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Abstract

Yakju, a Korean traditional alcoholic beverage, is made from rice and Nuruk. In this study, the fermentation
characteristics of Yakju was investigated using rice and rice starch. Ingredients was classified into raw material
(rice, rice starch) and starter (enzyme supplements, modified Nuruk, traditional Nuruk, and yellow rice koji) for
fermentation. The crude protein content of rice, rice starch, and starter were determined as follows (%0): rice 6.69,
rice starch 0.44, enzyme supplements 7.84, modified Nuruk 15.29, traditional NMuruk 14.28, and yellow rice koji
7.28. The alcohol content of rice with traditional Nuruk (20.13+0.12%) was higher than other Yakju. The concentration
of organic acids of rice starch-based Yakju (389.83~538.34 mg%) was higher than that of rice Yakju (259.27~357.70
mg%). The concentration of nitrogen compound of rice Yakju (498.38~5976.93 ppm) was higher than that of rice
starch-based Yakju (600.43~4463.79 ppm). In line with these findings, further studies will be necessary for the
quality analysis of the rice, rice starch and fermented starter (enzyme supplements, modified Nuruk, traditional

Nuruk and yellow rice Kkoji).
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A AME A2 MY HAT 42 5En IS
A gel A ALtE LUl EFF011d FEhS AFEet L,
A7 F--2 starch(Yakuri pure chemicals Co., Ltd., Kyoto,
Japan)< A8 T AR = M) vko] @A oA Fuff gt
hmk2] A (S.I Lesaffre Co., Marcg-en-Barceul, France)<, &
245 a-amylase$} gluco-amylase”} E31E 0] e Bt
15,000 SP(saccharogenic power)2] 7% A & 4~ (Chung-
Moo Fermentation Co., Ltd., Ulsan, Korea)S AM-&3}1
N TE(23H 1,800 SP)> F2]3] A} 3= & Ay(Hwaseong,
Korea)ol| A1, A2 F5(2E2 300 SP)= TH3]APHI &
8r=2HGwangju, Korea)oll A dufjsh= A el 528 -4t
o AHESFATE AL TFE () Aspergillus oryzae(S s}
2 30 SPE AH&ste] A3 AlAsith

Ao R B8

Table 1. Rice and rice starch Yakju

32 A28 A3E (2015)

WLt & A=

210 kg2 ZNFSHAl A olA 2413 <k 3G v,
IAZE St 271 E FReiih. A& SA71(MS-30,
Yaegaki Food & System Inc., Himeji, Japan)ll 231 7] 0]
<2t o7] AlAEE SHE 601t 75718 U 7hl TR
= AZ3IATE TS G5 AR AL, o] % 38ToA
481 7H5t H A ] TFS- 45°Cell A 244]7F B9 A 23]
AL FEES A Z3AT d4E LTS HE I3t
=3 38 =% kit(No.60211, Kikkoman Co., Noda,
Japan)< -8-3}%1 T}, 4-nitrophenyl O-a-D-glucopyranosyl-
(1—4)-B-D-glucopyranoside(G2-PNP, MW=463)E 7|& &
ol gsl= WHoz 7|H g 05 mLol FIEANR
-glucosidase 28 unit/mL) 0.5 mLE % 7}8kaL 37 CollA] 58
7t <& (Eyela NTT-2200, Tokyo rikakikai Co., LTD, Tokyo,
Japan)3tSiTh. o] FAH 01 mLE ¥l 37ColA 3 &3]
10%:3F WEEAIZ] 3wk Al 2.0 mLE 71 T 400
mmol| A FF =5 7% (UV spectrophotometer, JP/UV-2450,
Shimadzu, Kyoto, Japan)3}$1 3L ©1 & =A1H /4114
(10)2] F3}2 (saccharogenic power, SP) .2 gHatsl T3
<TGl 30 SP7} H = H7FeHA

okFE XM=

24 kg& 73l Mol ot F A 3 v, the
2 AR B B S skt A2 SA71(MS-30,
Yaegaki Food & System Inc., Himeji, Japan)©ll 231 7] ©]
£2t9 7] AlASE SHE 4083 5718 H 78l T
= A2 10 L kg Wl 73 A Wn] FA7|E
150% =3 02%°] ERE AR & ths, 279 A8
7ol 30 spigell Bl BAA|, NEFr5, AT5, 2LdT5
= A7vsta S S AHES 1 kg A HoktH(Table
1). ¥ 2% & incubator(VS-1203PFHLN, Vision Scientific,
Co., Ltd., Daejeon, Korea) S ©]-& 25C= A% 3] 14L7H
LEAA ARE AT

0|38t &

pHE= pH meter(Orion 3 star, Thermo Scentific Co.,
Singapore) & ©]-&-at] St T4, Fohvleit, 45
& e FREA FH00 Falo] ZHelglon, 24
2 A& 10 mLE $3A17]+d Z 23 0.1 N NaOH(Yakuri

Type Rice (1 kg) Rice starch (1 kg)
Starter (30 sp/g) Water (kg) Yeast (0.2%/g) Starter (30 sp/g) Water (kg) Yeast (0.2%/g)
Enzyme supplements 2 L5 2 2 L5 2
Modified Muruk 16.6 L5 2 16.6 L5 2
Traditional MNuruk 100 L5 2 100 L5 2
Yellow rice koji 1,000 3 4 1,000 3 4
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pure chemicals Co., Ltd, Kyoto, Japan) &-<o] 4~H]E mL
£ succinic acidZ H4HeF 11, Folr| ke A4S &4
3k Al Rl formalin(Yakuri pure chemicals Co., Ltd, Kyoto,
Japan) €9 5 mLE #7}3t thS 0.1 N NaOH= A% gt
e glycine© 2 T LS FFe AR
A8 100 mLo| SF 100 mLE E9sto] SFsk3iTh
SR o 80 mLE NI THFE 100 mLE H 83 ¥
ZRAS 1502 2T 0 FAAGIANANL, @
S o gole] 2R AR TAY FF 247
Foll mek ARE 50 (3 WA 870l Yol B
ZAI(UV spectrophotometer, JP/UV-2450, Shimadzu, Kyoto,
Japan)E AHg-3to] 9 430 mme] FHEE S8t 2
5 AEeith SR F¥EE 02& 5t 50 mmAd
4l 30 mme] A& AREStd = FsTH(10).

=2
T
=
T

714t

F714F A4S 98l HPLC(LC-20A, Shimadzu Co.,
Kyoto, Japan)E- ©]-8-3}5] 2™ post columnH -2 AF-&-5}o]
A9t 7714HEA 8 columnS Shodex Rspack KC-G
(6.0 mmx50.0 mm) guard columnel] RSpak KC-811(8.0
mmx300 mm, Showa Denko, Tokyo, Japan) 27} S <143}
ARSI ©] %5742 3 mM perchloric acid(Kanto chemical,
Tokyo, Japan)E ©] &3} 2, flow rate= 0.8 mlL/min,
column oven?] &%=+ 63T 3ttt el &2 -89
(0.2 mM bromothymol blue(Sigma Chemical Co., St. Louis,
MO, USA), 15 mM Na2HPO4(Sigma Chemical Co., St.

Louis, MO, USA), 2 mM NaOH)¥} %F3-3+ & UV 440 nmol|
A HZEsFTt olul] ¥hg-8- 9] flow ratew 1.0 mL/min,
-2 =30 C2 st th Al&5+E ©¥H0.2 um, Millipore
Co., Cork, Ireland)3 A}-8-3}3it}

2|

fr2] AAsgHE-e oln| it 2HsE4 7](1L-8900, Hitachi
Co., Tokyo, Japan) & AM-31$3TE A1 & 5 mLol| 5% trichloroacetic
acid(Junsei Chemical Co., Ltd, Japan) 5 mLE # 7}t &
AR (47T, 12,000xg, 15 min)atth A2 3|43
S o] 240.2 pm, Millipore Co., Cork, Ireland)3F 22 ¥4
st om, FA21E A2 wiwd-e mETh(1).

SEAX 2

7} ofzo] 4 H-210]= Minitab(16, Minitab Inc., PA, USA)
w2ag o okl AU el FFE frole
= 5%[P<0.05)Z 4273l one way ANOVAR-A -2 F=3) 3}
et
AA .

~

Zdup 3 ;i

A A E d g A o] ARk RS B3 A= Table
29} o} Ay} A Fo] ReaRe 7h2t 12.80, 10.75% %
a1, HEAE &= 557, A4 621, NEFE 6.80, A

Table 3. Changes in the chemical characteristics of rice and rice starch Yakju (25C, 14 days)

Rice Yaku Rice starch Yakju
Type Enzyme Modified Traditional Yellow rice Enzyme Modified Traditional Yellow rice
supplements Nuruk Nuruk koji supplements Nuruk Nuruk koji
f}%c)(’h(’l 1927:012"  1967:012°  2013:0.02°  1767:0.12° | 1780:020°  1893+023°  1847:0.12°  1493:023°
pH 4.500.08° 4,61+0,09° 4574003 4.88+0.03" 4.46+0.02° 4.34+0.02° 4494004 4.40+0.00°
Titratable acidity 0.27+0.02° 0.32+0.00° 0.35+0.00" 0.34+0.01" 0.32+0.01° 0.33+0.00° 0.36+0.00° 048+0.01°
(succinic acid, %)
Total amino acid ) 59 gt 226:015°  175:005  428+0.13" 06320.10° 1.16:007° 154:000°  445+0.10°
(glycine, %)
%t(i)fsrll)dmty 023:0,00° 026:000°  035:000°  024+0.00° 010£000°  015:000°  020:000°  0.28+0.00"
"Values are meantSD (n=3), different letters within the same column differ significantly (p<0.05).
Table 2. Nutrition element analysis of rice, rice starch and starter
Type Rice Rice starch Enzyme supplements ~ Modified Miruk Traditional Muruk Yellow rice koji

Moisture (%) 12.80 1075 621 6.80 8.15 5.57
Crude protein (g/dry base) 76.90 490 0.17 2.66 1542 77.10
Crude fat (gfdry base) 390 220 ND” 039 1.02 1.40
Ash (g/dry base) 5.10 390 1.46 0.57 185 3.60
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2 8.15% =22 YEytth o]& Kwon S(12)°] E413
a7 2o} 2R Fo] =283 10.40, 9.29% K.t} thai
=2 FAE Yepith 2l g ke 77 xS
I BEA F THoRE 3 A} o] 76,90, A o]
490 g2 °F 15 o] 2ol & YEPHQITE BEAHE= S48
A 017, N F= 266, WA F= 1542, = 7710 g £ O &
UERsit) Z7F Al s mhE 2R & 3.90, A Eo] 220
g= UFERY oF 17 vl 74| ztolE EYla, IRAE RS
F2A 0, /RS 039, AN FF 1.02, T 140 g £o=
Uebstth FRe F7149] s Yehlle X3 E dEe
Az} Az i W97 22} 5110, 3.90 g o, MFT5
0.57, &4 1.46, AU F= 1.85, F= 3.60 g <=o|UT}
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0.12~20.13+0.12%) 7} 242
18.93+023%) K.t} tha =7 Uehton, AR Aoz =
S AFE3 A F-okET) 14.932023% % 7HE S, A
28 A}8-3F Aok} 20.1340.12% 2 7P e S
Bt} o]l 23 Fof vlate] whald gheko] o] shtH
2(12)0] ZEO] A5 T golsfe] o= <laf et WE
7} dojt A¥eta £ 4 Uk Aol A] dEAHE =
HA 17.6720.12(3F=) %A ) 20.13+0.12(A 2+
%, BT T = A 14.9340.23(3=) %A F
o 1847+0.12(A e F)%] HHE Hepil o 2bzke]
o)A Q] 2ol 7} BEE Y THp<0.05). LEAE A& ko)
30 sp2 FLSHH| A7te] d3E FEFo] thEA vERd
Aol tafire WsA] ot frejopr| it ek ulhet
(Table 5) o]of] AHFSte] dgks W& o= F3Hch pH
= BoFF7} 4.5040.08~4.88+0.03, B 2FFT) 434+
0.02~4.49+0.04 2 =5 4.00 ©]749] S YeRdT) o=
chile] 2 o] Aol FiE o] MR wet A4
H 714k} gFgo] 4E WSl ester 2 flavor B4
o o] &=0}(13-15) HHEHT} =2 g YR 3o
Atgdn. gaAd s AekFoE 4.50+£0.08(FAA)~
4.88+0.03(3=), A7 FFFo| M = 4.34+0.020] 7 H)~
449100430 2 YERY o] ZF daAy Zohuld
ef(table 2)2F FARSE Z2E YER AT F4K(succinic
acid, %)& 22F3(0.27+0.02~0.35+0.00) 2.0} A4 H-ok
(0.3240.01~0.48+0.01)7} T} =4 Ve, SEAE 2
= AT A= FAA|(0.27+0.02)~3(0.35+0.00), 27
HokFo| A= F4A(0.32+0.01)~3(0.48+0.01) O &
el o] mk waA oA heko] FAl ek
S RS & F Sk R AR E5le] pHE

Fo] HFFY F FolAlTe] WA AN )AL oI E
Ro] F25 Alofahr] W] W& 2] lactic acidE 718t

T2 ZAAFEE A A22H A3E (2015)
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Fgat7) % Shth16). o] 2ol da&Fe} vhe-ste] Wk
< 7R ddlzE 2 SRHES ek Hew &

. Sl o] peptide -3l 2 A E oF| ik YERY
Foln] = 2Hglycine, %)< 2 E2F55(0.59+0.09~4.28
0.13) 2.0} 2oF3(0.63+0.10~4.45+0.10) 1 A =7] VERSE
ol UFE FFH AR A vy ghako] A
o Hlgte] =& ZlllA] 7|Q1E oz AlsHT) HEAl
AokZo| A F4A(0.59+0.09)~ 3=+ (4.28+0.13),
QRO = pE7IA 2 F44(0.6310.10)~ 3=
(445%0.10)°] M= YR 7t EFEAE R {2 H 1 Afo]
7F AATHp<0.05). FFo A3 Uil A ee 75

o
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= ox 2

1+

e 0k Ho S
O
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=T T
A 9] Aol E T EEH ] ] Aol 7|91 Ao
A=), HAEs} 5845 2R o] AL 24
o Madkn 48 5 girk TR Aol FPL vl

£ 84F sty ofv] =4t 3 tyrosine®} tryptophan-
FzAANA Mn™'e] Evjztg T Zuizkg glo] phenol
AEH Rhgste] AAMEA S FA st vHEAIZE e,
&} amino carbonyl reaction®l] 2|4 melanoidineZ]
2EA 52 91 3-deoxyglucosone 2 3-deoxy-D-pentosone-2-
YA ZITH(18). whebas F/-O ofn| 4t Fhafo] ow
Aol ZletA Wsl= Aol dnkd o)t} A7 Eek50.10+
0.00~0.28+0.00) E.t} 2-9F5+(0.23+0.00~0.35£0.00) 7} =7
Ueltt) Bokso| A= & 44(0.23+0.00)~ A 2 F5(0.35
+0.00), A FFFo| A= & 4A)(0.10£0.00)~3=(0.28+
000)To 2 YER A ohld ek} fAkgk At
£ Bolow Z4zte] {oAQl Abol7t U ATHp<0.05).

1o, o fobb o,

7|4k
A g AR o] f714F kS Table 49 2t} 7]
Ak Brape Aok A Zhz) 259.27(F AA), 2744200 2

F2), 323.60(A U F=), 357.70(3) mg%ha O & VFERE
3, AHELFNNE 380.83(AHUFE), 443.22(3),
4554700 =), 538.34(E2A) mg%s o & AEEATh
F714F Zeke #ok32(259.27~357.70 mg%) K.tk A B-oF
3+(389.83~538.34 mg%)°ll A =4 eyt o] Kwon
S(12)00 A FHATLFE AFSSE FFET FRAARES AR
A A5 2 ARG oA {74 FiFe] =4 vEhd
ATA e} dx| gt B TR FAEE A2 &9
raEo] e frIARe FR osA <k 73% 71 A
o, FRZHE 172~17.4%, &3} IAZFE 10%7} 7
HE Aoz BuyEa ri18).  AFolA f714t 5
ofel s} wlZ20] common taste® A, 250k Aluke] Hahi ol
succinic acid(Z<FF+ 79.29+1.89~152.59+13.36 mg%, 2=
F-okZF 79.08+1.86~158.09+2.27 mg%)2] Tko] M4 =A
Yeld A7+43= So 519914 MEFFH E6le] F8
f714F0 2 succinic acid®] o] 7Y =4 Vet 22
9} A3ty 1 SO R citric acid(ZFF 9.58+0.37
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~118.79+0.34 mg%, 2 & FF 84.07+1.27~141.57 +1.03
mg%)7t A Yo T Fo] {714k BF Aekh
TS 088 koA A VERT ©]= Huh 5(20)
oA M dukAEo 7 A %3 FF| citric acid &
146.49+7.64~180.95+0.71 mg%<} H|walo] A (F i
AE ALl YA HEAE A el A FARHA
#EAE T Acetic acid= &I} Ld|s|= Atsldl] o)
A AEM 2L, B AFY, ER2E 2EH 2 Foll 94
A A FEe B 2o A el 247t
2HoEZEo)| A 21.34£0.73~97.30+5.02 mg%, R F-okFo] A
44.11+5.97~203.43+22.66 mg% =% T} o]+ Huh 5
Qo)A M dutAl 5o 7 A Ze k2] acetic acid T
°] 106.17+0.13~124.54+6.35 mg%2] W<t FAFSH el
) AekrE ) Aok vwd =2 s B
A olfre WA FFHo= Qg R Y AEHA
W] Fof acetic acid H3Feo] F7e Ao 2 AlgH T} Lactic
acid= 859 A olA A=, faAd 2 opEE
weo] F2 Ao wa A 2o By wfiol
(16), 7+ 2 e LEAA AHREHEH & ATl e
2HoEZEo)| A 23.142£0.92~61.47+3.59 mg%, B3 F-okFo] A
38.04+2.39~118.21+1.34 mg%°- 2 LE}RTE Pyroglutamic
acide glutamic acid®] 477} H| Lo g WMe Zlo g
5ol Bt gloH21), pyroglutamic acid 3] =tH=
AL op|icike] ghigo] FiA o R &2 4 vka A=
T e AFoM e Fas AR FFellA] 2023+
1.17 mg%, BAEFFNME oA S AFE3E G4
20.63+1.42 mg%= 7P Beol AEE ATk 2 9] fumaric
acid ¥ formic acide & <A nFo g HEF T
F714F T AR AGFRTE AR A B

o] A& 1, AE-L succinic, citric, acetic, lactic aicd
o2 Yepgth BHaAE 2 Ao g=o] &
ARkFo M= BaA Y] f714F Eige] 7P =4 YEsk

A 2:3}3HE-S Table 59F 2t}
2 Zyz} Aekrol| M = 498.38(E 4
A), 900.65(7NFT5), 3029.18(A 2 F+5), 5976.93(3=)
ppm, ZAEFFo A E 600.43(E LA, 1699.12(70
2), 2004 3(A 2 =), 4463.79(FF) ppm O & LFERE
o} AA A o7 A EoEE(600.43~4463.79 ppm) T Aok
37(498.38~5976.93 ppm)2] A A3sl3HE0] Bol AEHAU=
o] o] <A A A o] ekl SEi(Table 1) 2 glysine
FFor dakgt Fopn| ek (Table 2)3 AR 232
Ehu} Fopn] At sheko] feldasistE dEe Hlwd
ZAgsta ESs ¢ F Udok T8 f8 AAREY
e A EH gk 9 A 2ok B0l A alanine,
leucine, glutamic acid, arginine =22 | &&F2] 9.58,
8.99, 861, 7.51%%5 AA|slHA] 7MY =& ko R 2T
o] %A, 21 9] aspartic acid, lysine, phenylalanine, valine,
prolin, serine, glycine 5°] 4~6%% H-H=HA FHE <]
o} goprol Aokl F2 FHrE ol ofn| gt
o] &gl = 2pol7F AN PR WE oju|igt B3l =

Ho
Ak

o,
B
ot
%
il
1o,
ofj
ot

GFS v XA Etek. FHA o] ojn ke A g Ao
3% protein body-I(PB-11)2] #af o} wradut g
= =2

A7HEs ol oleiA] T2 AP ETHI). ofr] ik FFe
gt A gF Fol] odeby] wiitel] $8.3k Aotk Aspartic
acid®¢} glutamic acid= 7H2gte] 912, alanine, glycine,

Table 4. Concentration of organic acids in rice and rice starch Yakju (mg%)

Rice Yakju Rice starch Yaku
Compounds Enzyme Modified Traditional Yellow Enzyme Modified Traditional Yellow
supplements Nuruk Nuruk rice koji supplements Nuruk Nuruk rice koji
Oxalic 1.4740.16™" 143+049° 12120.16° 1.7940.12" 21.61+1.04° 4774130°  45.13:0.17  51.04+082°
Citric 9.58+0.37° 70.32+4.49° 84.61£1228°  11879:034° | 12285:313°  14157:1.03"  10471£226°  84.07:127°
Tartaric 0.02+0.03° 4.41+1.82° 142:2.11° ND 0.05+0.08" ND 2944345 10.511.28°
Malic 28.28:8.41° 19.18+1.36" 13415466° 17158031 579£1.72" 538061 921067 9.835.69"
Succinic 152.59£1336" 112394000  12534£579°  79.29+18¢° 79081860 13626+3.19°  141.224048" 15809227
Fumaric ND” ND ND ND ND ND ND ND
Lactic 32.49+2.00° 38.48+0.61° 6147359"  23.14:092" | 11821£134"  68335.60°  38.04+239"  38.547:586"
Formic 0.04+0.06" ND ND ND 0.03+0.05" 0.09:0.16' ND ND
Acetic 34.24+4.78" 21.34+0.7% 2998375 97.305.02° | 20343+2266'  5246+1241°  44.11#597°  91.09:3.60°
Pyroglutamic 0.56+0.98° 6.98+1.00° 6.17146° 2023+1.17° 20.63+1.42° 3641083 447149° ND
Total 25927 27442 323.60 357.70 53834 45547 389.83 M3

"Values are meantSD (n=3), different letters within the same column differ significantly (p<0.05).

OND means not detected.
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Table 5. Nitrogen compound concentrations in rice and rice starch Yakju (ppm)

Rice Yakju Rice starch Yakju
Compounds Enzyme Modified Traditional ~—y o . ko Enzyme Modified Traditional Yellow
supplements Nuruk Nuruk supplements Nuruk Nuruk rice koji

Alanine 511 (1025 349.11 9.77) 283.86 (937) 49875 (834) | 7191 (11.98) 150.56 (8.86) 20219 (965)  374.48 (8.39)
Ammonia 764 (153) 2056 (0.58) 1859 (0.61) 2028 (0.34) | 754 (126) 1377 (0.81) 12.95 (0.62) 7039 (1.58)
Anserine ND” ND ND 6945 (1.16) ND 2524 (1.49) ND ND
Arginine 44.06 (8.84) 379.68 (10.62) 274.55 9.06) 1252 (021) |64.17 (10.69) 168.61 (9.92) 186 (8.88) 83.7 (1.88)
Aspartic acid 3361 (6.74) 183.04 (5.12) 13092 (432) 467.89 (7.83) | 2596 (432) 9156 (5.39) 112.45 (5.37) 339.98 (7.62)
a-Aminoadioicacid ND 2167 (061)  7.36 (0.24) 3721 (0.62) ND 10.19 (0.6) 235 (0.11) 19.14 (0.43)
a-Aminobutyric acid 135 (027) 4584 (128) 2902 (096) 3671 (0.61) ND 10.75 (0.63) 1336 (0.64) 2393 (0.54)
3-Alanine 3.3 (0.66) 1754 (049) 1184 (039)  21.37 (036) | 554 (092 6.57 (0.39) 548 (0.26) 16.62 (0.37)
B-Aminoisobutyric acid ~ 3.58 (0.72) 3655 (1.02)  71.18 235) 5888 (0.99) | 106 (0.18) 2199 (1.29) 1921 (0.92) 24.59 (0.55)
y-Amino-n-butyricacid 1825 (3.66)  48.89 (1.37)  47.02 (1.55) 1426 239) | 609 (101)  21.66 (1.28) 29.66 (1.42) 16743 (3.75)
Carnosine ND ND ND 529 (0.09) ND ND ND ND
Citrulline ND ND 24.03 (0.79) ND ND ND 12.82 (061) 97 (022)
Cystathionine 204 (041) 3964 (L11) 2623 (0.87)  39.56 (0.66) | 466 (0.78) 3179 (1.87) 2356 (1.13) 16.54 (0.37)
Cysteine 9.12 (1.83)  39.65 (1.11) 0 (0) 1221 2.04) | 1225 (204) 3715 (219 32.15 (1.54) 66.89 (1.5)
Ethanole amine 202 (04) 36 (0.0) 701023 3851 064 | 0.19 (003) 225 (0.13) 5.19 (0.25) 2057 (046)
Glutamic acid 344 (69 33006 (924) 26226 (8.66) 59543 (9.96) | 4761 (793) 12837 (7.56) 174.01 (8.31) 460.89 (10.33)
Glycine 1693 (34) 1688 (472) 13407 443) 29167 (4.88) | 2248 (374) 6349 374) 8047 (3.84) 2114 (54)
Histidine 446 (0.89)  49.78 (1.39) 4295 (1.42) 13155 2.2) 6.98 (1.16) 2899 (1.71) 31.27 (1.49) 97.63 (2.19)
Hydroxylysine ND ND ND ND ND ND ND ND
Tsoleucine 1512 303) 11705 (328) 10921 361) 27428 (459) | 1631 (72) 5737(338) 7872 (3.76) 209.54 (4.69)
Leucine 5490 (1L02) 28271 (791) 26495 (875) 50525 (845) | 5522 (92) 13663 (804)  187.64 (8.96) 429.1 (9.61)
Lysine 2041 (4.09) 21237 (5.94) 18498 (6.11) 29539 (4.94) |62.38 (1039) 14429 (849) 144 (6.88) 238.08 (5.33)
Methionine 764 (153) 8259 (231) 682 (225 12455 (2.08) | 1051 (L75) 446 (2.63) 5244 (2.5) 84.11 (1.88)
1-Methylhistidine ND ND ND ND ND ND ND ND
3-Methylhistidine ND 7.81 (022) ND 3.53 (0.06) ND ND ND ND
Ornithine 1695 34) 7298 (2.04) 6518 (2.15) 2494 (042 1734 (2.89)  43.18 (2.54) 46.15 (2.2) 155.53 (3.48)
Phenylalanine 41.63 (835 21271 (5.95) 19119 (6.31) 36846 (6.16) | 4498 (749) 9641 (5.67) 129.6 (6.19) 230.1 (5.15)
Phosphoethnolamine ND ND ND ND ND ND 2.31 (0.11) ND
Phosphoserine 365 (073) 823 (023) 1016 (034) 1412 (024) | 448 (075 772 (049) 9.22 (0.44) ND
Prolin 167 34) 7338 8.15) 1661 (548) 415 (694) | 992 (165 10787 (635 13197 (63) 24353 (5.46)
Sarcosine ND ND ND ND ND 2.88 (0.17) 1.04 (0.05) 10.64 (0.24)
Serine 2146 (431) 18409 (5.15) 1484 (49) 35803 (5.99) | 2798 (4.66) 6323 (3.72) 91.02 (4.35) 249.16 (5.58)
Taurine ND ND ND 548 (0.09) ND ND ND 407 (0.09)
Threonine 1113 223) 9766 (273) 89.89 (297) 21376 (3.58) | 1461 (243) 3943 (232) 57.86 (2.76) 15022 (3.37)
Tryptophan ND ND ND ND ND ND ND ND
Tyrosine 2879 (5.78) 20075 (5.62) 170.86 (5.64)  393.09 (658) | 289 (4.81) 7829 (4.61) 11146 (5.32) 143.83 (3.33)
Urea 042 (008) 201 (006) 49 (0.16) ND 1.08 (0.18) ND 349 (0.17) ND
Valine 376 (657 16822 (471) 17759 (586) 39128 (655) | 3016 (502) 6384 376) 10424 (498) 27726 (621)

Total 49838 (100)  900.65 (100) 3029.18 (100) 5976.93 (100) | 60043 (100)  1699.12 (100)  2094.3 (100) 4463.79 (100)

"The numbers in parentheses indicate the percentage distribution of each compound.
ND means not detected.
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