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INTRODUCTION

Flavonoids and phenolic compounds that occur in food 

plants and are common components in the human diet 

have some therapeutic effects on anti-mutagenic and 

anti-carcinogenic activities (1). Food-derived flavonoids 

and phenolic compounds expected to be promising drugs 

for combating superoxide anion radical pathologies and 

being generally non-toxic natural compounds. Protective 

effect is attributed to flavonoids and phenolic compounds 

present in these foods. Therefore, increasing ingestion 

of such diets may help in maintaining good health. To 

investigate the mechanisms of these effects in animal 

bodies, several studies have been conducted to determine 

their absorption and distribution (2). There is increasing 

evidence about absorption of phenolics and some of them 

have been detected in human plasma and other biological 

fluids (3). 

Cancer incidence in the population group eating lots 

of vegetables on a daily bases are considerably lower 

than those eating less as discovered in an epidemio-

logical studies that the plant part of the diet protects 

against colon cancer, in particular consumption of vege-

tables and cruciferous vegetables (4). A high intake of 

fruits and vegetables seems to be protective with respect 

to the final outcome of hormone associated cancers such 

as breast and prostate (5). Inhibitors of carcinogenesis 

possibly present in dietary fruits and vegetables may in-

terfere at all stages of this multistage process which at 

least comprises initiation, promotion, and progression. 

The mutagenic properties such as IQ and MNNG are 

acting mainly as initiators of carcinogenesis. 2-ami-

no-3-methylimidazo-[4,5-f] quinoline (IQ) and 1-meth-

yl-3-nitro-1-nitrosoguanidine (MNNG) are highly muta-

genic in the Salmonella/reversion assay. These induce 

DNA damage in mammalian cells (6) and are potent 

multiorgan carcinogens in rodents (7). In addition, IQ 

was found to be a potent liver carcinogen in monkeys 

(8) and MNNG induce gastric cancer (9).    

Onions have been shown to contain large amounts of 

flavonoids such as quercetin and sulfur compounds that 

have perceived benefits to human health. Sulfur com-

pounds in onion possess various biological effects. In 

addition to volatile substances in onion, there are non-

volatile sulfur-containing peptides and proteins which 

have been shown to have potential health benefits (10).  

Onion, a vegetable member of the genus Allium, has 

been reported to promote cardiovascular health exhibit-
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ing decreased rates of atherosclerosis or thrombotic dis-

ease in populations with increased onion intake (2). 

Dietary inhibitors of mutagenesis and carcinogenesis are 

of particular interest because they may be useful for hu-

man cancer prevention on recently, several flavonoids 

and phenolic compounds have been demonstrated to have 

an antimutagenic effect on various mutagens or 

carcinogens. Also, dietary flavonoids, a group of poly-

phenols, suppressed the metabolism of the widespread 

food carcinogen IQ and MNNG (11). Therefore, the pur-

pose of the present study was to examine the influence 

of digestion of onion extracts in simulated gastric and 

intestinal juice under various conditions with mutagens 

on the levels of antimutagenic and anticancer activities 

and whether the digestion procedure alters their activities. 

MATERIALS AND METHODS

Materials

All solvents used were of HPLC grade. Reagents and 
chemicals were purchased from Sigma-Aldrich, Wako 
and Fluka. Pepsin (from hog stomach), pancreatin (from 
porcine pancreas), DMSO and MNNG were purchased 
from Sigma Chemical Co, St. Louis, Mo, USA. IQ was 
purchased from Wako Chemical Inc. The Salmonella 
Typhimurium strains TA98 and TA100 were purchased 
from KCTC (Korean Collection for Type Cultures). 
Aroclor 1254-induced hepatic S9 was made for the acti-
vation system in the case of IQ and MNNG. Agar and 
Nutrient Broth No. 2 were purchased from the Difco 
Laboratories, Detroit, USA and Oxoid, Hampshire, UK, 
respectively. DMEM (Dulbeco's modified Eagle's me-
dium, FBS (fetal bovine serum), 0.05% trypsin-0.02% 
EDTA and 100 units/mL penicillin-streptomycin were 
purchased from GIBCO Co. (USA). 

Preparation of onion extracts

The onion such as white skinned (Albion), yellow 

skinned (Rijnsburger) and red skinned (variety Red 

Baron) was purchased from local markets. Each onion 

was skinned, chopped and lyophilized. The lyophilized 

onions were then ground to a fine power. The ground 

onion powers (50 g) were extracted with hot water at 

room temperature for 12 hr at 85
o
C (3 times with 500 

mL). The extracts were concentrated in a vacuum evapo-

rator (EYELA, Japan) at below 40
o
C. All of the concen-

tration were lyophilized and stored at -20oC.

Determination of biological materials

The contents of total phenols were analyzed by the 

method of Folin and Denis (12), by reading samples on 

a UV/Vis spectrophotometer at 760 nm. The total phenol 

content of each solvent extract was estimated by compar-

ison with a standard curve generated from analysis of 

caffeic acid. The contents of total flavonoids were ana-

lyzed colorimetrically by the Davis method using myr-

icetin as a standard (13).

Preparation of the gastric and intestinal juice

The simulated gastric and intestinal fluids were pre-

pared as follows USP 23 (14). The gastric fluid contained 

the following: 2.0 g NaCl and 3.2 g pepsin were dis-

solved in 7.0 mL of HCl. Sufficient water was added 

to make 1,000 mL (pH 1.2). The intestinal fluid con-

tained the following: 6.8 g KH2PO4 was dissolved in 250 

mL of water, and mixed with 190 mL of 0.2 N NaOH 

and 400 mL of water. 10.0 g pancreatin was added, 

mixed and adjusted pH of 7.5±0.1 and dilute with water 
to 1,000 mL.

Preparation of digested sample solution

For antimutagenic activity test, the lyophilized onion 

extracts were each subjected to gastric or intestinal juice 

and a mutagen, such as IQ or MNNG. A 0.1 mL aliquot 

of each solution of extract and mutagen was subjected 

to an equal volume of gastric juice for 30 min. Another 

0.1 mL aliquot of each solution of extract and mutagen 

was subjected to an equal volume of intestinal juice for 

2 hr. Digested samples were stored at -20
o
C until the 

analysis of the mutagenic activity. For anticancer activity 

test, the lyophilized onion extracts were each subjected 

to gastric or intestinal juice. A 0.1 mL aliquot of each 

solution of extract was subjected to an equal volume of 

gastric juice for 30 min. Another 0.1 mL aliquot of each 

solution of extract was subjected to an equal volume of 

intestinal juice for 2 hr. This process was performed in 

triplicate. Digested samples were stored at -20
o
C until 

the analysis of the anticancer activity.

The antimutagenic activity of the lyophilized onion ex-

tracts used in the experiments with the in vitro model 

was tested in the Ames test. The antimutagenic activity 

were used in the concentration of 3 mg per plate and 

the mutagenicities were induced by 0.02 μg-IQ (TA98), 

0.2 μg-IQ (TA100), 0.1 μg-MNNG (TA98) and 0.01 μg- 

MNNG (TA100). Anticancer activity was evaluated 

against the cancer cell lines: HT-29 (human colon), 

MCF-7 (human breast), DU-145 (human prostate) and 

HepG2 (human liver) by SRB test. 

Antimutagenic activity of onion extracts after 

digestion in simulated gastric and intestinal juice

Antimutagenic activity was measured using the Ames 

assay. The assays were performed in the presence of a 

rat liver activation system (S9 mix). The method was 

based on the 20 min preincubation procedure described 

by Maron and Ames (15). All samples were sterilized 
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by filtration through a 0.45 μm filter prior to analysis 

in the antimutagenic activity test. The test strains used 

in this assay were Salmonella Typhimurium TA98 and 

TA100. IQ and MNNG were used as the positive control 

chemicals. Mutagen, extracts and gastric or intestinal flu-

ids were simultaneously digested to investigate the pro-

tection of the extracts against mutagenesis. Digested 

mixtures, Salmonella Typhimurium TA98 or TA100 and 

S9 mixture were used for antimutagenic activity. All ex-

periments were performed in triplicate. Data presented 

in the tables are means from three independent series. 

Anticancer activity of onion extracts after digestion 

in simulated gastric and intestinal juice

Anticancer activity was measured using the SRB assay 

(16). All samples were sterilized by filtration through 

a 0.2 μm filter prior to analysis in the anticancer activity 

test. The test-cells used in this assay were HT-29 (colon), 

MCF-7 (breast), DU-145 (prostate) and HepG2 (liver) 

cancer cells. Cells were maintained as adherent cell cul-

tures in DMEM medium supplemented with 10% FBS 

and 10 units of penicillin and 10 μg/mL streptomycin 

at 37
o
C in a humidified incubator containing 5% CO2. 

Cells were transferred into 96 well plates and incubated 

for 24 hr prior to the addition of test samples. Samples 

were added and incubated for 48 hr. The effects of the 

samples on the growth of human cancer cell lines were 

evaluated for their cytotoxic activity using a SRB 

(Sulforhodamine B).  

RESULTS

The contents of total phenols and total flavonoids ob-

tained by using ethanol extract are shown in Table 1. 

The total phenols and total flavonoids content, expressed 

as caffeic acid equivalents and myricetin as a standard, 

were 120.0 mg/g, 107.0 mg/g, 97.0 mg/g, 584.1 μg/g, 

197.7 μg/g, and 250.8 μg/g in red onion, yellow onion 

and white onion, respectively. The ethanol extracts from 

onions investigated for the presence of antimutagenic ac-

Table 1. Contents of total phenolic compounds and flavonoids 
in ethanol extract from onions

Onions Total phenols1) (mg/g) Total flavonoids2) (μg/g)

White
Red
Yellow

  97.0±3.23)
120.0±9.2
107.0±5.6

250.8±12.1
584.1±18.3
197.7±10.9

1)Total phenol contents based a standard curve generated by 
caffeic acid.
2)Total flavonoids contents based a standard curve generated 
by myricetin. 
3)
Each sample analyzed in triplicate.

tivities with respect to mutagenicity induced by IQ or 

MNNG in Salmonella Typhimurium TA98 and TA100. 

The results obtained are summarized in Table 2; typical 

examples of dose-response correlation observed. Onion 

has already demonstrated its effective antimutagenic ac-

tivity (17). Amounts of 3 mg per plate of onion extracts 

were sufficient to inhibit the mutagenicity induced by 

any of the IQ and MNNG concentrations used, red, white 

and yellow onion antimutagenic activity observed. These 

results suggest that ethanol extracts have antimutagenic 

effects on both IQ and MNNG. In Tables 3 and 4, etha-

nol extracts were digested with IQ or MNNG through 

the in vitro gastric juice or intestinal juice model and 

were analyzed in the Ames test. To determine the influ-

ence of a mutagen and digestion solutions on the in vitro 

antimutagenic activity of ethanol extracts, the in vitro 

gastric and intestinal juice model were loaded with etha-

nol extracts mixed with IQ or MNNG. In all cases, a 

concentration dependent inhibition was observed. There 

were no significant differences in antimutagenicity on 

the digestion solutions recovered with ethanol extracts. 

Red onion extracts showed a slightly stronger anti-

mutagenic activity than yellow and white onion extracts 

when added simultaneously to the model with IQ and 

MNNG. Addition of a mutagen showed a small reduction 

of the antimutagenic capacity of ethanol extracts during 

the whole experiment. Purified polyphenols were pre-

pared from onion extracts by ethanol extraction have 

Table 2. Antimutagenic activity of ethanol extract of onion against IQ (0.02 μg, 0.2 μg/plate) and MNNG (0.1 μg, 0.01 μg/plate) 
on Salmonella Typhimurium TA98 and TA100 at 3,000 μg/plate

Onions

IQ MNNG

Revertants/plate1) Percent inhibition (%) Revertants/plate1) Percent inhibition (%)

TA98 TA100 TA98 TA100 TA98 TA100 TA98 TA100

Control
Red
White
Yellow

435.2±22)
200.0±5*
197.7±1*
143.3±12*

330.0±6
197.7±2*
205.0±10*
150.1±9*

   0
54.0±2.9*
54.6±0.8*
67.1±0.5*

   0
40.1±3.3*
38.9±5.6*
54.5±1.0*

153.3±10
 49.0±13*
 42.0±6*
 44.7±9*

228.2±9
113.4±5*
102.0±2*
 87.2±20*

   0
68.0±2.5*
72.6±2.3*
70.8±1.7*

   0
50.3±3.6*
55.3±0.4*
61.8±1.1*

1)Triplicate plates were tested per dose per experiment.
2)
Each data is presented as the mean±SD of triplicate determinations. *p<0.05, compared with control.
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been tested for inhibition of the IQ and MNNG in 

Salmonella Typhimurium TA98 and TA100. In Fig. 1, 

2, 3 and 4, anticancer activity was observed against 

HT-29 (colon), MCF-7 (breast), DU-145 (prostate) and 

HepG2 (liver) cancer cells. Treatment with onion ex-

tracts caused a dose-dependent reduction in cell numbers 

for cancer cells. The observed inhibition rate (%) for 

red onion extracts were 54.4%, for HT-29, at 2 mg, 

whereas those for white and yellow onion extracts were 

48.9% and 41%, respectively. 

DISCUSSION

In the antimutagenicity assays, we have found that the 

protective effects at 2 mg of digested red, white and yel-
low onions in gastric juice against the known positive 
mutagen IQ were about 65.1%, 67.8% and 65.1% in TA 
98, 60.5%, 40.0% and 52.3% in TA100 with S9 
activation. In the protective effects of digested red, white 
and yellow onions in gastric juice against the known pos-
itive mutagen MNNG were about 50.3%, 40.7% and 
49.5% in TA 98, 55.1%, 49.9% and 37.8% in TA100. 
In the protective effects of digested red, white and yellow 
onions in intestinal juice against the known positive mu-
tagen IQ were about 71.4%, 49.7% and 66.1% in TA 
98, 69.2%, 40.3% and 54.9% in TA100 with S9 
activation. In the protective effects of digested red, white 
and yellow onions in intestinal juice against the known 

Table 3. Antimutagenic activity of ethanol extract from three kinds of onion against IQ (0.02 μg, 0.2 μg/plate) on Salmonella 
Typhimurium TA98 and TA100 under simulated gastric juice or intestinal juice

 Onions
(μg/plate)

Gastric juice Intestinal juice

Revertants/plate1) Percent inhibition (%) Revertants/plate1) Percent inhibition (%)

TA98 TA100 TA98 TA100 TA98 TA100 TA98 TA100

Red

0
1000
2000
3000

265.0±52)
153.3±2*
 92.5±13*
 44.0±10*

245.3±3
116.5±6*
 97.0±17*
 73.0±11*

    0
42.2±7*
65.1±1.6*
70.2±2.6*

    0
52.5±1.0*
60.5±0.7*
72.1±0.7*

 257±7
131.5±4*
 73.5±12*
 55.0±9*

285.0±1
119.0±15*
 87.7±3*
 83.0±9*

    0
48.8±0.9*
71.4±1.7*
78.6±2.0*

    0
58.3±1.0*
69.2±1.3*
71.8±0.8*

White

0
1000
2000
3000

167.7±3
 73.0±7*
 54.0±19*
 35.1±2*

197.7±5
144.3±2*
118.5±1*
103.5±4*

    0
56.5±1.0*
67.8±0.4*
79.1±0.4*

    0
27.0±0.4*
40.0±1.1*
47.6±1.7*

124.7±8
 75.5±5*
 62.7±16*
 54.0±20*

243.0±5
150.1±4*
145.0±13*
131.1±7*

    0
39.4±2.0*
49.7±0.7*
56.7±0.8*

    0
38.2±0.9*
40.3±0.8*
46.0±1.6*

Yellow

0
1000
2000
3000

114.7±5
 48.0±7*
 40.0±19*
 25.7±20*

314.5±5
200.0±3*
150.0±11*
129.5±16*

    0
58.1±1.5*
65.1±1.5*
77.6±0.9*

    0
36.4±1.8*
52.3±0.8*
58.8±1.6*

147.7±6
 68.7±4*
 50.0±2*
 39.7±11*

311.3±3
210.1±7*
140.5±25*
125.2±11*

    0
53.5±1.1*
66.1±0.9*
73.1±1.6*

    0
32.5±1.8*
54.9±1.3*
59.8±0.8*

1)Triplicate plates were tested per dose per experiment.
2)
Each data is presented as the mean±SD of triplicate determinations. *p<0.05, compared with control.

Table 4. Antimutagenic activity of ethanol extract from three kinds of onion against MNNG (0.1 μg, 0.01 μg/plate) on Salmonella 
Typhimurium TA98 and TA100 under simulated gastric juice or intestinal juice

Onions
(μg/plate)

Gastric juice Intestinal juice

Revertants/plate
1)

Percent inhibition (%) Revertants/plate
1)

Percent inhibition (%)

TA98 TA100 TA98 TA100 TA98 TA100 TA98 TA100

Red

0
1000
2000
3000

244.0±32)
165.3±5*
121.4±11*
 83.3±8*

340.9±2
226.5±6*
153.0±15*
127.6±3*

    0
33.6±1.2*
50.3±1.6*
65.9±0.4*

    0
33.6±1.0*
55.1±0.4*
62.6±0.3*

350.3±1
274.0±3*
204.3±23*
173.1±10*

355.7±12
230.2±3*
194.9±5*
151.0±7*

    0
21.8±0.4*
41.7±0.7*
50.6±1.3*

    0
35.3±1.0*
45.2±0.9*
57.6±0.7*

White

0
1000
2000
3000

229.3±3
180.4±2*
135.9±10*
120.2±17*

228.5±9
163.6±5*
114.5±14*
 96.0±20*

    0
21.3±1.0*
40.7±0.4*
47.6±1.3*

    0
28.5±0.7*
49.9±0.4*
58.0±1.4*

238.5±3
210.0±7*
153.0±9*
115.3±10*

207.5±2
143.7±7*
119.0±15*
110.5±6*

    0
11.9±1.1*
35.9±0.8*
51.7±0.3*

    0
30.7±2.1*
42.7±0.9*
46.7±0.2*

Yellow

0
1000
2000
3000

258.1±9
160.7±4*
130.3±1*
114.0±17*

191.3±11
152.0±7*
119.0±4*
 82.1±7*

    0
37.7±0.6*
49.5±2.5*
55.8±0.2*

    0
20.4±1.7*
37.8±1.1*
57.1±0.3*

269.3±3
184.3±21*
133.9±6*
119.0±9*

272.7±9
233.3±23*
173.1±4*
107.2±2*

    0
31.6±0.9*
50.3±1.4*
55.8±1.5*

    0
14.5±0.6*
36.4±0.8*
60.7±1.6*

1)Triplicate plates were tested per dose per experiment.
2)Each data is presented as the mean±SD of triplicate determinations. *p<0.05, compared with control.



282 Mi-Yae Shon and Seok-Kyu Park

0

10

20

30

40

50

60

70

80

90

100

WO RO YO

In
hi
bi
tio
n(
%
)

50µg/ml
100µg/ml
300µg/ml
500µg/ml
1000µg/ml
2000µg/ml

Fig. 1. In vitro inhibitory effects of WO (white onion), RO 
(red onion) and YO (yellow onion) on proliferation of HT-29 
(colon) cancer cell. Each data is presented as the mean±SD 
of triplicate determinations.
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Fig. 2. In vitro inhibitory effects of WO (white onion), RO 
(red onion) and YO (yellow onion) on proliferation of MCF-7 
(breast) cancer cells. Each data is presented as the mean±SD 
of triplicate determinations. 

positive mutagen MNNG were about 41.7%, 35.9% and 

50.3% in TA98, 45.2%, 42.7% and 36.5% in TA100. 

These results showed that digested extracts of onions ex-

hibit almost similar type of protective effects in vitro 

on bacterial systems at these concentrations tested. Also 

the digested extracts of red onion shows more protective 

effects than digested extracts of white and yellow onions. 

In anticancer activity, were found to be active against 

the cancer cell lines and showed a concentration depend-

ent effectivity. The digested extracts of onions was the 

most active against breast, colon and prostate cancer 
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Fig. 3. In vitro inhibitory effects of WO (white onion), RO 
(red onion) and YO (yellow onion) on proliferation of DU-145 
(prostate) cancer cells. Each data is presented as the mean±SD 
of triplicate determinations.
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Fig. 4. In vitro inhibitory effects of WO (white onion), RO 
(red onion) and YO (yellow onion) on proliferation of HePG2 
(liver) cancer cells. Each data is presented as the mean±SD 
of triplicate determinations.

cells, although digested extracts of red onion was much 

more effective. The contents of flavonoids on red onion 

were higher than white and yellow onion. Kamei et al. 

(18) also demonstrated that a crude anthocyanin fraction 

prepared from red red wine was an effective inhibitor 

of the growth of HCT-15 human colon tumor cells in 

vitro. Hagiwara et al. (19) demonstrated that anthocya-

nins in purple corn color reduced the promotion of colon 

tumors caused by 2-amino-1-methyl-6-phenylimidazo [4, 

5-b] pyridine (PhIP) in rats initiated with dimethyl 

hydrazine. Since this experiment used only the crude ex-
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tract of onion, it is necessary to use purified flavonoids 

in order to elucidate a structure-activity relationship. Any 

physiological significance of dietary flavonoids depends 

upon their availability for absorption and their sub-

sequent interaction with target tissues, but little is known 

about their transport across the intestine. Flavonoids are 

abundant in onions flavonoids in onion are present as 

glycosides, it has been suggested that their hydrophilic 

nature and relatively high molecular weight preclude 

their absorption in the small intestine. Further, that by 

the nature of their β-glycoside linkages, they are re-

sistant to degradation by intestinal hydrolases flavonoid 

glycosides pass unaltered into the large intestine. 

Flavonoids have been shown to be highly effective scav-

engers of most types of oxidizing molecules, including 

singlet oxygen and various free radicals (20), which are 

possibly involved in DNA damage and tumor promotion 

(21). Addition of H2O2 to cells in culture can lead to 

transition metal ion-dependent OH mediated oxidative 

DNA damage (22). Levels of H2O2 at or below about 

20∼50 μm seem to have limited cytotoxicity to many 

cell types (23). 

Anticancer activity was observed against HT-29 

(colon), MCF-7 (breast), DU-145 (prostate) and HepG2 

(liver) cancer cells. The observed inhibition rate (%) for 

red onion extracts were 54.4%, 85.4%, 46.6% and 50.5% 

for HT-29, MCF-7, DU-145 and HepG2 at 2 mg, 

respectively. Red onion extracts was more effective in 

inhibiting the growth of these cancer cell lines than white 

and yellow onion extracts. Polyphenols and biomaterials 

in onion extracts may be beneficial to human health by 

resulting in a lower cancer risk.

Antimutagenic and anticancer activity of digested ex-

tracts of onion is mostly due to their antioxidant activity 

that inactivates direct carcinogens extracellularly. Some 

flavonoid and non-flavonoid phenolic compounds have 

been reported to also show alkylperoxyl radical scaveng-

ing activity thus reducing radical-mediated pathogenesis, 

e.g. carcinogenesis (24). Most chemical carcinogens re-

quire transformation by phase Ⅰ metabolizing enzymes 

into a more reactive form able to bind to DNA. If the 

resulting mutation is not repaired, it may initiate or pro-

mote the carcinogenesis process. The reactive chemical 

group introduced by phase Ⅰ enzymes (or the original 

carcinogen) can be detoxified through conjugation by 

phase Ⅱ enzymes metabolizing enzymes into a wa-

ter-soluble compound which can then be eliminated from 

the body. The flavonols have been shown to inhibit cyto-

chrome P450 enzymes (25), these enzymes play a major 

role in the activation of a number of suspected human 

carcinogens, such as polycyclic hydrocarbons and hetero-

cyclic amines (26), flavonols plays an important role in 

the antimutagenic and anticancer activity of onions by 

cytochrome P450 dependent bioactivation of the carci-

nogens (27). Onions extracts also acts by scavenging rad-

icals to produce antimutagenic effects (28).  

Flavonoids can inhibit the mutagenicity of some of 

the cooking mutagens, the mechanism is postulated to 

involve inhibition of the metabolic activation process 

rather than binding the activated mutagen or affecting 

DNA repair (29), also inhibit the mutation or initiation 

caused by inhibition of activation of promutagens and 

trap the electrophiles by chemical reaction or conjugation 

(30). Following the Anderson et al. (30), at low doses 

of flavonoids, there was enhancement of the DNA dam-

age above the effect of the mutagen. Eventually human 

dietary studies will be required to demonstrate that a co-

exposure to cooking mutagens and flavonoids actually 

inhibits the activation and/or DNA binding of the 

mutagens. The effect of dietary flavonoids is that they 

can reduce the intestinal uptake of benzo-α-pyrene and 

IQ. Antimutagenic activity of extracts against MNNG 

invested in the present study was very low. This ob-

servation indicates that these flavonoids are unable to 

interact and neutralize electrophiles such as MNNG. 

Other papers have also noted this failure and/or weak 

protective effect against direct acting mutagens (31).

In the present study, we demonstrated that digested 

onion extracts elicit considerable antimutagenic as well 

as anticancer effects against the known mutagen IQ and 

MNNG as observed in vitro in bacterial mutagenicity 

assay and in cancer cell lines. Also, Pedraza-Chaverri 

et al. (32) reported that onion was effective in preventing 

oxidative stress, indicating that onion can reduce the mu-

tagenicity and cytotoxicity. In general, phenols are more 

stable to gastrointestinal conditions in ethanolic phenolic 

solution, and thus are effective against antimutagenic and 

anticancer activity. Their crude extracts in various foods 

and drinks, may be beneficial to human health by low-

ering cancer risk. Also, more detailed work is required  

to know their exact mechanism of the antimutagenic and 

anticancer actions.  
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