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a-Glucosidase Inhibitory Activity of the Ethanol Extract of
Peanut (Arachis hypogaea L.) Skin

Tae Joung Ha'’, Myoung Hee Lee’, Eunyoung Oh?, Jung In Kim*, Seok Bo Song’ and Doyeon Kwak®

ABSTRACT

Received: 2019 October 31 Background: Owing to its high efficiency in lipid and protein production, peanut (Arachis hypo-
Ist Revised: 2019 November 17 ggeq L.) is considered one of most important crops world-wide. The kernels of peanuts are
2nd Revised: 2019 December 9 1 qoybtedly the most important product this plant, whereas the skin is almost completely neglected
i:ig;‘gg?%ﬁggigi& l:ﬁr; ® i nutraceutical terms. However, peanut skin contains potentially health-promoting phenolics and
) dietary fiber, and there is considerable potential for commercial exploitation. In this study, we eval-
This is an open access article  uated the a-glucosidase inhibitory activity of an extract of peanut skin (PS).
distributed under the terms of the ~ Methods and Results: The a-glucosidase inhibitory effects of 80% ethanol extracts of peanut (4.
Creative Commons Attribution  Aypogaea L. ‘Sinpalkwang’) skin were evaluated and found to have a half-maximal inhibitory con-
Non-Commercial License (http://  centration (ICsg) value of 1.2 zg/mf. Progress curves for enzyme reactions were recorded spectro-
creativecommons.org/licenses/  photometrically, and the inhibition kinetics revealed time-dependent inhibition with enzyme
by-nc/3.0)) which permits unrestricted 3¢ orization. Furthermore, using ultra-high performance liquid chromatography combined with
non-commercial use, distribution, quadrupole-orbitrap mass spectrometry, we identified 26 compounds in the peanut skin extract,
and reproduction in any medium, . . - -
provided the original work is properly namely, catechin, epicatechin, and 24 proanthoc_yamdlns. 3 ‘
cited. Conclusions: The results suggest that peanut skin can be utilized as an effective source of a-gluco-
sidase inhibition in functional foods and nutraceuticals.

Key Words: Arachis hypogaes, a-Glucosidase, Peanut Skin, Proanthocyanidin, Time-dependent
Inhibition

2 o= olgd Wt opE} Tl AFE 16% - 36%= Eo}

HE, AlY, AM, a2 5 Ods 7HEes 1 48xrt

9 (Arachis hypogaea L) T3 (Fabaceae)oll <3} =T} (Woodroof, 1983; Saavedra-Delgado, 1989; Knauft
222 Yolug)7lr} YA duiA glom g 2 o} and Ozias-Akins, 1995). T3t 715 HIE], w2, o)A
o] AA MAZFLE AuEE ZEolth 20199 FH= 1+, flavonoid, phytosterol, tocopherol 5 T}¥3t 7154 A
AE FLEA AR wEd 5 d7k Syl WF Au) EEo] gf5o] 3t} (Francisco and Resurreccion, 2008;

N2

Ll oy

WL 2013 44,000 haolA 2017'd 52,000 ha® Z7}s] Limmongkon e al., 2017). 3] &g 7189 & E¥x3}

Fom oo wW AMFT F7kEo] 2017d0= 14,900 ton  AHMES 5 AUT AFTE ZEAHE IS U

of &gl AF Al AEBAS IS 15% S5eo] Foh BUEI Q)
o 22l = Ak ko] 36% - 54%E Hol A87|E © ™ (Feldman, 1999; Sabaté et al., 2010), arachidin-13}
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S stilbenoid ol ]
Ao g HIFRTE (Huang et al, 2010). L33 FF

o] "8AxA 71%, phytosterol> oA FH=HE
A5y, vitamin B AW 4448 AAske] f2] 2
2 g AALEE JAleke AeE HAEH (Ricciarelli
et al, 2001; Ostlund et al, 2002; Guo et al., 2019). 2]&
o7 He e gEA BF SHEL i HEAA
U 5= AIEE o8I ot sAIRE oyt £3dd
pocyanidin Alge] sFEEC] Wol 34t (Dong er al,
2013), &5, Wahd A4 9A (Tatsuno et al., 2012) 2
AGALG AE A &% (Chen ef al, 2018) 5°] ATt
HIUEHA A2 A Z S8 7FsA0] moRA AL QT
IS A ARElel] glo] Abdoll o]E2A = F8% RE
dgow wE Aol 24 A4 HaL lem, 20000
oF 2.8%el @3sk= 1 9 7,100 ¥ W gglon 5

203000= AIAIIT2] 44%1 3 9 6,600 ¥ Wl o] A
o7 FASIL ATt (Wild er al,, 2004). b A =4 @
B¢ I A% /S flEl 'erskE oA B 9 A=
ol F8 3= o-glucosidase SJAAS] 2o F41S 7]
$0]32 9t} (Van De Laar ef al., 2005; Yuk et al., 2011).
o-Glucosidasex= “FAHEZ WA 2ol YA|3taL Qo B3}

= Ao viAe dAE Fujste &4F (Caspary,
1978) a-D-glucopyranoside 23S Eo|2 o7 74is) 3o
o-D-glucoseE W&} wWebA] a-glucosidase HAA= B
3}2o] Sy 2 o|FFEHE a-D-glucosed] S A
A7l JAAZ 2% A glucose TAE FaAT= 9T
< Gt} (Lebovitz, 1997). o]213t o] 42 Be FEAES A
AL ZRE Ko} ePdsta a3HAR] G XA AEE
A NS #1801 o-glucosidase JAAE 2L Ut (Park er
al., 2009). &3-S ]38 o-glucosidase A @7 that
TE= B T 2 EXET 80% HEE FEEo s &4
2 A7Z 10 myml 504 2F 60% - 71% A 4

t Zeg ByEnt Ik (Kim et al, 2019). AT+
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A gl S5 ABF (Pae ef al, 2016) F
TS AREsIler, 20189 Sy E e R EER A

71RAEE AhtEe A AANEE AT g F
AR el 5% - % B B AEER xS § 978
A A7k 4TCe)| RAsic

Aol AR AlE-E BF SPEEe B4 A FAReE
23122 Tube Mill (IKA®, Staufen, Germany)= #2313 Th
B3 B 74 2 g2 80% ol 500 m H7Ete]
Digital orbital shaker (Daihan Scientific Co., Ltd., Wonju,
Korea)& ©|-83l 4204 250 rpmS2 24 A|7F FE319%
o 5T 44 FEELS Rotary Evaporator (EYELA,
Tokyo Rikakikai Co., Ltd., Tokyo, Japan)E ©|-83l] &=3}
3 FAAZAR] FDU-2100 (EYELA, Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan)Z AZ3IATEH AZH FE2E B4 7%
2 AP 9% AERE o]&3T
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A gl Al8% a-glucosidase (EC 3.2.1.20, from
baker’s yeast), p-nitrophenyl-a-D-glycopyranoside (PNP-G),
NaH,PO,4, Na,HPO,-7H,0, dimethyl sulfoxide (DMSO),

m

ethanol, formic acid, acetic acid, catechin % acarbose=
Sigma-Aldrich (St. Louis, MO, USA)IA +3te] AR&-31%
o} B8 acetonitrile, methanol ¥ < J. T. Baker
(Phillipsburg, NJ, USA)IA Fuliatsich.
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3. o-Glucosidase AaliEFA

v = 2
=g g £44

FZE9 Ul o-glucosidase A&
42 Ha 5 (2012)°] a4g WHS ohh HYPst] T
Z1ARkgel] o3 7] we&eE 37C A M2e

spectrophotometer (SpectraMax®, Sunnyvale, CA, USA)Z

st B3 £ FE= 1% DMSO oflghe &l

=0 HF =5 200 sgml 7t HES AR 5 3]s}
A28 T). o-Glucosidase A3 S A5 10 ol 7]

el 6.0 mM PNP-G 200 /£ % 0.1 M phosphate buffer
(pH 7.0) 2,780 1£ 7}k ¥ 0.1 M phosphate buffer (pH
7.0 =21 o-glucosidase 10 1L F7Fsle] w24 wHt 5 uj
3% HHo2 1 & B a4l g4 o3 71A2RY &
2]=]o] Y-Q3= p-nitrophenol TS 400 nm oA =33t
Aol ALgH WA BME FEl 10 pg/ml
X 0.2 pg/ml skt
a-Glucosidase®] 1 unit> &% 1.0 umol ©] p-nitrophenol (e
=183 mM-em™)S FEATIE 849 Fog FojHr)
A ZFCZE a-glucosidase AIAIZ LA acarbose X
cateching- AM8-8ld 1 A3 &
2 BHE 50% Asiske setE

== Lo

TE=E o LT

FEY A ANBYL 27

= 371319} o-Glucosidase
FEE 1G5 o= ALt

o 1T



CCE=
Sk

I
i

o]

1992 ™, Langmuir Wg4] (Copeland, 20002 o} 7+o
™ [[}= AsiAle] =5 23t

1
D B4 (%) = 100 Xm
4. Time-dependent Aoll ZJ}

g F44 FEE gk A7 =4 A (time-
dependent inhibition) $+S Ho]= slow-binding A 3
kinetic H7Fe] 7% v 5 % 7HHo2 10 ¥ & AA 5
T 26t o-glucosidased] €3l fr2]=]= p-nitrophenol
TS 400 nm oA SAEAT Aol AMEE FEE TR
= 100, 80, 40, 20 & 10 ygml 2 slHI 718 T HE2
400 pMZ &3t}

2% dolEl& Sigma Plot 13.0 (SPSS Inc., Chicago,
IL, USA)®] B 3|AZZ IS AMEate] 7} FAdol| tigh
HARAF v (E7NER), v (BFH FE), ks vOIA vE
ol AR AAEE ), 4 (400 nm oA Q] T3,
Ao (Mlol=EkRl AxF W8S 93 ) 2 K™ (REY] K)
£ Tl ARSS BAY 37184 A& ool At

l - exp('kobst)

2 A
( ) kobs + AO

= Vst + (Vi'Vs) X

_ (ks > [1])
(3) kobs - k6 + (I(iapp_,’_ [I])

A7+ 2]&4 AdA2] inhibition mode= TFYSH SJA|A| &
= ] % kobs %}\—% }‘l} (2)01]}\1 kS Ui} k&\:— é} (3)94 H]}\\jﬁé
87184 Aozry AN,

5. UPLC-Q-Orbitrap MSE 0I88t 83 24

93 £44 28 P8 154 AR BHe @
Exactive Focus Hybrid quadrupole-orbitrap mass (Thermo
Fisher Scientific Inc., Waltham, MA, USA)y’} A%+¥ UPLC
Ultimate 3000 (Thermo Fisher Scientific Inc., Waltham,
MA, USA)E ©]&3ate] #4313t

ABE 80% oflgkEel =21 ¥ 0.2 i syringe YEE 3
o} He] EXNof ARES S Acquity BEH C18 (100 mm
x 2.1 mm, 1.7 wm, Waters Co., MA, Milford, USA), &vl=
E (0.1% formic acid, €™ A)3} methanol (0.1% formic
acid, €7 B)S o]&g 71&7] vl =7 (0 min, 2% B; 2
min, 2% B; 25 min, 18% B; 35 min, 28% B; 50 min,
35% B; 55 min, 35% B; post run, 5 min), §%< 03
mé/minZ. 3] AT

Orbitrap MSE m/z 150 - 1,000 Alo] ol 27 me=g

FIAHOI= MR

sheath gas flow rate 50 arbitrary units (AU), auxiliary gas
flow rate 15 AU, spray voltage 2.5 kV, capillary =% 270
C, S-lens RF level 50, aux 7} 3|2 400C= A7g3}
Hom™ auto MS? 48 Ealls 17,5003 isolation window
3.0 mz= A5t AT

6. Szl

a4 A 4 e 3 Eoz AFsigon, HolH
28 Sigma Plot 13.0 (SPSS Inc., Chicago, IL, USA)S
ol-gste] TAEIATH A A 2 W + FFUAE U
BRI Al == EAS Sigma Plote] Enzyme Kinetics
Modules ©]-838t3leH, FA14 fFoFES p < 0.0504
SAS EG (SAS Institute Inc.,, Cary, NC, USA) ZZ 13O
2 Bt

I
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1. 0-Glucosidase Alof&Hd

a-Glucosidaser= 27 M| 32e]] EA)31H tfgdF{i} o]
£ 23t 72 F e AEHR] 9ERE JEslshe &
2 Y drstE el o e dAE Sl ok
2ot} wEhA a-glucosidase HAAIE 20llA glucose
& AMFICR Q3] A% I J5S =S ol F
= 84 54 Bl ol &=

A2 D F (drachis hypogaea L.) 7822 80% olgh
FEEC d8l] 99 24 9 Iy XSA] T8 target &
2291 a-glucosidase AN &S AT 2 A3 Fig. 19
e} 7ro] FEE F=rt S7FE) Wt a-glucosidase €432
AATHS & F Utk 2 A FEE s wE 84 &4
A%E Langmuir W20l 28310 1Cs, 76 1.3 pgmlo 2
AR A, A iz 2 ARE-3F acarbose E catechin
Table 1] VFERd wle} 7Fo] ICs, kel ZH2t 4004 pg/ml B
36.4 pg/mb 2 g-glucosidase A LS Hth 53]
acarbose= 74T Y E A|BEE 2kAlo|H, catechin
7k AE g AF 23 FehEeolE ARl Kim &
(2014)2] AFAAE a-glucosidase A& o] JSo] B
#ap Aok mets B3 S44e] dgquE FEE o
glucosidase A EAdo] P4 thE2l acarbose2] 300 Wi
9 catechin®] 28 Hll o’ 7Iet @S HAS & F U
53] Fig. 10 Heulel o] B £44d F55 v57F
7¥etell whEt o-glucosidase <Al E/do] F45HA F7H= <l
AWFAQl Langmuir A9 343 thas Zpol7t S-S

I Ut o]ye A3= Ha ©F Kubo (2007) ¥ Ha &
(2019)°] A+ AHe}t FARIe R BF 44 FEEY o
glucosidase A WFAUSZS slow-binding type2] As|AIY-S
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Fig. 1. Inhibition of o-glucosidase activity bK peanut skin
a

extract. 400 uM PNP-G in 0.1 M phosphate buffer (pH
7.0) at 37C and recorded spectrophotometrically (UV

400 nm).
Table 1. Inhibitory effects and kinetics of peanut skin extract on o-
glucosidase.

Parameter PSEY Acarbose? Catechin?
ICso (ig/m)®  1.3+0.3 400.4+4.6 36.4%2.1

ks (sec™") 2.8x1072 - -

ke (sec™) 1.6x10™" - -
KPP (14g/ml) 61.0 - -

YPSE; peanut skin extract, ?Acarbose; positive control, *'Catechin;
postive control, ?ICsp; values represent the concentrations that
caused 50% activity loss. The value of each activity is expressed as
means = SD (n = 3).
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2. Time-dependent Xloll kinetics

= 2= ] ==X
B &34

FZE9 Ulg a-glucosidase A3l
3171 $13) steady state AJElNIA 10 £+ @4
sttt 2= 412 7142l PNP-G %E 400 pM=
12 F=2E F=9 (100, 80, 40, 20, 10 pg/mb) =]l
a-glucosidase®l] 2|8t p-nitrophenol® 7H=-3l &=
400 nmollA 5 2 7HAC® 10 27+ A5
[e]

=
93 74 B}

ol

az

SEH A7 e
data 7+ 2 ()l i
A=)

e

)]
H

p-nitrophenol 2373
Vi, Vs, ‘:71! kobs (Vioﬂ}\-l Vsi ﬁo]
=459, W

nm= 1
S Q) YA F5E

T=E==
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Fig. 2. Time-dependent inhibition of a-glucosidase in the
resence of peanut skin extract. Conditions were as
ollows: 400 uM p-nitrophenyl-a-D-glucopyranoside
(PNP-G), 50 ng o-glucosidase, and concentrations of
peanut skin extract for curves O - 5 were 0, 10, 20, 40,
80, and 100 UM, respectively.

600

A A B 4 e ) S 2 s e - A
FE 9]EA4 hyperbolic 4#S HATH (Fig. 3).
Vo] mE v B o] WHskel FE kg, #Ol
hyperbolic 7/ B& Hol= ZAZ= Simithy 5 (2018),
Case €} Stein (2007)2] A+ AFolM % FLst x5 1S
o wet BT £4% FEE2 a-glucosidase A= slow-
binding type A W7MMES HFoE 53 4 ok w
A 2] 3y ol&al W W7RES] 7 S &= A
E AN & 5 e, 2 A 4F 44 FEEY o
glucosidase #]3ll kinetic parameterS AF&3F A3}t kL= 2.8
x 1072 sec™!, k2 1.6x 1075 sec”!, K= 61.0 pgml US
& Ut
Fig. 3¢] (B)ll 121 slow binding inhibition #7]Z2]
E, S, 1 ¥ P= &4 (o-glucosidase), 712 (PNP-G), AF|A|
(8T &84 F=58) % 4= (p-nitrophenol)yS Jw] &b,
ES ¥ El= 84712 2 a4-AsA 28-S on|sitt. A7)
AFolA k7t kel WIS vl 2 7S BT o= a4
A7 AgE ol mA SAFSlOA wWEA o]gdHst

7:3)\'0

S

(isomerization)®l ©]% TR EAAIAZ 3EEe= S5 (k)
7h wig- =2A JAgEES it & B SHE FEES

o-glucosidase®] B4 Z/3F-29]o) Af el o|FdsE ATl
A3 Fedee] 48 HIAFIe= Q8| A8l a4E 2
= 2o Algdr) olzg Axr B £7dd A8t
= &2 W o-glucosidase®t 7F32 Q1 slow-binding A3
< 33l glucosed] FEl& AAAFCE EH glucose THE
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S ST dn=FIAHPOIE AN

A JoF AtsHrh gk AR BAS 2% A A=2rkET#E] (UPLCYE ©f
23 22l¥ AdEoll Ulg quadrupole-orbitrap massE w413}
3. UPLC-Q-Orbitrap MS? 244 At
o-Glucosidase A3l 37} 973t BF $442 FE50) ) Fig. 4¢] ¥ ola=ZnlE1jd] (TIC)IM 54 A&l
(A) 0.020
. ki Keat
0.015 B E +S «— ES —>E + P
' k
< . +
9 400
£ 0.010 ., 300 |
g 2 200
x x /(4 H ke
= 3
0.005 102
0.00 0.04 0.08 0.12 Eel < E*el
0.000 SE——
0 20 40 60 80 100 120
011, (ng/mi)

Fig. 3. Dependence of the values for ks on the concentration of peanut skin extract (A) and reversible slow-binding inhibition
mechanism (B).
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Fig. 4. UPLC-Q-Orbitrap MS total ion chromatogram (up) and representative proanthocyanidin structures (down) of peanut skin
extract.
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Fig. 5. Tentative structures and MS? fragmentation schemes of catechin, epicatechin, proanthocyanidin dimer and trimer. (A);
catechin, (B); epicatechin, (C); PAC A-type dimer, (D); PAC B-type dimer, (E); PAC A-type trimer, (F); PAC B-type trimer.

2o}l Y49 A7k (retention time, fz) 13.9 & 2 22.0
B9 miz 291.1 [M+H] peake A& catechin
epicatechin® 2 1At} T3k MS 2 MS? ~HEHS 2
A 3 A3 F 24 579 proanthocyanidin (PAC) Al E <]
sigtEo] AeS Elsli). PAC St=E2
A=A o] A (stereoisomer)?] epicatechin unit®] dimers
polymers FE2 Z3E s3HEo|t) ol& 35HES flavan +
z0] 2 W3 3 9 A YAOVIAR sl TRt siHER
A gt

HAA £ 114 Fo| HolE mkz 579.1 [M + H] peak?]
MS? fragmentation ion % m/z 409.1 [M-170 (CgHgOu)]E
heterocyclic ring fission (HRF)°l 23] ¥ HolH miz

-
EE

catechin

T
EE
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287.12 quinone methide fission (QM)oll 2Js] A E wHA
Z79e 2 E uw] PAC B-type?] dimers SFEUS & &
At o2t PAC B-type dimer IFELS 5 150, 183 ¥

242 o= FYsA SA1=HA

fr 16.7 B9 Hol= m/z 8652 [M + H] peake] MS?
fragmentation ion %= m/z 713.1 [M-152.1 (CgHgOs)]=
retro-Diels-Alder fission (RDA)o 2l AAE ZlolH msz
287.1= QM gl o35 AAE ©H x7qlo
PAC B-type?] trimers 3HEUS
PAC B-type trimer SIEEES # 192, 19.7, 21.3, 2458,

.

[¢)
fr 246 o Hole mz 5771 [M + H] peake] MS?



fragmentation ion % m/z 287.1 [M - 290]=
o) AAE ASZ PAC B-typed= 2 Da Xpo|2
w2} PAC A-type®] dimers SIEYS & F 3L, & 31.7,
33.9, 36.0, 37.5 ¥ 394 E2] MS fragmentation HEE &
AatA AZ= A

WA O 2 4 232 Ho| Mol mi 8642 [M + HJ
peak®] MS’ fragmentation ion % m/z 287.1% QM &9
olaf A o]0, HRF fragmentationol] 2|3 AHAE m/
z 425.1 o] Fo]=a7} yeldol] wel PAC A-type] trimers
SRS & & 9lom, i 256, 27.1, 32.1 ¥ 325 &9
MS fragmentation HE %= FL3A T2EEAT. PAC A 2
B-type2] dimers®} trimers®] 2 MS? fragmentationS Fig.
59} 7t}

olyfgt A= sk B3
e 2 ey A fHe flg
glucosidasedl] 73dt A F3 (ICs, = 1.3 pgmd)E AT}
gt FE2E2 o-glucosidase] E/95-9]oll A3t o] F o]dd
3} A7l & HH3] siElEl= slow-binding el A3l w7}
UES glsith. T3k UPLC-Q-Orbitrap MSH-4]S S5
BT &£4d FEE)= catechin, epicatechin % 24 9]
PAC A|€9] 3lgtase] SAgS Uitk 53] Ha 5 (2018)
2 Kim 5 (2014)¢] A& AFNME cateching ¥ &3
proanthocyanidin AIE 3IgHEEC] 7$t o-glucosidase A
A4S BT PAC B-type dimer®l gambiriin D A% L3
oA kinetic A7+ A3 slow binding type A3A| DS B3
o} webA B $744e] B2 PAC AlE RSl
glucosidase &3-S As3taL, o] A3l glucose2] 215
XA B FHE ALAFOE Al SR 9
nd Aoz AlRHET AN dRbHo g BFe FX
Ak Foba ot HF ko slew olejd Y F
A% A AF7E AL vk ek d Ths A &
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