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Purposes by Ultra-performance Liquid Chromatography
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Abstract: A method was established to determine 22 free amino acids in food for special medical purposes by ultra-
performance liquid chromatography. After extraction with sulfosalicylic acid and derivation with 2,4-dinitrofluorobenzene
(DNFB), the samples were eluted with acetonitrile water-ammonium formate as mobile phase. Amino acids were separated
by HSS T3 column and detected with diode-array detector by external standard method. Results showed that, the 22 amino
acids were linear in the range of 2~100 pg/mL with correlation coefficients higher than 0.99. The limits of detection (S/N =
3) were 10 mg/100 g, and the limits of quantification (S/N = 10) were 25 mg/100 g. The recoveries were in the range of
90.1% and 109.1% with relative standard deviation (RSD) from 0.8% to 6.9%. This method was simple, efficient, accurate
and reproducible. It was suitable for determination of 22 free amino acids in food for special medical purposes, which could
provide technical support to ensure the quality and safety.
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FRER B FHIR B & 5 2 T RS2 PR T
AR SRR | AT 25 EL AR B RS AR 57
U EREARTT R, T T T Re s s lic 7 £
mi, IR AR AL T & . ESERIE N AR
P B ), PRI/ - S WOCES R Rk
= 2¢ FHIR 0 7 85 B i 1 B IR iR, (H 3 A
M, SR AR IEH AR . 2019 45 A4H &
IR HE T T ARRR R 2 FH IR E 7 B A I LR, B
AT FR R RREK B2 2 IS T & R R T4, R
2020 47, FRER IS 24 FHIR B 7 & ORI A 45 3K,
FRENT MR AR 122 2 FHIA TC 7 £ AH DA S A A
KT XE K,

GB 29922-2013% g T 22 Rl FH TR R 24
FHIEHEC 7 B i M E SRR A IS X 5 1, {H GB 5009.
124-2016% v 3T HARAL IR 16 Fh, B84 25 e
R N . SR . (O e &Mk TAERS
ONAR I CE S b AT BEB ER S It A & FH P B RN B T
FHE SRR b 24 PR 5 3 Y RE 19 L%
I 2R & T AR R S & L 1R, (H B AT K 56 bR v
SN/T 3929-2014" ANAUFHARER I 2% FH iR Bl 77 B 5k
JB o EANRAE A9 IEBRAG I X 5 22 o A ke S ek
A, SIS | SR E A RER A FH IR B
T B ZE R, AR R ARSI - Bt A e .
PO X REER B2 2% FH & 0 7 £l 19 2 iS5 SCik H A
A 6-% Ik s A -N-F2 L B FA W W B 3 & 3L P R e
(AQC) i A= ¥k, iZ i BR T GB 25596-20101 1
M 19 PR ki, H kXt shAl pH L RAR H ™Y,
TR TE2E

VEVIE SCHR 2 80, BRAT A0 22 3L 198 1) 7 92545 Bl —
WA S 47T A - G LT S AT ARSI Y | A5 A Ak S -TRAH
CETEA SR | WA (- FR I T k) A, Ak
PR 53 AT SO E A JRy R M5, {30 4, S8 25 34
TR WROAH (% - T R X AS B A B 53, BRI
T R 3L 280 7 2C-[RI 28 AR ik — 254 v
TR EAS o AS SCHISR FH A 2 S A0 22 Fhiite
B IR ., FTEIERAS G IRAT SN, T & T
ALV B A A IR S TG . PRdRiE, AT
ATATT A A IFRAT 6- 22 ik s Dbk - N - F28 JE 5% 3 L IV i i
SIPRAR(AQC)!Y | ABAE —HE(OPA)! | S
KRR (PITC)M 20 9-25 FH A Bt & (FMOC-C1) P22
FHEEE(Dansyl-CD? | 2.4 —fiIRAS(DNFB )42
&, Hidp, AQC SE MR NP, mir=y/b, {H2AT
AN AR B 55 OPA 25— IR I 1, ANRE
55 T A BRI 4 N ; PITC A i B Ts LR 2 4%
FIAT AR, FLIR 19 PITC 234550 43 HrAL i 754
FMOC-C1 JE BT AR =) is 260, HL -5 2RI hk,
T AFRRE, 5 E i ; Dansyl-Cl Sy A2 il i
FEHI; DNFB fTAEH R B9R B A SCkek vekHIRIE, (H
5 AR TSI A AR A AEBIRG, AT A BN
M (3 5 pm A FEAERPS > RIS, BT a4 i

BHAHR A NN LR R | = 2 ™ s B whie
FRPOL GRS | A | AR AL A

AHFFEEERT GB 29922-2013 FRAE A S 5018
(PRI, PR a3, T S04 MG 2 B3
M) FEAER BN L-¥2 Il 2R, @57 T DNFB fiT
AR R 2E IR L T B i P 22 PRI AR 1
1E RO L%, T T PR i K R SR R OR, BT
8T GB 29922-2013 AN 5 s Bl e A2 B9, A6
JUFEIY 1T LRIamR . Ik iRk B 24 FHIR ey
Al BT R R AR SRR, A Tll & iy
AL
1 MRS
1.1 MRS5S

KERATR(Asp) . BEMR(Glu) . 22 7% (Ser) |
HEENE (GIn) . FEER (Arg) . TFEMR(Thr) | i
IiZ (Pro) . @21 (Val) . T AR (Met) . 558 & R
(lle) . 7EEMR (Lew) . LHEMR (His) . N2 (Phe) |
TR (Lys) . g 208 (Tyr) brifiEdh  4EREH = 99%,
Dr.EhrenstorferGmbH 2\ #l; L- )2 IHZlR (L-Hyp) . JK
2% (Cit) . WAL (Ala) . BEER (Cys) bnifidsh &l
JEI) = 99%, Bepure 2\ Hl; HERR(Gly) 4l = 99%,
[ R RE KA (Asn) . 520l (Orn)
rifEdl  SERE = 99%, e SIS B A FR 2
s A AERR (Taw) BrdfEdl 2L = 99.8%, Sigma-Aldr-
ich 2\ 7]; ACQUITY UPLC HSS T3 {443 (2.1 mmx
100 mm, 1.8 pm) . ACQUITY UPLC BEH Shield
RP18 {4, 3% 4 (2.1 mm=100 mm, 1.7 um) . ACCQ-
TAG ULTRA C,g¢ (4if4£(2.1 mmx100 mm, 1.7 pm)

ZEE Waters A F); Bl O B Egsat, SEE
Fisher 2V H]; #hR . £18 . E5AUILEN . HIREL | i3k
HIR . WARF AL . ZIR%EE . TRTREN . BEIR S8 . e
TREEN  BIhsirall, E 255 Rkl a R F;
2,4 H4IEHEE(DNFB)  BykiRyb-rh E kA R
o5 s SR FHRRER R F I C 7 B s SRR L T .
FLERFREIK LT FLEE AR /K A EC T . SR
ACIHEERNC T Yo TH RS PTFE fFLIERE  0.22 pum,
ISR TR A E]

ACQUITY UPLC MESURAH TS Flss Wa-
ters A BRI INAS, JEE Waters 2 Fl; AB204-S
BUHL T RSE gt Mettler Toledo 2\ H]; SB-800DTD
R veRs  PE T RO 2 AR R R A R
Z5HE]; 3-18K BUVRSZRE L FEE Sigma 23 F]; Milli-
Q MEali/k#f#s 25 MILLIPORE 2\ #); MS3 i3
BER ARy 8E IKA 2AH] .

1.2 fRERRAECH

1.2.1 PrAEREEUE SF3IFRE 10 mg CREHf 28 0.1 mg)
SHEIRhIES, T 25 mL A, FH 0.1 mol/L £k
PRSI 53 ) e 25 28 ZI B, Tl ik B2 4494 0.4 mg/mL
FIBRAERS AT, 0~4 °C BEGIRAT -
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1.2.2 PRUETAEEW AR UEfE 2 W 3.5% fitfi 5t
IKAG PG WG R R, FL A 4o o 2., 10, 20,
50. 100 pg/mL FTR-ESHRAE T AR
1.3 #HEEtE

PG B TR SIS FREL 0.2 gOE BT = 0.0001 g)
T 50 mL RPVFEEIERLCE T, HEFRIIA 25 mL 3.5%
B KAGTRTAUE, IAE 1 min, #8745 15 min. 8000 r/min
B0 5 min, B FIEWRSATAE .

A S3 B RTE T AR AR SR H2 IO 200 pl
ZF 15 mL .04, I 0.5 mol/L B2 S 4N (pH9.0)
200 uL, IWHERSIJEHA 400 uL 1% DNFB {742,
RAJETA 60 °C /KR & SN 10 min, BH TR
=, A 0.05 mol/L B — &4 (pH7.0)3 mL,
WHETRST . 1oF 0.22 pm JERRS, (R & R0 A 2033 -
ARSI AR S
1.4 ®BEEH

fA3%4Y: ACQUITY UPLC HSS T3 i#£(2.1 mmx
100 mm, 1.8 pum) ; ¥ W AH: 50% & JiF 7K ( A) i
50 mmol/L H iR %% % M (pH5.0) (B) o Kl i <«
360 nm; J7iik: 0.3 mL/min. #F¥E: 55 °C; 3FEEE: 3 pl.
A BE BERFR)FE (A) : 0~6 min: 12%~18%, 6~10 min:
18%~50%, 10~28 min: 50%~90%, 28.1~33 min: 100%
{593¢, 33.1~40 min: 12% 15337

NO,

1.5 #HiEAIE

A SIYESECERY Empower 3 (O EdEAb ¥
GEF TR R AL S5 AL P, Origin 8.0 Y174 A
2 RSP
2.1 BIEFMARK

SR H AR ISR, g LR 59, T AT
AEMRE . 9RPESE R, fiTAE4RiEGR] DNFB 5 oK o
AR N, M 25— 1+ HF, A BEAA 5/ I
DNP K(E 1), BT DNP BRABPEAHUT, ko /E
17 AL, BR=9) 5 77 A T8, [iA5 tuik  ss X
Bahn. SRk, AR SO AT R S A S5 T R4
FHL

2.1.1 EREFERERE  EIRAH SRR R 4
BTG, P2 BR 22 P e JL1% (AT 30053 85, AS SCk
FHFERGE B/ N SRR AR A5 . SR 1.4 R
SHAHZ&1F, Lb% ACQUITY UPLC BEH Shield RP18,
ACCQ-TAG ULTRA C18 il ACQUITY UPLC HSS
T3 AP A5 0 o B ROR Z B, Asn 550 0% R1
AR BB ] EAREE R, XS AT 19 5325 e )22SR AR
H1o Shield RP18 Fl ULTRA C g RIAZE/IN(1.7 pm),
AR, (EANREA RS 55 Asn, Asn B0 06
R1 7H 5%, JCEEAGI; HSS T3(1.8 um) J& 100% 7K P
TIAHARZE M C g IEAE, L1 TR B 43 B i

NO

N H9.0~10.0 ; N
02N4©—F + HN —|— COOH =" 3 ON N—|—COOH + HF
R, R,

Kl 1 DNFB 5&3ER 2

Fig.1 Reaction equation of DNFB with amino acids

a 0.10

< 0.05

20

A ] (min)

A
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B2 T3 HEES 22 FhE MR A 6% K
Fig.2 Chromatograms of 22 amino acids separated by T3 column
et 1-Asp; 2-Glu; 3-L-Hpy; 4-Asn-; 5-Ser; 6-Gln; 7-Gly; 8-Cit; 9-Arg; 10-Thr; 11-Ala; 12-Pro; 13-Val; 14-Met; 15-Cys; 16-Ile; 17-Leu;
18-His; 19-Phe; 20-Orn; 21-Lys; 22-Lyr; 0-Tau(GE IR, JEASC HERY)) ; R-1GIE; a: FRUEFFIG b: £E 5 o2 MIAREER
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IKEE R LN T B 2 S HSS T3 #4181 B
RIS E (al by o 505 bR uEs . AR TERE
N RS AR B35 1K), Asn {4 B S ] A2 T ) 04
R1 ZJ5, H5%RIT Ser AR5 BRIb Z A1, 45k =
24 FH A E 7 £ PR BN 2 2 % 43P Tau 7]
[FIHTHE DNFB 7 4=, Tau 54BUT HARH #0432 A
FeESZ w25 H AR LR 1 R A2 B, 18] 2a ] LR,
HSS T3 HERERIEH#H R 22 2450 F] Tau HIA RIS -
2.1.2 WshAHMBERE A SCHRHIE 19 FH T 5 5
DNP AR5 shAH-/KAH & B REE 22 i, Horpasm
A RSN, Bohl il R 2 L R
ZypT S XG5 AER I AL . A=
VAR 00 B PR £ /K AE 43T DNP K, — 7 T 18]
AT B AR A B e, BEAIS T AR AR s 55— 7
THNZARGRXT IR A At A R AR sl A A i
FER . BFIERER, ZNE /K & FR iR T shARIAR & vp AT
HUAH- 2t M BEXT BRI 53 125 )3 0 HAHURE, PRext
AHUAHDE 22551

G HUAH- NG R VE A el 1), Hoe B ey
me o R R, R R M Ak A 1 43 B R, Horp Ala
Pro P& | Tle. Leu. His =AY/ B2 ME S (K 3) .
M ZNEHEE R 100% B, BRI e, SE 45
A AE 3% K /T %, Ala, Pro 0 55 B 4, 1H Ile. Leu.
His =W B TIT; 2B ZNEHREE N 40% I, Pl
FEARNE, Sy HTRCRAT, TR 7K AH Y R S ER R s, TR
ARG, B{di R 3 Leu. His 4355 8 25 24 2 EH)E N
60% B}, HFnal FLiR 5346 AH X1 ¥4 5], {H Tle. Leu.
His =I5 ANTFs M B S 50% B (E] 2a),

Ala. Pro PRGBS EERY 22 (€38R Ala. Pro Z 1), A
LB G B B e T, LA 20 Fha 28 5 B AU
W, Nk, AR SCBEPE 50% 1 ZHEKAE A HLAH,
50% ZJE7K &S50 mmol/L FF R 4077 W M T 37 sh AR
2
2.1.3 FREMROEREE RIS T HRAE RESAS I A
AP R BRAEEAR 0 RR A, T T H OGS LX)
BE, 1174 J5 2B B DNP K B 28 SR IS0 1% T TR 238
L, (H R — 5 9 s BEm it 2B J5 TE A DNP ARG
FERE 22 2 A . — Pk — A IR A X 3
N Y ECA ARSI VLY, — DS IETR 1 2 S A1 2k,
TSR e L, A0 Pro. L-Hpy. & 4 Hill, —
WA TR A G E B ORI EE 1 AE 36043 nm
Kb, Wi 25 35% (Pro . L-Hpy ) i KIFKEZ 2= 385 nm
AT o ARRNE SRS MRS A T B Bl M — g s SRR
RGN, S ST 2k S W aita S T
W=
2.2 BIAIRERGEE
2.2.1 REGRFEEE PRI S IR EC 7 & S 2t
IR, S ZZ SPGB IT . HB I R4k A 3R A4S
SN TFRLST, S LR R K R SRR, T S A 2
FPRTF EAEVTITER MRS T2, ARSI T2 LR
FEMEEE T = Fhardb B 7 2 3.5% it F K15 1R
(ED) . WAERFILE- 1% (E2) A1 80% ZME(E3), —
PR BRI HA DTTE R AI1ER

& 5 ARE ELE A I, E1 AU BCHCRIA B wy CH:
#1 L-Hyp. Glu., Asn, Cit, O ¥JKK; ) . E2 Fl

21
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Fig.3 Effect of organic phase ratio on the separation degree of 22 amino acid derivatives
7 11-Ala; 12-Pro; 13-Val; 14-Met; 15-Cys; 16-Ile; 17-Leu; 18-His; 19-Phe; 20-Orn; 21-Lys; 22-Lyr; 0-Tau; R {710
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Fig.4 Spectrograms of 22 amino acid derivatives

E3 B RERLF HL DTPE DR, (FUR 2 2L 1R % & H BAN [A]
FREE M IRACEE S, T RE & eI e s R i h
WL TERY AR . HE—EEE B B IIRCR, LB
HXT 22 FPEE BRI DGR . HEDIRN, E1 —
7 AT S e i R, (T B AR, A
TP ;5 55— 7 AN R SRR, AR
B AR BB N, DNINTRE o8 U IR . 255 |, ARSI
PR 3.5% R IR L E T =0

mmE] -<-El

w2z £ 120
1.5- 5 A —E3 1100
= ST (S ERST W SRR IS Y
> 180 =
S 1.0 17
e 60 Jﬁ;
e 1ag =
4054 140 =
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ORI T SRR S SFE G
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K5 BRIREIRIE 5
Fig.5 Examination of extraction conditions
E: E1, E2, E3 HERARIEALER 3 FR USRI LR, ET i
2R IR 3.5% B KA IR AN TR

222 WHAEFKMANFEE  fiTESM RS TS Blr=
Yy A5 D R AR 25 ) B bR 22 LR 1 HERf O
I, AR SO AT SR TIPS 2 Mttt . AR dRok
= 24 FHIA TC 7 £ e 28 2 SR 1) 5 ey B, ARG AT
Azl B AN TP s i 0, P58 100 pg/mL
TR PR W P S AT A R ) B A FH i, 3l A 5 5%
DNFB AR (0.1%. 0.5%. 1%. 2% ) XT 2 FLAR
W] WA 25 S ol Al AT AR RO . 2R (R 6) T,
DNFB # & 504 R N2 IEAE, 24 DNFB & &
A1 0.1% BF, HAARUEmR R, B B, AR TE s Y&
A 0.5% -, {1 6 1 (Ser, Gln, His. Orn, Lys. Lyr)
SAEERR A ARG S5 I 2 1% B, 45 FEmR A Y AN
PRI 5 2 2% B, ATAR R g TEE R,
T PIE BRI 2203 1 B HERM 2 B, AR Al At il = 44
. ZRE75IE, HEPE 1% & DNFB /R MATAG.

HEAE S SCHRHRAE T, fiT2E 454 30, 60 min
TE I, AT A B A3 o AR S E AN Rl AT AR B TR] (0

=

=
& 400000

2000004

PN

PR O TP SR
Y N\
A

Ko Al R %5

Fig.6 Examination of derivative reagent dosage

10, 20, 30 min), 7E 60 °C /KEIRTH &M F BN,
O S AR & R AR AL & B, AT AR TE] 24 0 min B,
JC A ARfiT AR =8, 742 10, 20, 30 min )&, 72724
Py o7 AR — 2, Bt S TR] PR B, i G EH i AR 1k,
VEEH 60 °C ZKIBPRG 4514 FATAE 10 min BN 584
23 FHEFIEN

2.3.1 ZRPETER. KB IRAE =R K R T
VEVE W (2. 10, 20, 50, 100 pg/mL) AR 2 B 4K v i)
B, AP ERRIERLOY) SN AR, B (X,
peg/mL) MR ALPRZ IR 2R . S5 R B, 22 FPad
FEPRTE 2~100 pg/mL 30 [Fl PN, £ 019 75 F2 S AH G
FEANF 1 R SRIER S 7K e Jr Ve R as R0
InARAES TR, DI EME L S/N=3 15-3|# H BR (LOD) N
10 mg/100 g, DIFEMEH S/N=10 52| & R (LOQ)
A 25 mg/100 g,

1 22 BRI T5 e S AHSE R KL

Table 1 Linear regression equations and correlation
coefficients of 22 amino acids

T

o SR HERL
Asp Y=1.708878e+003X-7.160395e¢+002 0.9984
Glu Y=1.565137e+003X+6.428316e+002 0.9997
L-Hyp Y=1.922419e+003X—1.649680e+002 0.9994
Asn Y=1.699338e+003X+2.475664e+002 0.9999
Ser Y=1.641198e+003X+1.222909e+002 0.9998
Gln Y=1.552204¢+003X—8.413360e+002 0.9986
Gly Y=1.639792¢+003X+1.033586e+002 0.9999
Cit Y=1.074429¢+003X+3.671412e+002 0.9958
Arg Y=1.672074e+003X+1.735269e+002 0.9998
Thr Y=1.686861e+003X+4.566290e+002 0.9998
Ala+Pro Y=1.288069¢+003X+3.513061e+002 0.9999
Val Y=1.689239¢+003X+4.548071e+002 0.9999
Met Y=1.501528e+003X-6.406490e+002 0.9991
Cys Y=1.479431e+003X+1.628040e+002 0.9999
Ile Y=1.721529¢+003X+7.216248e+002 0.9999
Leu Y=1.711149¢+003X+6.272788e+002 0.9999
His Y=2.124532¢+003X—1.404751e+002 0.9998
Phe Y=1.501713e+003X+3.245993e+002 0.9999
Orn Y=1.261322e+003X~7.980346e+002 0.9959
Lys Y=2.559017¢+003X—2.071023e+003 0.9996
Lyr Y=1.130975e+003X-1.850230e+003 0.9995

24 [ERREEERE
SRR E LR IC 7 PR 22 22 R BE J7 B s
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2 22 FhiERS EAERR MR S 25 2R (n=6)

Table 2 Recovery and precision results of 22 free amino acids
(n=6)

&Y WIE(mg100g)  CFHECR(%) (%)
50 95.6 6.1
Asp 250 90.1 4.2
500 101.8 2.1
50 109.1 55
Glu 250 106.5 6.2
500 108.0 5.4
50 92.9 52
L-Hyp 250 99.4 2.9
500 103.2 32
50 105.9 1.8
Asn 250 107.4 4.0
500 101.1 43
50 99.5 5.8
Ser 250 105.4 5.0
500 105.1 4.1
50 107.7 39
Gln 250 98.5 6.1
500 109.1 5.1
50 99.2 6.6
Gly 250 104.5 4.2
500 96.8 0.8
50 99.5 6.9
Cit 250 102.8 59
500 106.9 3.8
50 100.3 6.5
Arg 250 101.9 43
500 108.3 1.9
50 97.1 2.7
Thr 250 98.3 5.6
500 109.1 2.1
50 101.1 1.6
Ala+Pro 250 98.9 5.6
500 107.1 5.0
50 105.3 4.1
Val 250 102.9 5.9
500 101.5 4.8
50 100.5 4.1
Met 250 98.0 5.1
500 103.8 23
50 99.1 2.0
Cys 250 94.4 5.5
500 98.5 4.2
50 101.8 35
Ile 250 97.8 6.2
500 103.6 52
50 99.1 2.1
Leu 250 109.1 4.6
500 105.3 2.2
50 97.5 2.2
His 250 91.9 5.9
500 107.2 3.8
50 105.2 32
Phe 250 93.1 6.0
500 104.4 4.4
50 107.2 29
Orn 250 98.5 6.8
500 99.0 4.9
50 99.4 4.4
Lys 250 91.1 45
500 99.5 32
50 90.9 5.4
Lyr 250 90.7 43
500 98.8 4.9

BTSRRI, BN &k 50, 250 F11 500 mg/100 g
KRR MRS I, B ARSEEATIIGE 6 iR, AR EITT
I RN RORG3 BE, a5 3R L3 2. g5 R, Ik
FEFE 90.1%~109.1% Z [8], FHXF AR R 2 0.8%~
6.9%.
2.5 SCRRERAINIE

18 FAR 7 3 X T B35 43 AR AR L O (F 1) | K
AL T (F2) 2 IEBR AL 7 (F3) A2 Ik i 1 gt s s i
77 (F4) 5k B2 24 FHIs O 7 B b 22 Fiiie g a0 5Lk
PEATIN R, G55 R PUAP B YA H AT BB R
Y LR 0453 7K R BC 7 AR H A 21 Fhiiees
IR R K R BEL T A K Y Gin, Cit 1 Orn; 2 3%
BR T 7 AH: Y Glu, Asn. Cit #1 Orn; & MR I
HHEC T A4 Glu, Asn, Cit, Phe Fl Orn, FHABK: H
AT R ILER 3. SRR, ISR BL T AN SRS
SR, TR IE KA TC Jy . 2 SRR I 7 P JEmR i
AEC Ty v B AT O B R, S LR Ty 2 DR
AR AL T SRS HE B SR EIR RIS S ORERARTT .

3 RFREEA RN R dh T 22 FAAs i
Table 3 Content of 22 FAAs in special medical formula foods

k&Y Fl(g/100g) F2(g/100g) F3(g/100g)  F4(g/100 g)

Asp ND 0.158 1.302 1.196
Glu ND 0.826 ND ND
L-Hyp ND ND ND ND
Asn ND 0910 ND ND
Ser ND 0.502 0.791 0.621
Gln ND ND 1.150 1.215
Gly ND 0.102 0.453 0.226
Cit ND ND ND ND
Arg ND 0.645 0.667 0.402
Thr ND 0.527 0.828 0.495
Ala+Pro ND 0.332 1.221 0.699
Val ND 0.767 1.273 0.527
Met ND 0412 0.291 0.143
Cys ND 0.516 0.812 0411
Ile ND 0.680 0.889 0.546
Leu ND 0.856 1.025 0.662
His ND 0.294 0.459 0.221
Phe ND 0.680 0.671 ND
Omn ND ND ND ND
Lys ND 1.149 0.882 0.592
Lyr ND 0.151 0.528 0.331
T NDFR AR
3 #ig

ASSCHEE ST T RPER B A IR BL 7 B 5 22 Bl
B R R ARSI 7 s, T PR S48 T PR AL AR AL
i & AF, KT 43 DNP KISkl 5%, 46
G AR, R T ARSI R 22 PR LR TE
2~100 pg/mL 7@ Bl N M58 R R4 (R>0.99), Kt
FR>& 10 mg/100 g, AEE R K 25 mg/100 g, fnkr EU
N 90.1%~109.1%, AHXT R HEM 25 0.8%~6.9%
T RARRER L A T B BT, SRR KA IR 1T
VERR M. KB TPiaT; 28 FHE S oA e &k
MR BEARAS ; B A S 7K - R R L T B AH 2%
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14432 DNP JiK, 58% T 22 Fha Lm0 A HErf & =, J
HXJ AT REGSINAYSE LR B - A PR S B T A R0y
B o AT R R B 2 R C 7 B Hh 2 R IR AG I
PREREE ST PR T HOR SRR, S B R A Tl AOARR
K IRPRAHA AR
Sk
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