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HBEATIRBOIEXRORSEAT T i, & P 3 A 7] 75 12 il
HFEBRTEOEAR ASE.IIEBERARELSE WA
BRES . X RERR I & Beh &8 Ea T
TWARRS B T v BRFLFF B8 & B DT I 15 4R Bt
BHMFKME., FRE—F RAGERBEMNEEE
EIFEATIRI B IR S X E 18 v B i B T 24T
THIF

VKEE#E H (ice structuring proteins, ISPs) , X Fk A
ANEEH YL E H (antifreeze proteins, AFPs) , & —2&
F B £ 288 | B HL ALY | R 40 T O HRAE S SRR 35
VST BT 72 9 22 BK L RE A% 78 280 I 1 oK R A A T
BEA —E R PIE T, B RR S LUARR B 7y (R
VREI VK S AELXT M 55 T BB, (S VA VR VK RS A 2 1)
WEEED T, S R R B R 2 v Rk R B
A& UK GEAR 2R L, 388 5 me) o ot T S A E AR AR AR I S,
1 UK LS B H B AR AT B PR T M B 202 VR TH
P Fp AT s T A AR R . TR B RS B R M AR
o PR RGN BR T VKGR A TE MY PR
PR AR Y I R T R S R AU BT R A
ML FEVE ST AT T RGO B B x5
TE B8 BT FEMEFEAT 2047, B T 5 48 X I IR 3 Bz ) B
AR B A PR TR L]

UL PSR B TE TR R X &, RIE &
BH AT EHGIRIE M, X I aB R #H 1T T REW
ST, AN ET TS 2R 3 R0 A vk L Tl R SRR KR L R M
FLAGAE , RIS HRSF T4 R BE L pH (B NaCl & B LK
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Wk ESHENEEEA TR, BE N E TS
EEENDIRREO S EMB RN AT &, 07w
FEVERN ST BB 78 T FE B A B3R = B 7 b o i R 4R L B
WK .
1 MHEEF*E
L1 %k

“EERVERIEETE R A B IRV AR ML B B R B
FEPT 2 VE B S P S b % DT G-250 (A3 4l , i
IREETAL TR h R (B al) , KR K KL 2
A RA R A G , K Btk 235
T s @A ot gt , R K i A 2230500 5 b (oA
4l , R BOm k2850 A R A A

A=) B 488 (DM750 , Hi -+ 3 K 24 A 5 U HVE 1R K
B4R (SY-2-4, REETH R HTRHUER A BR A FD s B F 5 A
(SX2-4-10, b T KB BT XA B IR BD 5 240 AT I
5y I6YEEE T (UV-5100B, R ITHTERA R FD ;s [E i
F(HL-2S, FigP o) s B F K F (BSA224S,
SRR AR AL FD A RAFD s 7% S B #E4% (EMS-
9A, REERRHE AR FR A BRA 7D s pH 3+ (PHS-2F, kg
WER AN/ AERAFD; BHKRAERE L E LN
(7366, 18 E 1) .
L2 REHFE
L2.1 BETEvKkESHEDMIRI DIETE AR, R
BRI R IRIE B EH, RAZ B R E L6
5 AT R N TR AR I 2R VR BE 4 A v i 2R, R A
A3 HEEEE T 595 nm I T ERE & B OB (E , TR
SR E R A B VKRB TS 1SPs WARBUR., BEE
TEEAM T4 WOBLE 20 ¢ 1, Bk BB 80
B, BERERBERE AT (] 2 h, 2% by MR BF 63 mmol/ L, pH
7.7, BT EREEAMEBRY 37. 7750,
L2.2 k&g RBEEES RERKRSEE SEREE
E SR IBOB Y VR T4 1 B T4, e BV BE R 30 mg/mL
ISPs ¥&¥ ,4 000 r/min B5.0> 10 min, B E 20 pL &
INEEIE |, —18°CUKFEYR R 20 min, F* Leica DM750
WA 40 X MERVK G . I 5 IRV BE S R TR
IK VK SR AT X B, WSR2 B W BK vk KN 5 T8
AU I,
L3 THEMWE
L3.1 WEMEMERNIE VRt — By T AE 08 bl 5 iR
FIFRRE , 12 9T 8 I RVA R B ONSD RPN B 78 1SPs A%
fEdE. Tl 5 4 10 W/ V) B E 78 B A 410 mL, ff
HH 0.5 mol/L HCI ¥ #01 0. 5 mol/L NaOH ¥ 43 5%
RS pH I ZE 2. 0.4. 0.6.0.8.0.10. 0, A1358E 1 h, 75
YU B E I EER W R EAR AR TEA
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BHEB(NSD ,NSICO) = FER P RS &/ FMPAS
£ <100,

L3.2 FekMEmmE  RekbEiee s AR R REE T
Bt K A BE 77 5 12 5% FH 49 T RE i R B 7K B S Ok R
M1 g FiRAEF sk 20 mL,{#F 0.5 mol/L HCl ¥
0. 5 mol/L NaOH Y5 4 34 #% & pH EIFZE 3.0,
4.0.5.0.6.0.7.0.8.0, PHEPEH A5, % B 30 min, i
FE4HMIK 53 500 r/min B0 43 B 10 min, 25 BRI B
B AR K 00 R 8 A0 I R R Y TR R, R KM (g/ ) = (B
JERREYRE AT R /AT R R,

L33 WG PERmE Wit A4 SO R R R AR S I
BRI R . BRI 0.5 ¢ H 1§ ISPs FRILEH,
B 5 mL 1,784 1 min J§, 4357 30.40.50,60,70°C
F#E 30 min,3 500 r/min &.0> 10 min, U EH FIE K
TRFR L ARFR AT TS 22 B0 4R % 0 T &, IR & (ml/g) =
(5 mL— B0 JE R RBD /88 TR R .

1.3.4 pH{EXEMEMEMMEKRESHENEm KR
Bl 176 (W/ VDR ET g 1SPs %, B 20 mL £ 5
BTEGD S, H 0.5 mol/L HCl #E # F1 0.5 mol/L
NaOH %4354 E 78 1SPs %W i pH EIAE Ry 2.0,
4.0.6.0.8.0.,10.0, ZE¥FEHLH,6 000 r/min & P HE
2 min, WA R R 2B, 0 R MR B R R R RE S
(FO)., #EHLHE S (%) =V,/20mL X100, +F,V, FR
2 minfif {1 IR R B (mL) . 43 58 SR BCE 10,20, 30,
60 min/FHIRMAR, HHREMREREWHFS), BlRE
P =V,/V, X100, H,V, 7 i B — & i a) f5 2 ik
AF(mL),

1.3.5 NaCl ¥ XM RALIRIR E R HE
mECH A 126 (W/ V) I B 78 ISPs %W, 8 pH 2k 8.0,
B 20 mL BHFEHERE TERA T, INA—E &/ NaCl,
fé NaCl fy3 B 2051 0%6.0.5%.1.0%.1.5%.2. 0%,
2.5% ., FEXFEAHLH,6 000 r/min #BEHE 2 min, WEE
BEZIE, o SRR AR, B R R HLRE S (FO . i
SEHE 10,20,30,60 min J5 H IR AR, R IR TR E
H:(FS),

L3.6 FEREMREMEEERMEEREENEE KA
B 1% (W/ V) B 78 1SPs %L, A ZE pH g 8.0,
20 mL BHFEHERE TEA P, WA —E &R RERE,
EREMEVE BE A B R 0%, 1.0%.2.0%.3.0%.4.0%.
5.0%. TEXIFEALH,6 000 r/min & A HE 2 min, WE
BEZIE, o SRR AR, B R R HLRE S (FO . i
SEHE 10,20,30,60 min J5 H IR AR, R IR TR E
H:(FS),

L3.7 pHAEXZLMMILIREEFEm KA 5
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Bl 196 (W/ VORI E 18 1SPs ¥, B 10 mL 2 H i
BB TREP,H 0.5 mol/L HCl I #% F1 0.5 mol/L
NaOH 75 Wi 43 5198 pH £ 2.0,4.0,6.0,8.0,10.0, /0 A
10 mLA I, 4854 8 000 r/min ¥ 10 min, i B ELR
T FF 2 000 r/min B> 5 min, FHEFLEE S . FRREEES
50°C7K¥# 30 min J5,2 000 r/min Z.0> 10 min, WEFLE
TR REN. OO =808 R AR
R/ B R S R R X100, FALBREN 0=
30 min/5 SRFLAE B/ B 1A B A LA Z R BE <100,
1.3.8 NaCl¥EEXTFLAMEMZL MR e e
A ECHS 1% (W/ V) B 78 ISPs ¥ . B 10 mL & H
FERE TR ES,AE pH R 80, MA—EREW
NaCl, fff NaCl ¥ & 2> 98 0%.0.5%.1.0%.1.5%,
2.0%., JMAKE i 10 mL, 4 J5 LA 8 000 r/min ¥ i
10 min, il BZLRE , H 2 000 r/min B.L> 5 min, THHEFL
fLRETT . FRIEHE S 50°CK¥ 30 min /5,2 000 r/min B
10 min, W2 FLA)Z S B TR FL R E M.

1.3.9 FEMVEEXFLEMZLR SR e
AECHR 1% (W/ VOB 75 ISPs . B 10 mL HH
FRSE T+, 2 pH R 8.0, IN A —E & M
Wl R R B 2 B 096.0.5%6.1.0%.1.5%.2. 0%,
IIAFKE M 10 mL, 43R5 L 8 000 r/min ¥ 10 min, ]
ACFLARIE 52 000 r/min B.0> 5 min, HHEFEES . FH¥
FE & 50°C /K 30 min JF,2 000 r/min B.0» 10 min, I &
AERE T EIA R E .
2 BREHSW
2.1 VKEAMERZER

M 1 A, B 1 ISPs Il vk mIABUN g £,
TESAHN; R Bk SRS, KB/ ES R
— 2/NETE ; NaCl B VK IR RN BT 3R B
—, B8, AT, 78 1SPs i vk i A 4 B 3 o B 3o vk
mEREMER B2, W B 71 1SPs BRI PLA

A, BEVEVA B, NaClL I Co7K 5 D, B 78 ISPs WK
Note: A, Sucrose solution; B,NaCl solution; C,Water; D, Alfalfa ISPs solution.
B 1 H7E ISPs 5X BRIk &EMER(40X)
Fig. 1 Observation of ice crystals of ISPs and control(40X)

2.2 VERREROI LS R

EHE DRI B E B RS A, B
FHE SRS BRI SA RS EHE ETFZ0,
B A B A 04 A TR D AR B VR B L pHL (B 5
PH 28 B RE 5% ) B TR =2 B) RN 2R 5 K Z 8] A B
YER S Bt LA, — et 100 28 A 5 A M B R 32 in T
M .pH EEHNEE M, & A GHA T 5 %GR
W E B H A e T ReE R, i EL ke R
A,

& 2 fRE 4 pHETE 2. 0~10. 0 MTEREA ,
H 15 ISPs M BEREE pH 2L BRI, 5 T H
TALBHR R Z BEE —M,7E pH {2 4. 0 Bk 2|
1%, B A S 485 NSI g 7. 02% 3% & K pH 4. 0 823
HEE A SR pH R TR T 45 i R BB RE

pHfE pH value

B 2 pH{EXETE ISPs BEEHNRIN
Fig. 2 Effect of pH value on alfalfa ISPs solubility
B I 3t B v B I VA A
2.3 FEIK PRI I I E 45 2R
EHREROFKENFREREEE RN — I EZKI
AEARME. EE AR EE N RIEEH R 5K T
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wHEh. EBHRSTRE DT LY 5K THE
WG| WA S A ol T X AR PR SOk T4 A
BEHRS TR T mERAR ST, o, EE T
A PR A0 B B 40 1 T, AT {28 19 o201
BRI — E B KT . BHENFKEEIXE
ah I TEEAE W EZ AR B, e A & P Esin
EH R, T B INPE KA BB AR F K2, LA,
BRI R KR . BRI RRKRE ) 5 E B K
B AR RORE BEA 5K, IAME 252 5] pH E B T35
JEE L R Wk B AR N R R i I&] 3 AT LU
= pH {E7E 3.0~8.0 LBl N, B 78 & A Rk bEE
pH A3 nSEmi A Jm 50, 78 pH 4.0 B, IS E B
KPR/ 199 g/g, X RN pH 4.0 BB EH
HISERL A . TEAEHLR I, EH W AR R 48
IKRIRESI BN, FTABEE pH ERE KB/ EHE &
Vi) VIR S SE PN S i eI

&~
1

!\/

P s 6 1 s o
pH{E pH value
3 pH EX{ET ISPs kAR M
Fig. 3 Effect of pH value on alfalfa ISPs water binding capacity
Soma 2R B R N R AR 2, AR A n 07
W RLEE GRBESE . R 4 IR BEXTEE 1SPs AWk
SEMAF] LI SR EELE 30~T0°CIERE N, 7§ 1SPs K
W A A IR B T R (ELR T BRI RN B
XA H T iR B )2 T T T R R 5 A
BB SECT WSRO, I E B R T 5 A4S S RE
TV AR EOEME 1SPs MM AR A
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¥k H
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B4 REXETE ISPs RikEHRIm

Fig. 4 Effect of temperature on alfalfa ISPs oil-absorbent
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MRS E A IR S B E R BUE I & IR E
PERAEBEPE G 22— % W )5 AR AR & ik 1 AT LA
i, 34 pHAETE 2. 0~8. 0 Ju N, B7E ISPs Bl 1k
K% pH A3 RSB/ K, 2 pH O 4.0 i, &t
BIKER A, BB A 69 %6, T L TR e i PEAR X 4
X R S IS EE R R AR T
IKA R R A HAE T, A, 70 45 i 5 BN AT, M IR RO RS
PET

&1 pHEMNETE ISPs i

AR E MR R0
Table 1 Effect of pH value on alfalfa ISPs foamability and

foam stability

pH fA Fbiabid WPk RE i Foam stability/ %
pH value  Foamability/ % 10 min 20 min 30 min 60 min
2.0 80 81.01 67.09 60. 76 49. 37
4.0 69 83. 56 71. 60 64. 38 56. 97
6.0 96 85. 41 71.03 59. 37 47.98
8.0 110 80. 71 70.52 59. 64 48. 36
10.0 117 81. 20 71.79 61.11 52. 90

3 2 AT LB BEE NaCl ¥k B i3 i, 2 1 vk
HRFRE AR S I 5 PR, 24 NaCLWREE R 2. 0%
A, R ML R A IR AR PR AR A Bl B KAE . X & F NaCl
A LA B R T AR B BN L RS S8 BT LARE
MU H R R R

F* 2 NaCliREXETE ISPs &imtEFn

AR E SRR T
Table 2 Effect of NaCl concentration on alfalfa ISPs

foamability and foam stability

NaCl ¥ g H YAk Ka E # Foam stability/ %
NaCl concentration/ %  Foamability/ % 10 min 20 min 30 min 60 min
0.0 110 80. 71 70. 52 59. 64 48. 36
0.5 115 80. 91 69. 99 60. 76 52.07
1.0 122 83. 42 71. 80 61. 38 56. 67
1.5 130 83.76 72.09 61. 37 55. 98
2.0 134 81. 83 72.52 63. 64 57.36
2.5 129 80. 29 71.79 62. 91 54. 90

H15% 3 AT LA Y, REMIVE BEXT 4R ISPs B
H—ERW, FERRETE L 0% ~4 0% EE N, EHE
LML PRAS A8 AR B W3 I i MR R T 4. 006

®3  EEREXNETR ISPs i

AR E MR R0
Tuble 3 Effect of sucrose concentration on alfalfa ISP

foamability and foam stability

TN bt WK HE K Foam stability/ %
Sucrose concentration/ %  Foamability/ % 10 mn 20 min 30 min 60 min
0.0 110 80.7 70. 52 59. 64 48. 36
1.0 90 80. 91 70. 22 60. 06 53.19
2.0 92 81.02 71.08 61.12 56. 89
3.0 96 83. 90 72.79 62. 37 58.18
4.0 98 84.18 73.21 64. 20 58.38
5.0 95 81. 39 72.79 62. 79 56. 98
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J5 B E R PRI T R AR E R R AR
WG  EHE 1SPs AR M PR/ ) o ELIL IR AR B E PEAR X 32
F o AR IINAT RS, O ARG BE 3 N, B 20
TREGAR T WA Tt S )R JBE B0 /0 » AT 49 58 T Y IR AR
Mo IR G 6 28 H 5 ) 45 M AR 1R A » A 3
AE I HI AR
2.5 FUAHERMZLATE E I E S5 R

FLAHE AR R AR IR & 76— &I IR B
AE » 8 H 201 7] I 55 A 356 7K ik PR gie 7K 2k A, R b R
SRR P, B FLAR A R o ZE7K I R &
P E B RERE Y BRI 7K ST (6 55 7K 22 8 1) K
B 7K J2 P 31 i it A A2 £ 9ok K TR R FLAR O FL
A . WL N KA RE % 5w 2 28 1 SR AL AL B
FLAAS 2, B 0 B 3 5 A ok BE VR R pHL L B TR
B4,

i 5 AT, 24 pH {ETE 2. 0~10. 0 TS N, FEE
pH {ER3EIn, E 75 1SPs M FLALHEFIFLALES 2 1 e e
TR, 7E pH E 4. 0 i, FLALPERIZLALAR B HE R X 21
&A%, 4 pHAETE 4. 0~10. 0 FIFE I, FLALM: K FLALAR
FEVERREE pH ER TR g LA AR
RIEKF B 18 8 H A S5 78 pH 4.0 Bl 76 55 B
b, BRE W IREEBUD . IXRINE pH (EESFH AL, &
FE TR 5 ie E Ao AEK » T AR R 2k 2k SR b )2 1 T R
/b BUITE SR FLAR B R AR B, T T AR I
HIg e R w0 E B R sk = R AR B K
AERERITE, IR A RN B . W, X pH E
e S5 R G BT i, FLALE RE R FL LRSS P d 22

W FL{L1E Emulsification

70T FAREEYE Emulsion stability ]

L i =
= 60 gt 160 Wl
5§ 50 50 =

#2 e WE

Sgap / 40 @ :

2 L i 5.2

2 30 0 23

i3] L i El

= 20 20 E
10

10

1 2 3 4 5 6 7 8 9 10 11
pH{H pH value

B 5 pHEXER ISPs ZLAEMZL L IRE ERIR N
Fig. 5 Effect of pH value on alfalfa ISPs emulsification and

emulsion stability

HiPE 6 7T 51, NaCl ¥ BE7E 006 ~2. 096 Z [0, B 1%
1SPs F)7L A 1 B HC L A 7S S 14 T ok B ) 386 o i T e
XA A S — R ik BE 4 6 A VR 2> WU B I TR AR ) K A
JZ B AR SR F 555 K T P AR ELAE T 8 2 1 B R A
K H BREESR ULVE e A2 3h-7K St e b A 2 e
HEMRARFL A R LR e T

HIFE 7 AT MR EE D 090 ~2. 0 iYL IR &

REVEVER BE A3 I, BT 76 1SPs AUZLALPERIZLALAR B PR/
B3R /T pH A NaCl ¥k BEXS HE R . 3R —
RE e B PR TR 95 R R 06 42 o8 B B SR T R B L RUR
FRBEBE » AT 42 e L LA

oo
(=]

80 r M FL{kPE Emulsification
o 70¢ -a- FLALFARE PE Emulsion stability - 70

FLALHE

Emulsification/?

FAFaE N
Emulsion stability/%

—_— D W B
(=l == ]
A
el
— D W B W
oS O O O o O

0 0.5 1.0 1.5 2.0
NaCl#¢ % NaCl concentration/%

B 6 NaCliREXETE ISPs 2L ERRR I

Fig. 6 Effect of NaCl concentration on alfalfa

ISPs emulsification and emulsion stability

80 - M FLILYE Emulsification - 80
e 70l - FURRESE Emulsion stability ] §
E — #
#Hg 60 it 160 ®E
A O ¥ RIAR7]
=% w2
w2z 50 {50 2§
= ‘__)h.”_‘m
lfl 40 + ) g
53]

30 30

0 0.5 1.0 1.5 2.0
HEBRR B Sucrose concentration/%

7 EEREXEE ISPs ZLAL SR A RESER RN
Fig. 7 Effect of sucrose concentration on alfalfa

ISPs emulsification and emulsion stability

3 it

IR T E S E E R ShaEE , BRI A
K R R R FLARME . S5IRINT

DE7E ISPs B3 15 5bE pH (B3 hin 2 S5 R
TR RIS, 2 pH R 4.0 B A FIRAR, 7. 02%,
2 pH {H4 10. 0 i, W RAEHGA 2] 67. 427,

2)E1% ISPs Fp/k VEREE pH {H 938 I 55 B, 24
pHAEART 4.0 J5 , Bl pH E R3S InHFK Bk e . B
Fil BRI b TR T, B AR B0 IR o
REAER o

3 H e ISPs HyR I EREE pH Y RICH/NG
WK, 2 pH By 4. 0 I 2 ¥ 1 B I R IR b I o 1
7 6906, W IRFR B MEARXT B . A NaCl ¥ BE 34
MR RS E MR R B e IS R R IR .
NaCl # B g 2. 00 A, o P4 0 0 TR AR A8 M 43k B de K
B, FEMRREETE 100~4 005 A, 28 R AR IR R
SE PERTZEHTHE I, T RERR IR BE R 4005 28 1 A v A Uk
/N TR RS E AR LA K.

A EE 1SPs FL AL FIFLALRR EVEREE pH (E/Y
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WREBUE TR T8 1 pH EDY 4 i, FLAEE
FFL A A R Rk B AR, 2 NaCl ¥ BE7E 006 ~
2. 0%, K& W B B3 I, 3 B LA MR PR E Y
A%, REWEHE BEAE 0% ~2. 096, bl % T W ok JBE 1) 38
s E7E 1SPs FLALEFIZL AR E TEAR /MR BE IR 5

SRMEY BB RIUG ETE 1SPs #4177k P
AWER , I LUK REWE  NaCl 75 W 55 B0 FR AT L8, 7]
LAE B 7 ISPs (R BVN BB £ TR AN, Ui B B A
ISPs X T4 il vk ds A2 1< B M vk SR IE S B B3 R AL
L B B R BLOR G TE

&% 30k
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Study on Antifreeze Activity and Functional of Alfalfa Ice Structuring Proteins

LI Lingli,QU Min,LIU Yujia,CHEN Fenglian,SUN Zhaoguo,BAO Huan
(Key Laboratory for Food Science and Engineering/College of Food Engineering, Harbin University of Commerce, Harbin, Heilongjiang
150076)

Abstract: Taking ‘Zhaodong’ alfalfa as materials,ice structuring proteins were extracted using phosphate buffer solution
and the effect of temperature,pH value,NaCl and sucrose concentration on the function of ice structuring proteins were
studied. The results showed that the ice structuring proteins of alfalfa was small in size,large in number and irregular
shape,it had good antifreeze activity. Furthermore, the functional studies of alfalfa protein were showed that the solubility
index, water holding capacity, emulsifying property, emulsion stability, foamability and the foam stability were increased
gradually with the increase of pH value of the solution. On the other hands,with the increase of NaCl concentration,the
foamability and foam stability were increased and then decreased, and the emulsifying property and emulsion stability
were decreased. Additionally with the increase of sucrose concentration,the foamability and foam stability were increased
gradually.

Keywords : alfalfa;ice structuring protein;antifreeze activity;function
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