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Evaluation of Antimicrobial, Antioxidant, and Antithrombin Activities
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Abstract

Yams (Dioscorea spp.) have been used as medicinal and edible resources worldwide. In the present study, methanol
extracts were prepared from various kinds of yam, including D. batatas (Gyeongbuk No. 1 and No. 4), D. alata
L. (Gyeongbuk No. 5 and No. 6), and D. bulbifera and D. nipporica, and the antioxidant, antithrombin, and antimicrobial
activities of these extracts were evaluated. The water content of the various yams was 54.7-83.2% (D. batatas)

D. alata L.) D. nipponica) D. bulbifera) and the methanol extracts contained 0.59-1.59% (w/v) solid matter (D.
alata L.) D. batatas ) D. nipponica) D. bulbifera). The mean concentrations of total polyphenols, total flavonoids,
and total sugars in the different types of yam were 49.82 mg/g, 9.79 mg/g, and 173.81 mg/g, respectively. Analysis
of DPPH radical-scavenging activity showed that D. alata 1. Gyeongbuk No. 6 had a strong antioxidant capacity
(IC50=142.30 pg/mL), whereas the other yams showed reduced levels of activity (IC50=371-486 ng/mL). D. alata
L. Gyeongbuk No. 6 showed a strong antithrombin activity against human thrombin. Upon treatment with a D.
alata methanol extract (1.5 mg/mL), thrombin time was increased 7.35-fold compared with that when methanol
alone was used. In an antimicrobial activity assay, the D. nipponica extract showed moderate antibacterial activity
against Bacillus subtilis, Staphylococcus aureus, Proteus vulgaris, and Salmonella typhimurium. Our results indicate
that different varieties of Dioscorea spp., including D. batatas, have useful biochemical attributes, including antioxidant,

antithrombin, and antibacterial activities.
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A, 7, A B 0] I op R ARske] gth(1,34).
ZH7HA] A& Q1 AG-E F38) vF=5-H saponin, tannin,
polyphenol, allantoin, uronic acid, chellidonic acid, sitosterol,
mucin, araginine, yonogenin, kryptogenin, diosgenin 5 TFF
3 AP A EA S0l FRI3B-6)E o, o2l -8 A
GA=del o3 FulzEE Astart 3w, 9 43
A ma Aal 24, AdEddo] 24(7-12) 2 Al
oJgh gk g wdH o &4 so] ®Harw o] lrk13).
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Aol ARS-SE vl A8, D, batatas (735135 2 754
%), D. alata L(7355%5 2 7635, D. bulbifera (&<},
9 D. nipponica (F-A"HEA A5 Hso] [B4HREE7]
E AEAAAT2]0NA 2009 39 2097 22| wiE
TAAD, S XAfstaL o] & Alsel o™, 20091 11
4 2 At S TG vh Al5.9] A H = Table
1ol Yepliglon, 451359} 45+ oA dukdoz
A=A Q= wek 2 gul Foln, AESS 9 65 ot
e} npo] JfFF o R 747t ApAn) Bl S giekE 47l
SHrolthelst wl, gnf, AAu} Bl Gt tjukg EA g,
ko]t 2 2009 7 bl A 8hel agtulel
AAE o] 831l om, Z47ke] AR AdERE 5971eY
AEALAT 2o BaEo] JTHAERS: MA032-
MA039). 75 $ 41 Wi o= 27]d3t A2 #4743t
Rom, o]F HHHE o]EHE AAT F T °F 0.3
em= Aste] 60ColA A HRAA FE8FS 5
3t B vl FEE ZAE YA e s F9
"k 1 kgoll 2 L] WlEHe-S 7ake] Aol A 24413k 33
FE3 o, FE N filter paper (Whatsman No. 2.) 2
AL F 60CAA A9t 11z=ste] Al 2479 A=
THE DMSO°l =9l F, AP s S|Aete] 4,
T g kst G4 Frtol AHgegint g &4
A7IE 913 thrombin time 574 Al, 42 < 171€
SOt PR E W] gke x| date] AP RRE FA|EHS
o, A F FA] 4TAH 5000 g2 5% 5o+ YR}
of I35 FHeElsla Wt s nasiolon (2lAs
AY), BAA] Ad2ollA s Este] ARSIt 718 Ak
< Sigma Co. (USA)S] AlFS T-Yate] ARE-aITh

Table 1. Photographs of different Dioscorea spp., Ipomoea batatas
and Solanum tuberosum L. used in this study.

Scientific Korean name/ Photograph Photograph
name Source (whole) (sliced)
e T ———
Jang-Ma/ x ‘
Andong, Korea
(Gyeongbuk No.4)
Dioscorea
batatas
Dan-Ma/
Andong, Korea
(Gyeongbuk No.1)
[\ -
Dioscorea Dungkun-Ma/
bulbifera Andong, Korea
rd ]
Dioscorea Buchae-Ma/ y
nipponica Andong, Korea
Dungkun-Daema/ |
Andong, Korea
(Gyeongbuk No.6) S
Dioscorea k
alata L. - —
Jasak-Ma/ ~ F 3
Andong, Korea
(Gyeongbuk No.5) =
L~ :
Ipomoea Goguma/
batatas Andong, Korea
Solanum Gamja/
tuberosum L. Andong, Korea
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Tk S5k, agteh % Rbe] ks FEEEC
k3l 242 DPPH (1,1-diphenyl-2-picryl hydrazyl)
radical 22715 54 (14)°l oJal A 7}skqlet. WA vt
FEE 3|43 AR 20 pLell 99.5% ollghEol] &-ajA)%]
2x10"M DPPH-E-<% 380 pLE Wil E§H3le] 37CollA 302
&9k HESAIZL - 516 nmol| 4] microplate reader (Asys
Hitech, Expert96, Asys Co., Austria)E AF&35lo] SHFEE
S35tk )&=+ butyl hydroxytoluene (BHT),
vitamin C 2 vitamin E (Sigma Co., USA)E A}-8-3}1th
DPPH free radical 2275& A3 719} v 7Fte] Wi
B2 FABIOH, [Cot= 50% 2758 YEhlE sE2
Areralar #E A= 33 Sk By} AAke yE
WA

N g2y

okt 7o v), argtel Bl 2Rpe] wjehE: FEEEC
g7 &4 thrombin timeS 57335F] H7181%t)E ER
Hl Aal] &g 7)o E1g Amelung coagulometer
KC-1A (Japan)E ©o]-83to] P SAIZHS SHA3te] 37}
A TH(15,16). 37CAlA 0.5U EFH] (Sigma Co., USA)
50 1L2} 20 mM CaCl, 50 pL, TFF3E 5522 A8 FE
10 uLE coagulometer®] FHol &3k5ko] 287k Wk-S-A]71
%, @74 100 ILE H7ketel o] Sard wizbx| o] Azt
S SASIE AR HERxTo R s FHAAZ AFEE AL
%)+ aspirin (Sigma Co., USA) X heparin (Sigma Co., USA)
S, &) dERTe 2 A5 Y4l DMSOE AHE-3ksith
DMSO02]| 749 3+t 33.0%9] $IATHS YER) Sl o,
EE Asf 2432 33] o] whngk Age] Wty HAkE
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g 2y 53

Tk Sl mh, argtel B Al migke: a5l
st A8 HUVelr] 8] 1 S F O Escherichia
coli KCTC 1682, Proteus vulgaris KCTC 2433, Pseudomonas
aeruginosa KACC 10186, Salmonella typhimurium KCTC
1926, 13 TS Z2 = Staphylococcus aureus KCTC
1916, Staphylococcus epidermidis ATCC 12228, Listeria
monocytogenes KACC 10550 2 Bacillus subtilis KCTC 1924
g Agsn. wa gAw 24 W Aade
Saccharomyces cerevisiae IF0 0233 2 70U t}5 Xd3a5
A1+t Candida albicans KCTC 19405 AH&-3F3iTh WA,
Al 24 7] 73-9-, Nutrient broth (Difco Co., USA)]]
247y Alte 3Eshe] 37Tl 24413 5 v ddt $
Z} 45 ODFEo] 0.10] ¥%=% 2A3}te] Nutrient agar
(Difco Co., USA) WIA| & E&38}= 3t petri dish (90x15
mm, Green Cross, Korea)oll 100 pL =3}l Z4zto] Al&
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5 uLE B3t disc-paper (diameter 6.5 mm, Whatsman No.2)]|
7hated, 37CAlA 2413 E3F v el o, xlate] 7
of| = Sabouraud dextrose ¥ #](Difco Co. USA)Z ©]-&3}]
FUg HPHO R 30TCol|A] 24A17F St vl - ABSA =gk
A71E S743te] IS FIFsIATHLY). =
AT AIR] ampicillin 2 streptomycin sulfate, &34
miconazole % amphotericin B (Sigma Co., USA)E- Z}2}
1 ng/disc == A&l om, AgAR|ge] F7]= 52t
O 72 AFo] e &= o] 55 mm 9= 574
sholat, 33] ol WUt & i ZAFE YEhATh

o rlr L0 o

QIZF ol CHEt BH &AM

vt SRk, gl B 3ERpe) wjehEg: FEEE
g 54 Hrhel Aoz 7 AHFU%)E ]85}
438 244& H71eAti18). WA phosphate buffered saline
gHo=z 33 FAgE AzF AEF 100 uLE 96-well
microplate©l] 7}&}3L A| 58 100 LS 7}3F th-3 377Col
A 3043 SESAIZATE o] %, WSS 1041 Al
(1,500 rpm)3}e] -5 100 pLE A 22 microtiter plate=
20 F 2o 12 JRIFEN = AEE 414 nmol| A
=435Itk A8 &1 thRTEE DMSO (2%), 23
22 triton X-100 (0.1%)2 AH&-313ich 884
th5-o] 215 o]gste] Abaeltt

Hemolysis (%) = [(Abs. S-Abs. C)/(Abs. T-Abs. C)] x100.
Abs. S: AR FH7He] FEE

Abs. C: DMSO #7}-9] F4%=

Abs. T: triton X-100 7179 &4 %
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Aglof| ALg-¥ AvHD. batatas), FHD. batatas), "5V}
(D. bulbifera), F-NvKD. nipponica), &<+ WUKD. alata L.)
9 ZHuKD. alata L.)%] 28 71} 83.2%, 80.3%,
54.7%, 68.4%, 71.7% 2 72.3%°] It} 3 wle] o2 F=
A8 317 Ipomoea batatas)}t AN Solanum tuberosum
L9 8- 7M7) 67.6% 2 81.7%°1ATh. 5, Ak,
ol 2 7Rl A= 80.3%~83.2%, it thul 2 ARl
A T1.7%~72.3%, F-ArE 2 3ol A 67.6%~68.4%,
Al Ftmboll A 7Y BEE 54.7%2] it YER
o, D. batatas) D. alata L.) D. nipponica) D. bulbifera <=2}
FE-EFo| A tTable 2). ©]2 3+ 542 Table 12] AR
Ao} o] Aatae] Fu|o] Eel4 B4 9 FIE A9
Sk 7pA 0] A A o) s, 7F Fo] 5L
= otk ghA veFet vl aigtel, e HghE: FEw
S 2AIG A FEEES 0.11%~1.59% thFatA v
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ehetc. Apawte] vhe

FE8(0.83%)= Al<lshd, Mgk

FE4 52 D. alata L.) D. batatas) D. nipponica) D.
bulbifera <22 EFTL

Zxﬂi thFet vl Weke FEEe] Pt FEediE, 3

SR eo)E E Hyt T T2 717 49.82, 9.79

‘;‘ 173.81 mg/g o|ATh FETHE S SA A, T

ol A 7Hd 32 87.05 me/g7}t B1H oM, FZetR

rol=o] Ao T ot ® Fmtell A 247} 12.67

2 13.99 mg/g S & 7P =& TS YERUTE T

745~ wlol Al 281.96 mg/ge] =2 S FIsIITh

Table 2. The methanol extraction yields and its content of
different Dioscorea spp., Ipomoea batatas and Solanum tuberosum L.

Content (mg/g)

Rhizome Korean  Extraction

name yleld (%) T()tal T()tal TOtal
polyphenol  flavonoid sugar

JangMa 139 34860.15" 6.67:0.22" 281.96+0.08"
D. batatas

Dan-Ma 159  45.84:034  7.33:0.14  140.86:0.21
D. bulbifera D“II‘\%';““‘ 059  52.08£024  13.99+0.11 147.67+0.09
D. nipponica B“ﬂ‘;‘e' 0.65 5111016  1033£0.09 179.79:0.14

Dungkun-

1.63 87.05£0.11  12.67+0.34  184.98+0.14

D. alata .~ Dacma

Jasak-Ma ~ 0.83 27.98£0.25  7.75£0.23  107.61+0.32
I batatas Goguma  0.83 1528£0.23  8.29£0.08  195.36+0.05
S. tuberosum  Gamja 0.11 66.28+0.17  21.78+0.11  127.24+0.22

"alues are means=SD of triplicate determinations.

Clefst SRel of £E89 s ¢4
vl FEEEe D} ohii s&o)4 9] DPPH 2752 7}t
e 30l VFERISATE ozt AR

DPPH scavenging activity (%)

T T T T T
0 100 200 300 400 500

Concentration (ug/ml)

Fig. 1. DPPH scavenging activity of the methanol extracts of
different Dioscorea spp., Ipomoea batatas and Solanum tuberosum L.
Symbols; --@--: Vitamin C, --V--: Vitamin E, --ll-: BHT, @: D. batatas (Jang-Ma),

. D. batatas (Dan-Ma), ¥: D. bulbifera (Dungkun-Ma), \/: D. nipponica (Buchae-Ma),

W D. dlata L. (Dungkun-Daema), [ D. alata L. (Jasak-Ma), @ I batatas and
O S, tuberosum L.

32 #1748 A3Z (2010

vitamin C, BHT % vitamin E¢] 7d-$-°|+= 10.77, 11.92 &
40.24 ng/mL9] ICsE YERH o] /\"_5 Prslss & T

Ao, T trkE A3 vk Al 2S5 371486 1
g/mLe] ICsE YERUo] m]efst ?Sow?l-@f'o——e‘ LERA AT
e} B bl 142.30 pgimL o) 12 LiERo]

2 279 vlro v ZEs eilkesS selskeln)
R EH“}/] a5, Addol ARSS e FFE T oF 1.8919]
2 TEYHES el 2s 18 wi(Table 2), 34t
S APHRE i el 71208k Ao 2 Sy
5 kst S9EHe] o] sty et Aok &
A 5ol AHEE APKARAE) FEEO] 29 40816 4
gL 1Co% LFERo] 1) o] B Aot 53 29)
ICso (602.2 pg/mL) Bt} tha v g3 vehfiglon,
tzt® AREE siekel ks 247 500 ng/ml 0]
93228 ugmL] ICso 5 YEhl o], ZEAke] A-9- me} AL
¢t DPPH 2755 YeERAT

Table 3. DPPH scavenging activity of the methanol extracts of
different Dioscorea spp., Ipomoea batatas and Solanum tuberosum L.

DPPH scavenging activity

Rhizome Korean name (ICs: ng/L)
Jang-Ma 403.16+14.59
D. batatas
Dan-Ma 432.66+8.07
D. bulbifera Dungkun-Ma 421.70+17.24
D. nipponica Buchae-Ma 371.64£12.30
Dungkun-Daema 142.30+2.58
D. alata L.
Jasak-Ma 486.43+8.45
I batatas Goguma > 500
S. tuberosum Gamja 322.80+2.43
Vitamin C 10.77£0.13
Vitamin E 40.24+6.93
BHT' - 11.92410.67

"BHT: butyl hydroxytoluene

VH N thrombin Aels
= 7};} JJr% Table 4oﬂ YERNRITE. Thrombind d 71
Aol A2 aARA ole] A= dd S gAlste]
AT Aol w2 HAS A T sdge] gEA
ATH4,15,16). WA FHAAZ o] &E| 3L )= aspirin®] 73
9, 1.5 mg/mL 2] 504 2F 2.7 thrombin timeS $178HA]
A HAYE JAS 2™, heparin®] 7 9ol &= 0.25
mg/mL FEOIA I 144)] ©] thrombin timeS 917447
g7 Aol veh A st @ v FEEES LS
mg/mL 5504 - 1) okl %7& A A IS
Eilem, 5.0 mgmL ¢ aEiolA izl o144l
A AA ZAE HERSIH Olﬂif& e artutet
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Table 4. Thrombin inhibitory activity of the methanol extracts of different Dioscorea spp., Ipomoea batatas and Solanum tuberosum L.
Rhizome Thrombin Time (X control)

(Korean name) 5.0" 25 LS 125 0.625 05 025 0
Jang-Ma 1.55+0.09” 1.3520.10 1.20+0.06 1.09+0.04 1.0240.07 ND” 1.000.10 1.000.10
Dan-Ma 1.140.02 1.12£0.03 1.0240.14 1.01£0.07 1.00£0.04 ND 1.00£0.10 1.00£0.10
Dungkun-Ma 1.330.02 1.3240.09 1.17£0.24 1.070.11 1.040.08 ND 1.000.10 1.00£0.10
Buchae-Ma 1.1240.01 1.02+0.08 1.01£0.14 1.00£0.02 1.0120.01 ND 1.00£0.10 1.00£0.10
Dungkun-Daema > 14.0 > 14.0 7.35+0.97 3.1840.05 2124024 1.4120.11 1.000.10 1.000.10
Jasak-Ma 2.06£0.12 2.00£0.09 1.88+0.01 1.4840.15 1.19£0.05 ND 1.000.10 1.00£0.10
Goguma 1.70£0.04 1.58+0.24 1.3440.04 1.080.06 1.0240.04 ND 1.00£0.10 1.00£0.10
Gamja 1.7420.07 1.5120.11 1.2240.13 111£0.11 1.01£0.07 ND 1.000.10 1.00£0.10
Aspirin > 140 > 14.0 2.70+0.09 1.33£0.25 ND ND 1.00£0.10 1.00£0.10
Heparin > 14.0 > 14.0 > 140 > 140 > 140 > 14.0 > 140 1.000.10
Concentratlon of the methanol extract (mg/mL).

Values are means+SD of triplicate determinations.

ND: Not detected.
22} ZE2 M E A Ve, Awl wal, Bl heparin®] 73-¢- A @Aol| w2 ZF L] wAIHe] I
sl o3k AAlH A avks Ve )= ofe9-2 ™, aspirin®] 74-¢- 1&gl 5o F2-Eo= ARg-o] Ag
gt AFH At 28 D, alatadl &3k T div 2 o] do5 AT W(15), °1H ¢t D. alata LFE=°] FE
Aul FEEO A= 1.5 mgmL FEolA] 7350 2 1egu) R A S wikg- 2on] 9l Avieial gy 53
=7} thrombin timeS LJERN o] &3t 38 d git= - R3% D, alalta 1.2 18 24 E4(19), 9SS

.—OJ—O]S]— T Uit A OJ;(]]@I/HO] UHO A==

g4 (20), estrogen GAF &4 @1 =9

aEs W, D. alata

Table 5. Antimicrobial activity of the methanol extracts of different Dioscorea spp., Ipomoea batatas and Solanum tuberosum L.

Growth inhibition zone (mm)

(Kol}gflmr?:me) Gram positive bacteria Gram positive bacteria Fungi
BS” LM SE SA EC PV PA ST CA SC
Jang-Ma 1.5 A 8.0
Dan-Ma 1.5 1.5
Dungkun-Ma 1.5 9.0 9.0 10.0
Buchae-Ma 9.0 11.0 9.0 11.0
Dungkun-
Daema
Jasak-Ma
Goguma
Gamja
ss” 100 75 11.0 9.0 13.0 13.0
Amp” 250 230 210 230 11.0 380 70 8.0
Mic” 20,0 240
AmpB"” 19.0 2.0

"BS: Bacillus subtilis, LM: Listeria monocytogenes, SE: Staphylococcus epidermidis, SA: Staphylococcus aureus, EC: Escherichia coli, PV: Proteus vulgaris, PA: Pseudomonas
"Amp: ampicillin, “Mic: miconazole,

aemgmova ST: Salmonella typhimurium, CA: Candida albicans, and SC: Saccharomyces cerevisiae. ’

AmpB amphotericin B.

: No activity. *'SS: streptomycin sulfate

The concentrations of methanol extract and antibiotics used were 500 ng/disc, and 1 ng/disc, respectively. The growth inhibition zone expressed was included a size of disc-paper
(6.5 mm of diameter). The data represent a representative result of three independent determinations.
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Clekst ZRe| of &80 g

nh FEEEY I @45 HUkeE A= Table 50
YERSITE 272 ARE FRAES 8 S48
YUERN S S ™, streptomycin sulfate®] “4-9-, E. coli9]r S
typhimurium®l| 3l /o] YEeR}A] Lw,\r/} a3
2=2 7({ H]—X—] oy U] OEB‘]- ?5]—-8— §]—/R‘] O L]—E]—lﬂ _‘Bq =
uel Fafjmtol| A AR Tskebd R kg Al thek
g ES el 53] FAlutell M= B, subtilis, S.
aureus, P. vulgaris 2 S. typhimurium©)| TSt S5 3t St
S YERNRITE o= vk steroidal saponin®l] 2]t &+t
24E e wf 34wk saponin Al o] 3§ At
oz FZHETH2,22).

Tl digk 88 &S

FL7HA] &80l

UEhA] ok w2 ‘31% A o o2 FAHAH A

=9 el A5 A3, vk A7)

Q3 717k B3t AE o AREE o] QA HAJo] il

= Asoltt, © AT A= FrjolA

%i A% 22 )= D. batatas ©199 D. alata L. N %=

Tk ksl 9 g d A4S 7IgiE o glom, Thest

4 af Al 2 ojof] uh2 A5 Tfdo] Z
A=

oS ANt

(@) ok
s =

e A AAH SR 2/ 7IRE 5 OJ 28 5 kgow
AT o] 2 Fask AEakolt) & <>ﬂ = 20094
A& FeA oA AvlE D. batatas ( 513 9 43),
D. alata L(755%5 2 6%, D. bulbifera (%ELU]-) 1))
nipponica (FAPHERE wghe FEES A8k, oS
o] ksl e, et e kel A R
o] 75 mtel Foll whet 54.7%~83.2% = vFetAl LE
O™ D. batatas) D. alata L.> D. nipponicay D. bulbifera
TOo 2 YEgton, MEd FERE2 0.59%~1.59%%
D. alata L.) D. batatas) D. nipponicay D. bulbifera <=2
vrebstt). st ke A F EYulE, & S0
=, 399 49 77t 49.82, 9.79 2 173, 81 mg/go] M_.Bﬂ
% 29 S Uvk(E E63)o /\1(87 05 mg/g), &

2 o] == B UirK12.67 myg) E EvH13.99 mg/g)
oA, e AHAE4AT, 281.96 mg/g)oll A 7HE E=A
YEFSTE DPPH radical 22715 H7HA3, diF-29] v} Al&
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7} 371~486 pg/mLe] ICs s L‘rE}LHMﬁUr < tvke]
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