H&@S[% Korean J. Food Sci. Ani. Resour.
1978 Vol. 30, No. 5, pp. 773~779(2010)

- ARTICLE |

Physicochemical Properties of Dioscorea opposita Thunb.,
Solution Fermented by Lactobacillus bulgaricus

Ju Hyun Park, Joungjwa Ahn', and Hae-Soo Kwak*
Department of Food Science and Technology, Sejong University, Seoul 143-747, Korea
'Department of Herb Industry, Jungwon University, Goesan 367-805, Korea

Abstract

The present study was designed to determine the physicochemical properties of yam (Dioscorea) solution fermented by
L. bulgaricus, the protective effect of fermented Dioscorea opposita Thunb. on stomach lesions, and the possibility of its
application to fermented dairy products. When the concentration of yam increased, the pH increased in raw powder samples
but not in extracted powder samples. In 6% raw powder containing the sample, the viable cell counts showed a dramatic
increase, whereas those in extracted yam powder significantly decreased in all concentrations during 32 h of fermentation.
The viscosity of extracted yam powder showed a lower value than that of raw powder, which was maintained throughout
the fermentation. The solution of Dioscorea opposita Thunb. raw powder showed a significantly higher allantoin content
compared with the extracted powder (p<0.05). At 2% of added Dioscorea opposita Thunb., 0.65 mg/mL was contained in
both samples; however, when 6% of Dioscorea opposita Thunb. was added, the amount of diosgenin increased up to 1.9 mg/
mL. When 200 mg of powder/kg body wt. was injected, gastric lesions were apparently reduced compared with those of
control rats. With 100 mg/kg body wt. injected into rats, the protective effect was a little lower than that in 200 mg/kg body
wt. Based on these data, the present study indicated that yam powder fermented by L. bulgaricus showed a protective effect

on gastric lesions in rats; therefore, it may be included as an added ingredient in yogurt manufacture.
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Introduction

Yam, the tuber part of the genus Dioscorea is cultivated
world-wide as a food source, especially in tropical areas.
In Asia, various yams have been used for many years as
a traditional medicine (Shin ef al., 2006) for the treatment
of anorexia, chronic diarrhea, diabetes, and excessive leu-
corrhea (Pharmacopoeia of the People's Republic of China,
1997). Recently, immune response modifying activities of
Dioscorea rhizomes have been confirmed, including im-
munomodulation (Zhao et al., 2005) and anti-inflamma-
tory (Kim et al., 2004), anti-tumor (Hu and Yao, 2003a,
2003b), and anti-osteoporotic effects (Yin et al., 2004). In
addition, the anti-oxidative activities of a storage protein
of Dioscorea tubers have also been extensively investi-
gated (Hou et al., 1999; Hou et al., 2001). Furthermore,
the feeding of Dioscorea rhizomes has been found to
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improve certain metabolic abnormalities, including hyper-
glycemia (McAnuff er al., 2005), obesity, gut function
(Shin et al., 2006), and lipid metabolism (Jeon et al.,
2006).

Recently, there has been a global trend toward the use
of natural substances in fruits, vegetables, and herbs as
antioxidants and anti-cancer agents. Among them, the
yam is an important pharmaceutical plant that is widely
used in drug industry. The Dioscorea rhizome contained
much higher level of allantoin than those in potato, sweet
potato, that is considered to present inflammation and
ulcers in the human body (Fu et al., 2006). Based on the
wide use and clinical acceptance of allantoin (Garnick,
Singh and Winkley, 1998; Yamamoto et al., 1998), allan-
toin has long been known to enhance the efficacy and
desirability of cosmetic creams and lotions through its
action as a skin protectant. The Merck Index lists the
therapeutic applications of allantoin as a topical vulnerary
(wound healer) and treatment for skin ulcers (The Merck
Index, 2001). The allantoin is demulcent and works to
soothe irritative conditions, both internally and externally.
Therefore, the allantoin protects tissues in the stomach,
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accelerates the healing processes throughout the stomach
and bowels, and promotes increased tissue repair through-
out the entire gastrointestinal tract.

Another compound, diosgenin, a member of steroidal
sapogenin found in several plants including Solanum and
Dioscorea species, has gained in importance recently.
Diosgenin has been shown to have not only favorable
effects on lipid metabolism but also anti-tumor effects on
cancer cells (Liu et al., 2005).

Fermented foods constitute a large proportion of the
diets. Such foods are important because of their increased
nutritional and physiological functions as well as improv-
ed flavor and aroma characteristics. Many of the fer-
mented food products result in new and desired products
and preservative effects are incidental. Lactic acid bacte-
ria, as probiotic bacteria, have been known to be benefi-
cial to health, including increased food digestibility and
bioavailability of vitamin and minerals, control of gas-
trointestinal infection, reduction of serum cholesterol
level, immune stimulation, and reduction of blood pres-
sure (Carr et al., 2002; Gilliland, 1990; Gorbach, 1990;
Yoo et al., 2005). In Asian countries, lactic acid fer-
mented grains, vegetables, and fish for their long-term
preservation have been taken for many years (Lee, 1997,
Yoon et al., 2004). However, until now, lactic acid fer-
mented natural herbs have not been reported. In addition,
yam (Dioscorea) has been revealed the various functions
compared with other genus, little information of its appli-
cation and research has been shown. Therefore, this study
was designed to find the physicochemical properties of
fermented yam (Dioscorea) solution by L. bulgaricus and
possibility of its application on fermented dairy products.

Materials and Methods

Materials

Dioscorea opposita Thunb. was used in the present
study. Tubers of Dioscorea opposita Thunb. were obtained
from Research Center of Dongyang Industry (Seoul,
Korea) and stored at 4°C until use. All chemicals were
purchased from Sigma Chemical Co. (St. Louis, MO, USA),
and all solvents were chromatographic grade.

Preparation of raw and extracted Dioscorea oppos-

ita Thunb. powder solution

To prepare the raw Dioscorea opposita Thunb. solution
powder, tubers of yam was washed, minced and spray-
dried. Then two times of distilled water was added into
the spray-dried yam sample and heated to 95°C for 120

min to discard the viscous mucilage. After centrifugation,
the supernatant was transferred and added with Non-
GMO dextrin powder (DE=8) and centrifuged again.
Then, the supernatant was filtered and spray-dried for the
extracted powder yam.

Preparation of fermented Dioscorea opposita Thunb.

powder

The fermented Dioscorea opposita Thunb. was pre-
pared as follows: Lactobacillus bulgaricus was incubated
at MRS broth at 37°C for 24 h and centrifuged. The pre-
cipitant (1.0x10'" CFU/mL) was washed with distilled
water for 3 times and used as fermenting microorganism.
The raw and extracted powder were pasteurized at 60°C
for 30 min and three different concentrations of powder
(2, 4, and 6%) were made with distilled water and inocu-
lated by microorganism for fermented Dioscorea oppos-
ita Thunb. solution at 37°C for 0, 8, 16, 24, and 32 h in
200 rpm shaking incubator (KSI-200L, Seoul, Korea).

Chemical analyses

Chemical composition: Protein, fat, moisture, and ash
contents were measured by AOAC method. The pH and
titratable acidity (TA): pH and titratable acidity of the
samples were measured at room temperature. The TA
was determined after mixing the 9 mL sample with same
amount of distilled water and titrating with 0.1 N NaOH
using a 1% phenolphthalein indicator to an end point of
faint pink color. The formula for calculating percentage
of lactic acid follows:

Lactic acid (%) = 0.1 N NaOH used (mL) x 0.009
% 100/sample (mL)

Microbial analysis

MRS plate count agar was used for L. bulgaricus count-
ing. One millileter of sample diluted with 9 mL of sterile
0.1% peptone and water diluent. Subsequent dilutions of
each sample were plated in triplicate and incubated at
37°C for 72 h.

Viscosity

Samples were placed in a Brookfield viscometer (spin-
dle No. 2) and measured from 1 to 5 min with 1 min
period with 100 rpm.

Measurement
Allantoin and diosgenin were quantitatively analyzed
by HPLC. Allantoin was analyzed on a Waters HPLC



Physicochemical Properties of Fermented Dioscorea opposita Thunb. 775

system consisting of a 600 pump and operated using Mil-
lennium software, and diosgenin was analyzed on a Agi-
lent 1200 Series HPLC system. The column used was a
Phenomenex (USA) Luna 5u CN 100A (250 mmx4.60
mm) column for allantoin, SunFire™ C ¢ 5 um (4.6 mm
%250 mm) for diosgenin analysis. Samples were placed in
a Brookfield viscometer (Model LVDV I+, Version 3.0,
Stongton, MA, USA) and pH meter (Orion 900A, Bos-
ton, MA, USA) was used for pH measurement.

Animals and sampling

Twenty-five 7-week-old male rats (specific pathogen free)
were purchased from G-bio Animal, Inc. (Seoul, Korea).
All rats were allowed access to diets and distilled water
ad libitum. Rats were housed in individual cages at 22.3
+2°C, 50£10% humidity, and lights on from 19:00 to
07:00 h.

All rats were fasted for 18 h, and 60% EtOH containing
150 mM HCI was injected orally and induced the stom-
ach lesion. For experimental groups, 100 or 200 mg/kg
body weight of raw yam powder or fermented yam pow-
der were treated. After 1 h, HCI-EtOH was injected and
rats were sacrified. For control, 0.5% of CMC (carboxy-
methyl cellulose) was injected.

After sacrifice, stomach with partial duodenum and
esophagus was taken and area of gastric lesion was mea-
sured. By the formula, the inhibition of gastric lesion was
calculated as follows:

Inhibition (%) = gastric lesion area of experimental
group (mm?) — gastric lesion of control
(mm?) x 100/gastric lesion area of
experimental group (mm?)

Statistical analysis

All statistical analyses were performed using SAS ver-
sion 9.0 (SAS Institute Inc., Cary, NC). An ANOVA was
performed using the general linear models procedure to
determine significant differences among the samples.
Means were compared by using Fisher's least significant
difference procedure. Significance was defined at the 5%
level.

Results and Discussion

Chemical composition

The composition of raw and extracted yam (Dioscorea
opposita Thunb.) was presented in Table 1. The content
of crude protein in raw yam was six times higher than

Table 1. Chemical composition of Dioscorea opposita Thunb.
powder and extracted powder"

Composition (%) Raw powder Extracted powder
Crude protein 14.33+0.77* 2.34+0.77°
Crude fat 0.01+0.01* 0.01+0.012
Ash 3.25+0.49° 1.13£0.40°
Moisture 3.140.15° 4.29+0.30*
Crude carbohydrate 71.17+£5.00° 68.20£3.55%
Allantoin 0.690.08° 0.44+0.07°
Diosgenin 3.19+0.25% 3.17+0.21*

DValues within the same row with different superscripts are sig-
nificantly different at p<0.05.

that in extracted. However, crude fat was almost negligi-
ble in both powders. The content of ash in raw powder
was significantly higher than that in extracted (p<0.05).
But moisture content was significantly lower in raw pow-
der than extracted (p<0.05). The crude carbohydrates
were 71.2 and 68.2% in raw and extracted powder,
respectively. As a functional component, the amount of
allantoin showed that the content of raw powder was
0.69% and extracted powder was 0.44%. The other func-
tional component was diosgenin which contained 3.19%
in raw powder and 3.17% in extracted powder.

Yoon et al. (2008) reported about the content of allan-
toin that Dioscorea batatas Decne. (long yam) had 0.44-
0.45%, Dioscorea japonica Thunb. 0.62-0.64%, and
Dioscorea opposita Thunb. 0.69-0.71%. This data agreed
with our result in allantoin of Dioscorea opposita Thunb.
and showed other Dioscoreas have significantly lower in
concentrations. Chang et al. (2005) studied about the con-
tent of diosgenin that Dioscorea japonica Thunb. had
lower amount of diosgenin (2.61%) than that of Dioscorea
opposita Thunb. (3.32%) which was close to our result.
Finally, we observed that Dioscorea opposita Thunb. was
superior to the other Dioscoreas.

Physicochemical properties of fermented powder
of Dioscorea opposita Thunb.

pH and titratable acidity (TA)

Figs. 1 and 2 showed the changes in pH and titratable
acidity of the present study, respectively. Before the fer-
mentation of raw or extracted Dioscorea opposita Thunb.
powders, pH was about 6.0 for raw powder and 5.3 for
extracted powder (Fig. 1). When the L. bulgaricus was
inoculated, pHs of all different concentration groups (2,
4, and 6% of raw or extracted powder) decreased pro-
foundly to 5.3 and 4.4 for raw and extracted powder con-
taining groups, respectively.
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Fermentation time (h)

Fig. 1. Changes of pH in different concentrations of raw or
extracted powder of Dioscorea opposita Thunb. fer-
mented with Lactobacillus bulgaricus at 37°C for 32 h.
—A—: Raw powder 2%, -ll-: Raw powder 4%, -@—: Raw
powder 6%, ——A ——: Extracted Powder 2%, ——[]—-:
Extracted powder 4%, —— O ——: Extracted powder 6%.

After 8 h fermentation, both of two powder groups
showed a significant decrease in pH and maintained
thereafter up to 32 h fermentation period, except for 4 and
6% raw powder containing groups. When the concentra-
tion of yam increased, the pH increased in raw powder
samples but not in extracted powder samples.

Fig. 2 shows the changes of TA (%) values for the raw
and extracted powder with different concentrations dur-
ing 32 h fermentation. Unexpectedly, the TA values were
significantly different within the extracted samples (p<
0.05), which were not different in pH measurement.
These results may be attributed to the hydrolysis of the
carbohydrate and subsequent conversion of the sugars to
acid by the fermenting microbes.

Shin et al. (2006) studied the fermentation of Dioscorea
batatas Decne. in solution 5 and 10% fermented by the
combination culture of L. acidophilus, S. thermophilus
and B. bifidum at 37°C for 20 h. They observed 4.33 in

Titratable acidity (%)

0.00 T T T 1

Fermentation time (h)

Fig. 2. Changes of titratable acidity in different concentra-
tions of raw or extracted powder of Dioscorea opposite
Thunb. fermented with Lactobacillus bulgaricus at
37°C for 32 h. —A—: Raw powder 2%, -ll-: Raw powder
4%, —@—: Raw powder 6%, ——A——: Extracted Powder
2%, —{_F—: Extracted powder 4%, —— (O ——: Extracted
powder 6%.

pH and 0.24% TA which was similar trend to our result.
This result indicated that the fermentation of Dioscorea
by lactic acid bacteria slightly decrease pH.

Counts of Lactobacillus bulgaricus during ferment-
ation

Change in L. bulgaricus counts during fermentation are
presented in Table 2. At the early stage of inoculation,
microbial counts of raw powder samples were in the
range of 1.32 to 1.40x10® CFU/mL, and showed the in-
creasing trend thereafter up to 32 h. Especially, 6% raw
powder containing sample showed an increase for 32 h
fermentation. In contrast, the viable cell counts of L. bul-
garicus in extracted yam powder showed the significant
decrease in all three concentration samples during 32 h
fermentation period. In 2% extracted powder containing
sample, 2.03x10° cell counts was found at 32 h fermenta-

Table 2. Changes of viable cell count in different concentrations of Dioscorea opposita Thunb. powder and extracted powder fer-

mented by Lactobacillus bulgaricus at 37°C for 32 h (CFU/mL)
Dioscorea opposita Concentration Fermentation time (h)
Thunb. (%) 0 8 16 24 32

2 1.40x10° 1.51x108 1.62x108 1.53x108 1.45x108

Raw powder 4 1.32x10° 1.70x10® 2.05x10° 1.95x10° 1.90x10®

6 1.35x10° 2.35x10° 3.83x10° 3.37x10° 3.35x10°

2 1.25%108 7.56x107 9.23x10° 2.75%10° 2.03x10°

Extracted powder 4 1.55x108 1.57x108 1.24x108 1.61x107 7.24x10°
6 2.17x108 2.25x108 2.30x108 6.18x10’ 2.34x10’
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tion, which were 100 times less than viable cell counts in
6% raw powder containing sample. Based on these data,
raw yam powder was more effective for fermentation by
L. bulgaricus than extracted powder. Shin et al. (2006)
reported the fermentation of Dioscorea batatas Decne. in
solution 5 and 10% fermented by the combination of L.
acidophilus, S. thermophilus and B. bifidum for at 37°C
20 h was counted in 7.02 log CFU/mL which was lower
than that in our study.

Viscosity

The change of viscosity was presented in Fig. 3. There
was a decrease in the raw yam powder containing sample
with 2, 4, and 6% and a similar viscosity was found at the
end of fermentation. Especially, the viscosity of 6% raw
yam powder containing sample was the highest value
among samples and decreased after 8 h fermentation and
continuously decreased thereafter. In contrast, the sam-
ples containing extracted yam powder did not show any
change from the beginning to the end of fermentation
period. These results were expected because there was a
heating process to remove the viscous materials in ex-
tracted yam powder preparation. The present study indi-
cated if there were the viscous materials in the samples,
fermentation may decrease the viscosity.

Viscosity (cps)
N

Fermentation time (h)

Fig. 3. Changes of viscosity in different concentrations of raw
or extracted powder of Dioscorea opposita Thunb. fer-
mented with Lactobacillus bulgaricus at 37°C for 32 h.
—A—: Raw powder 2%, -ll-: Raw powder 4%, -@—: Raw
powder 6%, ——A ——: Extracted Powder 2%, ——[1——:
Extracted powder 4%, —— O ——: Extracted powder 6%.

Allantoin and diosgenin contents

The changes of allantoin and diosgenin contents during
fermentation are presented in Tables 3 and 4. In allantoin
content, there was a significant difference between raw
and extracted powder of Dioscorea opposita Thunb. (p<

Table 3. Concentrations of allantoin in different concentrations of Dioscorea opposita Thunb. powder and extracted powder fer-

mented by Lactobacillus bulgaricus at 37°C for 32 h" (mg/mL)
Dioscoreaopposita  Concentration Fermentation time (h)
Thunb. (%) 0 8 16 24 32

2 0.14+0.01% 0.14+0.01* 0.13+0.01° 0.14+0.01* 0.13+0.01°%

Raw powder 4 0.26+0.03* 0.28+0.01* 0.27+£0.01* 0.28+0.02* 0.27+0.01*

6 0.41+£0.01* 0.41+0.01* 0.42+0.01* 0.41+0.01* 0.41+0.01%

2 0.09+0.01° 0.09+0.02% 0.09+0.02° 0.09+0.02° 0.09+0.01%

Extracted powder 4 0.17+£0.01* 0.19+£0.01* 0.19+0.02% 0.18+0.01* 0.19+0.02%
6 0.30+0.02° 0.31+0.01° 0.30+0.06° 0.29+0.02° 0.31+0.02°

YValues within the same row with different superscripts are significantly different at p<0.05.

Table 4. Concentrations of diosgenin in different concentrations of Dioscorea opposita Thunb. powder and extracted powder fer-

mented by Lactobacillus bulgaricus at 37°C for 32 h? (mg/mL)
Dioscorea opposita  Concentration Fermentation time (h)
Thunb. (%) 0 8 16 24 32

2 0.65+£0.017 0.64+0.01* 0.62+0.07* 0.64+0.03* 0.63+0.02%

Raw powder 4 1.24+0.07* 1.30+0.07* 1.3240.18* 1.27+£0.03* 1.334£0.12%

6 1.94+0.10* 1.86+0.03* 1.9240.03* 1.89+0.16" 1.924+0.06"

2 0.65+0.02? 0.65+0.01* 0.61+0.07° 0.65+0.03% 0.62+0.04*

Extracted powder 4 1.25+0.11* 1.26+0.09% 1.32+0.18* 1.2740.04* 1.30+0.12*
6 1.86+0.02° 1.86+0.03% 1.89+0.01% 1.92+0.11*% 1.92+0.15°

"Values within the same row with different superscripts are significantly different at p<0.05.
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0.05), and raw powder showed the higher content of
allantoin compared with the extracted powder. However,
no difference was occurred by the different concentration
added into samples in both raw and extracted powder
samples. In addition, fermentation itself did not affect the
allantoin content of yam powder.

In diosgenin content, the concentration of Dioscorea
opposita Thunb. influenced on the diosgenin content of
samples on both raw and extracted powders. No differ-
ence was found in the content of diosgenin during the fer-
mentation period in both raw and extracted powder
samples regardless of Dioscorea opposita Thunb. concen-
tration added. Based on these results, the allantoin content
was influenced by the extraction process of Dioscorea
opposita Thunb., while the diosgenin content was depen-
dent on their concentrations. Since both of the functional
components have not been widely experimented after the
fermentation of Dioscorea, it needs more study in various
kinds of Dioscorea.

Area of stomach lesion

Based on the results, we decided to choose the 6% fer-
mented powder of raw Dioscorea opposita Thunb. for
examining the protective effect in gastric lesion in rats as
shown in Table 5. When 200 mg/kg body wt. was inject-
ed, the gastric lesion was reduced apparently, compared
with that in control rats. The protective effect was little
lower with 100 mg/kg body wt. injected rats compared
with those with 200 mg/kg body wt.

Several studies have reported that yam possessed estro-
genic effect, angiotensin-converting enzyme inhibitory
activity, and antioxidative effect (Fsu et al., 2002, Hsu et
al., 2006). In other study (Hsu et al. 2006), Chinese yam
supplement facilitated the growth of Bifidobacterium and
Lactobacillus in mice small intestine. These results sup-
port that the intake of either Chinese yam or Japanese

Table S. Effects of Dioscorea opposita Thunb. powder fer-
mented by Lactobacillus bulgaricus on HCI-EtOH
induced gastric lesions in rats"

Dioscorea opposita Dose Gastric lesions  Inhibition
Thunb. (mg/kg, p.o.) (mm?) ratio (%)
Control? - 94.0* £31.2 -
100 57.0 %202 393
Raw powder be

200 33.3%420.8 64.6

Raw powder fermented 100 56.1° +23.2 40.3

by L. bulgaricus 200 32.2%°420.2 66.7

DValues within the same column with different superscripts are
significantly different at p<0.05.
20.5% carboxylmethyl cellulose.

yam could effectively change intestinal microflora varia-
tion.

It has been documented that the antioxidant activities of
plant foods are associated with their content of polyphe-
nols and/or flavonoids (Yeh and Yen, 2005). The yam
used in this study contained polyphenols and flavonoids,
and the improved injury observed in yam-supplemented
rats could be partially ascribed to these antioxidant com-
pounds presented in yams.

Conclusion

The present study was designed to find the physico-
chemical properties of fermented yam (Dioscorea) by L.
bulgaricus, the protective effect of fermented Dioscorea
opposita Thunb. on stomach lesion and the possibility of
its application on fermented dairy products. Several ben-
eficial properties of yams have recently been reported in
the literature and it has been found that feeding with
Dioscorea species can improve gut function. In recent,
Jeon et al. (2006) indicated that a 40% of ethanol extract
of yam flour inhibited the secretion of gastric acid and
showed the improvement of gut functions as observed by
gastrointestinal transit and by lactose-promoting bacteria
in feces. In the present study, when 200 mg of fermented
yam powder/kg body wt. was injected, the gastric lesion
was reduced apparently, compared with that in control
rats. In addition, the protective effect was dose-depen-
dent. Based on these data, the yam powder fermented by
L. bulgaricus showed the protective effect on gastric
lesion in rats, therefore, it may be applied for the manu-
facture of yogurt using fermented yam powder in further
study.
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