32 BH T
201647 A

00D & MACHINERY

Vol.32,No.7
Jul . 2016

DOI:10.13652/.issn.1003—5788.2016.07.013

BEAREEERNIAMNERAPHIER

Determination of amino acids in spray-dried milk by UPLC
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Abstract. Established an UPLC method in determination the amino
acids of dairy products, and detected the amino acid content of dairy
products processed in different temperature, to identify the spray
dried milk through the changes of amino acids contents and composi-
tion. The results showed that the calibration curve was linear in the
range of 0.003 7~0.052 2 mg/mL of amino acids, the average recov-
ery range of amino acid was from 97.45% ~105.65%. It has the ad-
vantage of simple, rapid and accuracy in the determination amino
acids. With the spray temperature changing, the content of amino
acids were different. And the change of Glu, Leu. Cys were the most
obvious. It can serve as the distinguish method of reconstituted milk.
Keywords: ultra high performance liquid chromatography (UPLC) ;

emulsifiable powder; amino acids; detection methods
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LM B - Ultra TUV AL, 2 [ Waters A 7l 5

PEIGHT I 4 : Ultra FLR 8, 38 [ Waters 24 ) ;

B X TR - GZX-9070MBE 2, 4t 3% 38 £ F i K P
IR

B K . BS210S AL, T 95 4 35 1 46 3 [ i 52 5 X
w7

B M R VEML . KQ-5000 B, i 7] 17 HEAR DL R AR

WP 5% % 45 : Vortex2 B, S [E ST 4w

Empower 3 &% 54 T /FE 0 . 55 [F Waters 24 A .
1.3 RWAE
L3.1 FEARALEE WG 100 pL 9404 Gh4e & T K R4
WA 3 W R A .5 mol/L HCl 4 mL % fff, 8 A & X
2 min, JF %, E T 110 C 24 h(I#A 1 h 5, BB 8K i 8 8
BE ERBREIRSD . BUKRW T 25 & L 40 “C L, 308
EWKEW W Gk, B AR 10 mL N & AR fEiK
1.3.2 AccQ-Tag Ultra fii A FI LK 2 B0 & 3] 5
1 mL AccQ-Tag Ultra i B H B T2 4H AccQ-Tag Ultra 1§
AE TR R B 2 A S R o 8 A BT I e R % 8 1 min, il
2A M E AccQ-Tag Ultra 74 7 B A 42 #i fige - .

Borate Buffer (1) #1 20 pl. AccQ-Tag Ultra fif 4 F] & 6 mm X
50 mm ffAEE R RIRIER G, Bl A A AQC A/ & .
1.3.4  FIERARMES M H 4 MR 40 pL KRR ESE R bR AE
FHERE R B, A 960 pL 4k, TR AT, Hr dE B E R
250 pmol/puL, Bk & & ILFE 1.
L3.5 FRUEMBINT A RIR 10 pL S AERR bR E V.70 pL
BIBR % vl 20 pL AR 2R M . E IR E 1 min,
55 C7K 5 min''®
1.3.6  FEMBIRTAE W10 pL 28 0.22 pm 38 53 U8 /Y #F
SRR T0 L BITER G2 vh R AR S L M 20 pL A AR
EREME P FIRCE 1 min,55 ‘CKE 5 mint',
1.3.7 &M @Ak Waters Acquity UPLC BEH
Cis 3% A (2.1 mm X 100 mm, 1.7 pm); TUV £ #8 3 K
248 nm; FLR K5 #5838 & ¥ K 266 nm, & HF I K 473 nm; HE
TR 55 C 5 B0 B VR WL F 2,

A FHH 100% AccQ-Tag Ultra Eluent A.B 48 90% &
Ji& . C M R4k, D Ak 100% Z B .

2 iS5
W 5 4%

L TUV, FLR 0 8 5 5130 5 % 55 5 67 o 08 1T
T B 78 50 2 F 4 U % T 17 S R 2

2.1

1.3.3 =PRI 2 BaCR G 3w, 0 I 80 pL A Y 1 0 R A I
x1 SEBRAEVRKE
Table 1 The concentration of amino acid standard material
5t A X 43 e pE/ o XS 43 WHE/
T (mg +» mL—1) F (mg » mL—1)

21 & % (His) 155.15 0.038 79 Bt 4182 (Cys) 240.30 0.060 08

22 5 Bk (Ser) 105.09 0.026 27 2 R (Lys) 146.19 0.036 55

K &R (Arg) 174.20 0.043 55 it 5 iz (Tyr) 181.19 0.045 30

HARR (Gly) 75.07 0.018 77 2R (Met) 149.21 0.037 03

KT H R (Asp) 133.10 0.033 28 AR (VaD 117.15 0.029 29

B AR (Glw 147.13 0.036 78 S5 H W (le) 131.17 0.032 79

&2 (Thr) 119.12 0.029 78 TR MR (Lew) 131.17 0.032 79

WA (Ala) 89.09 0.022 27 RN AR (Phe) 165.19 0.041 30

i & iz (Pro) 115.13 0.028 78

R2 BERBRRK
Table 2 Gradient elution table
] /min 3/ (mL » min= ) ARBUNME/ % BB Y% CHBUNEL Y% DIRBUMEL/ %l

0.00 0.7 2.0 0.0 98.0 0.0 —
0.29 0.7 2.0 0.0 98.0 0.0 11
5.49 0.7 9.0 80.0 11.0 0.0 7
7.10 0.7 8.0 15.6 57.9 18.5 6
7.30 0.7 8.0 15.6 57.9 18.5 6
7.69 0.7 7.8 0.0 70.9 21.3 6
7.99 0.7 4.0 0.0 36.3 59.7 6
8.59 0.7 4.0 0.0 36.3 59.7 6
8.68 0.7 2.0 0.0 98.0 0.0 6
10.20 0.7 2.0 0.0 98.0 0.0 5
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2.2 BEXRER

e 9 0 IBURT: ¥ A 0.4.0.6,0.8,1.0, 1.2 pL #2407 5
T AR AR I RE . AR VHE it 8 0 T R RE D A A AR (X U
T B A s () 225 S0 s o 11T 2K 402 M 5 L A ) R DL 3% 3,

i3 3 WAL 7E 0.003 7~0.052 2 mg/mL W, 15 Fj 4 4t
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PREANER B F) T 0.999 LU E. 10 Thr 1 Pro f£& # ik 2
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2.3 WEMRKRE

WA 4 0 17 B U RVA W, T IRCE L 4y BT 0,6,
12,24,36 hill 5 4% 54 SRR 1 W ThD AR, 45 SR L3R 4,

M 2% 4 ATAN, 17 A JEMRAE & i fiT 2 )5 36 h Py, e T R
9 RSD 2 0.91 ~1.29, 2 B X Fp 777 45 J5 19 20 55 R 15 W, 77
36 hN BRI IR Frf i
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Figure 1 The amino acid content of milk in the UPLC chromatogram
*3 SEBHMKOHRRLZEEE
Table 3 The detection limit and linear range of amino acid
) LT/ o th R/
AR KR AH K F KL
(mg+ mL™ 1) mg
His Y=107 484X —2 034.5 1.000 0 0.007 7~0.046 5 0.02
Ser Y=106 027X —1 408.9 1.000 0 0.005 2~0.031 5 0.02
Arg Y=106 361X —2 092.7 1.000 0 0.008 7~0.052 2 0.05
Gly Y=108 862X —1 492 0.999 9 0.003 7~0.022 5 0.06
Asp Y=97 470X —1 796.6 0.999 9 0.006 6~0.039 9 0.21
Glu  Y=101710X—10 603 0.999 7 0.007 3~0.044 1 0.36
Thr Y=100 654X —4 483.6 0.997 4 0.005 9~0.035 7 0.03
Ala  Y=93 903X —1 361 1.000 0 0.004 4~0.026 7 0.03
Pro Y=82151X+5 947.6 0.996 7 0.005 7~0.034 5 0.03
Cys Y=283800X—708.1 0.999 1 0.072 0~0.120 1 0.27
Lys Y=149 079X —2 599.7 0.999 9 0.007 3~0.043 8 0.21
Tyr Y=098 104X —885.56 1.000 0 0.009 0~0.054 3 0.09
Met  Y=95 364X —513.15 1.000 0 0.007 4~0.044 7 0.06
Val Y=096 301X —364.66 1.000 0 0.005 8~0.035 1 0.12
Tle Y=93 240X —858 1.000 0 0.006 5~0.039 3 0.15
Leu Y=95797X—878.25 1.000 0 0.006 5~0.039 3 0.15
Phe Y=93939X—1 466.2 1.000 0 0.008 2~0.049 5 0.03
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Table 4 The detection of peak area of amino acid standard

material in different time

o LR 1 RSD/
HILR
0h 6 h 12 h 24 h 36 h %

His 3991 200 3 901 430 3 885 426 3 868 432 3 872 591  1.29
Ser 89 156 88 250 87534 87721 87 034 0.92
Arg 105 145 105 876 105 783 106 987 108 342 1.18
Gry 104 400 104 398 104 726 105545 106 749 0.95
Asp 104 177 106 752 103 572 104 953 105 312 1.15

Glu 107 166 109 142 108 324 106 503 108 783 1.03

Thr 95013 94 327 96 274 96 721 95493 1.00
Ala 85166 86 435 85026 84 893 84 031 1.01
Pro 94 927 94 258 92579 93 368 92986 1.02
Cys 92 316 91214 92979 93959 93 897 1.24
Lys 88 280 87253 88146 87534 86 253 0.93
Tyr 81 865 81088 80532 80142 80036 0.94

Met 145 914 146 793 150 426 148 729 147 258 1.20

Val 97 005 97 926 96 376 96 014 95 721 0.91

Ile 95 264 94 008 93 584 92 994 92 840 1.04

Leu 95 870 93 279 94 658 94 276 95 031 1.01
2.5 EERIRE

i 2 AR ECEL T A& R Y 50 L 2R WHEE R 6 1, 43 BIKE
TN 17 Fol G B TR K MR AR ME VR R 2 oL, 52 A [R] K i A A J7 1
] 2 A Y I 0 & TSRO 38 [l R DL 45 RSD, & Jk g
TR IR LK 5,

x5 SEBRMIREKERE RSD

Table 5 The recovery and RSD of amino acid
O EaE AR/ SRR/ RE/
IR RSD/ %
H/mg mg mg %

His 0.044  0.077 6 0.120 1 98.77 1.21

Ser 0.084 0.052 0.140

o
—
o
o
\]
—
o
©
=

o

Arg 0.059 0.0871 0.144 6 98.97 1.09

Gry 0.033 0.037 0.068

o

Asp 0.114 0.066 6 0.190
Glu 0.317 0.073 6 0.4123 105.56 0.99
Thr 0.079 0.059 6 0.140 5 101.37 1.00
Ala 0.047 0.044 5 0.089 7 98.03 1.03
Pro 0.126 0.0576 0.179 9 97.98 1.05
Cys 0.005 0.120 2 0.128 9
Lys 0.116 0.073 1 0.198 1
Tyr 0.210 0.090 6 0.297 5 98.97 0.94
Met 0.073 0.074 6 0.143 9 97.49 1.24
Val 0.034 0.058 6 0.094 3
Ile 0.101 0.0656 0.1725
Leu 0.068 0.0656 0.1315 98.43 1.01

His 0.171  0.082 6 0.248 9 98.15 1.18

8 5 Al 20,17 R KR ml R Ky 97.45% ~105.65% ,
BELLFATAE L Y RSD 2y 0.94~1.24 , 15 B 15 b 3 J7 36 A G 1)
T3 R AL R G e A DU 52 ) P AR — VS N . FETE R
iR 25 0ot 5 S 30 43 BT J5 R I 32 2 ok YR T K A 1 R 3 45
H T L o — o e W FLAR L T LA AR I8 SR A 2 S B K
J WK A 1Y J5 v AT AR K R L ABOK AR IS R K R pH
G AN RE B A W L T I 2P B8 e X — 2 P Al e
A HMEVE IR IR A | A SRR B R i R 2
26 AEBEBMETENINBHERILIPTEERNE

HR

R F b 3R T7 6 0 A [ L B8 W58 55 T 45 Ak B A LA o 2
DL P A AR IR AT R I L A5 AN RV 1) R R (3 R LI 2,
AR & E SR I 6,

6 ARABEHETRLENIAMBHERIPEER
EENELER
Table 6 The result of the amino acid content of spray-dried

milk in different temperature

HHEm R4F 100 C 110 ‘C 120 C 130 C
Ser 1.509 6 1.3227 1.5511 1.0354 0.836 0
Arg 0.9346 09146 1.0205 0.7102  0.755 4
Gly 0.486 6  0.5490 0.5634 0.3765 0.324 6
Asp 2.1958 1.5617 2.0029 1.3536 1.303 8
Glu 5.7714  3.8599  4.9100 3.566 4  3.058 0

Thr* 1.1832 1.0935 1.3137 0.7786 1.217 9
Ala 0.8825 0.6936 0.8765 0.5794  0.446 0
Pro 2.6342 24237 28582 1.7782 1.636 2
Cys 1.4123 0.2581 0.2396 0.2265 0.258 2
Lys” 2.443 1  1.586 4 2.136 1 1.4539  1.300 4
Tyr 1.836 4 2.9721 4.0073 2.7225 1.940 0

Met * 0.6623 1.5864 21361 1.4539  1.100 4
Val* 1.6053 0.526 1 0.5730 0.5523  0.546 2
Tle* 1.3632 1.544 8 1.8915 1.2552 1.278 4

Leu* 26231 11119 1.3479 0.8685 0.857 7

1.1832 2.8429 3.4195 2.1508 1.5190
A
11.063 5 10.2919 12.8178 8.5133 7.8200

22 Fil
B 28.726 8 24.847 4 30.847 4 20.862 0 18.378 4

T FORDLTT AR .

M1 6 T, AN [ B2 I 5 R Ak By LR A O DR
HIEA 16 MR (MRL AR LR AR H
SR RS R 5 R TR IR I IR 1 MG 2R L i 2 TR A
W E T A AR S R R e T L JE T Rk L
BEMR R BRI . R LU g
AHIT ST A 37 0 8 8 SEOBAH (35 Y Jr v . DN SR TR A R A 42
JFL.

3 i
A 3 ST AL A A B OB (23 iR (UPLO I E 2L
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Figure 2
spray drying processing of milk in the UPLC

chromatogram
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