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Antimicrobial Effects on Food-Borne Pathogens and

the Antioxidant Activity of 7Torreya Nucifera Extract
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ABSTRACT

This study investigates antimicrobial effects of food—borne pathogens and the antioxidant activity
of Torreya nucifera extract. The growth of food—borne pathogens including Staphylococcus aureus,
Pseudomonas aeruginosa, and Candida albicans was inhibited by the extract. The antimicrobial
activity of the extract was highest for Staphylococcus aureus among seven gram—positive bacteria
and for Pseudomonas aeruginosa among six gram—negative bacteria. The extract exhibited slightly
lower DPPH radical—scavenging activity, but its ABTS radical-scavenging activity was higher
than that of a-tocopherol. The results demonstrate the extract’s antimicrobial effects on
food—borne pathogens as well as potent antioxidant capacity and suggest that Zorreya nucitera
may be used as a natural antibacterial agent and an effective antioxidant in food.

Key words: 7Zorreya nucifera, antimicrobial activity, DPPH radical, ABTS radical
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2010; Seo et al, 2010; Choi et al. 2013).

sk, AdollA =T S44AAE AE it
stado] ofsf 2HEAG AFoRREH HAUHEE
Frstditel oal aAEe Aow oA o
(Kim et al. 2012). &, 2181 <Al W] thalg
HollA] WSk frafgh &dakiol ogk A It
kg 5o 2ksbeS gAlste] Mt gl HE
235 WAskaL, ek S JAlskaL, AZ
o] =35 A= EEEN, AAdAtsA e} A4
gFALEA7} Qlt}. Butylated hydroxyanisole(BHA),
butylated hydroxytoluene(BHT)9} 22 gAJaals}
Al e Fhstadt 9 AAde B7ekal 3
Fog AAT B o L 7k T kel
wdo] Ha Qlv}, webx] HAAEHZRE g
ot o] 8 BAS gshe = st
Al S $% A7t 2Es] P JdrHRhim
& Choi 2010; Kim et al, 2013).
VIR (Torreya nucifera Siebold et Zuccarini)
vl AT A Aees FE
FFuEo R HRR ] eE FAblA F
AAS L Azxg AS vxke} 8h, 2853, &
St57l, win] g X Fof oFeRhe-S vEehdie T
AR ol 8HrHKim 1966; Lee 1993). Bk, H]A el
A FET 7152 288, MEllgeld dEER
AREEO] gtH(Endo et al, 2006), T, BRI} Z=
2k S, 7144 FE3 AEEe] Aegd 539
(Jeon et al, 2009), A2 ¥ A= a3 Yoon
et al, 2009), dehydroabietinol®] TA|&F L F
783} e Bl A 85A] 7Fs/d(Im et al. 1980), -84
Al(Lee et al, 2012), lignans®] B4 H217374] 23k
o] oo} X EA|(Jang et al, 2001)%5l thak o3+
7F o, dt A dtstel] tigk A= ofR7hA]

w to Ir
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nlulg goleh,
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< 9l A7l Yo MRS o gate] AEN
Foll that e @ Pt Grke AFete] e

7VsAE oI AE R 2AlEA Y] TErbsd

o. A-+34

1. &
B A3 o)) ARS8 2R= 2014 5 A 9etollA]
AzH AL Y3l A 5= A3

2. ME#F 3 HHX|

H|2} FEE0] Aol AR AFER T
=k 75 (Bacillus  cereus KCTC 1012,
Corynebacterium  diphtheria ~ KCCM 40413,
Staphylococcus aureus KCTC 1928, Bacillus subtilis
KCCM 11316, Listeria monocytogenes KCTC 3569,
Staphylococcus mutans KCCM 40105 2 Enterococcus
frecalisKCCM 41578)9} 1Z-S-A] 615 Pseudomonas
aeruginosa KCCM 11952, Saimonella Typhimurium
ATCC 14028, Yersinia enterocolitica ATCC 23715,
Salmonella Enteritidis KCCM 12021, Escherichia coli
KCTC 2441 ¥ Escherichia coli O157:H7 ATCC 43895)
9} ER 4315 (Candida utilis KCCM 11245, Candida
albicans KCCM 11282, Saccharomyces cerevisiae
KCCM 50562 & Cancdlidia tropicalisKCCM 50662) & 17
TFE ARSI, o] SR e e 5o tf
3}ed tryptic soy broth(TSB, BD, Sparks, MD, USA) S
ARgBEe] 30T HiE7 ollA] 18~24A1RF vl gk Sit. &
78 Aol AMESE IALAMI A= tryptic soy agar(TSA,
BD, Sparks, MD, USA) it}

(Daejung Chemical & Metals Co., Gyeonggi-do,

Korea)S H7}sle] £%15F 3 heating mantal(E105,



Minsung Scientific Co., Seoul, Korea)Z 80°C ol|A 4
AR B FESA, o 4 38 Wl
oo FZ=MS oJI}x|(Whatman No, 1)&E o]7}3}]
ues AT, ot Sele 7937
(Eyela N-1 NW, Rikakikai Co., Tokyo, Japan)& A}
&3to] 45ColM ek, 3. o] FEES
A7AZ7](Byela FUD-1200, Rikakikai Co., Tokyo,
Japan) 2 F2 12A F Agel TR S8t AL
8k, olnl 2FEEe] e 48.98 gollrk

3

shtad 28-S 517] $I8ke] paper disc-diffusion
HHPH(Board & Lovelock 1975)2 ARE3ITE 2H A
AT ARG iR AL 1 wEels 3
3ked 10 mLe] TSBHA|of| gk & 30 ik vk
710llA 18417k HH"J’E?]'O““:} vkt zk 5 100 4L
= petri dishel] €1 of7]o)] Ed¥ TSARIA] 10 mL
£ BFete] AT 42 Fof &) =3 vk He
% 8-mm paper disc(Roshi Kaisha Ltd., Tokyo,
Japan)E BiAEH gla HHAIR] F F55(0.0,
2.5, 5.0, 10.0 mg)< dimetyl sulfoxide(DMSO)Z. =
STAIA AERAIR TR 30T w7 olA 244
Nkl paper disc 912 Aa|EH(mm)e] =7]
Ralel srele vlmsiRle), tlERe DMSO
stol U PO AN

4. HIX FE29| goEd

A

jus) _101,

M we N o
AN

%

5. OME9| MeTM =X

HA} 555 DMSORE %<l & TSBHIA|d] 250,
500, 1,000, 2,000 mg/L T=HZ A7}t 2 Al
& 75 APEE| R oA] vitE AL 1 WMFolE FH
3] 10 mLe] TSBHjA|e| Z3Eg & 30T wyk vk
710014 24A17F vl Faldct, v eet wiFg 2t 100
HA FHZE3E(10° cells/mL) 30T olA] 724171 ok
BPHA] Fg3 A (Beckman DU650, Fullerton, CA,
USA)E ARE3}e] 6AIRMITE 660 nmollx] FEEE
243 ¥ 1, FEES YL brothS blank®E A3}
St A% Q*,X-HEJ"J— blank®] 43S 100%E
7|8, blanke] F3%gtel thet 252 5%

HIAH 2229 ASFRHZ0| e gt 3 Siteted 699

grel W el

6. 1,1-Diphenyl-2-picrylhydrazy|(DPPH) 2{C|
Z a2Hgyd =4
DPPH 22 2AEA-S Malterud et al, (1993)2]
ol wet Sskdch. DPPH 8045 pg/mL)y<
Z=a3 338} thS 515 nmolA] FFEe] 7 5\_3
30% HA o= 5EIF SAskelct. ez a2
pyrogallol-%—""(lZS rg/ml)e B s 100%
7IEste] Fr1ekelrh. Ed, FAHETOR «
-tocopherol& ARE-3Ele] DPPH AAEAS HIL
ALaFSITE.
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7. 2,2°-Azino—bis(3-ethylbenzothiazoline-6-
fulfonic acid(ABTS) 2tC|1ZF AHEM =X

ABTS 2ozt 2742 Erel(2004)2] BhH ol o)
2} 24313t F=E 0.35 M acetate 5843}
0,89 mM ABTS &4 2 0,44 mM hydrogen peroxide
| 5 Arhskar, £33 H s Fol 660 nmel
A FH=E ST Troloxs &
B3t FETAE A8k, ABTS gtz 278
A& M Trolox equivalent® F7|8}FSITh 8, <F
A thZT O 2 atocopherolS ARE3FA] ABTS 2}t
7 2A2EE vlal ARSI

FEAeko g A}

8. &4 =
H 213 o] BARAL PASW statistics 18.0 program
(SPSS Inc, Chicago, IL, USA)S o|-83}o] Akt
3tYon, i A + EFEUAE eI
HAAxo]| U3t oA AAe HEAExS 3§}
p{0.05 &=F9llA Duncan’s multiple range testS

A,

mz -10\' i

1. XL =229 g M
Paper disc WWHO 2 vlz}e] oeks FE2ES Alg
Fol| A3A1A FaEE SAG B3 Table 17
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At 7t w5l gk g discoll A3 vz}
FE=o TSI wet drdide] =7 vet
WHTHp(0.05). I/t P acuginosa, E, coli
O157:H7, Y.
Typhimurium & Sz2/ Enteritidisell tha}] 10 mg/discell
A Aafgke] 2)7o] 242} 13.8£0.26 mm, 13.3+0.32
mm, 10.4+0,11 mm, 13,3 =0,32 mm, 10,5 = 0,00 mm
9132 £ 0,11 mm= VERRR, 2 d] B
cereus, C. diphyhtria, Staphy, aureus, B, subtilis, L.

enterocolitica, E,  coli, Sal,

monocytogenes, Staphyl. mutans2 E. faecalisol) T3
XM= 2725 13.9 £ 0.20 mm, 14.1 £ 0,05 mm, 14,0 £
0.65mm, 12.4+0,11 mm, 12.4 + 0,25 mm, 10,5 + 0,05
mm 3 10,5+0.05 mm= Ueh, 2853wt} Tk
datellx] 3 913k A5 A8l a7 ekt Choe &

Kang(2014) i & FE&0] asteqdetl

Table 1. Effects of Torreya nucifera ethanol extract on growth-inhibiting activity in microorganisms’

Staphy, aureus, B, cereus@} 182237191 P, acruginosa,
Strep, mutans®l tigh S Balskal, Choi et
al.(2013)2 QP2 FEEo| aRF eyt T8/t
of| thgk ekt ] xpol7} hzkE Ylrkar B ik ut Qlet. o]
S} Ak, 2 A M vl 7t ollehg FEE0] v
of whe} gt o] Afol= thar UAAIE, Aol ol
i3l et At es VERAIC

aureus, 1Z-2237Q] P, aeruginosa ¢ X8l C
albicans 305 A7t Z+ w5 ol

H A= QS ALK Fig. 10 VR niel 2
o), Staphy, aureus®] Bj¥olA, ¥|A} FEES 7}

)

Clear-zone diameter (mm)?

Microorganisms

0.0 mg 2.5 mg 5.0 mg 10.0 mg
P, aeruginosa 0.0 + 0.00° 11.2 + 0.05° 13.1 + 0.25° 13.8 + 0.26°
E coli O157:H7 0.0 + 0.00° 104 + 0.57° 124 + 0.57° 133 + 0.32°
Y. enterocolitica 0.0 = 0.00° 10.1 + 0.05° 10.2 + 0.10° 104 + 0.11¢
E coli 0.0 £ 0.00° 104 + 0.57° 124 + 0.57° 133 + 0.32¢
Sal. Typhimurium 0.0 + 0.00° 10.1 + 0.05° 10.2 + 0.05° 10.5 + 0.00°
Sal. enteritidis 0.0 + 0.00° 11.5 + 0.35° 12.4 + 0.30° 132 + 0.11¢
B. cereus 0.0 + 0.00° 12.1 + 0.05° 12.3 £ 0.20° 13.9 + 0.20°
C. diphtheria 0.0 = 0.00° 11.0 + 0.17° 122 + 0.15° 140 + 0.05°
Staphy. aureus 0.0 + 0.00° 12.0 + 0.30° 13.1 £ 0.05° 14.1 + 0.65
B. subtilis 0.0 + 0.00° 11.2 + 0.10° 11.9 + 0.20° 124 + 0.11¢
L. monocytogenes 0.0 £ 0.00" 102 + 0.11° 11.2 £ 0.28° 12.4 + 0.25¢
Staphy. mutans 0.0 + 0.00° 10.1 + 0.00° 10.2 + 0.05° 10.5 + 0.05¢
E. faecalis 0.0 + 0.00° 10.1 + 0.11° 10.4 + 0.05° 10.5 + 0.05°
C utilis 0.0 + 0.00° 10.1 + 0.05° 103 + 0.11° 10.5 + 0.05
C. albicans 0.0 + 0.00° 10.1 + 0.05° 103 + 0.05° 10.5 + 0.05
Sacch. cerevisiae 0.0 + 0.00° 10.1 + 0.00° 10.2 + 0.00° 10.3 + 0.05
C. tropicalis 0.0 + 0.00° 10.1 + 0.05° 10.2 + 0.05° 10.3 + 0.05

1) Antimicrobial activity is indicated as the diameter of the clear zone surrounding the paper disc absorbing 0.0
2.5, 5.0, or 10.0 mg of the soluble solid of 7. nucifera ethanol extract on a TSA plate inoculated with test

microorganisms.

2) Data are expressed as the mean + SD of triplicate determinations.

tbedyralues with different superscripts within the same row indicate significant differences at p<0.05.



SA] @2 tZre] ODswdbe AT el we} &
7¥ated, wjek 48AIgFellAE 1,396 £ 0.0352 7HE =
A WERATHp(0.05). 22fu, BiA FE2E2] w57
2507 500 mg/L]l 7-%-, 72417k ¥ F ODgsofit
Z+2}F 0.968 + 0,011, 0.622 + 0.064% VER}, A%
AAEIT} 20.5%, 49.0%% FEEIJOY, 2,000
mg/LoA1E ODso@ke] 0.027 £+ 0.0118 YeRY, H]
2} FZEo] Staphy, aureus®] 7S 97.8% AAA|
AHp(0.05). wWEbA vz} FEES T=7F 285
= Staphy, aurcus®) 7S A& R JAANZL ¢
e Ao = FEQIT) Chung(2000) &=nfer 4191
A olgke F2E Tt 3.0 mg/ml ool
Staphy, aureusdl] H8F S8 A AA|ZTkL B3k

A FZE5ol| W3 Saphy, aurcusol| 3 5214 &
) Holde o 4 Agieh

VR FEE2] P aeruginosadl H3F A3 &
TE T o R 724K Bt AE v} Fig. 2
o ek WA} F2ES WA e Tl 4
5, Wi & AR T4 o] S B, 48

AlZbellE ODgogke] I 1.270 £ 0.0242. 2 e}

gow, FEE A7 FF 225E A47o] oA
HIJH(p(0.05). 2,000 mg/L A7} A= wjF 12
A7kl ODggodk2 0.227 + 00512 YEREAL, ik
72217 el ODsgodt-2 0.200 + 0.014%2 YERY, o
Zrt vlaabd 80.9%2] A3 IAl RS YERARL
t} Bae et al.(2005)+= HAxe] F=EEo| 1,000
ppm o’de] A7V} P acruginosa S41& kst
ATk B gkl 2 AFola] ALgsh vjx} =
FEo| Mz FEEI R 294 59E ¢
T At

H|A} FEE0] BRIl C albicans 53 ol ]|
S A3 A Fg. 39 2t} v|A FEE

23 Eo] QA e tiETolME Wik & 12413k
o] ODgogko] 0.918 £ 0,007, 48AKToli= 1,342 + 0,011
2 e, wieaRre] At wet el F2o] &
7FFSTHp(0.05). ¥AF FEES 57t 2575
ODssotko] 7431, 1000 mg/L F% 7} Al vljeF
Z 7277kl 0,285 + 0,028% JER} o273} 1)
asle] oF 75 4%9] A4 A EHE vERlltE 53],
2,000 mg/L FEE H/18IS %, viek & 72417k

o= ODgogke] 0.162 £ 003102 e}, thz7d

rlr

ol
H o

il

=

s

2.0
18
1.6
1.4
-E- a
S 12
gf. 1.0 T
E "
E. 0.8 \
3 oe N
N
0.4 o
N
0.2 % 3
o NZ
24h
W : control, N: 250 mg/L, & : 500 mg/L, = : 1,000 mg/L, % : 2,000 mg/L.

3&h
Incubation time (hr)

/U’

1

Fig. 1. Effects of the ethanol extract of T. nucifera on the growth of Staphy. aureus
Each bar represents the mean * SD of quadruplicate determinations. ****Values with
different letters within the same group indicate significant differences at p{0.05.
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Hla] o] F2jo] ok 86% A= THp(0.05). Kim rrJram AN EX AZEAFS thFo
et al.(2006)& 72| oeh-eEZE ¢ albicans Z2) vz} &0 IS Ao, 3 1
< JAAZTAL Barskelon, B AR oA = vjx 5 DP Frlelet AERdel tigk dtA Ao e

220 C albicans T3 FAAAEAE Jepid  selE AR,
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W : control, N: 250 mg/L, ® : 500 mg/L, == : 1,000 mg/L, % : 2,000 mg/L.

Fig. 2. Effects of the ethanol extract of T. nucifera on the growth of P. aeruginosa
Each bar represents the mean #* SD of quadruplicate determinations. ***Values with
different letters within the same group indicate significant differences at p{0.05.
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Fig. 3. Effects of the ethanol extract of T. nucifera on the growth of C. albicans
Each bar represents the mean * SD of quadruplicate determinations. ****Values with
different letters within the same group indicate significant differences at p{0.05.
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3. DPPH 2iC|Zh AHEtA Fig. 49 UFER} St Pyrogallol®] 34182 100%
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Fig. 4. DPPH free-radial-scavenging activity of T. nucifera extract
Results are expressed as % radical-scavenging activity relative to 100% radical scavenging
activity for pyrogallol solution as the reference. Each bar represents the mean + SD of

quadruplicate determinations.
®dy/alues with different letters indicates ignificant differences at p¢0.05. *p<0.05 with

respect to the extract with in the same group.
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Fig. 5. ABTS radical-scavenging activity of 7. nucifera extracts
Results were expressed in terms of mMTrolox equivalent. Each bar represents the mean *
SD of quadruplicate determinations.
®o\alues with different letters indicate significant differences at p{0.05. *p¢0.05 with respect
to the extract within the same group.
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~] DPPH radical 24832 28.38%0|9 1L, 55
TRt SRS AT SR8, 25, 50 B
100 pg/mL FE| FE2E2 77t 51,93, 71.06 2
88.74%°] AAEES UEPITE. FtiEToR
AL8-8F a-tocopherol®] DPPH 2zt AAE43L 10
p#g/mL FEOIA 29 12068 SHE o], v} 553}
a-tocopherol 7F2] Z2AgA o= F-2lFel 2jol7)
ZE]=] gt whol, 25, 50 & 100 pg/mL FEol
A Hab FEE9 DPPH 2tz A7@Ado] «
-tocopherolel] H|&] §-22 2 2 (p(0.05) A YERS:
t} H|A} dekg FEE2] DPPH 4718432 ascorbic
acid®} §AFEHAl Eil(eon et al, 2009)F H} Q3L
B ATellA #E viAte] DPPH 2tz AA84
2 ts} Aol Holurtar &zl JieF dEe
A3 HE ARl YERATHRhim & Choi 2010).

4. ABTS 20| AHEd

HZ} F559] s ABTS ozt 278432
Fig. 5ol el Q. vix} F£2E 5 pg/mL 5=9
ABTS 2}tjZt AAEL- 16,64 #4M Trolox equivalent
oo, #28 v} el wek 2ABAE
vl o g F7ksted, 10 R 25 pg/ml sEIN=
Z¥Z} 29,21 % 57.26 ¢#M Trolox equivalent® e}
Woltt, ke, FdtiEao = ARESH a-tocopherol
2] ABTS radical 2248432 5, 10, 25 & 50 p#g/mL
FolM Z42E 523, 10,61, 2578 E 43.97 uM
Trolox equivalent® S FACE ZE FEoA H]
A} FE52] ABTS 2zt AAZAo] e-tocopherol
of vlal X2 (p0.05) A FE o], vz} 3
Z52] ABTS 2ttjzt A7 &84do] e-tocopheroldl] H]
o e o 4 Uleh 2 Aol B v
o] ABTS 2}tz &AL shitsl EAdo] Houoh
I gl whEzet AejAole] LA BIE frAksH
Al VERHEHRhim & Choi 2011; Rhim et al, 2012).
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