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Abstract  The Citrus grandis Osbeck is a special product in
the Jeju island. The product has been as a remedy for liver
damage and hang over. This study demonstrates how to
investigate and compare the antioxidant, phenol content,
tyrosinase and a-glucosidase inhibitory activity, antimicrobial,
and alcohol dehydrogenase (ADH) and acetaldehyde dehy-
drogenase (ALDH) activity with the C. grandis leaves
extracted in different ethanol concentrations. From the yield,
a 20% ethanol extract demonstrated the highest results
among the other extracts. The distilled water extract showed
the most abundant in a total phenol content and highest
ABTS radical scavenging activity and reducing power assay.
In the DPPH radical scavenging activity, a-glucosidase and
tyrosinase inhibitory assay (used | -tyrosine as substrate), the
80% ethanol extract exhibited a higher value than other
extracts. The 60% ethanol extract showed prominent activities
in the tyrosinase inhibitory (used r-dopa as substrate), ADH
and ALDH activity assay. In the minimum inhibitory
concentration (MIC) assay, 60% and 80% ethanol extracts
inhibited the bacterial growth almost similarly. Moreover,
the gram-positive bacteria was more restrained than the
gram-negative bacteria. The results revealed that the distilled
water and 80% ethanol extract showed a relatively higher
antioxidant activity compared to other extracts. The 60 ~
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80% ethanol extracts demonstrated potential tyrosinase, o
-glucosidase inhibitory, antimicrobial, ADH and ALDH
activities. Therefore, the C. grandis is suggested to be
considered as a functional material for various proposes.
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A F = EAME 9] 3}l -8 2K(Citrus grandis Osbeck)= A
A 7o dF o2 A ok, ot &oh= 2UHE
ojm “&Fa” = “t - 2”2} & 7 th(Hyon et al. 2009). T
A= FobAop7t YA & 213t 7] ol A 2 Aet,
A&, 1, W o] Aok, tiRtol A= Al e 7HE 8L
=2 o] AALE] 71 Q) th(Sawamura et al. 2001; Tao and Liu 2012;
Shamsudin et al. 2015; Wang et al. 2016). 7} 2 & 9} Z2-of o]}
%7985 oo A ofel 4K of 84 Kkt o
2§ 3L (Lim et al. 2006), Q14 of] 7] 5/ & YEtH = F2 &
O = Hjepl, 7714, {714t 59 QY 43+, naringin, hesperidin,
neoeriocitrin = 2] flavanone+, limonine 2] 3]¥rA] B3} ZFo]
ot REARS helm Gk Aoz wusdh
(Moon et al. 2009; Zhang et al. 2014). T~ Z}of] ToF AL =2 =
T} 9] ethyl acetate F-2 &3} A -8-7} dedes aegypri©) A2t}
TAL FIAH 0T A 5T, 2O 2 AFEEIN, N-diethyl-
meta-toluamide T} -S-A}SF 1S B ¢l th= H 1% Q) 31 (Mano-
renjitha et al. 2017), 22 o]83lo] 84 Q AYHA FAAS
S Lol AF = 48 5] ¢ th(Zakaria et al. 2010). T3+ 1)<
o Fadx FEEoldUetd S Al Aoz 1
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315) G eh(Kim et al. 2014). A3 €] 24 o g Al PR 3}
S0 4] QlojHl 2527} B o] ghakaks W o4 v

5o tf3t 3} & TH(Mokbel and Hashinaga, 2005; Lim et al.
2006), 7] FEEO dF A A W 2 w5 Ao gt
| uk 9 3ok § I (Hong et al. 2010; Liu et al. 2017) 59|
9 Ao nuHYth A3 G4 ke Tk
QA7) Hro] QAT F2 33, 7}, o o] 2
o] o 9lof gt ¥t Kim et al. (2010a)2} Moon et al.
(2009)2] 3o} & 7}, Kim et al. (2008)2] 3+4F3} & %, Rao et al.
(2011)2] 9t 73} 0] 0] 9l Wolch Eak vl

S FEE(HEE, oHE 5oy £ =S o] & A+
7t 2ol of A 71A] | FE = 2 EEH GRS
A A= HaE vt gl
wehA] 2 Ao M= FRAF 42 oS T2 (20%,
40%, 60%, 80%, 100%) = %%6}04 Hiksks, Hl= o 3
gy} U]HH a4t 2y g oo EaE vl

L one Bl Be] S Bl P U Hel B
A% RO v LAY} A ATE BB
0 o] §T A2A A AREA Y o]-§ 7H5 4L HA3)
17 3l

WERIETE

S8 Yz

2 Aol A AFERH G AF 922014 10H 2 of =23 A
S AFEHAA T A AL AT A LUt AFo
o] &5ttt o] Z A S A AT T Ao A 10¢ 5t 2 st
Al AZAA G A 7] 2 245k F5F 1087 2] 81 (0%, 20%,
40%, 60%, 80%, 100% o th-&)oll H7F 90+ &t 25°Coll A =
21} 22 7] (Power sonic 520, Hwashin Co., Yeongcheon, Korea)
£ o] &sto] &35} qlch &4 8- 9-3 Whatman No.2 o 2}
A](Whatman International Ltd, Kent, England, UK)o]] ¢ 2}5}o
714527 (Hei-VAP Precision 280 rpm; Heldolph, Germany)S
o[ g5tol SEoiTh HEH AlRE 20°Co|H BeiH
EERECERRET LS

Z2235}7] 9 35}9] Singleton and Rossi (1965)2]
Bolol SRSk, SRR 348 S
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PO 3300 uL9 20% sodlum carbonate
2 H 1mLe) F5745 718t
725 nmof| A &3 %F-Jﬂ% o] &3t FF=E A5
HEA R T v g B2 2 AHEH gallic acid 9

=]

Fo0 2 A%

(GAE, mg GAE/g)=

e of| u} Al AFs}o] garlic acid equivalent
LFERL Aok

DPPH radical A7 =X

O

1,1-Diphenyl-1-picrylhydrazyl (DPPH)& ©]-&-3t 3413} 4
742 Musaetal. 2013)2] {H S M slo] =35} i) o
B2 2 3|45 200 pL A= &8-S 96-well microtiter plate —‘,:—
A Zof ¥l U A = 100 pLof W eh2-& 718t e+ |
A EollA v 714 DA AR 34 0}04(1-56-200
pg/ml) A WA &2 St 202 ARSIt 3] A H &
Y o] 100 pLo| DPPH (0.4 mM)Z & 7}5}o] e = 420
A 308 F-2F 7H-3-A] 71 3 490 nmo]| 4] microplate reader (iMark;
Bio-Rad Laboratories, Inc., Hercules, CA, USA)E- 0]-&3}o] &
T 2A5 T AASL ol o] Al o 2 AASFA 50%
7F e = A&7 5 =5 RCs(pg/mL)= LEFH QLT o/ of
Zot O 2 -ascorbic acid, a-tocopherol, butylated hydroxytoluene
(BHT)S A-3h5ict.

Scavenging activity (%) = [1-A/B] x 100

A: absorbance of sample solution, B: absorbance of control
ABTS radical 2715 &8

2,2-Azino-bis-(3-ethylbenzothiazothiazoline-6-sulfornic acid (ABTS)
= 0|83 it} A7 5782 Reetal. (1999)2] AH W
2 Wy slo] =335}t 7 mM ABTST} 2.45 mM potassium
persulfate S EgF5lof oF271 o] A0 4 16 A[7HE ¢k BE-S
Al71 5 B33 % A (UV-1800, Shimadzu Co., Kyoto, Japan)S
0] 8-3}o] = ZHo] 750 nmof| A 1.2 ~ 1.30] T == sodium
phosphate bufferS & 7}slo] &35 1= =1 160
uL ABTS -8 9H-2- 96-well microtiter plate & HA| Zof @il L}
WAL 100 uLe] Z5 2 Hohekeleh WA S0l A v}
aF 714 A A 0 & 5] 4 5104(1.56 ~ 200 pg/mL) A A &
S SAY RO R AR AL, 107 B9 RES-A1 1 5 750
nm= A & & microplate readerE ©]-8-35}o] 4314t &~ A
=2 DPPHradical 2 A5 2& 3} 22 A 0 2 A AF519 o
50%7} == MEF 9] 5% 5 RCso(pg/mL) = YEFY L 31, F
AT &L S & | -ascorbic acid, a-tocopherol & AFE-5}93 ).

ME] SES é" 5t7] $13to] Oyaizu (1986)2] W&

7+ W Za)ahelet. =8 (100, 200, 300
pg/mL) Al Z-8-olof 500 uL2] 0.2 M sodium phosphate buffer
(pH 6.6)2} potassium fericyanide S 7 7}5}¢] 50°Cof| 4] 205 5
OF B3 A| it} o] &M of 250 uL 2] 10% trichloroacetic acid=
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W31, A5 S microtubed]] 523101 0.1% ferric chloride &
A7bshick ook 2 BAREAES o] §oto] FHE Uk
& ZASoT B FRHE o2 e A,
| 230 2 g-tocopherol & AF-E-3} 41 T

o-Glucosidase XMafiEHd &3

a-Glucosidase #] 3| &A1 &4 35}7] ¢5}9] Oki et al. (1999)
o] BFl-& g 3l of 423851 T} 200 L2 sodium phosphate
buffer (0.2 M, pH 6.8)2} 50 pL9] a-glucosidase & A~2H(0.5
U/mL)Z& At & 50 uLo] A& &Nt &3Fsto] 154 52t
37°Cof| A HE-S-A] Z T} 0] o] A 7] A & 100 uL2] 4-nitrophenyl-
a-p-glucopyranoside (pNPG)E % 7}5}¢] 108 52 37°Cof| A
HF-S-A] 7] & 750 pL9] sodium carbonate S % 7}5} o] W3-
A ZA T vpA O 2 405 nmof| A £33 F = A & o8-St
o] FHEE SASGUTE A&/ offf &f A o= A4bst
o] 50%7} ¥ = MEF ] 5= 5 ICs(mg/ mL) & = e S
L, A Z O 2 acarbose S AFE-5HL T

% of inhibition = [1-(A/B)/C] x 100

A: absorbance of sample solution, B: absorbance without treating
PNPG, C: absorbance without treating sample solution.

Tyrosinase Xoi&y =3

ol

Tyrosinase A 3| 24> Huang et al. (2013) 2] B2 H & 3] o]
0.1 M potassium phosphate buffer (pH 6.8) 2 3] 4 = AHZ &N
o] 71 A & 40 uL 2] | -tyrosine (1.66 mM), & 4~ & tyrosinase (125
UmL)E =4t 2 {31, 37°Cof A 202 5¢F Bh-g- Al zith A
3 £ 5H 3 microplate readerE ©]-8-35}¢] 495 nmof| A &34 =
2 2489tk Ao i-tyrosine BA1o] (-3 4-dihydroxy-
phenylalanine (;-dopa)E 7] 2 2 ©]-&35}9 21 a-glucosidase
AN 243 2 402 ASo] MELT el
3, A 2O 2 arbutinE AF-E-3F3 T}

il

Su| A& ZA =A L Kobayashi et al. (1995)2] two-fold
dilution & W slo] B A=E EAst e 137
OF A1+ S & Bacillus cereus (KCTC 1012), Staphylococcus aureus
subsp. aureus (KCTC 1927), Bacillus subtillis subsp. spizizenii
(KACC 14741), Kocuria rhizohila (KACC 14744), Micrococcus
luteus (KACC 14819)9) 5%, 113 SA# O 2 Enterobacter
cloacae (KACC 11958), Klebsiella pneumonia (KACC 14816),
Escherichia coli (KCTC 1924), Pseudomonas aeruginosa (KCTC
1750), Proteus vulgaris (KCTC 2433)2] 5%, & WL & Sacchaomyces
cerevisiae (KCTC 7913), Pichia jadnii (KCTC 7293), Candida

albicans (KCTC 7965)9] 35 A & of] AH-&-st Sl th. A g ol A
ot = 242 S A n A S A AL E (Korean Agricultural
Culture Collection, KACC, Suwon, Korea)?} A=A} Al E
(Korean Collection for Type Culture, KCTC, Taejon, Korea)of] A]
Bk ol 4ol A8t on Btel oA WA & ol g5}
o] ZF n| Y E9] A A2 2 b9k 11, 96-well microtiter
plateof] =519tk M E 9] 255 %7} 7.8-1000 pg/mLo |
5 g, 12 AIZHEQE vl ke & St 2 Al E 9 n]AY

= AL BEstF o FAY R A2 2 tetracycline S

ADH % ALDH &4 =%
Alcohol dehydrogenase (ADH) &4 =4 3}7] $l5to] 43§
A% Shimetal. (2013)0] AL FeE BFH & W oFo] A}
3} Th 100 pLo) 3] A4 % A& 8N o] ethanol Z} nicotinamide
adenine dinucleotide (NAD) A] ¢k 7}-5} o] 233t 5§ glycine-
NAOH (pH 8.8)& A 7}5}0] 1.8mL7} 5| =2 2 dshgie}. 71
T 83 -8-H% 25°Co) A 105-¢t HH-g-A1 71 & ADH (10
U/mL)& 3 7bstal 2333 A & o]-8-5Fo] 340 nmof| A &3
T2 545k
Acetaldehyde dehydrogenase (ALDH) 24 24 -2 Tottmar et al.
(1973)2] HI'H-& 1 g 5}o] 4238 5] % T, 50 mM sodium phosphate
buffer, 5 mM acetaldehyde, 0.5 mM NAD -84, 0.1 mM ALDH-S-
A= F7Esklh o 7] o 200 uLef HE A &5 H7}st
0] 37°Cof| A 104 & QF HH--A| ] & F3-F = A & o] &5}
370 nmof| A &-F =5 745Gtk ADH 9 ALDH 2d &4
< ol AFE 5354 300 pg/mL o] Fre = A4St ofef
O] A& o] g5t A4FsH o T3 272 control = ©]-§-
5o} 100%= et o] ADH 3 ALDH 2H4d 2 H] L 43}
At

ADH (ALDH) activity (%) = (A/B) x100

A: absorbance of sample solution, B: absorbance without treating
sample solution

SAAeE

BEHolHE Fa2WtEo R o|Rojfon] A A=
Wyt FEHAFE F 7] 31 SPSS (Statistical Package for the
Social Sciences, ver. 18.0)5 ©]-83}9] one-way ANOVA £ 4]
& A FSe Bargel BAA 59148 p0os ol 4
Ry 3fo] g ol wket 3.9 4 Zfo| 7} 9= Ao th A= oF
H ¢] 2 A (Duncan’s Multiple Range Test)2 ©]-&3}of 4
1o A A 2] 4= 3] o< AF 2 A| 43(Pearson correlation
coefficient)of] w2} A =35} ).

I ofN oY,

Of
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B0 220 A EA 0 el Ty AL Qs 7H wel 4
FHLWHOR AR $5 20 W AZL 8 24 5
of whe} ke 7|2 0 2 AR HE A7 E st A
L AbgsHe §ool S5 ek AR AV A 2 0] el
& AFsHe 2 aolo] Brk whebd 22 §ulot WY
WA om BEA 2ES SIske] U YA Fag

<2

=

Q A7) Elth(Fatihaetal. 2012). o &2 = G52 o] =
Z&-2 Table 19 LFEFYI LT} 20% o 8H-e $=&5-0] 27.62
L091% 71 52 552 Lheks 0 u] 0% 80%, 60%, .
100% o&t& 55 w22 Fo 49 & vt 1
St E35] 100% of et E0]3.82+031 %2 THE FE &
B} A s] ZFo] 7F ekt o m W A of gh-& 3t 5 0] &3t
F2oA =& o] FRIEIT ol= oF& 3 H3] Linmophila
aromatica O|EHE S E=HE &3t Doetal. (2014)9] A1}
o b Auhe B o, Am o) o Shg FEY Faol
N & 32| S 288 el e B
FEEE TR Aol 7t gl th EAL(Kim et al. 2010b)
o Aol 2 mart

o8
+E

vz ofgtE2 27 E A Fad gt edR
thofet A 2|2 of AHg-ohe A2 I A gtem A5 7t
A B2 A7 A E of fr(Hoetal. 2018). & A A o A

T ¥ gt A AR A 2 A Abolof] Aol l=AE Y
obi 7] 9]5to] F Hl= gda 54 5He] mg GAE/g = L e
9l TH(Table 1). 9FA] 123 483} Wit 2 £(628.27+28.11),
100% ]| EH&-(568.82430.42) =2 E-o]| A &= 35S e
on thS o2 40%(557.92420.30), 60%(543.60+10.53), 20%

(486.32:£19.40), 80% ©f T2 +&-2(466.40+3.50) 2] <=0] ATt
T4 B E SR 25t 4T S
ethylacetate 53] 5 9] ¥ & 33Fo| 163.19+2.34 mg GAE/go] 2}
+= ® 311(Ko and Kim, 2018)2} -5} & ethylacetate 2] &0
A1 202.140.8 mg GAE/g 2 717 = A YeEbytthal 3164 (Kim et
al. 2008) 24 W o] Rk ThE A1 Tefslol = o] 5 A
Aol vl e ) B2 o) TS e AS o 5
19t

DPPH radical 2415

g2 Ehyst 2 A9k DPPH 2ft] Zh-2
2y oz S wfel T glou] e szl Agee
E 4 complex< /3517 of] W] a4 Qb 5EaL FHAFSHA| FLE]
AR 4= FAHE 0 EfY Het
Aol kA o 2 & o] x]=d|(Juetal. 2009), 1 4752 RCs
2 UEH Qlth(Table 2). KL= FE&o A 270 = AHE-H
p-ascorbic acid, o-tocopherol, BHT X T} =2 &A1 & H 0] %] ¢F
Shom 80% oS FEBIA RS FEIL $HESE
71%50] Z71eh A 02 et 55 8% ol ek 33
B0l A] 174324845 pg/mLE 7H =& 2758 ey o

100% ol g2 3= & 50l A= 500 pg/mL o] 4] 7H W 2y
& B E3H 8 325 0] 4 375.242.99 pg/mLE UER =
g Lim et al. (2006)2 54} w]<3} hexane, chloroform,
ethylacetate, butanol, 18]11 & E3 & FoAq & EIE0]
DPPH 47 %5-0] 7}4F &0} a-tocopherol 2} - AFSH A4 S H ¢
o B Tehgl, 2% Y S8l & Al AL AL A8
HA AL T S AL ol 2t AZbEIL,
o s g oA A5 vl gthal B Eglo
LH(Al-Dabbagh et al. 2018), & & Loj| 4] = DPPH radical 4~ 7] %
3 ol dekare) Agh BAE 046322 WA en
(Table 6), DPPH 427 52 #|35 3= 0] 9] 9] S4o] #ojst
Q= AL R AFREoh B-AF ¢ chloroform 2] & of A]

i
|o
g2
o
NI
o,

B

X
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Table 1 Extraction yields and total phenolic content of the Citrus grandis leaves obtained according to different ethanol concentrations

and distilled water

Extracts Yield (%)* Total phenol (mg GAE/g)®
Distilled water extract 20.70£1.36 ¢ 628.27+28.11 a
20% ethanol extract 27.62+0.91 a 486.32+19.40 ¢
40% ethanol extract 23.77£0.98 b 557.92420.30 b
60% ethanol extract 21.2241.60 ¢ 543.60+10.53 b
80% ethanol extract 23.75£0.29 b 466.40+3.50 ¢
100% ethanol extract 3.82+0.31 d 568.824+30.42 b

Values are mean value + standard deviation (SD) of duplicate determinations. The values with the same superscript letter along the

same column are not significantly different (»<0.05)
*Percentage yield from the dried plant material

"Total phenolic content analyzed as gallic acid equivalent (GAE) mg/g of extract
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vitamin&-¢l vitamin E, AlE4 AHEHFQ campesterol,
ethylacetate -2 &0l A] triterpene+¢1 a-amyrin 50| 57 &
6 w(Kim et al. 2008; Moon et al. 2009), 48}t & 717 9l =
Z 0 &2 W 315 0{(Yoshida and Niki 2003; Traber and Atkinson,
2007; Melo et al. 2010) ©] &3t 444 £ 25 o] DPPH radical
750l Bl A A 7]ofskaL }»1]\'% Ao g2 Abr ¥

ABTS radical 275

ABTS radical 4:7%-& ZHA317] 412 9] radical 47152 5
At = WO 2, 9HY 3 radical o] 7] wjFof] o] ARE-
%] o] potassium persulfate S AFSHA| 2 Al-8-5} o] BFAISF ABTS
radical} gH4ksh H 37} Q= o] wbE FHE ) 7
SHA 5]‘1] control} B] i 3}o] 1 2}o]E UAFE A7t T
734 nm §Lof| A 24 3th(Schaich et al. 2015). T4 91 9]
o eh-& 5= &5 2| ABTS radical 22 7] %5-& Table 29]| L}
ER Qe o' T =7 S7H = 2 o] fhae)
& W o] B20%>40%60%>80%>100% of £H& %

& U ebytth. DPPH radical 47 53} ZHo] 100% o 82 %
Eoll A 500 pg/mL o]/ 9] W& gH/d o] LreRRE© 1 100% o]

rlr
oM,
o

|o

s
L

ftlo

01 A= radical 227 5ol olst= B0 H =&

ol 2,{4. W X2 (Aconiti koreani Rhizoma)2)
E‘ﬂé ZZ 52 AFE3F Yoon et al. (2005)2] 2 79}
319t} 3-H DPPH radlcal AASO UH B =25
180.42+44.95 ug/mL 2 7}4F =4 YElyt ). DPPH radical
L Ht2 o] =2 A wE B35l = HHH ABTS radical-2
247 of v 3t Al &) A o] Yo} DPPH radical 4 7] %5-of| A HH-&-
3} oFore] B o] A7k Fo]ahe A O 2 oF A 9] O
1 (Takahashi and Higuchi, 2007) = <1510} A == DPPH radical
Ao A S E A 9 =4 o] ABTS radical 4275
ot Aoz AT

siele
3}91 8] 272 potassium ferricyanide (Fe*") 7} ferrocyanide (Fe*)
2 A= A EE 2ASL] S o] S5 =AM o 71t
A A T 24 A s Al & o] 7H reductonedt A 7} 91
ou) 4 BAE Folg o M AN YA G
ASF A 0] 2 BAUSE B8 FHE 1 LhEhTH(Saha

=
and Paul, 2014). T2} 91 o] ghel 2] 75t 2 I(Table 3),

Table 2 The result of the DPPH and ABTS radical scavenging in Citrus grandis leaves according to different ethanol concentrations

and distilled water

Extracts

DPPH RCs, (ug/ml)

ABTS RCs (ug/mb)

Distilled water extract
20% ethanol extract
40% ethanol extract
60% ethanol extract

80% ethanol extract

375.21£2.99 d
240.26+10.05 ¢
192.55+0.95 be
196.38+2.66 be
174.32+8.45 b

180.42+4.95 b
218.02+2.38 b
300.67+£9.54 ¢
311.78+15.03 ¢
482.73+13.51 d

100% ethanol extract > 500 e > 500 e
L-Ascorbic acid 1.21+0.04 a 3.48+0.02 a
a-Tocopherol 3.98+0.01 a 11.72+£0.04 a
Butylated hydroxytoluene 42.66+1.81 a

Values are mean value + standard deviation (SD) of duplicate determinations. The values with the same superscript letter along the

same column are not significantly different (»<0.05)

*RCsp: Amount required for a 50% reduction of DPPH (ABTS) free radicals after 30 minutes

Table 3 Reducing power ability of the Citrus grandis leaves according to different ethanol concentrations and distilled water

Extracts 100 pg/mL

200 ug/mL 300 pg/mL

0.097+0.004 b
0.075+0.004 cd
0.087+0.004 bc
0.076+0.008 cd
0.080+0.003 bed
0.063+0.006 d

Distilled water extract
20% ethanol extract
40% ethanol extract
60% ethanol extract
80% ethanol extract
100% ethanol extract

0.189+0.002 b
0.157+0.007 cd
0.177+0.007 be
0.180+0.006 be
0.158+0.008 cd
0.146+0.006 d

0.269+0.07 b

0.214+0.013 ¢
0.23140.004 be
0.23140.022 be
0.215+0.008 ¢
0.23440.002 be

a-Tocopherol 0.248+0.006 a

0.603+0.029 a 0.950+0.026 a

Values are mean value + standard deviation (SD) of duplicate determinations. The values with the same superscript letter along the

same column are not significantly different (»<0.05)
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Table 4 a-Glucosidase inhibitory activity of the Citrus grandis < UEFH 21 20%, 100% o gh-& & Fol = @2 €4
:flzzeers according to different ethanol concentrations and distilled 2 yebyi ot 8127t Padmanabhan and Jagle (2012)7} ¥ 115}
OF2- A1 5-9] Aloe vera (0.045+0.004)2} Bacopa moninera (0.038+
Extracts ICsp (ug/mL)* 0.015) o E+-L =&E3} 100 pg/mLe] %= & H| W& off
Distilled water extract >500 d E oz 9 2% roA Bt Hojd o] e
20% ethanol extract >500 d HojZglch E3 o) ka0 HAE B v)
40% ethanol extract >500 d (Table 6) radical 2~ 7 %2} 2] 1=0.848 (p<0.001) 2 =& A+
60% ethanol extract 416.35+11.07 ¢ A7 Ve A B 3R] Sl el o] 2 HEkSs o Q)
80% ethanol extract 336.57+2.03 b o= 22 ®H 119} U %514 th(Ebrahimzadeh et al. 2018). ] =
100% ethanol extract 418.18+3.56 ¢ A 3244 521 naringin®} hesperigin 5 #| & 3H3HE0] 7]
Acarbose 83.81%3.14 a ol 3t} 31 XY 7} =] o (Zefang et al. 2016) naringin¥}- hesperidin©|
Values are mean value = standard deviation (SD) of duplicate 243 22 S 7ML & 4 Q) tH(Castro-Vazquez et al.
determinations. Values with the same superscript letter along 2016).

the same column are not significantly different (p<0.05).
“ICsp: Concentration requires to reduce 50% of a-glucosidase
(ug/mL). a-Glucosidase Ao

a-Glucosidase = A5 T3t 7) 0| a-amylaseo] 2] 3
B OEA 0 R B U o] B 2280 100,200,  HIH o] FRE TR R a|e uf Profsh T ol
300 pg/mLof| A Z+ 0.097+0.004, 0.189+0.002, 0.269+0.07 . 2 ] 1 5 Ao A B4k o] ZF A7) of| A AFE-E] A HE w2 A
Vg 955 e A 18 5 Ugich T Tols  FEw WG} wokA ke A9hg fsl] = whk.

c

& 5 E7t S 7eol whel 2] o] ZrAadh= A S Hof 40%, a-Glucosidase # 8] 4| 2 acarbose, miglitol, voglibose 50| A}-&-
60% oehE FEE0l e H7h oA vl d 224 i gloyRargo] RuE o] W 3550 A a-glucosidase

Table 5 Minimum inhibitory concentrations (MIC) of the Citrus grandis leaves according to different ethanol concentrations and
distilled water against microorganisms

Minimum inhibitory concentration (ug/mL)*

H,0 20E 40E 60E 80E 100E Tet
B.c - - 1000 125 250 250 8
Gram S.a - - - 500 500 - 8
positive bacteria B.s - - - 500 500 - 8
Kr - - - 1000 500 - 8
M. - - - 500 500 - 8
E.cl - - - - - - 8
Gram Kp - - - - - - 8
negative bacteria E.c - - - - - - 8
P.a - - - - 1000 - 8
P.v - - - 1000 250 - 8
S.c - - - - - -
Yeast P.j - - 1000 1000 1000 -
Ca - - 1000 1000 1000 -

B.c: Bacillus cereus (KCTC 1012), S.a: Staphylococcus aureus subsp. sureus (KCTC 1927), B.s: Bacillus subtillis subsp. Spizizenii
(KACC 14741), K.r: Kocuria rhizohhila (KACC 14744), M.l: Micrococcus luteus (KACC 14819), E.cl: Enterobacter cloacae (KACC
11958), K.p: Klebsiella pneumonie (KACC 14816), E.c: Escherichia coli (KCTC 1924), P.a: Pseudomonas aeruginosa (KCTC 1750),
P.v: Proteus vulgaris (KCTC 2433), S.c: Saccharomyces cerevisiae (KCTC 7913), P.j: Pichia jadnii (KCTC 7293), C.a: Candida
albicans (KCTC 7965).

*The MIC value against bacteria was determined through the serial two-fold dilution method. The growth of the bacteria was evaluated
by the degree of turbidity of the culture with the naked eye in twelve hours.

"H,0, distil water extract; 20E, 20% ethanol extract; 40E, 40% ethanol extract; 60E, 60% ethanol extract; 80E, 80% ethanol extract,
100E, 100% ethanol extract; Tet, tetracycline

-1 >1000 ug/mL
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Table 6 Correlation analysis between the total phenol content and each assay

TPC RDP DPPH ABTS

a-Glu L-Tyro L-Dopa ADH ALDH

TPC 1 0.848*** 0.463 -0.124

0.33 -0.691%* -0.486 -0.351 -0.197

TPC, total phenol content assay; RDP, reducing power assay; DPPH, DPPH radical scavenging assay; ABTS, ABTS radical
scavenging assay; a-Glu, a-glucosidase inhibitory assay; (-Tyro, |-tyroine inhibitory assay; |-Dopa, p-dopa inhibitory assay; ADH,
alcohol dehydrogenase assay; ALDH, aldehyde dehydrogenase assay

*** significance p < 0.001
** significance p < 0.01

£ Aot EES oty = A7 &ds] Jd = AL 9l ok
(Taha et al. 2016). a-Glucosidase #] 3|24 =4 3}o] IC5 2
e 23}t 80% o gh-E& F=E &0l 4] 336.57+2.03 pg/mLE
ohE =9 vlustH FEeHA =A YEen 60%,
100% ogHe FEEolA = T S 7HA = o2
UHERTH(Table 4). &, 20%, 40% o BHS: 2259 72 500
pg/ml oo 2 wje w7 UetuA 2o s AHEH
acarbose®} H| WL ol & o] B = & FEOA FHolid EAo]
Holz] oFSkth ol= 3 9 EE sl FEo|A
60%, 80%, 100% o & FE&0] &, 20%, 40% o && =
=0l Hl3 Y53] =223 Uebd At YR A5 A
gF 2 Aol = e Y] did ol =03300 2 §-9
do] A Ut o m(Table 6), B8 o FF=0fA -0.614
(p<0.05)2 -2 A 3} 8] 15} 4 -2 wj(Nakamura et al. 2016) ¥|
= 3ol obd thE &4 0] a-glucosidase A 3| &g of] 2
7191 & 5} 9122 3215 4= 9 ¢l th Mohamed et al. (2012)
2 F-u| 2 A Z(Orthosiphon stamineus) 2] A gt-& &5 o
3 o-glucosidase A1 3] L/d& XARH 23} Hjmolut EetE
0] 27} A8 0] Tof ok 1 9Tk S A h2 B2 2 v
FA U g3 a-glucosidase A] 8 24 off 7] o8}l §)
o= A& AlAFSE

Tyrosinase X{of &y

bl ol 9130 Ao zhE BETE qTL
Webde o % oke] WakieAbo|Eol 4 AT H

S 350 AAYATE =2 A S, 227k 4 s
5] 3918 ukahie 2 2 olo] Hrh, Wk A tyrosinase S 4] 3]
sto] Web of Thal ARS oA M AR AL Fobd B
27} 9l th(Aumeeruddy-Elalfi et al. 2016). ;-Tyrosine, 1-dopaZs
7| = 3} tyrosinase A 8| &4 & = AFgH A M= Figure 137}
2} 1 -Tyrosines 7| A2 3 A ¢ o9 w=7F 5713
5 A4 o] F7Fsko] 80% o FE= 0] 7 -3t B4
& 20§ 500 pg/mL 2] 5 =0 A 80% 7H7k-e- & X 5 L E
Wk 80% ol g FEEof HIske] 100% ofgh-& F=E=ol
A= 982 A3o] 725t g0 LHekykAl Tk 40% 60%

=
=
=

O Distillad water extract
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& 80% ethanol extract
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=
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N
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Fig. 1 Tyrosinase inhibitory activity for using [-tyrosine (A)
and |-dopa (B) as substrate of the Citrus grandis leaves according
to different ethanol concentrations and distilled water. Values are
mean value + standard deviation (SD) of duplicate determinations.
Values with the same superscript

80%, 100% O EF-S =2 2o A T 2L 0 2 AF-2-H arbutink.
oG A Helow A ek oS 2 5T 49
Lol AE AdAo] = AL AT 4= ol o=
AF Lo A 2 8k= 2R &5 9] tyrosinase 7| 3| 2Hg
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alo] 60% o EH-2-S 7|0 &2 7 A= B T (Raetal. 2017)
A5 U] 5}GITh -Dopas 7] A = 5} tyrosinase ] 3| 2
g et A3} -tyrosine S 7| A 2 3 7 9-2F F-ARSH A F
Ot B 20%, 80%, 100%, 40% o BHe &5 524
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Tk ok 2t arbutin . oF Tf 352 A 8l &/AdS Hol £l
= 1059 oF 84l =5 W k& 2 FE3}0] 500 pg/mL
Lol A 7H -3t &4 & VEHA Glyeyrrhiza glabra 5
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FZE 9] 65.67% (Nannnapaneni et al. 2016)T} F=(Citrus
sinesis) 7 A ol eh2 =50 A 250 pg/ mL & 5= 0f| A 50% 7
=9 ZAS e AE A I (Wuttisin et al. 2017)2} v] 1.5
0 G4 FEE0 w2 oA YS YT 4 AN
o} 123 = 3hehE o Y] A O AF A 7} tyrosine,
1-dopas 7] 4 2 g 79 77} -0.691,-0.486 0. 2 L} EFSE O 1
(Table 6) 1yrosine 7| A= & A9 o3t Auu
(p<0.01)7F 4 = o} o]= A= H|is ShekEo] A3 &/l
Zlofstal Qe As S 4= Adeh A2/ SAR
(Citrus hassaku) )| 4] -2 ¥ naringin, heperigin®| &= #| 3f &
& Kol 37} ¥ 31 ¥ 9] © t(Itoh etal. 2009), T2 =
gk o] frAboll 5 of $l+= naringin, heperigin©] tyro-
sinase A] 3| &/ of] & & eh-& ghrhar Sk o

o U

A]
< 7M1 284S A=A Az} st AL7F
(Bensizerara et al. 2013). B-8-A} 91 9] o &+

] Ay ol Tt A 824> Table S&}F Zro] 40% ol g2
E-0| B. cereus, P. jadnii, C. albicans 32 1000 ug/mL 5 =) A
oFgt A 3l 2/d-& LEFH AT 60%, 80%, 100% o &2 &=
& 2= I Aol 1000 pg/mL 9L 71 0] 5] Sy oA &
H7F oIl 1T SN A = P. aeruginosa} P. vulgaris©
Ao & o] /2| Qi th E3] B. cereus}t P. aeruginosa-- 125
250 g/ 5 E 4] EIAO 2 o A|5he] o] 5 25of A
o 2430] Q1 B0 47 ol EA B AS HAals
Ch B3 0] 9= 100% o €& E890] 250 pg/mL 5=
A P jadniiol ek A A& KGO Hal A w2 oY S
e Th Galdiero et al. (2012)©] X 113} v}9} Zho] 13 &
o] 1t AT ETE L2 A Q1 Hhol 7] ko] glof A sl
o] gk Fdatoll A o Atk gt -2 E AP A & LEH
oh W 2 5, 20% o2 F=EE0] 2 A M9 WA=
A Holx| ogkom A ST Apy 540 T
Tolstal Yl AR A=, E3 #His ksl n| 4=
O A i W of| 2+-g-5ko] A= A2 AMLS e =N B
& eI Th= Shanetal. (2009)2] Z37}o} &a] B A of| A=
71 o] A2 80% et FE e E2 EAS HAl
Bol Gl 1Y e B FEEolA WS AHBAo| i}
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o 11_11
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Fig. 2 Alcohol dehydrogenase (A) and aldehyde dehydrogenase
(B) activity of Citrus grandis leaves according to different
ethanol concentrations and distilled water (300 pg/mL). Values
are mean value + standard deviation (SD) of duplicate deter-
minations. Values with the same superscript
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