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Abstract

The aim of this study was to investigate the total flavonoid content (TFC), vitamin C content, and the anti-hyperglycemic
activities of pomelo peel extract (PPE) from the flavedo and albedo of two pomelo cultivars namely Long Co Co and Thanh Kieu
in the Mekong Delta of Vietnam. Thanh Kieu PPE possessed the highest TFC of 11.18 + 0.14 mg/100 g from the albedo while
the highest vitamin C content was found in its flavedo (47.74 + 0.34 mg/100 g). PPE from the flavedo induced the mortality
after 3-4 h of oral administration at a dosage of 5000 mg/kg. In the contrast, PPE from the albedo was considered a non-toxic
extract. Albedo PPE from two cultivars was observed to attenuate the blood glucose level of alloxan-hyperglycemia induced
mice (from roughly 350 mg/dL to 150 mg/dL) and there was no significant difference in the anti-hyperglycemic efficacy between
albedo PPE and chemical drug (Glucophage). This finding showed potential in developing new functional food products or
pharmaceutical alternatives from pomelo peels (an agro-waste) for anti-hyperglycemia.
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Practical Application: Anti-hyperglycemic effects of pomelo peel extracts.

1. Introduction

Pomelo fruits (Citrus grandis (L.) Osbeck), among citrus
group, are the largest fruit with a round shape, greenish
color, an average of 20 cm and 1-2 kg in diameter and weight
(Chaiyana et al., 2014; Nur Salihah et al., 2015). In pomelo
fruit, the endocarp (fresh flesh) is widely consumed due to its
excellent performance in aroma and flavor, whereas the pomelo
peel accounted for 20% of fruit weight is considered an agro-
waste (Chaiyana et al,, 2014; Tian et al., 2018). Along with
primary metabolites in the pomelo peel including cellulose,
hemicellulose, soluble sugars, lipid, polyphenols as secondary
metabolites, mainly flavonoids are mostly found in the flavedo
and albedo which possesses a diversity in health-promoting
effects (Tocmo et al., 2020). However, the utilization of these
pomelo peels has yet been economically feasible, leading to a
large amount of pomelo peel disposal in the landfill and having
a negative impact on the environmental issue (Zhu et al., 2017).

Phytochemical compounds from the pomelo peels has
been currently gaining the interests in developing functionally
health-beneficial products to reduce the overburden of landfills.
He et al. (2012) attempted to extract flavonoids from the pomelo
peel using supercritical carbon dioxide to employ beneficial
aspects from the pomelo peel. The addition of pomelo peel
into food was found to stimulate the growth of probiotics in the
gastrointestinal tract, enhancing the gut health (Slavin, 2013).

Peroxide value was significantly reduced in fish treated with
PPE, indicating the efficacy of PPE in the inhibition of lipid
peroxidation (Zarina & Tan, 2013). Type 2 diabetes mellitus is
a major health problem which is usually characterized by the
elevated glucose level in the bloodstream, insulin intolerance
by insulin resistance or impaired insulin release rate (Jia et al.,
2015; Kangetal., 2014). Flavonoids such as naringin, hesperidin,
naringenin, quercetin, etc. have been reported to promote the
anti-diabetic effects via the inhibition of carbohydrate digestive
enzymes, alleviation of hyperglycemia, or improvement of utilization
of glucose (Ahmed et al.,, 2017; Li et al., 2019; Proenga et al,,
2019; Shen et al., 2012; $6hretoglu & Sari, 2020). Besides, using
chemical drugs like Miglitol, Acarbose, or Voglibose was found
to be associated with some adverse side effects for the diabetic
patients such as diarrhea, abdominal distention, or flatulence
(Proengaetal., 2019; Sohretoglu & Sari, 2020). Therefore, finding
an effective means of natural drugs can be an ideal approach for
antidiabetic treatment.

In the Mekong Delta of Vietnam, pomelo fruits contribute
to a large segment of plant production. This means that tons of
pomelo peels are discarded not perceiving the valuable sources
of flavonoids from these peels. Two varieties of pomelo fruit
including Thanh Kieu and Long Co Co in this region may play
a certain role in promoting health-beneficial effects due to their
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flavonoids content in pomelo peels. Thus, this study aimed to
evaluate the anti-hyperglycemic effect in vivo of extract from
the flavedo and albedo of two cultivars. The revealed results can
help facilitate to development of functional food products or
pharmaceutical drugs from natural resources as well as easing
the environmental problem.

2 Materials and methods

2.1 Materials

Pomelo fruits were harvested in the months from April to
July. The Long Co Co pomelo and Thanh Kieu were yielded from
Tien Giang province and Can Tho city of the Mekong Delta
region. The peels were collected and washed to remove dirt.
Pomelo peels from each cultivar were divided into two sections:
flavedo (greenish peel) and albedo (white peel). They were then
dried in the oven at 50 °C to reach the moisture content of 10%.
The dried peel was ground into the fine powder and prepared
for ethanolic extraction (Zarina & Tan, 2013).

Standard chemicals including 2,6-dichlorophenol-indophenol
(DCPIP), ascorbic acid, quercetin, alloxan monohydrate, and
Glucophage was purchased from Merck KGaA (Darmstadt,
Germany). Other chemicals for experimental analysis were
from the standard commercial supplies.

2.2 Preparation of pomelo peel extract from the flavedo and
albedo

The ethanolic extraction method was applied to obtain
the extract from pomelo peel as followed by the method of
Abudayeh et al. (2019) with some adjustments. The as-prepared
powder from the flavedo and albedo of each variety was mixed
with ethanol solution at the ratio of 1:2 (w/v) and 1:4 (w/v),
respectively. The mixture was continuously stirred for 2h and
subsequently filtrated using Whatman No 1 paper. This process
was replicated five times. The volume of each filtrate was then
concentrated using a rotary evaporator (IKA RV-3V, IKA®-Werke
GmbH & CO. KG, Staufen, Germany) at 60 °C until reaching
the moisture content of the extract around 25%. The pomelo
peel extract (PPE) from the flavedo and albedo of each cultivar
was stored and prepared for further analysis.

2.3 Determination of total flavonoid content

The total flavonoid content (TFC) was determined following
the method of Mandal et al. (2013) with modifications. One mL
of PPE was added to the mixture solution composed of 3 mL
of methanol, 0.2 mL of IM CH,COONa, 0.2 mL of AICI,, and
5.6 mL of distilled water. The mixture was allowed to stand for
30 min at room temperature and the absorbance was read at
415 nm using a 722-Visible spectrophotometer (China Yangzhou
Wandong Medical Co., Ltd, China). The TFC was expressed as
quercetin equivalent (QE) using a quercetin standard curve
(20-160 pg/mL, R>=0.9949). The unit was presented as mg QE/g
dry matter (DM).

2.4 Vitamin C determination

The vitamin C content was evaluated according to AOAC
967.21 method with modifications (Association of Official
Agricultural Chemists, 2006). Briefly, the mixture solution of
5 mL of PPE, 20 mL of 1% HCI, 75 mL of 1% oxalic acid was
allowed to react for 10 min and then filtrated using filter paper
(Whatman No 1, UK). Subsequently, ten mL of the filtrate was
titrated by using 0.001 N DCPIP solution until the presence of
pale pink color persisted for 30 seconds. A blank sample was
the mixture of 8 mL of 1% oxalic acid and 2 mL of 1% HCL.
Ascorbic acid was used as a standard. The vitamin C content
was expressed as mg per 100 g of dry matter.

2.5 Acute toxicity study

Male mice (Mus musculus var. albino) aged 8-10 weeks were
purchased from the Pasteur Institute of Nha Trang, Vietnam.
Mice were fed with commercial standard pellets (2 g) two times
per day and housed in the animal cage, strictly adhering to the
standard husbandry conditions with a 12 h light-dark cycle.
For the acute toxicity study, mice were divided into 5 groups
(n=5) and subjected to an oral gavage of 5000 mg/kg as a limit
dose according to the OECD guidelines (Organization for
Economic Cooperation and Development, 2008):

o Group 1: control mice without any treatment;

o Group 2: mice treated with PPE from the flavedo of Long
Co Co variety at an oral dosage of 5000 mg/kg;

o Group 3: mice treated with PPE from the albedo of Long
Co Co variety at an oral dosage of 5000 mg/kg;

« Group 4: mice treated with PPE from the flavedo of Thanh
Kieu variety at an oral dosage of 5000 mg/kg;

o Group 5: mice treated with PPE from the albedo of Thanh
Kieu variety at an oral dosage of 5000 mg/kg.

The post-dosing period of mice was evaluated in 14 days
to observe body weight change, behavioral changes (salivation,
diarrhea, lethargy, etc.), abnormal symptoms from the skin, fur,
eyes, etc., or mortality as a result of toxicity signs (Ekanayake et al.,
2019).

2.6 Biochemical parameters and hematological analysis

Mice after sacrifice, blood was taken from the inferior vena
cava and divided into two groups in dry test tubes. Blood from
the first group was allowed to coagulate at room temperature until
complete clotting was observed. Serum was then centrifuged at
2000 rpm for 10 min and separated to be prepared for biochemical
parameters analysis. Alanine transaminase (ALT), aspartate
transaminase (AST), creatinine, and urea values were measured
by using an automated clinical chemistry analyzer (Siemens
Healthineers AG, Erlangen, Germany) (Ali etal., 2019). The second
group of blood samples was mixed with anticoagulant (EDTA)
to evaluate hematological parameters: white blood cell (WBC),
lymphocyte (LYMPH), mononucleosis (MONO), red blood cell
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean
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corpuscular hemoglobin concentration (MCHC) and platelets
(PLT) by using an auto hematology analyzer (BC-5390, Shenzhen
Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China).

2.7 Anti-hyperglycemic test

To induce hyperglycemia, experimental mice were
intraperitoneally injected with alloxan monohydrate (135 mg/
kg body weight) each 1-day interval until reaching the blood
glucose concentration of 200-300 mg/dL. The mice were fasted
for 18 h before taking the blood samples to evaluate the elevated
glucose level (Saravanan & Pari, 2005). For the anti-hyperglycemic
therapy, model mice were divided into 5 groups:

o Group 1: control mice intraperitoneally injected with
normal saline;

o Group 2: alloxan-hyperglycemia induced mice without
treatment;

o Group 3: alloxan-hyperglycemia induced mice treated
with Glucophage (two times per day) at an oral dosage
of 108 mg/kg;

« Group 4: alloxan-hyperglycemia induced mice treated
with the Long Co Co albedo-PPE (two times per day) at
an oral gavage of 400 mg/kg;

« Group 5: alloxan-hyperglycemia induced mice treated
with the Thanh Kieu albedo-PPE (two times per day) at
an oral gavage of 400 mg/kg;

Each 7-day interval, the body weight of model mice was
recorded. After fasting for 18 h, blood samples from the orbital
veins were collected and centrifuged at 1500xg for 20 min at 4°C.
The serum was stored at -20 °C, and blood glucose levels were
analyzed using a Glucose Assay Kit (Merck KGaA, Darmstadt,
Germany) (Liu et al,, 2021).

2.8 Animal welfare

The research was conducted upon the project B2020-
TCT-01, approved by the Director of the Department of Science,
Technology and Environment, under the Minister of Education
and Training of Vietnam on 9 January 2020. All experiments
were carried out and strictly complied national guidelines on
the protection of animals and experimental animal welfare in
Vietnam following to Law on Animal Health, 2015, Vietnam
National Assembly, No. 79/2015/QH13, approved 19 June 2015.

Table 1. Total flavonoid and vitamin C content of PPE.

2.9 Statistical analysis

Each experimental data was analyzed using one-way analysis
of variance (ANOVA) using SPSS software 20.0 (IBM Corp.,
Armonk, New York, USA). The group means were compared by
using Duncan’s multiple-range test and statistically significant
difference was determined at the level of 5% (p < 0.05).

3 Results and discussion

3.1 The total flavonoid content and vitamin C content of PPE

This study determined the TFC and vitamin C content of
PPE from the flavedo and albedo of two cultivars: Long Co
Co and Thanh Kieu and showed the statistically significant
difference among analyzed groups, shown in Table 1. PPE from
the albedo was considerably higher than the flavedo (p < 0.05).
The Thanh Kieu albedo PPE was found to contain the highest
TFC, 11.18 £ 0.14 mg QE/g DM. The higher TFC in the albedo
PPE in this study was in agreement with previous reports
(Chang & Azrina, 2017; Rahman et al., 2018). However, other
studies showed that the flavedo possessed higher phenolic
content than albedo (Tsai & Wong, 2019; Xiao et al., 2021). This
inconsistency was possibly derived from the discrepancy in
pomelo varieties. Seven varieties of pomelo from Thailand was
evaluated to compare their phenolic content, the result showed the
fluctuation of phenolic content between the flavedo and albedo
(Pichaiyongvongdee et al., 2014). These variations were ascribed
to many possible variables including genetic factors, maturity
stage, cultivation, harvest time, or post-harvesting conditions
(Odriozola-Serrano et al., 2008; Shah et al., 2014; Toh et al.,
2013). Shah et al. (2015) noted that some environmental factors
such as temperature, light intensity, or processing treatment also
partially influenced the phenolic content. Vitamin C is considered
an essential phytochemical compound that is associated with
some fundamental functions such as growth, maintenance of
health, and metabolism (Gropper & Smith, 2012). Vitamin C
is also an antioxidant with the possibility of neutralizing the
effects of free radicals and preventing some human diseases.
In this study, the values of vitamin C content were ranged from
15.27 to 47.74 mg/100 g which were consistent with those of
previous reports (Ani & Abel, 2018; Toh et al., 2013). The highest
content of vitamin C was found in the Thanh Kieu flavedo PPE
with respect to 47.74 + 0.34 mg/100 g. The PPE from the flavedo
was observed with two-folds higher vitamin C content than
the flavedo. The difference in the vitamin C content between
varieties could possibly be attributed to climate conditions,
cultural practices, maturity stages during harvesting or harvesting
approach (Toh et al., 2013).

Pomelo variety (mg C;FEF /;: DM) Vitamin C content (mg/100 g)
Flavedo Long Co Co 10.10 £ 0.09* 41.42 +0.41°
Thanh Kieu 10.61 +0.17° 47.74 + 0.34¢
Albedo Long Co Co 9.98 £0.11° 23.54 +0.36
Thanh Kieu 11.18 + 0.14¢ 15.27 + 0.44°

Data are expressed as mean + SD. Letters (a, b, ¢, d) indicate statistically significant difference in mean values within the same column (p < 0.05).
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3.2 Acute toxicity

The administration of PPE from the flavedo and albedo of
two cultivars: Long Co Co and Thanh Kieu at an oral gavage
of 5000 mg/kg to evaluate the acute toxicity of PPE and was
found to have a significant difference after 3-4 h of observation.
100% of death was observed in mice administered with flavedo
PPE, whereas mice treated with albedo PPE did not appear
any signs of toxicity at the end of the studied period (14 days).
This indicated the non-toxicity of albedo PPE which was a safe
extract for anti-hyperglycemia and the median lethal dose was
expected to be higher than 5000 mg/kg (Iserhienrhien & Okolie,
2020; Nguenang et al., 2020).

The change in body weight and hematological parameters
of treated mice after the post-dosing period are listed in Table 2.
The toxicity signs could probably be characterized by body
weight loss of treated mice due to the induction of metabolism
disorder after acute administration (Ali et al., 2019). The body
weight of mice treated with albedo PPE from two varieties was
found to be insignificant different (p > 0.05), indicating the
normal state of health condition of albedo PPE treated mice.
This trend was consistent with previous reports in the studies of
acute toxicity (Ali etal., 2019; Ekanayake et al., 2019). The change
in hematological parameters reflects the abnormalities in body
metabolism or correlates to the body response to injures or
lesions, deprivation, and stress (Dal Bosco et al., 2014). Results
from the hematological analysis showed that WBC, LYMPH,
MONO, MCV, MCH, and MCHC values of albedo PPE treated
mice did not differ from those of the control group. The other
hematological parameters such as RBC, HGB, HCT, and PLT
showed a slight difference (p < 0.05) compared to control

mice. However, these variations were found to be within the
acceptable range of healthy mice according to reported data of
O’Connell et al. (2015).

The biochemical parameters of treated mice after the post-
dosing period are presented in Table 3. Urea values of treated mice
were similar to the control group, whereas albedo PPE treated
mice showed a slight increment in creatinine values compared
to the control mice. However, the increase of this value was still
within the allowable limit of healthy mice (O’Connell et al., 2015).
In terms of parameters indicating liver function, ALT and AST
values showed a significant increase (p < 0.05) as compared to the
control group. Normally, the increase in these values is relatively
associated with the damaged liver. Acute toxicity normally causes
the elevation of the AST value which is higher than the ALT value
and the ALT level should be 15-folds higher than the ALT level
of the control group to inducing liver cell damage (Kim et al.,
2008). In this study, AST values of treated mice were considerably
less than the ALT values and the increment of ALT and AST
values were found to be inadequate to induce the damage of the
liver cells. In summary, results from hematological and serum
biochemical parameters of treated mice demonstrated a normal
state of health condition of studied mice. The same observed
trend was found in the study of Ali et al. (2019).

3.3 Anti-hyperglycemic effect of PPE in vivo

The anti-hyperglycemic effects of PPE from the albedo
of two varieties: Long Co Co and Thanh Kieu on the alloxan-
hyperglycemia induced mice were successfully evaluated via
the observation of glucose levels in the bloodstream and body
weight change of treated mice. Figure 1 shows the changes in

Table 2. Body weight gain and hematological parameters of treated mice after the post-dosing period.

Long Co Co albedo PPE-treated Thanh Kieu albedo PPE-treated

Parameters Control mice . .
mice mice
Body weight gain (%) 19.76 £ 4.23* 19.00 + 2.99* 17.71 £ 1.97*
WBC (K/uL) 4.58 £ 0.65* 3.38 + 1.64° 4.10 + 1.05°
LYMPH (%) 72.68 £ 11.11* 67.88 + 3.86* 75.90 + 4.62*
MONO (%) 15.38 + 3.28° 15.08 + 1.85° 12.88 + 1.05°
RBC (M/pL) 7.30 £ 0.54° 8.06 +0.18" 8.09 +0.19°
HGB (g/L) 142 + 11.87* 156.2 + 2.05° 160.60 + 1.52°
HCT (L/L) 0.39 £ 0.04° 0.45 +0.02° 0.42 +0.02°
MCV (fL) 53.78 + 1.87° 54.26 + 0.68* 53.86 + 0.69°
MCH (pg) 19.38 £ 0.44* 19.18 £ 0.23* 19.18 £ 0,08*
MCHC (g/L) 361.60 + 15.85° 348.80 + 6.46* 354.20 + 7.56°
PLT (10°/uL) 413.80 + 25.84* 744.00 + 159.64° 718.00 + 131.75°

Each data is presented as mean + SD (n=>5). Superscripts (a, b, c) show the statistically significant difference in mean values (p < 0.05) in the same row.

Table 3. Biochemical parameters of treated mice after the post-dosing period.

Long Co Co albedo PPE-treated Thanh Kieu albedo PPE-treated

Parameters Control mice . .
mice mice
Urea (mmol/L) 6.00 = 0.58° 7.29 £1.36* 7.19+1.76*
Creatinine (pumol/L) 79.20 £ 1.30* 98.60 + 16.35° 123.60 £ 7.16°
ALT (U/L) 75.60 = 9.94* 198.00 + 47.12° 144.00 + 24.08°
AST (U/L) 40.60 + 2.51* 112.00+ 19.24° 122.00 + 13.04°

Data are expressed as mean + SD (n=5). Letters (a, b, ¢) in the same row indicate the significant difference in mean values at the level of 5% (p < 0.05).
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Figure 1. Blood glucose levels of alloxan-hyperglycemia induced mice
at different treatment conditions. Superscripts (a, b, ¢, d) show the
significant difference in blood glucose levels at the same treatment
group during different studied periods. Capital letters (A, B, C) present
the significant difference in blood glucose levels of treatment groups

at the same studied period.

blood glucose levels of hyperglycemic mice at different treatment
conditions. Control mice appeared to have stabilized levels of
glucose in the bloodstream, approximately 125 mg/dL. The blood
glucose levels of alloxan-hyperglycemic mice were in the range
of 350-400 mg/dL (> 200 mg/dL), indicating the excess glucose
level in mice (Liauw et al., 2008). The elevation of glucose level
was ascribed to the insufficient insulin secretion, insensitivity of
insulin, preventing the diffusion of glucose to muscle cells, leading
to the decrement in glucose utilization (Chandalia et al., 2000).
Blood glucose level of non-treated mice was found to gradually
increase during the observed period, which was in agreement
with previous study (Ahmad et al., 2018). Glucophage drug
returned hyperglycemic mice to normal glucose level at 187.2 +
16.47 mg/dL. Mice treated with albedo PPE from Long Co Co
and Thanh Kieu variety were found to have the alleviated glucose
level on day 21. The glucose levels in mice treated with Long
Co Co and Thanh Kieu albedo PPE were reduced to 144.36 +
24.87 mg/dL and 152.64 + 27.32 mg/dL, respectively. There was
an insignificant difference in reducing glucose level of mice
treated with Glucophage, Long Co Co albedo PPE, and Thanh
Kieu albedo PPE (p > 0.05) on day 21, indicating the effective
therapy from the albedo PPE as compared to the commercial
drug (Glucophage). Ahmad et al. (2018) revealed the similar
finding in PPE to reduce elevated blood glucose levels. This
anti-hyperglycemic effect was also found in other citrus peel
extracts (Ahmed etal., 2017; Ali et al., 2020; Fayek et al., 2017).

The anti-hyperglycemic effect of albedo PPE could possibly
be ascribed to the presence of flavonoid compounds. Primary
flavonoids in pomelo peel such as naringenin and hesperidin
were found to be responsible for the anti-hyperglycemic effect
via the inhibition of carbohydrate digestive enzymes, resulting
in a delay in the absorption of carbohydrates in hyperglycemic
mice (Jung et al., 2004). KunduSen et al. (2011) noted that
hesperidin could possibly possess the ability to protect pancreatic
Beta-cell from STZ actions and restore their ability to secrete
insulin. Naringin and neohesperidin in the citrus peel extract
were found to modulate hepatic glucokinase activity while
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Figure 2. Body weight changes of alloxan-hyperglycemia induced mice
at different oral treatments during 21 days-period. Superscripts (a, b,
¢) indicate the significant difference in mean values within the same
treatment group. Negative values indicate body weight loss and positive
values show the body weight gain of treated mice.

inactivating phosphoenolpyruvate carboxykinase and hepatic
glucose-6-phosphatase, resulting in the attenuation of glucose
level (Jung et al., 2004; Zhang et al., 2012).

Figure 2 presents the body weight changes of hyperglycemic
mice during 21 days of the therapy using albedo PPE at a daily
oral dosage of 400 mg/kg. Control mice showed continuous
body weight gain during the observed period, indicating the
normal state of health condition. During the period of inducing
hyperglycemia on tested mice, the body weight of mice was found
to decrease to 20.94 + 2.92% and started continuously dropping
to 47.23 + 3.81% on day 21. A similar trend was observed in
the study of Liu et al. (2021). Glucophage-treated mice was
found to have the return in the body weight after 21 days, from
-18.85 + 5.08% to 6.21 + 5.33% (p < 0.05). The weight loss of
hyperglycemic mice treated with albedo PPE was found to be
significantly alleviated (p < 0.05). The body weight loss of Long
Co Co albedo PPE-treated mice was attenuated to 4.56 + 2.54%,
whereas the Thanh Kieu albedo PPE-treated mice were found
to have a weight gain of 1.21% on day 21. The increment of
body weight of treated mice was observed after the therapy as
the severity of hyperglycemia was attenuated (Liu et al., 2021).

4 Conclusion

In this study, PPE from the flavedo and albedo of two
pomelo varieties: Long Co Co and Thanh Kieu were successfully
evaluated. The total flavonoid content was relatively insignificant
in the flavedo and albedo PPE of the two cultivars, whereas
vitamin C was significantly predominant in the flavedo PPE.
The flavedo PPE induced 100% mortality of treated mice,
whereas the albedo PPE was observed to be a non-toxic extract
with a median lethal dose of greater than 5000 mg/kg. The Long
Co Co, Thanh Kieu albedo PPE, and Glucophage were found
to have the same efficacy in attenuating the elevated glucose
levels in alloxan-hyperglycemic mice. The use of Long Co Co
and Thanh Kieu albedo PPE could be a potent approach for
anti-hyperglycemia therapy.
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