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Abstract: This study aimed to construct a novel aqueous two-phase system for the efficient separation of albumin com-
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ponents from sheep blood, followed by structural identification and functional characterization of the isolated sheep serum
albumin. First, the optimal phase-separation system was screened from seven salts, and then a single-factor experiment
combined with a Box-Behnken experimental design was used to determine the optimal process parameters for separating
sheep blood albumin using an aqueous two-phase system. The isolated albumin was then characterized by using elec-
trophoresis and spectroscopic techniques. Finally, the emulsification, foaming and gelling properties of albumin from differ-
ent species were compared to evaluate its application potential in food. The results showed that the ethanol-sodium dihy-
drogen phosphate combination was the optimal aqueous two-phase system for albumin separation. Under the conditions of
3.8% (w/w) plasma loading, 27.6% (w/w) ethanol, 18.4% (w/w) sodium dihydrogen phosphate, and 2.6% (w/w) sodium
chloride, efficient separation of sheep serum albumin was achieved within 30 minutes, yielding a recovery rate of 92.8%
and a purity of 93.3%. The results of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), Fourier
transform infrared spectroscopy (FTIR), circular dichroism (CD) and fluorescence spectroscopy showed that the molecular
weight of the separated sheep blood albumin was about 66 kDa, and the secondary and tertiary structures were consistent
with standard albumin. Furthermore, the emulsifying stability, foam stability, and gel strength of the isolated sheep serum
albumin were 3.3-, 2.4-, and 3.0-fold higher than those of egg albumin, respectively, demonstrating superior functional
properties. This study provides a theoretical basis for the low-cost and high-efficiency recovery of sheep plasma albumin,
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while also offering critical insights for its advanced processing and potential applications in functional food products.
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Table 1 Factors and levels of Box-Behnken
experimental design
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Table 2 Ethanol phase with different types of salts
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Fig.1 Plasma splitting in different aqueous aqueous systems
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Fig.2 Recovery and purity of albumin in ethanol-salt aqueous
two-phase system
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Fig.3 Effect of plasma addition ratio on recovery of albumin
in aqueous two-phase system
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WHN & 71.25%+1.31%(P<0.05) . FHJF P AT GE 247
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WY FE B S 25 7CPE B s B Z AR P, TR R T R

SRR SR, MLIE G EL B4k S inE] 5% (w/w) T,
FH 2R A9 [ENSCR 35 FFAIG 13.3%(P<0.05), i & fd il
AT RES AR Z2 52 2=k, AN ER (SRR A B AR

MTEPEE GG IR, T AE A S HAR S TE SR
B, MIMFAR T HAR H Y [EKeRE sk, o iy
W] RETHLXUKAR RS 1, E— 252 M 43 B SR o

WS SR PR MR BRI L] 4% (w/w) Ry B TG
TS5

2.2.2  ZBEEEIN LT R A BRI
FIZR I EL I AN 25% (w/iw) THE == 27.5% (w/w) &
A EWACRTE 1.16 15 (P<0.05), BE#E Z G L
141 (9 2k 22 FH e, AR T T A 3R A2 B R Y

(P<0.05), 24 Z B3N Ee R 35% (w/w) B, FHEE
ENRCRAY g 14.74%+0.46% (& 4) . 7ESZEG 30 FIY,
RIS FERS AT B RO & i e, (B s
AR L EE LG AT GeSs R ma A 2 00 P, Sk mlli
R, HIF KRB W E N —FE LT, 7T LA
I R YH T KR K, B 2R B B, A
G2FIKSrF e Jibgsm, {8 FAH T 8 S AR R
PSR R R P ISEL . SR, ZBE E s
SHER R AIAEREAIR, PIAHARAR AR E, SE T RZ 2K
BUSCRES b, SR EE 2 B R R I S5 AR
AN, FTRE SR BT AR M, vl DI SR, a2
BEPE BTSN LA 27.5% (wiw) g e E AT
A5
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b b
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K4 CBEASINEL BT 2 PR SUR AR A FR rh R i 52
Fig.4 Effect of ethanol addition ratio on recovery of albumin
in aqueous two-phase system

2.2.3 BERR EANES I BT DGR A S

FHE 5 TTA1, 24 2B R AR ANAR R, AR &
FREIN RN, AR e IR 2 ISE T R
AT FEREIR SN LB E] 18% (w/w) B,
A 10 [T dRe vy, Bifi A iR — U & e B,

FI AR 09 [RGB W REAIR, 1 82.16%+3.43% (& 2
43.26%+1.35%(P<0.05), XFPEIRF e S5KR P2
B4 2R K S K 2 TR ST AR e O . L AR
By IR HA e SE AN B PR SL A, BRI S AR R
Sy FAHEAEFABT, R R RV EFFIBUKAEA . Y
W — AN S BRI, _EAH T S EER 2E K /B K-
M2 205 Sk i Fs > i AR A B2, AR S —Fpork
PEREE BT, PR P IRDSCR Bl 30 R e i fa B AIR
MR 28 I E R, Ja St s s LABRIR — &
RGN LR 18% (w/w) VE R A U BT 3 — 2 Y
TALBIFFE

100
- a
S 809 3 — .
~ d
% 604
= 1 e
I 40
H |
T 90
O T T T T T
16 18 20 22 24
IR — ST M LA (wiw, %)

s BERR — S ENTRIN L B FUESUK AR &
&S AL
Fig.5 Effect of addition ratio of sodium dihydrogen phosphate
on recovery of albumin in aqueous two-phase system

2.2.4 GALENESIN EL BT A H RISCR AR B
HRAE, EAENEIIIA BT ARG InEE S A B 22 5, A
TR H A B SSIR ), PR ARSI AN 6] EL A 5
Aah, DAERGTHXT R A RIBCR 2 . 451K 6
IR, 1 - — S ANSUKARIAR 2, bl S Akm
ARG, FAE 1 DR BT S BRI
A, MEALENTIN EL A E] 2.5% (w/w) B, [BIISER
iKFE] 87.05%+2.80%. FRIM, MG ALEAEIN L]k )
10% (w/w) Bsf, B R AR 42.32%(P<0.05) . HJ5L
A GESE AL FN BN A BT DASE I XK AR 22 Fh K AR
AR FBE K P, M AR 8] S AE _AHFT S AR =2 A]

ﬂ |
0 T T T T H
0 2.5 5.0 7.5 10.0
SACERA L] (w/w, %)
El6 FALENTRIN LI 8 A ROKARR &
A &AL

Fig.6 Effect of addition ratio of NaCl on recovery of albumin
in aqueous two-phase system
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I 16 B IS ALERTT AR 58 8 1 BT E /KA 2 18]
A3 AT 22 5, $RFH DRGSR, (H s i 5 T] fe 2,
BT SR AR sl AR L A, AT REATR RT3 P Y
i, BEEEEALENES I LU 2.5% (w/w)VER HCE
WA TR ST

2.3 M ERAIRLEE

2.3.1 W B e g B % Box-Behnken i
R TEEAA L L - R — SN SORK AR 21 55 B 2R 1
HEHPIEGERANER 3 PR,

%% 3 Box-Behnken IR 1% 1T AR &K 545
Table 3 Factors and results of Box-Behnken experiment design

AMIRA  BZEHS  CBER M DR  HEA
ST mEed ke ARG Al R

(%) (%) (%) (%) (%)
1 5 275 18 0 72.30
2 4 275 20 5 69.61
3 4 25 18 0 64.13
4 5 275 20 2.5 77.66
5 3 275 18 5 80.28
6 5 25 18 2.5 67.35
7 4 275 20 0 67.29
8 3 25 18 2.5 79.34
9 3 275 18 0 76.26
10 4 30 16 2.5 72.50
11 4 25 20 2.5 76.91
12 4 30 18 5 72.40
13 5 275 18 5 61.89
14 4 275 18 2.5 90.44
15 4 275 18 2.5 91.23
16 4 25 18 5 59.79
17 4 275 18 2.5 87.60
18 4 30 18 0 57.31
19 3 30 18 2.5 85.16
20 3 275 20 2.5 83.18
21 4 275 18 2.5 92.15
22 5 30 18 2.5 68.14
23 4 275 18 2.5 90.37
24 4 275 16 5 53.82
25 4 30 20 2.5 66.69
26 4 25 16 2.5 53.53
27 5 275 16 2.5 69.87
28 4 275 16 0 62.15
29 3 275 16 2.5 74.85

F)H Design-Expert 13 A4 XHREGEIEPEAT 9]
=53, G FRUTE:

Y=—3095.55319+36.06380A+132.25697B+
143.53400C—13.07645D—0.502233 AB—0.066588AC—
1.44313AD—1.45939BC+0.777203BD—0.532645CD—
2.82518A°—1.91304B*—2.83864C>—2.43331D"

Tr 225 g5 RNk 4 prs, 3T Box-Behnken
WITHEAT T 29 IRSLHHE AT, FE8 Y 55 2257 J7 Ak
3437.89, FAH &7 30.77, Ui WL AR ik 3 (P<0.01) .
KA F Ry 3.46, A WM, BLIIARAR R 47197
SEVERMERPE . R R AN R2 g 535120 0.9685 Al
0.9370, Ud AR AL, 5752 B4 4y H T P R4, A5E73)
T HFIRE 0T, A G 2EE L. B RE(CV)

o AR TT 22T AR

Table 4 Analysis of variance table of regression model

KR A AmE By FE PE BEN
el 3437.89 14 24556 30.77 <0.0001 ***

A-ILR IR L] 318.95
B-ZEEAS N L) 37.26

C-WR — S EMAS I L] 248.46

318.95 39.97 <0.0001 ***
3726 4.67 0.0485 *
248.46 31.13 <0.0001 ***

1
1
1
D-SfLEIRINELE] 02253 1 0.2253 0.0282 0.869
AB 6.31 1 631 0.7902 0.3891
AC 0.0709 1  0.0709 0.0089 0.9262
AD 52.07 1 5207 652 0.0229 @ *
BC 21298 1 21298 26.69 0.0001 ***
BD 9438 1 9438 11.83 0.004  **
CD 28.37 1 2837 3.56 0.0803
A? 51.77 1 5177 649 0.0233  *
B2 927.3 1 927.3 1162 <0.0001 ***
c? 836.28 1  836.28 104.79 <0.0001 *%*
D? 150025 1 1500.25 187.99 <0.0001  ***
5 11173 14 7.98
AU 100.16 10  10.02 3.46 0.1213
AR 11.57 4 2.89
WA 3549.61 28

T MG 35 (P<0.05), U ma AR 3 (P<0.01), ***{&5
A 2 2% (P<0.001)

KT 5% RALEHKETFI H T EE . 255 LR, i
(SRR AT 5 e 2K

M . 2 RPN A AN Le ] 2 [
AHE A A A 7 T 2R BN 7 Bras o 3 A i R
P WAL Sk g HH 45 DR 38 22 TR A S0 ) Sk 35k, ARy v
25 9L B IR AR AR AR HAEFAXT F 8 1 SR A 5 i 22
S5 (P<0.05) . AR, 4 ASRZE A8 A R
ST N A>C>B>D, RV ESHIN EL Fl>®EiR &
ERESIN FLB> 2 s in b > S AR s i EL 451
2.3.2 BAET AT IR HRIE Box-
Behnken 0 [HIAEHRY, LA P 25 P B KA 3R HEFR, T
A% £ -1 iR A AN UK AR 2253 BS 2 MR A
P IRAE T 25540 3K AN 3.84% (wiw), L BEIS
i 27.57% (w/w), BE S ENES T 18.39% (w/w), 4
FEARESIN 2.59% (w/w) , BEAESHNZ S R I A R
A 91.59%; Z5 RN SEBRN FHERAE, FidefE 1. 2545
{8 4 g L 3E RN 3.8% (w/w), Z AN 27.6%
(w/w) , BEIR S ENTR N 18.4% (w/w), AL H N
2.6% (w/w), TEMLAAF T #EATIIE, SPAT2556 3 Ik, 56
RS, SRAG H SZER Y R A ELKRCR S 92.79%+1.05%
(95% TI{F X [a] N 84.97%~98.20%), 5 FIMAE AHIT,
FEHIZARALE FH T2 1M R 5355
24 BEBRSHELETE
2.4.1 SDS-PAGE XUKAHIARZR 438 5 10 2R A
FRUEN B9 SDS-PAGE AL 7K I WL K 8, &ead UK AR A
FOr B R TERR IS L SR AR 3 4y
FHR 66 kDa, KT B M N IR AP, 4liF
7 93.30%. AHECF ISR PKIE, FE UK E H Y 2= 85 H
BA Rk b, LB B BRI A SRR A R A LS
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Fig.8 SDS-PAGE of plasma albumin from the aqueous two-
phase method and standard albumin
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2.42 FTIR.CD HEFFIFRUEHSEHAY FTIR 45
(I 9(A)) s, B TE 1654 em™' AbHH BREA & R ik
g, 5 I HCXGF Y B4 28 B C=0 {81 4 Pz 39 (BRI L i
1) R IRP, JbAh, 78 2874 em™ bk 5
C-H R ahAHC, Hos B — 2R IR S gk PR
BRI AR WHAE 3281 em™! BT AYIAEXT Y. N-
H &g iR sl, HA R R A RLE R o- R E 1Y 53
T Ia] S X 45 AT IR, FE S AR E A R EH Y
CD iR ULE 9(B), I FE 190~260 nm i [E A S B
FHIE] kA%, JUIHAE 208 nm F1 222 nm BT H PR
U Py B 0, Xk R 2B B a- BB E 45 A 10 4R E I Uk
IR0 2 2 - — S AN RUK AR IR R4S 2
2 AR S AR E AR A B RS AR A, 1
Lh a-B8JE R FEAI G . &5 TR, RUKAREL 478
B I R S M A3 il S R
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Fig.9 Fourier transform infrared spectroscopy and circular
dichrogram of plasma albumin from the aqueous two-phase
method and standard albumin
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FI o5 A A, JUHIR (IR A NTESO G D
A OEBR A DGR H T AL AR A
I8, Y HITTE BB K s IR A AR AR, SOtk
UL N A w S ICE SRy R IVAE G St PN s A e S V2
AR E R AR AL R R SR P AT S
FE HARIT, 88 BN TR As (Al SRR K A= ] B ks,
FEALER FLERF T ARXTSE 810 —geabify HOR A 2E W35
A AL
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Fig.10 Fluorescence diagram of plasma albumin from the
aqueous two-phase method and standard albumin

2.5 BERRERH

2.5.1 FAfTEHEERFEEE  AEANELEE
TR AR E A I IR AR ey - K S FIR iAa e
FL AT EE J1 Rl E— 2 B R PO AN 43 2 B RE
AR T A E AL PR R AR E LA 11,
2 E A MFAGTE S R A B SR 8
1Y 1.28 F 1.45 £%(P<0.05), Ui FLHEME T A R4,
FEARTM/K Ak 0, e FLAkae )1 . ARIFDITE ) AR
FFLALTE AR T AN R ] BE S5 HK 22 AR SR, 2R
3 BT B MET K, SRS L REAE B AT AU
W BLE T K A T, RS TR T 142 s 2L RIS
MIEEZ R, XS A E A AHT KRS, SEOLEFLR
PS5 AR 2%, FUALRE JTBEZ AR, SE S A mFLL
FasE B, A F] 45.24%+1.65%(P<0.05), fEX85E
I R A 3.30 1%, RUTHAEZL AR & rhRe A 24t
RS TG o3 AT, AN RAAR MBS . AR IR TR
A A FLe R E AR, 20 EEaE A
46.54% FI1 30.35%(P<0.05), FHHX PHFIEE (I FE At

,\
) &
W
S

a

W A
(=3

(m
=
e Pk (%
S

d

]

EREE EEE
AR AR
11 ORI LA R L AR e

Emulsification and emulsification stability of albumin
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[z R P 5 A AR, R i . S a3 ens
PSR E SRR, SF R E T IR
TS, BAVE RN T8 5 Tl S Az LAk A
FROTETT o AR I3 R RIS AR B LIk
PEBERAR, TTRETE & ] THEZLS ™ el A Th RE R
FHifk. AT A RESKRE, S HE A Azl v
REfsE HE B o T 2L I & B Akl it ] 45 5540
R WL, — T, H R A F bR e HEE B
FHEE SRS E TR, BB TR . 5 — T I,
Hom LA IS P AT AR ES I L 9] SRR AR 2L b RK
R, IR THBC T ROCRIFREAR A 7 A . tksh, ©f

g dE 1, E AR MR ZL AT AE T R ORI RN 25 24 45451
BRI TR BN HRTERY . Rt A R A GE
AP s Emzlib RS, A 2040 f 2 muh D)
REM = I A T .

2.5.2 EEPEREARRENE B 12(A) AR FEYFR
R R e, BN IR ity 5 TR ik nd

ARBTG5, FEAN=E L v EAE 24, 435

H 218.33%+7.64% Fll 187.67%+12.58%, b = T
HAh B A (P<0.05), X AT He2 H TR AFEH R A

RS S -K G 0 R RE T %008, RS B A AT

JRHLIAR, X 1B [ AN AR ARtz KA
TE R v g8 JI AT 3551, B 12(B) JB/R T AN
YA 2 RO IRRRE TR, BV AR E— 2 i a] AR
RHEFHAIEE S . 455 WoR, XY 2R A AR R e T i
B, A E IR R 42.18%(P<0.05), D] Hyfg sk 5t
Ko Y15, AN F L5 SR i il Ar e S
AR, X 8 A XA B /K P e 55 AT TR IS
SEAE AR MIRTE BUS 5 5 240, FH, F

FUE A 8RB BRI AR e M, RS H A

HIIRFAEVERY 2.37 f5F0 2.34 5(P<0.05), I HIE
SRR ES A TR E, DUERFARE IR . et EAn

RS E R R A E S RS Tk EA

N, R E GRS BT T . XL [ BRE

A RERTH TR E LR G AR e TR, I EAE R

RER . SREBR | VKR FE TP a AR Sy, $R AL

B2 A B R 2

()50 B)gg, 2 a
a i <70
= 200 S a )
< H 50
= 10 b w0 ¢
2 100 c ﬂﬂé 30
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K12 AFEYRD A E E R SRR E T
Fig.12 Foaming and foam stability of albumin in different
species
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YL RS ) 45 B B SS R HE S g Ay ek . I’ 13
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0.05) o FEFNRG P17 AU BE IR FE 3G, 4 Sl
FE M 33.80% F 33.86%(P<0.05) . FHEHARE
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Fig.13  Albumin gel strength of different species
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