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Study of Preparation Process of Tomato Powder Rich in
Amadori Compounds by UPLC-MS/MS

ZHANG Shugin, YU Jiaghao, ZHANG Lianfu"
(School of Food Science and Technology, Jiangnan University , Wuxi 214122 , China )

Abstract: To prepare tomato powder rich in Amadori compounds. A UPLC-MS/MS method using
caffeine as an internal standard was used to detect and quantify Amadori compounds by optimizing
the extraction method of Amadori compounds. Besides,the influence of water activity,heating
temperature and time,concentration of histidine and antioxidants on the yield of Amadori
compounds were studied. The optimum extraction conditions were as follows : extract solvent water
and extraction time 10 min;The optimal heating conditions were as follow:raw material tomato
powder with water activity as 0.44 with the addition of 0.048 mg/g tea polyphenol,2.8 mg/g
histidine , heating at 54 ‘C for 4.2 h. This method is simply and accurate. The concentration of
Amadori compounds and Fru-His in the prepared product was respectively 152.59 mg/g and 3.32
mg/g,which were larger than any other tomato products.
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Amadori £ &% (Fru-His). ¥ & W 5 # %5 ¥
Amadori f6 5 ¥ (Fru-Arg) . 5 5% & R 5 i % H
Amadori ft & 9 (Fru—Leu ) 5 1 X B & . 7E R AL
AR A W (CHEZ5 M 2 20 A% | = 5 DU AT R
T MG SEIRRAE  BEEE Y KT 98% ) 5 ik 4% FH K .
Mili—Q 27K ; FHEE R . 56 [5] TEDIA 23 57 i 5
Fhmbr . LHE AW CI8 MR/, £
SEPAX 28wl 7= i s UPLC=TQD 8 2 %50 i Al £ 3% — =
PO 9FF 5 IE T3 . 38 B Waters 28 Al )7
Masslynx 4.1 TAF ¥l ; B K7 i RE 3 — 48 0] 24X
DA TR R ™ 4 F2102 BUGORAR PR L . I
T AR A R PR ) 77
1.2 EFmHH Amadori L &N FERE L
12,1 tetr ke ieE AR 8 ' Amadori
G, BEAKE i, BT 50 mL 25 & A5 2 bR
HERA AR SRR HE i 2 VRO 1 P B ALK AR E 2
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Table 1 Concentrations of standards

mg/L

Fru-Glu 20.00 40.00
Fru—His 1.35 2.70
Fru-Arg 1.35 2.70
Fru—Met 0.50 1.00
Fru-Leu 1.35 2.70
Fru-Val 1.35 2.70
Fru—Ala 1.35 2.70
Fru—Phe 2.00 4.00

1.2.2 UPLC-MS/MS 4 # ¥ # £ 1 . ACQUITY
C18 1, A AH. HEE; B AH . AT 73 %100.1% W LK ; it
0.3 mL/min; HE iR .35 °C; 86 VEILRE 7 . W0 06 &%
% B #H 100% ,1 min %] 5 min A B A H 100% 74

80.00
5.40
5.40
2.00
5.40
5.40
5.40
8.00

160.00 320.00 640.00
10.80 21.60 43.20
10.80 21.60 43.20
4.00 8.00 16.00
10.80 21.60 43.20
10.80 21.60 43.20
10.80 21.60 43.20
16.00 32.00 64.00

7 90% ,5 min ] 6 min N B 40 H90%75 3 50% ,
6 min & 7 min N B #H 1 50% 7% 5 100% ,7 min Z
Ji B HHARFF100% , Sz 7 EFE] 13 min, dEFEIARFR .
1 pL,
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i .50 L/h; fEFEfE & .20 VR L . m/z 100~
1 000 ; KM HL [ . 1 600 V ; = 21 %< (99.999% )
123 HZ:eyFa s fERFRE 4.000 0 g 7 ih#
T 150 ml IR, A 5 mL BT8R 1 mg/L
B A PRLVE SR A TRTEE A 45 mL B 4K, ek
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10 000 r/min ¥ B0 10 min, B EE#E C18 [
FHZEBUINKE A6 )E AR 0.22 pum A UE | 32
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1.24 BG4 ®ZE LRI 4.000 0 g T
¥y T 150 mL HEIE B, A 5 mL BT E N
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FREU TR 8 A Amadori fbA W1 HEBUS SRR
1.3 5 Amadori L &WE MRS IBELEMRL
131 #am st | EXE HERFRE 10.000 0 g &
A T 2SR A4S | B 2s BB BT K B bk
FEnPAb B BT T A0 R 2K 2016 B, AT B hin
10 =1 I =1 | 5 0 71 = W | R N = B
Amadori tb& WA B0, UL 8 F Amadori 1L
G WA R AN R bR B i T2
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PR 3R ST 56 45 AL 38 OK 433 BE I AR BE i B
[ = SRy | R NG IR = W 1| Ry | K= o M s
BT H R R VUK 19 1225, LA 8 A Amadori fk
AW EEM Fru-His & 8 {848, I 208,
VR R A A, DT B = Amadori 165 91 1
Fru-His 7 & 19 F A il 45 120, a2 sty
FIKFILE 2,

F2 EXRHER
Table 2 Orthogonal experiments

E
EHE/C | WA/ | SRR (mgfe) *’L(f:;z: i

1 020 54 34 28 0.048

2 034 58 38 36 0.056

3039 62 42 44 0.064

4 044 66 46 52 0.072

WzREEEEER MM

21 EEYRMEELRERERNKILER
2.1.1 8 #F Amadori /L& 4 RA AT W LR &R
B 1.2.1 RIR G bR EV AR 1.2.2 BB = R80T AH
o R A AT, &1 B8 T 8 Bl Amadori 14
G W MRM 3514 K HARY 5 bR Z
(V)R H bR 5 P9 45 0 v B 22 L (X)) 34T 2k [l
W53 AT, 5 B bR AE LR 5 2 A 5 RBUL R M
SR 3,

100
S 0.98
=
50
-
=
E 1 1 1 1 L 1 1 J
0 1 2 3 4 5 6 7
t/min
(a)Fru-Glu
100 3.90
I
H-
=
Jusag
< 1 1 L L L 1 1 1
0 1 2 3 4 5 6 7 8
t/min
(b)Fru-Leu
100 2.01
1N
=50
HE
=y
-E 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8
t/min
(c)Fru-Val
100
< 0.89
o
ﬁ 50
2
= 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8

t/min
(d)Fru-Ala
100 0.83
1N
o
ﬁ 50
2
*® 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8
t/min
(e)Fru-Arg
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. 100
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iy
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Table 3 Linearity and detection limit

iy I )i | I
Y =a X +b (mg/L)

Fru-Glu Y =0.042 7X+ 0287 6 0996 6  20.00~640.00
Fru-His  Y=0.136 2X- 0.031 1 0.992 5 1.35~43.20
Fru-Arg Y= 0.026 3X- 0.146 7 0.998 3 1.35~43.20
Fru—Met Y =0251X-0.248 3 0.999 2 0.50~16.00
Fru—Leu ¥Y=0.233X- 0.075 1 0.992 5 1.35~43.20
Fru-Val ~ Y=0.112 9X+ 0.295 4 0.997 7 1.35~43.20
Fru-Ala  Y=0.118 4X+ 0.162 7 0.994 8 1.35~43.20
Fru-Phe Y=0.184 1X - 0.0394  0.9955 2.00~64.00

212 mlCRKIE SRTE R AR TOmAR 09 U7
W7E Amadori fb & IR . % 4 Bor, [FIJOR
86.54%~101.87% , HHXI bR el 25 1.38%~4.49% , %%
W2 7 vk B B0 (0 P L

2.2 FEFMF Amadori 1k A WIRENE MR L

2201 RBENASRBAT RO Z 0 AR
S RIS AR IO S A B Ak, B ik
PR 5 152 O 2, X BOA R AT T L . R
RN 2 froR o ANEH AT LA K i B BOSCR B
B T HAPIFER, X0 HE2F N Amadori L&
YR —Fh Z 2 HAb G W, HA RS AR M A 4l
“HHARLAEYE " R K A R BUSCR e dp R R IR 2, &
M i 2% | 0T LA R K R 3R EUA I

Fig. 1 Typical chromatographic profiles of eight ACs 2202 BB AIEBUL RS He HIE 3 AT

using ACQUITY C18 Column with the addition

B o i IS [B] 4 38 0, Amadori £k G ) 149 75 25 56 3

of internal standard (caffeine) under optimization
LC-MS-MS conditions

Fru—Glu

Fru—His

Fru—Arg

Fru—Met

Fru-Leu

Fru—Val

VR B/ (ug/ml)

152.62

3.31

14.00

1.40

7.14

3.08

KGN o HHEECHTE] 2 10 min B, 8 # Amadori

x4 EEEMBZFELER (n=5)
Table 4 Results of recovery and precision (n=5)

A f (ug/ml) | 4 4/ (ug/ml) I i %/% CF-# 1 %+5D)/% | RS.D. /%

76.31
152.62
305.24
1.65
3.31
6.62
7.00
14.00
28.00
0.70
1.40
2.80
3.57
7.14
14.28
1.54
3.08
6.16

221.62+3.92 90.42
293.41+4.73 92.25 92.18+1.73 1.87
439.15+7.17 93.87
4.96+0.25 100.14
6.39+0.26 93.06 96.20+3.61 3.75
9.62+0.55 95.40
19.99+1.04 85.64
26.05+1.27 86.08 86.54+1.19 1.38
38.61£1.13 87.89
2.01+0.11 87.63
2.60+0.12 85.64 87.47+1.75 2.00
3.90+0.17 89.13
10.64+0.42 97.90
13.56+0.68 89.90 93.19+4.18 4.49
20.25+0.91 91.78
4.53+0.23 94.28
5.78+0.22 87.67 90.77+3.32 3.66
8.65+0.42 90.37
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Jo i Wk B /(ng/mlL) JIIA & /(ng/mL) | A 2/ (ug/ml) [l Wi /% CF- 25 | %) +SD/%
4.90 14.88+0.67 103.74
Fru-Ala 9.80 9.80 20.01+0.84 104.17 101.87+3.62 3.56
19.60 28.95+0.99 97.69
7.90 22.99+0.92 90.97
Fru—Phe 15.80 15.80 29.82+1.21 88.74 88.59+2.46 2.78
31.60 42.99+2.37 86.05

AW RSB B R K, B} Fru—Met #1 Fru-Ala LA
Fb, HAth 6 Ff Amadori 454 1 T i 3 B0 R B K
18 o 4 U (] i B, oAt 6 Fl' Amadori 1645 ¥ 43
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(=)}
=]
T

Amadorifb &) B4/ (mg/g)
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S S

(=)
h

2 REUAFIZ Amadori & ¥R E 5 # 8 #M
Fig. 2 Effect of solvent on Amadori Compounds yield
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e 40,
E
& 30
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= 20
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Fig. 3 Effect of extraction time on Amadori Compounds
yield
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Fig. 4 Effect of different water activity on Amadori
Compounds yield
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Fig. 5 Effect of different temperature on Amadori
Compounds yield
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Fig. 6 Effect of different heating time on Amadori
Compounds yield
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Fig. 7 Effect of L —Histidine on Amadori Compounds

yield

2.3.5 HAAN A E 2T F A F Amadori L&
JRE o Hea WIS SRR Z A N BT
S8 A TR A 410 1) S B4R S 0 RO Y &, d 1R 8 T
A, MBI N AE 0~0.06 me/g B8 F
Amadori 165 ¥ 1 S5 it 3 K1 Bl 4 B AR 9 1
T . 33X T R A R R 215 22 B BR A8 1 ok 26 hr 4 S i
HhE AR B B R AT 0 ) 58 7 4 S 1994 €0 W Y
A B AR FE T Amadori 46& W AR AN 24T E AL
FIRE I KT 0.06 mg/g B ,8 Ff Amadori f &4
F18 i ek S K0 Bt 0 S AR 10 1 o B R AR IS H
J& Fru=Glu Fil Fru—His B9 BT 5 20 800 B REL . X2
o2 Z W i e a5 i i T e = 2 5 S hifl e
B YR R, ST AR Y BT OB o — e
Bl I, B T A ) T 56 i 7 S 3 7 0 0 A G, AT D
B Amadori 165 WL B, HCHT AR B4 45 0 4
PEHE 0.06 mg/g N H. .
236 EKBLZRL AT RIGANRER TE
IEASE b, %5 I8 B Fra—His 9 7 A4 306 P, L) 8
il Amadori b &) L5 1t 43 B Fru—His 0T 5 534X
NV RS, FEE T AR Amadori £GP SR
3RO Fru—His Bttt 78OS M 1 00 . 1R 3218
Bt LR ER 5 PR,
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" — i R4 G STk AT A 40T . b
N BRruch RIS R (A X Amadori kA B0

| BRI RO EB>CoAsD, MISCRIB I R f
VA i TR A ) HA O R R R il K (R
NFTRTR R K205 0 BiCSE; % Fru-His 7
R R R e E>A>C>B>D, R SCEERE i F %
HPUEEA T B I K R i KR/ T A
R HIKFH G AL, HIBIRAE I T Z2h
0.00 0.2 0.04 006 0.08 0.10 AB\CsE,, 1T Amadori 416G ) 50 5T 43 B0 A &
IR e BB, BCH % D IEFE D, 5 TR AT, R
B8 HEMLFFMEN Amadori k&Y RES B HM AP T LN ABCDE,, BT AL 7 &
Fig. 8 Effect of antioxidants on Amadori Compounds 0.048 mg/g, J2 N IR BE R 54 C, R E] S 4.2 h,7k
yield YN N0.44 AL TR NS 2.8 me/g,
x5 EXHERRER

Table 5 Design and the results of the orthogonal experiments

—
(=
T

= o))
(=3 =
T T

Amadorifb &Y 5350 (melg)
S B

0-

(mg/g)
1 1 1 1 1 1 1.97
2 1 2 2 2 2 1.61
3 1 3 3 3 3 1.62
4 1 4 4 4 4 0.33
5 2 1 2 3 4 0.64
6 2 2 1 4 3 1.40
7 2 3 4 1 2 1.34
8 2 4 3 2 1 3.20
9 3 1 3 4 2 2.31
10 3 2 4 3 1 3.45
11 3 3 1 2 4 1.29
12 3 4 2 1 3 0.62
13 4 1 4 2 3 1.66
14 4 2 3 1 4 2.71
15 4 3 2 4 1 4.46
16 4 4 1 3 2 2.00
K, 110.40 103.99 91.18 98.27 118.73
K, 86.56 98.06 86.06 90.84 89.11
K 86.85 93.71 110.84 97.01 90.41
K, 87.62 75.66 83.34 85.30 73.18
R 23.84 28.33 27.50 12.97 45.55
T, 1.38 1.64 1.66 1.66 3.27
T, 1.64 2.29 1.83 1.94 1.82
Ts 1.92 2.18 2.46 1.93 1.32
Ty 2.71 1.54 1.70 2.12 1.24
R’ 1.33 0.75 0.80 0.46 2.03

KKy Ky Ky 2958 B0 43 07 i) — K R S ME R M B i B 225 T, T, T, Ty M Fru—His 78 [/ — K T By -F 2
i ,R’ M Fru—His B 25,
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