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Characteristics of brown rice Makgeolli brewed at
different temperatures and mixing ratios of Nuruk

Jin-Kyeong Kim', Seung-Wha Jo', Eun-Ji Kim', Seung-Hee Ham', and Do-Youn Jeong"*
'Microbial Institute for Fermentation Industry

Abstract Brown rice Makgeolli was brewed by using the Saccharomyces cerevisiae strain SRCM102596 under different
fermentation conditions: temperatures at 20 and 25°C and Nuruk ratios of 5, 10, and 15%. There were no significant
differences in the pH and total acidity between samples. The alcohol content at the different nuruk ratios varied
significantly by the days in the fermentation process. The major free sugars were maltose, glucose, and fructose, and they
gradually reduced with fermentation. The major organic acids in the brown rice Makgeolli were oxalic acid, citric acid,
malic acid, succinic acid, and acetic acid. The lactic acid content increased with the number of days in the fermentation
process. Among the 24 different free amino acid contents identified, the total free amino acid content of, especially,
threonine, serine, and alanine were high in the brown rice Makgeolli, at 20°C and nuruk ratio of 10%.
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FEHE 2=

HE Saccharomyces cerevisiae SRCM102596S YM broth (Yeast
Malt Broth, BD Difco Laboratories, Detroit, Michigan, USA)ll

28°Cl Al 48A17F vk & &nm] A Y] 10% (viw) X
(8.0£0.10 log,, CFUmML)YE HF3AT}.
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= -
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(15,000 rpm, 15%, J26 XPI, Beckman, Indianapolis, USA)3}<]
Asls vgla, #AS YM broth Bl 535 ko] Hit
ol Hel & §H(8.0£0.10 log,, CFUML)E Av|FA 7|Fe=
7 10% (viw)E A7iste] 2HdelE Alzsidich. wde gE
Z7& Qo] B(VS-1203P3V, Dagjeon)Z ©]-&-ate] 20, 25°Ce]l
q HEE o] g3t 292 F714, 8719 Y5 ZHste 3d
S ez F sUzt Ha s 3y

W
el
b gy
w N
%mlm
N =
- =
DI
oL M
oL
o o
32 30
o

i)

- HE
o
=P}

\

AdTe AEE A ETl SAEo2 (MR 34
Sl YM agar media®l] = ¥, 28°CollA 2U7F wikste] col-
onys Algste] S48t

g

pH EME &£X™

9A4g]9] pH ¥ A= AR 1mLE 108] 8431 pH meter
(Mettler Toledo CH/MPC227, Switzerland)Z ZA3I3 3L, 4%
£ 0.1 N-NaOHEH o= ZA3le] pH 837H4] HAH &H| 7o
0.0095 3] AAke T lactic acid® FA5F3

& ECh=s &

Z ¥' $EFE Folin-Denis {0l ug} F28 AREE &
Hg 48] 348 & =2Aeth(Folin® Denis, 1912). Z &
= AR 200 uLol Folin-Ciocalteu reagent 12.5 uLE &3ste]
REEE F) 1208 B9F Ad2olA WREke] WEgAIFTE wh-gel o
3% #2 UV-Vis spectrophotometer (Beckman coulter DU

800, Indianapolis, USA) A&-3F4] 750 nmollA] 431t & ¥
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s &S 1L 59 mg gallic acid equivalent® 1}

g
B o

o
o

r_l

o

£
32
)

DPPH radical £27&

DPPH (1,1-diphenyl-2-picrylhydrazyl) 2E1Z 2752 Blois9}
Marsden(1958)°] - W&t HAlgod2-E-(electron donationg
abilities, EDA)°l th3t 32 7+ A 59 3AHS =3
=, A& 50 uLel 0.15mM DPPH solution (99% Methanolol] £
af) 150 uLs 7HeF & 307 A2olA WSkl §EE 3
UV-Vis spectrophotomete (Beckman coulter DU 800, Fullerton,
CA, USAYE AREsted 517 nmellx] ®HstE S5tk 4 A8
o] foZd &ATE okl Al o8 AE Hr % 7 Hot
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£ RID, DAD UV 210 nmllA &3} th HPLC &4 20L&
438 255 50°ColA vl 0.005 N H,S0,5 ARE-3IIt) o]
T4 58 0.6 mLmin= A3, AlE FYFS 20 L=

frejetrl=at A= AR 10mLE F3t 33k SR/F 30
mLE ¥ wHke & 50mLE HE3h 2239E o]835ky
2087 23 T QAR (3000 rpm, 1032)3F TR A5 2mL
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T35l ofuxAt E437](Amino acid analysis Hitachi L-8900,
hitachi, Japan)Z #4138 th #4918 A2 Hitachi 4.6x60 mm
(speration), Hitachi 4.6x40 mm (Ammonia filtering)E AH&-3F42
™, UV/Vis 440-570 nmollX AE38ieh #4210 29 2%
50°CelA] 8vlE= Buffer set (PH-SET KANTO)E ARS-3lSiT}. o]
5739 42 Buffer 040 mL/min, Ninhydrin 0.35 mL/minZ
Ao, AE FYFLE 20 uLE Shod A3

Zn 3 nE
MRS EH
2187 dn) A 2xxd 2 FEYEE AR Adre

Table 13} 7t} 0A]7FllA 6.00£0.10-6.60+0.11 log,, CFU/mL=Z
UERt o, 241730l A #A o] 7 &) o] FojXiTh B
3k 200C AlBE FEHIE 5, 10, 15%00A4 27 8.04+0.11,
8.08+0.11, 826+0.10 log,, CFUMLE UEO™, 25°C Al RE
FEHEE S, 10, 15%0A Z+7F 8.24+0.11, 8.60+0.12, 8.62+0.10
log,, CFUmMLE =8} F5H|&o| 5855 #Adg0] EolA
= AFE B 53] 72217 E A 20°C AlFONA F5H|
&8 FAAE-LS 8.5740.10-8.83+0.11 log,, CFUMLE 714 ¥A)
EREO ™, 25°C AlBAA = AlZte] Al me}t Adse FA
e AEATh 12007 2& F AFFE RE A BA
8.20+0.10-8.51+0.11 log,, CFU/mMLZ UERtom, Algd A4
o] 2 Aol Holx| gttt
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96 =2 E38ke]x] A 52 WA 1 & (2020)

Table 1. The strain vialbility of brown rice Makgeolli with mixing ratio of Nuruk Log,, CFU/mL
Temperature Nuruk amount . . Fermented times (h)
o o inoculation
Q9] (%) 0 24 48 72 96 120
5 6.23+0.10" 8.04+0.11 8.43+0.12 8.57+0.10 8.40+0.10 8.46+0.11
20 10 6.08+0.11 8.08+0.11 8.49+0.10 8.83+0.11 8.56+0.12 8.51+0.11
15 2.040.10 6.00+0.10 8.26+0.10 8.34+0.12 8.61+0.10 8.11+0.11 8.43+0.10
.0=0.
5 6.20+0.12 8.24+0.11 8.45+0.11 8.51+0.12 8.40+0.10 8.23+0.12
25 10 6.60+0.11 8.60+0.12 8.32+0.10 8.48+0.12 8.23+0.10 8.20+0.10
15 6.55+0.10 8.62+0.10 8.71+0.12 8.50+0.12 8.59+0.12 8.34+0.11

YValues are presented as mean+SD (n=3)

Table 2. The pH and total acidity contents of brown rice Makgeolli with mixing ratio of Nuruk

Temperature Nuruk amount Fermented times (h)
O (%) 0 24 48 72 96 120
5 5.67£0.01"  5.30+0.02 4.26+0.01 4.01+0.02 4.2140.01 3.97+0.01
20 10 5.68+0.02 5.54+0.02 431+0.02 3.95+0.01 4.18+0.01 3.64+0.01
15 " 5.58+0.01 5.32+0.02 4.37+0.01 3.87+0.02 421+0.01 3.72+0.02
5 P 5.60+0.02 5.83+0.01 3.79+0.01 3.56+0.02 4.000.02 3.75+0.01
25 10 5.54+0.02 5.24+0.01 3.68+0.01 3.48+0.01 4.010.01 3.52+0.01
15 5.67£0.01 5.22+0.01 4.310.02 3.99+0.02 4.48+0.02 3.59+0.02
5 0.17+0.02 0.38+0.01 0.49+0.01 0.71£0.01 0.77+0.02 0.96+0.01
20 10 0.13+0.01 0.35+0.01 0.50+0.02 0.66+0.02 0.78+0.01 1.1120.02
15 t(_)(ti'c}l 0.17+0.01 0.360.02 0.510.02 0.72+0.01 0.75+0.02 1.16+0.01
acidr
5 (%)ty 0.090.01 0.20+0.01 0.54+0.01 0.8120.01 0.92+0.01 1.18+0.01
25 10 0.14+0.01 0.38+0.02 0.7120.02 0.98+0.02 0.98+0.01 1.46+0.02
15 0.15£0.01 0.37+0.01 0.50+0.01 0.56+0.01 0.57+0.02 1.31+0.02

"Values are presented as mean+SD (n=3)

Table 3. The alcohol contents of brown rice Makgeolli with mixing ratio of Nuruk (%)
Temperature ~ Nuruk amount Fermented times (h)

QO] (7o) 0 24 48 72 96 120
5 0.19+0.01" 2.29+0.03 6.07+0.08 8.14+0.05 8.76+0.05 9.82+0.10

20 10 0.68+0.02 3.05+0.04 7.38+0.08 9.50+0.07 10.96+0.10 11.91£0.10
15 0.12+0.02 4.1240.04 8.00+0.07 9.86+0.10 10.52+0.10 11.74+0.11
5 0.09+0.03 2.87+0.02 7.56+0.06 9.20+0.08 10.97+0.08 11.46+0.12

25 10 0.15+0.02 4.69+0.04 9.87+0.06 11.04+0.10 12.35+0.11 13.51+0.10
15 0.11+0.03 6.18+0.05 12.62+0.10 14.72+0.11 16.64+0.12 17.15+0.12

DValues are presented as mean+SD (n=3)

7 S8 12077 200C FEHEE ARE 3.64+0.01- 2013). Lee 5(1996)2] R 8} H]<=3+ pH ¥ 9]¢} 2AEE et
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5 e e Eolxon, v e Axs B FEE RE Table 337 Zth ¢F& Fxe 24 @Hart o]Fo] F o ¥
A B A7) Aol uhgl ol O™, 0.96+0.01-1.46+£0.02% oL} g WAete 24 48 A= MY Fa%h
2 Yeldth E3] 25°ColA] FE 10%E H71E A BeA AE-olthJeong &, 2006). ¥Z-S TS pH WIS} nprx |2
1.46+0.02%= 7P¢ =4 velsdth BHdelE 2388 R A= 48117 A Zhe] AlolE RGlom, BE AgAA F43] F718t
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"XthLee 5, 2012). 3t wbAgls @art WA a5} S AFOA EFE Tl o A Uegen, 53 F5
it 5 uAE Fgom A H 4 f7Ak g8 F4F 15%04 25°C 2aEAS o 17.15%= 7P 58 I8 g
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Fig. 1. DPPH radical scavenging of brown rice Makgeolli with mixing ratio of Nuruk
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Fig. 2. Total polyphenol contents of brown rice Makgeolli with mixing ratio of Nuruk
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gol 2 AFHE eSO, 2447 BE & 7
HIE 15% A7} ABA 20°C A BEE 4.1240.04%, 25°C A&
6.18+0.05%= AT 7 L3E o] A7k ZolRle 4
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DPPH radical 2Hs

A&7 dv) wdele] 2=z 9 75188 DPPH radical
27L& Fig 13 22t} Blois?t Marsden(1958) 2 Jeong 5
(2010)8] BN Fadzt Fole Al vie] A, T 4
et AW W w355 YOI)E free radicald] WSS ARA|F)
= WRelth 2184 dvl vhdele] FRHEE, 2l BE A
FoA DPPH radical 2452 & 2pol& HolA] &kgith 0AZF
olX] 24.910.48-26.58+0.29%=Z BRSO, 120471elA] 28.04+0.73-
29.35+1.40%% BE AlEolr g7} 71giol me}t DPPH radical
2T E 2w BT ATS Btk AR Zole A7 011
mg/100 go] ¥ER E7} gHEo] glom, ojejee g 3 F
o HlslEd st 2ol AE Thede A & glk(Seo
%, 2013). H Wang 5(2012b)> DA ZHE 4-hydroxybenzal-
dehyde, 2-(4-hydroxyphenyl) ethanol, trans-ferulic acid, cis-feru-
lic acid 52 #l=4 3FEET ol2} 1H-indole-3-ethanol,
dimethyl succinate, succinic acid, Z2]3Z mono-methyl succinate
o] vslEy st de 2, Fst] wHdele] kst
o] Hi® wh gltk wEhA & ApAFte} o] uhdE]e] DPPH
radical 2271%5°] ¥4 BAR AFHHZ 20l =S E Ae
Z AR Eh

& Edlils

1873 A wHAE]e] 2xx 9 FEHEE F s
F2 Fig. 2¢F 2t} slEsitEs 2EAA g ExEo] o
= AEA fEe gAREE S SUE, ol EF-2 phenolic
hydroxyl”1& 7FAI3L 9471 wi&ol] ©id 9 7]e} Al 2253
Astee 4245 /HER st a3 59 s i
th(Cai %, 2004). 2o A phenol EdL Fatsl FAda) ok
FHBATE o] kst o] 72l A xR EEErh=(Budak
3} Guzel-Seydim, 2010) B2} o] Fagh Exlolt}. whde=
2] 9 BAE| EAske dE Edo| FE AZEH f
st Aoz A= gallic acid, protocatechuic acid, p-hydroxy-
benzoic acid, vanillic acid, caffeic acid, syringic acid, p-cou-
maric acid, ferulic acid, guaiacol, p-cresol, o-cresol, 3,5-xylenol
5ol AEE v} Jok(Sosulski 5, 1982; Vichapong &, 2010).
gA £ ZYHE e exd Aole glloy, FEH|8o
EETE el moe AFS BT 0A17IA 169.19£1.40
-199.35+2.02 mg/LE YEPtom | 1204710014 192.51+1.38-231.58
mg/LE VERSTE Choi 5(2011)8] BEo] wE2d & i 3
Ha7E gl wEt vdEe aagor fEd ded
o] AgdowM FTHITHL st B AFAet fAkgE A
vepilen, & E2ds el 932 visE AR AL

tlo Hz rlo

Rl g
37 v wbAde]e] ez 9 FEHed g g
Table 49} 7o, 2o shfE #2139 T maltose, glucose,
oz

A& War|dR

fructose”t A B o) felge
= Rolth

o185 FRel W] ANH Avsd FRL FE
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Table 4. The contents of free sugars of brown rice Makgeolli with mixing ratio of Nuruk (mg/L)
Temperature Nuruk amount Free sugars Fermented times (h)
0 (o) 0 24 48 72 96 120
5 1526.82+21.40" 1165.24+20.10 411.19+4.19 ND ND 108.53+1.78
20 10 1021.85+£18.22  778.92£10.15 172.00+2.99 ND 101.29+1.20  102.98+2.18
15 Mal 1177.23¢1742  206.03£8.74 ND 92.92+1.96  103.52+1.19  111.95+4.00
altose
5 874.15+15.10  335.19+10.09 ND 107.84+1.44  322.50+1.42  214.04+3.34
25 10 1884.54+14.48  288.87+3.11  83.29+1.12 ND 114.58+2.13  115.37+1.21
15 1274.99+13.46  1297.31£10.08 ND ND ND ND
5 7761.18+40.42  7295.01+£28.26 4175.69+£33.20 2343.75+£12.50 1427.61£9.22 1204.79+10.05
20 10 3326.43+41.11  669.96+8.00 2130.27+£26.24 1472.41£10.29 956.55+5.52 1029.07+15.23
15 al 9731.61+£52.89  1926.43+£6.19 1382.72£15.08 741.86£2.90  718.80+£2.84  916.16+4.06
ucose
5 5378.63+60.13  4022.42+18.04 3541.85+20.10 2125.76+16.36 1836.83+14.55 1580.51+17.44
25 10 10878.63£77.00  4233.46+13.15 1393.71+£9.74 1008.70+8.63  844.23+2.37  788.8149.36
15 10042.98+70.85  9684.40+29.42 3651.73+14.05 2251.84+3.08 1264.40+12.12 1582.51+20.22
5 1417.95+10.24 ND? ND ND ND ND
20 10 1032.86+20.48 ND ND ND ND ND
15 1150.324+24.71 ND ND ND ND ND
Fructose
5 1120.88+18.12 ND ND ND ND ND
25 10 1350.91£17.33 ND ND ND ND ND
15 1369.94+19.20 ND ND ND ND ND

YValues are presented as mean+SD (n=3). >Not detected.

[e)

faa=te]

(Lee 5, 1996). Maltose & 53] 25°C FEHE 15% A5
A ABNZHRE HEEA] RO T, 25°C FEHE 5% AlFOlA
214.04+3.34 mg/LE 7P =4 el 2Hde] wavt 1sgE
o wel ZE AlFoA maltoses TAdHe AES HAT Glu-
cose TS A 7Fol A 3326.43+41.11-10878.63£77.00 mg/LE L}
ERJTE 120/17F E A] 25°C FEHE 15% AlFolA 1582.51+
2022 mg/LE 7FF =4 vEhter, 20°C F5H1E 15% A&l
Al 916.1624.06 mg/LZ 7HF 2A YERAT). Glucose -2 &
a7h &gl et padhe A Btk ¥a 2]

o] Z713k AL Fwo o5 LA

o o3t &io] =& Fo
AL Jud 2 wgr)dz g8y o]
3 Ao ALRETHKim 5, 2012). 352 &3
N glucose?] o] 71 =A YEPEH ©l& Lee 5(2012)
o] R} UXISIGTE Fructose $H-2 0A1ZHollA] 1032.86+20.48-
1417.95£1024 mglLE AZHY O} 2447k o|ZFol= AZHA|
okttt dvebdaE] 9] glucose, fructose, maltose 52 FH+ &
Py 75 5o 989} 93l amylase ¥ glucoamylase®] 28-S
2 ARE oz AEEY, fEd Tl 2z tEA YeRd
AL F20|89) I3 amylase @ FAHE 59 zlolo] o3 A
° 2 Alg®EtiKwon 5, 2013).

_]

MR
=
=]

S
X34 drl 4]y =2 2 FEHEE fU0 g
Table 59 7+om ubdgo]| /8 /7|4 5 oxalic acid, citric

acid, malic acid, succinic acid, lactic acid, acetic acid’} =%
Atk Wpkd o g {7t e davt 4EFUS W lactic acid
7} 78 E=%ke ™, succinic acid®} acetic acid®] A= =T
Oxalic acid¥} acetic acid¥FaF2 24A)7F AlFOA Z718FAA| L,
g7t A wet FAEAY 24T Citric acid, malic

ABofA ol AY HEEA
St BE AROA 0ATtXE A
E5A FUo, Bgrt FPEe] mE FolAle AAS BIS
™, 53] 25°C A BolA FHHSER 2T E3iTh 25°C 5]
& 15% A|FoA 15930.75+14.21 mg/LE 713 =4 Jepton,
25°C FEHE 10% AlZlA 15060.72432.30 mg/LE &2 T
< RS w4 HaolA malo-lactic fermentation (MLF)S &
& W8 F Lactobacillus sp2} Leuconostoc sp. 53 732 £
Akl 2s] dojue WaEA o2 I3} malic acid’l lactic
acid2 AFHEth=s B9l 7o)(Lee &, 2010) = A FH)A malic
acid o] 48A17Holl A ZFAEPHA] lactic acid $HEo] 48417kl
A F7kele AR ol#gt J¢S W Row Azt 4
g wFo|Ae] MLF7} A483] o]FRH Atwe] HAhz FZ 9
FeEge3 dolx AR = 3 A3AA T acetaldehyde
o ZAAg I AAAEZ B8 F uAETSE HgAAS =9

acid, succinic acid®] SFHe
Tt 28 lactic acid F

=
2=
[e)

F= 382 aHE AFshs 9L i) o] MLF= 28 A
FE oRIoA A g AFGSt o] FojR AL glom, el x
F8%k 28-S gth(Lee &, 2011).
F2lof0| =t BhEk

137 dn wHdele] =z 9 w5U8E fEloln At

wl

FF Table 6, 77 2Th F 24F] frE]otulate] HEH
ot eyt 959 3 F fEohuieAt gk 20°C FEH|E 10,
5% Al EoIX ZFzZF 327.50+5.59, 284.71£3.40 mg/LE =A VERt
om, 25°C FEHE 5% AR 253.02+449mg/l £OR &
Al Uebsth 2Hdeole 4lgl, 7haul dak 9 Zuks Y=
frelotrmAbso] #8 A FEe] ofok slal 1 FEke] =
= Aoz d#A I UtkShon &, 1990). 153
EPE glutamic acidE 25°C FEH|S 5% A|Zol4] 20.98+1.22
mg/LZ 71 A4 veEldon, T 2o FEH|E 15% Al

=0 ) ThO.
S 71:11-7%]‘:/"1-&
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Table 5. The contents of organic acid of brown rice Makgeolli with mixing ratio of Nuruk (mg/L)
Temperature Nuruk amount Organic acid Fermented times (h)
(°0) (%) 0 24 48 72 96 120
5 33.53+2.10" 82.71+1.86 88.77+1.05 73.54+1.51 45.98+1.22 34.78+0.98
20 10 37.22+0.70 94.55£1.00  104.30+2.04 66.66+1.12 46.67+1.52 40.80+0.89
15 Oxalic acid 36.22+0.19 93.43+1.57 73.65+1.07 40.4340.92 29.70+1.34 25.57£1.02
5 Al act 26.55+0.80 97.14+1.43 93.28+2.11 67.22+0.09 42.88+1.35 37.82+0.51
25 10 43.34+1.00 101.93+1.29 57.85+0.55 42.1440.86 35.00+1.06 32.50+0.63
15 40.99+1.00 106.23+2.38 89.98+1.08 71.82+1.18 54.47+1.83 42.74+£1.27
5 408.25+9.61 540.86+1.24  310.67+2.13 ND ND ND
20 10 113.7842.12 178.96+1.11 57.30+1.24 ND ND ND
15 itric acid 554.00+3.00 612.36+4.00 587.97+536  140.99+2.03 ND ND
5 Citric aci 114.7542.20 224.89+2.79 ND ND ND ND
25 10 147.68+1.00 234.57+1.44 ND ND ND ND
15 142.87+1.24 275.06+2.33  252.8742.22  217.69£1.20  140.22+£2.25 ND
5 68.29+1.80 24.90+0.75 ND ND ND ND
20 10 88.32+0.22 20.18+0.62 ND ND ND ND
15 66.57+1.66 56.15+1.38 ND ND ND ND
Malic acid
5 52.50+2.30 30.47+0.95 ND ND ND ND
25 10 66.78+0.60 10.36+1.56 ND ND ND ND
15 69.04+1.93 70.29+0.34 ND ND ND ND
5 1650.49+10.55  684.0243.22  366.96+1.41  527.5242.63  518.65t1.23  643.31£3.45
20 10 489.64+2.77 409.08+5.05  357.14+£2.92  605.93+3.94  573.78+2.88  762.53+5.58
15 Succinic acid 1841.95+16.22  480.83+£1.20  302.80+1.58  674.54+£3.28  781.67+3.52  843.53+2.44
5 vecticact 1117.22+£10.61  510.14+£3.64  496.05£1.44  538.76+236  617.96+3.60  582.81+5.00
25 10 2527.17420.80  370.58+1.15  694.52+1.03  750.68+3.14 1005.57+14.64 1104.66+13.22
15 1288.22+20.18  545.2542.39  809.14+3.89  871.65+4.17  748.88+t1.31  851.62+5.36
5 ND? 444.80+4.11 3155.34+13.29 6232.56+21.40 8569.89+12.5410251.91+£23.10
20 10 ND 701.70+£5.23  2830.26+20.34 7032.52+16.21 9634.90+10.2111371.06+34.07
15 Lastic acid ND 663.85+£3.08 1733.74+10.46 6329.40+17.47 9666.39+13.6511907.51+18.01
5 actic act ND 315854214 6718.61212.81 91554329.40 12016.38£37.3914084 3914102
25 10 ND 1616.21£16.30 7263.53+30.2410429.86+74.1712900.28+15.1015060.72+32.30
15 ND 905.67+4.17 1908.21£12.47 3558.11+10.83 4611.11+12.2415930.75+14.21
5 396.67+1.13 881.16+2.06  340.24+2.77  420.70+£2.55 460.36+£10.10  490.43£3.65
20 10 822.00+2.78  1696.96+18.62 568.7743.40  385.73+1.74  389.04+2.66  414.46+2.43
15 Acetic acid 687.44+1.23  1623.12+10.08 367.35£2.27 546.64+2.47 446.76+3.78  481.78+1.99
5 cetic act 583.8443.29  1614.86+£11.39 402.75£1.85 47423+1.85 532.76+3.09  566.50+2.57
25 10 659.56+3.10 744.8742.42  484.35+2.52  347.23+221  368.03+1.10  400.47+3.04
15 817.1945.49  2285.03+17.80 578.13£1.60  776.77+4.11  309.49+1.23  372.37+1.08

YValues are presented as meantSD (n=3). ?Not detected.

BoA BF w2 3RS BT @ukS UERy= threonine,
serine, glycine % alanine =% FHEE 2™, £3] threonine,

serine, alanine THFS 20°C FTHYE& 10% AlFA Z+zt
545+0.14, 7.64+028, 23.16+3.15mg/LE 7% A Lreston,
25°C 75 H|& 5% AlBoA ZHzF 5.03£0.22, 6.49+0.19, 19.12+1.04
mglLE I TFo® £ IS HIITh Glycine S 25°C
FEHE 5% AlEONM 1696+2.15 mg/LE 7P A UElstth
@t} 2uks Aol YERHE methionine®] $HF HE3F 20°C
=8]8 10% AlEolA 10352022 mg/L2 7F¢ 4 Uelgton,
25°C =248 5% Al FolA 9.48+0.83 mg/LE I Th2o 2 =/
YERstth 3, ¢8-8 YERE phenylalanine 2 arginine®] $F
FE 25°C FEHE 5% AlFoIA =:A vEReH, ofdk &uks
YERRE valine &% E3+ 25°C FE2HE 5% AlFA 7MY =
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