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Structural and functional properties of casein made from yak Qula

HE Lin-feng, CAI Li-sha, YANG Kuan, ZENG Zhen, LI Cheng
( College of Food Science, Sichuan Agricultural University, Ya’ an 625014, China)

Abstract: To characterize the structural and functional properties of casein made from yak Qula by complex rennin
containing pepsin, chymopapain and yeast rennin, the basic components, amino acid composition, protein composition, in-
frared spectroscopy, circular dichroism and denaturation temperature of the casein were studied. Different temperatures and
pH values in food processing system were simulated to observe the effects on functional characteristics of casein made from
yak Qula. The results showed that the content of glutamic acid was highest in casein, and the content ratio of essential ami-
no acids to total amino acids was 42%. The results of sodium dodecyl sulfate-polyacrylamide gel electrophoresis ( SDS-
PAGE) indicated that the relative molecular weight of casein protein in yak gula mainly ranged from 25 000 to 37 000. The
functional groups such as carbonyl and imino groups were detected by infrared spectrum analysis. The results of circular di-
chroism chromatography showed that casein was a kind of random coil protein, and it was found that the a-helix accounted

for 11. 3%, the B-fold accounted for 26. 8% , the B-cormer

%5 H 87 .2019-12-09 accounted for 23.3% , and the random coil accounted for
ESWA . U)A FEAPHESH CR7 RTINS (2018NZ0033) 38.6%. In addition, casein showed high thermal stability
YEE BT ATAIN(1996-) , %, RN BEF 58 A, FE M FH AT with the denaturation temperature of 123 °C. The main

THESEARMIE, (E-mail)320430885@ qq.com functional characteristics of casein made from yak Qula are

WIAEE 24 I, (E-mail) lichenglep@ 163.com as follows; the casein has excellent solubility, emulsifica-
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tion and foaming stability when the system temperature is close to 50 °C ; the oil-holding and foaming capacity of casein are

significantly enhanced at relatively higher temperature (50-70 °C ) ; when the pH value was 3. 0-11. 0, except for the isoe-

lectric point(pH=4.6) , the casein has excellent functional properties; the rheological properties are optimal under neutral

condition.
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HETANARE R NI RE e 9 E R p | B abrel = AN o
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U/g) W [ i 3 i A= D BB AT BRA B 5 AR REEFL
g ( BTG PE =20 000 U/g) W H ) PEPET A Y T 72
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ZE[® Bio-Rad /2 7 ; NaOH (HC1  KBr A7 Jli i | Z ik,
W AR TR fb 2 i A B ) s Ve R R R g4t
W R A W R A BR A W) 5 oK R
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JE 0. 1 mol/LFF i 2% Pl 22 25 51 100 ml, Bl 2%
TR RE S RN RE SRR IBOR A, i HEARE & 28 DR AR
FET s 1R He B RS 1 ml VRS R AT, ks
I 5 min AR, T 4 COKFRAERH
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YR A R IS A 4 B 2k 22 oG R 1Y 7 1y
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HE N 100 nm/min, HaMYERE R 1 mm,ﬁﬁlﬁj b
M 1.0 nm, 55K 2.0 nm, FHIEH 3 R,

1.3.7 % 74245 & #& i ( Differential scanning calo-
rimetry, DSC) 247  £% Wee T e A
Hh 7T 1% AT PE AT HT . B 10. 0 mg £ 5 T
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VST i R A T % 2R T R
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HZE3~ 11,505 & TR EE (40~80 °C) 7K H
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sifying activity index, EAT) M FL{bF8E M (Emulsion
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I, T U BTALT-20 000 r/min3 8 1 min, 35453,
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R gE (2) (2 (3) BT
4.606 XA, xFis B AL
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VR A R R G R ASBIFSE P 0. 25, A, W FLI
FE O s B AYIOGRE A A FLIE R E 10 min B AYIZ
JEHEE,

(2)3L4kfE 71 ( Emulsion capacity, EC) FJIXE .
Z:7% Mir 1 B 7 U5 D0 2 P 4 ih T i R AL 1k
REST . 43 5IH 20 ml RV N A 75524 250 ml Y
ANFVBEAR A FEAR BN 20 ml K, P s 24
BLATHL 2 min J5 80 B # 2 50 ml .08,
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(ml), EC BYITEARIT .
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1.3.8.3 KiPERERIIIE 2% Lonchamp 551" f1y
Jr i IEREVEAB O, X R 28 h 7 T 1 2% 1 & 1
REVEATIEMY . 4390 HL 20 ml A5 7 B T 250 ml b2
PR, e B T B = RE AL, T520 000 o/ min $EFE 1
mln,_\—LEI]IiHJI{@ﬂ{PIK@:{ V,(ml) P E 30 min [ TIR
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MR BAARFL,
1.3.8.4 FRMPERME 2% Vioque 5 (5%,
FREUTT IR mo (0.5 g Z247) WsEAR b T = T8
DM DR O E MRS TN m, E A
DR, TERIEIR A FIRA 1 min J5, FFIIA
DRGSR G . /3 0IFE 40 °C 50 °C .60 C |
70 °C .80 °C 90 CI/KIEHH I 30 min, ¥ )5 F
4 000 r/min#.L> 20 min, 75 12 FRECES . R
FEM TR, IC A my . A B HBLICIR Y, W 4k 22 in
1 E e B =W N N S s B2 WA 2 1 o NI 1 B | O S K e x5

. m,—m,
Fra: = x100% (7)
m,
1.3.8.5 WARRHERIE (1) FHEERIE, B

RO W o3 0l T B A b 7E % 0 R ] DHR-1 2
T i gt AR ASCHE A7 4 2 il 1 2 U W EE R B
FE , K “ peak hold” #52X| 5Y Y 3 K Ky 300 7', %k

PR AERSE] A 120 s, HEAR ELAE N 40 mm , 10 SRHEA
P T & R A W AE BT U R 300 57 B A UL
i

(2) B/ INEERE B B 2 . 28 Mundi %7 A9
D7 BB AEAE O, I R 9 2 P71 18 R 9 /DB
Frir, ARBURIE B A 4E A i h T B R I 0 00 T
100 ml /2 22 w3 v, B il B AS [ & i (10% ~
25%) B W, IF ] 1.0 mol/L HCI 5 1.0 mol/L
NaOH %75 pH {E % 6.0.7.0.8.0.9.0,10.0.11. 0,
BUS ml %W, 7E 100 CR I RN 1 h J5 HTsh
IKEZ B H, FEAEATAE 4 °C vKAR a8, £ 56 M i
W o HEA- B8 2R i e/ NEERS & 1 7T D SOt
FE S IERE J5 BT TV 1 1) 5 FS VA iV BB Y IR ) 5/
FE i,
1.3.9 &%H5H A RBEIEY 3 KEZ W
253 HH Origin 9.1 BAFEAFER 0¥ .

2 R0

21 EFHRTEREMNELRS

M2 1 AN, AR50 A5 A A b g
A LAY (BRI KAy R R ) RS
GB31638-2016( B E Rl BEEA) HE
3R, FEBHIZIE A Hh R I 27 I R, A T
K F M.
F1 EEBHTRENERIRSSE

Table 1 Content of basic components of casein made from yak Qu-

la

TR e o)
AP TEZ 7.61£0.52  0.92+0.07 86.64+1.09 96.72+1.14

KOyEE BRI AR

A (%) (%)

GB31638-2016 =12 =2 =84 =95

22 FEHHATHRENIERANR

AT ) BE A 2 e R DR A 1 T 1)
JRAEAR KRR B ER T & MR 4k >, & 2
AT AR LT 1K ™ i Y R R T A 434
83, 44% , Ho A 43 R 5T & 43 B 1K 16. 09% ,
IR P LTI G 42.00% , A] W& R R 4H i
HH OHEEREEEE., BT TR
R S R RR AL, PR B RT DIVE N B 2R
Fra AN FAE i Tolk
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Table 2 Amino acid composition of casein products made from yak

Qula
HIE R st o7 Y
I3 %) ML (%)

HE R (Thr) * 3.53 4.23
AR (Val) * 3.75 4.49
H B R ( Met) * 2.70 3.23
FESEER (Lle) ™ 4.05 4.85
TR (Leu) * 8.77 10.51
RN (Phe) * 3.55 4.25
AR (Lys) ™ 5.60 6.71
R (Trp) * 0.95 1.14
21 %1% (His) * 2.16 2.59
B AR (Glu) 16.09 19.28
H& R (Gly) 1.90 2.28
TR (Ala) 4.15 4.97
PR (Cys) 0.61 0.73
KA R (Asp) 6.12 7.33
it SRR ( Tyr) 3.75 4.49
22 (Ser) 4.42 5.30
KR (Arg) 3.19 3.82
ifi 2 ( Pro) 8.15 9.76
Wit TR 42.00
S 83.44

N BRI ik, e 21 %R (His ) o ML s LR .

23 BEEBNTHRENEZEAREAS

FH SDS-PAGE 43 5t i i 7 34 hy 2 11 J5 1) 7. 5
T, i 1 TP TKGE 2 B, 7625 000~ 37 0004
X 43 LY B AT BE R, 16 IS ™= it 1)
F A R25 000 ~37 000K /N ER BT, 4352 o
TEH B-BEHE 1 ; 7E 15 000~ 20 000 4H XF 431 i ft 8
FEL PN BT B TR 0 2%, 0 i R k- R Ly~
M, a-B&EE 1 B-I% A 1 XA~ 2 A4 oA 5
SR TR DR R AT RE R B TR LR b T
SRR EERLIY B, & 2R 1 20 43 22 8] 58 i i K
I B = Ak R 45 0, O a8 L O R b om A
Ca™ [ 2R M 1 B I BEFL , B8 11 I 4 50 22 [0 A7 A6 58
BVER, BT AN BESE 940 882, 2RI i > i 5%
B A TR R W R A, HEZ WS N a-
MEH (FEAN T5%) BHEH (FTEHAN
22%) , FHor - B A AH X 43 B R 24 227 000,

B W AR X 43 5t 1 29 424 0005 HVR A k-1
B y-BEA(CHELSETEAN3%) , WA, TEZ
77 ity PRSI 1) B e ) A A X 43 BT 6 (< 14 000)
BT, UL )™ b A il & i A v ey & AR
AR, 8 A OB BRI 15 B 7= i

——r0

W
-
(=3
(=3
S

VKIE 1.7 marker; JKI8 2 484 P TR E
B 1 $E4 A TERL SDS-PAGE £ R
Fig.1 The SDS-PAGE result of casein made from yak Qula

24 FEHHATEEMNLILIES

FHAR B AR 2T AR ST R 2 it T i 3= 3
FTEREAREIN A3 A, H P 2 ml 0, 44 il T i 2%
TE3 649 em ™ FFIEA N-H 89 45 9% 30 W Wi s 7
2963 em™ WA C-H B HIR 30 i v 7
1 500~1 700 em™ &b EkIE T 5 R0 A 11 45 A Il
TEX S E 1 654 em™ &b B IR A U 2 B 1 it R—CO -
NH, "' C=0 A4 sl | e i) s 8 mg i e | M il
S N A P U - S s et o R S
AR X 38 ; 721 536 om ™ BT AT C—H 25 il 3 3
WU C—N g die sh W lio e, =2 o S2E B3
B BTG A0 S TCHII) 3 3550y A B i R R 5 FE
1200~ 1 400 em™ B A 1% £ 11 43 - Bk B T A7 9 4
TR X, L IS U437 TF+1 232 em™ 07 B, 45 75 1
AR AR IR R
25 HFEHHATHRENEZEXIESH

L EEAM (190 ~250 nm) CD 5 HI>H S e fk Bt vy 53]
A AN TR R ST ELA ) RS R B K
AT B S G S5 YR R] R AT DL B
Frak 2 KBRS A (5 8 . FR IR 3 AT AR T
M 2 B B ik i 26 7E 195 nm BT AL 1 A4S
U 7E 222 nm BHEEA 1 ASANER 00 G 150 BH A i
BB Y -8R 5E  SARAIR, 8 T JC R 0] 4 ity 72
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Fig.2 Infrared spectrum of casein made from yak Qula

BT, BRI 6 R AR s A
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Fig.3 Circular dichroism spectra of casein made from yak Qula

2.6 BEHMANTERENATHE

F T I RE S (o 25 11 5 14 25 4 e A AR AT 3
Hhgez 25 m, KB AF oT 6 5 o 2R R B R E
PEXT TR A G A A EEE L, EOANAE
IR TR T R, S A PR
AR TCF IR, 22 BREE I B JR T | Mk B8R A AR Pk
TR ZE AT B s a1 b e
(X IO P T BV Ay 2 2 11 JBE A A S P IR e e T
PR AT LURA A2 1% 58 1 R A0 A8 e 01 0 SR 2208
PO A FE il 8 i R AR i T R T
PA2Eo b, K 4 ] LB A BT % 23R
AT RHERAE 123 CRUT H B 1 A4S 32 B A W 4G | 1%
TRV T BE A I B (WA PR IR, AR PE SR ALK,
165. 1 J/ g, 2 BIGEIAE i b AR AR PEBR 1R 3 A

o T B AR E S A 1 B R IR R ) R I
VIR, A2 Pt P iy, 2 T3 P o Y AV E P
Uf o PRIERT DL 2% i 3R A B i ARE T, T A
S HIENE i m Toll A
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OK\#
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Fig.4 Thermal analysis curve of casein made from yak Qula

2.7 BHFHATERENINEEER

271 HEfEE BB S E R,
WG HAB D AR A0 & i E ) A LA R AR T
HELS AT LA H AR R 2 19 pH EAA T, IR EE N
40 °C_LFHE 60 C B, AR I 7 11K 2R 07 A B 3 A
IR R s TR T 60 °C B FEAR HL T B Y
VSRR NI, BEE IR LT S8 B4 T AEK
VW R G R T, 25 43 NS S 7K 3k 141 340 i 2 %
BF, B BTV A B ik 24 e, ELR TR e i, R
PR A 1 22 | LA 8] 9 FH B AR F S e SR IR B 454
T2 Rt & A B AR FDTUE , DI (o 375 ik 25 T e
Chen %5 3 1 A7 TR X R BE LAY 85 P v it B 11
EMWAS TR, A, K 5 R LR
ORI T RS R R S pH B BV
e 2 pH (HAEZESE /S (pH H =4. 6) B FE4- i
P& A AP AL, W R T IE B L A 1Y)
SRR T A S R Z R T, AT A4
A= MPLRE A A IF R TOVE ; 24 pH (H I 25 %5 1 53 (pH
fl<4 B0>7) B, T EA T RS Z 2
Ti) ) FL e 38, AT A 24 o s 1 I 2% 10 i
JEREIN, Chee %5l Maria %57 4351 LK G 8 4
AR IR 5e b A B 00 B 1 B A ok B AR 1 T

RS pH HZ E B9 C R, R4 R S5 AL
W AYEE R . ASBIFTE I A48 A i 7+ I 2R A7 i
RS EZ L (S IDEN

2.7.2 Ut RWEFINGE T HES i h T g 2=
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Fig.5 The solubility curve of casein made from yak Qula
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EAIMEAZR A, 22 B0 Bl A Tt B2 1 L T 2 ] e
IR E, TRER TR T S i B A i 2544
BTN , W S BTG TR, & 7l
B2 I B T AR MR TR R 1Y ES (HAE K
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Fig.6 The emulsion activity index curve of casein made from
yak Qula
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Fig.9 The foaming ability curve of casein made from yak Qula
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