Ha5 8" 2025421 45405 518
JOURNAL OF LIGHT INDUSTRY Vol. 40 No. 1 Feb. 2025 <11 -

BB, AL, W PP i A SN LUK I — 5 T ik Y 2T 4 2 UK R A 2R BRI 22 g R 30 A A P 1) 522 )
[J]. 58 T4, 2025,40( 1) : 11-20.

HU X N,ZHU C K,HU Z Z et al. Effect of blended ratio on microstructure and rheological properties of gelatin-
hydroxypropyl methylcellulose aqueous two-phase system[ J]. Journal of Light Industry,2025,40(1) ;11-20.
DOI:10. 12187/2025. 01. 002

S E LR W JRE = P Ak FR G 21 4 22 BUK AH A &
Tl WL 35 R R i A e P 1) 55 i

PAAR KU AP EN st RN ) iR

LRRBIARF ARmA¥5 THESER, Hd R 430023,
2. RER M E M TAREIELLEE, # KX 430023

HE. AR EHRLT L 4% (Hydroxypropyl Methylcellulose, HPMC ) ) ¥T /n L P4 Fo s B PE | 4% 8 zein— R
B B A-BUEAE A A E A, # B 8L (Gelatin, GA ) #= HPMC #9 £ #2 3t (0:10.3:7 .4:6.5:5.6:447 10:0) %7 GA-
HPMC RKAR R LM AT AR TG Yn, SREV . RMREHHH 0.3%4 zein—R Ik
AABEREIKGA 5 HPMC #9480 & ik B Ata o SR E X A4 T AF R & HPMC & YL 6 38 n (4% ~
T%) ¥ 3% s £ zein—RIL A A BA R E 5 BAR LT ,GA ST 5% 694k & T R GA A 4#A8
HPMC % if 2:AR0g K LK 254, B & GA & L e 38 hn , GA-HPMC MUK AR R & 64 2k B Ao 5t I 3% B 39 32 47 3%
Jm; GA-HPMC SUKARAR & 89 %% 18 (58. 90 ~54. 19 °C) B F4&K T 4 HPMC 5% (61.63 °C) , LK akig &
(28.80~32.23 C)W&EL GA L 2B, F B3t CGA-HPMC SUKABIK & 6948 2 M A0 7 25 45 M 69 % vl
ZARRASY BARIE F IR R E R FAE A G Rk,

KEIR A BRI T AR 4 SURABR & jzein—RIR BB MOLGE M  R T
FESES.TS201.7  XEFRIRES A XE4HS:2096-1553(2025)01-0011-10

HES
OO B 4 R
Methylcellulose , HPMC ) & —Ff 0] A= 1) [ fiff i 27 2 2

0 55
UK A 2 2 b 7 o A B 28 1 /K v P 4 40 7

(' Hydroxypropyl

I s 5 JEE TR A o B O BOR R AP 2
TOALBI RO S ¥, ) 2 L T 2K AR 1A & 1 1
HE MU RE A LAl 8 IR 20 23 (9 $ B e 2k 2
DI ORI, XUKAR P R A SR T gk ) RN 5
(1 F T HCE DL AE R AR E , BRI T A 52 P i H

frted, B U R R U A B e D e

ZRIHT R 2 At S8 HPMC 128
FABEIINT , L R 1 280 R 56 i 5k 3 B4 A1,
4 Sy , A T ) 2 A AN 2 — | PRI, O A |
TR IS I T T E B e R 2R AT X B

¥ ¥5 B H7.2024-03-01; 1& 3 H #3.2024-03-18; H it B #5:2025-02-15

EL£WB . #h T 54045 % 3R B (2023BBB068)

EZEIAT 46 (1998—) . %, i Ham A TA, RRELRKFALAA L, TRMAT @A BT RITFZXEF A, E-mail;

2550039691@qq. com

BEEE . £ME(1992—) 4, Tl EMNTA,RRBIRKFHIT,FL, 2 EHEF AL L, E-mail; 13430275853@

163.com



<12 -

Ba5 0 2025452 A 45405 5511

VEMERE K AEF=REFERS Y . R, JFORE AR 52
BRI T HPMC AEAR = b s 3z i iE i, R
G B TR S AR AT B AR R RE A R e L AR Bk 2%
5k 22— MRS R AT A H RS
HPMC #4798, & AR R G5 i 40 B0 205 5 &
(3G = T IR R B AR M, XL P Yu
ST R BN, B R L A T R AR HPMC Y5
JRE U B -t e AR AT T 1 280 R i i

B (Gelatin, GA ) R ZER 5T s ) 1% 5k iz Jik
R IS S B 11 K i 7 0, I A IR, B R 4 ) R
PEGE DPERDE PR, EAh, GA J8 T8, ¥ 1
5 HPMC #1738, A7 B HPMC /) i 28 R 1
$Em HPMC 7EAIGIHR T Ay TPE 68, 40 X. X. Liu
VIS T GA 5 HPMC SR 0 i EALER , & PR
I GA W HE N HPMC % 19 %5 B2 C. S. Wang
SEUOIRIE R B, GA 15 R G TR AT IR A R R
S P A F , LR B M R SR T B IR VA TR

GA 5 HPMC W #J7 2= A A2 1 25 BRIl GA-
HPMC SUKAHIRZ 0, 1 2R A 4 =22 18] (0 A 25
R R IRA e SRR SR |
HTIT, B SRR B2 o BUK B 2 AT 20K
W& —. N. Chatsisvili 25" I} 597 & IR, zein &4 i
7 B i~ SR S T R A 3 8L 90°, I RE
BEL 1F 80T 70 5 BB A0 o zein 524 UKL Al A4 R o2
Ay B - IR G 8 R A KK FLR, A
ROE LR R BRI, RAEYIRIE R
PSS SR AR R 22 AR 25 P 6 B2 | 5 10 1k 25 i 1k
EZEH R, H A, 6 ER PR S E GA-HPMC
MUK AR ZR B9 6 A e 36, HLs = WAH 52 IC L %
TZIR R A T W BT 3, SE T I, ABESE
LB zein— S B A BURLER I 2] GA-HPMC UK AH
RET R 2L O 2% W 3B | 298 i 3Be
ZIRET A AL AT RAE 85T GA 5 HPMC (&
Bic X GA-HPMC BUK AH A R IO 45 18 P 3L
PEFNRASFREME (52 i B, LUH4R B GA-HPMC W
IR 22 76 1 S S 1

1 ME5IHE

1.1 FEMHSHF

HPMC(E6, & 4, i & 53 50 h 2% 19 HPMC

VSIREGEE R 6 mPa-s, AL S 10 29% , FR TN 6%
TN 8.4%) MR A BRAF ; GA(A AL R
2420 EREP FEW (Bl Aw] EREERE R Y
FHI B S B AR K ( RITC) | 5 B 502 56 Ot Z g
(FITC) , 25 [ Sigma-Aldrich 23 &) ; ¢ (HG0554 , 2
FLBHRERR 5 108 79% , PERALEE R 71%) , 145
B BHA BR 2 7] 5 oAt w FH 0 35 5 43 A 4
2RI PR A A
1.2 FENFE5ES

CX40 BIE2F i 10X41 BI85 B s, 7
Wk T AL A PR 2 F] 5 Kinexus pro+ 1 22 W) RE i 48
X, B Malvern {547 BR 2% F] ; XD 2000A % Jig
ZERAL, 1 BB A PR A
1.3 XWAH%E
1.3.1 zin-RERESBRHE 2% J.F. Chen
SEUCIR IS R RETE B BRI BUN SO 80%
B Z B R IE ) 25 ¢/L B9 zein ¥, 7€ 500 1/min
TRESBEAE 2 h R BT UK PR U R B K
T il BT it 43 85CR 1% B9 R SR W, 78 100 t/min T #%
TIPEFES A 1 NaOH W 5% HCL ¥ W0RF LR i
W pH (E AT E 5. 05 78 1000 r/min % S35 FE
T B 20 mL zein WHHGHE T AR 1B A 50 g R
T ARSEERE 15 min 3l i iedE 2 LU R 2
AR 437K, (o e VTR 5 Bk 50 g, JF 1T pH
H#%5.0,135] zein SHRALEC LN 1:149 zein— L
I A TRk V7T 7E T2 0B A2k V7 Y HH S o T i 434
4 0. 02%[1) NaN, IEW, T 4 CEMF T 7, &,
1.3.2 GA-HPMC YUKMERH &  CA H A
il ARH 13 g GA, T 87 ¢ KB T /K P K 2 h, 7E
60 °C FHtFE 30 min i HFE /MR

HPMC %L FREL 15 ¢ HPMC By R F 85 ¢
FE K H AE 75 CHEFE 30 min J5 57 BIVR AN, 7E
50 r/min FZEIEMFEISR

FE LRV P AR BT A 43 B 0. 02% ) NaN,
VR, T 4 C AT,

£ zein—F TR TR T 3 3 850R 0. 3% 1) %
HF,UARRZE L (0:10,3:7.4:6.5:5.6:4F
10:0) BRI GA YR HPMC %, 78 50 °C T 3+
30 min, IR W GA FIl HPMC B 805 4y



VAR, S R e A B T A AR AT 4 R DR I R UL 4 A i R A B R <13

HOR 10% 5 FRAEAS [F] &2 L LK GA-HPMC BUK AH 14
Z KK A 4 9 GOH10, G3H7 , G4H6 . G5H5 . G6H4
1 G10HO,,
1.3.3 WMEMRIME 2% ] F. Chen 57 i
JH RITC FRic zein B9 7735, IFFAEE 2, e BT &
I3ECR 1% 18 RITC ¥ (% T — H BE AR ( DMSO)
H1) LB 50 plL RITC & WA 100 mL 100 ¢/L Ay
zein JERH 1E 100 r/min R @G #EFE 1.5 h J5, 4
T pH (HEH S M (pH {H2H 6.5) A 2 fif
TRFRAY 28 77Kl zein TUHE; 7E 6200 r/min T &L
10 min, BEEVTVE , F 2585 F/K 2 U VEDTTE L 25 Bk
YR B UTTETE 200 mL ARFR M %0K 80% I Z
BV PV, I W pH (B IR Y 2 R 4G pH (A
(5.4)  RARBREIA 2.5 5B EETK,

FF C. Schmitt 25" 07 %t GA #RA T4
Pric, JFEPEE B, H BT 43 800 10% 1 GA )
() pH {E 45 2 10. 0,6 200 L 2 mg/mL [ FITC
VS (5T DMSO ) 7 fnE] 200 mL GA ¥, 7F
40 C NEESEAEFE 1 h J5 , R A X By
8000~ 14 000 kDa (1% #fr 4244 RITC-zein & i W il
FITC-GA ¥ WGEMNT 48 h R R TIE  BOGIR RS

B10 WL 5 e 1) 28 B AR S R VR T 2O B 48
Yo b oeg s By v 7E 10 %5 H B8 .20 5B
TFHEFT SR
1.3.4 WBERREMME ROprsEG SRR E T
30 CHEEHF 1E 0~24.0 h NiC s HANIARAL, []
Rt BB AE 10 £5 5% .10 595 T T0igR
1.3.5 ARMEENE DI SBHMA 4 cm (F
M e HL MR I BE R 1 mm,

1) BB () M . MR 25 °C, BT
0.01~1000 s, 5% n BEBT VI HR MBI ZE

2) MR MR Y 25 °C S E] Dy
5 min, W J128 0. 19% (& PEZh 3 X PN ) 5 A 4R
()} 0. 1~100 rad/s, it MG AARERL HE (G7) Fl
BFERR (G") ,G' .G"F o FFA DL R R,

G' =S "
G'=S" "

L 0/ T 0" B s GO G IR R AR IS, S

S"Fn G G IR SERE

3)EH M, BER M 1 He, 18 0. 1%, i
TR 4~85 C, FHRHE AN 2 °C/min ; i FH i By
1EK A2 A 1058 G GV FIRAE R F (tand) 76 TR
e ARk
1.4 BB

FIF SPSS 26 HATHUEGE 1A ANOVA I 25 1
3T (P<0.05) ;f§i Fi§ Origin Pro 9.0 #il Excel 2016
ZahE 2R

2 ZER 5

2.1 KEIKEHFE

I S6 K B, R RN zein — S 2 52 45 Tk 1Y)
GA 5 HPMC RSV (B R0 10% ) LA
WA BB R 327, H GA 5 e IR AR
WOHAR > B AR ] 8, (R, 28 LA G3HT i
FEXFR LS zein— R A5 RN GA 5 HPMC A
MR CEROR . G3HT AT 25 44 B ] 4 728 1k
ME 1 FR, B La) AT, KRB zein-RIKE &
TURLES , BB (0 h) ATWRER R K ALK 2544 ,0. 5 h
JE RO RT3 10, W 2 B ] R R 4.0 h S
HBEWLEE B /D 1 1075 1 W, 8. 0 b J5 SR IX Iy
WL T 524l HE 1h) Al BN zein—FE B2
EA WKL , AMUAE 0 h i H IR T R/ 5] H 8
VR ,0. 5 h Ji5 o AT UL 3 R 1 W , X FlUIR S 7E
8.0 h F124.0 h J5HKARAREE; 75 40 WO £ ) 19 Hh
LEEIG, X TS GA MR MEA XK, RSN
FREWE HRBEBRER /N, XTRESEH R zein—H
J02 52 5 URE A 7K — 7K 5 T P 52 A FE 0 ) YRk 1)
B R osn R 407 &

DI S BCH0. 3% zein AL A TR

B 1 G3HT7 fW 45 # e 18] 49 25 4L

Fig. 1 The microstructure of G3H7 changing with time
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Fig. 2 Fluorescence microscopic images of GA-HPMC

aqueous two-phase system
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Fig. 4  Microstructural images of GA-HPMC aqueous two-phase system
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Fig.5 Viscosity curves of GA-HPMC
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Fig. 6 Frequency scanning curves of GA-HPMC
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# 1 GA-HPMC SUKABMKR % 8970 % S8
Table 1  Rheological parameters of GA-HPMC aqueous two-phase system
ﬁ;‘ﬁ!{ n/ S/ " S//
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G6H4 0. 087+0. 007™ 239.341+108. 221" 0. 356+0. 061° 11.751+4.791°
G5HS 0. 140+0. 007™ 29.071+4. 510° 0. 480+0. 104° 3.131+0. 849"
G4H6 0. 450+0. 216" 2.948+1.235° 0. 706=0. 098" 0. 890+0. 389"
G3H7 0. 538+0. 249" 1. 589+2. 866" 0. 7960. 152" 0. 578+0. 582"
GOH10 1. 627+0. 357* 0.007+0.011° 0. 952+0. 068" 0. 146+0. 074°
i [P FE AR R A 2 5 B 3E (P<0.05) ,
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Fig.7 Temperature sweep curves of GA-HPMC aqueous two-phase system
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Effect of blended ratio on microstructure and rheological properties of
gelatin-hydroxypropyl methylcellulose aqueous two-phase system

HU Xinnan',ZHU Chengkai' ,HU Zhongze" *,JI Zhili"* >, JIN Weiping' >,GUO Cheng' > ,SHEN Wangyang' *
1. School of Food Science and Engineering , Wuhan Polytechnic University , Wuhan 430023 , China ;
2. Key Laboratory of Deep Processing of Major Grain and Oil ,Ministry of Education, Wuhan 430023, China

Abstract: To improve the processability and film-forming properties of hydroxypropyl methylcellulose ( HPMC) ,
the effects of the blended ratios (0:10, 3:7, 4:6, 5:5, 6:4, and 10:0) of gelatin( GA) and HPMC on the
microstructure, physical stability, and rheological properties of the GA-HPMC aqueous two-phase system were
investigated by using zein-pectin composite particles as stabilizers. The results showed that adding 0.3% zein-
pectin composite particles could reduce the phase separation rate and phase separation degree of GA and HPMC,
and this stability effect was enhanced with increasing HPMC proportion (4% ~7% ) ; Under the same mass fraction
of zein-pectin composite particles, these systems with proportion of GA<5% formed a water-in-water structure with
GA as the dispersed phase and HPMC as the continuous phase, and with the increase of the GA ratio, the viscosity
and gel strength of GA-HPMC aqueous two-phase system increased; The gelling temperature (58.90~54.19 C)
of the GA-HPMC aqueous two-phase system was significantly lower than that of pure HPMC solution (61. 63 °C) ,
and its melting temperature (28. 80~32.23 °C) was positively correlated with the proportion of GA. The effect of
the blended ratios on the stability and rheological properties of the GA-HPMC aqueous two-phase system showed an
opposite trend, so a suitable blended ratio should be selected according to the actual requirements.

Key words: gelatin; hydroxypropyl methylcellulose ; aqueous two-phase system; zein-pectin composite particle ;

microstructure ;theological property
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