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The effect of the heat-dried product of Shochu

distillery by-products (HSDB) derived from sweet

potato on mammary carcinogenesis in rats was inves-

tigated. HSDB was fed at 2.5% or 5% of the total feed

weight. Dietary HSDB at the 5% level suppressed the

incidence and number of tumors, and delayed the

latency of mammary tumor development relative to the

control diet. Experiments were conducted to determine

the relative polarity of the anticarcinogenic constitu-

ent(s). The number of tumors per tumor-bearing rat

was lower in the diet group fed with an ethyl acetate

extract of HSDB than in the control group. The tumor

incidence evaluated at both palpation and autopsy was

slightly lower in the group fed with a methanol extract

than in the control group. These results suggest that

HSDB contained at least two constituents of differing

polarity that counteracted mammary carcinogenesis.
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Most industrialized countries are facing significant
problems as they attempt to minimize environmental
pollution. The Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, 1972
(The London Convention 1972) has been adopted as the
international standard to prevent marine pollution by the
International Maritime Organization. This convention
was reinforced by the 1996 Protocol. In Japan, it had
been common practice for distillery by-products of
Shochu (SDB), a Japanese traditional spirit, to be
dumped at sea as sewage sludge, but this treatment
was phased out in light of the Protocol by the end of

2000. The current main alternatives to dumping are use
in agriculture and deposition on land. However, due to
new restrictions on land use that favor conservation and
an imbalance in the demand for fertilizer, it is clear that
these alternatives are also limited. Therefore, the
development of new uses for SDB has become an
environmental and economic priority.

Sweet potato, Ipomoea batatas, is one of the main
sources for Shochu which generates an abundance of
SDB. Both the sheer quantity and seasonal variance in
amount have resulted in insufficient attention being paid
to the development of alternative uses for sweet potato
SDB. Previous studies have established that this plant
contains ingredients that are active against certain
diseases.1–8) While many reports have concentrated on
the natural pigment, anthocyanin, as the active factor in
sweet potato,1–4) recent studies have suggested that
elements of white-skinned sweet potato, which lacks
anthocyanin, have both an antidiabetic effect in vivo and
antitumor activity in vitro.5–8)

The incidence of diseases associated with certain
dietary choices is currently increasing in many indus-
trialized countries. Mammary cancer is one such disease
whose development is closely correlated with the
diet.9,10) At present, a study of those compounds with
antitumor activity derived from vegetables and other
plants for use as potential therapeutic chemopreventives
is a major focus of anticancer research.11,12) We
examined in the present study whether the heat-dried
product of SDB (HSDB) derived from anthocyanin-
free sweet potato was able to prevent 7,12-dimethyl-
benz[a]anthracene (DMBA)-induced mammary cancer
in female rats. The intent of the study is to illustrate a
novel use for HSDB as a dietary anticarcinogen.

y To whom correspondence should be addressed. Tel: +81-3-5477-2443; Fax: +81-3-5477-2626; E-mail: takita@nodai.ac.jp

Abbreviations: Et-Ac, ethyl acetate-soluble fraction of HSDB; DMBA, 7,12-dimethylbenz[a]anthracene; HSDB, heat-dried product of Shochu

distillery by-products; Me, methanol-soluble fraction of HSDB; SDB, Shochu distillery by-products

Biosci. Biotechnol. Biochem., 69 (10), 1898–1904, 2005



Materials and Methods

Experiment 1. Five-week-old female Sprague-Dawley
rats (CLEA Japan, Tokyo, Japan) were housed in
individual apartment cages in an air-conditioned room
(22� 1 �C and 50� 10% humidity) under a 12-hr
alternating light-dark cycle. The animals were fed on a
MF-2 rat diet (Oriental Yeast, Tokyo, Japan) and water
ad libitum for 1 week as adaptation to the experimental
conditions. Fifty-one rats were subsequently divided into
three dietary groups. The average body weight was
similar in each group. HSDB was derived from Ipomoea
batatas L. cv. Koganesengan (Kirishima Shuzou Co.,
Miyazaki, Japan), a cultivar that lacks anthocyanin. The
composition of HSDB was analyzed by Japan Food
Research Laboratories (Tokyo, Japan). The proportions
of ingredients in all test diets were adjusted equally
(Table 1). The total dietary concentrations of BSD were
(w/w) 0% in the control group, 2.5% in the low group,
and 5% in the high group. The semipurified diets were
stored at �30 �C. All animals were fed with the

appropriate diet for 11 weeks at 17:00 h; the remaining
food was removed at 9:00 h the following morning to
avoid the ingestion of lipid peroxides. A single dose of
50mg/kg of body weight of DMBA (Sigma Chemical
Co., St. Louis, MO, U.S.A.) dissolved in 1ml of corn oil
was administered orally to each rat on day 49 after birth.
The rats were palpated daily to monitor tumor develop-
ment. At the termination of the treatment period, the rats
were killed under anesthesia with sodium pentobarbital
(Dainippon Pharmaceutical Co., Osaka, Japan). All
experimental procedures involving the animals were
performed according to the guidelines for animal
experimentation at the Tokyo University of Agriculture.

Experiment 2. HSDB was suspended overnight in
ethyl acetate and then filtered. The residue was re-
extracted with ethyl acetate as already described. The
solutions obtained from the two extractions were mixed
and evaporated at 50 �C. The residue after evaporation
was used as the ethyl acetate-soluble fraction of HSDB
(Et-Ac).

Table 1. Diets Used in Experiment 1

Group

Ingredient Control Low High

g/100 g

Casein 20.0 19.45 18.89

DL-methionine 0.3 0.3 0.3

Sucrose 45.0 44.22 43.45

Corn starch 15.0 15.0 15.0

Mineral mix (AIN-76�) 3.5 3.39 3.28

Vitamin mix (AIN-76�) 1.0 1.0 1.0

Choline bitartrate 0.2 0.2 0.2

Cellulose 5.0 4.06 3.12

Corn oil 10.0 9.88 9.76

HSDB — 2.5 5.0

HSDB, heat-dried product of Shochu distillery by-products. Shochu is

derived from Ipomoea batatas L. cv. Koganesengan.

Table 2. Body Weight Gain and Organ Weights for the DMBA-

Treated Rats in Experiment 1

Group

Control Low High

Body wt. gain (g) 130� 6 141� 6 129� 5

(100) (108) (99.2)

Liver (g/100 g of body wt.) 3:03� 0:09 2:96� 0:07 2:85� 0:06

(100) (97.8) (93.9)

Spleen (mg/100 g of body wt.) 229� 23 244� 44 191� 6

(100) (107) (83.5)

Kidney (mg/100 g of body wt.) 606� 11 616� 24 606� 17

(100) (102) (100)

Lung (mg/100 g of body wt.) 451� 17 472� 24 426� 18

(100) (105) (94.5)

Each value is the mean� SEM. Values in parentheses are percentages of

means relative to those of the control group fed on a diet without HSDB.

Table 3. Mammary Tumors for the DMBA-Treated Rats in Experiment 1

Group

Control Low High

Tumor incidence at necropsy (%) 76.5 68.8 62.5

(100) (89.9) (81.7)

Latent period (days) 52� 2:7 55� 2:7 59� 1:7�

(100) (107) (114)

Total no. of tumors 53 69 34

(100) (130) (64.2)

No. of tumors/tumor-bearing rat 4:08� 1:04 6:27� 1:33 3:40� 0:67

(100) (154) (83.4)

Total tumor wt./group (g) 40.1 52.6 17.8

(100) (131) (44.4)

Tumor wt./tumor-bearing rat (g) 3:09� 1:48 4:78� 1:84 1:78� 0:40

(100) (155) (57.6)

Wt. of 1 primary tumor (g) 0:757� 0:204 0:772� 0:174 0:523� 0:106

(100) (102) (69.1)

Each value is the mean� SEM. Values in parentheses are percentages of means relative to those of the control group fed on a diet without HSDB.
�The symbol denotes a significant difference (P < 0:05) as compared with the value for the control group (Mann–Whitney U-test).
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The residue obtained from the second extraction using
ethyl acetate was left in a fume hood in order to remove
the solvent by evaporation. This residue was then
extracted with methanol to obtain the methanol-soluble
fraction of HSDB (Me). The extraction process was
performed as described for Et-Ac.
The Et-Ac and Me extracts are regarded as lipid and

carbohydrate, respectively. The composition of the diet
for experiment 2 is shown in Table 4. The total dietary
concentrations of HSDB-derived material were (w/w)
0% for group I, 0.29% Et-Ac for group II, and 0.71%
Me for group III. Both the strain and age of the rats were
the same as those used in experiment 1. The animals
were administered the control or treatment diet for 9
weeks at 17:00 h, and the remaining food was removed
at 9:00 h the following morning. The rats were exposed
to DMBA according to the protocol described for
experiment 1.

Statistical analysis. Each value is expressed as the
mean� SEM. Treatment differences relative to values
for the control group were analyzed by the Mann–
Whitney U test with Statview software (Cricket Soft-
ware, Philadelphia, PA, U.S.A.). Probability values of
less than 0.05 are considered significant. A regression
analysis was also conducted with the Statview software.

Results and Discussion

This study was designed to examine the contribution
of HSDB to chemically-induced mammary cancer.
No treatment-related changes in clinical signs or body
weight gain were observed in either experiment
(Tables 2 and 5). All tissue weights, with the exception
of the spleen weight, were unaffected by feeding with
HSDB or fractions thereof. In both experiments, the
spleen weight of the rats fed on the control diet tended to
be higher than the spleen weight in the HSDB-treated
groups. This splenomegaly was associated with the
development of tumor weight: the spleen weight was

Table 4. Diets Used in Experiment 2

Group

Ingredient I II III

g/100 g

Casein 20.0 20.0 20.0

DL-methionine 0.3 0.3 0.3

Sucrose 45.0 45.0 44.29

Corn starch 15.0 15.0 15.0

Mineral Mix (AIN-76�) 3.5 3.5 3.5

Vitamin Mix (AIN-76�) 1.0 1.0 1.0

Choline bitartrate 0.2 0.2 0.2

Cellulose 5.0 5.0 5.0

Corn oil 10.0 9.71 10.0

Et-Ac — 0.29 —

Me — — 0.71

Et-Ac and Me are the ethyl acetate- and methanol-soluble fraction of HSDB,

respectively.

The extraction process is described in the Materials and Methods section.

Table 5. Body Weight Gain and Organ Weights for the DMBA-

Treated Rats in Experiment 2

Group

I II III

Body wt. gain (g) 216� 5 217� 5 216� 5

(100) (100) (100)

Liver (g/100 g of body wt.) 3:30� 0:13 3:13� 0:07 3:12� 0:06

(100) (94.8) (94.5)

Spleen (mg/100 g of body wt.) 235� 41 188� 6 182� 7

(100) (80.0) (77.4)

Kidney (mg/100 g of body wt.) 624� 13 596� 13 597� 13

(100) (95.5) (95.7)

Lung (mg/100 g of body wt.) 371� 14 360� 10 371� 10

(100) (97.0) (100)

Values are means� SEM. Values in parentheses represent percentages of

mean values v.s those of Group I fed the control diet.

Table 6. Mammary Tumors for the DMBA-Treated Rats in Experiment 2

Group

I II III

Tumor incidence at necropsy (%) 66.7 77.8 61.1

(100) (117) (91.7)

Latent period (days) 43� 2:9 51� 1:7 50� 2:5

(100) (118) (116)

Total no. of tumors 64 44 47

(100) (68.8) (73.4)

No. of tumors/tumor-bearing rat 5:33� 0:90 3:14� 0:77� 4:27� 0:89

(100) (58.9) (80.1)

Total tumor wt./group (g) 65.4 15.2 23.5

(100) (23.2) (35.9)

Tumor wt./tumor-bearing rat (g) 5:45� 2:46 1:08� 0:43 2:13� 0:80

(100) (19.9) (39.2)

Wt. of 1 primary tumor (g) 1:02� 0:43 0:345� 0:087 0:499� 0:138
(100) (33.8) (48.9)

Each value is the mean� SEM. Values in parentheses are percentages of means relative to those of the group I fed on the control diet.
�The symbol denotes a significant difference (P < 0:05) as compared with the value for the control group (Mann–Whitney U-test).
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positively correlated with an increase in the weight of
mammary tumors per tumor-bearing rat (experiment 1,
r ¼ 0:584; experiment 2, r ¼ 0:913; data from both
experiments; r ¼ 0:753). Although further studies not
involving the administration of a carcinogen are needed
to assess the relationship between HSDB-treatment and
splenomegaly, we have previously reported that the

groups with larger DMBA-induced mammary tumor
weight were prone to splenomegaly.13)

The palpatory assessment in experiment 1 indicated a
suppression of the incidence and number of tumors in
the high group (Figs. 1 and 2). These observations were
consistent with the autopsy results (Table 3). The latent
period for the high group was significantly delayed

Fig. 1. Cumulative Palpable Tumor Incidence in the DMBA-Treated Rats in Experiment 1.

Thin solid line, the control group; thick solid line, the low group; thick dashed line, the high group. The final tumor incidences diagnosed by

palpation were 70.6% for the control group, 68.8% for the low group, and 56.3% for the high group. The values for the low group and the high

group as a percentage of the control were 97.4% and 79.7%, respectively.

Fig. 2. Cumulative Palpable Tumor Number in the DMBA-Treated Rats in Experiment 1.

Thin solid line, the control group; thick solid line, the low group; thick dashed line, the high group. The final tumor numbers diagnosed by

palpation were 38 for the control group, 45 for the low group, and 19 for the high group. The values for the low group and the high group as a

percentage of the control were 118% and 50%, respectively.
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compared to that for the control group. The 5% HSDB
diet markedly decreased the total tumor weight per
group compared to the control diet. Both the tumor
weight per tumor-bearing rat and the weight of one
primary tumor tended to be lower in the high group. In
the low group, although the incidence of tumors was
lower than that in the control group, both the number
and weight of tumors were elevated. Although the
underlying reason for this requires clarification of the
dose-response relationship between HSDB and tumor
growth, the findings for the high group revealed that
HSDB contained an active component against chemi-
cally-induced mammary carcinogenesis in vivo. Thus,
the current study suggests the possibility of using HSDB
as a source of chemopreventive factors beneficial for
human health.
Additional experiments were undertaken to identify

the factor(s) in HSDB that counteracts cancers in vivo.
In experiment 2, the number of tumors per tumor-
bearing rat was significantly lower in group II than in
group I (Table 6). In light of this result, it is likely that
an apolar constituent had a pronounced effect on the
growth of tumor cells. This hypothesis is consistent with
a study reporting that certain components extracted by
ethyl acetate from several plants exerted an antiprolifer-
ative effect on melanoma cells.14)

The anticarcinogenic compound(s) was not identified
in the present study. It is possible that some constituents
produced by the Maillard reaction, during the fermenta-
tion and/or heating of SDB, accounted for the prophy-

lactic effect. Oxidative stress correlates very well with
carcinogenesis, and the effectiveness of antioxidants has
been evaluated.15,16) Rabah et al.5) have reported that an
aqueous extract of the sweet potato cultivar, Kogane-
sengan, the same cultivar from which the HSDB used in
the present study was derived, had antioxidative activity
which was intensified by baking. However, Ye et al.17)

have reported that the number of amino groups in sweet
potato SDB was very low, which would tend to
minimize the possibility of significant involvement of
Maillard reaction products in the inhibitory behavior of
HSDB observed in the current study.

Experimental evidence is available that shows that
fruits and vegetables contain certain anticancer com-
pounds.11,12) Polyphenols are representative of com-
pounds which protect cells during both the initiation and
promotion of carcinogenesis.12) Recent studies have
shown that sweet potato SDB contained high levels of
polyphenols, and have identified caffeic acid as the
dominant polyphenol component.17,18) Caffeic acid ex-
hibited many physiological activities against cancer in
vitro, including radical-scavenging activity,19,20) anti-
mutagenesis,21) and the inhibition of both metastasis and
angiogenesis.22) In addition to these reports, it is worth
noting that caffeic acid can inhibit the growth of
mammary tumors in vitro.23) Thus, the current results
obtained for the dietary administration of HSDB may be
at least partly due to caffeic acid.

In experiment 2, the total numbers of tumors ob-
served were lower at both palpation and autopsy in

Fig. 3. Cumulative Palpable Tumor Incidence in the DMBA-Treated Rats in Experiment 2.

Thin solid line, group I; thick solid line, group II; thick dashed line, group III. The final tumor incidences diagnosed by palpation were 44.4%

for group I, 44.4% for group II, and 33.3% for group III. The values for group II and group III as a percentage of the control were 100% and

75.0%, respectively.
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Groups II and III (Fig. 4, Table 6). All the indices for
tumor weight tended to improve with feeding of either
diet as compared to the control diet. Taken together,
these results suggest that HSDB contained multiple
anticarcinogenic constituents with different polarity.
The anticancer activity observed by feeding the diets
containing HSDB fractions was lower than that obtained
with the 5% HSDB diet (unpublished data), so the
contribution of HSDB to the inhibition of mammary
carcinogenesis may have been due to the synergistic
effect of more than two components.

In conclusion, this investigation has shown that
HSDB had the ability to inhibit mammary carcino-
genesis in vivo. Although further study is needed to
elucidate the mechanisms involved in these physiolog-
ical activities, the current findings are of value for the
development of novel alternative uses of sweet potato
SDB.
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