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Allium chinense is a medicinal plant and nutritional food commonly used in Eastern Asia. In

this study, we investigated the in vitro antioxidant activity (scavenging of a,a-diphenyl-b-

picrylhydrazyl free radical, total phenol content, reducing power, and total antioxidant

activity) and constituents of various extracts from A. chinense. Moreover, we also studied

the in vivo hypolipidemic effects of extracts on high-fat-diet Wistar rats. Ethanol extracts

from A. chinense showed notable antioxidant activity, and its high-dose essential-oil extract

both significantly reduced serum and hepatic total cholesterol, triglyceride, and low-

density lipoprotein levels and increased serum high-density lipoprotein levels in high-

fat-diet Wistar rats compared with those observed following treatment with the control

drug probucol. Additionally, visceral fat in high-fat-diet Wistar rats was reduced.

Furthermore, groups with high doses of essential-oil and residue extracts showed pro-

tective effects associated with histopathological liver alteration. These results suggested

that A. chinense is a valuable plant worthy of further investigation as a potential dietary

supplement or botanical drug.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Both reactive oxygen species (ROS) and oxidative stress play a

central role in the pathology and progression of many related

human diseases. Therefore, enormous efforts to scientifically

investigate potential endogenous and exogenous antioxidants

have arisen [1]. For estimating actual oxidative defense or

stress status, a selected group of nutrients and antioxidant

biomarkers, such as superoxide dismutase, catalase,
Science and Technology
dustry Technology, Da-Y
(L.-Y. Lin), stepheny@m

ministration, Taiwan. Publ

.org/licenses/by-nc-nd/4.0/
glutathione peroxidase, and NADPH (nicotinamide adenine

dinucleotide phosphate) oxidase, are measured. In general,

appropriate ROS levels result in transmission of intracellular

and defense signals against pathogens. However, increasing

ROS levels lead to the development of several human dis-

eases, including cancer, diabetes, atherosclerosis, ischemia,

and endocrine dysfunction. Therefore, moderating ROS levels

and lowering the amount of serum lipids are important in

disease treatment.
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Distributed in Eastern Asia, Allium chinense (synonyms:

Allium bakeri; common name: rakkyo, Chinese onion) is a

perennial herb native to China that is usually harvested from

March to May. A. chinense is commonly cultivated for nutri-

tional andmedicinal purposes, and is often pickled and served

as a side dish or as a nutritional supplement. The plant is

traditionally used to treat stenocardia, heart asthma, and

antiplatelet aggregation [2]. Its naturally occurring sulfur-

containing compounds responsible for its onion-like flavor

were proven to influence plasma cholesterol and atheroscle-

rosis in vitro [3,4]. Another study also reported the ability of its

steroidal constituents to prevent cardiac injuries induced by

oxidative stress. Although more than 20 different steroidal

compounds have been identified, including furostanol sapo-

nins [5], spirostanol saponins [6], and xiebai-saponins [7], only

one study investigated the antioxidant activity of A. chinense

[8]. Because its antihyperlipidemic activity has not been pre-

viously studied, we investigated the target activity and

chemical constituents of A. chinense.

In this study, A. chinense bulbs cultivated in Taiwan were

investigated for their principal components and organic acids.

The amount of quercetin and rutin in extracts was analyzed

by high-performance liquid chromatography (HPLC), while

volatile oil compounds were analyzed by gas chromatography

mass spectrometry (GC-MS). Moreover, extracts of A. chinense

bulbs were tested in a series of in vitro antioxidation assays, as

well as in an in vivo antihyperlipidemic rat model. Evidence

reported herein for antioxidative and antihyperlipidemic ef-

fects of A. chinense extracts show that the plant material is a

promising candidate for counteracting oxidative stress-

related diseases and atherosclerosis.
2. Materials and methods

2.1. Chemicals

a,a-Diphenyl-b-picrylhydrazyl free radical (DPPH), linoleic

acid, butylated hydroxyanisole (BHA), butylated hydrox-

ytoluene, a-tocopherol, bovine serum albumin, thiobarbituric

acid, ferrozine, lecithin, SDS (sodium dodecyl sulfate),

ammonium thiocyanate, ferric chloride, KH2PO4, and K2HPO4

were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Sodium dihydrogen phosphate, disodium hydrogen phos-

phate, NaBr, and trichloacetic acid were obtained from Merck

& Co. Inc. (Kenilworth, JN, USA). Tween 20 was obtained from

Wako Pure Chemical Industries, Ltd. (Osaka, Japan). HCl, NaCl,

and copper sulfate were purchased from the Tokyo Chemical

Industry Co. Ltd. (Tokyo, Japan). EDTA was purchased from

Mallinckrodt Pharmaceuticals (Raleigh, NC, USA). Ferrous

chloride, Coomassie brilliant blue G-250, n-butanol, and

phosphotungstic acid were bought fromAvantor Performance

Materials (Baker analyzed reagents; Center Valley, PA, USA).

2.2. Plant material and the preparation of the extracts

A. chinensewas bought and cultured from Puli Town in Nantou

County, Taiwan (April 2013). The bulb portion of the plant was

washed and dried in the shade. The water extract of A. chi-

nense bulb was prepared by a plant-to-water ratio of (1:4), and
then a blenderwas used to smash the bulb. Finally, the Likens-

Nickerson apparatus was used to heat the extract with solvent

(n-hexane-to-ether ratio: 1:1) for 3 hours. Later, nitrogen gas

was used to dry the extract and obtain the essential oil (ABO).

The remaining residue was filtered and freeze dried to obtain

the supernatant (ABW) and residue (ABR) layers.
2.3. Analysis of principal components

2.3.1. Determination of water content, ash content, crude-fat
content, crude-protein content, crude-fiber content, and
carbohydrate content
The targeting components indicated were detected using

methods approved by the Association of Official Agricultural

Chemists.

2.3.2. Determination of organic acid
Sample powder (500 mg) was extracted with 50 mL 80%

ethanol. This suspension was shaken for 45 minutes at room

temperature and filtered through Whatman No. 4 filter paper.

The residue was re-extracted five times with an additional

25 mL 80% ethanol. The combined filtrate was then rotary

evaporated at 40�C and redissolved in deionized water to a

final volume of 10 mL. The aqueous extract was filtered using

a 0.45-mm polyvinylidene fluoride membrane filter (Millipore,

Billerica, MA, USA) and analyzed using high-performance

liquid chromatography (HPLC). The HPLC system consisted

of a Hitachi L-2130 pump (Tokyo, Japan), a Rheodyne 7725i

injector (Rohnert Park, CA, USA), a 20-mL sample loop, a

Hitachi L-2400 UV detector, and an RP-18 GP250 column

(4.6 mm � 250 mm; Mightysil, Kanto Chemical Co., Tokyo,

Japan). The mobile phase was acetonitrile/deionizer water

[75:25 (v/v)] at a flow rate of 0.8 mL/min, and UV detection was

at 300 nm. Each organic acid was identified using the

authentic organic acid (all from Sigma-Aldrich) and quantified

by its respective calibration curve.
2.4. Flavonoids determination

2.4.1. Determination of the content of quercetin and rutin
One gram of the sample was extracted for 24 hours with 20mL

of ethanol in a 35�C water bath. The solution was filtered and

prepared for further HPLC analysis. A Hitachi HPLC system

with L-2130 pump, L-2200 autosampler, and UV-detector

(214 nm and 350 nm, L-2400 UV detector) was used. A RP-18

GP250 column (250 mm � 4.6mm inner diameter, 5 mm;

Mightysil, Kanto Chemical Co.) was used, with a mobile phase

of phosphate buffer (H2O: 85% phosphoric acid 99.7:0.3, v/v)/

acetonitrile/methanol at a flow rate of 1.0 mL/min. The in-

jection volume of the sample was 20 mL. The analytic condi-

tion was performed using Fuleki's method [9]. First, the

standard products of quercetin and rutin were dissolved in

methanol for establishment of a calibration curve, then cali-

bration curves were constructed using the peak area (Y axis)

and the concentration (mg/mL; X axis) of quercetin or rutin

standards. The application of HPLC analysis of A. chinense

extracts was performed, and the content of quercetin and

rutin was determined under different processes associated

with A. chinense.
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http://dx.doi.org/10.1016/j.jfda.2016.01.010


j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 5 1 6e5 2 6518
2.4.2. Determination of essential oils by GC-MS
Essential oil was then analyzed using a gas chromatograph/

mass selective detector (Hewlett-Packard 6890 GC connected

to Hewlett-Packard 5973 MSD; Agilent Technologies, Santa

Clara, CA, USA). A capillary column (Rtx-wax, inner diameter:

0.53 mm � 30 m, 1-mm film thickness) was used. The carrier

gas (helium) was operated at a flow rate of 30mL/min, and the

air-flow rate was 30 mL/min. Qualitative and quantitative

determinations of the volatile components were performed

according to Majlat et al [10].
Table 1 e The animal grouping for testing serum lipid
levels in Wistar rats.

Groups Diet model

C Normal diet

HF High-fat diet

HP High-fat diet plus porbucol (10 g/kg/FW)

ABON High-fat diet plus normal dose A. chinense

essential oil

ABOH High-fat diet plus high dose A. chinense

essential oil

ABWN High-fat diet plus normal dose A. chinense

extracts

ABWH High-fat diet plus high dose A. chinense

extracts

ABRN High-fat diet plus normal dose A. chinense

residue

ABRH High-fat diet plus high dose A. chinense

residue
2.5. Antioxidative assay

2.5.1. Preparation of ethanol extract and water extract of
A. chinense
Two batches of A. chinense powder (100 mg/batch) with the

addition of 200 mL ethanol and deionized water were indi-

vidually stirred at room temperature for 8 hours. The solution

was filtered usingWhatmanNo. 1 filter paper and centrifuged.

The supernatant liquid was filtered withWhatman No. 6 filter

paper and dried. Then, 20 mL ethanol and deionized water

were used to individually dissolve the samples, and the

ethanol extract (ACEE) and water extract (ACWE) were ob-

tained and stored at �20�C.

2.5.2. DPPH free radical-scavenging activity test
DPPH free radical-scavenging activity was estimated accord-

ing previous methods [11]. After 2 mL of the sample solution

was added to fresh 2mL 0.2mMDPPH inmethanol, the sample

was protected from light for 30 minutes, followed by absor-

bance measurement at 517 nm.

2.5.3. Determination of total polyphenolic compounds
The concentration of standard gallic acid or 0.2 mL sample

was combined with 1mL Folin-Ciocalteu's phenol reagent and
mixed for 3 minutes. Na2CO3 (7.5%; 0.8 mL) was added and

allowed to sit for 30 minutes before measuring at 769 nm. The

positive control was gallic acid. Total polyphenolic com-

pounds were determined as a gallic acid equivalent [11].

2.5.4. Total antioxidant-activity capacity assay
Deionized water (1.5 mL), 0.25 mL peroxidase (44 U/mL),

0.25mL H2O2 (500mM), and 0.25 mL 2,2’-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS; 1mM) were

mixed and reacted in a dark room for 1 hour to produce blue-

green ABTS. The sample was added to the mixture, and the

absorbance was obtained at 734 nm. The lower value of

absorbance was detected, while stronger total antioxidant

activity was observed. Antioxidant activity was calculated

according to the following formula:

Total antioxidant activityð%Þ
¼ �

1� �
A734nm; sample

�
A734nm; blank

��� 100

2.5.5. Examination of reducing activity
The reducing power was analyzed according to a previously

described method [12]. Different concentrations of A. chi-

nense ethanol extract (2.5 mL) were added to 0.2M phosphate

buffer (2.5mL; pH 6.6) and 1% potassium ferricyanide (2.5mL)

and allowed to react for 20 minutes at 50�C before cooling.
After adding 10% trichloroacetic acid (2.5 mL), the sample

was centrifuged for 10 minutes at 1510g. Supernatant (5 mL),

5 mL deionized water, and 1 mL 0.1% ferric chloride solution

was reacted for 10 minutes, and the absorbance was

measured at 700 nm. BHA and a-tocopherol were regarded as

positive controls. The higher the absorbance value, the

stronger the reducing activity exerted. The production of Fe4
[Fe(CN)6]3 was themarker used for determination of reducing

activity.

K3FeðCNÞ6 þ sample/K4FeðCNÞ6 þ sample� oxide

K4FeðCNÞ6 þ Fe3þ/Fe4$
�
FeðCNÞ6

�
3

2.6. In vivo assay

2.6.1. Animal experiment
Seventy-sixWistar rats (6-weeks old) were separated into nine

groups for serum lipid-regulating experiments. The control

group contained 12 rats, while the other groups contained

eight rats each. All treated groups were treated with A. chi-

nense prepared from fresh raw materials with different pro-

cedures used to obtain ABO, ABW, and ABR. One group of rats

was given a normal diet (C) and eight groups of rats were given

a high-fat, high-cholesterol diet (H). After two weeks of high-

fat inducement, the eight treated groups were separated into

HP (Probucolþ H), ABON (A. chinense volatile oil-normal

dose þ H), ABOH (A. chinense volatile oil-high dose þ H),

ABWN (A. chinense extracts-normal dose þ H), ABWH (A. chi-

nense extracts-high dose þ H), ABRN (A. chinense residue-

normal dose þ H), and ABRH (A. chinense residue-high

dose þ H) groups (Table 1). The temperature of the rat room

was 22 ± 2�C, with relative moisture at 40e60%, and a self-

timer was set up enabling light (8:00 AMe8:00 PM) and dark

(8:00 PMe8:00 AM) periods. Feed and water were provided ad

libitum (Table 2). During the experimental period, the amount

of feedwas recorded daily, theweight of the rat wasmeasured

twice/wk, and orbital blood was sampled for 2 weeks for tri-

glyceride (TG), total cholesterol (TC), high-density lipoprotein

(HDL), and low-density lipoprotein (LDL). After 12 weeks, rats

http://dx.doi.org/10.1016/j.jfda.2016.01.010
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were sacrificed, and the stool of the Wistar rats was collected

3 days prior. Rats fasted for 12 hours overnight before being

sacrificed with ether. Viscera (liver and kidney), fatty tissue

(fat around the kidneys and epididymal fat), and blood were

used as specimens. Liver organs were washed twice with

phosphate-buffered saline (PBS) and weighed. A portion of

tissue was rapidly frozen with liquid nitrogen, then stored at

�80�C for further TG and TC content analysis. Other samples

were immersed in formalin solution (10% formaldehyde so-

lution) for tissue specimens. Fatty tissues were also washed

twice with PBS and weighed.

2.6.2. Measurements of animal intake and food efficiency
Daily feed intakewasmeasured and recorded. Food utilization

(feed efficiency) was calculated at the end of the experiment

using the following formula:

food utilization¼ [weight gain (g) / total feed intake (g)]� 100%

2.6.3. Preparation of serum samples from Wistar rats
After sacrifice, blood was collected into 15-mL centrifuge

tubes with a 10-mL syringe. Tubes were centrifuged (800g,

15 minutes) to completely separate the serum and blood cells.

The supernatant (serum) was stored at 7�C for further testing

of TC, TG, HDL, and LDL.

2.6.3.1. Measurement of serum TC. Serum samples (2 mL)

were added along with 200 mL cholesterol reagent to a 96-well

plate, mixed, and incubated at room temperature for 10 mi-

nutes, and absorbance was measured at 500 nm. TC concen-

tration was calculated according to the formula of the

products:

TC (mg/dL)¼ (A sample/A standard)� standard concentration
Table 2 e Feed ingredients for Wistar rats.a

Materials (%)

C H HP ABON

Casein 20 20 20 20

D,L-Methionine 0.3 0.3 0.3 0.3

Corn starch 15 5 5 5

Sucrose 50 50 50 50

Cellulose 5 5 5 5

Cholesterol 0.2 0.2 0.2 0.2

Mineral mixture 3.5 3.5 3.5 3.5

Vitamin mixture 1 1 1 1

Choline bitartrate 0.2 0.2 0.2 0.2

Corn oil 5 5 5 5

Lard d 10 10 10

Total 100 100 100 100

Probucol d d 10 d

Volatile oils d d d 0.018

Aqueous d d d d

Residue d d d d

ABOH¼Allium chinense essential oil-high doseþHF; ABON¼Allium chinens

doseþHF; ABRN¼Allium chinense residue-normal doseþHF; ABWH¼Alli

normal dose þ HF; C ¼ normal diet; HF ¼ high-fat diet; HP¼ Porbucol þ H
a On the basis of the American Institute of Nutrition-76 formula.
2.6.3.2. Measurement of serum TG. Serum samples (2 mL)

were added along with 200 mL cholesterol reagent to a 96-well

plate, mixed, and incubated at room temperature for 10 mi-

nutes, and absorbance was measured at 500 nm. TG concen-

tration was calculated according to the formula of the

products:

TG (mg/dL)¼ (A sample/A standard)� standard concentration

2.6.3.3. Measurement of serum LDL. Serum samples (50 mL)

were added along with 500 mL LDL reagent, mixed, and incu-

bated at room temperature for 15 minutes prior to centrifu-

gation at 1500g. The supernatant (12.5 mL) was mixed with

250 mL cholesterol reagent and incubated for 10 minutes, fol-

lowed by measurement of the absorbance at 500 nm. LDL

concentration was calculated according to the formula of the

products:

LDL (mg/dL) ¼ (A sample/A standard) � standard

concentration

LDL cholesterol ¼ TC � LDL concentration

2.6.3.4. Measurement of serum HDL. Serum samples (200 mL)

were added along with 500 mL HDL reagent, mixed, and

incubated at room temperature for 10 minutes prior to

centrifugation for 10 minutes at 1500g. Supernatant (25 mL)

was mixed with 250 mL cholesterol reagent and incubated for

10 minutes, followed by measurement of the absorbance at

500 nm. HDL concentration was calculated according to the

formula of the products:

HDL (mg/dL) ¼ (A sample/A standard) � standard

concentration
Groups

ABOH ABWN ABWH ABRN ABRH

20 20 20 20 20

0.3 0.3 0.3 0.3 0.3

5 5 5 5 5

50 50 50 50 50

5 5 5 3.2 3.2

0.2 0.2 0.2 0.2 0.2

3.5 3.5 3.5 3.5 3.5

1 1 1 1 1

0.2 0.2 0.2 0.2 0.2

5 5 5 5 5

10 10 10 10 10

100 100 100 100 100

d d - - -

0.036 d d d d

d 0.090 0.180 d d

d d - 1.180 2.360

e essential oil-normal doseþHF; ABRH¼Allium chinense residue-high

um chinense extracts-high doseþHF; ABWN¼Allium chinense extracts-

F.

http://dx.doi.org/10.1016/j.jfda.2016.01.010
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Table 3 e Components of fresh Allium chinense bulbs.

Item Content (wt %)

Principal component analysis

Moisture 81.4 ± 0.03

NFEa 12.3 ± 0.05

Crude ash 0.80 ± 0.12

Crude fat 0.50 ± 0.11

Crude fiber 3.01 ± 0.45

Crude protein 2.02 ± 1.30

Organic acid analysis

Oxalic acid 1.06 ± 0.03

Tartaric acid 0.67 ± 0.02

Lactate 0.26 ± 0.01

Citric Acid 0.95 ± 0.03

Succinic acid 1.07 ± 0.06

Malic acid 4.05 ± 0.15

Flavonoids analysis

Quercetin 0.14 ± 0.01

Rutin 0.07 ± 0.00

NFE ¼ nitrogen-free extract.
a NFE¼ 100% � (% moisture þ% crude ash þ% crude fat þ% crude

fiber þ % crude protein.

Table 4 eAnalysis of the volatile oils from Allium chinense
bulbs by GC-MS.

Compounds MW Content (%)a

Sulfide

Methanethiol 48 tb

Methyl hydrodisulfide 80 0.01

Allyl methyl-sulfide 88 0.04

Dimethyl disulfide 94 2

3,4-Dimethylthiophene 112 0.04

Methylallyl disulfide 120 0.3

Methyl-cis-propenyl-disulfide 120 2

Methyl-trans-propenyl-disulfide 120 1.8

Dimethyl trisulfide 126 6.7

Allyl propyl disulfide 148 0.1

Di-2-propenyl disulfide 146 0.11

Dipropyl disulfide 150 0.13

trans-Propenyl disulfide 148 0.3

Methyl allyltrisulfide 152 1

1-Propenyl trisulfide 154 1

3-Vinyl-4H-1,2-dithiin 152 1

2-Vinyl-4H-1,3-dithiane 146 0.3

Dimethyl tetrasulfide 158 tb

Dipropyl trisulfide 182 0.2

Others

Propanal 58 0.1

Hexanal 100 0.2

2-Pentylfuran 138 tb

Limonene 136 0.02

GC-MS ¼ gas chromatography mass spectrometry;

MW ¼ molecular weight; t ¼ trace.
a The contents of the volatile compound (%) in dry A. chinense

bulbs.
b Trace amount < 0.01%.
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2.6.4. Preparation of hepatic samples from Wistar rats
Rat liver (0.5 g) was washed three times with 1� PBS, and

added to 60 mL chloroformwith 30mLmethanol (2:1) to make

a homogenate for lipid extraction. The extract was filtered

(No. 2; Toyo Screen Kyogo Co., Ltd., Tokyo, Japan).

2.6.4.1. Measurement of hepatic TG. Liver homogenate (50 mL)

and 50 mL Triton X-100 were placed in a dark room to dry for

4 hours at 50�C. The dried sample (2 mL) was transferred to a

96-well plate with TG buffer, mixed, and incubated at room

temperature for 10minutes. The absorbance wasmeasured at

500 nm, and the TG concentration was calculated according

the formula of the products:

TG (mg/dL) ¼ (A sample/A standard)*standard concentration

2.6.4.2. Measurement of hepatic TC. Liver homogenate (50 mL)

and 50 mL Triton X-100 were placed in a dark room to dry for

4 hours at 50�C. The dried sample (2 mL) was transferred to a

96-well plate with cholesterol buffer, mixed, and incubated at

room temperature for 10 minutes. The absorbance was

measured at 500 nm, and the TG concentrationwas calculated

according the formula of the products:

TC (mg/dL) ¼ (A sample/A standard)*standard concentration

2.6.5. Measurement of total neutral cholesterol in feces
Two possible metabolism pathways associated with choles-

terol include the conversion to bile acids through bile and

neutral-steroid metabolism, followed by excretion with feces.

Therefore, determination of fecal neutral sterols could indi-

cate the effects of galangal acetate content on cholesterol

absorption and/or increased cholesterol discharge. Amodified

Folch's method was used for this determination [13]. The

collected feces were dried to a constant weight and powdered.

Feces (0.5 g) were mixed with 1 mL chloroform and methanol

(2:1), extracted for 12 hours, filtered, and the extract liquid

(0.1mL) obtained. The extract liquidwas dried by nitrogen gas,

and 1 mL was added to Libermann-Burchard reagent [acetic

anhydride:sulfuric acid:acetic acid (20:1:10)] and reacted for

20 minutes at room temperature. The absorbance was

measured at 550 nm. Standard cholesterol was used as the

control for quantitation of fecal neutral-sterol content.

2.6.6. Measurement of food intake and efficiency
Daily feed intake was measured and recorded. The formula

used to calculate food utilization (feed efficiency) at the end of

the experiment was as follows:

Food utilization ¼ [weight gain (g)/total feed intake (g)] � 100%

2.6.7. Measurement of animal body weight
During the trial period, rats were weighed once/wk on a scale

and observed for changes in weight.

Changes in body weight (weight change)

¼ final weight � initial weight
2.6.8. Measurement of the total fat in animals
After the animals were sacrificed, the peritoneal cavity near

the epididymis and the fat around the kidney were weighed.

http://dx.doi.org/10.1016/j.jfda.2016.01.010
http://dx.doi.org/10.1016/j.jfda.2016.01.010
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2.6.9. Histopathology
The liver and fat cells of H rats were extracted, the tissues

were fixed in 10%neutral-buffered formalin and sampleswere

dehydrated, cleared, infiltrated, embedded, and sectioned.

Representative sections were stained using hematoxylin and

eosin [12].

2.6.10. Statistical analysis
Samples were tested in triplicate, and results were presented

as mean ± standard deviation (SD) of three independent ex-

periments. The data were analyzed by one-way analysis of

variance using SPSS statistical software version 16.0 (SPSS Inc,

Chicago, IL, USA). For the mean separation, Duncan's
multiple-range tests were used to determine the mean dif-

ference at the level of p < 0.05.
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3. Results and discussion

3.1. Analysis of principal components and organic acids

Fresh A. chinense bulbs contained 81.4% water and 12.3% car-

bohydrates (Table 3). Other constituents included crude fiber

(3.01%), crude protein (2.02%), ash (0.80%), and fats (0.50%).

Moreover, the composition of organic acids was examined

utilizing HPLC analysis. As shown in Table 3, there was only

8.06 mg/g of organic acid in the extracts, with malic acid, a

strong ocular irritant [14], constituting the majority (4.05 mg/

g). Malic acid is responsible for the acidity of bulbs. Addition-

ally, the bulbs contained 1.07mg/g of succinic acid, suggesting

that A. chinense exhibits anti-inflammatory activity [15].
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Table 5 e Effect of Allium chinense extracts on body weight, liver weight, kidney weight, food intake, and water intake in
Wistar rats induced by high-fat diet.a

Dietary
group

Initial body
weight (g)

Final body
weight (g)

Liver
weight (g)

Liver/body
weight

Kidney
weight (g)

Kidney/body
weight

Food intake
( g/wk/

Wistar rat)

Water intake
(mL/wk/

Wistar rat)

C 307.7 ± 5.13 573.5 ± 2.9 14.28 ± 1.53 0.026 ± 0.00 3.2 ± 0.09 0.55 ± 0.01 24.4 ± 2.24 66.8 ± 18.4

HF 311.6 ± 8.22 630.2 ± 16.9 16.84 ± 2.04 0.026 ± 0.00 3.1 ± 0.27 0.50 ± 0.01 24 ± 1.59 76.7 ± 18.1

HP 312.4 ± 2.47 597.2 ± 3.7 13.91 ± 1.16 0.023 ± 0.00 3.1 ± 0.19 0.55 ± 0.02 23.5 ± 2.52 71.7 ± 16.7

ABON 306.4 ± 9.22 579.5 ± 1.0 14.22 ± 1.95 0.025 ± 0.00 3.2 ± 0.21 0.59 ± 0.04 21.6 ± 2.95 80.5 ± 21.1

ABOH 315.6 ± 6.41 550.0 ± 1.4 e 14.52 ± 1.28 0.027 ± 0.00 3.5 ± 0.26 0.65 ± 0.03 21.3 ± 3.46 85.8 ± 25.7

ABWN 309.6 ± 14.3 619.4 ± 3.5 15.11 ± 1.2 0.025 ± 0.00 2.9 ± 0.29 0.50 ± 0.02 21.6 ± 2.74 76.2 ± 20.3

ABWH 307.0 ± 7.03 571.9 ± 1.1 15.37 ± 1 0.027 ± 0.00 3.0 ± 0.19 0.56 ± 0.01 21.2 ± 2.53 66.8 ± 12.4

ABRN 308.7 ± 2.82 582.5 ± 3.4 14.69 ± 2.6 0.025 ± 0.00 3.2 ± 0.23 0.57 ± 0.06 21.8 ± 2.26 99.3 ± 13.4

ABRH 308.4 ± 7.20 605.2 ± 3.2 15.99 ± 0.9 0.026 ± 0.00 3.0 ± 0.11 0.50 ± 0.01 23.1 ± 2.96 85.3 ± 16.5

ABOH ¼ A. chinense essential oil-high dose þ HF; ABON ¼ A. chinense essential oil-normal dose þ HF; ABRH ¼ A. chinense residue-high dose þ HF;

ABRN ¼ A. chinense residue-normal dose þ HF; ABWH ¼ A. chinense extracts-high dose þ HF; ABWN ¼ A. chinense extracts-normal dose þ HF;

C ¼ normal diet; HF ¼ high-fat diet; HP¼ Porbucol þ HF; SD ¼ standard deviation.
a All values are expressed as mean ± SD (n ¼ 8) for eight Wistar rats per dietary group.
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3.2. Flavonoid examination by HPLC

3.2.1. Quercetin and rutin
Flavonoids and polyphenolic compounds are widespread in

plants possessing a wide spectrum of biological activities,

including antioxidant, antiallergy, anti-inflammatory, and

antitumor activities [16]. Two characteristic flavonoids, quer-

cetin and rutin, appeared at tR 25.5 minutes and tR 36.2 mi-

nutes, respectively. Quercetin and rutin content was

calculated at 0.14% and 0.07% (Table 3), respectively, demon-

strating that A. chinense exhibited potential as an antioxidant

agent.

3.2.2. Definition of the volatile oil by GC-MS
Allyl sulfides are the source of the characteristic odors of

rakkyo in Allium species. GC-MS was used to analyze the

volatile oil in A. chinense, and 23 different kinds of volatile

compounds were identified. Nineteen of these were sulfide
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derivatives (17.03%), including dimethyl trisulfide (6.7%),

dimethyl disulfide (2%), and methyl-cis-propenyl-disulfide

(2%) (Table 4). These findings explained the specific odor of A.

chinense.

Interestingly, there are some sulfide-related volatile oils in

other Allium species. The major components of volatile oils in

onions (Allium cepa L.) are dimethyl-trisulfide and methyl-

propyl-trisulfide; however, the major components in garlic

(Allium sativum) are diallyl trisulfide and diallyl disulfide

[17,18]. These findings indicated the presence of specific odors

associatedwith this genus and imply the presence of potential

health functions. Most sulfur compounds present in onions

are in the form of cysteine derivatives (e.g., S-allyl cysteine

sulfoxide) that are degraded during extraction by the enzyme

allinase into a variety of volatile compounds, including thio-

sulfonates and polysulfides [19]. Moreover, these compounds

have beneficial effects, such as prevention of cancer [20,21],

cardiovascular diseases [22,23], hypercholesterolemia [24],

hypertension [9], and diabetes [10,25,26].
3.3. Antioxidative assays

Only one related investigation reported that the steroid in-

gredients from ethanol extracts from fresh garlic bulbs

showed potential for preventing cardiovascular diseases

induced by oxidative stress [27]. Additionally, another Allium

species (onions) was also tested for its total phenolic and

antioxidant properties using antioxidant assays [28]. There-

fore, different extraction methods and storage processes of

the plant have been studied for their antioxidative effects.

Here, antioxidant activity was examined in the ACEE and

ACWE, and BHA and a-tocopherol were used as positive con-

trols. At 10 mg/mL and 20 mg/mL, the ACEE showed

84.09e89.77% DPPH free radical-scavenging activity; however,

the ACWE exhibited only mild activity (Figure 1A). Total

polyphenolic content in A. chinense extracts prepared using

four different processes, including fresh and dry bulbs of A.

chinense extracted by ethanol (ACEEf and ACEEd) and water

(ACWEf and ACWEd), were tested. The total polyphenolic

contents of the four extracts displayed similar data, including

http://dx.doi.org/10.1016/j.jfda.2016.01.010
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Table 6 e Effect of Allium chinense extracts on lipid profiles in serum and livers of Wistar rats fed a high-fat diet.a

Groups C H HP ABON ABOH ABWN ABWH ABRN ABRH

Serum (mg/dL)

TG 132.45 ± 2.32 181.25 ± 1.37 129.75 ± 3.66 124.60 ± 3.69 115.33 ± 2.47 130.26 ± 1.26 120.33 ± 5.32 121.04 ± 2.15 100.21 ± 1.24

TC 80.14 ± 2.33 81.34 ± 2.31 70.33 ± 3.33 61.33 ± 2.66 61.24 ± 2.32 60.13 ± 3.14 60.88 ± 2.32 60.35 ± 2.66 60.33 ± 3.66

LDL-C 41.26 ± 2.37 50.13 ± 5.33 42.16 ± 2.33 40.13 ± 4.53 42.70 ± 3.14 40.67 ± 3.32 41.32 ± 3.20 42.10 ± 1.03 40.63 ± 1.99

HDL-C 14.24 ± 2.31 7.23 ± 0.68 14.51 ± 1.36 12.63 ± 2.54 15.21 ± 2.02 11.33 ± 2.16 11.46 ± 1.59 11.52 ± 0.40 10.15 ± 2.67

Liver (mg/g)

TG 32.01 ± 2.32 38.26 ± 2.21 30.56 ± 1.23 29.31 ± 2.11 28.11 ± 2.10 30.11 ± 1.13 29.52 ± 1.54 29.21 ± 1.36 29.13 ± 1.11

TC 22.32 ± 2.14 26.63 ± 1.15 22.63 ± 1.00 21.11 ± 1.04 21.34 ± 1.26 23.51 ± 1.03 22.12 ± 1.23 22.33 ± 1.25 22.56 ± 2.33

ABOH ¼ A. chinense essential oil-high dose þ HF; ABON ¼ A. chinense essential oil-normal dose þ HF; ABRH ¼ A. chinense residue-high dose þ HF;

ABRN ¼ A. chinense residue-normal dose þ HF; ABWH ¼ A. chinense extracts-high dose þ HF; ABWN ¼ A. chinense extracts-normal dose þ HF;

C ¼ normal diet; HDL-C ¼ high-denisty lipoprotein; HF ¼ high-fat diet; HP¼ Porbucol þ HF; LDL-C ¼ low-density lipoprotein; SD ¼ standard

deviation; TC ¼ total cholesterol; TG ¼ triglyceride.
a All values are expressed as mean ± SD (n ¼ 8) for eight Wistar rats per dietary group.

Table 7 e Effect of various Allium chinense extracts on feed
intake and efficiency in high-fat-diet Wistar rats.a

Groups Feed intake (kg) Feed efficiency (%)

C 2.21 ± 0.11 11.77 ± 1.29

HF 1.94 ± 0.10 17.47 ± 2.43

HP 2.18 ± 0.11 12.95 ± 1.92

ABON 1.97 ± 0.08 13.65 ± 2.54

ABOH 1.85 ± 0.07 12.95 ± 2.40

ABWN 1.92 ± 0.08 16.25 ± 1.48

ABWH 1.86 ± 0.04 14.52 ± 2.53

ABRN 1.89 ± 0.15 14.48 ± 2.10

ABRH 2.05 ± 0.04 14.61 ± 1.47

ABOH ¼ A. chinense essential oil-high doseþHF; ABON ¼ A. chinense

essential oil-normal dose þ HF; ABRH ¼ A. chinense residue-high

dose þ HF; ABRN ¼ Allium chinense residue-normal dose þ HF;

ABWH ¼ A. chinense extracts-high dose þ HF; ABWN ¼ A. chinense

extracts-normal dose þ HF; C ¼ normal diet; HF ¼ high-fat diet;

HP¼ Porbucol þ HF; SD ¼ standard deviation.
a All values are expressed asmean ± SD (n¼ 8) for eightWistar rats

per dietary group.
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that the ACEEd exhibited the highest percentage of total

polyphenol (91.5%; Figure 1B).

Similarly, the ACEE possessed reduction ability similar to

the positive controls BHA and Vitamin E, and exhibited 4e5-

fold stronger activity relative to the ACWE (Figure 1C). Addi-

tionally, for the total antioxidant capacity assay at concen-

trations of 10 mg/mL and 20 mg/mL, the ACEE displayed

comparable effects 86.5e96.2% to that of BHA and Vitamin E

(Figure 1D).

3.4. Effect of A. chinense-extract treatment on H Wistar
rats

Garlic and related Allium species are being increasingly

investigated both chemically and biologically as nutritional

supplements. Naturally occurring sulfur-containing com-

pounds and steroid saponins in the Allium family possess

antihyperlipidemic effects against atherosclerosis. Species,

such as A. sativum, Allium tuberosum, and Allium porrum,

reduce serum cholesterol, TG, LDL, and atherogenic indices in

several animal studies [12,28,29]. Although A. chinense con-

tains functional components, such as sulfur compounds and

flavonoids, there is no study on the antihyperlipidemic effect

of A. chinense. Therefore, here, the effect of A. chinense extracts

on lipid content in the serum and liver from rats with normal

and high-fat diets were investigated.

3.4.1. Changes in body weight, organ weight, food intake,
and water intake in rats
The average initial weight of a H rat was 310 g, and only H rats

exhibited significantly increased body weight (p < 0.05). In the

organs, the H rat had higher liver weight and the largest kid-

ney weight due to high doses of ABOH. Additionally,

consuming food and drinking water did not affect rat weight

(Table 5). Figure 2 shows the weight changes of Wistar rats

during different treatments. High doses of ABOH effectively

slowed the weight gain observed in H rats.

3.4.2. Effect on serum lipid levels in H rats
The effect on serum lipid levels in H rats is illustrated in Table

6. Initially, the TC of each group was insignificant (p > 0.05),

with the maximum TC content attained at 6 weeks (Table 6).

During that time, the H group exhibited the highest TC of all

the groups (80 mg/dL). ABWN, ABWH, and ABR groups
exhibited significant inhibition of TC increase with no

drawbacks.

The H group exhibited the maximum concentration

(181.25 mg/dL) of serum TG during 12 weeks (Table 6). After

treatment with A. chinense extracts, ABOH and ABRN groups

showed the highest inhibition of serum TG production.

Changes in serum LDL in H rats are shown in Table 6.

During the 1st week, each group showed insignificant differ-

ences (p > 0.05); however, an increasing trend of serum LDL

was observed after 10 weeks of treatment. The H and control

groups displayed higher serum LDL levels at concentrations of

50mg/dL. However, ABWH andARBH groups showed effective

inhibition of LDL production, indicating that A. chinense may

prevent risks associated with atherosclerosis.

Additionally, serum HDL variation in H rats is shown in

Table 6. During the 8th week, a slight change in HDL concen-

trationwas observed, especially in the H group, which had the

lowest concentration at 11 mg/dL (p < 0.05). ABO groups

(normal and high doses) exhibited increased HDL concentra-

tions to 5e7 mg/mL, demonstrating that essential oils can

improve HDL production. In contrast, the H group both

increased the LDL concentration and decreased the HDL

http://dx.doi.org/10.1016/j.jfda.2016.01.010
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Table 8 e Effect of visceral and epididymal fat in high-fat-
diet Wistar rats induced by Allium chinense extracts and
porbucol.a

Groups Visceral fat þ epididymal fat/
body weight (g/g)

Epididymal fat/
body weight (g/g)

C 0.07 ± 0.01 0.034 ± 0.00

HF 0.09 ± 0.01 0.041 ± 0.00

HP 0.07 ± 0.01 0.032 ± 0.01

ABON 0.07 ± 0.01 0.032 ± 0.00

ABOH 0.06 ± 0.01 0.027 ± 0.00

ABWN 0.07 ± 0.01 0.030 ± 0.01

ABWH 0.08 ± 0.01 0.036 ± 0.00

ABRN 0.08 ± 0.01 0.034 ± 0.01

ABRH 0.05 ± 0.01 0.027 ± 0.01

ABOH ¼ A. chinense essential oil-high doseþHF; ABON ¼ A. chinense

essential oil-normal dose þ HF; ABRH ¼ A. chinense residue-high

dose þ HF; ABRN ¼ A. chinense residue-normal dose þ HF;

ABWH ¼ Allium chinense extracts-high dose þ HF; ABWN ¼ A. chi-

nense extracts-normal dose þ HF; C ¼ normal diet; HF ¼ high-fat

diet; HP¼ Porbucol þ HF; SD ¼ standard deviation.
a All values are expressed asmean ± SD (n¼ 8) for eightWistar rats

per dietary group.
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concentration. These results were similar with the hypolipi-

demic effects of S-methyl cysteine sulfoxide from Alliumcepa

Linn [23] and suggest that volatile oils can improve HDL levels

[17].
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3.4.3. Effect on hepatic lipids in H rats
The H group exhibited the highest TG content in the liver at

35 mmol/L (p < 0.05; Table 6). The ABO groups (ABON and

ABOH) decreased TG levels as effectively as the positive-

control group, demonstrating that volatile oils can improve

TG accumulation. Moreover, all groups, except ABWN,

exhibited the same antihyperlipedemic effect as the positive

control group. Previously, sulfide components from fermented

garlic was reported to protect against TG accumulation in

obese rats fed a high-fat diet [17] (Table 6).

3.4.4. Effect on feed intake and efficiency in the H rat model
Total feed intake of the control and probucol-treated groups

showed significant differences from those of the H and A.

chinense-extract groups in H rats (Table 7). The observed

decrease in total feed intake of H rats was due to the heat-

equilibrium effect, which reduced the diet of the rats. The

feed efficiency in the positive control group was the highest

(17.47%) compared with other groups. The study on feed effi-

ciency can help explore the health of rats and improve

formulae associated with rat feed.

3.4.5. Effect of weight on organ fat in H rats
Table 8 shows the effect of weight on organ fat in H rats. The H

group possessed the highest ratio of visceral and epididymal

fat to body weight (p < 0.05), indicating that the H group had
PHC
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ith high-fat-diet-induced fatty liver in rats. (A) Group C; (B)

up ABWN; (G) Group ABWH; (H) Group ABRN, and (I) Group

BON ¼ Allium chinense essential oil-normal dose þ HF;

um chinense residue-normal dose þ HF; ABWH ¼ Allium

xtracts-normal dose þ HF; C ¼ normal diet; HF ¼ high-fat
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the highest visceral fat, while the ABO group had the lowest

epididymal fat. Porbucol can reduce epididymal fat signifi-

cantly compared with amounts observed in the H and control

groups. However, the A. chinense-extract groups did not show

a significant decrease in epididymal fat.

3.4.6. Histopathology of livers and fat cells
Histological examination of liver specimens (Figure 3) after

high-dose treatments of essential oils (ABOH) and residue

extracts (ABRH) indicated significant decreases in lesion-

histopathology score (Table 9; Figure 3) in H rats compared

with the probucol-treated group. In contrast, results from fat

cells from H rats exhibited no significant differences between

all treatment groups and the control. Fats accumulated in liver

cells form microvesicular and macrovesicular changes at

different stages of abnormal retention and represent fatty

liver status. The histopathology scores associated with the

ABOH and ABRH groups were strongly improved relative to

those of the H group (Table 9).

In conclusion, chemical constituents, as well as antioxi-

dant and antihyperlipidemic activities, of A. chinense were

examined. Both in vitro and in vivo experiments suggested that

A. chinense possessed antioxidant and serum lipid effects in H

Wistar rats. These results indicated that the antioxidant ac-

tivity was concentrated in the ethanol extract; however,

hypolipidemic affects were produced following treatment

using its essential oils and residue extracts. This is the first

report investigating the antihyperlipidemic effect of A. chi-

nense extracts on H Wistar rats. The possible mechanisms of

activity associated with A. chinense are currently under

investigation.
Table 9 e Effects of Allium chinense extract on
histopathologic scores in high fat diet-induced fatty livers
in rats.

Group Histopathologic score of liversa,b

Fatty liver
(General degree)

Microvesicles Macrovesicles

C 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

HF 4.33 ± 0.58 4.33 ± 0.58 2.67 ± 0.58

HP 2.33 ± 0.58 2.33 ± 0.58 1.00 ± 1.00

ABON 2.33 ± 0.58 2.33 ± 0.58 2.33 ± 0.58

ABOH 0.67 ± 0.58 0.67 ± 0.58 0.67 ± 1.15

ABWN 3.33 ± 0.58 3.33 ± 0.58 3.33 ± 0.58

ABWH 2.33 ± 1.15 2.33 ± 1.15 0.67 ± 1.15

ABRN 3.33 ± 0.58 3.33 ± 0.58 1.33 ± 1.15

ABRH 0.33 ± 0.58 0.33 ± 0.58 0.00 ± 0.00

ABOH¼ A. chinense essential oil-high doseþHF; ABON¼ A. chinense

essential oil-normal dose þ HF; ABRH ¼ A. chinense residue-high

dose þ HF; ABRN ¼ A. chinense residue-normal dose þ HF;

ABWH ¼ Allium chinense extracts-high dose þ HF; ABWN ¼ A. chi-

nense extracts-normal dose þ HF; C ¼ normal diet; HF ¼ high-fat

diet; HP¼ Porbucol þ HF; SD ¼ standard deviation.
a Lesion degree was graded from 1 to 5 depending on severity:

1 ¼ minimal (<1%); 2 ¼ slight (1e25%); 3 ¼ moderate (26e50%);

4 ¼ moderate/severe (51e75%); 5 ¼ severe/high (76e100%). The

final numerical score was calculated by dividing the sum of the

number per grade of affected rat by the total number of examined

rats (n � 3).
b All values are expressed as mean ± SD.
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