%24 % W8 SR 2 = T S Vol. 24 No. 8
2024 %8 H Journal of Chinese Institute of Food Science and Technology Aug. 2024
Y-S B SR R IRIARR BR AV & M B A5 RAE
#WE, &dm', KHKIF, KILE', BHEF, #HERK', XEE"
(HHRERFRARAFE TRER 20 730070

PHORERILLEE  HRH @ 747000
KL B R A YR S A FRITAEA S R KR 733000)

FE AT ASAHRLFILTR, I LB E G A A, R0 5@ oW ks LR R G e BB &4, 3155
R AEYA R EIFO RO ARG S RAAFE e 4 sh bk RS A ath T R AT AR B R AR S BB AL
FHAT R R ATEMAIE, BRAV RFABTORERALIEIAMN . BREOL T B REI 201, TZBRES 5K
dax pH 9, B i 2 & 48 °C, B & B 8] 50 min, /£ 55 # F BEAL 35 3] 93.27% , 4%k ¥ 8%, # 4 % 93.03%., 1 Zetirshk
HMNTLERE T . RORMRK SR T ANINMEFLE LT BLF O FHE T 5 AL ZORW B ast, Aot E s A
BB RGRARKAERIR EFHRESY AR LT ERESTEANH SR GLE SHEF BTN T K GRMNR
B EASTRAAARAR B REORMRURBEOROMMKL 28.12%. 8% %A 5% kM T Glu,Asp #7 Pro &
TEE, LT Clud Asp B RESD O XERAR , BADA RN R TAMLE, AFLERTHEORABRKSE UK

M RALRAE R
KR HFABMEG,; FOEMm, A,
TEHE  1009-7848(2024)08-0247-12

YEA EE AT AE HON 1 VGRS M, P H
MRR AR KRR AR FLRFR O R AR 4 2L, 4
Al AR R S Y 80% 5 FE A FLINS A
H 3 50 i (4.9%~5.3%) IR Vi & 1 (5.5%~
7.2%) . T ¥ & i (16.9%~17.7%) %5, ¥ 5 T H
BRFLEEE N, WA -l H H (14.6 g/L) B-
f&H 1 (16.4 o/L) «—FE&H (4.9 o/L) & i DL S i
B & it (49 gt s T HE A AR EA, H
HI, XTHEARFLSE I R A At 52 B
B, HZHOR L g vy 15 08 = i iR 3L
THEAE A YR AR B — R AR A R R A
ASCLIFE A L 8 o EZORE, il 45— Rl Bl
BEBREGWRE A SRR NF, v E RS
i 2 11 4RI 3R RN 28 5 0 (8L

ERANEDLTFREITRZ —, RCRHFET

i B 2023-08-05

E&TH: EHZEELU AR H (2021YFD1600204-1);
FEIR QAR RS A b X R = 5L 405 B (32160583) 5
[ 2 Bl % T (2021-0306-NCC—0403 ) ; “ 1k 2%
FHAEPA I H (Gaufx-02Y01)

E—EH . BWE, &, WA

BIEMEE: B E-mail: wenpch@126.com

BEACAS A6, 25 M) A AE
DOI: 10.16429/j.1009-7848.2024.08.024

ZAHALRGEE T, S5 AR ML G A
B I AE S A P R AU AR RS TR A
BRI 290 4 g, 2 KM R Bk 2 Dol il 20 48 it A
J, 8 AL B I, S T AR 5| e Bk Bk
BLMLAESNA , JC S T AR IR Lo, S PRI A B Y
L7 B AR LB AR OR R R AR SRR PRt
AP BRER TR I Y R A R . HRT, 24k R
HERE S WS AHEGSRE G Y v e T AT
BRI MW 22, RS 1R 22, 1B M Al A R A5 R
D8 2 IF R RS o A 5 A B, A gk
FEPWIR AT R T IR aa g F B, H
3B Tl g+ AR A R b B U4 fE
Bt /N b B AR, SR K 2 A R 0 24
MR LAY aE Bk HORCRIE IR R G, FERX i AR
H, BRI N TR SN IR B AL AR A S R —
MBS, 2k 5 ALy BUR A REHLIR I 1L Wk
FIRIH o i PRATE S % BRO, BrA 4L v | 8 1 B B R Bk
R GBS AT R, BEA AL i R LA ILAE
AR, BN RSB K A R, A Bl T B b e Py
Bo i JFRA BRI T e,

FIAT, AR PO —Ff 2 Al i R
AR R R R S T R RO, S



248 hoE

i oF i

2024 455 8 H

= AR G AR RS [R] ) 23 18] AR S BRI
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EABAC T2, I 2 G A5 B 45 H BEAT AL
R LIRS EE 1 B I AL A 1R SR BRI R Bk 1
il & T & M HAM RIS S %

1 MRlEH®E
1.1 MRS F

FEAFLME B 1, B AR & it 95.21% , K 4y &
it 3.12%, WA EH A EOR s AR P AR T AT
OE] R FCE T BT RO RS IR AR, T
TRRIEF ER RN 227 BEnk e | = ALk BBk
B B R AR ARV WA B O b ]
B R ELE 2 T A BRA A
12 NEE5EHF

UV-2100 5471 W46 BT, i fy
PR 53422 F] s FR224CN K5 % HL 7 K, B ZEHTY
A PR A E s pH-3CW K5 %5 pH 11, [ MR 2%
F AT HI750R ¥ VR B0 AL, 1m0 %
A8 TT % A BR 2N 7 5 Nicolet iS50 FTIR 21 4k i
1, 22 [E FEBR KA /R BE22 28 7] ; Bettersize2600 30
KL RE 53 A A, PR A R AR A PR H] 5 S-3400N £
i i 7 WA, H R Hitachi A %) ; H 37 LAS080 &
BB AT, A& 9B Tl 2 454 B2\ 7 ;SCIEN-
TA-10ND ¥ Uk THAL, 77 BT 2 AL R e A
BN ] s HWS26 7 i R HE T K 5
1.3 RIEH*
1.3.1 EAEMRENH S SRk ER T
BIFPMIEEY. FAEFFLREE S T 10%M & A
RN WG AT BRI, 76 B #2E R 4 mol/

L &AL 08 Y pH (B, S )G, B0 8
(3 500 r/min, 15 min) , 35 H 3 mol/L £k &R/ 7
pHHZE 2.0, VIEEELME, LIRLREELR 3
W BUTIER T 5% S A AN WS B0 0 85 78
TEW PN 1.85% = @AW, 3 mol/L #h1R
P pH A 2 2.0, 3+ 30 min, B0 08, Lk
BRE S 3R KRRV R T A B4 AL R R
BEHARRER

132 REEREE HEIEFIIMEAST R
BFEEOREEE (1:1,2:1,3:1,4:1,5:1) . T “FREFE AR
# (5,4,3,2,1 &/h) .pH(8.0,8.5,9.0,9.5,10.0) .
YL (35,40,45,50,55 °C) 2 W B TE] (30,40,
50,60,70 min) 55 DX 22 604 A L I 2R 1 Ak ek ik
J& B IR A S )

1.3.3  me i MRS R B R O A i A R
HR K SEE ) Al -, SR Box—Behnken 117
2o, LU Y (BEAE 2 ) Sy i A, 126 5 pH (B (A) B2
(B) B (C) 2 B 225, B v 57 1 O A6 A
HIKFEWZE 1,

F1 MEEERKER
Table 1 Response surface factor level table

B %
K -
pH 1A (A) BZ(B)/C B R (C)/min
-1 8.5 35 40
0 9.0 45 50
9.5 55 60

1.3.4 PP dE R E

1) BEfbR RN = i b vk A 0 4E 4 2L
ik b B 5 e AL % A I 2 2 A SR D A 5 O
Y3 S &0, B 1.00 mL B E A%, A 1.00
mL 2%En =EER, Bé)E T3 K P 5 min,
HEHIBERER , EE A 5.00 mL 258K, 7K
580 nm Ab I R RO B DLZRIB K S LUl .

Y(%) = (a—-b)/ax100 (1)

A Y B, % 50 R BEAG R IR
AW BE 56 SR kA 2R I MR RO BE

2) Bt S ERI ik R MRk
TR,

BREE (%) = A ypxm ;s x55.847x100%25/A 4 x
100x482.20xmy (1-myy )x2x100 (2)
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BE smo A RS FRAE B mesm o A X R FRORE 030 | g .
% Ju -
3) BREAR 2% sl .
D(%) = m, / mx100 (3) T e -
XD NERESE % m WESYHED 0057 e
FHE, mg;my ALK 5, mg. o0 20 40 60 80 100

4) 1%

Y (%)=m, | myx100 (4)

XY AESWE R % m, ALY R
e m, WIMAR MR R BT, g,
1.3.5 fHHEMLLANERERI S R TS
2 L1 AR SER B EA R R T Y F A b
AP Z R 2.5 wm PLF 78 3 BGE B 4 000~
400 cm™ 43 HER 4 em™ KR A PN 1 AR FL
W& A 1 B FA R R A T A R 2L A I
1.3.6  RiARarAmillE R FHMOCHR B 73 A ALk A T
N A 7L 1 b 2R LB (SRR R R R AR, R
FHEB ALK VR A IR R, ED B FE
7 2 7K B AR 43 B0, 7 A5 5 TR] 120 s, #6937
PN 152, B AT S 300 1,33 # ab 35 01y
DR 5t G218 T AR (B S R AR HF TE 10%~
15% 8, FEREASFE S 3 SR HIME
1.3.7 A BB 5 RS S
PERRSS, WP AE S S SR IR AE A 8 L AT I 4 B
AL B RS i R DL R AR E B, SRS TE UK
2 000 15 i Z A4 T WSO 3, 4 1R
138 HEEAMmS =MW E KM% DK
G250 58 RS A 09 5 i I AR A
S 2 KRR G J7 %, LAAR HEBR 0TV B O B
ARBR, OGRS MR AR d bR 2R, anlEl 2 Fr
7N, BSA FR#EHI R y = 0.003x - 0.0039, R*=
0.9982 KT 0.95, WG o i it R A A2k
PEXR,
1.3.9 ARBMAMKN S E GB 5009.124-
2016 (524 E AR UE B b E R 0 E )
FESBEATRIAL B, SR FH 4 A 2l & B R 2 A 300
Ha 5,
1.3.10 A=W FI 20 B0 ORI i i
il , >R Minekus 55 7k, B8 Fang 0 7
PR VE B, MBSO S 15 i T 1 AR5, 45

s Y AR AR R

Standard liquid mass concentration/(pg/mL)
Bl 1 BSA #RifE £
Fig.1 The standard curve of the BSA

B 10 mg/mL (98 (SR FARR BRFN = S fb ik (X HR)
W, I ABALE W (R 1:1), 1 mol/L £
M2 5 pH A 2 2.0, KR & W0 76 41k 35 15 7 46 vh v
A 10 min, 7€ 37 C/KEH PR 2 h J5 AR
B (RABLEE 1:1), 1 1 mol/L & & AL 4k 55 pH
HZE 75, FHEGYRERENNED (5 ka),37 C
KW 2 h, 75 CHHE IE U,

MR IBUE W W T AR S % W 10 000 r/min
B0 15 min, M LIE WA PR o R4
P iiE A G OGB4 A I W, D ik 8 1 o
o I WL 2 AR PR B 3 B BRSSOk
FH EDTA 258451 5 125 0 7 K 85— 1 375 ik 3 g r
B

BRES TR R (%0)=V /V, x100 (5)

N L NS O S == T L)
EDTA ¥ RARF  mL; V, S T FE SR BUA W rh e
T E i EDTA R mL,

BB TIE T (% )=V /Vix100 (6)

ALV, N T FE OB BT A% AN R B T T B

EDTA ¥ BARFL mL; V), A THFEE T4 N AN B+
JIr s 22 EDTA AT, mL,
1.3.11 HdlEgeit st kA SPSS 19.0 Al De-
sign Expert 8.0.6 X LA 2% 5 40 45 S Al ey iy 18
7G93 R Origin 2018 XF R4 )5 (1) £ 4 1
EIF53 T

2 ZBR55W
21 HEEZRERSHH

W TARER P & B BOE &, DABE AR
SRR U S5 5 9B 4 7L
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EAST ZREEE L . T IR AKE pH
B SR 3 RS2 7 e i) %o 4 2 L R 2 P R AL ik
JEBELR I R A B AL E S T R
BFHORHEL 2:1, T R4 5 IR A, pH=9, ) 17 it
JEh 45 °C, )W Ta] 50 min B, BE Ak R A R i (E .
211 FEAEAMEAS T ZREHEEL Kl 2a
BRREEFBE S T RREECR X B LR A
AU WD = VI vk <8 i e L S RSB TR
BR, MPERILRE NS T R A oY 201
BF, R 85.77% ; 4 B Lol 1:1 1, k4L
RN 85.98% , #8 AL oA 2:1 B R 0.21% , 35 m
BREEAN K, TEMCRY B, UiF 28 S B FE AR 58 1 1 I
I, A2 et ) B R A T A, 4 ) 2 A I R T R
L RES S RN, T W RN PR R RS
Bk 2 R AR B T, T b A R Ak R G 0 ; 4k
SEIERBC ., oy 07 BN, 1k %6 A48 1k R B2 /DS
ZIEF B RA G RN R, A EREEA LK E N
55 BEFA R I e A T Lo 201

212 T ERRMHBARE K 2b BoR T R
P ADEO BEAL ZE Y 520 Bl £ A B 3G n
B AL R BB T, 43 5 WO AR Bt fb %5 5] 85.56%
2 L8 B S ) 1) f T R Ak R RO A TR —
TEM R, D Z R A MBI Z S nTRe AT —
MR I 5 s R R AU G, P EZMEBAMT
TR T T B U I ke AR L — MR A
K Vs A v, DRI B oy B 58 4, IR AL 3R T v, AR
grp, T R EF R A RECH 5 R B R
IR EPRRAESER R, N A5G BARR A & e %
N/ &

2.1.3 pH{E W 2c SR pH {EXTBEAL R H 520,
Bl & pH (B TH 5, B fh 28 e 18 KR 0/ | ik =& R
TE G908 S5 1N A R T A A e Ak S g, S B0
FE P AR B R AT 5 PR HE S ) B R A S B
B, K i S s B AR RS KN TR AR A G
s, M pHEKRT 95, T M~E & EKMES
LS L PR, S BUAR R R T R R SR
SN EEAL A, B aE B R pH EN 9,

2.1.4  JVEE B 2d 8RN i R X EEfE R
(RIS, 24 5N R BT 45 SCR BE AL R 5 i, S it
JETE 35 )CH 40 CHY, BEAL R T FHE K, 40 CJa Bk
AR R BE BN, SR R BE BRI, T R I

1) 7K Stk T 7 8 B A R N8 TR A S 7 SR AT I 2248
T PSRN 5 S T B, T R I 1Y) 7K i ik
JE S 3 R R AR R R 25 B T B AR L DOTE XA
S AN F B Ak 5 R i R4 T, 2 T SR L N
15 o LA T T R A R R A oy SRR kR 45
CHR I B S VTR
2.1.5 S i [E] 2e {7 A ) B Ak R
(A5 T, i 2 IO HsF [) 7 B K T b 3 20 T o I e
11,50 min Bt AL R 55 5, 30 min B 7 6 3 B 1K HL
E I R o o A R B REARR, E R B ) 5 T b 3
TGO BB R A X B8 R BRI &
SR LA FRETE N R |, J0 Tk K A IR Ak B N I8 R
FIIE AL SR A 2 SO s ) 3o S, B g AN 58 4, ik Ak
AVE , BeAb A, e S B[] R 50 min,
22 MEEMRAHERSHH
221 WAR AR AR R R A LK
FEAHE T ZFREF A BOR L B SR AR e S 9k
FEXG I s i R EERE I, T R R ARELS
SR TR G, ¥ 5 RO A A8 AR
AR R, AW 5T [ 5 OB B B A REL, 1R B
pH H (A) T (B) (B E (C) R A A8 &, BEfb R
(V) Jymi REAE 5 3 ER 3 K38 17 4L i i
A IRE , Bkt g R 3%k 2,
222 R IATIAAE T Y HE ST W b 2 R A B 4
JH Design Expert 8.0.6 4% izt 46 £ 4 #E 47 £ OC
WU 2087, 78 a8 7 % B (I ek R 5 pH
B ek ST [) =2 ) 7 4 A et Rk 22 T 5[] ) A
RBOH IR
Y =93.19 - 0.454 + 1.80B - 0.20C + 0.524B —

0.264C + 0.35BC - 1.524% - 3.40B> - 1.98(>

H % 3 J7 22 A B 22 0 B vl &, BRI
BE(P<0.01), RETUA EE (P> 0.05), K
SRR Ry A 3 PE R E(R?) M 0.9940, K% IE
RE(R ) M 0.9863 iRV G R R 4P, A AE
5 AR R LM O R L, v AR A Ok
S3AT TN pH B I B B RDXT  A EER Y
SO, AR T AR B0 A B O BE AL R A 5 i R
B3 (P<0.05), —WKITA — KT B A KT A2,
B> . C* XF Rk s i B3 (P < 0.01), i FAEA]
S 5 DR 220 T AR 1 Tk T 238 5 M I A L (B) >
pH{E (A) > KA (C) .,
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Fig.2 Effect of different single factor conditions on acylation rate
F2 MEEEZITRER
Table 2 Response surface design and results
KI5 A B C BEAL & (V)% K5 A B C BEACL (V)%
1 0 0 0 92.98 10 1 0 1 88.79
2 0 0 0 93.82 11 0 0 0 93.19
3 0 -1 -1 86.49 12 -1 1 0 89.84
4 0 0 0 92.98 13 1 1 0 90.05
5 0 -1 1 85.29 14 -1 -1 0 89.54
6 1 0 -1 89.63 15 0 0 0 92.98
7 0 1 -1 89.63 16 -1 0 1 90.26
8 1 -1 0 85.66 17 -1 0 -1 90.06
9 0 1 1 89.84
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Table 3 Analysis of variance of regression model
B % T A= B WA Eok F i Pr>F B &M
el 111.93 9 12.44 128.76 < 0.0001 *E
A 1.59 1 1.59 16.49 0.0048 ok
25.85 1 25.85 267.61 < 0.0001 ok
C 0.33 1 0.33 3.44 0.1061
AB 1.09 1 1.09 11.31 0.0120 *
AC 0.27 1 0.27 2.80 0.1382
BC 0.50 1 0.50 5.15 0.0576
A? 9.76 1 9.76 101.05 < 0.0001 ok
B? 48.53 1 48.53 502.44 < 0.0001 ok
c 16.55 1 16.55 171.33 < 0.0001 wE
& E 0.68 7 0.097
% 0.15 3 0.049 0.37 0.7798
RE 0.53 4 0.13
B 112.61 16

e o KR EFWEE (P<0.01);* #FREREE(P<0.05);Pr ZmRHERI,

2.2.3 WAL ATAS R LA BE SRR, EAR RSP, WA 4 AT, S E I AB B 5T
YLWTIZ N 2 X BEAL A B 2 2 5 SRR IR REACBE, B R L B I, 3R W] pH {E (A) AN
WA AR IR S R B DR R R A R (B) Z IR A AR LA T X AL R R B X

R AR SR B PE R AR T irdsie—,

55.00
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s
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R
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Fig.3 Response surface diagram of the influence of different factors on casein acylation rate

224 WA B TR GS A5 R A e SO0 43 A
TR AR R BT 0BT, A REA S T
TEREFHORLE y 2:1, T RREF IR AKRECH 5
W/h,pH 8.95, KN ik & 47.55 °C, [ i B[] 49.78
min, W 57 187 A e E1E, K 93.45% . 456 SRl
4 S HOR R pH 9, 2N TR 48 °C, 5 B[R]
50 min, ZEMLEAE T EE S 3 0, S MR-
{24 93.27% , 5 BB AR T , BB A ] &
2.3 iffristR
SMEEFIBEORNRKT®REN
8.00% , %5 ik 2 SOV 2% 1Y 2R B HT R Bk
1.33%., i SCHR[4, 13]4¢ 38 , 48 4 FL S 2 1 b 2 0
fig o it b 2R 2L m LR VP R TR, B R
FLES B TR B 5y BB G R I R A

®4 FMERER

Table 4 Evaluation index result

I8 4% /%
BT 8.00
HH R 93.03

(s 85.00

2.4 HBEMOIRIESTER

WE 4 i, X HFEd- 7LEE 5 15 & H 3R
TR k% 1, 30 o e R I S A BH R AR AL R
BEM11X ,3 276.21 em™ F /R Bt A 4 19 N-H F1
O-H 45 ¥kzh , 28 55 % 2 3 285.79 em™ &b, 7]
PHE 0 2R P 7R AL A AR P N g A B S S

BB TEAIW I N-Fe® | TEFELX |1 626.76,
1 515.36 cm™ 2b A WL WU S Y C=0 1 C-N {1 45
Peaho W, FERE FIER T 058 E 1 63594,
155721 em™ &b H K T BERGHE S 5 0, FEAEA
FLIEE 89 1 399.68 em™ 4b WL 2E #] -COOH (1 fif
HiPRsh, SR T AR WO S 1E] 140051
em™ B30, B BURFE R, [FIEE, #E 1 071.72
em™ Ab & B — A~ 1] IR A48 B8 2 JT- 48 5 ) IR S0 | X
JEH T -NH, B A 7ER VIR 5 -NH, Z 1]
KA XS R EOEEP RIS AR . LR
WSO o7 AR A | T LRI K 3R B R R v 11 4
Jir R e o ) R AR S SO Y
BLIE 2, F AT HE W A FLR SR Al S, 5
BT Z M EAEA RN, WS FLR & A5
HREEEY .
25 HEHLH

WE S Al B A TR A LB A AR AR B X
AR TREABLE SHEEFREGU LA SES
GrF RGN R AR KB, X 5 AR A PIAY BIF 5
B3, RUDERIEF I E AR E S
.
26 RFEBTEMEER

HE 6 Al A, B HRIIAGH H 2 2L
MR(E 6a), BRI RN E M F (E 6b),
FOCHT AR B W = A OUL S R 1 22
Al REJE 1 TG AR A WAL O 55 7 AR Bk
3538 gk A0 B HAE AR T B0 X 5 A O
EEI BT A AR T U R W R



254 7

urs

2024 455 8 W]

=n
B3
JEwE
<d

150 -

100

~
g BB
W g
=1
s 50
=
B IR
. S SR
4000 3500 3000 2500 2000 1500 1000 500

Wave number/cm™
B4 EEMHTRINMLIEE
Fig.4 Fourier transform infrared

spectroscopy (FTIR) spectrum

BTSRRI E S,
27 EAZE

MR DL R e A AL R A S E G
BRI 1 & TR 595 nm AP OGE L Hidbs
el 26 T A5 R A S i (WLER S), Bk Rl A
B EEAIAK 28.12%,
2.8 SEBMAM

Fo RN, FEAFILE I AT AR
T2 5k rh i 2R BT S T R L B 4y BN
41.33%H1 41.10% ., TEZEG T U5, X WP i i 5
W B SR B i AN K R A BT S R
TRAMRKES , BERNG, Z AR 0 &2
AHTEY 85.73 ¢/100 g [ % 51.93 o/100 g, iX —45
5 Lee I DF o &5 RARRL, FIR A E A S5 HEA
BEIAR 2P Glu Asp Fl Pro & B, Hh Glu
F Asp i B HL faf B Pk 2 JE R, HL OB 3 A1 1y
THBRILGERER B IR & R B T A5 A 0T
A B TR TRES, APFREPE R Glu A Asp
EERREW e S &R E TIERRENESY,
XA SR 7 PR G EE T, S ARG 4
FAL
29 HE£YRMA=R

M & 7.8 AIHL, R4 FLINS B SR FI R Bk A —
AL L B AL S rY R 5 5 35.59%
20.27% , H 2 R AE S i B W 3 (P<0.01) . &1
B AL, BT8R 2R 5k 97.51% Fil
96.10% , H: 25 5% W 3% (P<0.05) , BEWr 45

SRRl vers

Kl

Distribution/%
)

0 20;0 4(‘)0 6(‘]0 800 10‘00
kit
Particle size/pm
B5 BMEAREARHBRKNNESHEE

Fig.5 Particle size distribution of casein

and ferric succinate

(b) 3 1 5% 317 £k
E6 HEBRFEMEE

Fig.6  Scanning electron microscopy

®5 EHRSENELER

Table 5 Protein content determination results

5 8 Fi 4 %/(nmol/mL)
KB EG 609.15
&G 90 R 4k 437.85
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Table 6 Amino acid composition (g/100 g)

RILBR AT R ViR N &8 IRk
Lys 6.86 3.55
Asp 6.24 4.3
Tyr" 4.73 2.88
Val® 4.85 3.23
Met 2.52 1.62
Leu” 8.84 5.37
Thr 3.79 1.82
Cys 0.43 0.29
Ser 4.76 1.14
Lle” 4.15 2.66
His 2.28 0.86
Glu 17.6 11.7
Phe’ 4.43 3.11
Arg 2.93 1.39
Ala 2.79 2.24
Pro 6.92 4.71
Gly 1.61 1.09

B AR 85.73 51.96
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Fig.7 Comparison of iron dissolution rates

in vitro simulated digestion
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Fig.8 Comparison of iron ion dialysis rates in vitro

simulated digestion
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Preparation and Structural Characterization of Ferric Succinate from Yak Cheese Protein

Zhong Liwen', Lu Yingrui'?, Zhang Yixuan’, Zhang Weibing', Shao Weiping', Guo Zhaobin', Wen Pengcheng"
(‘College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070
*Gansu Liaoyuan Dairy Co., Lid., Gannan 747000, Gansu
‘Wuwei Plateauw Biological Products Co., Lid., Wuwei 733000, Gansu)

Abstract In order to make full use of yak milk resources, using yak milk casein as the raw material, the response
surface analysis method was adopted to determine the optimal acylation conditions of yak milk casein and prepare high—
quality and good bioavailability ferrous succinylprotein products. The structure of the products was characterized by means
of Fourier transform infrared spectroscopy, particle size distribution, scanning electron microscopy, amino acid composi-
tion, and in wvitro simulated digestion. The results showed that the optimal acylation process parameters of yak milk ca-
sein were as follows: The mass ratio of casein to succinic anhydride was 2:1, succinic anhydride was added five times,
pH value was 9, the reaction temperature was 48 °C, the reaction time was 50 min. Under these conditions, the acyla-
tion rate reached 93.27%, the iron content was 8%, and the chelation rate was 93.03%. The determination results of
Fourier transform infrared spectroscopy showed that there were differences in the absorption peaks between ferrous suc-
cinylprotein and casein, and the iron ions in the acylated protein formed coordination bonds with carboxyl groups and
amino groups. The particle size of ferrous succinylprotein was measured to be larger by the laser particle size distribution
analyzer, confirming the formation of the chelate. The analysis by scanning electron microscope indicated that the surface
of the sample was smooth and the structure was compact. By determining the protein content and amino acid composition
of ferrous succinylprotein, the results showed that the protein loss of ferrous succinylprotein compared to casein was
28.12%. Among them, Glu, Asp, and Pro had the higher contents in casein and ferrous succinylprotein. Glu and Asp
were the key amino acids for forming chelates, and the bioavailability was better than that of inorganic salts. The results
of this study can provide a reference for the preparation and structural characterization of ferrous succinylprotein.

Keywords yak milk casein; iron protein succinate; iron supplements; acylation modification; structural characterization



