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Studies on the Analysis of Physiological and Antimicrobial Activity of Wheat Germ
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Abstract

The objectives of this study were to analyze the physiological and antimicrobial activities of wheat germ. The fatty acid
components of the wheat germ included pamitic, stearic, oleic, linoleic, and linolenic acids. Furthermore, the acid value
was 8.5, the peroxide value was 7.1, the iodine value was 126.8, the saponification value was 159.7, and the refractive
index was 1.547. In the unsaponifiable matter, the tota phenol concentration extracted by ethanol, aong with physiologica
activity were 2.02% and 0.45%, respectively, and the amount of flavonoids and activity were 6.89% and 6.90%, respec-
tively. The amount of flavonoids was larger than the phenol concentration in the wheat germ. In addition, the nitrite-
scavenging ability of the wheat germ was lower than ascorbic acid but greater than BHT and tocopherol. The peroxide
vaue in the linoleic acid changed over 5 days, presenting as 0.67, 22.70, 44.25, 5.81, and 91.17 meg/kg, and incresses
were aso consigtently shown as time passed for the ethanol extractions and unsaponifiable. Additional data showed that
antimicrobia effects could not be detected in the wheat germ concentration or method of extraction.

Key words : Wheat germ, physiological activity, antimicrobia effect.
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ol5 o]&3te FI1E AXIVIE SFAAR AT i
o] W71&H A AAX AEjellA] A-HE AR ]85
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U wjole] Fo Y AR ZE= HA FalsiAle] IS
HE} E<} xanthophyll, xanthophyll ester, carotene® =
T/3% carotenoide 24> Fo] Utk HgH ool xo
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SJTHChoe & Youn 2005).

olggt I Hjolel] Bt 1 F3F o] Rl AFES A
HEH Kim & Choi(1995)= & Hjo} xubde] A3} ¢k A
7} 7}2E o= B ES|E0] ¥} AFoA & ufjo} A%
30¥ 73 triglyceride ¥FaFo] 66%°l4] 49%E, 2] & HHAto]
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%04 2% 7Hadtdthar Harsk vl 9™, Pyo YH(1991)
o] AgteAe g ufjolellA] D a9 wolf-o] 2ts) kg4
S 23l ARFHOE F& VIS AFshe AL gopr
9F=d], mixed tocopherol @ 200 ppme] F71AHFE H71ES
w}, £3] 500 ppm2] L-ascorbic acid 7} A] 58] F% Aksh
Aol S AT 3Tk Choi et al(2002)2 2 ufjo}
oA H2]E arabinoxylan®] WM E X3}= in vitrool A
A 738 Fo) v Yo} B AEE o s
A A3} arabinoxylane] WY F3 G392 A3 25 Al
o] AYS WAste] A 23S ogd B ol AU
A Eddold AEXE §8%
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2 afol o] BFg 72| vjofel] B3k A o] FofH=

tll, Seog et al(2002)2 HElE = AT o A= FA4k
E5 AA ISAIR o] &5k WH thete] ATk,
Tamagawa et a(1997)& Held 50 &= ZguE
4L QFHET vijo} 9o ] Bo] Jlon, FEHE 5
EEd= s XAk A7 Ee) ok ST &
Hjolol ¥+ ATEE Ghoneum M(1998)°] w7l A F3
= arabinoxylan®] NK(natural killer) cell2] 4AIE 54 a3}
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£ S7HIZITA Basleian, 1 Qs vkl dF Fel~
B2 A3} &3KKahlon et al 1989), 3H4+3} EHOsawa et al
1985), "t 4<% &3 (Muramato & Kawamura 1991) 2 2
Hjoto] Tl HlEl, Fg At i ol e AT
(duliano BO 1985)7} Hilx]o] itk

olfell A E wj & ujote] Y H 75F EAH 1 71
goll= Estar @ wlotel] gk vkt A7) mE3 47
ojtf, 1Rz B AoM = 1 ajoldl EAlske A g4
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1. M=

B Ay AlgH 2 ol 2008 62 FoMA RN F
HEE WIFFMIEA) Az Al BeE 3E wof ARS8
a1, #2418 Aok Sigma Co.(Steinheim Germany) S ARE-
B

2. 2 dHjjote| Ht ME 5 X|gA FH

k! & AOACH(AOAC 1990)9l] <J3}e]

AT &, FEL 105T AAAFH, AW Soxhlet
=]

550C 3|3, A= H,S0-KOHH .2 “geFatsict. &
FIEL 100014 8, A, 29, 238, 2HRE
W gro g shlek 2Eja QXA AF W oMlEW
(EFFAEAA G 1984) 0.2 Pl

3 2 wljofe] Aphe £49817] 913 Al 72 AIZHAOCS
19909) -2 Al 85 250 mL 4H7hEekea=e) 0.15~02 g 3
% #3F 2 05 N NaOH/methanol & 4 mL 7|3 3 3H7,
W7ksleA] 1087 7+Eslct. 7HE 3 - 14% BFy/methanol
5mLE 7}skar 283 ¥E3A171 U3 hexane 5 mLE 7}3kal
183 7FEeinh vhs ¥ AgEeteas 2 WAl
3L, ©]E test tubedl] &7 ¥3} A AFE 718kl hexaned S
33l Table 19] 7oz 431

1

3. 2 djo} Xx|Ete| E1EHN MR =X

2 wjo} xnte] 818FE A= 2HAOCS 1990b), THiks}
E7HAOCS 1990c), £.2=7HAOCS 1990d), HI*+3}ZH(AOCS
1990e), =A-E&(AOCS 1990f) 52 =45k
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Table 1. GC specification and operating conditions for
analysis of fatty acids

Specification Condition
Instrument Youglin M600D
HP-INNO Wax
Column (Crodinked Polyethylene Glycol)
30 mx0.25 mmx0.25 ¢ m film thickness
Split mode Split ratio 1 : 100
Carrier gas He, flow 1 mL/min

Column head pressure 25 ps
220C
275C

Injection port
Detection port

Oven temp. program  Initial temp. 50C at 3 min

Temp. gradient 10C/min
Fina temp. 250T a 5 min

o} 100 g= A &3] @3t 1019 & 2 ek
A7vet &, FYAFAE o]-&3t] 5AF Bt F=3}
FEE2 o7 x|(Whatman No. 2)& 3t
Zu7]12 40+1CoA B2 A%s & oA 52 A
A AEE AT 5 89 SHLS FE
A AEl st FEE F uFE Tk W
2 siGitt Alxd © Hjo} deE FEEEL YEE(-407)
ANA HAstAA APl ALESATE EASES U )
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2) BHz= ¥ E2tELolE & =Y

U wijo}e] ofetE FEE ¢ BHSEY] F A= 2
Folin-Dennis(Teresa-Satue et al 1995)°] 2]sfe] HA1514
th & A FHRO SHF 7 mL, AR 1 mld Y& F Folin-
Dennis A]2F 0.5 mLE H7}8t], 3% F-ol sodium carbonate
anhydrous X3} 89 1 mL, S/F 05 mLE €3l 725 nmell
A FBEE SHATE aFEN o Z = ghdiKtannic acid,
Sigma Co., St. Louis, USA)S A1-8-3FTh

% ZetR o= 3EK(Kang et al 1996)S A8 1 mL¢}
diethylene glycol 10 mLE &%}skar ¢J7]¢]l 1 N-NaOH £}

1 mLE 7lske] & &35t & 37ColA 1217 vHeA17 &
420 nmol A FHEE SA3IATh ojul] BFEHHEFTAL
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Y Z(naringin, Sigma Co., St. Louis, USA)-S AFE-3le] 2HA4
sHAth

3) O&IM A S &Y

9 ufolo] oghE FE= 9 EXsHES] ofdid A%
Gray & Dugan(1975) %ol 3t S48tk =,
NaNO, &< 1 mLo] €4 559 A8 1 mLS

SAE 1 mLy FHsh 2% 24F 8 5 mLo} Griess Al<F
(30% acetic acid= ZA|3F 1% sulfanilic acid®} 1% naphthyl-
amines 11 HI&Z &3 A, A8 Aol 2A4)) 04 mLE
7hste] & E3tstact

o] T3NS AHLdA 1587 WS & UV/Vis spectro-
photometer(TU-1800, USA)E ©]-8-3te] 520 nmell A S3=5
=74, JES= obEA S Ttk Blank A3 GriessA|
oF 2l ZHFE 04 mL 718te] 4719 BUsHA Fsth
ol A A8 ARE HUISH B HUkehA &
739-9] o} WMEEE YRt

A-C
N@%) = 1 - ——— x100
B
N : Nitrite scavenging ability
A : Absorbance of 1 mM NaNO, added sample after
standing for 1 hour
B : Absorbance of 1 mM NaNO.
C : Absorbance of control

4) 2l=8at 7| HolMel eitEt S0t £
U ufjole] oekE FE2E ¢ EHSEY g

o xef kst ade AP olQldl vt Hla
of Attt xS eSS ¥4 L =
g= AHESt e, A3t gsEl4t 50 goll thate] &y
ofe] g FEE 9 &

2 1,000 ppme] FEZ H7FSFATh BluTe gsdlit 50
goll A A&H4ksA] @ -tocopherol, ascorbyl palmitate 3 343
2kelA] BHTE 22 200 ppm S22 H7lske] A3k
ok ZAE AlEE 37£1T 270l At 1 1HF o
2 IETHE 54, vlasith. BrkstEvE I #e
A182E chloroform/acetic acid &8(2:3, v/v) 30 mLol| =<1
% 3} Kl(potassium iodide) €4S 73l 1,E FEA1A
12%] TEE €l = NaS0s(sodium thiosulfate) 3-8
o2 ARG T IsETHY Fs v Al Yt A=

St

2 oufole] A2l &4 =4 B I &4 B4 587

. (A-B)xN
POV (meg/kg oil) = f x 1000

A : Titration of sample(mL)
B : Titration of blank(mL)
S: Weight of sample(g)
N : Normdity of sodium thiosulfate solution
5. Paper Disc 20f 2|5t & dfote| gkt &t £H
2 Hfote] oets FEE B ExsEe] g a9 A4
< paper discH(Kim et al 2000)5 o8-8t SAe T &

T &3 =) AM8-9 #FE Gram YA T Gram AT
Z}z} 272 ARESEAAL, AFSE HiR 2L T
23t} Gram g 2= Bacillus cereus, Staphylococcus
aureusE, Gram <422+ Escherichia coli, Salmonella
enteritidisE 7}t A8-3FITh

ZF AR5 S QA wlj 2ol 244 7F Ful ks, 3
| o] A= ZH7ke] ASui A2 e 1.5% agars pet-
ri dishol] 20 mL &8t S = 2} Al T3 0.1
mLA H7kete] EiE fre]e o2 w9l 124 HA=
& =xste] ARSSIGTE E Hljole] ke FE2E 2 B
SlES 7t 94 w22 Y3t paper disc(8 mm, Toyo Ro-
shi Kaicha, Ltd. Japan)E B2 A flell F2AIA B 30
pLE FY F 37°CelA 24413t v st paper disc <]
inhibition clear zong(8 mm : no inhibition, 8~9 mm : very
dight inhibition, 9~10 mm : dight inhibition, 10~14 mm : mo-
derate inhibition)2] Z]73(mm)S =4 35ke] U vfjole] oeke

22 % BUsEA 93 9T 57 vluEdsg

6. SHEAM

2% Av= SAS package(release 8.01)(SAS 1997)= ©]-&
sto] P+ EFURE FABFAAL, Haikel A4 794
2 p<0.05 F=F°l| 4 Duncan's multiple range testel] 23 724

Table 2. List of strains and media used for antimicro-
bial activity

Strain Media
Gram Bacillus cereus KCCM 40935 .
positive Nutrient
bacteria  S@phylococcus aureus KCCM 11335 agar(Difco)
Gram Escherichia coli KCCM 11234 .
negetive Nutrient
bacteria  SAlmonella enteritidis KCCM 12021 agar(Difco)
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1. & djore| ut M2 &t

£ Aol ARg-g T Hijole] Uyt A2 Table 37 #th
2 ufjote] £ Fake 114%%0H, 2T 24.4%, AW
131 AT 2] A FaFe 1.70%), T 46.7%, =4
fr 3.3% 18]3 F3)E-L 2.1%<]| 1t} Choi et al(2000)2] ¢
TollA 2 wfote] = FHRES 116%, T 26.1%, =AY
7.5%, T 49.1%, Z3F 2.8% 12]al 23S 4.0% A==
AN S oA Zpo|7) s B 2 ATk Hissd g
S YeER| 3, & wjol= 5 8.7%, ZA|W 21.2%, 2T
165%= U ujo}e} zpo]= Btk FE3H Ho e al(1986)<]
AT E F7 Tk 105%, T 22.8%, ZAH 2.4%,
ZF 15%, 123 ZIE-L 3.2%F R st ZAHA
ok el ztol7h Wil 1 & Ade E A9 frAkFA T
ARERE SR R gk 12.7%0]901, 8-S 0.3%, £
ol Ao 10.29%0] Tk

2. U d{ote| X|ZtAt gtk

2 wfjole] A AR Fg. 13} 220] pamitic acid(Ciso), Stearic
acid(Cuso), oleic acid(Cusa), linoleic acid(Cisz) 2 linolenic
aid(Ciga) & 5714 /Y AAke] AEEH AT o] FollA
linoleic acid g0 52.9%= 71 =943, U2 palmitic
acid7} 18.8%E AA|SFN o1, dearic acid= 1.2%=E 71 &
< TS R ol g AR W ujole] A kS
235 A7 (Barnes PJ 1983, Kim & Cheigh 1995)9l4 F&
ZHF2EE- linoleic, linolenic, palmitic, oleic acido]az, A4k
Z/3L linoleic acid 52~66%, pamitic acid 7~21%, oleic
acid 12~23% Axehs Ao} AR 210 = Hjolie] |
AAEL lindldic acidE FA 0.2 s BE 31 x]44ako] 80%
ol AASkaL AT

S5 wjjotol] thek A7%(Cho et al 1986)°ll A& pamitic
acid 10~13.5%, oleic acid 20~22%, linoleic acid 60~62.5%

Table 3. Approximate composition of the wheat germ

Items Wheeat germ (%)
Moisture 11.4+02"
Crude protein 24.4+0.1
Crude lipid/phospholipid 12.1+0.3/1.70£0.2
Carbohydrate 46.7+0.1
Crude fiber 3304
Crude ash 21+0.2

Y vaues are MeantSD., n=3.
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Fg. 1. Fatty acid compostions of the wheat germ oil.
50| FEE o] F= Ao, gearic acidE 1.0~2.0%E &
% ol Jokm HuE vl gk,

3. & dfo} X[e| sty HE

9 wfjo} Avke] g5t 4L Table 491 2] 47Kacid
value) 85, I3F3HE7Hperoxide value) 7.1, 2 2 =7HKiodine
value) 126.8, H|*-3}3k(saponification value) 159.7 & =4 &
(refractive index) 1.5472 ZHIATh o9} FARR A=
Cho et al(1986)°] <<= wljololl A F&3+ Ao 31814 A
A Ao A7) 15, I2EETE 33, K257} 440 183
HYF8lghe 29232 K118}, Bernardini E(1983)7}1 £
3 44 wjololAE Q9 =7} 110~125, B35k 180~
1952 ®W1gk bl 9ok

4. & Hijote| d2| #d =3
1) 35z ¥ E2tE0|= &R
2 gl EAl5h= B& phytochemica & Z)3E 33E

Table 4. Some chemical characteristics of the wheat
germ oil

Characteristics Wheat germ ail
Acid vaue 85 201"
Peroxide value 71 #03
lodine value 1268 0.2
Saponification value 159.7 +04
Refractive index 1.547+0.2

Y Vaues are MeantS.D., n=3.
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2 o] 71| AFel dE] waEEo] glom, HAFsA =
A 288 = doke AFE°] = ATHChoi et al 2001,
Dzidzic & Hudson 1983, Miura & Nakatani 1989). X 2]2] 7
o= FEHElsAd E40] gl da 53] ol& #H=d
siRHES BE] i sifxARvges 44S 23dske 9%
i gl Ao} F-9lof] B wol JA = o] Ao (Seog et al 2002),

R ZYds FEEC] S A B S A
52 zt3 o= Aol R d vl It Tamagawa et al 1997).

£ AgollMe g vjote] dgtd FEEH AEY VE 5
o thst AHstE AAATIE A5 Z-=THSms et al 1972)
I dHR B EA Y T ds E FepReols AR 3
FS SAse, 1 AFE Fg. 29 2t ujolo] gk
< FEEY EHSEY T ds TS 2.02% B 0.45%°]
A3, kR o= RS 6.89% B 6.90%= U ujolellA
© T Hlsin SR eo|E ol o B2 AoE UEhdTth
FL 9 =AY wWmo} w7t B4 9 #lEik Sl of
S ATHKim et al 2004) A= =g Wr] F ZF H= e
©] 30.3~71.9 mg catechin e100 g *HAHH, w|Ztoll=
310.0~541.6 mg catechin eqy100 g =4 Theke] & #Eo]
frElo] e, o]5S TAH LT} 7135k whet win] Fo)
59 B FHe fojF oz 7hashs v n| e BE
hge S7hetal Bk vk ok

shdage 2ug

H|8)] W-3-Ao] =7] wj&ol] A4 pH
xid=2 H3Eo] YERZAS E4=

[e}
223k 4= 9l walbA] nitrosoamineS 21E AE71] AE
-0 2 213 oA Bnt ofug} AAo A pHZ}F e Z

= Total phenol a

7 Total flavonoid
3 i
b

a

2,
I b
0 .

Wheat germ extract

Total phenol & flavonoid content (%)

Unsaponifiable matter

Fig. 2. Totd phenol and flavonoid contents of wheat germ
extract and unsaponifiable matter.
2 Means with different letters in bars are significantly different
(p<0.05) by Duncan's multiple test.

o vjole) Ae] B4 BA 9 G B B s

A9 AN E YERZAS ghgo] HA dojd
(Gray & Dugan 1975, Walker R 1975). Nitroso 93-S
3}7] ¢34 nitrosoamine A4 71221 amined] A4S o
A A 2Fe] o} & ES Aok shH gk ofE Ak
2AGO] 5 AES obdAF ofvle] EANE F Ue
A2E 9 7 AER A s UEEARIG] g &
o Ml T fralgt =49 NS AT F As Aolth
Mirvish et al(1972)7} ascorbic acid 7ol <J3F NA 34 o
AE H%2 B3 o]2 NaHSOs(Kubberod et al 1974), sor-
bic acid(Tanaka et al 1978), «-tocopherol(Reddy et al 1982)
59 oA 9= HaEo] lth

2 AgellA] dgk 2 ufjo} oflghE FE(pH 1.2) 100, 500
2 1,000 ppmel| A2} o}A4k A75(Fig. 3)-> 80.21, 80.32
2 83.89%°]%13L, B-713H= 100, 500 2 1,000 ppmoll A2 o}
AN 427158 67.93, 77.38 L 80.32% = o E-S FEH o
Aol A7 o w3tk 283l 2= ARE-SH BHT ¥ toco-
pherol 8] o}&AET A7%-2 & Hljole}l fAFg WhH ascorbic
aide H =2 Ao Yet.

d

3) 2l=afat Z7[ZojMe] ghitsl ot

FASA R AN B2 A =2o] AEEHIe, 1
aypel ZAAY 2 kA wiZel Al F2 AMEEE 4 4
3}A= butylated hydrooxyanisole(BHA)Z} butylated hydrooxy-
toluene(BHT)®] F EFolch e} o] 59 B9 tha A
A5l | ode] 71 FA8S e 5 9k Rew o
A o] FAEZHE a3} BAjo] = QAo Fa)sh
P43} B5HES Foels Amrt Bk 13 Folth Mde
cka M(2002)2 2 wljol2 K g EASES FA AT

100 1
—_ b b
s be The
2 804 m
% d
2 e
o
c
g
S o
@
B
=
= 20 4
0 1 T T
act malter
wheat 981G E3gonifieble

Fg. 3. Nitrite-scavenging abilities of wheat germ extract
and unsaponifiable matter.
a9 Means with different letters in bars are dgnificantly different
(p<0.05) by Duncan's multiple test.
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ol 0.3% H7Fer A, BHA(0.02%) K.t} & 31291 gaks}
395 BHYor, U ujo} Foll= brasicasterol, camphesterol,
stigmasterol, 3-sitogterol, §-avenagterol 5] 21E4) gerolse}
tocopherol o] THF o] Qo] S HIskgiT

2 dFolA e Fediks 712E gt AR Al &
9 vjole] gtslde dolrok=Hl(Fig. 4), -4 =8t
o] 5 F<t ditslAd WslE B 067, 22.70, 44.25, 65.81
2 91.17 megkgl 2 FikskEo] FE3] FTbsh E vl
o}o] fehe FEZEL ARF Ao wet FikskEo] A&
o2 Z7IEEd #F 599 200, 500, 1,000 ppm &=
w2 ksl FE= 46,59, 40.33 2 36.91 megkgl 2 UHE}
vtk 283 EASE(Fig. 50X A7 Aol wal hatk
shEo] 78l e, 5474 70.09, 68.01 Z 62.47 megky

—&— 200ppm

—— 500ppm /E
= a0 ¥ 1000ppm i
S —7— Control e
2 /
- -4
=4

4 -

g 60 s
<
= —
= —
> o
@ .
3 -
E
(=]
e
]
o

Storage days

Fig. 4. Change of peroxide vaues of the linoleic acid sub-
drate containing wheat germ extract.

Peroxide value (meq / kg oil)

Storage days

Fig. 5. Change of peroxide vaues of the linoleic acid sub-
strate containing unsaponifisble matter.

B

o

sokAlo} S @i

S VeI dlgks FE=0lx] ikl of stk B
Hn7 o 2 P o R wujea Qe 9 4skA BHT S
A3 21 tocopherol, ascorbyl palmitate acid(ASP)
FrtslAFe] M esdit 71dox o] datsl &
5 dolrsh=t(Fg. 6), 58739 #bskEe] F== BHT
9.38, tocopherol 76.88, ASP 63.92 meg/kgl & BHTS &%
o] 71 &=3kar, g ujole] dH4ksld- tocopherolZ ASPE
o 2 308 UEhuith

ot

o)

rok

5. Paper Disc H0i| 2|5t & &4

21350 Fufje} WAS WA|stal A% A fE 71kt
< A7) Yt AFREA S AREo] FTletal o,
Fio] REAE JITFAEFLE 1 ko] #4171 =
Aok wEA A3 EEA] Al AAEZREH AF
EAE NdstEe A77F Bo] o]Folxl vl JcKPark et
al 1992, Lee & Lim 1998).

2 Aol A paper disc el &gt 2 wjoto] 4t S
ol Ay= Table 59F 23Ut 2,500~20,000 1 g/disce]
=0l A Bacillus cereus, Saphylococcus aureus, Escherichia
coli ¥ Salmonella enteritidisoll thst oghe FE53 &7
shEo] gt &S Hlwste), oleE FEE9] 20,000
ng/disc ‘5=l 4] Saphylococcus aureus 2 Salmonella enteri-
tidisyho] of7te] 7he A S HAS W 55 B 35 W &

oA dids FAs ¥ 71 gtk

[ )

o Of
|

9 AR AAAA TR Uee E Hjote] &8 Ths
S AASH] fiste] ° uljoe] ] 24 =4 9 I &

100

—e— BHT
—o— Toco
—¥— ASP
—— Control

80

60

40

Peroxide value (meq / kg oil)

20 A

Storage days

Fg. 6. Change of peroxide values of the linoleic acid sub-
strate containing commercial antioxidant.
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Table 5. Antimicrobial effect of wheat germ extract and
unsaponifiable matter

Wheat germ  Unsagponi-

M.cr?;%:.m ( C;gicéc) extract fiable

! (mm) meatter(mm)
5,000 - _
Bacillus cereus 10,000 - _
KCCM 40935 15,000 B B
20,000 - _
5,000 - _
Staphylococcus aureus 10,000 - _
KCCM 11335 15,000 B B
20,000 + _
5,000 - _
Escherichia coli 10,000 - -
KCCM 11234 15,000 B B
20,000 - _
5,000 - _
Slnmondla enteritidis 10,000 - -
KCCM 12021 15,000 B B
20,000 + _

— No inhibition (8 mm).

+ Very dight inhibition (8~9 mm).
+ Slight inhibition (9~1 Omm).

++ Moderate inhibition (10~14 mm).
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