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ABSTRACT

N-Nitrosodimethylamine (NDMA) is formed through reactions between dimethylamine (DMA) and

nitrite. Jeotgal, a traditional Korean salted and fermented seafood, contains a large amount of DMA and is an ingredient
of kimchi condiment. This study investigated the effects of amount and type of Jeotgal on changes in NDMA and
its precursor contents during storage of kimchi. NDMA was found in all 23 Jeotgal samples, and DMA in nine salted
and fermented shrimp samples showed levels ranging from 16.5 to 58.9 mg/kg (average of 30.9 mg/kg). The seven
salted and fermented anchovy juice samples showed DMA levels ranging from 21.7 to 44.4 mg/kg (average of 34.5
mg/kg). Kimchi was assigned to one of the following five groups: kimchi without salted and fermented anchovy juice
and salted and fermented shrimp (control), kimchi with small amount of salted and fermented anchovy juice (AK1),
kimchi with large amount of salted and fermented anchovy juice (AK2), kimchi with small amount of salted and fermented
shrimp (SK1), and kimchi with large amount of salted and fermented shrimp (SK2). SK2 had higher DMA content
than SK1 during storage while AK2 had higher DMA content than AK1 after storage for 10 days. Nitrite contents
of AK1 and SK1 were higher than those of AK2 and SK2 after storage for 20 days. NDMA content was significantly
higher in SK2 than in SK1 after storage for 0 and 10 days, and NDMA content in AK2 was significantly higher
compared to that in AK1 after storage for 0 days. The DMA and NDMA contents decreased in all kimchi samples
during storage. The effects of amount and type of Jeotgal on DMA and NDMA contents were reduced after storage
for 20 days. The results suggest that the content and type of Jeotgal have significant effects on formation of NDMA

in kimchi.
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3} opdaketo] ghf-lo] gl wiFi Aol wheh ob i
A3k A Gl 2 Aolvk Yor] 1 el ohd e
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O ATHA). W F=oll FAired FFo]l F& o= AT v
oF BlHjo] AME-S & 4 daz, AuiA] 71

= AR Y] B, 42, A, 79
ogt Ao w & ATHG5,6). M5} Fol v Fie 2

AL AA AY, fE, Alx, s T FAnAE 93]
ofA b o7 FdE 4 ATH(D).

AA o] HAZZE AFE3l A4S ditd oz o {9
=5, W s A 52 Y8R slo gEe 9 s
A7re & 717k dra, s4A7 -Elue i HaAE
ojth, AL gkl W] thefstAl o] ¥ o
A Fo A, GAA, A AA, 7 AR T2 A
o] HAEE AFEH AL gl dharle] A vid A& F3l
AFAS Ay, Ao &f% o}l F<l dimethylamine

(DMA), trimethylamine(TMA), biogenic amines< U E
A AFEAR IHA Uk 28RE ofy g
ol 8HE &g Fol AT ofditdoe]l 24 S
A AR FAr AL o3| olditd o R HEE
gormg 53 Wy 9 A 5o UEZA o] AAdE 4
ATHD).
A2 U YEZA O] A&
ellA YEZARS AFEZ<d
Sl

ERETETE

N S0l DMA 2 NA EME AR HZE

=Y AT Y= A$-H(salted and fermented shrimp)
97, " xMA(salted and fermented anchovy juice) 771,
H %] A (salted and fermented anchovy) 371 2 7}u2]
Al(salted and fermented sand lance juice) 431, & F 4&
23705 FFAS HYuE FAA TP A A
agR ARl e "HAATY AR 9A 7 (HMF-
3450, Hanil Electric, Seoul, Korea)® Zro} #2313 %
Al 2= AE3FI T

x| M=
A ald MiF(EF T 2.5~3.0 ke)e W7 B

0.135 kg3 & 2
Az AA) del T E 2 Bl 33] Al ste] ALoA
Spalgith Aol wjFE Table 13 28 wjan 2 4=
e A=

FASR I Aol AMgg A4 F 13&7H(eju, Ko-
rea), CAFY] Ex] N A (Seoul, Korea), SAFY] A§-$-%1(Shinan,
Korea), 5¢ thZ v}&(Seoul, Korea), 4H4AF 749 3F
QF A% (Seoul, Korea)2 F5 AUl tE nlEd A )8}

) AR} oh AN
o] 74 Ul NDMA A4 felolehs 1 Fuwsl dalvhd), Qi whoh A4S Futes g xoA TS
HERAY] & d724d2 oflFE vh&F sk 3z Al 100 gF 2.5 ¢ © 7.5 g9 A AR & 13}
o] F7F<t o] X W NDMA Aol of®l J&e v x| = Axd AA(AK1 AK2)9F AdvjF 100 g9 2.5 g 2
2ol gk AAH QD AFRaE Ak wEha] 2 At 7.5 g8 AR S Hete] Alxd HA(SK1# SK2)E &+ 4
M= A W NDMA A4 808 F-starat ol H4] Yol ARg-shleh. Az AA= 22t 400 g% low density
2 99 u 71 wol Algats dx AT ARG 7hzt polyethylene(LDPE) 8 &(F 25 cmxZ°] 30 cm)&.& &}
e gelste]l Wk AX Fdow Az AA U UER W EAW F AAE gol ALolA 1247 4417
AR S A e S A M 9GS dokrskth oy -1°CR A A7 AL(RP20H3010HY, Samsung,
Seoul, Korea)ol] WALt 093k 54 4@l AHg3Ht.
e AYS T 5 Qg e -20°CA YERE 33
ok A 85 AZS F 0, 10 283 20¢00 A 591 AAE
Table 1. Composition of kimchi ingredients
Ingredient (g) Control AK1Y AK2” sK1” sk2”
Salted Chinese cabbage 100 100 100 100 100
Red pepper powder 3.5 3.5 3.5 35 3.5
Garlic 1.4 1.4 1.4 1.4 1.4
Ginger 0.6 0.6 0.6 0.6 0.6
Green onion 2.0 2.0 2.0 2.0 2.0
Sugar 1.0 1.0 1.0 1.0 1.0
Salted and fermented anchovy juice - 2.5 7.5 - -
Salted and fermented shrimp - - - 2.5 7.5
Water 7.5 5.0 - 5.0 -

YKimchi with small amount of salted and fermented anchovy juice.

PKimchi with a lot of salted and fermented anchovy juice.
Kimchi with small amount of salted and fermented shrimp.
PKimchi with a lot of salted and fermented shrimp.
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#3lo] NDMASH 279 AFEAQ DMA, o}2aatad @ 2
Ak 9] FHg WskE dolr ottt A= 914 7](Hanil Elec-
tric)® Zro} #2333k T AL 9%k Al BB AFLEY ).

pH £3

WA 7] (Hanil Electric)® F A 2] 10 goll 32 574 90
mLE 7}et & thA] F23}kste] 2204 pH meter(Sarto-
rius Basic pH meter PB-20, Sartorius AG, Gottingen,
Germany) & =43} T},

DMA 24

A=Al ¥ DMA S Dyer2t Mounsey(9)2]
copper—dithiocarbamate *¥'H-& &% Gou 5(10)9] %
How SA485th = Alxd AAE 54 F A% 0, 10
a8 a 209 AMFHSke] 214 7] (Hanil Electric) & Zro} +
Azlek 712 25 goll A7}--(4~8°C) 7.5% trichloroacetic
acid(TCA, Sigma-Aldrich Co., St. Louis, MO, USA) &
S 50 mL B3 ¥ vortex mixer(VM-10, Daihan Scien—
tific Co., Wonju, Korea)® 3%3F Z4d3s| A3 L,
Shakers(SHO-1D, Daihan Scientific Co., Seoul, Korea)
2 3081 A5 (shaking)3lslth. YA Ee(3,000<g, 15
min, 4°C) 3fo] A& A=ole 1 M NaOHE o] &3} pH
7.0E.E WEQlal, BE AEBE 33 TRTFR 60 mLE 3§

% DMA &4& A% A== A8t 445 =6~
125 mg/mL)2] DMA(Sigma-Aldrich Co.) ¥ “fr 9‘1]% Al
ot 3 FH|grt.

ANE EE 2789 2 mLe} chloroformel %21 5% CS;
5mLE 42 % 40% NaOH<} NH,OH €< 0.2 mL, cop-
per—ammonia reagent 1 mL 223 30% acetic acid 1 mL
£ og v Ak 25°CelA] 103 WA g &
form < #3lx 0.2 g anhydrous sodium sulphate
(Junsei Chemical Co., Ltd., Tokyo, Korea)& 93} th&
440 nmelA FFEE SA5ATH

% chloro-

o
=

W o} @At =48 Seo S(11)Y nitrite assay=
WS AMge e s A4 20 gl TR
£ Y31 vortex mixer(VM-10, Daihan Scientific
ColE ol&3ate] 1023 Ads] 1&g 5 ofgate] A&
A FE ARSI AR NO; F%+ 100 pL 44 A&
o} 5%2] 100 pL Griess reagent[A : B=1:1, A: 0.1% N-
1-naphthyl ethylenediamine dihydrochloride(Sigma—-Al-
drich Co.) in H.O, B: 1% sulfanilamide(Sigma-Aldrich Co.)
in 5% HsPO41 & % Z33Qlrt. We Abdst e =2 Ao
1023 BAAZ F- 540 nmollA F3 =5 SAsA

)
o Ol
=i
'

EIAIA EHAM
=20 T
AW A o S-S fe 223t AR 2.5 gl

gt - 49T ol - vl

THI 22.5 mLE Yo vortex mixer(VM—lO Daihan
Scientific Co.)® 3&3F A¥3s] X1¥3F F Shakers(SHO-
1D, Daihan Scientific Co.)& 30 Z_ PRS- s A S A=
60%7F 95~100°Coll A F838te] 2131 3 15% Ku(Fe(CN)g)
0.5 mLe 2 M ZnSOs 1 mLE H7Fet ok o #aqiet. of 3
H AR £9 04 mL, EF2HHS0, : H3POy=1:1) 3 mL
a8 O 12% 2,6—dimethylphenol-acetic acid 0.4 mLE
324 nmell A SFE=ES =333 cH12,13).

=33 5

NDMA £

A1) NDMA #2412 A& kb A AT’ E0] A
&3 Jo (149 AT FHE AHEsHlT. = w4 she
AR 10 g& 43 do} 50 mL Aol Y WEEFE
A2 N-nitrosodipropylamine(Chem Service Inc., West
Chester, PA, USA)(INDPA, 1 pg/mL) 1 mL ¥ 0.1 N
NaOH(Waco, Osaka, Japan) 10 mLE %] vortex mix—
er(VM-10, Daihan Scientific Co.)& ©]-&3d}o] 3&3F &
skgit}. o] Extrelut NT(Merck, Darmstadt, Germany)
12 g& ¥i 4] vortex mixer(VM-10, Daihan Scientif-
ic ColE o]g3to] 123 Jget & Zuwj71 & o] 83t
2] Z-8 A4 3.0 cm, deo] 30 cm)oll ¥ FE R
Z otk £59 £9S S F JES Wel 250 mL T
el Ze2l~3E =3 dichloromethane(Merck)¥} n-
hexane(Thermo Fisher, Waltham, MA, USA)2] 70:30
(v/v) 34 10 mL= Algd, Feotd 2 Zwr]ol w2
HRES 23] Ao T F Ao Yt AEEA di-
chloromethane : hexane(70:30, v/v) &3 40 mLZ A
59 YEEANS §&3t3 ¢ ¥ whEgh & ojuf & &
e 250 mL TRty ZEfad g dhol 343k 1S 30°C
FEANA 3~4 mL7F HEeF 3313%5571(N-1000,
EYELA, Tokyo, Japan)® #ts= 33t}

AA AL wg] Sep-pak florisil cartridge(Waters,
Milford, MA, USA)°ll hexane 6 mL& F3}A|7| 22 &4
A A AL, B4 3t Sep-pak florisil cartridgeol] 9 &3
NS Y Zg2~T5 hexane 1 mLA 33] o] 4L A&
t}A] Sep-pak florisil cartridge®l Eﬂr/\]?ﬂ‘i} 1 % hex-—
ane 3 mLE t FHAIZ oW &E% EE hexane HH
t}. o]o]A] dichloromethane : hexane(95i5, v/v) Z35
6 mLZ £%3}9] Kuderna-Danish Z,17] of ol AAE &
A 7IAA AHEE]) 1 mLE2 553 % 0.22 pm filter
(Millipore, Bedford, MA, USA)E o%ﬂrﬁ& T 248 AR
2 ARSI TH14).

ARF U UERA 3% % B4 9
1
g

o
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Table 2. Condition for GC-TEA analysis of N-nitrosamine

Items Conditions

Instrument GC-Agilent Technology 6890 N

TEA-Thermo Orion Model 510

Column HP-Ultra 2, 25 mX0.2 mm
Carrier gas, He, 28 mL/min
Flow rate
Oven temp. 60~200°C (for 16 min), 200°C (1 min),

200~270°C (for 4 min)
Injection temp. 270°C
Pyrolyzer temp. 550°C

Analyzer pressure  35.03 psi
Split ratio 10:1
Split flow 23 mL/min

Injection volume 3 pL

(1 pg/mL) 1 mL ¥ 5% 150 mLE 7}3te] 2 £33
5 57 HAFAE o] 8ot FHEC] 120 mL7F 2
A FE3ATH SHES TdZ4u 7)o A dichloro-
methane(60 mLLx33])o] o]PA|Z] § sodium sulfate=2 &
A ZAT}. o] 2 Kuderna-Danish &A ol %71 & 60°C 4=
E4oA 4~5 mL7t 2 w7HA] 553 v, A& T E
ARSSte] Al HE F97F 1 mL7t HES w53 9 0.22
um filter® o gk & #A8 A|m =2 ARSIl
48 A8+ thermal energy analyzer(GC-TEA;
Model 543, Thermo Electron Corporation, Waltham,
MA, USA)Z #48kglen, ojuf GC-TEA®] %312 Table
29} 2o A 2 A2 U NDMA 542 Table 29} 12
GC-TEA®] 4] z=7ell 4] 418 NDMA 3i+= 4 (Chem
Service Inc.) ¥ Al&¢ GC-TEA chromatogramel 4]
NDMA peak®] H¥E AJ7t3} A| 89 NDMA peak’}
=72 NDMAS®} co-injection 3 W] %Y peak A HlA
peak Fole} WA FrtE Tz FAIT

(mean)£ 3% ¥ 2 (standard deviation, SD)Z
FEABF L, AT 7 F o] ZFo] = one-way ANOVAZE

3 Duncan's multiple range testE ©]-&
slo] A}S ABIPF o X0.05 ol 4 R
AZsAth. BE A 412 SPSS(Statistical Package

for the Social Science) version 12.0 X2 13(SPSS Inc.,
Chicago, IL, USA)& °o]§3ste] #4313t
Znt 9 o
XNz = DMA2} NDMA &z
20159 5~949 FFFAA AW FvLENA F5H
Ae AIA 97, EAAA 74, XA 370 D s
A, 5 F 4% 2375 7938t DMASF NDMAE 4
A3 Table 33 2t}
A 9739 ¥ NDMA -2 3.6 ng/kgeollomH,
A AA(77), BAA(331), 7htE] AA(471)°] NDMA 3§
Zk7}y 2.6, 3.7, 3.6 ng/kgel Atk A¢-A, XA A, E
AR, i AR o] g v e 7247 1.4, 1.6, 2.5,
2.0 ng/kgel L, 7 =& T2 5.6, 4.5, 4.5, 5.1 ng/kg

oo

>~

A9-A, EA AR, HA A, she] AA o] DMA $52 7t
7} 30.9, 34.5, 47.4, 44.4 mg/kgel 1 1 W= 7+
16.5~58.9, 21.7~44.4, 23.8~70.7, 22.8~64.8 mg/kg©]
Tt NDMAS DMAE Al ZzAbel uwhg) sheF 2fo] 7} wo|
A AS-A, EA AR HAA 9 g AR 7ke] FAIE
A Zpol= flATH2>0.05).

Az Foll UEZEAY =8 AFEHR] 27 of¥lF
DMA, 3% o}{l5F<l TMA 18] il biogenic amines®| Tt}
FhHrEle] glat, TMASE 22 39 o}l DMASH #& 2
olmio g Agd 4 glom, 27 ofFlFe} ofdikdo] 1t
st YEZAMS A3, DMAE ob 22k 7} w83} o
NDMAE A48}, biogenic amines?] putrescine®} ca-
davering 2% o}l pyrrolidine® piperidine 2.2 # 3k
2 g do] o]F o] o} HAAH wkE-ste] YERARIQI ni-
trosopyrrolidine(NPYR)3} nitrosopiperidine(NPIP)< &
g gkeH(2).

Kim ‘5(16) Aj-§-51 2 B 2131¢] DMA ko] ¥+t 95.6
I} 3.6 mg/kgolgt 3R AL, Yim 5(17)¢] HaroE A $-
Az x4 W DMA 3ol 5.059 2.59 mg/kgol o B
25 A7 27 A9l HXART 52 DMA #§F&
Beloa sged £ AFolAe AFE ke & g Aol
uiZel F A4 k] DMA 332 $AITA ol zol&
HoF2] gdrt. B AFolA £4% A3 U DMA &%

oo zli oL o

Table 3. Levels of dimethylamine (DMA) and N-nitrosodimethylamine (NDMA) in Jeotgal, a traditional Korean salted and fermented

seafood
£ DMA (mg/kg) NDMA (ng/kg)
Jeotgals No. 10 Range Range

samples (Min. ~Max.) Average (Min. ~Max.) Average
Salted and fermented shrimp 9 16.5~58.9 30.9+16.3™" 1.4~5.6 3.6+1.5™
Salted and fermented anchovy juice 7 21.7~444 34.5£8.4 1.6~4.5 2.6£1.0
Salted and fermented anchovy 3 23.8~70.7 47.4+23.5 2.5~4.5 3.7+1.1
Salted and fermented sand lance juice 4 22.8~64.8 44.4422.9 2.0~5.1 3.6+1.7

UNS: not significant.



LR R[S e B S

A
:

1306 37

< Kim 5 (16)°] Bag ghaFth WodA| gk Yim 5(17)¢] whg} pH7F FFAashs Ao AA R o} ehvket A UE
BHargh SRk 9o XA DMA §3e 7 A o AZ712E FATAE o4 Aol= UATH
Azt Eqrt 0.05).

Kim 5(16)& Azl = UE A o] NDMA7} A% Kang 5(4)¢] i oatd &#e 4 F 4x9%
H A3 BAA T AS-Ae g8 NDMA g2 33 0.5 A(-1°C)°ll BAZPE vl 45 <k pH W37t A gidivka
S} 0.6 pg/kgolet B 1=t NDMAY AEd AL & sed ® Aol dAE AL, Lee S(18)2 AA 93
AT Azel dxshl ot e B AT Ayrc) gopch F =4 AAYAI(-1°C £ -2.5°0)0] AA&std pHS}
AzLE Aol o] &= amo] Aakd 2 ofHatd s I abzo] W3l glo] QHlEet AlMsiA Bed 4= lhar &)
& ¢ 9la B35 2g, A T UERAS YT 5 = ol 2 A Axel fAlskolth
ATHT). F=79] salted fishe] NDMA<S] 2 t)3]§-3Fe] 4.0 A A A A2 vhEEe] g ) obn] e Ak §Hra)
ng/kgAdl(14), A2, A NA, A A 2 7] Ao I QAL A 4 Foll Aak IS ST Ak S
%l NDMA 3 352 2% 4.0 pg/kg o8kl o A) 21g FHeke ez dyA Jo(19), ¥ ATl

A3 A AA o] A¥ A8+ 4.0 ng/ke FEFS 23} 12417 &4 & 22YA(-1°0)e A48+l 7] wjio] A

A E7F ] Tl = A 4Fe] NDMAS] )5 &% ol o3k Aak 4 Ak T2l thEk ko] ¥

iy o rr o

Aste] Sl frEEE A ehdAdel dig wvle) Al Ao A7 ARk 25s o R FA AL
Fojor & Aoz Y7l Zb <t el pH WE7E o4 zpolE YehliA] 2 AL
B Aol Abgd 71X Alzo] AFEE H A T} A 9-A A A A -5 Fo] xpel 7}k Aol FFE A
°] DMA =2 7+7} 28.99}F 29.2 mg/kgo] 3L NDMAE 3.5 FA FE Aow FAL 3
¢} 3.6 ng/kg & 7 A7 7roll AR DMA 2 NDMA & UEZAE opdatdw} A2 ofvle] FAlo] &A1
o] A& AtHTable 4). o gzl A 2 A7) el A]€] pHE UERA
w1e] el S o em7k vk AAE 3 #§-9 pHE
UX| X% & pH H3s} 6.0 ol 7% %4 HA pHE 4.0 B0l Ao g oF
Ao Tt S dElate] Az AAe] A7 #1(20), AA7F A3 A4S W HEZAND A
' pH W3kE Fig. 1o Yebligltt. #7713k S7hgtel fFrEet Abg xie] HARt YERA Y 0 AFEAS
AAAY AR s Aow G fakto] T4 8
A N 0y rmodimeltyl 2 U= 449 ool 42 849 44 & 4%
ingredient E WE(1,21) HEEAN Agel frel g A x310] &
Jeotgals DMA (mg/kg) NDMA (ug/kg) o= UERA Fako] S7He Zlolghals oS54 &=
Salted and fermented 28.9+0.7 3.5+0.7 o UERARL AstE S1@ 7Hg o189l AR5 pHE
anchovy juice FaA7IA obA ikt 5 F7H7IAL UERA
Salted and fermented shrimp 29.2+0.2 3.61.4 AL A= BALS thek 3He-3k 711x] FdAS 3Ho-3h
AL Aot
-+ C -2 AK1
6.9 -0-AK2 -0-SKi1
67 oSk 2 XME & DMA g Hst
65 1 AA W UEZAN A4 A90S dolry] flsl] Az
osl NS" NS NS THe FE 2Este] AA Az F 1243 AoA S4
O ; & 5 Aol ¥l 1 09 291 BAYFA(-1°0)
5o o AataAd A4 1093} 2049 DMA &3 W3S oo}
B A3 Fig. 294 2
> WA A& Hohe AA(AKIT AK2)S A A& A7)
T e 10day 20 6oy AA(SK13 SK2)E %4 1243 & 2A9Za 4%

o d

A9l H7he] S7hees DMA Be] B
L A3 093 200l R AA L AT}
o

ol ]
oH
M9l Aol & Mo FA Gk ANSA e Aol

Storage period

N
N
ol
ol
pat
o

Fig. 1. Changes of pH in kimchi during storage for 20 days.

fu oy =5 ot
mo

C, kimchi without salted and fermented anchovy juice and salted -9 o =
and fermented shrimp; AKI1, kimchi with small amount of salted 9 o o] X “ o — = o
and fermented anchovy juice; AK2, kimchi with a lot of salted PR AR A e om 2 DMA S BofFaltt
and fermented anchovy juice; SK1, kimchi with small amount (Fig. 2). M4 <& v=F A3k 11 SK27F A A4 0,
of salted and fermented shrimp; SK2, kimchi with a lot of salted 10, 202 A=) 7+

5 5] AR, AKL, AK2, SK1,
and fermented shrimp. NS: not significant. Each value is mean+ &<k bel - 12(C, AKI, AK?, SK1
SD (n=3). SK2) FelA 74 =2 DMA %S
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20 1 h

15 4
10 A
5,

DMA content of kimchi (mg/kg)

O+—FHF—F—FH—"HF—F—— 17— T T

&* &’* t@ t@ &
Ofbpm @‘L‘p‘b @%

&’* 6’5\ 6’5\ &’* &
'\ '\ '\ '\

v N
U W

06’5\ R
Fig. 2. Change of dimethylamine (DMA) in kimchi during stor-
age for 20 days. Groups (C, AK1, AK2, SK1, and SK2) ex-
planations are the same as in Fig. 1. Values are expressed as
the mean+SD (n=3). Means with different letters are significantly

different from each other (P<0.05) as determined by Duncan's
multiple range test.

SHre 4 ](SKl)E Xﬂﬂf?_ E}% A
]

2 ATl M AR ddel e A2 obEabd S 3y
g A wiFE JAAE Ax g
A o] 7}53kA] Lol a1 A U] NDMA A el
Wt gige] FReh 4 Aol

al

g AN 39

=
T =
WA 0, 10, 20 A W) o} @At AAksd sheks do}
2 A= Fig. 3A, 3B9F Z).

A0 °a] A$-A e A A(SK1Y SK2), A7 20 2 A
A 3 AX(AK1H AK2)9F A-9-A 35 71X (SK13 SK2)
ol k-5t X7t ALE AA ik A Rk
FAAE shero] WA AEH Ao (Fig. 3A). o=
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Fig. 3. Changes of nitrite (A) and nitrate (B) in kimchi during
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explanations are the same as in Fig. 1. Values are expressed
as the meantSD (n=3). Means with different letters are signifi-
cantly different from each other (P<0.05) as determined by Dun-
can's multiple range test.
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