods. Comparing the
two methods, SE method gives better results than UE method.

Total flavonoid content: The evaluation results of extracts
from oranges, lemons, tangerines, pomelos and kumquats peels
are show in Fig. 1. The flavonoid contents of grapefruit, oranges,
tangerines, lemons and kumquats by SE and UE methods were
4.22,4.24,4.18, 1.43 and 3.54 mg ¢g'; and 3.57, 2.50, 3.42,
3.20 and 4.22 mg g respectively. These results show that the
flavonoid content of the SE method is higher UE method for
samples of grapefruit, oranges and tangerines and vice-versa
for samples of lemons and kumquats.The study of Lin ef al.
[29] also showed that the TFC of pomelos was 3.8 mg g
Another study conducted by Anticona et al. [30], the TFC of
oranges was also evaluated at 2.7 mg g”'. It can be seen that
the observed TFC content is equivalent to the published studies.
Between the two methods, the SE method showed that TFC
content was higher than that of the UE method. This may be
due to the extraction time to release the flavonoid compounds
present in the peel powder.

12
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Pomelo Orange Lemon Tangerine  Kumquat

Fig. 1. Total flavonoid content of orange, lemon, tangerine, grapefruit and
kumgquats peel extracts from SE and UE methods

Total polyphenol content: The phenolic content of any
plant is directly related to their antioxidant properties. Phenolic

compounds act as reducing agents, hydrogen donors and are
capable of scavenging free radicals [31]. The presence of a signi-
ficant amount of phenol can significantly contribute to the anti-
oxidant properties. The evaluation results of polyphenol content
extracted from grapefruit, orange, lemon, tangerine and kumquat
peels are shown in Fig. 2. The polyphenol content of grapefruit,
oranges, tangerines, lemons and kumquats by SE and UE methods
were 18.99, 15.78,18.07, 11.52,15.41 mg g" and 15.46, 11.54,
15.41,12.42 and 13.07 mg g"'. Anticona et al. [30] evaluated
the polyphenol content in oranges, lemons and grapefruits at
15 mg g', 18 mg g' and 12 mg g, respectively. Whereas
Hung et al. [25] reported the polyphenol contents extracted
by UE method was 4.9 mg g for green-skinned pomelo, 4
mg g for Nam Roi pomelo and 6.8 mg g for Tan Trieu pomelo
[25]. Similalry Suri et al. [32], the polyphenol content of sweet
lime was determined to be 25 mg g™'. It can be observed thatin
all the reported cases, the polyphenol content is still between
11 and 19 mg g which is consistent with published studies.
These results showed that the polyphenol content from the two
extraction methods is nearly the same. This shows that using
the UE method has the potential to replace the SE method,
saving time and operating costs.

25

Solvent extraction
|:| Ultrasound extraction
20 -

15 4

mg GAE/g DW
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Pomelo Orange Lemon Tangerine ~ Kumquat

Fig. 2. Total polyphenol content of orange, lemon, tangerine, grapefruit,
kumgquats peel extracts from SE and UE methods

Antimicrobial activity: The antibacterial ability was
evaluated against four microorganisms including Escherichia
coli, Bacillus subtilis, Pseudomonas aeruginosa, Staphylococcus
aureus. The inhibition zone diameters (mm) of orange, lemon,
tangerine, grapefruit and kumquats peel extracts from SE and
UE methods are shown in Table-2. For E. coli strain, only 0.9
mm was recorded inhibition zone diametersof the kumquats
sample by the UE method. There is also an SE method oranges
sample recorded at 2.2 mm. For strain B. subtilis, Inhibition
zone diameters were recorded for samples from SE method.
In addition, pomelos samples by UE method were recorded
0.7 mm. For strain P. aeruginosa, no value was recorded other
than the pomelos extract sample. Orange and kumquat samples
from the two methods were recorded as 0.9 mm and 1.1 mm
for the UE method, 1.9 mm and 1.8 mm for the SE method,
respectively. For S. aureus strain, all samples have inhibition
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TABLE-2
ANTIMICROBIAL ACTIVITIES OF ORANGE, LEMON, TANGERINE, POMELOS, KUMQUATS PEEL EXTRACTS
FROM SOLVENT EXTRACTION (SE) AND ULTRASOUND-ASSISTED EXTRACTION (UE) METHODS

Method

Inhibition zone diameters (mm)

Sample

E. coli B. subtilis P. aeruginosa S. aureus

Pomelos - 0.7 - 0.9

Ultrasound-assisted Lemon - - 9 L1

. Orange - - 0.9 0.8
extraction >

Tangerine = = = 0.7

Kumquat 0.9 — 1.1 2.2

Pomelos - 2.9 - 1.9

Lemon - 2.8 1.6 1.2

Solvent extraction Orange 22 0.9 1.9 1.6

Tangerine - 1.6 0.9 2.1

Kumquat — 0.9 1.8 1.7

zone diameters. The results showed that the extract had anti-
bacterial ability against strong to weak bacterial strains (S.
aureus > P, aeruginosa > B. subtilis > E. coli). Looking at the
two methods, it can also be seen that the SE method gives better
antibacterial ability than the UE method.

Yield, colourimetry and moisture of pectin: Pectin powder
from peels of oranges, lemons, tangerines, grapefruits and
kumquats after extraction was evaluated for moisture content
and CIELAB colour space. The yield and moisture content of
the samples are shown in Table-3. It can be seen that the pectin
extraction efficiency of lemon and kumquat samples (46% and
41.8%) is higher than that of oranges, grapefruits, tangerines
(37,38.5 and 39%). It can be seen that the extraction efficiency
of pectin powder is quite high and almost 50%. In which, the
moisture content of the sample was also recorded as 1.78%
(orange), 1.3% (lemon), 8.2% (tangerine), 3% (grapefruit), 1.61%
(kumquats).The results showed that the moisture content of
pomelo and tangerine samples was the highest but to the lowest
yield. High extraction efficiency shows potential in the practical
application. For a comprehensive assessment, the colour
powder and characterization of pectin components are also
focused. The colour of pectin powder is assessed using The
Commission Internationale de 1’éclairage Lab colour space
value (CIELAB colour space). The samples evaluated were
pectin powder of oranges, lemons, tangerines, grapefruits,
kumquats. The CIELAB colour space of pomelos is recorded
as L* (81.24), a* (7), b* (12.03). Based on the colour space
and the L*a*b* value, the powder sample was determined to
have a desert sand colour (light orange yellow). The CIELAB
colour space of lemon is recorded as L* (69.13), a* (8.3), b*
(14.78). Based on the colour space and L*a*b* value, the
powder sample is determined to have Khaki colour (gray
yellow). The CIELAB colour space of tangerines is recorded

as L*(79.18), a* (6.98), b* (13.42). Based on the colour space
and the L*a*b* value, the powder sample was determined to
have a desert sand colour (light orange yellow). The CIELAB
colour space of oranges is recorded as L* (69.56), a* (9), b*
(12.47). Based on the colour space and L*a*b* value, the powder
sample is determined to have Khaki colour (grey yellow). The
CIELAB colour space of kumquats is recorded as L* (72.75),
a* (8.43), b* (17.88). Based on the colour space and L*a*b*
value, the powder sample is determined to have a tan colour
(light brown). Image of pectin powder sample and colour space
values of pomelos (A), lemon (B), tangerine (C), orange (D)
and kumgquat (E) is shown in Fig. 3.

DE and MI values of pectin: The characterization of the
pectin components was evaluated by quantifying the pectin
composition, calculating the DE and MI coefficients and show
in Table-4. Methoxyl index (MI) represents the methylation
ratio of pectin, which is the mass percent of the methoxyl group
(-O-CHs) to the total molecular weight. Pectin quantification
results of pomelos peel showed that 1 g of pectin powder have
333.84 mg of pure pectin. Pectin powder has a DE and MI
coefficient of 28.45% and 2.11%, respectively. The pectin from
pomelo has a DE index of 31.5% and MI of 6.4%; belonging
to the LM pectin class [33]. The results showed that pectin
powder from pomelo peel of pectin LM (low-methoxyl)
contains fewer esters and as a result freer acid group (-COOH).
These groups are negatively charged in neutral or acidic pH
(-COO-). Pectin quantification results of lemon peel showed
that 1 g of pectin powder have 132.66 mg of pure pectin. Pectin
powder has a DE and MI coefficient of 53.82% and 1.16%,
respectively. According to Karim et al. [34], DE is 38.5% on
the lemon peel, which indicates that the pectin from the lemon
peel belongs to the low methoxyl (LM) category [34]. The results
show that the pectin powder from lemon peel belongs to the

TABLE-3
MOISTURE VALUE, PECTIN EXTRACTION EFFICIENCY, COLOUR VALUE ACCORDING TO CIELAB
COLOUR SPACE OF ORANGE, LEMON, TANGERINE, GRAPEFRUIT, KUMQUATS PEEL EXTRACTS

Parameter Pomelos Lemon Tangerine Orange Kumquat
Yield pectin (%) 37.08 46.07 38.55 39.17 41.78
Moisture (%) 3.00 1.30 8.20 1.78 1.61
Colour, CieLab coordinates
L* 81.24 69.13 79.18 69.56 72.75
a* 7.00 8.30 6.98 9.00 8.43
b* 12.03 14.78 13.42 12.47 17.88
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Fig. 3. Image of pectin powder sample and colour space values of pomelos (a), lemon (b), tangerine (c), orange (d), kumquat (e)

TABLE-4
DEGREE OF ESTERIFICATION VALUES, METHOXYL INDEX VALUES, PURE PECTIN CONTENT
AND TYPE OF PECTIN OF ORANGE, LEMON, TANGERINE, POMELO, KUMQUAT PEELS

Parameter Pomelo Lemon Tangerine Orange Kumquat
Degree of esterification (%) 28.45 53.82 43.81 45.23 54.29
Methoxyl index values (%) 2.11 1.16 1.01 1.43 1.24
Pure pectin (mg g™) 333.84 132.66 119.97 195.41 148.67
Type of pectin LM HM LM LM HM

high-methoxyl (HM) pectin containing more esters due to the
DE coefficient > 50%. This is a new point in the study of the
pectin composition of lemons. Pectin quantification results of
orange peel was show that 1 g of pectin powder have 195.41
mg of pure pectin. Pectin powder has a DE and MI coefficient
of 36.29% and 1.43%, respectively. According to Duwee et
al. [35], the DE on orange peels is 59%, which indicates that
the pectin from the orange peel belongs to the HM category.
The results showed that pectin powder from orange peel belon-
ging to pectin LM contains fewer esters due to the coefficient
of DE < 50% and MI < 7%. Pectin quantification results of
tangerine peel showed that 1 g of pectin powder have 119.97 mg
of pure pectin. In the study of Twinomuhwezi et al. [36], pectin
powder from tangerine has an MI coefficient from 10% to 13%
(MI > 7%). This shows that the pectin powder from tangerine
peel belongs to the type of pectin HM containing more esters.
But the results for tangerine peel pectin of LM pectin contain
fewer esters due to DE < 50% and MI < 7% and result in more
free acid groups (-COOH). In case of kumquat peel, 1 g of
pectin powder have 148.67 mg of pure pectin and indicate
that kumquat peel pectin is LM (low-methoxyl) pectin as it
contain fewer esters due to DE < 50% and MI < 7% and result
in more free acid groups (-COOH). The results showed that
pectin powder from kumquat peel has negatively charged groups
in neutral pH or acidic pH (-COO-). For lemon peer, the pectin
powder is classified as HM and other samples are LM. But the
content of pure pectin in pomelos peel is found to be the highest.
So for practical applications, pectin from pomelos peel is a
good choice.

Characteristic studies of pectin: Structural characteristics
of pectin from orange, lemon, tangerine, pomelo and kumquat
were analyzed through scanning electron microscope (SEM),
X-ray diffraction (XRD), Fourier-transform infrared (FTIR)
spectroscopies. The morphology of pectin samples of oranges,
lemons, tangerines, grapefruits and kumquats is shown in Fig.
4. Clear images of the pectin samples were displayed at a size
of 100 um, highlighting the clear differences between them.
Moreover, the shape of pectin is polygonal with different sizes.
It can be seen that the particle size of the clog sample is larger
than the other samples. Among them, grapefruit and tangerine
samples show almost small sizes.

The crystal structure of pectin from orange, lemon, tangerine,
pomelo and kumquat peels was evaluated by XRD technique.
The results (Fig. 5) showed that the pectin sample has an amor-
phous structure with characteristic peaks at 20 = 21° and 16°,
which almost similar to the reported values [37] confirming
pure pectin. The two pectin samples from kumquat and tangerine
peels showed the new characteristic peaks at 26 = 15°, 24°,
30°,36°, 38° and 44°. It was observed that when the DE coeffi-
cient is > 50%, the pectin molecules form an ordered arrange-
ment or lattice crystallization [38,39]. This partly shows that
the DE coefficient affects the crystallinity of pectin.

The functional groups present in the pectin obtained from
orange, lemon, tangerine, pomelo, kumquat peels are shown
in Fig. 6 using the FTIR method. The FTIR results show a broad
band in the range 3600-3300 cm™ which is to due to the stret-
ching vibration of the -OH group attributed to intermolecular
and intramolecular hydrogen or moisture present in the powder
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Fig. 4. SEM photographs of pectinfrom orange (a), lemon (b), tangerine (c), pomelo (d), kumquat (e) peels
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Fig. 5. XRD pattern of pectin powder from orange, lemon, tangerine,
pomelo, kumquat peels
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Fig. 6. FTIR spectra of pectin powder from pomelo (a), lemon (b), kumquat
(c), orange (d), tangerine (e) peels

sample [40]. The peaks at 2924, 1443, 1373 and 1314 cm
are due the stretching and bending vibrations of the saturated
CH group, including CH, CH, and CH3. While the peaks at
1743 and 1632 cm™ are due to the presence of C=0 belonging
to the free carboxyl group and the esterified group [41]. The
adsorption band between 1250 cm™ and 1000 cm™ is mainly
related to the glycosidic bonds (C—O—C functional groups) in
galacturonic acid molecules. The peaks below 1000 cm™ are
attributed to the bending vibrations of C—C-H, C—O-H groups
and out-of-plane vibrations of hydroxyl. In addition, the peak
at 1200~500 cm™ is considered the only defined carbohydrate
region for all types of pectin [41,42]. Wandee e? al. [43] also
reported that when the DE coefficient is higher, the intensity
of the OH group decreases and the intensity of carboxyl group
increases, which is attributed to an increase in the methoxy
content of pectin.

Conclusion

Extracts from oranges, lemons, tangerines, pomelos and
kumgquats were evaluated for their moisture colour, biological
activity and antibacterial capacity. Raw material powder after
preliminary processing tends to turn golden brown with moisture
content below 10%. The antioxidant capacity of the extract from
low to high (orange > mandarin > pomelos > lemon > kumquat)
was clearly investigated. In addition, the total polyphenol and
flavonoid content of pomelos and mandarin was found to be
higher than that of other extracts. The antibacterial ability was
also evaluated based on four intestinal-specific strains including
Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa
and Staphylococcus aureus. It was found that orange peel extract
from SE method is the most resistant to the studied bacterial
strains. Besides, the extracts all have antibacterial ability but
the ability was moderate. For citrus peel extracts, the polyhenol
and flavonoid contents isolated from the two methods (SE and



262 Hoang et al.

Asian J. Chem.

UE) were almost the same. The pectin composition in the peels
of oranges, lemons, tangerines, grapefruits and kumquats have
also been specifically evaluated. All types of pectin powders
have a DE coefficient < 50% corresponding to pectin LM, espe-
cially pectin from lemon peel gives a DE coefficient > 50%
corresponding to pectin HM. The content of pure pectin present
in pomelo samples is considered to be the highest.
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