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Abstract

The comparative study evaluated the antioxidant and antimicrobial activities of Sacha inchi (Plukenetia volubilis
L.) leaf extracts from Mandalay and Yangon, Myanmar. The total polyphenol and flavonoid contents were higher
in Sacha inchi extracts from Yangon (97.84 and 89.60 mg/g, respectively) than in those from Mandalay (71.27
and 60.81 mg/g, respectively). Both DPPH and ABTS radical scavenging activities and FRAP values were higher
in Sacha inchi from Yangon, than Mandalay. A clear zone formed aroundallpaperdiscs placed on a plate coated
with pathogenic bacteria indicated antibacterial activity of Sacha inchi extracts. Time-kill curves showed that the
growth of all tested strains was inhibited by incubation with Sacha inchi extracts for 24 h. The MIC50 and MIC100
were 6.25-2,000 and 125-5,000 pg/mL for eleven and eight tested strains. All measurement methods showed that
the antibacterial activity was superior for Sacha inchi from Yangon compared with Mandalay. The more effective
antioxidant and antimicrobial activities of Sacha inchi from Yangon were ascribed to the higher abundance of functional

phenolics and flavonoids.
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N B

2 7huist © AgE SAARo] e ek, 1%
of ] sfiglo] Waksti glom olo] w2 24 B J1AkE
o] 487k 57F5ka1 QICK(Choi 9 Rhim, 2011). A58 24
2 EIES ANDA B L Wgo] dolh] Hiv]
(Kim %, 2007), & 0]g22] 2-§o] o3 A0E, A% 9]
sy FE0] o8l oQE SARES HAT A TE, A,
2¥ 5o A43E FA} dold 4 SUthSeo 5, 2016)

Staphylococcus aureus, Listeria monocytogenes, Salmonella

spp., Echerichia coli, Bacillus cereus= =1} Eo] dg] &
2xfo] glo] YaFoA F2 LHo| HH(Oh 5, 2016),
Vibrio spp. Y Aeromonas spp.= 153 ojufjiFollA &A0]
o] Hj@ZE s HLee 5, 2012; Park 5, 2003). A=
FAPCIA = ol=et AF=EdEY SA= dAlsH] st
dehydroacetic acid, sorbic acid & benzoic acid2} 22 $H4]
HERE AN itk T2y, 2ol 11 Aol digt
S27F A=A Qlol, A AlE R I =2l Higt
o] F71skaL = FAloltHJeong 5, 2006; Yoo 5,
2005).
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oM, BE AEZ YA dAE Y8l 4AaE 8= St
W, oAk T Fo] SBABE PHE BHLEeactive
oxygen species, ROS)0| 25 A=o] F=5 Qlojztal Kl
E|9tHKim -5, 2012a). /AT AR tApE==
superoxide anion radical, hydroxy radical ¥ I}AESkpAQ}
22 ARt (free radical)o] 31o™, o]52 Ao &
Aok A A Hegt ARkgS Boto] BARRS HAAA
B4 284, Alxesl, 5L 9, o 59 45 A
= WAIXITH(Yoon -5, 2006). webA AaldlS fIsiA=
A W ARt Ee] 84S 2Alske Zlo] Sa%t AR

ETHlE SRME2 Al1E0] 9okl Qe 23 tAKE=R
flavonoids, anthocyanins, tannins, catechins, isoflavones,
resveratrols S°| Jo™, 1 =7} 8,0007}4] oJilo]| H=
A0E HIEQIHKim 5, 2012a). EFulsol= the
hydroxyl group< 395l lo] < H Thlay} -2 7
A=Y AdolEs 4dS o AR s 2 U
e AHZ Aok AkE UERATHKim 5, 2007). S2HE
ol IHEE A& ehRE] Sle HEAR] Hsd &
2 9| stU=, AAA ] g2 £3Estal 9o, FHold &
sst, 9ei% 9 FRANE T Qe Ao BIH
(Coppo®} Marchese, 2014). @A7HA] E28ls 1283l &
Hiolt SO 177154 axtol disiA B2 Hivt
AoH, o= HA A=9] ot B} o2 HA &
FAZAY o]&of thigt IWAlo] =OoMA|AL Sl FAloltt
(Cushnie®} Lamb 2011; Kim 5, 2012a).

AEA}QIX](Sacha inchi; Plukenetia volubilis L.)= Z~E}H|
(star bean), 970 H(inca peanut) ¥ 2 M7} E(Omeganut)
2% E7H, JS3H(Euphorbiaceae)®] FZAZEA] ofRE
oju} FHorAoFe] Fehf-Hofl AT ARRIAIE E B
¥ =AM Fuli7} Wo|w, TR &of 28] 7ksgh A9
SAE TRtk ARRIAIY FAtoll= T o] 27%, A%
o] 35-60%, HFEA] oH, 1 FoNHE -39 0-6 5
EZAARo] o 9RRE o] Urtal B 1% QIrKFanali 5,
2011). ESE ofl&= terpenoids, saponins Z phenolic com-
pounds G FHF-5HL Qlof QR4tel 9 AR S A
sk A7 okl B E Qe Kumar 5, 2014). 22ofl=
ARARRIZ| 9] vitamin E 83 9 &5 ARof|42] QFa/go] &
IERloH, 1 855 AHIAEAA R IFgHo} SfjoflA:
Rt FEY] AE 02 715 o] f-55] 1L THLee, 2019).

AukA 0 2 ARRRIA| = FAR} A XS] A= &
Skt ARRRRIF[ O tigt tiFEe] A SAHY] VR
9 Aol tiet Ao =A AA7IA] A FEO| B2
e - F5et AFgoltk wEhbA] 2 AtoflAl= wlQkat

of ghgEo] gl 2 A HojlA it ARRRIA| Q19| & &7
HEd E2tolE SjtE A B4 9 HAeEAS &
UstRom, dEAQ AF=at 12500 et Yt TS =
ARstol ARIRIA| Sl 715/341E H AFE Ve £AlRA
o] &-8/de AarstaAt gt

R

YHNE ¥ 222 24

ARRIQIR|(Plukenetia volubilis L.)= 1|QF1e] aig#o] =
QFAIol 2016d0] et AOR o) RS 8 AT &
Zslol 5] A2 AS Aol ALgsich, Hlopt A}
X} A]+= Post-Harvest Technology Traning Centre(Naypyidaw,
Myanmar) 258 AFRQLoH, Fatik ARRIA|= B|QH]
AFAQEL AFS) AEAQl Pharmaceutical Research Department
(Yangon, Myanman) 278 AZH-2 AS Ago] ARSI
th FE2E2 URARE 30 goll SETH] 15812] 70% ofgk-
= 7Fsto] 50TolA EREZsHHA 4ARE FE51510H,
ADVANTEC paper(No.6, ADVANTEC Co., Tokyo, Japan)
£ ol&sto] 23] gt & 3} 5=7I(EYELA N-1000,
Riakikiai Co., Ltd., Tokyo, Japan)S ©]|-835}0 s=3lGt.
ARFQIR] ZZE-2 dimethyl sulfoxide(DMSO)O] 100 mg/mL
LR =0] 20T Hysto] A9 A, S/TE ol8s
A2 SAsto] ARESIGITh
SEh=E & =Y

ZEZ98s SRS Folin-DenisH(Folin?} Denis, 1912)&
ol &3ty &, ZF &5 50 uLo] Folin reagent 200 pl&
713t F, AeolA 383 FAZE F 2% NayCOs 150 pLs
7¥slom, A-2oA 2417F Bt ¥EgAIZ] F spectrophoto-
meter(SpectraMax M2, Molecular Decives, San Jose, CA,
USA)E ©ol-&3sto] 760 nmollA S35 57451t s
AZE= gallic acid (Sigma Chemical Co., St. Louis, MO,
USA)E AR8olglor, AdH R o=RE FEL
HE I ARESHI AEE 33] vHe ofsto] Hatgt
= AXsh

L

o
JJp

ol

]

F X

=
=10

£

SEELO0|E &F

ZEgtH -ol& 3R Davis ®FH(Jang 5, 2012) o]&
slo] 245197, Z7H9] A8 0.1 mLo| diethylene
glycol 1 mL2} 1 N NaOH 0.1 mLE &35t 5 30Tl
60271 SAIA7) TR 420 nmelH BR=S ZHsiIk B
FEZZE quercetin(Sigma Chemical Co.y2 ARSI OH,
Alget sYs o R BAsto] Z2HdH EEHFAHC RS

Nomot 0

i
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FEehico|s BRREO] YRS I AlRL 33
a1 Safsiol Bgre AASAC

DPPH ziC|g A7Ed &3

7} 2259 DPPH 2z 2752 Blois 5(1958)2] 3
S o7t W@ste] WUlslglth B AR 02 mM
DPPH(Sigma Chemical Co.) 8L 1:1 H|&Z 7}3l0] 2
333t 5, Aol 3087 ¥R B 517 nmof|A] T
£ ZA9irt 23 32 AR o SHSE AR diR
I} vlwsto] 2tz AAS/S YERQIY. DPPH 2
2 AYE 33] HHE 3ol Batghe ARSI

AR o 2

DPPH radical scavenging activity (%) = (A - B) / A x 100
A: Absorbance of the blank
B: Absorbance of the sample

ABTS %0|2 278y =4

ABTS 9ol 47 S ABTS 893} FALE
(potassium persulfate)0] ¥F3-oto] AAJH ABTS ol2o0]
e Bt gote] AABO =M Eq2] BHo] 2
= YeE ol 83t A¥o g o]9] FYLEE S oto] A
3t 582 S8 4 UthRe 5, 1999). 7.4 mM ABTS &
< 2.6 mM TSPAPET S3toto] QkaoflA] oF 2441%F RS
AFoeH, 732 mmoA SF=7F 0.740.03°0] HES
phosphate buffer saline(pH 7.4)0.% 3|A5}o] ARES}Tt.
S]45k 89 050 uLo] SEAT SAe AR 50 WLE 7}
ok 5, Ao 1081 HARE vy 732 nmof|A SFEE &
HEgict. A3 g Al Al Z5eE A1 ezt v
wsto] L] AALECE Yo, PR =
L ascorbic acidS ARESHSIT

% ABTS = (A - B)/ A x 100
A: Absorbance of the blank
B: Absorbance of the sample

e

FRAP &itshs =4

FRAPO| 2|3t A5~ Benziedt Strain(1996)2] ¥
of w2t =353t} Sodium acetate buffer(0.3 M, pH 3.6),
40 mM HCIZ 833t 10 mM 2,4,6-tris(2-pyridyl)-S-triazine
(TPTZ, Sigma Chemical Co.), 20 mM FeCl; - 6H,05 Z+2+
10:1:1(v/v/iv)S] &2 Z3l5}o] FRAP reagentsS A %5}
o, 37CE 7h25to] Aol ARESHTHBenzie?} Strain,
1996). F2E2 UYY 52 45t ANSIGi ¥

I

Ol

2 AEH 0.05 mLo]] EFE 1.5 mLE 71 & 235t 3
7CoA 3087 HESAIZ] 3 593 nmof| A9 S E 275}
[o=]
N

o

Arg 2 2 HY

2 Alglo] A% I3 T 4%, 19 S4T85S 7
0| AE R ZAE|(Korean Culture Center of Microorganisms,
KCCM)@} St=rAg-5at - v EAIAIE (Korean Col-
lection for Type Culture, KCTC)o|A] H£9F wo} AL8-3}3tT.
24219] o} 2748 Table 10] UERRSITE. 418 2L 600
nmo|A19] ODZ}e] 0.2(HH2F 1x10” CFUML) H4 52 A
oAl 27sto] ARESIIT: BiAl= 24 #5=9] S0l B
Az, 121T, 1570 1583+ Hstol Aol
A8,

Paper discH
St S paper discHH-& ARE-d10] EA451ATHKIm 5,
2006). ZF 2] HiQFH(ODgy=0.2-0.3) 100 uLE agar plate®]
FEHO| FLSHA =3t F, paper disc(7 mm diameter)E &
T2 5, 4 25 60 uLE discol S5AI71 F, agar plate

E
of] ZeEUTh DiscE &85 agar plates= 37COl|A] 16A]

rlo
I o

o

Table 1. List of strains and cultivation condition used for anti-
microbial experiment

Pathogens Cultivation condition
Gram (+)
Bacillus cereus KCCM" 11204 NB?, 36C
Bacillus subtilis KCCM 11316 NB, 36C
Listeria monocytogenes KCCM 40307 NB, 36C
Staphylococcus aureus KCCM 12214 NB, 36C
Gram (-)
Aeromonas hydrophila KCTC? 2358 NB, 36C
Escherichia coli KCCM 12119 NB, 36C
Pseudomonas aeruginosa KCTC 1636 NB, 36C
Salmonella choleaesuis KCCM 11806 NB, 36C
Serratia marcescens KCTC 2216 NB, 36C
Shigella sonnei KCTC 2009 NB, 36C
Vibrio parahaemolyticus KCCM? 11965 NI\]IBaC\Y,it}; 6_:’((:%
Vibrio vulnificus KCTC 2959 NI\EIC‘*’L“}; 6%C%

DKorean Culture Center of Microorganisms (Seoul, Korea).
PKorean Collection for Type Cultures (Daejon, Korea).
YNutrient Broth.
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7r &t st e, disc 49 clear zone 27(mm)S
=Xoto] ot S TSI

ARQIA] FEBY AREF] T Y ANEIE =
g5t7] flI5to] broth-dilution S o]-&-sto] AT
(Jang 5, 2014). 12%9] #5Z nutrient broth BjXJof| ¥ 11
ODs0=0.2-0.302 Z4&gt F Ado]| AMFsIT)E 96-well
plate©]] nutrient broth 120 pL, w8 50 pL 181 5=E AF
ARIA| F=E5Z 50 uLE F7Iske] 36.5 ToflA vidshHA
4A7Ee] ZHAE a1 24A17F 59F 8% 2 SPSHITh

A= 2A

RPRIA 220 AFET 9 AEEe B Mo
8] SEMIC) 2742 S Jang 5Q014)2] HhES 42
5 2elo] AHBSIATE, OD-020302 247 79
50 pL< nutrient broth 120 pLof ¥o]& & 0-5,000 pug/mL
S ARRIA] 3252 50 uLE 7Ilo] 36.5CA 24
ARE 57t i) & B e ST o] u, =S
AES 50%2 100%= Asfcke &5 247 MICst
MIC0 0% 23Tt

SHA2|

HE Addde B9 EEEAE UEgleH,
SPSS(ver. 19.0, SPSS Inc., Chicago, IL, USA) program=
olgsle] ANOVAS AAslelon, 7 2o Baatel %o
43S Duncan’s multiple range test® AR AXHS 43451

THp<0.05).

Za 3 a3
Z0Es ¥ 28R L0|E S

n]QFt & A O] AP ARRIA] &5 FEYHE 4
Eeti ol g ST Aik= Table 29 At vh
o] gl At ARRIZ] FEE0] FHlEA SRIE 2
71274121 9 97.84+2.25 mg/gO& OFILAF ABx}oIX|7} ut
geoit ARRIA R B =2 Hied StE e T
Sk Sle Zog ERIHTH

AE &0 3EC] e TR Y 24 5 Hs
SRIES AlE0] 7MY gol Tfskal Sl 2% tAMER
A, At dS 782 4 3l phenolic hydroxyl7|E
2] 7 7R 3L Qlof ey} 22 AhEAET 4A Aet
o, AL, e, et A4S 59 TRt e UE
Lo 25 488 s AR BusEQltkBoo 5, 2009;

Table 2. Total pholyphenol and total flavonoid contents

Sacha inchi-M" Sacha inchi-Y?

TPC 71271217 mg/g GAE  97.84+2.25 mg/g QUE

TFC  60.814334 mg/g QUE  89.60+1.41 mg/g QUE

Sacha inchi from Mandalay.
)Sacha inchi from Yangon.
PEach value is expressed as meantSD (n=3).

Jeon -5, 2008).

ARRIZ] FEE9 FEetH ol SME TR 47
60.8143.31 2 89.60+1.41 mg/gO & YILAF ARXQIZ|7} uF
o4k ARRIA| HT} T 2 EetE ot SRIES TG
5l Q= Ao FHolxgich

Eote olE SIpHEL A5 9of H vl o
HES Aok EUEA, Ao s Afatd AA 4
A 838 YEYE 8 EZoltiCoppo}t Marchese,
2014). Lee®}t Min(2007) &, ofere Y HehE2 &3
571A] ekgA1E] Edjuls ItE gt et ol 3t
A= T BAIE st on, BE Bufolx] 2w
= IRIE o] 2245 St ot SRIEY] T H
gloto] EA VRS SRIsIFITE Jang 5(2012)2 A1E0] &
As= A, A7) 2 713240 et gkl s H)
=4 B4 T 9 249 Ao} Qlrkar Barsioirt. v
o= A7t 700-1,000 mm2] =7} Wele AXRAHRI ¥,
P2 A Aol 2,200-28,000 mmE =2 RS UE
ol =21l ggo] fefstH, ggo] FHt SHETL 2
2] Exxlo] 9tk A=A 9thAung, 2011; Li S, 2018).
B AolA F NG ARRRIAZE Sholes Tl U EEtE
-o]= FFHEQ] Ajo|& AlEo] AAok= A 9] 719 9l A
Q] jojof| FFE WokE ACE FkETh

_?L

L

AARIZ] 2EE9] 5= DPPH Ztizd &7 &/ Fig
1A9} Zth. whdelo] T12jal ot ARRIA] 252 B
SX7t S7FE5= DPPH 2z 474 &4o] fojHos
S7Foke A% E3ith = AX/99] DPPH 2oz 47 &4
< vl A3, vhdeolil ARRIRQIAE= 30.87-46.68% %2
], QFLAF ARAIQIA|E 44.83-59.87%E, LAt ARRIQIA| 7}
grEolit ARRIAIEG foFoR w2 BS HIth
E39], 7P F2 5 125 pg/mLo| FEO] PR AL
Az A5%EQ] 500 pg/ml 5= TrEHoAk ARRRRIZ|QL &
ARt 2tz A B UERo] it ARRIRIA0A H
E2 B @S UEREE gRIg 5= itk

A} 282 AE T A EAfch= A1E Al A
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Fig. 1. Antioxidant activities of Sacha inchi extract from Mandalay
and Yangon.

A, DPPH radical scavenging activity; B, ABTS radical scavenging
activity; C, ferric reducing antioxidant power. Results represent
mean+SD of three replicates. Different superscript letters in the same
column show differences (p<0.05)

M, Mandalay; Y, Yangon.

HRkSo] Tofsh= B4 Sitidol ARt H a4 YAE 5o
slo] obdE o gz HMsleli= 28-S welt) o] A
A 3o 282 24 o] MR Fof 2He-Z B9
A1EY] A 4t A 9 Q1A W &4 2ol Qg kot
£ YJAlske 285 ATHMinTt Lee, 2007). £ Aol =
DPPH 2tz A -Z o]&sto] ARXRIA| 259 4itkst
23S H7IHt}. DPPHE 2 A4S E= |2 2
B2A], AR E= oFRIF 50l ofsto] ShedEof X9 ZF
L7t Fashks A4S o83 Wtk DPPH iz 47
P2 =7 o] IRstAA T tiRFe® 7o) 71sst
of TRt A A RRE Ak} E24& AMst=t] Eol
o]-&-=tk(Jeon 5, 2008). Nascimento 5(2013)2 Hapd =z}
A A1) 9 Bu # 222] DPPH Uizt 47 4
SiIslson], ARAT 250 pgmL HEAA AR &
FEET oSS FEES BT 50% ol B2 AASEE
HeEr, ol A& el HoR ]lsto] AE9] Filst
a79] ApolE HQl Ao AlmEtH(Nascimento 5, 2013).
Boo 52009 Sl ekl A2k gofiso] el Azt
TAE 7T Ukl HI8kY0H, Lee 5(2015)9] ARSI
A &% AE(HE<S; Euphorbia L.)Cl H|SE (Euphorbia
humifusa)®] 2 81 '8 AR} G52 ERIgH AollA=
7} 3559 E9vs ool Wt DPPH &g 44 &4
o] F7Fol= A3E Hoj & Aae} AT ERIg &
pibieg

ABTS 2ejz 47 24 Uehdl 2k Fig. 189} 2ok
ABTS 2}tz &7 @42 F 55 IF 5k J&Fo=
718101, 125-500 ug/mLo] S eoflA] Al ARRIRIA]
FZ259] g A7 AL 91.82-95.33%=, 87.38-92.98%
O] B4 HQl whdEolit ARRRIA] FEEH foldo=w
=2 24Z UESl

ABTS 2z &7 SAHL ABTS Yo]20] potassium
persulfate@} ¥R-3-5t0] F/JE HE=EMO] GHo] st =4
7} gRgsto] GAE= APE o]&sto] S5k WRoltt
(You®} Kim, 2018). Kim 5{(2018)2 34 U @7]9] H=
SRIE gl e A 24 ATkl DPPH 2tz &
A &3} ABTS 2tz &AZ/do] FARE A HIlo
H, ol EtH 0|5 HIRS visd SlgkEo] A 2y
2 7okt o 3o g 2RE5)7| wioeletal Harst
Ak g, F FE2E BF 7P B2 520l 125 pg/mLo|
A 80% o] =& 2z 474 S Ko DPPH 492
Fof| Hlslo] Tha: =& G4 H =T, o]=2et A= =4
I BS54 AR Akt B0l His wizdstA BFSShe
ABTS A9Fe] E4 wfiEel Aoz AlzHch(Shind} Lee,
2011).
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FRAPHZ o]-85to] = A9 AXRIZ| F&5E2] Ak}
S F79% Aoz Fig. 18} 2t = 55 25 5k
O] 0= FRAP glo| 3715312, 125-500 pg/mL 5=
oA FRAP 12 A ARXIRIZ] 2E0] 0.44-1.130%,
0.27-0.672] FRAP & HQl ghdaofik A1 2 EE
o felHos R ATE Lehfelrkp<0.0s).

FRAP ¥'H2 Ho|29| 3Hg S Soks WHoR, ¥
& pHOA SHAAo] Q)] ferric tripyridyltriazine(Fe**-TPTZ)
E3EA7} ferrous tripyridyltriazine(Fe*'-TPTZ) 0 & $HlE]o]
F2GS o), BAo] WSS RO BALL ehint
(Jang S, 2012; Ku , 2009). Kim S(2012b)°] 3} 39 ]
A9 it B BT AtolA, Aaso] FRekar
S Belsls SRIE Yol DPPH 2foiz A4 2
FRAP 213} H5:3E 3982 VISl o™, Ku 5(2009)2 H|
B4 S840l e P4 SAT00A HEm 9 SR o]
T 3Rk= 3 DPPH, ABTS @ FRAPO| A4S} E4Jo]
Fo| AATTAZE Akl BarshYict B Adof|A] AR AF
QU7 w0l AR} 8 FUBS Lk 2

< FE20] ok Qe & Evle 3 Eotieol= 3}
TE el Alo= AleH.

F 24

Paper disc S BE A 3EEC) 4FE o] 1
3t PGS SIS A= Table 33} ZTh T ARXRRIA|
FEEZ 500 pg/mLo] =& paper discol] A7 F 24
AZE 30 paper disc ]| A/dH clear zone2] 2| HS =
Hojo] ghreby AL Uehick 1 2ok Rt A1
9] gte/go] whrolAk ARRIRIX| o skl A ZA =3
o} 3L F2E BT O3 39l ek @ 2401 1
2 F/dwtoll Hlsto] IA SAHEU. 53] FHAE ARIRIA|
ZFZ252 A hydrophila©] t5to] 13 mm ©JA4}9] 2 clear zone
o] FAx]o] & IJHFTAE YERAAL Serratia marcescens,
Shigella sonnei & V. parahaemolyticus©l] T} 10-13 mm
3719] clear zoneS FAJSIT). Paper discHOE IS
S45k= A5, Aol ARESl= paper disco] 271, FA 1
Y1l FE50] discoll F5Ee FE5=9] A4 w2t 2t
O] Zpol7}t 1= o Ath(Lee 5, 2015). WEA| o]F Ao
A= o] & S5k AR HiR|o] FEES FEote] v
& S Al FAS 183 A A s=MICE 475t
of ARRIA] F2E9 FHES B7IsHIH

ARRIA] 259 A5 Ao adhs ARRIA] F5E
AE T =8 S9EE 5450 oDglE 7153 & A
TAE IR Fig. 20] UERT: ARRIA] 2& 250
500 pg/mL2] S0l 24417 B3t o S A HEE £

oot
N

:

don B fo m

Table 3. Antimicrobial activity of ethanol extracts of Sacha inchi
extract from Mandalay and Yangon

Pathogens Sacha inchi-M" Sacha inchi-Y?

Gram (+) bacteria

Bacillus cereus +3 +
Bacillus subtilis + +
Listeria monocytogenes + +
Staphylococcus aureus + +

Gram (-) bacteria

Aeromonas hydrophila + ++
Escherichia coli + +
Pseudomonas aeruginosa + +
Salmonella choleaesuis + +
Serratia marcescens ++ ++
Shigella sonnei + ++
Vibrio parahaemolyticus + ++
Vibrio vulnificus + +

Sacha inchi from Mandalay.

Sacha inchi from Yangon.
9+, moderate inhibition (7-10 mm); ++, moderately high inhibition
(10-13 mm); +++, high inhibition (=13 mm).
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Fig. 2. The growth of tested ten bacteria and time-kill curves on exposure to Sacha inchi extract from Mandalay and Yangon.
Only bacteria (@), Sacha inchi-M at 250 pg/mL (M), Sacha inchi-M at 500 pg/mL ([J), Sacha inchi-Y at 250 pg/mL (@), and Sacha inchi-Y

at 500 pg/mL ().
Results represent meantSD of three replicates.
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Table 4. The minimum inhibition concentration (MIC) of ethanol
extracts of Sacha inchi extract from Mandalay and Yangon

Sacha inchi-M"  Sacha inchi-Y?

Pathogens (MICs¢y/MIC 00)  (MICs¢/MIC 1)

Gram (+) bacteria

Bacillus cereus 62.5/- 62.5/500
Bacillus subtilis 2000/- 500/-
Listeria monocytogenes 62.5/2,000 62.5/5,000
Staphylococcus aureus -/- 1,000/-
Gram (-) bacteria
Aeromonas hydrophila 125/- 125/1,000
Escherichia coli 125/1,000 1,000/-
Pseudomonas aeruginosa -/- 62.5/-
Salmonella choleaesuis 62.5/125 62.5/-
Serratia marcescens 2,000/- 1,000/-
Shigella sonnei 62.5/125 500/-
Vibrio parahaemolyticus 500/- 500/5,000
Vibrio vulnificus 62.5/- 62.5/1,000

YSacha inchi from Mandalay.

ISacha inchi from Yangon.

-, no inhibition.

MICs, Concentration that inhibits the growth of bacteria by 50% for
24 h; MIC,¢y, Concentration that inhibits the growth of bacteria by 100%
for 24 h.

AFAT, JAE ARRIZ Y] FEYHE E FEIEO|E
3eFo| 212} 97.84 mg GAE/g 2 89.60 mg QUE/g=, THEd|
oAt ARxJQ1%](71.27 mg GAE/g ¥ 60.81 mg QUE/g) Xt}
E2 e UEUlth 4kt 2442 1% A3, DPPH
9 ABTS @ &7 183l FRAP s 5 it
APRIA7) sErEoll ARSI B8 F4E Uehgg
o Y W 274 A T 499 AR BE 45ET
9 A FF o] thste] paper disc SO clear zoneZ 3
Haigion], 482HE BT 2o} 2442 B2 AR
S50l Qsto] AIF F9] 50| A== A &5t
Ak E3E 1159 Al@ol tiste] 6.25-2,000 pg/mLo]
MICse0] ERI=UAL, 8Fof thsto] 125-5,000 pg/mLej
MIC 0] FRI=| ). 3HH, HE ] S HollA] gt
o2 ol ARRIAe] 3} heolA Aol Lt
Hold Z o= Uesitth. AR 9 /oA B g
A ABRIX A3} U Hold RS BRE 1A W
W Eepiol= SgHEe] Tl &) el A0z Wt
=

ANl 2
£ Q470 AgH AlES A[F5te] 741 mlok} Post-Harvest

Technology Training Centre@} 1]QH} AF3E.0] Pharmaceutical
Research Departmento]] ZFAF=H YT}

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Miran Jang https://orcid.org/0000-0001-5934-982X
https://orcid.org/0000-0001-9928-7379

https://orcid.org/0000-0001-8196-7149

SoHyeon You
Gun-Hee Kim

Reference

Aung HH. Potential seismicity of Yangon region (Geological
approach). Adv Geosci, 26, 139-151 (2011)

Benzie IFF, Strain JJ. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: The FRAP
assay. Anal Biochem, 239, 70-76 (1996)

Blois MS. Antioxidant determinations by the use of a stable
free radical. Nature, 181, 1199-1200 (1958)

Boo HO, Lee HH, Lee JW, Hwang SJ, Park SU. Different
of total phenolics and flavonoids, radical scavenging
activities and nitrite scavenging effects of Momordica
charantia L. according to cultivars. Korean J Medicinal
Crop Sci, 17, 15-20 (2009)

Choi MY, Rhim TJ. Antimicrobial effects against food-borne
pathogens and antioxidant activity of Rhododendron
brachycarpum extract. J Korean Soc Food Sci Nutr, 40,
1353-1360 (2011)

Coppo E, Marchese A. Antibacterial activity of polyphenols.
Curr Pharm Biotechnol, 15, 380-390 (2014)

Cushnie TT, Lamb AJ. Recent advances in understanding the
antibacterial properties of flavonoids. Int J Antimicrob
Agents, 38, 99-107 (2011)

Fanali C, Dugo L, Cacciola F, Beccaria M, Grasso S, Dacha
M, Dugo P, Mondello L. Chemical characterization of
Sacha Inchi (Plukenetia volubilis L.) oil. J Agric Food
Chem, 59, 13043-13049 (2011)

Folin O, Denis W. On phosphotungstic-phosphomolybdic



Antibacterial and antioxidant activities of Sacha inchi leaf 789

compounds as color reagents. J Biol Chem, 12, 239-243
(1912)

Jang MR, Hong EY, Cheong JH, Kim GH. Antioxidative
components and activity of domestic Cirsium japonicum
extract. J Korean Soc Food Sci Nutr, 41, 739-744 (2012)

Jang M, Park H, Hong E, Kim GH. Comparison of the
antibacterial activity of domestic Cirsium japonicum
collected from different regions. Korean J Food Cook
Sci, 30, 278-283 (2014)

Jeon YH, Kil JH, Lim SM, Kim MH, Kim MR. Analysis
of antioxidative activity and antimutagenic effect of
ethanol extract from Schizandra chinensis Baillon. J East
Asian Soc Diet Life, 18, 746-752 (2008)

Jeong GT, Lee KM, Park DH. Study of antimicrobial and
antioxidant activities of Rumex crispus extract. Korean
Chem Eng Res, 44, 81-86 (2006)

Kim EJ, Choi JY, Yu MR, Kim MY, Lee SH, Lee BH. Total
polyphenols, total flavonoid contents, and antioxidant
activity of Korean natural and medicinal plants. Korean
J Food Sci Technol, 44, 337-342 (2012a)

Kim JS, Park SW, Ham YS, Jung SK, Lee SH, Chung SK.
Antimicrobial activities and phenolic compounds of
pyroligneous liquor. Korean J Food Preserv, 12, 470-475
(2005)

Kim JY, Lee JA, Kim KN, Song GP, Park SY. Antioxidative
and antimicrobial activities of Euphorbia helioscopia
extracts. J Korean Soc Food Sci Nutr, 36, 1106-1112
(2007)

Kim JY, Lee JA, Yoon WJ, Oh DJ, Jung YH, Lee WJ, Park
SY. Antioxidative and antimicrobial activities of
Euphorbia jolkini extracts. Korean J Food Sci Technol,
38, 699-706 (2006)

Kim JS, Moon YS, Kwak EJ. Comparison of phenolic com-
position, content, and antioxidant activity in raspberries
and blackberries. Hortic Sci Technol, 36, 115-127 (2018)

Kim KH, Kim HJ, Byun MW, Yook HS. Antioxidant and
antimicrobial activities of ethanol extract from six vege-
tables containing different sulfur compounds. J Korean
Soc Food Sci Nutr, 41, 577-583 (2012b)

Ku KM, Kim HS, Kim BS, Kang YH. Antioxidant activities
and antioxidant constituents of pepper leaves from
various cultivars and correlation between antioxidant
activities and antioxidant constituents. J Appl Biol
Chem, 52, 70-76 (2009)

Kumar B, Smita K, Cumbal L, Debut A. Synthesis of silver
nanoparticles using Sacha inchi (Plukenetia volubilis L.)
leaf extracts. Saudi J Biol Sci, 21, 605-609 (2014)

Lee MH. Study on the quality characteristics and functional
analysis of pound cakes containing Sachainchi (Plukenetia
volubilis L.) flour. Culi Sci Hos Res, 25, 28-40 (2019)

Lee SW, You MJ, Lee HB, Shin GW. A case of Aeromonas
veronii infection in Israeli carp (Cyprinus carpio): Phylo-
genetic analysis and antimicrobial resistance. Korean J
Vet Serv, 35, 239-243 (2012)

Lee SG, Lee SH, Park EJ. Antimicrobial and antioxidant
activities of ethanol leaf extract of Dendropanax
morbiferus Lev. Korean J Food Cook Sci, 31, 515-523
(2015)

Li X, Siddique KHM. Future Smart Food. Rediscovering
hidden treasures of neglected and underutilized species
for zero hunger in Asia. FAO, Bangkok (2018)

Min SH, Lee BR. Antioxidant activity of medicinal plant
extracts cultivated in Jecheon. J Korean Soc Food Cult,
22, 336-341 (2007)

Nascimento AKL, Melo-Silveira RF, Dantas-Santos N,
Fernandes JM, Zucolotto SM, Rocha HAO, Scortecci KC.
Antioxidant and antiproliferative activities of leaf extracts
from Plukenetia volubilis Linneo (Euphorbiaceae).
Evidence-based Complementary Altern Med, 2013,
950272 (2013)

Oh TY, Back SY, Choi JH, Jeong MC, Koo OK, Kim SM,
Kim HJ. Analysis of foodborne pathogens in Brassica
campestris var. narinosa microgreen from harvesting and
processing steps. J Appl Biol Chem, 59, 63-68 (2016)

Park KN, Lee SH. Antimicrobial activity of pine needle
extract and horseradish on the growth of FVibrio. J
Korean Soc Food Sci Nutr, 32, 185-190 (2003)

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical
Biol Med, 26, 1231-1237 (1999)

Seo GE, Kim SM, Pyo BS, Yang SA. Antioxidant activity
and antimicrobial effect for foodborne pathogens from
extract and fractions of Sanguisorba officinalis L. Korean
J Medicinal Crop Sci, 24, 303-308 (2016)

Shin SL, Lee CH. Antioxidant activities of ostrich fern by
different extraction methods and solvents. J Life Sci, 21,
56-61 (2011)



790 AARALRESA] A7 AoS (2020)

Song J, Kim H, Kim Y, Son B, Choi Y, Kang J. Antimi-
crobial activity of extract from Smilax china. J Agri
Tech Dev Inst, 3, 163-168 (1999)

Yoo MY, Jung YJ, Yang JY. Antimicrobial activity of herb
extracts. J Korean Soc Food Sci Nutr, 34, 1130-1135
(2005)

Yoon KY, Lee SH, Shin SR. Antioxidant and antimicrobial
activities of extracts from Sarcodon aspratus. J Korean
Soc Food Sci Nutr, 35, 967-972 (2006)

You S, Kim GH. Phenolic compounds from antioxidant
plant materials and their protective effect on PC12 cells.
J Korean Soc Food Cult, 33, 86-94 (2018)



