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Preparation of Phosphorylated Raffinose and Its
in Vitro Antioxidant Properties

LIU Xuzhen, LU Kaikai, ZHAO Wanying, ZHANG Chaoyun, CHEN Yanqin"

(College of Chemistry and Chemical Engineering, Xinjiang Agricultural University, Urumgqi 830052, China)

Abstract: To enhance the in vitro antioxidant performance of raffinose, this study investigated the effects of temperature,
time, pH, and the ratio of modifiers on the phosphate content in raffinose as single factors. The preparation process of raffi-
nose was optimized by response surface methodology. The structures of raffinose before and after phosphorylation modifi-
cation were characterized by Fourier transform infrared spectroscopy (FT-IR) and nuclear magnetic resonance spec-
troscopy (NMR), and their in vitro antioxidant activities were studied. The results showed that the optimal preparation pro-
cess of phosphorylated raffinose (P-raffinose) was as follows: pH of the reaction system was 9, the ratio of sodium
tripolyphosphate to sodium trimetaphosphate was 4: 3, the reaction temperature was 77 °C, and the reaction time was 5.3 h.
Under these conditions, the phosphate content in P-raffinose was 32.14%. Characterization results indicated that raffinose
was successfully phosphorylated. Activity tests demonstrated that phosphorylation modification significantly improved the
hydroxyl radical scavenging capacity and total antioxidant capacity of raffinose, increasing by 27.06% and 31.40% respec-
tively compared to raffinose. This study provides theoretical basis and technical support for the application of P-raffinose in
the development of new functional foods and antioxidants.
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Coding and range of response surface methodology

for influencing factors of Raffinose finose

Table 1

phosphorylation modification
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Jrik, 347 DPPH [ i ZLVE BRSCE . BLHl 0.8, 4.
10. 20. 40. 60 mg/mL YT HEFN P-H FHEIE TR,
B 1.0 mL BESLIEW, A 1.0 mL 5% (1) DPPH-Z. 5%
W TR A, =R N #6 /)W 30 min, 7E 517 nm
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1.2.3.2 5 [ B IIERRMME S8 Chen 5
Jrik, 7 A R ERERRSEE . B 0.8, 4. 10, 20.
40, 60 mg/mL [ F Bl Fl P-H3 T AL 5 I8 M, B
1.0 mL B 5B W, i 1.0 mL 9 mol/L iy Fe,SO,
VEVRAN 9 moVL /KAGIR- L WEVE R, ficJa il A 1.0 mL
8.8 mmol/L H,0, ik, IR%), 37 C 7K 30 min, 1%
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40, 60 mg/mL FIHFE FBE AN P-AR T WAL S VA Wk, B
1.0 mL A£5 W, DA 1.25 mL 0.2 mol/L(pH6.6)#
BRER 2% ph WA 1% K, [Fe(CN) (] ##, 50 °C 7K
30 min, ¥ H E =, A 1.25 mL 10% i TCA
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Fig.1 Influence of different factors on the phosphate content
in P-raffinose
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WiE 1b iR, 24 —ImBii e 5 — SRR eN th )
4:3 B, P-F P BEARAR 5 Bk E 20.57%, BBAT =
DB IREN 5 — SR B IR GNP W) A 250y 35 1) de e,
Sz s, i BB IREL 25 | & s [ B SE 4 i
B, BB AR B R DS, Bk, AT Tt 5
Ll E Sl 423,

W 1c fias, IV IRE 80 °C A, P-AfFhE -
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Table 2 Experimental design and results of response surface

methodology
(S BRI 5 (%)
ApH BIWIE  CRNIREE WIE SETRL(EN

1 0 0 0 32.20+0.32 32.46
2 0 1 1 27.11£0.92 26.46
3 0 0 0 32.31+0.68 32.46
4 0 -1 1 25.1440.55 24.68
5 1 -1 0 23.71£0.31 27.43
6 0 0 0 33.45+0.24 32.46
7 0 0 0 31.90+0.29 32.46
8 -1 -1 0 25.414+0.36 28.58
9 0 -1 -1 25.824+0.36 26.3

10 0 0 0 32.49+0.10 32.46
11 -1 0 -1 27.11£0.92 29.18
12 0 1 -1 29.53+0.36 28.00
13 -1 1 0 26.10+£0.41 29.35
14 -1 0 1 25.02+0.50 27.51
15 1 0 -1 26.22+0.10 29.1

16 1 1 0 26.19+0.09 29.90
17 1 0 26.50+0.12 25.86

BERIPP A 25 R UL 3 3, R* 4 0.9826 H. R, i 15
#] 0.9603, FKHZA T B4 R AP mIHILEE . Sl
W 56 i — 20 IR S T AR R (Y AT SRR F{EH=44 H P<
0.0001, Z&#135 P=0.3001>0.05, 36.HH [6 )4 5 i H A
W EG AR X H I B RIS ; C.V.%=2.33%<
10% MASMEEL 17.09>4 BYLEH, ERIE T 3258 R 509
Faoe e S R T A R

PRI (1 S 56 S PR AE 5 TR . 5% 25 1E SR S)
AN 2 iR, E 2a iR, SERRIE (Actual) FIFTNIE
(Predicted) ¥4 11 15 5 225 S i B R BE /N L W
JE R, FEPHARALT PR T2 A R 1 T
MFEST, B 2b s, SEBRI L (E B0 Bl S bnifEfh sk
ZERER S, TESE T BEEL G R E M. LA, g5 S
22 3 SPPT R, A I PERT I 1Y P<0.05, FRIIFEAY
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Table 3  Analysis of variance for the regression model

FEARIE PR HBE  ¥Ur F P B
TR 167.44 9 18.6 44 <0.0001  wwEE
A-pH 0.13 1 0.13 0.3 0.6035
B-IWISE 561 1 561 1327  0.0083 *x
C-RNIRE 528 1 528 1249  0.0095 *x
AB 0.81 1 0.81 192  0.2088

AC 1.44 1 144 341  0.1075

BC 272 1 272 644  0.0388 *
A’ 55.1 1 551 13033 <0.0001  #wEk
B’ 51.36 1 5136 121.48 <0.0001
c? 29.4 1 29.4  69.54 <0.0001  kExx
B 2= 2.96 7 0.42

AT 1.67 3 056 172 03001 ARE
gl 1.29 4 0.32

JSViEES 170.4 16

R 0.9826

R i 0.9603
T ZER  0.8316

CV.% 233

EM L 17.09

e e 25 IR B K (P<0.0001) 5 ¥+ 7R 22 Sk B4 .3
K- (P<0.01); *Fm 25 3R 5 B 2K F-(P<0.05) o

TOE- S SR AT L

TE

T T T T T T T

22 24 26 28 30 32 34

SPRAE
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b
99
2 53
& g0
= 501
50 4
£ 304
& 20 3
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K57
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B2 SRNG5S PR E I R (a) FIBLEY Y 5% 25
IEASHERS3 7 (b)

Fig.2 Relationship plot between experimental predicted
values and actual values (a) and normal probability
distribution plot of residuals for the model (b)
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SR ZR pH . SN [A] Al B2 %) P-Ai - b
WERRAR 5 R Ay S B AR AN E 3 o &l 3 W
IR, FOSEAAZR pH OB TR K I3 P P 32 H A A
Y2k i EAFTE O, BEIIRESYE R N P-AR Tk
frreheoiil g 26t o, FOWIR 5 ROBE s Ta] g
D T U ELAS a2 EARIRTE, B —F 3 BAE
255 R SEN ] 5 S AR 2R pHLL SO iR RE 55 S N A4
25 pH BN R T A BEDY, {HAF S TR S P
ZIa], GERH HAZHAE AN B35 . ma i b gt SR o
JOVARZR pH iy 8.718. VRE 77.32 °C. H}[E] 5.278 h,
T P TR R BRI AR 5 R 32.46%. 4GS A

e F gL B BTN
5 LL7 AP AN
e
TRl
7 100,20,
AL ALK
& 1
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Fig.3 Influence of the interaction between various factors
on the phosphate content in P-raffinose
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SEBMEIE T 22550 SOWAR FR pHO L TR 77 CL B
[f] 5.3 h, ZEML S F P =R SEAT 9258, I A {H
32.14% 5 FNAE 32.46% FHXT w2212 0.99%, 56k
TR HER T S TR

2.3 LEHFRAE

2.3.1 FT-IR AT ARTBERN P-ARTBE 21 MU
SEIE A El 4 iR . Bl 4 Sk SR (G SROBE I s i, P-
AR TBERIAS T HETE 3431 em™" Zb34 5 90 5 2 A e
MG, 2 W J8 0 ST N sl o TRl SEREA T
i O—H H45IR 304, 7E 2800~3000 cm™" [Xi8{ PN P &
A 55 W Ko F v BB T, TR IR R X N A A
AP LY C—H XK el AN 3T R 45 PR 30 3 1, 1000~
1200 cm™" X [H] AREEF SRR IE A 2 FH C—O—C fifi4s
SIS PR 5 1L, P TR LTS MO GRS R
Xm0 PRI HRLA R & A Sy ude T A, (H HHR BhAsEs
SR R IAT R, U BRI AAS AT S AR
T B AR b . PR TFHEAE 1658, 1276,
887 cm! AMHIHGAFIENIL, Horbr, 1658 em™' @ THRERR
FLH P=0O a0, 2SR s B RE- S 20 #
Fli#E, 1276 cm ™! X P=O AXSFRABELETRSh SR s
i LRI AE I, 887 ecm ! Sy P-O 25 i #E 3hEk P-OH
YR sh 5 | Ao iR S R E %, 1658, 1276, 887 cm ™
A HH BRI REAE G 2 BB A A i e D)

3431, 1658 11276, 887,
i | | |

B (%)

1
1

— B LR T
— T

4000 35I00 3()'00 25IOO 2600 ISIOO IOIOO 560
PBAL (em™)
Kl 4 MEFHER P-AR R ZLA MG 1A
Fig.4 Infrared spectra of raffinose and phosphorylated
raffinose

2.3.2 NMR ¥t P-#FHE AR F 819 °C NMR
SrATEE RN 5 R . SRR PC NMR E 5(a)
FLEE, B 5(b) P-#FHEAI'°C NMR 3 7E 67~77 ppm
1 90~110 ppm &b H Bl R 35 A8 fk: Hop 67~77 ppm
IR F R r 2 584% (40 Gal/Gle C-6. Fru
C-5) 1%, I C-O-P #W H TR0 5 B A L 1)

3% 5115 90~110 ppm WEI)SE: B FAE b vh 25 25 0H
sl FLFH 4 o BL A {5 514 (90~110 ppm) [A1 K17 #%

2y, 2% WA 08 v 2 0 Bl LBE AL G ) i S A

(C-1) T REZ BRI 2s [N BHEE M . P-4 T4
f2C NMR 3 70~85 ppm [T ARSI Tk
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