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W OE: BN RSSO @3 - 8BRS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS), #3740 PR EHa0 a MR v 20 Fhiie g 28RN 7 1. Fa%E MM 20K
WiftJ5, 45 CAPCELL PAK CR 1:4 ST 345 (150 mmx2.1 mm, 5 pm)43 55, ZJE-0.3% FH B /K i S I AR i3k
BEVRIE, R A5 8 I E B TR, TE2 ROV IR N AT I . S55R 20 Fhiir e 2R IRIE# A
*Er“%*zrizaljflm, MR AT, HICREOHHIART 0.99; MARENEN 81.3%~108.4%, HHXFrifE (i 2 7E
2.5%~72%Z [0, JrER i Ry 1~6 ng/mL, JrikE i BRTE 3~15 ng/mL Z 0], S5i& Oy R B e, HA
B0 1) B A RS e, AT R ARSI H R v ) 20 FiE 8 S R LAY
KRB R OB (3 - AR IR BT W i s AR IR

Direct determination of 20 kinds of free amino acids in beer by ultra
performance liquid chromatography-tandem mass spectrometry

WU Shao-Ming, HUANG Yong-Hui, CHEN Yan-Kai, CAI Xiao-Ming*, FENG Li-Feng,
LIN Hao-Xue, CHEN He-Shen, HUANG Yan, YE Meng-Wei, LIANG Min®

(Fujian Inspection and Research Institute for Product Quality, China National Quality Supervision and
Testing Center for Processed Food, Fuzhou 350002, China)

ABSTRACT: Objective To establish a method for the efficient, fast and direct determination of the 20 kinds of
free amino acids in beer by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods Beer samples were diluted with water, then separated on a CAPCELL PAK CR 1:4 ST chromatographic
column (150 mmx2.1 mm, 5 um) with acetonitrile-0.3% formic acid in water with a gradient elution, multiple
reaction monitoring mode was used for detection in electrospray ionization with positive ion mode. Results The
linear relationships of the 20 kinds of free amino acids within their corresponding linear ranges were good, the

correlation coefficient (+%) were all greater than 0.99; the recoveries were between 81.3% and 108.4%, the relative
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standard deviations were 2.5%—7.2%, the limits of detection were 1-6 ng/mL, and the limits of quantitation were

3—15 ng/mL. Conclusion The method is sensitive, accurate, has good repeatability and stability, and it can be used

for quickly determination of the 20 kinds of free amino acids in beer.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; beer; free amino acids
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WP 2 DA A2 25 R Skt PR 0E S MO Ak, )RR
KB AACEETE, EHREE, W “Wimw” , XA
AT A e BRI T A S BB AV L . s )78 SR AN
B MRIRTEAR KRR S F IR T FL5ORHE K e F 25 1
SR KA A U B R SRR E B D), R R
far R SN E M EE SRR Z —, 7 BRI 5 N
FEIR & i MR L RN R . Ah, S M
TR BB JE MK /5] ST B 5 1 22— SRR A TN L o
R ik, oAb, i R b SRR A A, iR R RLIX
Ay MG P, R L A S MY P MR L T Y SRR AT
Dyt .

HAl, e s R IR ny Ay VR E R A R o HT A
HET RS R S ERRS . BRI BT
AT O (- AR I TS (liquid chromatography
-tandem mass spectrometry, LC-MS/MS), HH, &Iz
R wi @ikl Le-Ms/MS N, R
JrEBEN i T R R A R . M A Bz
MO RICERE R R A, RMEE AT E, W
T B — AT IR, DAEE o3 2 BRI i) R, R
DR A 7 2R 2R — R -9—2 F LS T R R . PHEBE S SR
He 2 WA, S AT AR S R R ORI s U A
WTAEIO1 R AR OLR: FH A — -9 23 R L S R IR 1A T
FIATT A T 000 R v 22 i 288 SRR 10 7 ;. R AR IR
FH 6~ Fk v Ok I - N -2 R B T IO SV 22 56 R T s 4 Sk A3 A )
Xof WG v 22 A iife 2 S FRRR A TN A2 - SR, AiTAE A FRAH
B2k, HEMEMAENES . BIMEZE . TR, &
BfME . REEEAR . B 00 W Sk DAL R AT AR 7l
R A 1] 2200 G SR A W A3 I P A0 3500 2 o
BOMBSOIF HEMER 22 L AR ATRT RS, IR B IR

XF LC-MS/MS ¥, HETKZIERAATE G HE 7,

AR KRR T AR JG 22 BUR R M THE . $m 1 RBUE,
BIRFRAFERTAL Bl FE 02 2%, 7 A e B B B 22 A Mk

K, B8 AN BTG TR A LC-MS/MS 4% % i 25 42 5k
PR DEAT R L E R, T BRAT A AL R Y R R,
LIYANAARACHCHI % M0 LS /K R 40 K €0 335 1%
(hydrophilic interaction liquid chromatography, HILIC)i#4T

IrESJe, KM LC-MS/MS A SE B R Z Ry 2 2 FE R A
OrIEAT EAEDE

UTAER, BRI ZE BT FE N BT Xk WL v 9 g 2
PR ARSI 7 i A TS, TSR LC-MS/MSS 12 B 42l 1 1
i B S LR & TR I R WA B . Ik, AHESE
UL R I 7 R0 250V £ % - B 3 0T 1% 5 (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS)JT & —Fhfaf 5 PRIgE AN 2R A | SRR e g g
W 20 e 2 EAERR ) BRI SE vk, Ry S M 1) L OR
VAL X3 s i R 2 P (I AR S5

1 #MRI5H%

1.1 UFE5RF

LC-30AD SR AH A% . Shimadzu 8050 =H P
WRAF- R TR (H A= B HE 2 vl ), Aanti J-E i R VR 5.0
HL(GEE Beckman Coulter 22#]); Milli-Q Hi4likalifk &5
(Z&[E Millipore 23 Hl); DS-8510 DTH #2875 i 4% 3% #3543
Hr 75 A FR 2N F]); MS 3 basic ig iR ¥ # (35 F IKA 2y
F]); BEH AMIDE {43{41:(150 mmx2.1 mm, 1.7 um). BEH
HILIC 3545150 mm=2.1 mm, 1.7 pm)(3E E R E A 7);
CAPCELL PAK CR 1:4 ST & if (150 mmx2.1 mm,
5 pum)( H A¥EA 52 A]),

RINE M (Phe) . HFEA 2R (Me-His) . 4122 (His).
IR (Lys). BEBR (Tyr), EHERMet), HEIR(Glu).
A mR(le). REMR(Lew). fBEBR(Arg). T B (Thr).
KAWEME(Asn) . LK (Car), KEBEE AR (Cys). B R
(Hyd). & E(Orn). &R (Pro). AR (Try), KE&H
& (Asp). A ER(Hom) 20 R e 3L RIR A n HE IR
(0.5 umol/mL, 3£[F Sigma-Aldrich 2A7]); SFrEa(lle, ZlifE
98.0%). MR (Leu, 4 99.9%)riEdH(2£E Chroma DEX
NFED; R, G, WEE(Aigal, f5E Merck 23H]); K4k
KL 5 (F:2%>18.2 mQ).

FINGL 6 AN, ffmge s A SRR 4 A S FAR N TR T
1.2 FriERZAVEC S

W BUE B AFRE N T 0.1 mol/L HCl IR 24
%10 mL AR, ALl ALZY 1.0 mg/mL AIE&B . 45
B WOE Hit (117 29 S SE MR VR B R 8T 10 mL 28 i,
FH 20% FH BS KA B 6 A~ FR A1 T4k KT (L3R DIARHE
FIN T AR, LA,
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Fz1 0 WHHEBRERMERTIRERE
Table 1 Standard series mass concentrations of the 20 kinds of
amino acids

bRt 22 41 Jo it ¥ FE/(ng/mL)

S1 S2 S3 S4 S5

Phe 10.30 20.6 41.2 103 207
His 10.60 21.2 42.4 106 212
Me-His 9.70 19.4 38.8 97.0 194
Lys 9.15 18.3 36.6 91.4 183
Tyr 11.30 22.6 452 113 227
Met 9.30 18.6 37.2 93.3 187
Glu 9.20 18.4 36.8 91.9 184
Ile 8.20 16.4 32.8 81.9 164
Leu 8.20 16.4 32.8 82.0 164
Arg 10.90 21.8 43.6 109 218
Thr 7.45 14.9 29.8 74.4 149
Ans 15.00 30.0 60.0 150 300
Car 14.20 28.3 56.6 141 283
Cys 15.00 30.0 60.0 150 300
Hyd 10.20 20.3 40.6 101 203
Orn 8.26 16.5 33.0 82.6 165
Pro 7.20 14.4 28.8 71.9 144
Try 12.80 25.6 51.2 128 255
Asp 8.35 16.7 334 83.2 166
Hom 16.80 33.6 67.2 168 336

1.3 HmEiEs*E

HEFRHER 1.00 mL YRR LT 5 mL BEFE B, A
ali/kZE 5 mL 21, WIERA)E, 2B 1.0 mL 2 10 mL %]
EE T, MARBAUKRRIFERZZ2 8, WiEES G
0.22 pm JEAEE LHLIGR, & m KNS YRR E A
TEREE .
14 Rty

i A BESE B FURAE B T 2 RO A K
TSR 400 °C; JN#ASHE: 10.0 L/min; B2 HLE:
3000 V; ZAbgiAEE: 3.0 L/min; THEE$7: 10.0 L/min;
JREFNERE: 600 °C; EHEF. EmEFLHAMTIES
W2 2,

F2 0 MBEEEERRILESH

Table 2 MS parameters for the 20 kinds of free amino acids

POHAT 1 PUBRAT 3
L) BT/ RIEFE H PR/ V
Sy (m/z) WUV i, Y
166.1/120.2° 10 25 30
Phe
166.1/103.2 11 45 24
~170.1/124.2" 11 28 30
Me-His
170.1/96.1 11 45 21
) 156.1/110.2" 10 28 29
His
156.1/93.1 21 35 26
147.1/84.2" 19 29 23
Lys

147.1/130.2 19 19 20

=28
. WEAF 1 g PUSHTF 3
waw BT il 4 P
L /V N LR/ V

182.1/136.2" 12 28 11

Tyr
182.1/165.1 11 19 22
150.1/133.1° 10 18 21

Met
150.1/104.2 10 21 29
148.1/84.17 10 30 24

Glu
148.1/102.1 20 22 30
I 132.1/86.2" 18 20 27

(&
132.1/68.1 18 28 23
132.1/86.2" 18 18 29

Leu
132.1/68.1 18 37 15
175.1/70.17 11 41 17

Arg
175.1/60.2 22 29 18
120.2/56.2" 14 29 15

Thr
120.2/74.2 22 16 24
Ans 241.1/109.2° 14 48 29
Car 227.2/110.2° 14 48 30
Cys 241.1/109.2° 15 47 28
163.1/82.17 23 29 24

Hyd
163.1/128.1 22 24 28
133.2/70.1° 12 31 17

Orn
133.2/116.1 19 16 19
Pro 116.1/70.17 16 28 19
205.3/146" 16 16 25

Trp
205.3/188.3 13 11 13
134.2/88.3" 10 12 17

Asp
134.2/70.3 10 19 13
269.3/134.1° 10 19 13

Hom
269.3/90.2 10 19 13

TN E R TR

WA RS &1 {43% K. CAPCELL PAK CR 1:4 ST
(150 mmx2.0 mm, 5 pm); FEi: 45 °C; PEFEE: 2.0 uL; 3
W 0.4 mL/min; JEIAE: 0.3%H BRIK(A)FIZIEB),
YEWE, LAk )5 A RS EE BRI A 0~6.00 min, 80%~20% B;
6.00~8.00 min, 20% B; 8.00~8.01 min, 20%~80% B;
8.01~12.00 min, 80% B,

2 HER5HH

2.1 FRIEEHHMHKL

A3 U B 5 A TR LL 50% I Hi TR R B MR B 2R
1~5 pg/mL WYIRAPREM R EALIL, R A BB &1
TR IE & T e i T B 4, SRl a i ak e
FIM+H]Y, HE—1 0 R B, SRla MM e e
ACPIRE R BT, PR3 AR F AR A2 T A B 3K
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b, SR Z B MR A T A SRk &k G
TPUZLAT 1 HE , RlEE R R URAT 3 B, A2 s FaE
BT 2), 455052 DH SR E —5
22 REEHSMRK
22,1 &ifAEeyitiE

T KR B8 LR IR TRk e A, BAE
SRR, — R AIR K M) HILIC fagtl, Aptot
[t T BEH AMIDE i%#E(150 mm*2.1 mm, 1.7 pm).
CAPCELL PAK CR 1:4 ST f43i%4(150 mmx2.0 mm, 5 pm)7l
BEH HILIC A #£:(150 mm=2.1 mm, 1.7 pm) 3 FAR[F K
PEEIEAE . 4598878, BEH AMIDE A% H %k 2 5 4
FERR AR R RO 9%, U Phe FI His {7 B I[N 1 min;
i BEH HILIC {71i%#3:#1 CAPCELL PAK CR 1:4 ST {ajif 4%}
20 Fl BARY) IR BB RE T 8chT, {H BEH HILIC €A35HET0iE 4y
B Tle I Lew XX [F] 4354444, i CAPCELL PAK CR 1:4 ST
O TEAT BESE I Tle FH Leu 248 405, [RlIK%45% CAPCELL PAK
CR 1:4 ST {354 (150 mmx2.0 mm, 5 pm)fE 3ttt
222 AshAeh i

AR L T HEE R I G IR 52, 2551
KB, RACIEVENE AR, BAR BN 5355 5
WETE R T HEE . BTG 2 R P L 25 1E 25 4 st
3, ETREIAE A B R 2x B B oR B Ak AT 14 5 B AR
i R VR, THRA S A T KA A [ e i

BR(0.1%. 0.2%. 0.3%. 0.4%. 0.5%)XF45 MmN, 45

R, BRI 0.1%I4 /12 0.3%, HERYmEm A
R, YW RRKIEIRE] 0.4%, L&Y m PO ARgkLE
WEOR, LA T R . I, 2R 0.3% AR/ 1
SR ShAH, 20 Ry S E AR G P B E T E SR LA 1.

3.0x10° -
2.5x10° |

2 2.0x10° |
E 1.5%10° L
L Loxioe}
5.0x10°
0.0

C

4 6 8 10 12
3 B3 B [B] /min
BT 20 Bl B S S ER AL A W Y R B T 0 1 1A

Fig.l Total ion chromatogram of the 20 kinds of amino acids

0 2

23 FHEFWIE
231 KHETEE. AR ER

PL 20 Bl g s B mR (e E FRAE Dy Y Bl BTERE
(ng/mLYWEAR X S hilbrefik, JHERILRMma5RE, 28
PERNE R | K PR (limits of detection, LODs, S/N=3)F1E &
B (limits of quantitation, LOQs, S/N=10)IL3 3, MFrha] L
Fih, e H BRI N, 20 R s s MY R 4ot ¢
BRI, MERBODHLE 0.99 LI E, B FRLE 1~6 ng/mL =
E], %2 fFRTE 3~15 ng/mL Z |8,

#3 W0MBEEERAREVASE. MEE. BAXERE). RHRMEER

Table 3 Regression equations, linear ranges, correlation coefficients (+*), LODs and LOQs of the 20 kinds of free amino acids

(a2 EYEppE 2 e (EN | IES Y () G i BR/(ng/mL) 72w BR/(ng/mL)

Phe Y=18392X-278521 10.3~206.5 0.998 3 8
Me-His ¥=5232.70X-32786.7 10.6~211.2 0.999 5 15
His ¥=6309.94X+27009.7 9.70~194.0 0.991 5 15
Lys Y=6445.27X+12386.1 9.15~182.8 0.999 4 12
Tyr Y=754.956X-193.389 11.3~226.5 0.995 4 11
Met Y=6460.33X+158910 9.30~186.5 0.998 3 10
Glu Y=6192.36X+59097.2 9.20~183.9 0.997 2 5
Ile Y=13298.7X+115109 8.20~163.9 0.999 5 15
Leu Y=21761.4X+416276 8.20~164.0 0.998 4 12
Arg Y=11308.9X-70483.7 10.9~217.8 0.999 2 6
Thr Y=5161.57X+64559.6 7.45~148.9 0.995 6 16
Ans ¥=510.376X-6312.25 15.0~300.4 0.996 4 12
Car Y=490.877X-1656.93 14.2~282.8 0.999 2 6
Cys Y=418.994X-8412.59 15.0~300.4 0.992 5 15
Hyd Y=1242.74X+6227.36 10.2~202.8 0.993 4 12
Orn Y=6031.07X+29379.5 8.26~165.2 0.991 4 12
Pro Y=1577.41X+282831 7.20~143.9 0.999 3 10
Trp Y=1532.6X-52433.9 12.8~255.2 0.998 4 12
Asp Y=2997.45X+76488.1 8.35~166.4 0.999 1 3
Hom Y=710.685X-17965.1 16.8~335.5 0.998 3 10
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232 EHELHEE

PLF MO A R, 3EAT 3 7K 6 AT Ak [ R R,
20 P S s 2R 3 BN AS R AR K T 19 7 2 [l i 2R A
81.3%~108.4% = [a], #H X ¥5 ¥E fif 2% (relative standard
deviations, RSDS)TE 2.5%~7.2%=2 [A], PE4NLERUNE 4 Fr
N, RO R TR, 1E T R b i e e S
PR 5 1) E 1 300
233 AR

AR 30 3 D0 U S S R A N R R 3
F 5 DG T YR B s TV YRR TR A5 s M A VR P 118 0 i R

BN (D)5 3 TR0 (matrix dffect, ME)?7
ME /Y%= J5t VG e A MV T 0k 1 R /R o I R e

TFL-1)x100% )

ME S fHfER, FRAIEFANHZOY, ME A IE(ER, %
TRAETE L TR IG5 N, ME TE+20% LA N 278 25 Fs i A~ B 12,
FH & 2 AT, 3 Fl gL % JE B L — 2K, Arg. Ans. Car,
Cys. Orn. Trp. Thea 7 Fiif ) 2 BRI B S, ME
FE-14.4%~-2.7%2Z W, FAr 14 Fiilfe s sd SR RN BRIy
i, ME 1E 0.6%~14.2%2 [f], #7E+20% A, BERALE 3 FirR
[i] ML H A YR SO A B J

4R SRR M E R G RN AR B LR AR AR IR 2 (n=6)

Table 4 Spiked recoveries and RSDs of amino acids in the beer sample (n=6)

latey] ARJEAE/(ng/mL) finkri/(ng/mL) M5/ (ng/mL) B /% RSDs/%
10.30 18.6 102.5 42
Phe 8.00 20.60 30.0 106.9 3.5
41.30 48.7 98.5 5.1
10.60 11.5 108.1 5.9
Me-His ND 21.20 213 100.6 6.3
42.30 448 105.9 7.2
9.70 26.8 95.6 5.4
His 17.5 19.40 35.3 91.5 3.8
38.80 56.9 101.6 4.2
9.15 16.1 102.5 5.9
Lys 6.70 18.30 247 98.6 6.2
36.60 44.5 103.3 4.4
11.30 23.6 108.4 3.9
Tyr 114 22.70 35.0 103.9 5.1
4530 57.9 102.7 4.8
9.32 12.8 100.5 6.3
Met 3.40 18.70 219 98.7 5.1
37.30 42.0 103.5 4.4
9.20 41.7 106.8 3.8
Glu 31.9 18.40 51.0 103.9 2.5
36.80 69.0 100.9 5.8
8.20 8.5 103.2 6.4
Ile ND 16.40 16.4 99.8 4.7
32.80 34.6 105.4 3.6
8.20 8.3 101.6 4.5
Leu ND 18.40 19.2 104.3 6.1
32.80 343 104.6 3.8
10.90 2211 88.9 4.9
Arg 12.4 21.80 315 87.4 5.8
43.60 499 85.9 3.7
7.44 13.0 98.7 5.2
Thr 5.70 14.90 19.5 92.5 4.9
29.80 372 105.6 6.8
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=45
s A JEAH/(ng/mL) Jndz & /(ng/mL) 5 8/ (ng/mL) B /% RSDs/%

15.0 13.1 87.5 5.7

Ans ND 30.0 24.4 81.3 3.6
60.1 50.0 83.2 47

14.1 12.4 87.9 5.4

Car ND 28.3 24.6 86.9 3.6
56.6 478 84.5 55

15.0 13.6 90.5 44

Cys ND 30.0 26.3 87.6 6.7
60.1 573 95.3 2.8

10.1 10.1 100.2 3.8

Hyd ND 20.3 20.3 100 47
40.6 40.7 100.2 5.8

8.26 15.4 90.5 52

Orn 7.90 16.5 23.0 91.3 3.7
33.1 39.1 94.3 49

7.20 18.2 104.2 6.5

Pro 10.7 14.4 254 101.9 48
28.8 39.7 100.7 52

12.8 19.8 89.9 47

Trp 8.30 25.5 31.0 89.2 52
51.1 53.5 88.4 3.5

8.32 19.2 88.9 6.8

Asp 11.8 16.6 26.5 88.3 48
333 41.6 89.5 3.4

16.8 16.3 96.9 44

Hom ND 33.6 329 98.0 3.6
67.1 65.8 98.1 5.1

E: ND Em /N T R

Asp

Hom

15 - Ans
A Hm

P2 g, SRR BRI R B
Fig.2 Matrix effects of white beer, fresh beer and black beer
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F L%

-10

FL AN/ Yo

-15 +

[ 2(%%)

Pro Asp

B et

Pro Asp

C 2
(S 1 VOB o5 A

Fig.2 Matrix effects of white beer, fresh beer and black beer

2.4 EPRMEERNE

LRGP T T L UL AR R R 15 AN REAR
TPSEH, AUFRENE 6 4>, fEng 5 A4~ M 4 4~ AS[R]2Rm
WL F) 7 B SRR S R A AR ZE R R (ILE 5), B
3 v PR T Sy BRI 3 A 414.4~533.7 ng/mL 2 [8], $4{E

N 475.6 ng/mL; S B s PO O B 0R L 3 5] 7E 264.4~
397.5 ng/mL Z [0, ¥J{E %y 311.2 ng/mL; FAKAY 10, 43
BIE 98.7~254.4 ng/mL Z[Al, N 167.0 ng/mL; {H[W]—
SR, 22 25 B LA IRS BE AN 23 R Wiy 2 e R PR 1Y
IV SSS

x5 TEMAEMBEERS 20 HFEEERAE

Table 5 Content of 20 kinds of amino acids in different brands beer samples

FIME 2 [ 3 P4 FmRs pme SEmR oL ERR D MR 3 PR 4 EE0R S JHMR L JRME 2RI 3 R4

WH Al
EHRE 9 10.1 10 11 9 9 11
K 3.6 4 4.1 4 3.6 3.6 4.1
Phe ND 6.9 2.8 30 54 152 4.1

Me-His  ND ND ND ND ND ND ND
His 3.6 6.4 6.8 6.6 9.4 8.0 12.7
Lys 3.1 6.7 11.8 6.3 7.4 7.9 20.9

Tyr 56.1 11.4 19.2 13.0 489 10.4 14.6

8 9.6 11 11 10 11 11.4 8
3.2 3.3 4 4.3 4 43 5 2.5
6.0 4.2 34 233 1.6 1.2 6.4 14.7
ND ND ND ND ND ND ND ND
6.6 12.9 6.7 19.7 5.4 4.6 5.5 11.9
6.1 1.1 6.6 22.0 5.3 3.5 13.9 37.4

100.3 31.1 95.9 6.3 67.5 1237 70.3 14.8




1552 B dn 2 4 R R I A 4R 13 %
& 5(8)
BIH M IR T3 T4 TR S P P BEMRD EEOR 3 fE0R 4 ek 5 R SRR 2 SR 3 R4
Met 5.6 34 4.7 1.1 3.7 1.5 5.2 1.8 2.1 4.4 2.4 5.5 6.2 0.3 35
Glu 1.4 153 123 118 15.7 6.0 19.6 18.5 348 18.4 79.1 13.3 4.8 26.6 21.8
Ile ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Leu ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Arg 1.7 8.2 14.3 7.8 9.4 19.0 20.3 9.1 25.1 7.9 26.7 3.1 2.9 15.2 14.5
Thr 0.7 2.4 0.9 6.1 5.9 5.1 23 4.5 1.6 7.5 11.1 1.5 6.5 3.0 10.4
Ans ND ND ND 6.0 10.2 6.0 13.8 5.0 14.1 13.4 9.9 38.7 39.8 ND 11.8
Car ND ND ND 245 366  29.7 48.8 183 523 51.0 35.7 140.0 143.1 ND 43.6
Cys ND ND ND 152 269 215 344 133 35.7 33.8 24.1 97.0 101.3 ND 29.8
Hyd ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Orn 22.4 31,6 224 210 265 18.8 319 235 334 21.6 35.6 223 22.8 20.9 19.8
Pro 4.2 14.0 145 11.7 354 921 184 575  29.0 27.1 63.5 11.8 10.5 2982 2719
Trp ND 7.9 3.9 5.8 0.8 ND 5.2 7.3 1.8 2.5 13.9 1.5 0.6 4.6 12.0
Asp ND 6.3 12.1 10.8 10.1 13.0 12.2 6.5 10.9 19.3 24.4 ND ND 18.3 15.9
Hom  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Total 98.7 1204 1258 150.8 252.1 2544 2644 2843 2903 319.7 397.5 4144 4714 4832 5337
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