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PITC HERGATA-E0RAE BRI AR AR
HE) 16 MERERESE

' OEE B9 BEE OEPRE
(b B ARt R A E XTI EEATE o, #1LK X 430000)

B EATHEI—MAASZEMEELNRAIKT ALBRASEHFE, AFAABAB (Phenyl isothiocyanate,
PITC) HAELATATAR, FIKAKKPT 16 AL (RLAAMR (Asp) - ZAB (Glu) « Z2#AB (Ser) . HAMR
(Gly) . &8 (His) . # A8 (Arg) . #H&AHH (Thr) . AAHK (Ala) . WA (Pro) . B&&AB (Tyr) .
HAB (Vah) « AR (Met) « FR AR (Ile) . ZRAB (Lew) . RWAB (Phe) . #MAB (Lys) ) AR
Bhy R, A AR AT M. KA Athena AAA &EH N SATAE, VAT ER: TR K=20:60:20 4= 50 mmol/L T4k
(pH6.5) MR sh4n, BEATH A BL, kA 1.0 mL/min, 4£0% 35 C, KM BE KA 254 nm. & F £,
16 A A A B A 0.125~2.5 pmol/mL S A A LA RAFHAM X R, 4 MALBREANR X RN AT ZAH R 209999, 3
S 2 AP A LB A SR A K 0.9998 47 0.9994, iR H 0.003%~0.018%, T EIREH 0.010%~0.059%, #oin
D E A 82.21%~103.59%, RSD ¥ F 5%. %4 kEFRAIKT 16 ALBRBIFHSH, A FLERIOAL
BRABs A (Glw) , A2 EEEAHR 13.11%+0.39%~21.38%+0.48%, A& ZAKH A AL B &4 A8 (His) R& A8
(Met) , 22 EEH 1.59%+0.05%~2.27%+0.03% 3 1.26%+0.05%~2.32%+0.06%, 3 A&# At B BAE, R8BI
FoEl R Z, AT KKK ALK E DM

F4RIR: KRR, B ER, AU KBS, AT AT A, BRI G
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Determination of 16 Amino Acids in Rice Peptides by PITC
Pre-column Derivatization High Performance Liquid
Chromatography

HUANG Ying, HUANG Jing, YANG Xiao', CHEN Xi, HU Wuyao

(Anti-aging Nutrition & Health Research and Development Center of China Health Promotion Foundation,
Wuhan 430000, China)

Abstract: To establish a methodology for detecting the amino acid content in rice peptides, the research employed the pre-
column derivative phenyl isothiocyanate (PITC) for realizing simultaneous, rapid, and effective analysis of 16 amino acids,
including aspartate (Asp), glutamic acid (Glu), serine (Ser), glycine (Gly), histidine (His), arginine (Arg), threonine (Thr),
alanine (Ala), proline (Pro), tyrosine (Tyr), valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), phen-
ylalanine (Phe), and lysine (Lys). The analysis was carried out using an Athena AAA chromatographic column as the ana-
lysis column, with a flow rate of 1.0 mL/min, column temperature of 35 °C, and UV detector wavelength of 254 nm. A gra-
dient elution was performed with a mobile phase consisting of methanol : acetonitrile: water=20:60:20 and 50 mmol/L sodi-

um acetate (pH6.5). The results revealed a strong linear relationship among the 16 amino acids within the range of 0.125 to
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2.5 umol/mL, with a coefficient of determination R* =0.9999 for 14 amino acids. The remaining 2 amino acids exhibited
coefficient of determination R* were 0.9998 and 0.9994, respectively. The detection limit ranged from 0.003% to 0.018%,
while the quantitative limit ranged from 0.010% to 0.059%. The spiked recovery rate ranged from 82.21% t0103.59%, and
the relative standard deviation (RSD) was less than 5% for all measurements. This method effectively separates the 16

amino acids in rice peptides, with glutamic acid (Glu) having the highest content ranging from 13.11%+0.39% to

21.38%+0.48%. The amino acids with the lowest content are histidine (His) or methionine (Met), ranging from
1.59%+0.05% to 2.27%+0.03% or 1.26%+0.05% to 2.32%+0.06%, respectively. The experimental method employed in this
study demonstrates high accuracy, precision, sensitivity and recovery rate, thereby, indicating its suitability for analyzing

the amino acid content in rice peptides.

Key words: rice peptides; amino acids; phenyl isothiocyanate; pre-column derivatization; high-performance liquid chro-

matography
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1.1 MRI5ER
16 FPE IR (KA IR (Asp) . BHAETR(Glu) | 24

21k (Ser) . H & W& (Gly) . 422 (His) . K& ik
(Arg) . 7528 (Thr) . N2 AR (Ala) . IfiZ 2 (Pro) .
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MTN-2800D-12 S Y KA BRI 25
A BR2S 7l Agilent1260 155 50 W AH (4.4% (High perfor-
mance liquid chromatography, HPLC) ( ultraviolet
detector, VWD)  JE[E Agilent 2> Fl; 202-2AB Hi, #k
TEIR TR R AR S R4 =] MS3di-
gitial INEIRH #F  FEE IKA 2 F]; PE20 Bl pH ]

IR 4T R 210 285 AB204-A S3HT R il

PR FER 2Lt 7]; ZORBAXSB-AQ(4.6%250 mm,
5 um) A . AthenaAAA(4.6x250 mm, 5 pm) A
M IR SRR e A R H o
1.2 %
1.2.1 IREPREERIECH] SIS EE 16 Fhad Xt
RIS AR UETEMK 2.5 nmol/mL, JH 0.1 mol/L 14£5 1%
YRR R 1.25. 0.5, 0.25. 0.125 pmol/mL 4 ¥k
JE, 2~8 C IRARAT o
1.2.2 PRSI WTAE RORRAEE & FRECKOK IR
fit 80.00 mg FATKAEEH, IIAET 0.1% A5% 6 mol/L
FRM2 10 mL, BKAAE Th FE A AR 2~3 min J537 RIS
2255 o B D RYKIFETIE 165 °C pYEIRFE K
it 1 h, BUBWR AN a0 . FTIPRRAR, KK i e
E 100 mL 25N, F i K 2R v sk /K i i,
IKFAEAFL ARl — 100 mL 25N, 225, i 3E, [Fds
VINER T T ATDE W o HERAEL 1 mL JEWFL A
A, 76 60 °C ZMREF kT, FH 1 mL #E4lik
SERIIG AL R 1.5 mL B0, ffiiE s .

A5 FARE SR B T ASINA KRR S 2 A8, 25 FIRE
it ) R 28 RN R JURAE i g T B8 AH ]
1.2.3 MR SRS T, BESSRA R IR &
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WEEFER 200 pL BT 1.5 mL B0, JIA 0.2 mol/L
SERREUR ZEEE NS 100 pL, 1 mol/L =21k 2.
HTR 100 L, R4, IR FHCE 1 h J5liA 400 pL
TE Ok, TERIRG 2SR 5~10 s, % 10 min, WZHL
TR 200 uL F1 800 uL #B4i/KIE4, i 0.45 um
FHLUENL, 158 VA, FRRibee,

1.2.4 OEFAFIE R A% Athena AAA
4.6x250 mm, 5 pm; FE¥E: 35 °C; HiiE: 1.0 mL/min;
R : 254 nm; #EAER: 5 pL; FHishAl A: FEE: &
& 17K =20:60:20; #3141 B: 50 mmol/L Z. B& 4N %
W VMR M : 0~38 min: 5% WEIAH A Fl 95% i

s AH B. 39 min: 49% Wi s A0 A Fl 51% i3 46 B.

40~50 min: 100% HizhtH A. 51~60 min: 5% FizhtE
A Fl1 95% sl B,

AN

A= XMX000L o,
— XN
\'

As RRNEIETR s I F i, %; Xs R & LR
s PG T BHOHT AR T R 05 13 HH i 20 3618 s ik
J£, pmol/mL; Ms FRIR 2 FL R s 195> F &=, g/mol;
0.001 FK IR A e 50 F 8 m RORFE S BT, g;
V FORE AT, Ly N FoRkgafi s,
1.2.5 JriksfEgse MWERMERR . ©EMEs . M
BESCHG | HAE SRR | AR PSS AR (A g8 X
T AT T IR 55
1.3 HELIE

K Microsoft Excel 2016 #4788 411, IH)
JH SPSS 21.0 A4 T W M5 HT (P<0.05) , F54H 5%
BT 3 UCOFAT, SEI0LS S LIS EIE R
2 BRS5HR
2.1 BIERERERE

ZORBAXSB-Aq taiis At FH T inMELL S5
PP, B AR AL S A B, AR R R
VFZAL4in) C18 HPLC HE2L5m, 24 F 2 A SE K Tk

2207 ;. ZORBAXSB-AqfiiihE

?gg 7 b: Athena AAA AT

1601
1401 ;2
o 1207 ‘
< 1001
801 2
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0- T

AT, S Bt R 100% BYZKIE R AR, tal LIAT
R LB [ AR ARG, PRIz AR —Fp s =
A HPLC 43 B54E . Athena AAA (A AE & —Fh
R AW R ARl SRR S . B 5. K
ek A Z LR AGIN 1 & P, BLAT Sy s e RE A, SR
PEUT, 36 R PR, Fa o PEA IR A

A R ] ZORBAXSB-Aq (it T4
FEPRTR A ARV ol T SRR B 43S, R BN A B O AR
22, h TS E A e e ok, MR T
Athena AAA O FEFEDEA T35, LU T FL&S R 1A 1
TTLLE Y, SR Athena AAA (03541 14 4 B3 R0
F ZORBAXSB-Aq & i 45 B9 43 B 20 : a3 B
Hio Athena AAA OiSHERERS 16 FhESLIRTE 455
ok, ZORBAXSB-Aq oA+ I & A 56 13 5
5 14 5 a R R 43 5 ok b B AT E P . Athena
AAA OFEFESTES 16 P ZLMR7E 39 min 438 425K
S, ZORBAXSB-Aq A iEAT NFEZE 41 min; c AE %
B o WAL FAE S B8 [R]— e BE i ZU AL R TR S AR
AhHt, Athena AAA (i 4y B 15 2452 SR iy i
=34 T ZORBAXSB-Aq (A /0 B A5 2 A A
FERR s . IS S5 5 R Athena AAA 431
FEXRT KR 2 BRI T 43 55
22 HKMARER

VIR G AR UEWR 00 e B Sy R Ale b, AT A 4 0 1T
BURGALBR, 23 dilbnifE th 2, AR P50 Hb (S/N=3) Fl
( S/N=10) 43 3 #f 5 Hi K i BR (LODs) LA K 5
PR (LOQs) . 4559 L3 1, 16 Fh 4 LA 7E 0.125~
2.5 umol/mL FYJE I N YLk PESC R R AT, Hirp 14 F
SR P E B2 R? 142 0.9999, 53 4h 2 Fha Lk
BB E R B R? 4y 9oA 0.9998 Fl 0.9994, #6 HH FR A
0.003%~0.018 %, & R~ 0.010%~0.059 %, FHH
A R AU 5, R R R 1 S R R RV T e A 1A
M) AR A SR 6- 2 S kI - L BR FAE I
Jrie 32 FR PR IRA: 7477 A~ 8 vy S8R o 0 e e B PR R

¢ e - S .
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HF I (min)

Kl 1 ZORBAXSB-Aq itk (a) Fil Athena AAA A (b) 23S i (1 4]
Fig.1 Chromatogram of separation between ZORBAXSB-Aq column (a) and Athena AAA column (b)
T 1 RAAR(Asp) | 2: WAMR(Glu) | 3: 2224 FR(Ser) | 4: HAMR(Gly) . 5: 12/ (His) . 6: Fi =R (Arg) | 7: /32 F(Thr) | 8: N
M (Ala) . 9: fliZMR (Pro) . 10: BZMR (Tyr) | 11: HAR (Val) | 12: FHZAMK (Met) |, 13: LA (Tle) | 14: SEEFR (Leu) | 15: 4

WAL (Phe) . 16 &R (Lys), K 2 7],
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Table 1 Linear equations of 16 amino acids
IR bRl 2k HoE AL 2P F (pmol/mL) K thBR (%) TR (%)
REH R (Asp) ¥=363.31x-3.9693 0.9999 0.125~2.5 0.009 0.030
BHER(Glu) y=300.03x+9.57 0.9994 0.125~2.5 0.008 0.027
225 R (Ser) y=400.14x—11.667 1 0.125~2.5 0.009 0.030
H&ER (Gly) y=406.9x—2.7895 1 0.125~2.5 0.005 0.017
#H %R (His) y=407.55x-10.851 1 0.125~2.5 0.014 0.045
K% iR (Arg) ¥=396.92x-2.5329 0.9999 0.125~2.5 0.012 0.042
Ja R (Thr) y=392.89x—8.4138 0.9998 0.125~2.5 0.011 0.036
AR (Ala) y=410.23x+2.0038 1 0.125~2.5 0.007 0.023
Jifi %1% (Pro) y=439.45x-0.5025 1 0.125~2.5 0.007 0.022
i &R (Tyr) y=460.36x—5.4433 0.9999 0.125~2.5 0.018 0.059
HiEMR (Val) y=461.64x—4.7566 1 0.125~2.5 0.009 0.030
HEE R (Met) y=417.56x+1.9091 0.9999 0.125~2.5 0.010 0.034
SR (Te) y=418.82x+1.1035 0.9999 0.125~2.5 0.010 0.034
AR (Leu) y=451.92x-7.7518 0.9999 0.125~2.5 0.011 0.036
NI (Phe) y=466.6x—4.0587 0.9999 0.125~2.5 0.003 0.011
J61 2R (Lys) y=769.84x—1.966 1 0.125~2.5 0.003 0.010
K IERR G O i, R 17 FhEERARE TARINZE 24 BEERR
AR [P PR AT 0.999, 31X 5 ARS8 e 1 W H 2.5 pmol/mL 28 36 2 VR 5 s E 1 L,

KR P25 Z IR AL A RAAH—2K, BRI
FERTAT A= RSO S 5 e ORI i 2 ik

[t yie

23 EREMTE
BORAKRAE & | 16 P JEMRIR G hRfEsh A2

FEAREAEIAE o 252 A

=1

PR R B R0

FE I T, AHEURE i 5 0 BEAE SR A b, 2k

PRI L4 B I TR]— 2, 25 28 BEPR A] 7 35 R T 1.5,

GRS o
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Yy<5%, FIIZAAHRE R R AT
25 ESEMRAE
B 6 15y ] — KK BRAE i 80.00 mg 43 1 Jilt A
6 MK T, Fi 1.2.2 R0 1.2.3 PEATAE L K % FOATF
Az, il 6 U AT A RE SRR, I 52 45 b 2 LR 1Y) I
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C 2201
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1801

1601

1401

D 1207
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80

601

40 1

20

0 A N
012345678 91011121314151617181920212223242526272829303132333435363738394041
At 1] (min)
F 2 fEfkem (A) IRAFRER (B) . 25 HERR (C) kR
Fig.2 Chromatogram of test sample (A ), mixed standard (B) and blank sample (C)
F2 16 FREFERR AR FICR
Table 2 Recovery rates of 16 amino acids
% B 556 (n=6) B S (n=6) e TS5 TR iz g6
AW SER AR R (%) RSD(%)
RSD(%) RSD(%) RSD(%)

25 1.25 0.5 25 1.25 0.5
KRAH R (Asp) 1.87 3.34 1.87 98.12 99.79 100.46 2.69 1.32 3.05
HREM(Glu) 0.50 221 0.50 97.43 97.89 96.4 1.32 3.05 278
225 R (Ser) 0.67 1.64 0.67 94.46 93.63 100.31 2.98 2.98 2.69
H & % (Gly) 0.77 2.13 0.77 95.45 82.21 91.00 3.01 2.78 2.44
2H 2% (His) 0.32 0.24 0.32 93.34 97.93 97.52 1.99 2.56 3.68
TSR (Arg) 0.12 1.75 0.92 93.18 94.62 102.03 2.65 1.69 1.88
H& R (Thr) 0.21 133 0.81 93.34 92.51 99.14 1.74 2.65 2.57
AR (Ala) 0.27 2.02 1.27 94.04 87.6 100.58 232 1.22 321
I &A% (Pro) 0.21 2.69 121 93.14 90.96 99.43 1.56 1.71 3.09
ik 2 (Tyr) 0.33 2.66 0.33 90.96 95 100.1 3.84 2.85 2.45
AR (Val) 0.21 224 0.89 91.45 99.07 99.15 1.65 2.96 2.55
EHA M (Met) 0.42 227 242 98.72 96.29 100.00 3.33 3.05 2.75
St e (1le) 0.52 2.34 0.52 89.4 91.1 87.88 1.84 1.88 2.83
S5 R (Leu) 0.26 1.98 0.86 91.89 94.44 103.59 2.87 1.53 3.81
ZNE R (Phe) 1.28 2.26 1.28 96.05 100.42 98.94 3.68 1.41 3.49
HiE R (Lys) 1.73 235 1.73 92.71 94.08 94.76 1.98 3.09 2.19

2.6 TREMINE

B[] — K JIRRE & 80.00 mg, % 1.2.2 Fll 1.2.3
BEATRE K FRFITA, Hi88 1 AT AERE S, T AR IS
0.2. 4.8, 12, 24 h e I#f, K2 25 Fhad LR i W 1]
BUF R RSD, 45 SR 2 s, 16 Fha ik i
RSD ¥J<5%, FRIANTAEFESENTE)T 24 h WA ETE
=R/To
2.7 fnEREORLE

FRIE]— K IRAE 5 80.00 mg( B JN 2 LR &
H)6 14y, S tA K, For 2 O0RE S FH TR e
M5, 3 43 FH T b o0 he S5 56 e B o o JinA 2.5,
1.25. 0.5 pmol/mL M ZEFEMRIRUEIR 5 WK, U BE
Sy UEAT 3 AT AE AT o TS B RR R
RSD, 53R 43 2 FiR, 45 R 53 -2 nbr
[\ %K 82.21%~103.59%, RSD #J<5%, 1B 7
SR AT, UERAE S .
2.8 HalE

ARG BRI 5 By AR R FIOKIRAEE &, dn5 2l

FEAE 1~EE 5 5, SR i e fb Jy s b4 7 iR I
16 P SLFE IS5 W3R 3. N 3 SR IE
L 5 0 ROKRAKE & B85 & /19 Glu #1 Asp, Hik
J& Arg I Leu, iX 5 JELAER BT L5 SRAEL, 5528
X UFP R S A o Glu S22 AU P 2
P FEAC B IR = — ), nl R R ARIE T R IS Ak, AT
BEARIM 2, AR AP, Asp BAT B 1R E
FEIFIIVERP. Arg BA4ERFEYLAER AT O]
ISR . Leu BAHUEAMIVERR, Xt —
HUL I ORI A B 55 . Bre b S EiEtE s A~
TP SRR IAVE I o RIS = H 2500 SR A fe A A
TR AR o I S K 2 SRR I 2H A, R BN TRK
R &SR A B i = R Glu, i & 16.1%;
HR &R g Asp, N 8.44%, S5ARSZEG R A
AT A - B SRR S 1 5 TR A RO R H e e 3
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Table 3 Amino acid composition and content of rice peptides from different manufacturers
B YIBAAFR GRS
FE1 FE2 FE3 Fta kS

1 KAZ M (Asp) 9.04+0.28" 9.65+0.61° 8.70+£0.21° 12.96+0.35" 7.04+0.19¢
2 AHAR(Glu) 17.61£0.37° 15.93+0.35° 14.84+0.57¢ 21.38+0.48" 13.11+0.39°
3 225 R (Ser) 4.38+0.07* 3.4740.08° 4.15+0.14° 4.8240.17° 3.66+0.08°
4 H&m(Gly) 4.14+0.09° 3.82+0.04° 43240.11° 4.25+0.14* 3.93+0.05"
5 21442 (His) 2.02+0.01° 1.59+0.05" 1.96+0.08" 2.27+0.03" 1.73+0.01°
6 FHE MR (Arg) 7.40£0.14% 6.19+0.19 7.7940.14° 6.69+0.18° 7.1840.25°
7 F2 % (Thr) 3.27+0.04° 2.99+0.01% 3.09+0.09° 3.72+0.07° 2.86+0.04°
8 R (Ala) 5.14+0.11° 3.94+40.03¢ 4.69+0.17° 4.22+0.14° 4.31+0.07°
9 Jifi &R (Pro) 3.9440.11° 4.22+0.15 3.8940.27° 4.78+0.12° 3.60+0.05¢
10 ik 2R (Tyr) 4.37+0.14" 3.5140.05° 4.22+0.31° 3.05+0.18¢ 3.83+0.17
11 #4542 (Val) 5.53+0.13* 4.50+0.16 4.48+0.04° 4.7140.02° 4.14+0.14°
12 AR (Met) 2.3240.06° 1.75+0.08" 1.60+0.08" 1.26+0.05° 1.45+0.02%
13 Sse R (1le) 4.02+0.10% 3.3940.06° 3.2940.02° 4.81+0.04° 2.97+0.11¢
14 AR (Leu) 7.3140.15° 5.47+0.12° 6.03+0.05" 7.67+0.15" 5.39+0.11°
15 RPN R (Phe ) 4.25+0.09° 3.72+0.10° 4.04+0.08" 4.03+0.05° 3.73+0.08"
16 #i R (Lys) 3.40+0.08" 3.3540.11° 3.67+0.09° 7.08+0.12° 3.48+0.10°

Bt 88.14+1.97 77.49+2.19 80.77+2.45 97.71£2.29 72.42+1.86

H: TR R 25 5 .35 (P<0.05) o

Feh 6, 733 R FML Ge i AR J5 15 2 BL 12 43 A ASUFn
PITC AERTATA - S RO (1 0 72 28 AR 75 &, L
FMZE R UNER 4 U7 . 2R LB, 16 Frad ki 1, [A]
— AP HENR 53 3 SR P AR 7 7200 5 Y 7 B 22 (9] JC
FEZE S, E LR o AT A A2 B TR B RN
80.58%+1.32%, PITC #E HAT A= - o RBRAH (3720
FE BB IR SN 81.62%+1.15%, UG B 35 M 22
S, BRHAEHTATT A - B OO (23 -0 2 ok
4 AFITENE IO R ZIERR L WA 5
Table 4 Determination of amino acid composition and content
of rice peptides by different methods

FE6 it (%)

R WIRARR oty PICHETRIZE- 2k
) TR (A s
1 REEM(Asp) 8.07+0.16 9.11+0.38 P>0.05
2 B AR (Glu) 3.23+0.07 2.88+0.06 P>0.05
3 #2532 (Ser) 3.93+0.07 4.05+0.13 P>0.05
4 H&m(Gly) 17.1040.35 17.90+0.61 P>0.05
5 20454 (His) 3.94+0.10 4.03+0.12 P>0.05
6 K%z (Arg) 4.26+0.10 3.98+0.07 P>0.05
7 IR (Thr) 5.09+0.12 4.69+0.08 P>0.05
8 &R (Ala) 2.26+0.05 1.84+0.03 P>0.05
9 %42 (Pro) 3.15+0.07 3.1740.06 P>0.05
10 1i% 4% (Tyr) 5.260.13 5.68+0.12 P>0.05
11 45 (Val) 3.73£0.26 3.71+0.04 P>0.05
12 %R (Met) 3.79+0.12 3.91+0.06 P>0.05
13 FseEmR(Ile) 2.25+0.03 1.80£0.05 P>0.05
14 5% (Lew) 3.36+0.12 3.52+0.08 P>0.05
15 KN (Phe) 6.97+0.15 6.75+0.16 P>0.05
16 #iEm(Lys) 4.22+0.14 4.59+0.77 P>0.05
st 80.58+1.32 81.62+1.15

JR P LR ) B, ELMER RS o
3 g

ASLESFYEE T PITC AR R A i SO AR L ik
MR TR 14 16 FREFERR & 2k, 1207 AR
BELGTE 16 Fhad BhiR, #4524 BRI 40 43 n 2R PEv R 4t
F&, IHE 0.125~2.5 pmol/mL JEFEIN, 2 B itk
KR, 14 P e FEFRLRME G R IPE REL R = 0.9999,
JiAh 2 P IR 1 UL E R EL R 4300 2 0.9998 Fi
0.9994, ¥ H3FR-A 0.003%~0.018%, B EFR-A 0.010%~
0.059%, JIN#TR [FIZEAE 82.21%~103.59%, RSD /)
T 5% ULHH T EORE B BEAT, HERR B S, WA TRk
BRI LR S 5530, SN e Se ORI 2 BEi & i)
SE SRS AR AR AR S
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