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Determination of y-amino butyric acid content in foods of plant origin by
high performance liquid chromatography
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ABSTRACT: Objective To establish an analytical method for determining y-amino butyric acid content in foods of
plant origin by high performance liquid chromatography. Method Foods samples were pre-column derivatized with
4-dimethylamino-azobenzene 4-sulfonyl chloride, orthogonal experiments were designed and methodological
verification was carried out based on extraction solvent, solid-liquid ratio, extraction method and extraction time. The

results of y-amino butyric acid were analyzed by detecting different plant-derived foods and comparing with
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instruments. Results The results showed that the optimal conditions were determined as 60% ethanol solution,

which was extracted by water bath (40 °C) or ultrasonic for 30 min at 1:25 (g:mL) solid-liquid ratio. The separation of

y-amino butyric acid was achieved on C;g column (250 mmx4.6 mm, 5 pum) using acetonitrile+sodium acetate solution

(20:80, V:V) as the mobile phase at a flow rate of 1.0 mL/min. The absorption wavelength of y-amino butyric acid was

436 nm and column temperature was set at 30 °C, respectively. The linear range of y-amino butyric acid was

1.092-131.064 pg/mL. The relative standard deviation of y-amino butyric acid was all less than 5.0% in pitaya (white

heart), tomato, and malt. The average recovery rate of y-amino butyric acid was between 95.80%—104.36%, indicating

that the method had good precisions and high recoveries. Conclusion The method established in this study has good

repeatability and high accuracy, and can accurately quantify the content of y-amino butyric acid in foods of plant origin.
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4-dimethylamino-azobenzene 4-sulfonyl chloride
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10.0 mg(F5 B2 0.1 mg), HT/K 2B, 585 10 mL A
B EP, HIOKOEEE R BZE . PrERE &R A7 T 5%
PIRF BT, F18 cCHRARIRAE, AR 3 ~A.

4-— R I SR AHUR-4- T &7 (2.0 mg/mL): FREX
4- R LR SR AR -4- TS 20.0 mg, HZIEEMG,
B2 10 mL ks s, ACEEss, B, A,

LEIKIER: ToKZEF+K(6:4, V-V), BUOGK ZEE 600 mL
FIK 400 mL 1B .

RER EANIAIR(0.04 g/mL): FREUERERZ4N 0.40 g,
KRG, HBE 10 mL FEiiH, FKEZR, RS, B
A

ZTRANVEIR (6.8 mg/mL): FREL=IKA 4N 3.40 g,
FH/K B FERR B ZE 500 mL, Z80MFLUENR(0.45 pm)id g,
1.2.2 Hemuraz

FRELTHESL 1.0~2.0 g, fAESL 2.0~5.0 g(FEALKETH 2
0.001 g)F 50 mL 2.0, A ZBE/KE 10 mL, #H
PEH 30 min J5, ##E S min, T 5000 r/min &5.0> 5 min, ¥ I
T A 25 mL AR, AR SRE T 10 mL SRI0A R
B—x, &I 2 WIRBUK, HZBKERERE 25 mL, %
5], Rk

WEBTR I 1 mL SRR S o T AR T B 28
B, A 0.2 mL BRER S SN 0.4 mL 4-— F S ACR
A-GEREEATARAR, IRAVRTE 70 CCARIEHRTEY 20 min,
FHCFLIER(0.45 pum)it g, R,
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e ik &4 Cig#:(250 mmx4.6 mm, 5 um), B
HIRIZE MR @A, AR 30 °C; WA Z 5+ ik
T (20:80, V:V); iiH: 1.0 mL/min; Kk 436 nm;
HEFEE: 10 uL,
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A3 BIRRBUR AL 5 T 50 mL 25048, ARG H
10 mL, #AHE 30 min 5, ERERSEE FIR% 2 min,
HE S min, F 5000 r/min &5.0> 5 min, $ FFFRFEA 25 mL
FEHA, FERIRIEEA 10 mL BBOABRHRI—K, &7
2 ARBUR, FIHRBORE A % 25 mL, #5, fEfitfk.

TERR | mL AR R TR TR,
JA 0.2 mL BRERESNIAAN 0.4 mL 4-— F S S H A A -4-
TR ST AR IR, RAIRAE 70 °CoKI AT AR KM 20 min,
FHMALUEME(0.45 um)id 3, 500,
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40% LWL £ 60% LA g 80% LN h: L1
I i 40% BRI §: 60% L BRI k: 80% L BRI 1:
BV 10 mL I ASRERL, HAEAEE IR 1.2.4,

(2RI LRI 14 5 1

BEIOR .. /NK L R KEREAL). FH . &%
FrRABRE S, A5 1:5. 1:10. 1:25. 1:50. 1:100
1 1:250 (g:mL)BRHE LA 60% AR SE R, 42
B 30 min )5, HABIRAELIRE 1.2.4,

)BT TR BCR A5 1)

BIBCRE . /K. e, KRR, 3. F
JRANFBAEER, A 60% LB 10 mL, 207l AR Rk
T 7K IR (40 °C) 3 R FUIR X 30 min, HAbEAE
AR 1.2.4,

()R BBCHT E) %o BREERCR A 52 1

BEBORE . /K, e, KBEREALL), FEEH. 8F
JNAFBAEEM, A 60% LA 10 mL, 4377 $EE
10, 30, 45, 60 F1 90 min, HAMIRVELTER] 1.2.4,
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Table 1 Factors and levels

K A
A B (g:mL) C D/min
1 60% Ff i 1:25 TKIBIRTi (40 °C) 30
2 60%Z, 1% 1:50 FE 45
3 40% 2.1 1:100 ] 60

12,6 p-RETE®RATHWTIH

()b v Bl 2 1) 1 1

K ZBARE T AR A A AR 5 A, 0 5% A
N A TR, AR oE TR WA MR B M B AR BR (X, pg/mlL),
DL T RN BR(Y), 2l br il £

(2) p-2 3 TR & A 58 K e o

y- TR R I R A A A 2R (1)

o PXVX1000 )
mx1000

K, o MIRFEH p-20E TR & &, mg/kg; p AR bR
LIS RN p- B TR WY, ng/mL; V ARARA R
TELARFR, mL; m AR T FREE &, g5 1000 38 R 5L

PL 3 e 25 R BEAE-BIE RN, AR 3
LA BT
1.3 #HIEAE

K Fil Microsoft Excel 2010 1 SPSS 21.0 44 #ic 4 it



o524 W

¥, F RAGRAH ORREIE MY IR R A - B T IR

209

TR, IR 3 YOPAT, SCRs R
.

2 ZERE5SH
2.1 GIERHAERE

I 25, 30, 35, 40 CCAfFAE, XF A [RIAE TR -
AETRM BRI, 4R ER, 25, 30, 35, 40 °CHIE
FITCH] B 22 5

HEI C g (3HE . SB-Aq €3 EE I NH, (138 £E, XF1E
B3R 3 B AR - E I TR EACR

BEHL 6 BRI SRS BE K (35:65, V:V)3E
JEVRIR . 2KV 3S:65, VPRIV, 268 gL
LTRENVE W (35:65, V-V)EFEVEIN . LJ:3.4 g/L ZIRENA TR
(35:65, V:V)Z5FEVER 2 015:0.68 g/L ZEREMIE i (20:80, V:7)
SEPEVRNE . 2 05:0.34 g/L LTRENTE I (35:65, V2 V)5 FEVEL],

X EE 6 RS [ SRR 20T - 2038 T RN 43 B AR .
A HS DA PR R I | WA TR AR | e A A R R 2R

&, R AT, Cpg R B RUR LT SB-Aq A NH, 8
TR Z1E:0.68 g/L ZFRENTE(20:80, V2 V)55 B VERIACR
ek, FIL, AR FEBAER 30 °C, ZJF:0.68 g/L L&
BRI (20:80, V: V)5 BE BRI
22 HEARIEERSH

FICER 3T IR ICFE G F vl 5 R 47
HH e 2 AT, FEAS R B 1 R IRV T (40% . 60% . 80%,
V-Vy. CEEW(40%. 60%. 80%, V:V)FIZ IEET (40%
60%. 80%, V:V)iEFT5050, S5RFH, ANRIMEEIRIKE
AR SRAE L KRR 2 SEIVAIE A -2
TR, HERRE, RURBUSCEREL . HRERWRM §-
AL TR G RZAA AR 2R, Lk 60%HEE. 60%
ZEEAT 40% 2N VE R 1E3Z 25 I $R U

2.2.1
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Fig.1 Separation effects of optimized chromatographic conditions
2 TEHRBUATINE 25 R (mg/kg)
Table 2 Results of different extraction solvents (mg/kg)

PRI N sk XAk KIBF(F10) F2f E5 )N F i
40% FF AT 61.91+0.44  11.71+0.44 452.25+0.04 301.244021  1005.91+0.35 425.58+0.98 528.3642.69
60% I BV W 63.31£2.77 14.62+0.25 563.31+2.17 307.29£1.61  1558.31+2.77 498.28+0.67 569.28+3.67
80% I A T 51.23+1.12  16.82+0.31 558.13+1.07 333.58+2.99  1382.11+2.58 521.37+0.39 555.39+1.29

RV T 22.62+0.72 5.71+0.37 363.31+2.77 198.24+2.77 998.35+2.77 333.58+2.88 258.98+1.98
40% £ BRI 66.52+0.23 12.33+1.29 463.31%1.11 357.98+3.33  1528.51+1.07 489.27+2.77 555.55+2.77
60% . BT I 71.61+£0.06  15.40+0.67 567.25+0.18 388.57+0.08  1658.25+0.09 521.27+0.19 642.38+0.13
80% . BEVE TR 46.63+227  19.82+0.88 555.24+0.59 364.29+1.52  1699.25+0.37 509.27+2.33 627.38+1.39

W 10.13+0.82 4.2440.48 335.2742.77 168.27+2.77  1025.37+2.38 324.69+1.28 289.98+3.33
40% ZE TR 70.33+4.61 17.20+0.76 542.85+1.25 333.5742.66  1458.25+3.28 495.87+2.02 599.65+2.99
60% 2. 15V 70.5240.14  17.44+1.01 542.37+3.85 342.95£1.09  1568.97+2.77 501.81+0.29 581.9242.77
80% NGV 10.80+0.36 3.64+1.31 485.69+2.57 102.38+1.00  1112.57+0.67 305.68+1.39 510.33+3.52

BB 12.41£2.55 ND 301.1142.44 122.35+4.27 859.2742.67 288.28+5.27 211.3743.58

1 ND £R KRR H
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¢ 3 AT, $%1:5.1:10.1:25.1:50,1:100 F1 1:250 (g:mL)
FABHR EE VT 328, 250, 1:5 A1 1:10 (g:mL)BHE LR
WK, K, SRAE . kR0 5 GFINHE
FHEESR T p- 2 TR, W TR Ay, oAt
fHZ, 1:25, 1:50, 1:100 F1 1:250 (g:mL)RHE H IR B AR
FeEfh, HZEITCHE 2R, B REY IORNR H & R L5
T RUAS (R HG I SEBFERA TR 2 LA B X PR AR 4 4 52 1
LA E, L 1:25, 1:50 Fl 1:100 (g:mL)RHE L AE R TE 28
SEES YRR &R
223 RRGFXMRRFM Y R 5

3R 4T, DR . B FKE IR (40 °C) 3 Fh
PO AT, BREYW, WGRIKE . /DMK,
FA . KREAEL), ZEH ., BF/NMEREHPE -
RETER, HE M, UKBIRD (40 ORI &
W, A UK IR (40 O HU K 2 1h)
TCWI B 25 5, X AT BER IR O B Al 4R 5 4R BUSUR S %
Fo4r, KPR (40 °C)FIHE 75 Wi Fh Jr = 7E 3R 3 19 [R] 5
WARHE T IE AR - TRMIRE &4, SEHER
Fri o

2.2.4  FRIEF R AR IE G e 45 R oA

% 5\, L 10, 30, 45, 60 F190 min B4R
B EATSLEG, SEREM, FRBUNE] Y 60 min I, KE /K.
e, KRR, Z2F S IR AP A -3
TR B, X AT AESE RO BEER A (R (T 60 min B, $2HX
BRI TSy, b p-S 3k T IR A 1RIGE 4, A $EI
BRI ARELAE R, RS R C T e, HA SR ]
ZEEH BES, &%, Ll 30,45 fil 60 min /ERIESL
SEES PRI &K
23 EXIWRERNR

XMRE . AR I KIRR(AD) . £33 455
JIRIFE A AT IEASSE0, MR 6 Jr 250 W Rl 1, $RIUA
FRIZEBIX /A A KORR(EL) . S NI -2
I T RS BAFAE BB TR (P<0.05); BHE HLXT 22 2 sy
JRH -G8 T R & A AE B S IR (P<0.05); $RIBCT X
KA SRAEME T h -2 TR & A7 7E B & e
(P<0.05); $RIUF AT ZZ 2 -0 5L TR & S A7 AE Ve
i(P<0.05), LG R 22 MR 20 0T 4 3, e it
5A4M 4,B,C1D, B 4,B,CoDy, B 60% L BEVETR, 4 1:25 1)
RHE G, 38 AT KR 5 (40 °C)EEE 75 $2 L 30 min.

IS4
5

F*3 TREBHEELNE LR (mg/ke)
Table 3 Results of different ratio of material to liquid (mg/kg)
HH#E e (g:mL) PN U S P KIER(FL) eSS 2D il

1:5 21.90+1.53 12.44+0.01 466.25+0.11 274.14+0.51 1125.06+0.31 358.55+0.97 399.58+0.75

1:10 29.82+0.92 13.12+0.96 487.76+0.61 289.33+0.89 1258.34+1.11 395.67+0.23 425.88+1.22

1:25 30.13£0.93 17.82+0.76 554.39+0.10 366.87+0.88 1608.15+0.12 522.17+0.07 624.58+0.15

1:50 31.51£1.93 18.60+0.90 550.24+0.24 370.24+0.91 1613.57+2.58 525.88+0.91 630.24+1.55

1:100 31.73£0.38 18.71+£0.47 554.37+0.31 371.99+0.22 1616.57+1.85 530.27+1.57 633.54+2.57

1:250 33.63£1.89 18.70+0.25 555.29+2.14 374.55+0.81 1615.27+0.17 528.67+1.97 635.87+0.01

F 4 FEHREAGRNEL R (ng/ke)
Table 4 Results of different extraction methods (mg/kg)
YN RE /K AL KIER(A L) A EESCDIN G
i3] 26.20+1.91 13.61+0.03 300.98+0.93 188.27+2.58 1010.24+1.36 321.48+0.33 352.58+0.83
i) 53.92£1.01 17.12+0.80 550.28+0.11 388.57+0.08 1655.87+0.02 524.87+0.08 654.27+0.05
KR (40 °C) 59.80+2.10 17.43£0.50  552.47+0.18  390.27+0.27  1658.27#0.37  527.87+0.17  657.27+0.10
®5  TEHRENAT BN EL R (me/ke)
Table 5 Results of different extraction time (mg/kg)
FEIRUF [A]/min pNEA UIPS HRAE KIEHR(A L) HEF 2PN sl

10 40.11+0.98 16.82+1.00 513.21+£0.24 343.21+0.36 1601.22+1.24 511.33£1.22 599.58+1.54

30 36.70+2.30 16.33+0.63 518.34+0.68 351.02+0.44 1612.54+0.57 520.14+2.58 611.21+0.58

45 35.44+3.42 16.50+0.16 520.24+1.31 360.24+2.22 1655.27+1.63 533.77+£1.77 625.87+1.00

60 55.04£1.98 17.72+1.39 557.37+0.28 388.27+0.03 1715.98+0.05 543.21+0.07 648.84+0.10

90 48.63+1.41 16.74+0.04 556.27+1.27 385.28+1.08 1701.24+1.55 540.47+1.09 643.21+1.49
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Table 6 Results of significance analysis in 7 kinds of different samples

FEf AR AR BCEHE L) CEREUT) D(HEHF )
k1 63.36+0.98" 61.09+0.08" 49.04+0.17° 76.25+0.58"

PG k2 72.28+0.18* 77.30+0.03° 69.68+0.91° 63.64+0.68"
K3 68.65+0.14 65.90+0.10° 85.57+0.84° 64.41+0.71°

k1 20.52+0.98% 20.06+0.10° 22.2740.28" 20.52+0.34°

K k2 18.39+0.98° 22.09+0.13" 18.56+0.04° 22.13+0.35°
K3 23.05+0.98° 19.81+0.03" 21.15+0.14° 19.32+0.38°

k1 437.58+0.98" 472.01£0.27 667.38+0.33" 507.84+0.58"

B g k2 518.68+0.98" 569.21+0.35 482.95+0.45° 539.01+0.28*
k3 634.37+0.98° 549.42+0.42° 440.31£0.07° 543.78+0.08"

k1 500.63+0.98° 489.12+0.45" 485.94+0.28" 469.52+0.16"

KIBR(F1) k2 448.34+0.98" 467.76+0.36" 482.56+0.26 455.75+0.05
K3 468.98+0.98" 461.06£0.19° 449.45+0.14° 492.67+0.08°

k1 1988.28+0.98" 1858.22+0.18° 2108.54+0.13" 2127.47+0.12°

i k2 2076.38+0.98" 2155.01+0.07* 2074.70+0.11* 1837.49+0.17°
k3 1996.15+0.98" 2047.58+0.09* 1877.56+0.57" 2095.85+0.49™

k1 379.61+0.98" 360.49+0.13° 550.13+0.27° 547.77+0.35°

ESSEO)IN k2 563.72+0.98° 475.88+0.18% 562.59+0.21° 598.33+0.33"
k3 541.01+0.98" 547.97+0.12° 571.63+0.29" 538.24+0.98°

k1 407.11£0.98° 629.60+0.11° 644.17£0.34° 636.49+0.20°

A k2 618.00+0.98° 652.12+0.11° 664.04+0.35° 615.76+0.10°
K3 587.57+0.98" 670.97+0.08" 634.48+0.06" 660.43+0.08"

Wkl k2 A1 k3 Fom =K AT ING B3 m B 2 M 25 5 (P<0.05).

24 FFEFWIE
241 FikAEMHTEE

K Fr o 22 50 AR5 0 AR G b, I AH
DL AU TRTAR, AR LA W 0 T B A R Ak b, AU TR
YAk bR, LRI Ar &, SRR, 1EEE Wk E
1.092~131.064 pg/mL B, p-243E T BRARME £k A 5C R 5L
(r)h 0.9999, LR KA, BT LA LA 2R
242 F ki h R Ae T B IR

ARAIFFE T 1k ARG PR A2 BEBR AT LA 3 A5 10 4564
MR I YRR BURER N 5.0 g, EAAT 50 mL I, -
S TR I BR A 0.03 mg/kg, EEFEH 0.10 mg/ke, AE
T SR AR DR £ i v - URE TR R AR E
243 FiEWHEE

WINER =L TROREREE R, LR
). FERIZE ZE MR G TS 2 B L, ST
6 1K, FHERIM T R B o

& GB 5009.295—2023 (&b % £ EFhriE L
AW RBG R ) ) AEESR, BAL 4 & KT 100 mg/kg
(10 mg/100 g)ff, I N T RECH 3.8%, HFR 7 AIHL,
FERARY -85 TR 6 OTAT 250 E 25 - 1 RSDs 1

RT HBEEMNEER@0=06)
Table 7 Precision measurement results (7=6)

y-Z TR S /(mg/kg) RSDs/%
IR L) 340.40 2.32
F Al 617.71 2.17
I 1620.90 3.07

T AT BR R 22 (relative standard deviation, RSD).

INT 3.8%, T HORG & B AT, 3G w .
244 FiktyEDk R

S AMERFRIL S A -3 T R AR AR
(1) FERaMZZZERE S, RS IS, . & 3
AU B KT OARMER W, PEAT =K = AT AR [ i S 58,
TIEE p-Sa0 0 T 1 1 T a0 A RAE XA o i 25

5 GB 5009.295—2023 HIER, #eld oS EAT
100 mg/kg (10 mg/100 )b, [EIETEFITE 95%~105%2Z 8],
H2% 8 Hl, KIBIR(0) . FAMFZZ ZERES Y -2 58 T
YR BSR4 BITE 99.67%~104.36% . 95.80%~97.59% Fll
96.25%~99.30%Z 1], IIFRESCE AR TREmZER N T 5.0%,
413 IRCREE I . GB 5009.295—2023 FEESK, FKBTi:
IR, AR R - TR = AE
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8 [EINERIELR@n=6) 245 EIREESNE
Table 8 Recovery verification results (n=6) ﬂﬁﬁlﬁﬁ . quﬁﬁ . {Hﬂi e g PERHT . P

ETEAN IIARENACR /% SEXENRE/%  RSDs/%

B, KEZE, 38, B3, Bufm. W8 b BEA. «

98.67 - . - . e
JR. ER, HFE b, LN, Fan. 5. BN, £%,
97.89 99.67 2.44 . . e
0244 BHE., 7. KA, &5, BAk, 217, 8F5)K,
102.99 F)N. BEEE . 7. WA, AL B/E. JOERELD).
KIER(HL) 105.73 104.36 1.31 KRR, B R AL TR Bk AU Wt K.
104.37 FIEE . SRR 46 BhEENL . HEARUET AT AT, TTEORRRE
100.90 i - 3 T RR A S AR T R 22 . 45 SR BOR, SRR
104.30 101.00 3.21 TE 5 A2 A5 T BRA Y VR U ik 7 0 S 45 R A A X 22 (E 1Y
97.81 INFIEMER 10%, W3R 9, UiBIAWEIR & iy Bl
— e ‘o8 S P T RE £ -AE T R S R
T osel ' ' 246 B ACEARE AL FIL BTN A S LRI
101.26 S+ oM
e 96.22 97.59 3.29 TEICRIMEJSORE L R L A0k 208 P IR B TORE |
95.28 BRms . HEE. BREME . REREK. KRS, HHM
%% B ANEIET N . IR RN . N, L F
+~th 96.95 1.03 B, ET L BRI BTN . BN
99'62 Wi ZE G | p- B A TR KT IRYY . R AR, AT
BT I 99.30 3.06 FEREST IR, 43 O R SO 35 SO SE R 7 BT )
96.12 WEAFERE S - BT TR & S FIAR R R 22 . 45
96.40 SR, AR B R R ST FRAS A TR OO ST I 5E 45 SR Y
25 98.81 96.25 2.73 Nt ZAEENTFEER 10%, W#E 10, mTFRAIER
zgjg X AL FIRE S I TR, R i AR R, (LS8 45
Tﬁ«s 97.60 414 3t A BR i - SEFR A S 3T H A 45 Jr T, ASWFST T Y
92.96 7B A P TR B R - E TR A I A
#*9 TEHSENELERM®H=3)
Table 9 Determination results of different samples (n=3)
FEAh AR FHE/(mg/kg) RSDs/% FEdh 42 R SE-HIMH/(mg/kg) RSDs/%
ik 157.51 1.91 B 270.32 3.68
FgE 109.89 2.86 LN 532.45 8.71
g 60.83 0.64 %N 81.11 2.61
e 154.29 9.03 TRk 2437 9.12
I 121.55 0.30 e 49.49 7.38
TUHi 61.53 4.00 W 10.28 3.88
[y 508.23 1.36 Ik 1198.87 2.52
PNESES 30.58 9.54 EAE 259.19 0.37
A 569.80 0.51 KR 394.13 3.96
FEs 118.21 0.67 KB 205.15 2.19
W 336.33 2.38 £l 11.94 6.12
HE b 385.87 0.08 BT 1724.87 3.45
SEPE A 92.23 5.88 Frs 216.73 0.46
241 141.13 0.23 L 31.72 4.23
SETE 614.28 0.40 sk 51.68 0.94
FHH 809.37 4.65 AT 407.62 1.73
A 82.90 3.26 il 262.58 0.09
Eih 649.64 6.03 PRk 58.82 0.13
+& 906.69 3.81 R 10.07 8.10
K 42.84 4.28 SR 15.06 5.16
F 1620.94 3.07 LR 497.75 3.44
EE R 4743.58 1.84 FIEES 278.40 6.45
HE3 308.68 4.54 N 124.82 1.84
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Table 10 Compared results of different samples determined by high performance liquid chromatography and amino acid analyzer

BE 5 TR KA LAY FIEIR AT RSDs P2 FR AR IR IR RSDs
- 7]\ - 7]\
. WA (mgkg)  ME A (mgkg) /% o il A i (mg/kg) TUE & R (mg/kg) 1%
TP AE JUA) 584.71 562.14 3.94 R 92.98 88.18 5.30
[z 364.78 350.24 4.07 HH 242.96 236.55 2.67
b 57.11 55.11 3.56 HH A 155.01 145.69 6.20
g 1
E7QI N B LINEIEEN N
o 9741.92 9652.45 0.92 KRR 89.56 88.23 1.50
ok
KEKE 995.30 982.50 1.29 IINFZFERL 355.74 342.32 3.84
HH 3120.53 3101.25 0.62 FI 1724.12 1620.94 6.17
INZEZET SR 2367.79 2243.28 5.40 T 666.59 649.64 3.04
IR F WA 1480.09 1382.61 6.81 +5 445.08 426.69 4.22
FEIR 793.46 742.84 6.59 [k 18.97 17.34 8.98
o y-BIT IR
EH W 399.99 383.58 4.19 _ 35.19 33.14 6.00
= KGR
Wi 2 S 2233.32 2125.31 4.96 Ik 1233.01 1198.87 2.81
2 ZE SN 2079.66 2043.24 1.77 AJR 427.38 407.62 4.73
. [4] 3%, XUBUE, 2EmElE, 45 HPLC e SR -2k TR S
3 %4 it WRSED]. B, 2024, 51(1): 121-123.

AT RN T (e O A €033 3% 0 S A A TR R
- IE TR BN, DRE . /K, KT8, kR
(HL) 38 G VIR AR, T THRER
SCYGFIIEASSE 5, #0187 R AREREIURh: 60% L EEIE TR,
¥ 1:25 (gmL)FRNE HE, K IEIR (40 °C)El#E A $2HL
30 min, Hrf, XLPMUCERMAENCAIER(E0) . Tl 2
PR . K BR A E R . RS . R SR Rt
1TE2, BRI, O LB R . PR, VERREE S, &
PPELE, FREvsR, SR TR ES T -d i TRE
HAE o EIEA TR E, DL SAL S XS 4
DT ALER T P A BEAE S A RS L A AP AR
IES N RS AZ B . RS 2 HIGBE . BB 5 2 5%
K255 T, 25 ERTIR, AUy iR &
oy TR AT SRR AL T 5 ik 324
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