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Functionalities and Properties of Yam (Dioscorea batatas) Extract Depending on
Various Water Temperature, Ethanol Ratio, and Extraction Methods
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Yun-Sang Choi, and Hyun-Wook Choi*

Food Processing Research Center, Korean Food Research Institute, Wanju 55365, Korea

Abstract

The characteristics of extracts and precipitates after extraction at different water temperature (25, 50, 75, 95°C), eth-
anol ratio (25, 50, 75, 100%), and extraction method (stir, soak, autoclave) of yam powder and raw yam were inves-
tigated. The total polyphenol content was the highest in the 50% ethanol extract of yam powder. The DPPH radical
scavenging activity was the highest in the 75% ethanol extraction and the crude saponin content was the highest in
the 95°C water extraction. Tyrosinase inhibitory activity was the highest in 95°C water extraction, low concentration
of ethanol extraction, and autoclave extraction. The peak viscosity, trough, and final viscosity of the precipitates
increased after ethanol extraction, whereas decreased after the 95°C water extraction and the autoclave, indicating
the destruction of starch granules. This was confirmed by observing the starch granules broken using the SEM. The
significance of this study was to investigate the possibility of the use of yam resources as a material, processing
product development, skin beauty functional food and cosmetic material.
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vli= Dioscorea <59 thdA gaEzioa 2k,
A%, G, AAF 5 Ods 2347 AthLlee & Kim,
1998). mh= Wol fre] mfol| wet g, whal w5
oF 650%°] Aom, FFoprol Ao Heol| gt Ao
2 4HA JoKKim et al., 2015).

nke] AWk AR P 82.1%, 2 7.2%, AW
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1.0%, X232 4.5%, 24T 2.0%, FE238=E 853%=
B HJQOH(Kim et al, 2016), & ©F3tE T AR

43.7%%S SH3tal THShujun et al., 2006). °F& AJRo
2= ol &2 (amylose), % (choline), A3 (saponin), T
Al(mucin), ©F2 7] (arginine), Tl 2-2=A'd(diosgenin), =2
3 E(polyphenol) 55 -3t UThKim et al, 2015).
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AR (saponiny 14, E2HA], TY Tl o] gfxo]
K Fq, FAF 2L, £, AT FF A8 2S
WA 3L Q3L (Park et al., 1998, Kwak et al., 2008), =]
= SIHES ookt B 25 7R oA AR R
free radicalE A AT ZH AEE A A (Moller et al.,
1996; Madsen et al., 1996)3}o] &<, &+, =3Pi=A] 59
a3E /IAE A8 EZ o] th(Koshiura et al., 1985;
Cheng et al., 1993; Ahn et al., 2002; Liu et al., 2005).

ko] 54 & shve A4S vehdte A4, o=
nl 559 d4 E2<l mannand} globulino] ZAEeH It
o) o] Zo]th(Im et al., 1995; Kim et al., 2006). v}
= F2 A R 2HEAY 50-65°CE EF 1Ax3 vkE
T FEHE Alxste] A H ded EF dx3 e
A vk 559 HAdol fl(Kim et al,, 2006), &8 Aol
Al FaHd o] sl b 3 ofu| ¢} o] FH 7t WA sk
Aol Je Aoz HIEATKLee et al., 2018).

ne] FEES IY Y EdE Hlvhke Bat et
(Jang et al,, 2016), ¥F-2] M%EZ AA 3= 2212 melanin
< %9 71AZF2 melanocyteBt L BT A MU 2
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melanosomed| Al $HAJ E T} ofr|=4ke] AF9Q tyrosine
Wb M 3o A tyrosinased] £]3] DOPA, DOPA quinone
o7 AgE 3 o¥ HEEE AA melaninl E A=
Aoz dHx Ut} (Pavel & Miskiet, 1983). Tyrosinase
= g5 depd A oA w2 TS sk
A2 ™ melanosome WollAl tyrosineg 4FstA]#H DOPA
€ YrE=+& tyrosine hydroxylase®, DOPAE AFSIA]A
DOPA quinone2 TF=E DOPA oxidaseZA] ZH-&-3lo] 2
ZdS P a4F ZE-so) wEbA tyrosinase] &
4 A= debd 3 AES A o], IR
naA] kel lo] f&gk FrHoR I Sk
(Lee et al., 2003).

S mpell ek AFRE X WRe wWE wie] 54
A (Kwon et al, 1998; Lee at al., 1998; Kim et al.,
2006; Kim et al, 2016), v} &2t3les3 & 5 (Park et
al, 2012; Kim et al., 2015), v}o] &0t Edo &3t A
(Im et al, 1995), BF= A7}Fs A1wK(Yi & Kim, 2001a), 2~
EA] AolA(Yi et al., 2001b), =5 (Ahn & Yoon, 2008),
w(Ha, 2014)¢] EHEA AT, v} AR
(Choi et al., 1992; Lee et al., 1992; Lee et al.,
theFgh A7 BALE AT

2 AFoME Sl vt FEEE =o)7] fsl
& v} 243 Qv o]&ste] kst & WY

9] rheology §743
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st FE2E9 F Y9, PASls, tyrosinase B4
AEsS Yoty IAES] 33} B4, A= 55 HES|
Atk ol& Fal v A 2Afs}, ThEAlE AN, 35
& 71584 F B PEE AR &8s 59 7
Z A82 &84 F IEF sTh
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WS

2 Ao AFEE vk SFEA Aol g Artel =24
SIAF B B gt vp BdS et AHESiTh
ue] 3% 7l g9ty Sl & &vle £ e
S ARSI, B FEF 25E 25, 50, 75, 95°C, ol g
o] FEE 25, 50, 75, 100%E 3lATh & W
3, 718 7S ARgEklh AAE - 3
2 oo} Bo 7R ﬁu 3uje] & &viE
2 2417 A, 3 300 ppm S E 244 7F REg-Ekel o,
7HF e FEe utoclave— o]&3l] 121°CollA 3087t

3,000 pmoE 10%7F 4] Eﬂl st FEE

Ik

O

} Z==Z29] total polyphenol &f2¢
ul FZE9| total polyphenol FHFS =H3l7] ¢35l
SIATHERE 10, 125, 20, 25,

gallic acide ETHFOZ o] &

w2 - 2R

40, 50, 80, 100 pg/mL). »} FZ=& 10 LS S/ 90uL
o 3413} t}. Folin & Ciocalteu’s phenol (F9252, Sigma-
Aldrich, St. Louis, MO, USA) €95 10uLE ¥ 5-8%
7+ WSAI AT FE 100 uLe] 7% Na,CO, &4 E
9037t WA §- 750 nm 2Hgel|l A FHEE S5

0F &=&=°| DPPH 2iC[Z HHs

DPPH radical scavengmg assay+ diphenylpicrylhydrazyl
(DPPH) &2 A A 5S st AFe= 7 np 2=
100 pLoll ol gkgol =21 0.7mM DPPH €< 100 uL-& &

7heh & k4ol A 30‘_7LL HESAIZH T 21 microplate
readerE ©]&3lo] 517mmolA FFEE =AY
DPPH #t)Z &AFL olFAE ¥R o2 tixad o
3 228 A7 FHE HE(%)E YERN AL ascorbic
acidE XFE0 2 o] &3}t
Of FE=2| TAfEL g

uh FEE ) AU e 245] flske] zlA
=APOIE ReS HTEFOE o 83FITHEE 03125, 0.625,
125, 2.5 ug/mL). P} FFE 100 uLe AlgTo] ¥ 8%

4mLE

v o eke &9 300 uL 72% F4ke-)
2 F 545 nmow

O

I =&22| tyrosinase 24 2X|gs
vl FE59] tyrosinase 4 JAETS SHH] S8l
Al Aol A f-Ef 3 tyrosinase (T3824, Sigma-Aldrich)S
o] &3t FEA vt FEES 72 40uLE B3 0.1 M
potassium phosphate 20 pL, 0.02 mg/mL W52 tyrosinase
20 LS B2 F A2elA 1027 v A ZT 2 3 7]
A2 o]44d 1 mM L-DOPAS
S A7 T 475 nmell N FHEE %79) skt

O 21M=2| Rapid Visco Analysis (RVA) S5 £4

FZ T JAE9 33542 AACC Method 61- 02°ﬂ
9]3}le] Rapid Visco Analyzer (Newport Scientific, RVA-
Super4, Sydney, Australia)g ©]-8-3t] SA3Ith 2 /\] =
EAE VFEoR 4% FEIFO| HES Axslon,
= &7 50°CE +AI8kaL 95°C7HA| 2°C/m1n—4
SEE 2EE AR F 2% 302 FS 95°CE #A,
12°C/min®] HE=2 50°C7H] 225 P31 F- 50°C]
)\-] 2E7F §X]5te] ArIAHLe o%oh;]_ 04011] Ae A
S ZHE 53} &% (pasting temperature), 3 3 =(peak
viscosity), & 7 =(trough), & % =(final viscosity)E =
A3t o5 Z=AHXZHE breakdown, setback ZHS T3}

ATt
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of AdEe| 257| M=

AAES B4 542 10% dgdos #AES s
o] A]  Brookfield viscometer (LVF, Brookfield Eng,
Middleboro, MA, USA)Z HE 7] HEE 2439t 24
Z712 spindle No. 1S AF&-3Fe] 20°CelA] 100 rpm o2
BHAIA S kAT

of #™E2| ojM7=

v HAE] mAlFtReE FARA AR ] 74 (S-2380N,
Hitachi, LtD, Tokyo, Japan)2 AF&-3ste] HASIA . 24zt
o] wt A]EE ion sputter (C1010, Hitachi LtD, Tokyo,
Japan)E ©|&-3}] gold-palladiume 2 =F3F & 7144}
20kVollA] AL mA|FZ2E 1,00001] wj&= st
Atk

SAXE

A% A= SPSS 12.0 software (Statistical package for
Social, SPSS Inc, Chicago IL, USA)Z ©o]&3le] 33}
X WS 5192, ANOVAS}F Duncan's multiple range
test (p<0.05)% F-21% Q] 2}l & AF3ATh
T
OF ==Z29| total polyphenol &f2f

NeER FZF 3 vf FEE total polyphenol TS
Fig. 1] YepATE ol&hE FER S o]-&38t FE3 A
9] total polyphenol &HFollA A wie] AH-$- 25, 75% 9|
g8 3 EHA ZHzt 10052, 100.93 pg/mLE 7 E&
He BHAeH, 100% e IEHeE FE3 AEE
79.70 pg/mL, 25% SNEE HAAPOZ FE3 A5+
77.68 pg/mL, 100% C&e HAAMOZ FZ3 A5+
75.02 pg/mLZ 22 7S YERf it

vl EUZHE FE53 FE2E9] total polyphenole 50%
oerE B EHOE FEIF A FG IAPOE FEF AR

Total polyphenol content
(ng/mL)

50% ethanol
25% ethanol
100% ethanol
50% ethanol
25% ethanol
75% ethanol
100% ethanol

Yam powder / Stir | Yam powder / Soak | Raw yam / Stir Raw Yam / Soak

Fig. 1. Total polyphenol content of yam powder and raw yam
extracts with various ethanol ratio extractions.
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7} 27} 303.50 pg/mL, 30632 pg/mLE 7 =& 3k
UER ST, 100% o ehe S[EH R FE5 ARt 3
AYPo g FE3 AlEE 7M7) 3237 pg/mL, 18.05 pg/mLE
Ay whe} ml B F5oix 7P B2 total polyphenol &
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gk 25, 50, 75% s FEHOE FE3 A FETF 7T
DPPH &tz A|ATS HAom, 11 FlAE 75% ollet
£ ER/OoRE FE3 A 54 DPPH =tz A7 5ol
88.47%= 7HF =7 Uikt A vhe] Aol A
2 A5 FE2H, 7IY 7HE S vlE] AtE R o
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Fig. 2. DPPH radical scavenging activity of yam powder
extracts with various extractions.
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Fig. 3. DPPH radical scavenging activity of raw yam extracts
with various extractions.
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DPPH 2}tZ A7 5S YehiSith. =278 38 A
AE2] 49 phenol Fdo] BS55 tslso] Hrial B
b3 v ﬂ‘:]-ﬂ(lm et al, 2015). 23} E A E n}
Zo] 79 100% o & = oi 3 A FollA o
< total polyphenol SHF3 SAlol W2 DPPH & A A
< ®<l whA, A wke] A 100% oﬂ%% FEUZE F
gk A FE A S total polyphenol e HAX T 7
=< DPPH 2tolZ Al ASS Bt waba] A mielnt &
sh= DPPH &t Z A ASS 7= 9% =29 A3t
ol estu g FE5E9] 7F Aol the 2ot 2T
N5 F7t AT e AR A7t

o 23S T UM FEHOR FET AR A
20.58%= 7P¢ S+ DPPH it A7 5& Hl=d, ©f
v =2 4 25w st £ R 1%
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Fig. 4. Saponin content of yam powder extracts with various
extractions.
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Fig. S. Saponin content of raw yam extracts with various
extractions.
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Fig. 6. Relative Tyrosinase activity of yam powder extracts with
various extractions.
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=4 Vet
A oA HOoZ FEN AR S FE 2
=7t S EE tyrosinase B4 JAITo] BA=H
IR FE3 A8 AG 25°ColA 3.44% RAA T
95°CellA] 158.58%= S7Falal, AP LR F53 A&
oM 25°Coll A 59.41, 95°ColA 189.79%=F 718t 7
TS Bt dEE FEHOE FEI AR = ofgt
o] S7HTE tyrosinase B4 AT FHAshs
Qe FEHo T F23 A Eol|X 25% o EHE
Q1 WA 100% oNEHE2 104.45% oH, 3
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Al 5ol =2 FEES 47] M= v 222 95°C
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= EE I8 71 FERLE F5 A e a3t =
S Aos 340
o} 2IME2| RVA 551 £4

i 28 A FE 9 8 7 FE9 FAES] RVA
33} 545 Table 190, oehE F&% IAHES RVA ©
5} 542 Table 20 YERNATE =3 A vf A5 F&
37K 7FE FEW WA E2] RVA 231 542 Table 3
o, dgE FEHE JHE2 RVA 331 542 Table 4
of YepA it

v} E2-9] pasting temperature’s 25, 50°C
NerE FEH 9 BN AE controlol] B3] k7
E YERA, 75°C @7 FEHY JAAEY] A5
pasting temperature”} WEFUA] @Et=H| ol D4 A

2 53 vl AR ofdgox A& 2 ABHH| PaF

AT FF, 50% AEE FF T 7MY 7 FEHol 4 13ll(Lee et al., 2016) pasting temperature’} 2 474 =
e, A whe] Aol 95°C AFFE, 25% clghe F =91 95°C oo ek HolHd YEhA] o2 A
Table 1. Pasting properties of yam powder precipitates after extraction with various water temperatures
Viscosity (cp)
Solvent Methods Conditions ;
Peak viscosity Trough  Final viscosity ~ Setback Break-down Pastl(r:%)temp
Control 1,346+13 1,284+13¢ 1,7168¢ 432+5¢ 62+0° 88.2+0.0°
25°C 2,015+6¢ 1,864+1° 2,405+8" 541£9¢ 1517 87.3£0.0°
Stir 50°C 2,087+5° 1,955+3° 2,420+19" 465+16° 13242 86.5+0.1°
75°C 1901 143+2f 32944 186+6° 48+1° N/MY
95°C 196+1' 103+1° 225+4" 12242" 93+0° 72.6+0.0°
Hot-water
25°C 2,149+28° 1,919+13° 2,881+3° 962+10° 230+15% 86.5+0.1°
Soak 50°C 1,892+77¢ 1,591£24° 2,261+17° 670+73° 301+19° 87.6+0.4°
75°C 266+5" 190+4° 431118 241£7" 76+1° N/M
95°C 79708 749+1° 892+1" 144+1 49+1° 66.0£0.1°
Autoclave 1,139+12° 984426¢ 1,291+13¢ 308+13¢ 15514 67.7+0.0°
*Same letters in the same column are not significantly different (p<0.05).
Y Not measured
Table 2. Pasting properties of yam powder precipitates after extraction with various ethanol ratios
Viscosity (cp)
Solvent Methods Conditions i
Peak viscosity Trough  Final viscosity ~ Setback Break-down Pastl(r:é)temp
Control 1,346£13¢" 1,284+13# 1,716+8" 432+5° 62+0° 88.2+0.0°
25% 2,261£33° 2,120+34¢ 2,840+59° 7204+25% 141+1* 84.9+0.1°
Stir 50% 2,466+1° 2,432+1° 2,884+8° 452+7¢ 34+0% 85.4+0.6™
75% 1,968+19¢ 1,931+23¢ 2,373+36° 442+13¢ 37+4% 86.6+0.1%
Ethanol 100% 1,571£1° 1,548+4" 1,864+18° 317422° 2343° 87.8+0.6°
ano
25% 2,090+37¢ 1,994+36° 2,642+58° 649+22° 96=1° 86.9+0.6°
Soak 50% 2,395+71° 2,352+63° 2,822+15° 470+52¢ 44+8¢ 85.3+0.6"
75% 1,821+40° 1,779+27¢ 2,226£17¢ 447+£10¢ 42+13¢ 85.7+0.1%
100% 1,527+9" 1,489+22" 1,863+25°¢ 375+4¢ 38+13%* 87.7+1.7°

*Same letters in the same column are not significantly different (p<0.05).



130 WG - FEA AT AR - A=A

Table 3. Pasting properties of raw yam precipitates after extraction with various water temperatures

Viscosity (cp)
Solvent Methods Conditions i
Peak viscosity Trough Final viscosity =~ Setback Break-down Pastl(r:é)temp
Control 1,369+34" 1,082+35" 1,364+28 282+7¢ 288+£69% 90.2+2.7®
25°C 3,983+35° 3,245+29° 4,637+42° 1,392+13° 739+64° 87.4+0.0°
Stir 50°C 3,298+21¢ 2,961£7° 3,952+23¢ 991+16° 337+14% 88.2+0.1%
75°C 1,736£12f 1,348+38° 2,48647" 1,138+8° 388+26° 91.0+0.7°
95°C 1,627+6¢ 1,60611¢ 2,236+28¢ 631+39" 22458 65.7+0.6°
Hot-water
25°C 3,586+35°¢ 2,933£12° 3,725+1¢ 792+11°¢ 653+23° 87.5+0.1¢
Soak 50°C 2,451435¢ 2,382+38° 3,016+8° 634+46" 69438 88.6+0.6
75°C 1,159+40' 936+35¢ 1,859+36" 923+1¢ 22445 89.8+0.1%°
95°C 847« 664+6" 875+8! 211+2" 183+5" 71.4+0.6°
Autoclave 3,819+13° 3,179+48° 4,351x14° 1,172+62° 640+61° 62.7£0.1°
*Same letters in the same column are not significantly different (p<0.05).
Table 4. Pasting properties of raw yam precipitates after extraction with various ethanol ratios
Viscosity (cp)
Solvent Methods Conditions i
Peak viscosity Trough Final viscosity =~ Setback Break-down Pastl(r:%)temp
Control 1,369+34" 1,082435" 1,364+28° 28247 288+69° 90.2+2.7*
25% 3,553+95" 3,248+18° 4,195+10° 948+8" 306+87¢ 90.3+0.6™
Stir 50% 3,873£35° 3,172+29° 4,377+47° 1,205+18° 702+6¢ 87.0+0.6%
75% 3,684+98" 2,770+78" 3,723+1° 954+80° 914+49" 89.8+1.2*
Ethanol 100% 3,980+36" 2,626+11¢ 3,340+1 714+11°¢ 1,354+25° 85.8+0.0
ano

25% 2,746+71° 2,680+57% 3,376+85% 697+97° 66x14" 91.8+0.6
Soak 50% 3,378+97¢ 2,801+92° 3,579+86" 778+45% 577+15¢ 85.8+0.0¢
75% 3,240+52% 2,669+13% 3,482+39¢ 81326 571+40¢ 85.4+0.6°
100% 3,128+23¢ 2,392+12¢ 3,147+18¢ 756+30° 736+11°¢ 88.4+0.1%

*Same letters in the same column are not significantly different (p<0.05).
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Solvent Methods Cf)ndl_
tions

Control
25°C
50°C
Stir
75°C
95°C
Hot-
water
25°C
50°C
Soak
75°C
95°C
Autoclave

Fig. 8. Scanning Electron Micrographs of yam powder and
raw yam precipitates after extraction with different water
temperatures.
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Table 5. Apparent viscosity of yam powder and raw yam
precipitates after extraction with various water temperature

and ethanol ratios Unit : cp
Solvent  Methods Conditions Yam powder = Raw yam
Control 7.98+0.23%"  13.56+0.418
25°C 5.82+0.33"  14.26+0.23F
Stir 50°C 6.01£021"  13.88+0.33f
75°C 6.10£0.15"  15.64+0.21%
95°C 8.03+£0.05°  14.77+0.19°
Hot-water
25°C 6.18+£0.06"  15.28+0.09°
Soak 50°C 6.30£0.23°  16.04+0.17¢
75°C 6.48+0.22°  17.46+0.24°
95°C 8.28+0.31°  16.88+0.22°
25% 7.20£0.09¢  18.12+0.34°
Stir 50% 7.62£021°  17.76+0.41%
75% 6.48+0.11°  15.56+0.35°
100% 6.98+0.16%  17.00+0.26°
Ethanol
25% 7.43+£024°  18.58+0.17°
50% 7.71£0.35%  17.26+0.06°
Soak J g
75% 6.98+0.26 16.30+0.26
100% 7.05+£0.15¢  19.10+0.14°
Autoclave 9.12+0.19* 18.36+0.39°

*Same letters in the same column are not significantly different (p<0.05).

2 control®] FEE 7.98 cpol A v} control?] HEE
1356 cp= A mFo] H=7F o =4 Yehde g g9l
?‘5_:_]- 1011:]. u]- 2l ;‘d;ﬁ%g] x—h:}; EHH‘:' 5.82-771
cp= controloll H]3l] RolH ot 95°C EFFE, 7HY Ut
d FE9 A2 Agole ontrol E‘:]' =2 A=E Y
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Al vebted], ol AlREL e mF 22| A
AZZ A% vie] A4 =29 FI= wp 579
L(Kim et al., 2006), 54 1= vk 75 579 A
AL 7 & A etE Bt A A9E e
Th(Lee et al., 1994).
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Solvent Methods Condi-

. Powder Raw
tions

25%

50%
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Soak
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Fig. 9. Scanning Electron Micrographs of yam powder and
raw yam precipitates after extraction with different ethanol
ratios.
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