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We examined the antioxidant effects of polyphenol/anthocyanin-rich potato (Solanum tuberosum cv. Shadow-Queen) flakes in male rats fed a high-

cholesterol diet. The rats were served either a high-cholesterol (0·5% cholesterol plus 0·125% sodium cholate) diet, or a high-cholesterol diet

containing a mixture of 243 g a-maize starch/kg supplemented with one of the following (per kg diet): 300 g medium purple potato (Shadow-

Queen), 300 g white potato (Solanum tuberosum cv. Toyoshiro) or 300 g dark purple sweet potato (Ipomoea batatas cv. Ayamurasaki) flakes

for 28 d. We analysed thiobarbituric acid reactive substance (TBARS) levels in the serum and liver, and antioxidant enzyme activities in the

liver. At this dosage, TBARS levels in the serum and liver of the Shadow-Queen and Ayamurasaki groups were significantly lower than those

in the control and Toyoshiro groups. The serum urate levels in all the flake groups were significantly lower than that in the control group. The

hepatic glutathione levels in the Shadow-Queen and Ayamurasaki groups were significantly higher than in the control and Toyoshiro groups.

The activities of hepatic glutathione reductase and glutathione S-transferase in the Shadow-Queen and Ayamurasaki groups were significantly

greater than those in the control group. These results show that modulation of antioxidant enzymes and oxidative status in the serum and liver

by the purple potato flake diet (Shadow-Queen) containing polyphenols/anthocyanins may play an important role in the protection against adverse

effects related to oxidative damage in rats fed a high-cholesterol diet.

Antioxidant enzymes: Anthocyanins: Ayamurasaki: Shadow-Queen: Cholesterol diet: Postprandial oxidative stress

The consumption of a high cholesterol load increases the
susceptibility of various organs to oxidative stress1,2.
Vascular oxidative stress, in particular, may be related to the
processes of atherosclerosis3. One of the possible suggested
mechanisms of atherosclerosis is the increased generation of
oxidized LDL by superoxide, transition metals, haemoproteins
or lipoxygenase4–6, resulting in the development of foam cells
by macrophages in blood vessels7. Therefore, inhibiting oxi-
dative stress under hypercholesterolaemia is considered to be
an important beneficial approach. Many researchers, however,
have found that postprandial oxidative stress is restricted when
the meal consumed contains foods rich in polyphenols8,9. This
suggests that polyphenols might reduce hydroperoxide10,11 or
scavenge chelating autoxidation-promoting metal ions12,13 in
the small intestine.
Anthocyanin, an attractive natural-pigment flavonoid, has

been reported to have bioactive properties in vivo14–16 and
inhibits LDL oxidation in vitro17, which suggests that antho-
cyanin contents of various fruits and vegetables may poss-
ibly help to reduce CHD18. Recently, the anthocyanin
of the purple sweet potato has attracted much interest due
to its biological functions, including radical scavenging
activity19, antimutagenicity20 and antioxidant activity21. On

the other hand, some newly developed potatoes are also
considered to be good sources of anthocyanin22. In a pre-
vious study, we have found that purple potato extract pre-
vents the hepatoxicity induced by D-galactosamine in
rats23, and that flakes of a medium purple potato (Hokkai
no. 92 ¼ Shadow-Queen (SQ)) have antioxidant activity
through enhancement of the gene expression of antioxidant
enzyme mRNA in rats fed a cholesterol-free diet24. It was
hypothesized that the lower carbohydrate concentration
rather than the anthocyanin concentration in the purple
potato flake diet contributed to the beneficial health effect
because carbohydrate autoxidation products such as glycated
proteins in the gastrointestinal tract might affect postprandial
oxidative stress10, and the absorption and conversion to
other metabolites of anthocyanin is limited25. However,
which components of purple potato flakes elicit the antioxi-
dant effect is unclear, and there is little information on the
effects of purple potato flakes on rats fed a high cholesterol
diet. Accordingly, it seems important to examine the effects
of purple potato flakes compared to other flakes, and to
investigate whether dietary purple potato flakes moderate
the metabolic disturbance caused by an exogenous choles-
terol load.

*Corresponding author: Dr Michihiro Fukushima, fax þ81 155 49 5577, email fukushim@obihiro.ac.jp

Abbreviations: AM, Ayamurasaki sweet potato; GSH, glutathione; GSH-Px, glutathione peroxidase; GSH-R, glutathione reductase; GST, glutathione S-transferase;

SOD, superoxide dismutase; SQ, Shadow-Queen potato; TBARS, thiobarbituric acid reactive substances; TY, Toyoshiro potato.
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In the present study, we investigated the effects of purple
potato (Solanum tuberosum cv. Shadow-Queen) flakes on the
lipid peroxidation and antioxidant enzyme activities in rats
fed a high-cholesterol diet, and the comparative antioxidant
efficacy of purple potato flakes with white potato (Solanum
tuberosum cv. Toyoshiro (TY)) or dark purple sweet potato
(Ipomoea batatas cv. Ayamurasaki (AM)) flakes made under
the same conditions.

Materials and methods

Preparation of flakes and pigmented extracts

Potato tubers, which were harvested in Hokkaido in 2005,
were a kind gift from the National Agricultural Research
Center for the Hokkaido Region in Japan. TY, SQ and AM
flakes were prepared as follows: the tubers were thoroughly
washed with water and air dried on filter paper, then they
were sliced and mashed. The mashed samples were dried in
a drum dryer to minimize enzymatic reactions that degrade
anthocyanins. Next, they were ground into flakes. For prep-
aration of pigmented extracts, 5 g of each type of flake were
subjected to pigment extraction by exposure to 80% methanol,
boiled at 808C for 5min and sonicated for 20min with a
repetitive stream of nitrogen gas to avoid possible oxidation
degradation of phenolics. The suspension was centrifuged at
5500 g for 10min and extraction from the resultant precipitate
was repeated under the same conditions. The methanol in the
two upper layers was combined, removed using a rotary evap-
orator at 358C, and the eluate was first dissolved in 25ml
99·9% methanol and diluted to a final volume of 50ml
using distilled water. The mixture was filtered through What-
man no. 2 filter paper and stored at 248C until analysis.

Micronutrient contents

Dietary fibre, protein, lipid, carbohydrate, moisture and ash
contents in TY, SQ and AM flakes were measured by the
Association of Official Analytical Chemists procedure26.
The contents are shown in Table 1.

Total polyphenol contents

Total polyphenol contents of the pigmented extracts from TY,
SQ and AM flakes were measured by the Folin-Ciocalteu
method27. The absorbance was determined at 750 nm using a
spectrophotometer (Shimadzu 1600-UV; Shimadzu, Kyoto,
Japan). Total phenolic concentrations of TY, SQ and AM
flakes were converted into mg gallic acid equivalents per
100 g powder weight.

Flavonoid contents

The absorbance of flavonoids was measured at 510 nm with
prepared standards similar to the known (þ)-catechin concen-
tration28. Flavonoid concentrations of the pigmented extracts
from TY, SQ and AM flakes were converted into mg catechin
equivalents per 100 g of powder weight.

Anthocyanin contents

The monomeric anthocyanin contents of the pigmented extracts
from SQ and AM flakes were measured by the pH differential
method29. A Shimadzu 1600-UV spectrophotometer was used
to determine the absorbance at 525 nm for SQ (and 524 nm for
AM) and 700 nm in buffer at pH 1·0 and 4·5. Anthocyanin con-
tentswerecalculatedusing themolar extinctioncoefficient of cya-
nidin 3-glucoside (26 900 l/cmpermg) and absorbance

A ¼ ½ðA525 2 A700ÞpH1·0 2 ðA525 2 A700ÞpH4·5�:

Anthocyanin concentrations of the pigmented extracts from SQ
and AM flakes were converted into mg per 100 g powder weight.

Animals and diets

Male F344/DuCrj rats (8 weeks old) were purchased from
Charles River Japan (Yokohama, Japan). The animal facility
was maintained on a 12 h light–dark cycle at a temperature
of 23 ^ 18C and relative humidity of 60 ^ 5%. Animals
were randomly assigned into four groups (n 5). This exper-
imental animal design was approved by the Animal Exper-
iment Committee of Obihiro University of Agriculture and
Veterinary Medicine. All animal procedures conformed to
National Institutes of Health guidelines30. There was no sig-
nificant difference in body weight at the start of the exper-
iment. Body weight and food consumption were recorded
weekly and daily, respectively. The diet compositions, based
on the AIN-93G semi-purified rodent diet31, are shown in
Table 2. Control rats were fed a high-cholesterol diet (0·5%
cholesterol plus 0·125% sodium cholate) containing 543 g
a-maize starch/kg for 4 weeks. Flake-treated rats were fed a
high-cholesterol diet supplemented with one of the following
diets containing a mixture of 243 g a-maize starch/kg plus
300 g TY, SQ or AM flakes/kg, resulting in final flake concen-
trations of 30%. At the end of the experimental period of 4
weeks, blood samples (1ml) were collected to analyse the
serum lipids from fasted rats. The samples were taken into
tubes without an anticoagulant. After the samples were
allowed to stand at room temperature for 2 h, the sera were
separated by centrifugation at 1500 g for 20min. Soon after,
the rats were fed the diets again. Rats were anaesthetized
with Nembutal (sodium pentobarbital, 40mg/kg body

Table 1. Micronutrient contents (g/100 g powder) of potato and sweet
potato flakes

Potato flakes Sweet potato

flakes

Toyoshiro

(white)

Shadow-Queen

(medium purple)

Ayamurasaki

(dark purple)

Water 6·6 7·4 5·0

Protein 7·4 5·4 4·6

Lipid 0·4 0·3 0·7

Carbohydrate 81·5 83·7 87·3

Soluble fibre 2·3 1·8 2·6

Insoluble fibre 3·4 3·3 6·9

Ash 4·1 3·2 2·4

Anthocyanin (mg/100 g) – 87 401

Flavonoid (catechin

mg/100 g)

29 211 1968

Phenolics (gallic acid

mg/100 g)

224 414 2035
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weight; Abbott Laboratories, Abbott Park, IL, USA) 24 h after
blood was collected, and then were killed. Blood samples were
collected and taken into tubes without an anticoagulant. After
the samples were allowed to stand at room temperature for 2 h,
the sera were separated by centrifugation at 1500 g for 20min.
Then the livers were quickly removed, washed with cold
saline (9 gNaCl/l), blotted dry on filter paper and weighed
before freezing for storage at 2808C.

Serum lipid assay

At the end of the experimental period of 4 weeks, serum
cholesterol, TAG, phospholipid and NEFA concentrations
were measured enzymatically using commercially available
reagent kits (Abbott Laboratories).

Serum and hepatic lipid peroxidation

In the serum collected after killing the rats, the degree of
serum oxidation was determined using a commercial assay
kit (Lipid Hydroperoxide Assay Kit; Wako, Tokyo, Japan).
Liver samples (0·5 g) were homogenized in 10 volumes of
PBS (pH 7·4). The degree of oxidation was immediately
measured by the thiobarbituric acid reactive substances
(TBARS) assay32. Protein concentrations were determined
by Lowry assay (Bio-Rad, Hercules, CA, USA)33.

Serum urate level and Trolox equivalent antioxidant
coefficient value

The serum uric acid level was determined using a commercial
assay kit (Uric Acid C-Test; Wako, Tokyo, Japan), and the
total antioxidant capacity expressed as the Trolox equivalent
antioxidant coefficient value was determined using a commer-
cial kit (Randox Laboratories, Antrim, UK), based on scav-
enging of 2,20-azinobis(3-ethylbenzothiazoline-6-sulphonate)
radical cations34.

Hepatic glutathione level and antioxidant enzyme activity

The hepatic glutathione (GSH) concentrationwas determined by
the method of Cohn & Lye35. For the assays of glutathione
reductase (GSH-R), glutathione S-transferase (GST), gluta-
thione peroxidase (GSH-Px) and catalase, livers were weighed
and homogenized in 10 volumes of 0·25 M-sucrose. The super-
natant fractions were prepared by centrifugation at 105 000 g
for 1 h. For superoxide dismutase (SOD) assay, livers were hom-
ogenized in 10 volumes of 1mM-Tris-HCl buffer (pH 7·4) in
0·25 M-sucrose and centrifuged at 78 000 g for 1 h. Then each
supernatant was stored at2808C until use. The assay procedure
used for the determination of GSH-R activity was based on the
method of Worthington & Rosemeyer36. GST activity was
measured by the method of conjugation of 1-chloro-2,4-dinitro-
benzenewithGSHdeveloped byHabig et al.37. GSH-Px activity
was measured by the method of Lawrence & Burk38. Catalase
activitywas determined bymeasuring the rate of H2O2 depletion
using a spectrophotometer at 240 nm39. Total SOD activity was
determined using a commercial kit (Dojindo Laboratories,
Kumamoto, Japan).

Statistical analysis

Data are presented as means and standard deviations. The sig-
nificance of differences among treatment groups was deter-
mined by ANOVA with Duncan’s multiple range test (SAS
Institute, Cary, NC, USA). Differences were considered sig-
nificant at P,0·05.

Results

Table 1 shows the micronutrient contents in TY, SQ and AM
flakes. The total phenol contents in TY, SQ and AM flakes
were 224, 414 and 2035mg/100 g powder, respectively. The
flavonoid contents in TY, SQ and AM flakes were 29, 211
and 1968mg/100 g powder, respectively. Moreover, total
monomeric anthocyanin contents in SQ and AM flakes
were 87 and 401mg/100 g powder, respectively. Total

Table 2. Composition of the experimental diets (g/kg of diet)

Dietary groups

Control Toyoshiro Shadow-Queen Ayamurasaki

Casein 200 200 200 200
Sucrose 100 100 100 100
Mineral mixture* 35 35 35 35
Vitamin mixture* 10 10 10 10
a-Maize starch 543 243 243 243
Toyoshiro flakes – 300 – –
Shadow-Queen flakes – – 300 –
Ayamurasaki flakes – – – 300
L-Cystine 3 3 3 3
Cellulose powder 50 50 50 50
Soyabean oil 50 50 50 50
Choline bitartrate 2·5 2·5 2·5 2·5
tert-Butyl hydroquinone 0·014 0·014 0·014 0·014
Cholesterol 5 5 5 5
Cholic acid Na salt 1·25 1·25 1·25 1·25

*These diets were based on the AIN-93G diet composition.
For details of procedures, see p 919.
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phenol, flavonoid and anthocyanin contents were higher in the
order of AM, SQ and TY flakes.

Table 3 shows body weight, food intake, feed efficiency and
liver weight in rats fed maize starch or maize starch plus TY,
SQ or AM flakes. There was no difference in the body weight
among the groups. Food intake in the TY and AM groups
tended to decrease compared to that in the control and SQ
groups. However, there was no significant difference in feed
efficiency among any groups. Liver weights were similar in
all groups.

Table 4 shows serum total antioxidant capacity, and urate,
TBARS and GSH concentrations in rats fed maize starch or
maize starch plus TY, SQ or AM flakes. There were no signifi-
cant differences in antioxidant potential capacity among the
groups. When the denominator was changed into the choles-
terol concentration40, however, antioxidant potential capacity
(IU/mmol cholesterol) in the SQ group was significantly
higher (P,0·05) than in the control group. Urate levels in
the TY, SQ and AM groups were significantly lower
(P,0·05) than in the control group. TBARS levels in the
SQ and AM groups were significantly lower (P,0·05) than
those in the control and TY groups. There was no significant
difference in the GSH level among the groups. Table 4 also
shows serum cholesterol, TAG, phospholipid and NEFA con-
centrations in rats fed maize starch or maize starch plus TY,
SQ or AM flakes. The total cholesterol concentration in the
SQ group was significantly lower (P,0·05) than in the control
and AM groups. However, there were no significant differ-
ences in TAG, phospholipid and NEFA concentrations
among the groups.

Table 5 shows hepatic lipid, TBARS and GSH concen-
trations, and enzyme activities in rats fed maize starch or
maize starch plus TY, SQ or AM flakes. There was no signifi-
cant difference in the total lipid concentration among the
groups. The TBARS levels in the SQ and AM groups were
significantly lower (P,0·05) than in the control and TY
groups. The GSH levels in the SQ and AM groups were
higher (P,0·05) than in the control and TY groups. GSH-R
activity in the SQ and AM groups was significantly greater
(P,0·05) than in the control group. Furthermore, GST activity
in the TY, SQ and AM groups was significantly higher
(P,0·05) than in the control group. Total SOD activity in
the SQ and AM groups tended to increase more than in the
control group.

Discussion

Excess cholesterol consumption promotes oxidative stress41,
as demonstrated through increased serum levels of oxidized
cholesterol in rats2. That process of cholesterol oxidation is
highly related to the early process of atherosclerosis develop-
ment42. Thus, it might be useful to inhibit oxidative stress or
to lower cholesterol concentrations in serum under hypercho-
lesterolaemia. Recently, anthocyanins from edible fruits and
vegetables have been shown to have free radical-scavenging
activity16,43 and inhibit LDL oxidation in vitro17. In the pre-
sent study, we administered 30% TY, SQ or AM flakes to
rats fed 0·5% cholesterol together with 0·125% sodium cho-
late, with the result that serum TBARS levels were lowered
in the SQ and AM groups compared to the control group.
The present results were similar to the result of Tsuda
et al.14, who reported that feeding 0·2% cyanidin-3-glucoside
increased the ex vivo oxidation resistance of serum in rats.
However, there was no significant difference between the con-
trol and TY groups for the serum TBARS level. The variation
in serum TBARS levels in the flake groups might be due to the
different phenolic concentrations in the flakes because TY
flakes contain a lower polyphenol concentration, not including
anthocyanin, than SQ and AM flakes. Furthermore, the low-
ered serum TBARS level in the SQ group was likely related
to the serum cholesterol concentration because it was lower
in the SQ group than in the control group, but those in the
TY and AM groups were not significantly different from the
control group.

The present results also showed that SQ and AM flakes
effectively reduced the hepatic TBARS level in rats fed a
cholesterol diet. Ramirez-Tortosa et al.44 reported that an
anthocyanin-rich extract decreased hepatic lipid peroxidation
in vitamin E-depleted rats. Tsuda et al.15,45 also reported
that the consumption of cyanidin-3-glucoside suppressed
ischaemia/reperfusion-induced hepatic oxidative stress in
rats. Furthermore, there is abundant evidence that antho-
cyanins from edible plants have free radical-scavenging
activity16,43. Natella et al.9 have also suggested the postpran-
dial oxidative stress induced by high consumption of lipids
is restricted when a meal is consumed together with foods
rich in polyphenols. Other researchers have suggested that
the bioavailability of anthocyanin is not necessarily high46,
because a meaningful amount of anthocyanins is poorly

Table 3. Body weight, food intake, feed efficiency and liver weight in rats fed Toyoshiro, Shadow-Queen and Ayamurasaki flakes
for 4 weeks

(Mean values and standard deviations for five rats per group)

Dietary groups

Control Toyoshiro Shadow-Queen Ayamurasaki

Mean SD Mean SD Mean SD Mean SD

Initial body weight (g) 206·6 6·2 208·1 8·1 207·6 6·7 208·4 3·8
Final body weight (g) 273·0 10·1 269·8 11·1 272·6 5·4 268·5 8·9
Food intake (g/d) 18·0ab 1·8 16·5b 1·4 18·5a 1·5 16·5b 0·8
Feed efficiency (g gain/g feed) 0·132 0·007 0·134 0·011 0·126 0·019 0·130 0·016
Liver weight (wet g) 10·0 0·9 10·3 0·7 10·7 0·3 10·0 0·8

a,b Mean values within a row with unlike superscript letters were significantly different (P,0·05).
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absorbed from the intestines25 which may be due to such com-
pounds in the food matrix interacting with other components
of the luminal contents and become unabsorbable10. During
gastrointestinal passage, however, anthocyanins are capable
of reducing hydroperoxides10,25 and of chelating autoxida-
tion-promoting metal ions12,13. Therefore, the present findings
suggest that polyphenol/anthocyanin in SQ and AM flakes
might limit the absorption of hydroperoxide in the gastrointes-
tinal tract, furthermore an absorbed polyphenol/anthocyanin or
their metabolites might scavenge free radicals generated in the
serum. Such scavenging action in the intestinal tract might
result in the reduction of oxidative damage in the liver44,47.
Recently, Yeh & Yen47 reported that various polyphenol

supplements increased the activities and expression of SOD,
GSH-Px and catalase in the liver and small intestine in rats
fed a cholesterol-free diet. Previously, we similarly reported
that a 25% purple potato flake diet up-regulated the hepatic
mRNA expression related to antioxidant enzymes in rats fed
a cholesterol-free diet24. On the other hand, Lee et al.48

reported that cinnamic acids decreased hepatic GSH-Px and
catalase activities without any change in SOD activity in

rats fed a cholesterol diet. In fact, the present results showed
that hepatic GSH-Px and catalase activities in the TY, SQ
and AM groups were decreased more than those in the control
group, and that hepatic SOD activity in the TY, SQ and AM
groups was not different from that in the control group. This
might be explained by the findings that exogenous cholesterol
loads increase hepatic GSH-Px and/or catalase activities in
rats40,49. Thus, it is possible that polyphenols in flakes might
reduce the increase in hepatic GSH-Px and/or catalase activi-
ties to maintain the homeostasis in rats fed a cholesterol diet.
Contrary to hepatic GSH-Px and catalase activities in the TY,
SQ and AM groups, however, hepatic GST activity in the TY,
SQ and AM groups was increased more than in the control
group. Although it is uncertain whether a cholesterol-loaded
diet can affect hepatic GST activity, Bradfield et al.50 reported
that hepatic GST activity in male C57BL/6 mice fed a 40%
sweet potato diet was increased 1·3-fold compared to the con-
trol group. Furthermore, Kawabata et al.51 reported that ferulic
acid, which is one of the main polyphenols in TY52, increased
hepatic GST activity in rats fed a CE-2 diet (CLEA Japan,
Tokyo, Japan). Thus, the polyphenols/anthocyanins in TY,

Table 4. Serum total antioxidant capacity, and urate, thiobarbituric acid reactive substances (TBARS), glutathione and lipid concentrations in rats fed
Toyoshiro, Shadow-Queen and Ayamurasaki flakes for 4 weeks

(Mean values and standard deviations for five rats per group)

Dietary groups

Control Toyoshiro Shadow-Queen Ayamurasaki

Mean SD Mean SD Mean SD Mean SD

Antioxidant capacity
TEAC (IU) 0·782 0·045 0·776 0·039 0·771 0·054 0·717 0·057
TEAC (IU/mmol cholesterol) 0·336b 0·073 0·347b 0·049 0·400a 0·039 0·317b 0·016

Urate (mg/ml) 26·7a 2·1 15·6c 2·3 19·5b 4·2 13·1c 0·7
TBARS (nmol/ml) 1·384a 0·162 1·332a 0·090 1·199b 0·076 1·198b 0·079
Glutathione (nmol/ml) 79·7 12·9 76·5 6·5 86·7 23·1 83·2 10·4
Cholesterol (mg/dl) 91·8a 12·8 83·0ab 8·6 76·0b 7·9 88·2a 7·2
TAG (mg/dl) 66·8 6·8 72·2 26·8 72·4 11·7 67·4 17·4
Phospholipid (mg/dl) 116·0 11·5 119·8 9·7 108·2 6·2 112·2 7·4
NEFA (mEq/dl) 1·87 0·11 1·72 0·44 1·82 0·21 2·04 0·47

TEAC, Trolox equivalent antioxidant coefficient.
a,b,c Mean values within a row with unlike superscript letters were significantly different (P , 0.05).

Table 5. Liver lipids, thiobarbituric acid reactive substances (TBARS) and glutathione concentrations, and antioxidant enzyme activities
of rats fed Toyoshiro, Shadow-Queen and Ayamurasaki flakes for 4 weeks

(Mean values and standard deviations for five rats per group)

Dietary groups

Control Toyoshiro Shadow-Queen Ayamurasaki

Mean SD Mean SD Mean SD Mean SD

Total lipids (mg/g) 23·1 3·0 20·2 2·2 19·7 3·5 22·2 2·1
TBARS (nmol/mg protein) 0·788a 0·120 0·750ab 0·067 0·697b 0·044 0·688b 0·055
Glutathione (mmol/g) 5·12b 0·41 5·00b 0·17 5·64a 0·36 5·64a 0·13
GSH-R (mU/mg protein) 75·5b 7·3 76·7ab 2·1 84·7a 7·0 83·7a 4·6
GST (mU/mg protein) 359·9b 39·7 426·0a 30·9 418·6a 33·2 412·7a 14·4
GSH-Px (mU/mg protein) 661·0a 65·6 562·0b 58·0 588·1ab 108·6 635·1ab 52·7
Catalase (U/mg protein) 123·1a 10·1 106·0b 3·9 99·7b 11·2 98·4b 6·3
Total SOD (U/mg protein) 774·7 76·3 798·4 63·7 843·8 53·4 812·6 44·5

GSH-Px, glutathione peroxidase; GSH-R, glutathione reductase; GST, glutathione S-transferase; SOD, superoxide dismutase.
a,b Mean values within a row with unlike superscript letters were significantly different (P , 0.05).
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SQ or AM flakes might increase hepatic GST activity, and that
action is likely to contribute to the antioxidant potential in rats
fed a cholesterol diet.

GSH (reduced form) is an essential intercellular substrate of
GST or GSH-Px, and plays an important role in the mainten-
ance of thiol groups on intracellular proteins and in protection
of cells against oxidative stress53. It has been reported that a
higher concentration of intercellular GSH improves cellular
functionality upon exposure to oxidized lipids54. Recently
Tsuda et al.45 reported that the decrease in the hepatic GSH
level in rats subjected to hepatic ischaemia/reperfusion was
significantly suppressed by feeding them with 0·2% cyan-
idin-3-glucoside for 14 d. In the present study, the prevention
of SQ and AM flakes from lowering the hepatic GSH level,
which suggested that the polyphenol/anthocyanin in SQ and
AM flakes might act as antioxidants to protect against oxi-
dative damage induced by a cholesterol load. Furthermore,
since GSH-R is involved in the maintenance of a suitably
high GSH level, we think that the increase in GSH-R activity
in the SQ and AM groups had a modulatory effect on the GSH
level. Therefore, it is assumed that factors up-regulating GST
and GSH-R activities of rats following the intake of SQ and
AM flakes may lead to inhibition of hepatic lipid peroxidation,
which may be involved in the postprandial oxidative stress
induced by a high-cholesterol diet.

Several researchers have reported that anthocyanin leads to
increased serum antioxidant potential in experimental ani-
mals55 and human subjects56,57. We also previously reported
that a 25% purple potato flake diet increases the serum
Trolox equivalent antioxidant coefficient value in rats fed a
cholesterol-free diet24. In the present study, however, there
was no change in the serum Trolox equivalent antioxidant
coefficient value in any rats fed a cholesterol diet. This
might be explained by the decrease in the serum uric acid
level induced by the flake diets, because serum urate could
act like an antioxidant and contribute to the serum antioxidant
potential to a sizeable extent58. Furthermore, Jacob et al.59

reported that the anthocyanin-rich cherry lowers the plasma
urate level in healthy women. However, it is uncertain how
the flake diets could modulate purine metabolism leading to
a decrease in serum urate in rats fed a cholesterol diet. There-
fore, it would be interesting to investigate further in a future
study the mechanism of the decreasing serum urate level fol-
lowing intake of the flakes, because such an effect would be
beneficial for health60.

In a previous study, antioxidant activity of a 25% purple
potato flake diet in rats fed a cholesterol-free diet was hypoth-
esized to lower the carbohydrate concentration in the diet24

because the possible inhibitory action against postprandial oxi-
dative stress is considerable due to the reduced primary or sec-
ondary carbohydrate autoxidation products such as glycated
proteins in the gastrointestinal tract10,11. In the present
study, however, the TBARS levels in liver and serum of the
TY group (white potato) did not show any significant differ-
ence from those in the control group despite the comparable
carbohydrate concentrations in all flake diets (TY, 637·7 g/kg
diet; SQ, 644·2 g/kg diet; AM, 655·1 g/kg diet) and the lower
carbohydrate concentration compared to the control diet
(693·2 g/kg diet). Furthermore, TY flakes had a lower poly-
phenol concentration not including anthocyanin. Therefore,
the present findings suggest that the antioxidant activity of

SQ and AM flakes might be highly related to the poly-
phenol/anthocyanin concentration, not to the carbohydrate
concentration, and that SQ and AM flakes have the capacity
to prevent postprandial oxidative stress in rats fed a high-
cholesterol diet. On the other hand, the antioxidant efficiency
of SQ flakes was similar to that of AM flakes, although
the polyphenol/anthocyanin concentration was approximately
fourfold lower than in AM flakes. It might be that the polyphe-
nol/anthocyanin concentration of SQ flakes has the optimal
effect on the antioxidant potential in rats fed a cholesterol diet.

In conclusion, the present study suggests that anthocyanin-
containing SQ flakes improve the antioxidant status against
oxidative damage in rats fed high-cholesterol diets. Such anti-
oxidant effects might result from increments of GST and
GSH-R activities, and GSH in the liver. However, a further
study is necessary to investigate the mechanism decreasing
the serum urate level following intake of TY, SQ and AM
in rats fed a cholesterol diet.
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