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Seosan Yukjok Garlic and Elephant Garlic

Yong—Koo Cho, Seoung—Won Ann‘), Myoung—Jun Jang, Tae—Seok Oh, Min—Gyo Oh,
Youn—dJin Parkz), Chang—ho Kim

Department of Plant Resources, Kongju National University, Yesan 32439, Korea
DDepartment of Horticultural Science, Kongju National University, Yesan 32439, Korea
AGreen Manure and Legumes Resource Center, Kongju National University, Yesan 32439, Korea

Abstract

This study analyzed the quality characteristics of black garlic made from Seosan Yukjok Garlic and elephant garlic in
Seosan, Chungnam province. Of the inorganic components, Mg content was the highest in all treatment groups, and the
Ca content was high in each of the 15 day treatments. The content of K was high after 10 days aging in Yukjok garlic
and after 15 days in the elephant garlic. The Fe, Na, K, and Mg content was high in Yukjok black garlic after 15 days,
and Na, K, Ca, and Mg were high in the elephant black garlic aged for 15 days. The crude fat content was high in both
Yukjok black garlic and elephant black garlic after 15 days. Vitamin C content was highest in both types of garlic after
aging for 15 days. An analysis of four kinds of organic acids showed that citric acid was the only organic acid to appear
in raw garlic of Yukjok garlic and elephant garlic. Black Yukjok garlic and elephant black garlic had a greater total amino
acid content than the raw garlic of either type. However, among the tested amino acids, 13 kinds of amino acids were at
their highest after five days of ripening in Yukjok black garlic, while 15 kinds of amino acids were abundant in elephant
garlic after the same period. Eight kinds of amino acids were high after aging for 15 days. Through this study, it was
confirmed that, in the process of making black garlic, changes in the main components of the garlic occur through different
routes, and these changes vary depending on the garlic species. Therefore, this study provided basic data for the processing
of Seosan's Yukjok black garlic and elephant black garlic.
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F7lajaks(Allium ampel oprasum var. ampeloprasum)
& AololEnks 52 great-headed tR5O[R}LE %)
™(Brewster, 2008), 50| 450 gofl @8 A2 F7|
7} 231 vl jste] Fal7} s, Tk Uu of
o UelolA] vl hhg-02 ARgSHL 9lriGuenaou
et al,, 2013). I7|EjrEe] £ nRsE k= leekol]
7VPttal A @)tk Rattanachaikunsopon, 2009; Lu
et al., 2011). ul=tollx] AARE]7] AJ&gE Ao]AEnks
= Z8e|Z o}, §7, B, TLE], o] E, ol 5 ol
Aol A Al =aL glom, ml5o] FikE APgellAl 4
Al & 4= AL, 53] gimollA] e s wWol AR
|37 QIck(Fritsc et al., 2002; Rattanachaikunsopon,
2009). 553 ulef thefpt Aeje s AUaL §lo]
Ago] v} 178 SANARE Q) A1 Fo
SholtMoreno et al., 2006). A AAA S &E nl59]
AYAFEE- ©F 1,0009F =, Al 22 9811 haof| o] =,
T+, oFrlel, of|E)7} thE 5 AlARAI oA Al = 2
=t 715 ol what et 8EAJC] Ajolrt 5=
SR AR 7| 5= vnREl] A7 17, ik, A F
o5t EAJo]| J&k2- m]zIckCortes et al., 2003).

RE9] 8o = telRt -FaelehEe| A6,
53] whzolk= alliine] QlojA ojAlo] mhs 224]9] &4
of wh2 allinaseTi= G40 ZRgof 2J3) allicin © &2 H
stof mlze] =53 R1et gL, felgt 2k8o] doju
rk(Kim, 2005). ASo] ths-S 09 717F A
w4 ool ot ekt 9} ololRom, o2
% T eshi) 2 s) P, WP
& ZALHE At 5 vl AREo] AZHY
(Beak et al., 2006). ZH52 nls-S A= 11204
AT ERE SN vFse] A 4T Fds 5o
o) mhse] W e BAow wskgh Aolch
(Shin et al., 2010).

Bukso] o2l 447K AXEA 2] kol
A AJBo] B gAA] ZHEke-S- 2 © A melanoidine}t
78 70| YA =, & phenol, 2 flavonoid3EF
o] olx|al 484 AE<Q] S-allyl-L-cysteine (SAC),
S-methyl-L-cys-teine (SMC)¥} x84 AdE2] diallyl
sulfide, diallyl-disulfide 5| A= 7154do] 57}
3l Nakagawa, 1989). olo] wh} Snls-g vl
of| v|sto] ik} E/do] sk, AEe2 o A,

. o)

% 9 Fehgo] Erfa waElo] gltChae ot
al,, 2011). AG7H] Uit vaS tde= sof 4]
d ozl ek e e el digh e W
o] Rt Maass et al., 1995; Shin et al., 2004;
Jeong et al., 2007; Chung et al., 2008; Hyun et al.,
2008). B} A|9¢] vz 9 Zuhso] 7)5de] gt -
7} &ks] o] Roff ot AAkgE IS izt o] &
T Sl IRt 8ol e o] glom, St
F7)ejrRse] o] gt dhe ARt AAolrk w
2hA 2 Atolle AikeEmlsat I7)eveE Sat
S=2 SAAA Aol EA A EHAY SRR A
o Skl B E=H A= 715 A=
A19] 2 73S ok ar sffol] 2 RR|A] ok
ArkeZEnisat A7)k Suhs AlRAl AR
= AR H|wsle] 7| 2Abm 2 2-851alA) gk

2. Mz Y

B AN AR Alre SHAGE tiEske &
o AN Al ZE AAte] s dSiApHRtord
(F= B3l Aot Aol ARgsiitE MiksEnts
I 7Enkee dHAN T2 Eo 23] AlAR o
= AR Axsto] 2718 AASAAL AR 2 ks
2 2% AEE olgato] 100T oA 2087t 7HEst ek
SR 71 </d7100M e lElang g7lef Hot
50~90T7HA] 25 WSRA7IEA 5, 10, 15911
SJAIA ARSI

21 271" 2N

T17)7 0] B AOAC(AOAC, 1990)Ho] Z3}0]
ZA319ck AYARE 1 g2 F5) nitric acid (HNO;) 10
mL2} sulfuric acid (H,SOy4) 10 mLE 7[5+ % 600T o]
A 2R ERE BIEPA7| L SE5] RSeS| HCI 2 mL&}
37} 252 60 mLE 7J5to] LARE50t sishalzck 315}
=] A|ZE oj7}(Whatman No.2, Whatman International
L) F 5555 7150 5 100 mLe] 22wl
FEATEEAn B3y A|(ICP, Inductively Coupled
Plasma 730-ES, Varian, Palo Alto, CA, USA)Z §7]
Z ke 234519k RF power= 1.3 kW, Plasma

argon 15 L/min, auxiliary argon flow rate 0.5 L/min,

nebulizer argon flow rate 0.8 L/min, RF generator+—
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Table 1. HPLC operating condition for vitamin C analysis

C analysis
Column p-Bondapack C18(7.8%300 mm)
Mobile phase 2% KH,PO4(pH 2.4 with H;PO,)
Detector UV(214 nm)
Injection volume 10 xL
Flow rate 1.5 pL/min

27.12 MHz, sample up take+= 1.5 mL/min 2 3}

IR E 2402 AOAC(AOAC. 1990)2] Hlof| &
ﬁ}ﬂﬂtﬂ, TE-2 105T AR7razizr, 2382 55
olehy, 2AMS ofE| =5 §AI= g Soxhlet
%ﬁﬂ ZHHES Kjeldahl R0 = 2281910k

Z]
4

2.3, H|E}EI C 2 B

Kpbgat 7o) Aokt Sk of 10 g
80% oJEkE- 50 mLE 7Isle] sk Wzl 225t 8
0T 8 ol LARE7Rslol 28] 4 357
FHToyo no. 5A)stE 3k 3 S 5571
(R-124, Buchi, Switzerland)2 7} 5=3t o} 3%}
zEaz lgsie] 10 mLE AE3 5 045 m
membrane filtero] ZA)IZ1 2 HPLC(Spectra
Physics, USA)= A3}t Vitamin C FE252
ascorbic acid(Junsei, Japan)E A3, HPLC
BA27AL Table 13+ 2} Shin et al., 2004).

24, R7NEN
sl Snls 20] 87)ARS gas chromatograph-S
o150} EAIBHITHa, 1988). 714t 552 915 20
mesh2 2Rt ks HL 5 g5 AFZ1EeRiTo] Fskal
olo]] 75% ofEkZ 100 mLE- €o] 150 rpmojlA 3*]71‘

W3 ofgfsilch ool 7t SEsto] oehes
A1 % S0l W ofole EhLamixed bed
resin TMB-8, Sigma, MO, U.S.A)o] §7]4R& ZRIA]
7132100 mL EPO]i AAGZ resine A& 0} E} o=k
F71AEE 6N EZEA L0 &2 82AA o5 7RF XS
ME} et Azt /\]Eoﬂ 14% BFVmethanol gl 5
, WHRESFEZZ methyl laurate7} £°] =

-

chloroform&94 2 mL ¥ <= Na,S0,& 75k ¥yz+
& AZAAZ] & 80T 2] sand bathA}ol|A] 3057t HES-

AA S SEEE o1E 10 mLo| Al 71 o
5 4 mL2] 3} ammonium sulfate -8-212- 7}5}o] Ale}
3l & chloroform 27 g}l AR 4= Na,SO4=
g5lo] 04 gLE flame ionization detector?}
HP-FFAP ®A|& Z-H(crosshnked FFAP, 30 mx0.32
mm L.D., 0.25 yum film thickness, CA, U.S.A.)o] A=+
% GC(Hewlett-Packard 5890, CA, U.S.A.)°f| s}
o] 2233t Injector?} detector &%= 212} 250C
31 270CE AR o8 2= 70Tl 187 f
A5t 5 2 STH 230T7H] AF5A1A 230T oA 84
b FABEEE sigith R AlE BES ARSI
Bf04-0 1.2 mL, split ratio= 1:602 -3-A|5}33

7WAk RS 5o ARl tigh Al A= Q HFE

% o} gk =42 9J5) phenol-sulfuric acidH(Kim
et al., 2010)¢] T2} A]& 1 mLE- F|5}o] 5% phenol 1
mL2} sulfuric acid(H,SO4) 5 mLE 37510 &3ls5)ar
Al 2of|A 2087} H2|3E 2 spectrophotometer(UV-1800,
Shimadzu, Kyoto Japan)Z 490 nmojA S5 =
Aslick & @ol 3R EEEES glucose(Sigma
-Aldrich Co., St. Louis, MO, USA)Z 3} 2
standard curve®] HeFdlof| S3EE A-8slo] 613
t}. 3kl sl S 9Jal DNSH(Meller, 1959)0 wh
2} A& 1 mLE F3lo] DNSE9(3,5-dinitrosalicylic
acid 0.5 g, sodium hydroxide 8 g, rochelle salt 150 g

ol 5501 500 mL= 3-8) 2 mLE @il 3%t

T lomgh B Zol WSAU the W
spectrophotometer 2 550 nmoj|4 S4=5 =431t
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Table 2. Analysis of mineral variation by the time of fermentation of black garlic

(unit: mg/L)

Maturation day maturation of

Maturation day maturation of

Yukjjok Yukjjok Black Garlic (days) Elephant Elephant Black Garlic (days)
Garlic Garlic
5 10 15 5 10 15
K 220%0.05b  2.10£0.06b"  3.52+0.0la 1.87+0.01d 1.17+0.00e 0.75+0.08f  1.79+£0.06d  2.02+0.01c
Na 0.79+0.02b  0.83+0.01b 1.93+0.0l1a  0.70£0.06c  0.59+0.02d  0.55£0.01d  0.76+0.02bc ~ 0.82+0.01b
Mg 222+0.01d  2.20+£0.06d  4.02+0.01b  2.40+0.06¢ 1.95+0.01e 1.63+0.02f  3.94+0.01b  4.97+0.01a
Si  0.12+0.0lc  0.08+0.01de  0.07+0.0lef  1.01x0.01a  0.33£0.02b  0.10+0.0lcd ~ 0.05+0.01f  0.09+0.01de
Ca 1.7540.01d 1.70+£0.06de  2.67+0.01b  2.73+0.01b 1.47+0.01e 1.1940.01f  2.00+0.21c  3.05+0.02a
Fe  025+0.02c  0.2440.02c  0.31£0.01b  0.19+0.01d  0.23+0.0lc  0.21£0.0lcd  0.51£0.01a  0.49+0.01a
" : Mean separation within columns by Duncan's multiple range test (P<0.05).
JUY TS EEFBUL glcoseR Bo] DS 109, 15U SAAA T718S BAR HIKE Table 2
standard curve 2] ol FE5=5 21831 8130k of tehfiSich B= AlReollA 771 5 Mg ool

2.6, ofO|.it 24

ks 59 ofa|iAkS HPLC(Water system, MA,
US.A)E oF831] AccQ-Tagihl] Sfsto] 2433151
t}. %20 mesh= 243t nis W2 1 g2 AT
of] @1 o]o]] 75% oflgke- 80 mLE 71511l 150 rppm O
2 1AIZF aHksE ohe o2 100 mL2 A-83lo] ofx}s)
oIt} ojzlel s mLE FHslod ZAekAx 3 0.1N HC1 5
mLE 7|51] 83)§t - membrane filter(pore size 0.2
pm)2 At 5 ul5 HPLCO| F=YUskiet. ofmle
AL B8 o5l Z2& Nova-Pak C18(3.9x150 mm,
Water, MA, U.S.A.)S AFE3191 1L ZH 9] =337
2 fXPt AElE S ](fluorescence
detector, wavelength: Ex. 250 nm Em. 395 nm)E- ¢]
2351931 841 A= 0.14 M sodium acetate (pH 5.02),
2] B:=60% acetonitrileE AR5} gradient system
o2 Zeslgit) & Fzoll= 81 AS 100%, 0.5
=8 AE 98%, 15800= 81l AE 93%, 19&=
Bl AS 87%, 330l= 81 AS 68%7} EA &L
o, 33504 38EXRE -l BRRS ZRaL, 3844
487 vl AR A e PSS

===

L

.

=

Bl 440078 SEals, ks e 71759

7P 9kom, The02 Ca, K Zeolgich Mge] Fake
109 544171 §Z0ksolH 7] vhepetom, si7jejot
SO 159 4ol ) Uehdek. Cao) B 8
sRsa} SRS 242t 1590 ol A ket
Wk Ko g2 109 44171 $uiselA] 7] Ueh
shom], m7jRirksel A 159 4ol S Ut
SEAFS2 109 %4 Alo] Fe, Na, K, Mg®] o]
9k, m7lelksel Al 159 44 4] Na, K, Ca, Mg
o] SIh. Kim et al (20092 418 Ahuise)
571 FRES HAE 20HKe}P7} 71y wol 8 wof
9lo] 2R 7122 290% ok sl g0
Mg, Ca, Na 4:02 Uehon], 4 £7]29] 24
] W )Xol 71 ulzel Mgt 0 3
2 Bl 5 S AQle] 7|18k Flolek B sigi

[e)

Lo

E3} Chang et al.,(1999)E HF50] F7]AHO 28]
716k Aol wek Rol} lom, TR F K

o] 7P =3k The-0 2 Mg, Ca, Na £o|itial &
13153t} Kim et al.,(2005)2] A7L0)4] Qxjz] 2710]
uheh Auks, SR vhs, Zefolwa AR = e
o] FU1AS ke SAsIe ol Al Iwel
TP 7 BE oA 712 gego] Ao k|
R

Choi et al.,(2008)2] &It M Auks, ks 9
whse] 5714 Beks 27e At Alnksol Hlsiol
ulse] R714 gl B Slelithe Ao o}

o
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Table 3. Analysis of crude protein and crude fat content by time of fermentation of black Garlic (unit: %)

Maturation day maturation of

Yukjjok Yukjjok Black Garlic (days) Elephant
Garlic S 0 ” Garlic

Maturation day maturation of
Elephant Black Garlic (days)

5 10 15

crude protein ~ 8.31£0.13d"  10.12£0.10b  9.75+0.06b  11.60+0.21a  4.77+0.30e
crude fat 2.18+0.03f  3.01£0.03¢  4.80+0.15¢  5.53+0.03b  1.68+012g

4.28+0.01f 8.96+0.21c  9.86+0.05b
1.84+0.02g 3.97+0.04d  6.48+0.02a

" : Mean separation within columns by Duncan's multiple range test (P<0.05).

Table 4. Analysis of Vitamin C content by the time of fermentation of black garlic

(unit: mg/kg)

Vukiiok Maturation day maturation of
e Yukjjok Black Garlic (days) Elephant Garlic

Garlic

Maturation day maturation of
Elephant Black Garlic (days)

5 10 15

5 10 15

30.29+0.38¢  38.48+0.45d"  16.03£0.20g  49.67+0.36¢c 6.43+0.01h 28.21+0.29f  260.3+0.76b  326.55+1.21a

" : Mean separation within columns by Duncan's multiple range test (P<0.05).

Table 5. Analysis of organic acid variation by the time of fermentation of black garlic

Maturation day maturation of

Maturation day maturation of

Yukjjok Yukjjok Black Garlic (days) Elephant Elephant Black Garlic (days)
Garlic Garlic
5 10 15 5 10 15
lﬁlgc/]z‘)d . 22.15+0.92f° 213.5120.74d 474.80.40b - 29.9240.52¢  420.94+0.53¢ 586.57+1.57a
Acetic acid 400.28+0.26¢ 771.4+0.78b 1011.19+0.69a - 58.52:0.56d - -
(mg/kg)
citric acid
o 137£0.02a  0.98:0.03b  0.78+0.02c  0.59£0.02d  0.56£0.05d  0.27+0.0le  025+0.00e  0.26x0.01e
formic acid
(%)

" : Mean separation within columns by Duncan's multiple range test (P<0.05).
" Not detected

A A4 Al 5.53+0.03%, 4—77]3]7513}— 158 <74 Al

R340} olol 7]91et Zufeh Apick 52 Uehil Aiolck, 243 SRS 8ESuls 15
3.2, Uty

Srks /A7 2l kS EARE Ak
Table 33} Qi S&Suls 159 <AL 11.60+
0.21%, T7]2)31ks 159 4442 9.86+0.05% = LfE}
vt} Kim et al.,(2009)-2 Ejhil50] 9.97% 2 714 1=
okt TR0 & A1FH8.79%), 'Fal(8.29%), 2(7.73%),
TOK7.72%), Z24KH6.90%) &0 8 =7 vepgtia
H 3}tk Shin et al.,(2004)2 Al A, HalAE A
5o] =iz 31k 7.6, 8.8, 7.8%E Kl 51T,
ol S&SHsA 272 Enks] ek e

ﬂ.l

ﬂJF

/

6.48£0.02%2 %7 Uehkon, A, o4, welt ot
Lo] A} FHES Z12F 0.9%, 0.9%, 1.0% 2 HES
sl 2 el g Ao} ol 2k

Lee et al.,(2011)2 4-20h50] Aupso] H[sle] =
Chl AT} 224} Slo] o Ao @ LeRAT) o]k
Qb Flee] Aol nlse] B, 4B, A8V 5
o Jgt 2ot T QAL ] ARl <lsjol
S8 o] Al At 0w 2ol ) s
A o] sEus

_!z

HkE Lo ojsh o] Evpit
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Table 6. Analysis of glucose content by time of fermentation of black garlic

. o)

rS|
A

ORI - uhaRl - 713

(unit: %)

Maturation day maturation of

Maturation day maturation of

Y(l}l:rjfizk Yukjjok Black Garlic (days) Elephant Garlic Elephant Black Garlic (days)

5 10 15 5 10 15
fructose  1.34+£0.01f  3.3240.05¢ 17.14£0.14d 22.87+0.66c  0.62+0.01f 2.88+0.07¢  36.09+0.70a 34.57+0.39b
glucose  0.15£0.01g  0.34+0.03f 1.68+0.02c  2.26+0.03b 0.64+0.04¢ 1.2140.04d  3.85+0.03a  3.93+0.04a
sucrose  1.06+£0.03d  1.18+0.03¢c  2.73+£0.02a  0.45+0.02f  1.14+0.06¢cd 2.06+0.06b  0.78+0.04e  0.16+0.02g
maltose  0.16+£0.02¢  0.20£0.01c  0.34+0.03a  0.11+0.02d 0.26+0.01b  0.29+0.01b
lactose - - - - -

" : Mean separation within columns by Duncan's multiple range test (P<0.05).

" : Not detected

ANV - & Aol & Helt:

Sz 57341714 Vitamin C S 24 3 k=
Table 42} Z)t <AJA17]E Vitamin C gFFS Al
3t 8&TusL 15U 5AJof 49.67+0.36 mg/kg,
7SR 15Y £5499 326.55+1.21 mg/kg o2 7}
7% =7 LreRstTh. Kim et al.,(2009)-2 A Aopz9]
Vitamin C2] gke 2R 2t AR 374 A
Vitamin C o 552 522 mg/100 g, U] =R4HX] 4
7§ 2194¢] Vitamin C Bt T 478 mg/100 g, F=
A58 490 mg/100 g2lal 1 1Sko] ARRX|E R nls9]
Vitamin C o] th2 o Liehcl.

3.3. RIIMEY

SHks <A A7 HEkE ERkIsk] fiste
lactic acid, Acetic acid, citric acid, formic acid 5 4%
o] fi7hke 4% B3z Table 5o YERHRIEE 55
4 577]2] apsollA= citric acid G74Hto] LERT
t} lactic acide 8&IulsolA 15¢ sAo=
474.8+0.40 mg/kgS YERH O™, T7|2]|SuhsofA]
=159 44J0R 586.57£157 mgked UERQIE
Acetic acid= 3Z&3 =504 159 <A ©= 1011.19+
0.69 mg/kgs HERHSloH, F7ESrsots 5Y
2290]] 58.52+0.56 mg/kgollA] FEREOLF 10203} 15
3 /dollis UERR] ettt citric acid= S8R
1.3740.02%, F7]2 8015 0.56+0.05%2 Lfehgol}
Zuks SAole Alnksmch 9E WA dehdch
formic acidi= 853} 272ulsolH LeRA) o
Atk

34. RElE &

Sks /A7 Fed @& HPLCE ARt
Zy}= Table 63} Z9)ch fructose =2 I7|8]Sn}
L 109 24 A 36.09+0.70%2 71 A LfeR,
LEZINISL 159 &4 A] 22.87+0.66% 2 LFERGTH
glucose T2 F7|8|3uls 159 <54J0] 3.9340.04%
2 7K 7l Uhehda, 8ESuke 159 %4o)
2.26+0.03%= et sucroseTh 8530k 10
2 2:40] 2.730.02% 7¥ 7| e, w7l
=8 59 2410 2.06+0.06% = LFERGTE maltosedt
2o g&Iuls 10U £410] 0.34+0.03% = LEREC
o, 72jnRse] Y Aol e UeR A gl 154
22410] 0.29+0.01%2 LERITE lactose S S&35nls
I FZ7RErksolde UERA] 29ith Kang et
al,,(2011) 9] </d WA Sheld Shds 3743
A} Suso] ksl vlsto] oF 2.58) S7lsIgl e,
olo]] thal mhzo] A=A AAVE 5 Highdd &
F7h ol o] Shleom WAl o= opn| k=7 |9} HE
S5to] RS} ek dRl Aol w2t v
&7/3 T AW} tiEo] 2hdEe) gl STIsk= Ao R
Bl

-2 FO] =8 A7 Aol opd we] &
A Zejete] ez EASk=t, the A=l vlst
o] fructo-oligosaccharide 2] o] e 7 o &2 A2
Atk o] A2 A -8-A1t<] bifidobacteria®] 4]
of] o] &=)= 7154 28] o]cK(Shin et al., 1999).

Lee et al.,(2008)2 E9F0] EXJo] njz0] Z7] EA
of| m|Rj= GRS AR At vhso] Fdol F3kE
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Table 7. Analysis of the change of amino acids by the time of maturing black garlic (unit: %)
Yukjjok Matu.rvation day matu.ration of Elephant Maturation day matu.ration of
Garlic Yukjjok Black Garlic (days) Garlic Elephant Black Garlic (days)
5 10 15 5 10 15
asparticacid ~ 0.64+0.03d* 1.04+0.01a  0.82+0.04c  0.95+0.01b  0.40+0.06e  0.36+0.0le  0.65+0.01d  0.64+0.01d
threonine 0.1840.01c  0.26£0.01a 0.21£0.01b  0.24+0.01a  0.07+0.0le ~ 0.06+0.0le 0.10+0.01d 0.11+0.01d
serine 0.22+0.01c  0.34£0.01a  0.28+0.01b  0.32+0.01a  0.09+0.02¢  0.06+0.01f 0.13+0.01d 0.15+0.01d
glutamic acid 1.34+0.01d  1.51+0.02c  1.38+0.01d 1.55+0.01c  1.01+0.0le  0.96+£0.0le 1.91+0.02b  2.00+0.06a
proline 0.27+0.0la  0.27+0.01a  0.23+£0.01b  0.22+0.0l1b  0.03+£0.0lc  0.02+0.0lc  0.02+0.01c  0.02+0.01c
Glycine 0.19+£0.01c  0.31£0.01a 0.25+£0.01b  0.31£0.02a  0.08+0.01f  0.07£0.01f 0.13+0.0le  0.16+0.02d
alanine 0.18+0.01c  0.28+£0.01a  0.24+0.01b  0.28+£0.01a  0.07+0.01f  0.06+£0.01f 0.12+0.0le 0.15+0.01d
valine 0.2240.01c  0.34+£0.01a  0.29+0.01b  0.35£0.01a  0.07+0.01f  0.06+0.01f 0.13+0.0le 0.16+0.01d
isoleucine 0.12+0.01d  0.19+0.01a  0.15+0.01c  0.17£0.01b  0.05+0.01f  0.04+0.01f 0.07+0.0le 0.08+0.01le
leucine 0.25+0.01c  0.39£0.01a 0.30b+0.06c 0.35+0.0lab  0.10+0.01f  0.08+0.01f 0.15+0.01de 0.18+0.01d
tyrosine 0.13£0.01c  0.21£0.01a  0.13+0.01c  0.18+0.01b  0.05+0.01d  0.03+0.01d 0.05+0.01d 0.05+0.01d
phenylalanine  0.20+0.06abc 0.24+0.01a 0.20+0.06abc 0.21+0.01ab 0.12+0.01bc  0.10+0.02c 0.19+0.01abc 0.19+0.01abc
histidine 0.11£0.01b  0.15+0.01a 0.12+0.01b 0.13+0.0lab  0.05+0.01c  0.05+0.0l1c  0.07+0.01c  0.06+0.01c
lysine 0.32+0.0la  0.37£0.0l1a 0.24+0.01b  0.20+£0.06b  0.12+0.0l1a  0.08+0.0la 0.11+0.01a  0.09+0.01a
arginine 1.56£0.01a 1.56+0.0la 1.16+0.01b  0.92+0.01c  0.71x0.0le  0.68+0.01f 0.79+0.01d 0.52+0.01g
cystine 0.10+£0.0lcd  0.42+0.01a 0.31+0.01b  0.30+0.06b  0.07+£0.01d  0.16+0.01c  0.43+£0.0la 0.38+0.01a
methionine 0.07£0.01bc  0.11+0.01a  0.07+0.01bc 0.09+£0.01ab  0.03+£0.01d  0.03+0.01d 0.05+0.01cd 0.05+0.01cd
tryptophan 0.07+0.01a  0.07£0.01a 0.08+0.0la  0.07+0.01b  0.03+0.01b  0.02+0.01b  0.03+0.01b  0.03+0.01b
" : Mean separation within columns by Duncan's multiple range test (P<0.05).
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