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Abstract: Zein has widespread gpplications in food, medicine, biological materials, and the textile industry, but its use is limited
to some degree due to the insolubility in water. To overcome this drawback, zein was phosphorylated by POCI; and its physical
properties of modified zein, such as viscosity, isoelectric point, as well as stability in acid and alkali were determined. Secondary and
tertiary structures of zein before and after phosphorylation were measured by circular dichroism (CD), while thermal stability was
determined using differential scanning calorimetry (DSC). The results showed that in 80% ethanol solution, the isoelectric point (Pdl) of
zein was at pH 5.97 and particle size was 1436 nm. Post modification, phosphate was combined with zein by O- and N- phosphate bonds,
which mainly formed O-phosphate bonds under acidic conditions (pH 5.0) and N-phosphate bonds under neutral and alkaline conditions
(pH 7.0 and 9.0). In addition, the viscosity of modified zein increased, the isoelectric point showed acidic shift, a-helix structure content

reduced, and glass transition temperature increased.
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PLEKREAK (CGM) ANEEL, H 80% (VA)
LIRVEAE 50 CHF M CGM FR#EHL zein, ZEEH
MW:CGM=6:1 (V/m) , H 1 N [ NaOH %2 Hx
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1.3.5 FEEAL BKBEIRE G 6 KFR
4 Mathesis 7735 N7 A6 MBS R 1L T
KEEIA A R A e v, B EEid 2% H 0.5
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Fig.2 Viscosity versus shear rate of zein phosphorylated at
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Table 1 Influence of pH on the degree of phosphorylation

pH
5 7 9

B R ALAZ B
(mol P/mol zein)
BRME 36.7140.16% 45.1140.13° 51.3240.58°

3.3140.28* 6.6840.37° 5.8520.71°

KGR
M 42.8020.228 32.2040.40° 33.91+40.37°
EX 3 4.7940.41° 4.3540.39° 4.1840.51°

E: NRFEHEATEAMEE (P<5%)
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Fig.3 Viscosity changes in zein hydrolysis solutions
phosphorylated at different pH
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Fl POCk %t & (kA7 i R b et , R A b2k
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BE. MEREAMEREED, BRI AT
-OH Z [ b, Tk O-BE IR s EE s Xt T p-FLEREE
TEE AL, BRI A5 AR e -NH, 2 4]
F, B N-BERREREE; B —LEA, WINEEA
) R RA [ BEERAEAE, HRTANE 2 F 5 POCL 5
R AR B RAR F S e gL, A zein
B KRR S K A =4 %6 5 B mTHHE T, zein 5 POCI,
SR T3 =L, B O-BEER AT N-B% R 40
1F1E, MH, pH5.0 B, POCkL F#15-OH %k
N, FER PR RS, FEE-NH, KB . HT
zein R AL MAET %k, BRERIL zein BT EI AP
& B R A 3.31~6.68 mol P/mol zein, 5455 50 mol
P/mol zein (L& 1) .

BERRAL DS 2 A1 2R 15 F 25 v (PA) ™, ok
TS N = R Ao KE 4 B (A B R L
N, 4SRRI A T B S pH 4.4 R
% pH 3.86" . FIH] zeta Hfz I 5E T 7E pH 5.0 7.0
F19.0 IFERRAIL zein B B 5 FEL L5009 pH 4.79,
pHA4.35 fil pH 4.18 (L3 1) , UiHABEERILAE zein
HAMS A RAEER, FEFEEBRERNGIN,
BEAIG AR 1 i e g ),

2.4 BBk zein U L AMrim L ANE Z 3

K 4 SRR 1L zein FIXTHRFE zein UL 4R 41 CD
e . AR B R TAE 290~320 nm AT I
H, "IAgR zein 7 FHOER G ERMI (HERE
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Fig.4 Near-UV CD spectra of phosphorylated zein and
control
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AR A0, 78 223 nm A —{R5RK 5,
£ 190~195 nm Z [AJ 47 —§§ 1E W, 1E 198 nm A4 —1E
I, 2% 2 ZHE Dicroprot 2000 3170 Hrah &, M
TR, RACFE zein ) o WR e R, 1 36.71%,
7£ pH 5.0, 7.0 1 9.0 1] zein R AT, zein EH
(1) o MR e 45 K #AA AN [FIRR BE 98D (8% pH X HE
FE) , &3l POCL R ILAL RIS, zein BRI o-4%
e LA 3 — P PR, Fodb pH 7.0 B BRI zein 22
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IERLL zein 2K K 48R 4584990 1) 29.43% A1
28.32% .



M BEmBHL

Modern Food Science and Technology

2015, Vol .31, No.8

2— A
S o = o
T 4}
5 of
£ st
=~ -10f
S -12r
T -l4r
-l6 pH7.0C pH5.0 C
=8 190 200 210 220 230 240 250
A/nm

5 FAERIK zein FOXTHRHE zein AU ELS OD FIEE
Fig.5 Far-UV CD spectra of phosphorylated zein and control
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Table 2 Secondary structure composition of phosphorylated
zein and control

HELIX BETA TURN PP2 OTHERS

pH 5.0

30.61 20.01 9.92 5.59 34.03
Control
pH 5.0

29.43 19.16 10.37 7.04 34.21
POCl;
pH 7.0

33.80 18.33 10.28 7.13 30.68
Control
pH 7.0

28.21 19.56 1141 7.8 33.85
POClI;
pH 9.0

31.52 16.81 10.16 8.21 33.49
Control
pH 9.0

28.32 20.12 11.20 7.27 33.25
POCl,
Zein
(R AL32) 36.71 12.92 13.94 9381 26.73

Argos 25 N LEWT AR zein SRR, SR HY zein &
A2 FH LA E S M B TG 45 A0 S AT HEB AN 6
MR AT, AT CD W% zein 1F 50~80% Z.fi
WP RgEr, KI o-B80E 45 1 & B
33~60%. ], H. oW HER p-4fr & & intel,

Zein P L- RN ERR . L-GEFRA L-AER S E
R, ARER zein A S o B SR EK 2 —,
M zein B AR LG o-BEE S M) AR AL nT i, IR
1At zein 5 ) o-BR e S5 14 B B PR, T A SR EL,
T 5 7S B A Y 2R PR 38 m 5 12 i AR A

25 zein A E M (DSC M %)

H1& 3 ATLAE H, S BRI zein &1 I
AFAIE Ty #BHECERT zein A MBS AL
BE Ty, mHAE pH EBER 1 zein () Ty AHH
WA 2], pH 5.0 BRI Ty A 169.71 C,

pH 7.0 F1 pH 9.0 I (B IRIL zein B EI Ty Z A
K, S 175.49 “CHI1 174.55 °C, {H#FEL pH 5.0
B R .
%< 3 N[ pH ERER zein IS EWERE (7.°C)
Table 3 Glass transition temperature Tg of phosphorylated
zein at different pH

z;; TgC Til'C THC
pH 5.0 .
ocl 169.71+1.212 165.62+1.43 170.0340.96
POCl;
pH 5.0
c | 164.7340.95% 153.36+1.52 158.03+0.89
ontro
pH 7.0 .
rpoCl 175.49+1.25 172.6940.93 174.11+1.27
3
pH 7.0 c
Control 153.34+1.13 151.374.83 155.84+1.43
pH 9.0 (
POC 174.5540.87 170.28+1.33 179.16+1.24
3
pH 9.0
p | 155.46+1.18° 153.22+1.23 157.98+1.01
ontro
Zein a
(*%g) 165.42+1.03 158.39+1.57 177.09+1.28

E: RRFEHATERELE (P<5%) .
ANDEFARE AR J7ERIE zein B Ty 257
B K, Torres-Giner 25 A 4 i Mlzein 11 T, A
163.30 ‘C, Mangale Tillekeratne 25 A ™M1 &
162 °C, Wang Ying 2 N1l 4y 164 C, X JLAE
133 zein H A Ty BRASZIRME 1) zein 25
() Ty (165.42 °C) Bzilt. BRTTH M HTELE, R
i zein AR AZBAEA, WINEAMGIKE, &
RACTREISH, TR, K, Rk zein
R A B SRS Ty #ERAHE zein B
Totm, JEH, BERUREEA—F, T8RN A
FHIF o T 25 WL Ak, zein B2 16 HERE zein 25 2R 4E
TEFSS, BASEALE, HEEAF pH ELEY
KA, B, TqS5RAH zein AR, HFE3 W
A, SXREFEEN T A8 AR zein FEH T4/h.

3 #ip

3.1 Zein HEETE 80% LB 45 H s (PdI) A pH
5.97, XREERAAHRA, v 1436 nm. LR
tegttifG, ANE pHE NEER 1L zein & (A (1% 1Y
s SRR YRR RRBAS T SRR A -

WERRALAE I zein 2K (1 O-REFREEAI N-R R B #17
7£; pH5.0 I, B8 5 zein £ R 8L O- Bk 45
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A

=

, pH 7.0 A1 9.0 i}, MRS zein BEEH FZLL N-

MERR PSS &

3.2 TEERILIBIGE zein &AM LSS IR =2 45
PR A 2 o-BE TR 4504 & B 36.71% 73 il B &
29.43% (pH5.0) . 28.21% (pH 7.0) A1 28.32% (pH
9.0) . [FI, HH MBI FEAIEE Ty M 16542 C
ETF+% 169.71% (pH 5.0) . 175.49 ‘C (pH 7.0)
117455 C (pH9.0) .
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