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Abstract

The purposes of this study were to investigate the effects of different heating temperatures on the antioxidative activity of yams and on
the stability of dioscorin of various yam cultivars (Mingchien, Tainung No. 2 and Keelung). Results from crude yam extracts of all vari-
eties showed decreases in total phenolic and dioscorin contents, DPPH radical-scavenging effect, and ferrous ion chelating capacity with
increasing heating temperatures. Following separation and purification, only one protein band with the same molecular weight of 31 kDa
(dioscorin) was consistently electrophoresized from three peaks of 25–45 fraction numbers from all yam varieties. Fraction numbers of
peaks were reduced and peak area narrowed with increasing heating temperatures and no protein could be extracted at temperatures
above 80 �C. The dioscorin protein surface hydrophobicity declined with increasing heating temperatures. Significant correlation of dios-
corin content with DPPH�-scavenging effect was noted for all yam species.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Chinese yam (Dioscorea spp.) is a very typical agricul-
tural produce in Taiwan and worldwide production
reached 30 million tons in 1998 (Liu et al., 1999). Approx-
imately 15 major different cultivars and four variables are
cultivated in different regions of Taiwan. Chinese yam is
highly nutritional, attributed to its functional components,
such as mucin, dioscin, allantoin, choline, polyphenolases
and essential amino acids (Araghinkinam, Chung, White,
Eskelson, & Watson, 1996; Bhandari, Kasai, & Kawabata,
2003; Ingrid, Helen, & Ahmad, 1993; Shewry, 2003).

Yam is a major dietary source in certain African countries
and Chinese yam is considerably consumed in Taiwan due to
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its nutritional values and unique taste. General compositions
(dry-weight basis) of 75–84% starch, 6–8% crude protein and
1.2–1.8% crude fibre have been reported (Wanasundera &
Ravindran, 1994). Yam also possesses certain specific func-
tionalities. Dihydrodioscorine, alkaloidumentorin and dio-
scoretine, extracted from D. dumetorum, were reported to
be hypoglycemic (Iwu et al., 1999). Diosgenin, a steroid
sapogenin of yam, has been utilized to manufacture steroid
hormones, such as cortisone, estrogen and progesterone
(Araghinkinam et al., 1996). Diosgenin is transformed in
human intestine into serum dehydroepiandrosterone
(DHEA) which is associated with reduced lipid peroxida-
tion, lowered serum triglycerides and LDL and elevated
HDL (Araghinkinam et al., 1996; McAnuff, Omoruyi, Mor-
rison, & Asemota, 2002).

Dioscorin is the major storage protein of yam tuber
root, and comprises of approximately 80–85% of total sol-
uble proteins (Conlan et al., 1998; Harvey & Boulter,
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1983). Dioscorin was also reported to have carbonic anhy-
drase, trypsin inhibitor, dehydroascorbate reductase, and
monodehydroascorbate reductase activities (Hou, Chen,
& Lin, 1999; Hou, Chen, & Lin, 2000; Hou & Lin, 1997).
Purified dioscorin was reported to contain 4 subunits with
molecular weight of 31 kDa and consisted of more than
98% of total proteins (Wanasundera & Ravindran, 1994).
Dioscorin extracted from fresh yam (D. batatas Decne)
was found to have a similar DPPH free radical-scavenging
ability to glutathione at the same concentration (Hou et al.,
2001). Recent researches have also found that dioscorin
might be beneficial in controlling high blood pressure and
scavenging DPPH and hydroxyl free radicals (Hsu, Lin,
Lee, Lin, & Hou, 2002; Iwu et al., 1999).

Freeze-drying of various yam species (Tai-Nung No. 2;
Ta-Shan; Ming-Chien) was found to cause higher antioxi-
dative ability than did hot-air drying or drum-drying
(Hsu, Chen, Weng, & Tseng, 2003). Chinese yam is com-
monly consumed in various forms, mainly raw, or as soup
or powder. However, functionality of yam and the stability
of storage protein dioscorin from various species under dif-
ferent heating temperatures is not yet well documented.
Characterizing the functionalities of storage protein (dios-
corin) of yam tuber roots from various species will encour-
age domestic agricultural and possibly pharmaceutical
production. Therefore, this study was to evaluate the influ-
ences of heating temperatures on the antioxidative proper-
ties of yams and on the stability of the purified storage
protein (dioscorin) from different species.

2. Materials and methods

2.1. Materials

Mingchien (Dioscorea alata L. var. purpurea) and Tain-
ung No. 2 (Dioscorea alata L. var. Tainung No. 2) were
purchased from a farmer (Mingchien Shiang, Nantou
County, Taiwan, ROC). Keelung yam (D. japonica Thunb.
var. pseudojaponica (Hay.) Yamam) was purchased from a
farmer association (Rueyfang Town, Taipei County, Tai-
wan, ROC). All yams were stored in a cooler controlled
at 16 �C for subsequent experiments.

Proximate compositions of raw yams were determined,
following the AOAC (1995) procedures. Total starch con-
tent was determined using the modified AACC (1976) with
a Megazyme test kit (Total Starch Assay Procedure, Mega-
zyme International Ireland Ltd., Wicklow, Ireland).

2.2. Crude yam extract preparation

Yams from various species were first peeled and then
sliced to 1 cm thickness. Approximately 100 g portions of
yam slices were heated in 1 l of water at 50, 60, 70, 80,
90, and 100 �C for 10 min. Yams were drained, cooled,
weighed, and crude yam extract was prepared, following
the modified procedure of Hou, Liu et al. (1999). Raw
and heated yams were blended with 50 mM Tris–HCl
(pH 8.3) at 1:4 (w/v) for 90 s (at 22,000 rpm). The mixture
was transferred to a cold room (4 �C) and stirred at low
speed for 4 h. Following centrifuging at 12,500g for
30 min (High-Speed Centrifuge, Avanti J-25, Beckman
Coulter Inc., Palo Alto, CA, USA), the supernatant was
obtained as crude yam extract.

Analyses, including total phenolic content, DPPH radi-
cal-scavenging effect, ferrous ion-chelating effect and pro-
tein content, were performed on crude yam extract from
different cultivars heated at different temperatures.

2.3. Total phenolic content

Total phenolic contents of yams of different species were
determined using the procedure of Kähkönen et al. (1999).
Following mixing of 0.2 ml of crude yam extract with 1 ml
Folin–Ciocalteu’s phenol reagent and 7.5% Na2CO3

(0.8 ml) at room temperature for 30 min, A765 was mea-
sured and expressed as gallic acid equivalents (lg gallic
acid/g fresh yam weight).

2.4. DPPH radical-scavenging effect

The procedure of Yamaguchi, Takamura, Matoba, and
Terao (1998) for the determination of DPPH free radical-
scavenging effect was followed. Crude yam extract (100 ll),
for comparing with 100 ppm ascorbic acid, a-tocopherol
and BHT, was individually mixed with 400 ll of 100 mM
Tris–HCl (pH 7.4) and 500 ll of freshly prepared 80 mM
DPPH ethanolic solution. After incubating in a dark place
for 20 min, the absorbance at 517 nm was measured. Solu-
tions of 100 ppm of ascorbic acid, a-tocopherol, and BHA
were used for comparison. A lower absorbance indicates a
better DPPH�-scavenging ability of crude yam extract. The
scavenging effect was calculated according to the following
formula:

DPPH�-scavenging effect ð%Þ
¼ ½1� (Sample OD517=Blank OD517Þ� � 100%
2.5. Ferrous ion chelating effect

The procedure of Decker and Weich (1990) was adopted
for determining ferrous ion-chelating effect of crude yam
extract from different yam cultivars. Following mixing of
100 ll crude yam extract with 925 ll of 50 mM phosphate
buffer (pH 7.4) and 25 ll of 2 mM FeCl2, the mixture was
settled for 30 s. Fifty microlitres of 5 mM ferrozine was
added to the mixture and allowed to react for 10 min.
The absorbance of the mixture was determined at
562 nm. Lower absorbance refers to better ferrous ion-che-
lating effect. A solution of 200 ppm of EDTA was used for
comparison. The chelating effect was calculated as follows:

Ferrous ion chelating effect ð%Þ
¼ ½1� (Sample OD562=Blank OD562Þ� � 100%



Table 1
Proximate compositions of raw yam from various species

Wet-weight Dry-weight

MCa TN2a KLa MC TN2 KL

Moisture (%) 73.42A ± 0.27 68.54C ± 0.51 71.03B ± 0.31
Protein (%) 5.36B ± 0.09 7.28A ± 0.12 3.60C ± 0.02 20.2B ± 0.37 23.1A ± 0.38 12.4C ± 0.07
Fat (%) 0.25A ± 0.03 0.23A ± 0.03 0.21A ± 0.04 0.92A ± 0.11 0.72B ± 0.09 0.73B ± 0.14
Ash (%) 1.73A ± 0.02 1.76A ± 0.03 0.84B ± 0.03 6.51A ± 0.09 5.60B ± 0.10 2.89C ± 0.11
Carbohydrate (%) 19.7C ± 0.24 21.6B ± 0.99 23.0A ± 0.37 73.9B ± 0.92 68.7C ± 3.16 79.4A ± 1.29

A–CMeans (±SD) in the same row for similar weight basis bearing different letters are significantly different (P < 0.05).
a MC, Mingchien; TN2, Tainung No. 2; KL, Keelung.
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Fig. 1. Changes of total phenolic contents of different yam species prepared by different cooking temperatures. A–EMeans (±SD) for the same yam at
different temperatures bearing unlike letters are different (P < 0.05). a–cMeans (±SD) for yams at the same temperature bearing unlike letters are different
(P < 0.05).
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Fig. 2. Changes of DPPH radical-scavenging effect of different yam species prepared by different cooking temperatures. A–FMeans (±SD) for the same
yam at different temperatures bearing unlike letters are different (P < 0.05). X–ZMeans (±SD) for the antioxidants bearing unlike letters are different
(P < 0.05). a–c Means (±SD) for yams at the same temperature bearing unlike letters are different (P < 0.05).
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Table 2
Correlation coefficient of temperatures, phenol content, DPPH�-scaveng-
ing, chelating effect and dioscorin content of different yam species

Temp. Phenol
content

DPPH�-
scavenging

Chelating
effect

MC

Temp. 1
Phenol content �0.6364 1
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2.6. Protein content

Protein concentrations of crude yam extract of varying
yam species were determined by the bicinchoninic acid
(BCA) method according to the procedure of the Pierce
Protein Assay (Pierce Biotechnology, Inc., Rockford, IL,
USA).
DPPH�-scavenging �0.9456*** 0.5096 1
Chelating effect �0.6793 0.9958** 0.5360 1
Dioscorin content �0.9904*** 0.6419 0.9535** 0.6785

TN2

Temp. 1
Phenol content �0.4812 1
DPPH�-scavenging �0.8851** 0.8157* 1
Chelating effect �0.9743*** 0.4513 0.8783* 1
Dioscorin content �0.9563*** 0.5175 0.9039** 0.9878***

KL

Temp. 1
Phenol content �0.8980** 1
DPPH�-scavenging �0.9755*** 0.9108** 1
Chelating effect �0.7823* 0.6863 0.7007 1
Dioscorin content �0.9189** 0.8825** 0.9177** 0.8617*

* Significant at P < 0.05.
** Significant at P < 0.01.

*** Significant at P < 0.001.
2.7. Extraction and purification of dioscorin

The storage protein of yam (dioscorin) was extracted
and purified, following the procedures of Hou, Liu et al.
(1999) with modification. Initially, dioscorin protein was
fractionated by precipitating crude yam extract in 45–
75% ammonium sulfate. The protein precipitate was dis-
solved in 10 volumes (v/w) of 50 mM Tris–HCl buffer
(pH 8.3) and dialyzed overnight (Regenerated Cellulose
Tubular Membrane, CelluÆSep T4 12,000–14,000 MW,
Seguin, TX, USA) to remove ammonium sulfate. The dia-
lyzed protein solution was centrifuged (10,000g, 10 min)
and the supernatant was collected for gel permeation chro-
matography. Protein concentration of the supernatant was
determined.

Fractionated yam protein solution was mixed with
approximately 6–10 ml of DEAE Sephadex A-25 ion-
exchange, and was shaken for 1 h. The precipitate was col-
lected after centrifuging at 10,000g for 10 min and re-dis-
solved in 50 ml of 50 mM Tris–HCl (pH 8.3) buffer
containing 150 mM NaCl. After 1 h of shaking and centri-
fugation at 10,000g (10 min), the supernatant was obtained
for gel permeation. Protein concentration of the superna-
tant was also determined.

The Sephadex� G-75 column (C16/70, Amersham
Pharmacia Biotech, Uppsala, Sweden) was first equili-
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Fig. 3. Changes of ferrous ion-chelating effect of different yam species prepared
different temperatures bearing unlike letters are different (P < 0.05). a–cMeans (
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brated by eluting 50 mM Tris–HCl (pH 8.3) at a flow rate
of 27 ml/h (Peristaltic pump P-1, Amersham Pharmacia
Biotech, Uppsala, Sweden). After the supernatant protein
solution was eluted from the column, the eluting buffer
was changed to 100 mM Tris–HCl, pH 7.9 (containing
100 mM NaCl) at the same flow rate. The purified diosco-
rin protein solution was collected (every 3.6 ml) for a total
of 60 fractions. Individually collected fraction were sub-
jected to 280 nm absorbance measurement for identifying
protein existence. Only identified protein solutions from
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individual fractions were subjected to SDS–PAGE for
molecular weight determination. Individual protein frac-
tions were placed in a 2 ml filter (Microcentrifuge Filters,
Ultrafree-CL 10,000 MW, Millipore Corporation, Bed-
ford, MA, USA) and concentrated (4 �C, 4000g, 45 min,
Hettich Universal 16R, Tuttlingen, Germany) for protein
molecular weight determination. A Mini-PROTEAN� III
apparatus (Electrophoresis Systems, Bio-Rad Laborato-
ries, Inc., Hercules, CA, USA) was used to conduct a stan-
dard SDS–PAGE experiment.

2.8. Protein surface hydrophobicity

All fractions containing dioscorin protein were com-
bined and concentrated in microcentrifuge filters for pro-
tein surface hydrophobicity determination (Boyer,
Joandel, Ouali, & Culioli, 1996; Galazka, Ledward, Sum-
ner, & Dickinson, 1997). Concentrated dioscorin protein
solutions were re-dissolved in 100 mM Tris–HCl (pH 7.9,
containing 100 mM NaCl) to the concentration range of
10–60 lg/ml. Two millilitres of dioscorin protein solution
Fig. 4. (a) Gel filtration chromatogram (b) gel electrophoretogram of purified s
detected by 280 nm absorbance and collected for SDS–PAGE protein identific
at varying concentrations were mixed with 10 ll of 5 mM
ANSA (8-anilino-1-naphthalene-sulfonic acid) solution
(in 0.05 M phosphate buffer). Following 20 min of incuba-
tion in a dark place, the fluorescence value was determined
(Fluorophotometer, Model F-4500, Hitachi, Tokyo,
Japan), using an excitation wavelength of 385 nm and
emission wavelength of 470 nm. Regression of fluorescence
value against protein concentration resulted in a straight
line and the slope of the line is designated as protein surface
hydrophobicity (So). The relative surface hydrophobicity
(RSo) is calculated as the ratio of So of heated sample to
So of raw sample. A higher RSo reflects more protein
hydrophobic bindings with fluorescent probes than the
control (raw) and indicates more possible protein
denaturation.

2.9. Statistical analysis

Data collected were statistically analyzed by a com-
pletely randomized design of SAS (1988) and analysis of
variance of general linear model (GLM). Mean compari-
torage protein of fresh Mingchien yam. Arrows indicate the fraction range
ation.
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sons for treatment effects at different heating temperatures
were performed using Duncan’s multiple range test for sig-
nificant main effects at P < 0.05.

3. Results and discussion

Carbohydrate and crude protein contents of raw yams of
different species ranged from 68.7% to 79.4% and 12.4% to
20.2% (dry-weight basis), respectively (Table 1). Raw yams
contained higher total phenolic contents than did cooked
yams (see Fig. 1). Raw Mingchien (MC) yam had highest
total phenolic contents among all yams, but showed the
greatest decline, followed by cooking at 50 �C and statisti-
cally they were unchanged at higher cooking temperatures.
On the other hand, raw Keelung (KL) yam remained the
lowest, regardless of temperature effects. All treatments
showed a decreasing pattern with increasing cooking tem-
peratures, while total phenolic compounds of Tainung
No. 2 (TN2) yams rose at temperature above 70 �C.

Results of 1,1-diphenyl-2- picrylhydrazyl (DPPH) free
radical-scavenging effect revealed that DPPH�-scavenging
effects significantly declined with increasing cooking tem-
Fig. 5. (a) Gel filtration chromatogram (b) gel electrophoretogram of purified
the fraction range detected by 280 nm absorbance and collected for SDS–PAG
peratures (see Fig. 2). Raw yams of all species had the high-
est DPPH�-scavenging effects, but they were all lower than
commercial antioxidants. DPPH�-scavenging effect of MC
yams appeared to be more resistant to heating tempera-
tures, while those of TN2 and KL yams disappeared above
70 and 80 �C, respectively. Hsu et al. (2003) reported higher
DPPH free radical-scavenging effect for MC yam than for
Tai-Nung No. 2 and Ta-Shan yams under the same drying
conditions. Heating temperature resulted in a significant
decline in ferrous ion-chelating capacity among various
yams (see Fig. 3). Both raw MC and TN2 yams had chelat-
ing capacities comparable to 200 ppm EDTA, while KL
yam lost its chelating effect above 60 �C. At higher heating
temperatures, TN2 and KL yams paralleled in ferrous ion-
chelating capacity. MC yam appeared to have higher anti-
oxidative ability than TN2 and KL yams.

Pearson correlation coefficients between antioxidative
ability, dioscorin content and heating temperature for dif-
ferent yam cultivars are shown in Table 2. Regardless of
yam cultivars, temperature had negative impacts on pheno-
lic compound, dioscorin content and antioxidative ability.
Highly significant correlation of DPPH�-scavenging effect
storage protein of water-cooked (50 �C) Mingchien yam. Arrows indicate
E protein identification.
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with dioscorin content was noted for all yam species. Total
phenolic content and dioscorin content of TN2 and KL
yams were highly correlated with DPPH free radical-scav-
enging effect and ferrous ion-chelating effect.

The gel filtration chromatogram and gel electrophoreto-
gram of fresh, unheated MC yam extract are shown in
Figs. 4a and b, respectively. Results from the 280 nm
absorbance indicated that protein was eluted between frac-
tions 25 and 45, and only one single protein band with a
molecular weight of 31 kDa consistently appeared in each
fraction. Similar results were observed for TN2 and KL
yam extracts (data not shown). These findings accorded
with previous reports (Harvey & Boulter, 1983; Hou, Liu
et al., 1999; Hou et al., 2001) for the molecular weight of
storage protein, and this protein band was confirmed as
dioscorin. Five subunits of dioscorin protein were found
using the isoelectric focussing procedure and the isoelectric
points of individual dioscorin subunit from various yams
were between 4.61 and 6.55 (Chen, 2005). These results
were slightly different from previous reports of 5.2–6.8
(Wanasundera & Ravindran, 1994) and 5.68–6.8 (Conlan
Fig. 6. (a) Gel filtration chromatogram (b) gel electrophoretogram of purified
the fraction range detected by 280 nm absorbance and collected for SDS–PAG
et al., 1998). However, these differences could possibly be
due to the species, cultivation conditions, and harvest peri-
ods (Liu et al., 1999).

Heating MC yam at 50 �C resulted in few changes with
regard to fraction number (see Fig. 5a), although declining
protein concentration (as reflected by the absorbance area)
was observed. The intensity and molecular weight of dios-
corin appeared to be unchanged under mild heating (see
Fig. 5b). Heating at 60 �C caused a significant drop in pro-
tein solubility, resulting in a narrow fraction range and
lower optical density (see Fig. 6a). Dioscorin protein could
only be eluted in the range of 35–45 fraction numbers when
MC yam was heated to 80 �C (see Fig. 7a), and the inten-
sity of dioscorin protein was hardly detectable (see Fig. 7b).
Continued heating to higher temperatures (P90 �C) caused
complete denaturation of dioscorin and disappearance of
dioscorin in the column chromatogram and gel electropho-
retogram (data not shown). Similar tendencies were found
for TN2 and KL yams, except that dioscorin proteins from
both yam species were not extractable at temperatures
above 80 �C (data not shown).
storage protein of water-cooked (60 �C) Mingchien yam. Arrows indicate
E protein identification.



Fig. 7. (a) Gel filtration chromatogram (b) gel electrophoretogram of purified storage protein of water-cooked (80 �C) Mingchien yam. Arrows indicate
the fraction range detected by 280 nm absorbance and collected for SDS–PAGE protein identification.
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Fig. 8 shows the relative surface hydrophobicity (RSo)
of dioscorin protein from different yam species heated to
various temperatures. Dioscorin protein showed a decreas-
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Fig. 8. Relative surface hydrophobicity curve of dioscorin of different yam
cooked at different temperatures.
ing pattern in RSo with increased heating temperatures.
MC yam had the lowest RSo at any heating temperature,
indicating less fluorescent probe binding with protein
hydrophobic groups and possible less denaturation of dios-
corin protein.
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