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Abstract

Physicochemical and sensory properties of Dioscorea opposita Thunb. (yam) powder-added yogurts (1, 3, 5, and 7%, w/
v) were examined when stored at 4°C for 16 d. When the yam concentration increased, the pH increased with 16 d storage.
The lactic acid bacteria counts in all yogurt samples showed an increase during storage period, and the highest counts were
appeared with 7% yam powder addition. The dramatic decrease was found in viscosity with higher concentrations of yam
powder-added yogurt samples. No change was found in allantoin and diosgenin contents for 16 d storage periods. A signif-
icantly strong bitterness and astringency and decreased viscosity were found with 5 and 7% yam powder addition. However,
less than 3% yam powder-added yogurt samples did not show a significant difference compared with the control (p>0.05)
and overall acceptability score was the highest in 3% yam powder-added yogurt throughout the storage. The present study
indicated that the concentrations (1 and 3%, w/v) of yam powder could be used to produce yam powder-added yogurt with-
out significant adverse effects on physicochemical, microbial and sensory properties, and enhance functional components

from the supplementation.
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Introduction

Yogurt has gained widespread consumer acceptance
throughout the world including Korea. It is well known
that intestinal microflora patterns affect human health
(Famularo et al., 2005; Kelly et al., 2005). Beneficial
flora, such as the genera of Bifidobacterium or Lactoba-
cillus, could inhibit the growth of pathogenic bacteria and
decrease the level of carcinogenic materials, which fur-
ther improves the colonic environment (Hsu et al., 2006;
Rinne et al., 2005). Yogurt is rich in probiotics, such as
lactic acid bacteria known to have health benefits, include
enhanced intestinal microbial balance and food digestibil-
ity (Kim et al., 2005; Yoo et al., 2005). To increase the
demand for yogurt, health beneficial yogurt should be
focused and developed. In recent years, many different
food ingredients, including f-glucan (Sahan et al., 2008),
green and black teas (Jaziri et al., 2009) and chitosan
(Seo et al., 2009) have been fortified to increase the
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yogurt formulations to improve the nutritional value.
Under the technological point of view, the addition of
yam powder may have positive action for the texture, sta-
bility or the consistency of the yogurt due to the availabil-
ity of functional ingredients such as allantoin and
diasgonin. Yam, the tuber part of the genus Dioscorea, has
been used for many years as a traditional medicine (Shin
et al., 2006) for the treatment of anorexia, chronic diar-
rhea, diabetes and excessive leucorrhea (Pharmacopoeia
of the People's Republic of China, 1997). Health benefits
of yam mainly rely on the allantoin and diosgenin con-
tent. Allantoin has a broad range of clinical acceptance
(Yamamoto and Ogihara, 1998). It has long been known
to enhance the efficacy and desirability of cosmetic
creams and lotions through its action as a skin protectant.
It also protects tissues in the stomach, accelerates the
healing processes throughout the stomach and bowels,
and promotes increased tissue repair throughout the entire
gastrointestinal tract. Some researcher studied that lactic
acid fermented yam doesn’t have much effect on the
functional components of yam.

Although yam (Dioscorea) has been revealed for vari-
ous health benefits compared with other genus, little in-
formation of its application and research has been shown.
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To exploit the better health benefit for consumers, the
development of a new functional yogurt using yam pow-
der may be an alternative. Therefore, the objectives of the
present study were to investigate the physicochemical and
sensory changes of the yogurt added by yam powder dur-
ing storage.

Materials and Methods

Materials

Tubers of Dioscorea opposita Thunb. (yam) were
obtained from Research Center of Dongyang Industry
(Korea) and were skinned, cut to 0.5-cm thick slices, lyo-
philized, milled, and then passed through a 100-mesh
sieve. The Dioscorea opposita Thunb powder were stored
at 4°C until use. Raw milk (3.6% milk fat) was purchased
from Seoul Dairy Co-op (Korea). All chemicals were
purchased from Sigma Chemical Co. (USA), and all sol-
vents were of chromatographic grade.

Preparation of Dioscorea opposita Thunb. Powder

To prepare the Dioscorea opposita Thunb. (yam) pow-
der, tubers of yam was washed, minced and spray-dried.
Then two times of distilled water were 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.

Manufacture of yam-added yogurt

Milk containing 3.6% fat and 13.4% total solids was
mixed with different amounts of yam powder (1, 3, 5, and
7%) and 3.7% (w/v) skim milk powder and blended with
Lab-blender (MS3040, MTops Misung, Korea) at 400
rpm for 5 min. Each batch was made with 10 L of milk (2
L per treatment) at lab-scale level and the milk with com-
pletely solubilized yam powder was pasteurized at 90°C
for 10 min in water bath. After cooling to 40°C, 0.02%
commercial starter culture (Chr. Hansen, Pty. Ltd, Aus-
trailia) in freeze-dried direct-to-vat set form containing
Lactobacillus  bulgaricus, Streptococcus thermophilus,
and Bifidobacterium bifidum was added and fermented at
43°C for 6 h approximately the pH reaches 4.5. After fer-
mentation, all yogurt samples were removed and stored at
4°C for 16 d and the change in physicochemical, micro-
bial and sensory properties during prolonged fermenta-
tion of yogurt were studied at 4-d intervals.

pH and titratable acidity (TA)

pH of the samples were measured at room temperature
using pH meter (Orion 900A, USA). The TA was deter-
mined after mixing the 9 mL of yogurt sample with same
amount of distilled water and titrating with 0.1 N NaOH
using a 0.5% phenolphthalein indicator to an end point of
faint pink color. All samples were measured in triplicate.

Microbial analysis

MRS plate count agar (Difco Laboratories, USA) was
used for lactic acid bacteria. One milliliter of sample
diluted with 9 mL of sterile peptone and water diluent.
Subsequent dilutions of each sample were plated in tripli-
cate and incubated at 37°C for 48 h.

Viscosity

Samples (100 mL) were placed in a Brookfield viscom-
eter (spindle No. 2, Model LVDV I+, Version 3.0, USA)
and measured from 5 to 8 min with 1 min period with 60
rpm. All samples were measured in triplicate.

Color analysis

Color values were compared between the control and
the sample using a Hunter colorimeter (Minolta CT-310,
Japan) after calibrating its original value with a standard
plate. Measured L*, a*, and b* values were used as indi-
cators of lightness, redness and yellowness, respectively.
All samples were measured ten times.

Allantoin and diosgenin analyses

Ten milliliters of yogurt sample were removed periodi-
cally, extracted with 95% ethanol (v/v) for 30 min sonica-
tion at 4°C and evaporated in temperature-controlled
waterbath. Then, 4 mL of distilled water was added, and
the solution was resonicated for 30 min at 4°C and centri-
fuged at 7,700 g for 15 min. The supernatant was de-
canted and filtered through a 0.45 um nylon syringe filter
(Whatman International Ltd., England) and then injected
for analysis.

Allantoin and diosgenin were quantitatively analyzed by
Agilent 1200 Series HPLC system with Agilent 1200
Series diode-array detector (Agilent technology, Santa
Clara, CA, USA) and Waters SunFire™ C,; 5 um (4.6
mm X 250 mm) column (Milford, MA), with isocratic elu-
tion buffer. The conditions were as follow: For allantoin,
mobile phase: CH,CH,OH/CHCIl,/H,O (0.5/0.012/100);
flow rate: 0.2 mL/min for 1 to 5 min, increasing to 0.5
mL/min after 5 to 15 min and to 0.2 mL/min after 15 to 20
min; UV wavelength: 215 nm; Injection volume: 20 puL.
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For diosgenin, mobile phase: CH,;CHOHCH,/CH,CN/
H,0 (60/30/10); flow rate: 0.7 mL/min; UV wavelength:
213 nm; Injection volume: 20 uL.. The allantoin and dios-
genin were quantified using the respective external stan-
dards. A standard graph for each was prepared by plotting
concentration versus area. Quantification was carried out
from integrated peak areas of the sample and correspond-
ing standard graph.

Sensory analysis

For the sensory test, 10 mL yogurt sample was stored at
4°C for 0, 4, 8, 12 and 16 d. Twelve-trained panelists then
evaluated randomly coded yogurts in Dairy Products Lab,
Food Science and Technology Department, Sejong Uni-
versity, Seoul, Korea with the age of 25-33 years and
were familiar with yogurt consumption. The intensities of
yogurt appearance, flavor, taste and texture were evaluated
on a seven-point scale (1 = extremely weak, 4 = moderate
and 7 = extremely strong). Overall acceptability was also
scored on a seven-point scale (1=dislike extremely,
4 = neither like nor dislike and 7 = like extremely). A ran-
domized, balanced, complete block design was used
(Cochran and Cox 1957) that resulted in two replications
for all samples.

Statistical analysis

All statistical analyses were performed using SAS ver-
sion 9.0 (SAS Institute Inc., USA). An ANOVA was per-
formed 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

pH and titratable acidity (TA)

Figs. 1 and 2 shows the changes in pH and TA values
of the yogurt sample added with various concentrations
of yam powder at 4°C for 16 d storage. pH were about
4.46 for the control and 4.42-4.46 for the yogurt samples
with yam powder of different concentrations (1, 3, 5, and
7%, w/v) (Fig. 1), which is considered to be acceptable
range of the commercial yogurt. All the samples showed
same trend, which showed the slight decrease up to 8 d
and sharp decrease thereafter up to 16 d. The yogurt sam-
ples added with 5 and 7% yam powder showed the dra-
matic decrease after 8 d storage compared to others. Shin
et al. (2006) observed that fermentation of Dioscorea
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Fig. 1. Changes of pH in Dioscorea opposita Thunb. powder-
added yogurt stored at 4°C for 16 d. Y0 d means the
sample obtained after 24 h from yogurt making.

batatas Decne solution by the combination culture of L.
acidophilus, S. thermophilus and B. bifidus resulted in
lower pH 4.33. After 16 d storage, all the samples includ-
ing the control existed in the range of 4.34 and 4.46,
which is considered to be the acceptable range of the
commercial yogurt.

Fig. 2 shows the changes of TA (%) values of the
yogurt samples with various concentrations of Dioscorea
opposita Thunb. powder for 16 h storage. The higher
concentration of yam powder added, the higher TA values
were shown and TA increased at the beginning of the
storage (0 d). Even though a significant difference was
found between the control and samples, similar trend was
observed and the values were acceptable as a commercial
yogurt throughout the storage. Samples added with 5 and
7% yam powder showed the significant increase after 4 d
storage (p<0.05) compared with other samples. These
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Fig. 2. Changes of titratable acidity in Dioscorea opposita
Thunb. powder-added yogurt stored at 4°C for 16 d.
Y0 d means the sample obtained after 24 h from yogurt
making.
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Fig. 3. Changes of lactic acid bacteria in Dioscorea opposita
Thunb. powder-added yogurt stored at 4°C for 16 d.
D0 d means the sample obtained after 24 h from yogurt
making.

results indicated that 1 and 3% yam powder addition did
not provide any significant adverse effect on the yogurt
pH and TA properties.

Microbial counts of yogurt during storage

The change of lactic acid bacteria counts in samples
and control stored at 4°C for 16 d storage is presented in
Fig. 3. At 0 d, the mean counts of lactic acid bacteria
were not significantly different between the control and
the samples (p>0.05) except for 7% added yogurt. Asiedu
and Sanni (2002) reported that yam tuber rich in starch
and mucilage which facilitate the growth of lactic acid
bacteria. Increasing the concentration of yam powder in
yogurt provides high amount of starch and mucilage
which favors the counts of lactic acid bacteria from 9.32
to0 9.65 log CFU/mL as the storage time increased to 16 d.
Lactic acid bacteria can also produce enzymes which
could hydrolyze starch into reducing sugars (Abodjo
Kakou et al., 2010) which can further metabolized into
lactic acids (Abodjo Kakou et al., 2010; Coulin et al.,
2006). It was also confirmed by increase in TA values of
yogurt supplemented with yam powder during increase
storage time of 16 d (Fig. 1).

The present study was in accordance with other studies.
In study by Cho et al. (2003), the lactic acid bacteria
counts increased during fermentation when 0.5 to 6% of
Lycii fructus, Lycii folium, and Lycii cortex were added,.
Also, Shin et al. (2006) reported that fermentation of Chi-
nese yam increased various lactic acid bacteria counts
with increasing concentration of yam powder. The present
data indicated that yam powder addition showed a pro-
found effect on the growth of lactic acid bacteria.

70

60 |

50,

40

30 |

Viscosity (cps)

Control

20 | —h— 1%

0F e 7y

Storage period (d”)

Fig. 4. Changes of viscosity in Dioscorea opposita Thunb.
powder-added yogurt stored at 4°C for 16 d. Y0 d means
the sample obtained after 24 h from yogurt making.

Viscosity

Fig. 4 shows the change of viscosity of all the samples
stored at 4°C for 16 d. At early stage of storage, a signif-
icantly high viscosity was found in 3, 5 and 7% Dioscorea
opposita Thunb. powder-added samples compared to the
control (p<0.05). The control yogurt showed the steady-
increasing with storage. However, the dramatic decrease
was observed after 4 d storage in all yam powder contain-
ing samples. Tthe degree of decrease got higher as the
amount added greater. At 16 d, the viscosity in the control
was 52.1, whereas 39.9, 35.0, and 29.9 cps in the 1, 3 and
5 % added samples, respectively.

Viscosity development is related to the aggregation of
casein micelles and gel formation consequently to the
biochemical and physicochemical changes during fer-
mentation of milk (Dalgleish and Law 1988). Yam muci-
lage contains soluble proteins, such as mannose binding
lectin and dioscorin, which also enhance the viscosity
(Myoda et al., 2006). At 0 and 4 d storage, the viscosity
value increased with increased concentration of yam
powder added yogurt. However, the addition of extracted
yam powder at higher level (7%) did not show increasing
viscosity in yogurt at various storage times (Fig. 4).
Antonov et al. (1996) postulated that casein in yogurt
interacts with starch lead to increase in viscosity, but pro-
moting phase separation (Amaya-Liano et al., 2008; Wil-
liams et al., 2004). Thus addition of higher concentration
of yam powder in yogurt may enhance the phase separa-
tion with lower viscosity during the storage.

In addition, Kim et al. (2010) has reported that raw
yam powder addition to the yogurt increased the viscos-
ity. The reason of the decreased viscosity with the yam
powder addition in this study could be attributed to the
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Table 1. Changes of color in Dioscorea opposita Thunb. powder-added yogurt stored at 4°C for 16 d"

Color Conc. Storage period (d)
(%) 0? 4 8 12 16
0 85.96+0.30°* 86.75+0.67* 86.340.3454 86.85+0.65* 87.11£1.02%
L. 1 84.33+0.75°° 86.42+0.43" 85.32+0.53°" 86.50+0.86™ 87.41+0.17*
(lightness) 3 84.36+0.42°C 85.63i0.25b§ 83.58+0.519¢ 84.60io.38°§ 86.27i0.428§
5 82.45+0.549 84.08+0.29°¢ 82.34+.48%P 88.07+0.25 85.18+0.21%¢
7 83.43+0.27°F 82.68+1.08°° 81.06+0.41°F 80.99+0.30°0 83.97+0.32%0
0 2.25+0.13% 1.99+0.24%* 2.26+0.09% 2.40+0.24A 2.19£0.30*
" 1 2.28+0.23" 1.96:0.12°* 2.40+0.24* 2.46£0.09* 2.15£0.07°*"
(redness) 3 1.91£0.12°® 1.85+0.11¢AB 2.03£0.12°8 2.09+0.1228 2.16£0.10%
5 1.70+0.22%¢ 1.70+0.09%¢ 1.73+£0.23%¢ 1.86+0.14%¢ 1.98+0.1438¢
7 1.7740.09°° 1.77+0.06°5¢ 1.49+0.15°P 1.66+0.11°P 1.96+0.14%¢
0 3.66+0.24™A 2.9940.61°¢ 3.46+0.292A 3.98+0.68%A8 3.34+0.83%8
be 1 3.64+0.50°* 3.11+.47%¢ 3.34+0.56> 4.20+0.34* 3.820.18*"
(vellowness) 3 3.62:+0.34° 3.69+0.36"A 3.34+0.19°* 4.03+0.41°48 4.50+£0.37*
5 3.24+0.57°* 3.43+0.320¢A8 3.30+0.42°4 3.77+0.32048 4.41£0.39*
7 3.68+0.31% 3.66+0.24% 3.02£0.53 3.60+0.25% 4.91+0.38%

DValues with different superscripts in a raw (a-d) and column (A-C) are significant at p < 0.05.

20 d means the sample obtained after 24 h from yogurt making.

heating and other processes to remove the viscous materi-
als in extraction process of yam powder. The present
study indicated that there was a significant adverse defect
in yogurt viscosity with Dioscorea opposita Thunb.
(yam) powder, if the storage period prolonged to 4 d and
longer.

Color
The changes in color for yogurt samples and control

stored at 4°C for 16 d storage are presented in Table 1.
The L* values for the yogurts-added with 3, 5, and 7%
yam powder were significantly lower than those for the
control in every storage period. The value of a* value
showed the similar trend to the L* value. Shirai et al.
(1992) observed that yogurt syneresis induced a decrease
in a* values because the whey released by the yogurt con-
tains riboflavin, which has a very important green compo-
nent. On the other hand, yam powder added (1%, w/v)

Table 2. Changes of allantoin in Dioscorea opposita Thunb. powder-added yogurt stored at 4°C for 16 d (ug/mL)
Cone. (%) Storage period (d)
0? 4 8 12 16
1 3.24+0.14* 3.21+0.06* 3.07+0.11° 3.14+0.09* 3.21£0.05*
3 5.08+0.11* 4.39+0.14* 4.89+0.08* 5.05+0.15* 5.06+0.14*
5 11.20+0.14* 11.19+0.11° 11.284+0.26* 11.41+0.01* 10.99+0.18°
7 15.06+0.26* 15.01+0.14* 15.02+0.15* 14.83+0.17* 14.81+0.06*

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

20 d means the sample obtained after 24 h from yogurt making.

Table 3. Changes of diosgenin in powdered extract of Dioscorea opposita Thunb. powder-added yogurt stored at 4°C for 16 d"

(ug/mL)
Storage period (d
Conc. (%) gep @
0? 4 8 12 16
1 13.36+0.2722 13.294+0.63% 13.76+0.212 13.60+0.18% 12.96+0.33%
3 39.73+1.77° 40.04+0.19* 40.41+0.11° 40.67+0.50° 39.62+1.422
5 69.40+0.59° 69.10+1.02° 68.92+0.16 68.55+0.43° 69.40+0.66
7 94.77+1.132 95.93+1.18% 94.57+0.48" 94.57+0.63% 94.18+0.90°

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

20 d means the sample obtained after 24 h from yogurt making.
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yogurt showed the lowest syneresis at 8 and12 d (Table 1)
because of the high capacity of the yam powder to hold

from the yogurt and highest a* values were obtained (less
greenness). However, the b* values increased from 0 to

water. Thus, yam powder addition increases less whey-off 16 d. The b* values of yam powder added yogurt at all

Table 4. Sensory characteristics for Dioscorea opposita Thunb. powder-added yogurt stored at 4°C for 16 d"

Sensory Conc. (%) Storage period (d)
description 0? 4 8 12 16
0 4.00+0.01% 4.00+0.01*4 4.00+0.01*8 4.00+0.01*8 4.00+0.01*8
1 4.00+0.01%* 4.13+0.23 4.00+0.01%® 4.19+0.37%AB 4.13+0.35%P
Whey-off 3 4.104+0.35 4.44+0.82%4 4.00+0.01%8 4.19+0.37%8 4.13+0.35%8
5 4.10+0.35% 4.25+0.46™ 4.13+0.35%8B 4.00+0.01%8 4.19+0.37%AB
7 4.30+0.46™ 4.06+0.18** 4.38+0.52% 4.50+0.76™ 4.50+0.53*
0 4.00+0.01748 4.00+0.01%4 4.00+0.01%4 4.00+0.01%4 4.00+£0.01%4
1 4.13+0.35% 4.00+0.53* 4.00+0.01*4 3.814+0.3124B 3.69+0.46*
White-color 3 3.88+0.35%P 3.88+0.35* 3.88+0.35* 3.88+0.23* 3.43+0.82%4
5 3.75+0.46*B 3.38+0.44AB 3.25+0.46° 3.56+0.50*B 2.56+0.56"°
7 3.56+0.73%8 2.75+0.76°¢ 2.75+0.53%¢ 3.25+1.04%8 2.06+0.68¢
0 1.00+0.01%¢ 1.00£0.012¢ 1.00+£0.01%® 1.00£0.012¢ 1.00+0.01%®
1 1.25+0.46%8¢ 1.38+0.46%8¢ 1.13+0.35%8 1.25+0.38%8¢ 1.13£0.35%8
Herb 3 1.44+0.508¢ 1.44+0.42%8€ 1.31+0.46*8 1.75+0.76*8B 1.4440.50%8
5 1.94+0.94%B 1.88+0.37%AP 2.19+1.07** 1.81+0.84%AP 1.81+0.84%
7 2.38+0.88% 2.06+0.65% 2.38+0.74% 2.1340.83** 2.06+0.82%
0 4.00+0.01*B 4.00+0.01** 4.00+0.01* 4.00+0.01* 4.00+0.01*
1 4.14+0.64*8 4.25+0.46* 4.13+£0.23*A 4.06£0.56™ 4.44+0.50*
Sourness 3 4.38+0.58 3.94+0.42% 4.31+0.37% 4.31+0.70** 4.13+0.35%
5 4.25+0.71%48 4.19+0.37* 4.25+0.38* 4.13+0.58* 4.00+0.93*
7 3.75+0.46°" 4.00+0.65%* 4.38+0.52%" 4.69+0.96 4.25+0.89%*
0 1.00+0.01%4 1.00+0.01%8 1.00+0.01*4 1.00+0.01%8 1.00+0.01%¢
1 1.00+0.01%* 1.00+0.01%8 1.06+0.18* 1.00+0.01%® 1.06+0.18%8¢
Bitterness 3 1.06+0.18* 1.13£0.23* 1.19+0.37%4 1.00+£0.01%8 1.19+0.3728¢
5 1.06+0.18%* 1.00+0.23%8 1.19+0.37%A 1.00+0.01%® 1.44+0.50°A8
7 1.13+0.35%4 1.00+0.01%B 1.3840.5224 1.25+0.46%A 1.50+0.46™
0 1.00+0.01%4 1.00+0.01%¢ 1.00+0.01%8 1.00+0.01%4 1.00+0.01%8
1 1.06+0.18%* 1.13+0.23%C 1.06+0.18%8 1.00+0.01%* 1.00+0.18%8B
Astringency 3 1.19+0.37% 1.38+0.52°B¢ 1.19+0.26*P 1.13+0.35% 1.134£0.35%8B
5 1.06+0.18"* 1.38+0.52:PAB 1.44+0.50PB 1.06+0.18* 1.25+0.38*
7 1.19+0.37%4 1.31£0.46" 1.69+0.46% 1.31£0.46% 1.38+0.58%A8
0 4.00+0.01°B 4.00+£0.01%® 4.00+£0.01** 4.00+£0.01%AP 4.00+£0.01**
1 4.00+0.01%® 4.00+0.01%8 4.00+0.01%4 4.13+0.35* 4.1340.23%
Grainy 3 4.13+0.35%8 4.06+0.18*8 4.13+0.35* 4.13+0.23* 4.06+0.18*
5 4.00+0.01%® 4.13+0.35%8 4.13+0.35% 4.13+0.35% 4.00+0.01*
7 4.31+0.46"* 4.44+0.50** 3.88+0.64%* 3.75+0.46°° 4.00£0.012>A
0 4.00+0.01%P 4.00+0.012B¢ 4.00+0.01%* 4.00+0.01%® 4.00+0.01%*
1 3.63+0.74%8 3.56+0.50°C 3.31+0.70%8 3.13+0.58%C 2.88+0.79%8
Viscosity 3 4.81+1.51% 5.13+0.79* 4.13+0.58A 4.88+0.99* 3.75+0.71%*
5 4.88+0.99% 4.31+0.53%8 4.00+0.53%8 4.13+0.44%8 2.44+0.73°8
7 3.25+0.468 2.63+0.52°P 2.38+0.52°C 2.13+0.38°° 1.50+0.53¢¢
0 4.00+0.01*A 5.38+1.06™ 5.38+0.74** 5.44+0.62** 5.38+0.74*°
Overall accept- 1 4.13+0.23* 5.00+1.31* 5.25+1.16* 5.25+1.04%B 5.3140.70*®
ability 3 4.44+0.82° 4.81£1.31" 5.63+0.74 5.88+1.13™* 6.06+0.78"
5 4.25+0.46" 6.00£0.93** 5.8120.92* 5.751.16* 5.13+0.99*
7 5.38+0.74*A 5.310.70** 6.06+0.78" 5.13£0.99" 3.94+0.94°C

DValues with different superscripts in a raw (a-d) and column (A-C) are significant at p<0.05.

20 d means the sample obtained after 24 h from yogurt making.
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concentrations (1, 3, 5, and 7%, w/v) were not consider-
ably changed (p>0.05). According to Needs et al. (2000),
yogurt b* values can be enhanced during storage at 4°C.
Higher concentration of yam powder (over 3%) and
refrigerated storage (4°C) enhances higher b* value dur-
ing storage time of 16 d.

Allantoin and diosgenin contents

The changes of allantoin and diosgenin contents of
yogurt added with different concentrations of yam pow-
der and the control for 16 d storage are presented in
Tables 2 and 3. As expected, both allantoin (Table 2) and
diosgenin (Table 3) contents were higher in samples con-
taining higher percentage of Dioscorea opposita Thunb.
powder. The content of allantoin was 3.24 and diosgenin
13.36 ug/mL when 1% (w/v) yam powder addition to the
yogurt. Both components did not change quantitatively
for 16 d storage. Some researcher reported that the con-
tents of allantoin and diosgenin vary with the storage
time, type of yam and extraction process in yam powder.
In our preliminary study, the yam powder contains con-
siderably low amount allantoin and diosgenin contents.
This fact confirms that extraction process affects the con-
tent of both allantoin and diosgenin in the yam.

Sensory evaluation

The sensory attributes of the yogurt stored at 4°C for 16
d are shown in Table 4. The whey-off scores for the yam
powder-added yogurt at various concentrations (1, 3, 5,
and 7%, w/v) and the control were not significantly influ-
enced by prolonged storage (16 d) or the addition of yam
powder (p>0.05). The white-color scores at 0 d and 16 d
storage were significantly decreased (p<0.05) when the
greater concentration (7%, w/v) of yam powder-added
yogurts, probably because of the original yellow color of
the yam powder. This coincide with the higher b* value
of yogurt addition with higher concentration (7%, w/v) of
yam powder at 0 and 16 d storage (Table 1). The herb
score for the yogurt sample added with yam powder at
various concentrations were not significantly affected
during 16 d storage (p>0.05). In the taste test, it was
revealed that adding yam powder (7%, w/v) into yogurt
samples caused a significant decrease in the sourness
scores (p<0.05) and a slight increase in the astringency
scores at 16 d storage (p>0.05). The greater astrin-
gency scores for yogurt samples that include the higher
concentration of yam powder (3, 5, and 7%, w/v) were
probably the result of the astringent flavor of the yam
powder. Seo et al. (2009) also observed that addition of

chitosan in yogurt increase the astringent value of yogurt
during 16 d storage. According to the texture test, the
grainy scores for the yam powder added yogurt at 16 d
storage were not significantly affected by the addition of
yam powder (p < 0.05). Finally, adding yam powder into
the yogurt samples did not significantly influence the
overall acceptability at 0, 4 and 8 d storage. Based on all
the sensory data obtained from the current study, it is sug-
gested that concentrations (1-3%, w/v) of yam powder
could be used for the production of the yogurt without
affecting the sensory properties.

From the present study, we may suggest that extracted
powder from Dioscorea opposita Thunb. could be used as
a novel ingredient in yogurt production. On the view
point of health aspects, the yam powder added yogurt acts
as a functional yogurt which can improve gut function by
the supplement of allantoin and diosgenin without any
modification during fermentation and storage of yogurt at
16 d. The data on the pH, TA, viscosity, allantion, diosge-
nin, color, microbial and sensory analysis obtained from
the current study indicated that concentrations (1-3%, w/
v) of yam powder could be applicable in yogurt develop-
ment. This broadens the application of yam powder in
yogurt and opens the way for the development of other
fermented foods for health benefits.
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