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Extraction and functional characteristics and structural analysis

of porcine liver salt soluble protein
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WE: BA: £ % E BB & & (salt soluble liver
proteins, SSLP) ¥ %l & L& R BT 8l A M E, F
EoARIE A 3547, A NaCl 3R E pH. 2 Baf 7] | B
vk xF SSLP # B 44 % vfy , 38 3T IE A% S AR AL X B0 A T
RERE T L, AKREMREFE G (water soluble liver
proteins, WSLP) 4 2t B8 , s SSLP #9 zh #t 45 b GE R B AL
M B RAE T FLAC M FLAL AR T M ) B AT AT L 4
Mo B et S kR ARG R R A £ XA E
Bk oM E, R SSLP R4 & T L A NaCl
B 0.4 mol/L,pH 8,32 Bt 18] 12.95 h,H & v (m g *

Va1 4.6 (g/mL), 2R & % 10.60%, FT-IR 447
4R B R SSLP 452 F  Fl BRI 2, — R M b p-4E
fAast 4 E 39.91% a2 A A0 5t 4 & 13.5500,8-4F & 48
x4 & 21.32% . R ALK W A8 5T 4% 25.23% ; LF-NMR 4
Mg R A SSLP 4 &K & R FH;DSC 2 R AW
SSLP 44 T HiBEH 78.68 C, R ERBR I LEH4T
) &9 SSLP 64 75 ff B AL M FUAL M FUAL AR SR i AL
T WSLP, 2 FF LI & G = g b iR R .
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Abstract: Objective: Optimize the preparation process of salt-
soluble porcine liver protein and improve the utilization rate of
porcine liver by-products. Methods: Taking the extraction rate as
the index, the effects of NaCl concentration, pH, extraction time

and solid-liquid ratio on the extraction rate of SSLP were
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analyzed, and the optimal preparation process was determined by
orthogonal rotation optimization test. Taking water soluble liver
proteins (WSLP) as the control, the functional characteristics
foam  stability, emulsification,

( solubility,  foaming,

emulsification stability, etc.) of SSLP were compared and
analyzed, and Fourier transform infrared spectroscopy (FT-IR)
was used, the structural changes were analyzed by low field
nuclear magnetic resonance (LF-NMR) and differential scanning
calorimetry (DSC). Results: The optimum extraction process of
SSLP was NaCl concentration 0.4 mol/L, pH 8, extraction time
12.95 h, solid-liquid ratio 1 : 4.6 (g/mL), and the extraction
rate was 10.60%. FT-IR analysis showed that the absorption
peak of characteristic functional groups of SSLP was obvious and
in the secondary structure §-The relative content of corner was
39.91%, a-The relative content of helix was 13.55%, B-The
relative content of folding was 21.32% , and the relative content
of random curl was 25.23%; LF-NMR analysis showed that
SSLP had higher bound water and higher water retention; DSC
results showed that the denaturation temperature of SSLP was
78.68 C. Conclusion: SSLP prepared under optimal process
conditions has better solubility, foaming, emulsification and
emulsification stability than WSLP, which is a high-quality
source for the development of pig liver protein products.

Keywords: porcine liver; salt soluble porcine liver protein;

functional characteristics; structure
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Figure 1

Single factor test results of SSLP extraction
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W%, SSLP 43 F WK A VE ISR, S BER BRI,

Hy & 1CdD AT R, Bl 4 SIS 8] 1 38 fin , SSLP 4 Hi 5 5
J BTG PR MERETE DY 15 h B, SSLP 42 Bt
K X P G I ) b T e $h BR 45 b, SSLP Wl fE R AR
RN, ok 5 H A R 4 45 A A5 SSLP $RBUR T R,
2.2 SSLPHIBEMEREFHIANLER

SSLP il £ i IEACHERE X 30 R R K L& 1, K5 7
BRERWF 2 ATESHEHRE . UAEEB A LR
NaCl ¥ £ \pH  $2 B[] | [ % L% SSLP 4 B3 iy ] )5
HETR g

Y = 0.524 22 + 4. 135 76A — 0. 555 47B +
0.043 725C+0.326 26D +0.254 54AB+0.026 004AC —
0.104 03AD — 5.302 33 X 107? BC + 0. 060 426BD +
2.574 82X 10 CD — 7. 469 97A* + 0. 020 745B% —
9.180 67X 107'C*—0.086 260D?, (6)

BHZE 3 AL %R R? =0.934 4, 2 LT A i &
(P=0.934 4>>0.05), [l T 85 U % B & (P =0.003 2<C
0.01), RHUIIZBA 5 PR IF & BB N F E]
DIAS L 0 R R XA T 1 5 0 Ky D>C>B> A,

F£1 SSLPREREEZERKF

Table 1 Factors and levels of SSLP extraction
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25k 1E 388 e 1 Ak A 56 R TR 09 Oy R A AT AR IR 4
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[ 12.95 hy Bk b 1 = 4.6 (g/mL), gb i) $2 B2 5h
10.60% . #5& 5 bR B 4E o Wl & LBk .
NaCl #& ¥ 0.4 mol/L,pH 8, B} & 13 h [k 1 :
4.6 (g/mL) FEUL 41T, 15 | [ 2 W ok (10.41 £
0.16) %0, 55 T {EL B2 30 , 138 WAL R0 15 S o 2 SR AL 45 7 o 5
G-, 0E B o 7 T A AL B I SSLP 2 AT AT .
2.4 SSLP Lg% /R

H1 3 4 W1, SSLP ¥ fif £ 248 F WSLP, 1T fig /& &
RAE T PEER A BE L SSLP 4 - 3% T F A 3, F 22 ]
HAHHE SR - SSLP 43 18] /¥ Jg th B 22 388 Jim - #% W0 % 7 B4R
T SSLP Z[a] iy 8 5, 36 K T A P o i e T
SSLP iy #2 i P L T WSLP, o Ik 2 Ak T WSLP, ]
B SSLP 4 145 #  J& HF 45 560 5 LAk M 28 R 43 2 07
A E B (m® /@) By S e 1 R 5 FLCREOE B R
rh A R 2 Tl K BT AR ) A DG, Bl Sl SSLP >
WSLP; Ak F8 & PR R 30 min J5 %) 4% ZL i b B2 19 | 43
B g% SSLP>WSLP, 1] & & [H 24 SSLP % 55 w4k
IS L N 4> F AR T A ER K M AR S

e A NaCL¥REE/ C $e D B AR il TG FR AR R B R T SSLP 7E 3 oK 5T 1 W B A
(mol + L™1) LI (g/ml) SSLP (3L Ak 1k 5 FL AL R e =
—1 0.3 7.0 10 1:3 2.5 SSLP %&#3
0 0-4 7 15 bt 2.5.1 FLIR M i€l 2 AT %1 . SSLP fil WSLP 43 3l &
! 0> 5.0 20 Lo 3299.45,3 296.88 cm Ak HY B U 70 A5 G (45 L L U WY
*2 EXmHEEREITRER
Table 2 Response surface test design and results
ETRE A B C D IR/ % s A B C D I/ %
1 0 0 0 0 8.95 16 0 1 0 —1 6.91
2 —1 0 —1 0 7.87 17 1 0 0 —1 5.12
3 —1 0 0 —1 4.36 18 0 1 —1 0 8.98
4 0 —1 —1 0 9.88 19 0 1 1 0 8.27
S 0 0 0 0 9.89 20 1 0 0 1 8.28
6 0 0 0 0 8.78 21 0 —1 0 —1 6.14
7 1 1 0 0 8.47 22 1 0 1 0 7.59
8 —1 0 1 0 6.87 23 0 1 0 1 10.64
9 —1 0 0 1 8.34 24 0 0 1 —1 4.38
10 —1 1 0 0 8.02 25 0 0 0 0 8.21
11 0 —1 1 0 10.20 26 0 0 —1 —1 5.89
12 1 —1 0 0 7.35 27 1 0 —1 0 7.57
13 0 0 0 0 11.47 28 0 —1 0 1 7.50
14 0 0 1 1 8.93 29 0 0 —1 1 9.43
15 —1 —1 0 1 7.91
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Table 3 Analysis of variance and significance test of

SSLP extraction process

WERIR FOR AmE B F 14 P {4
iR 0.180 14 0.013 4.72 0.003 2
A 2.195X 101 1 2.195X10°* 0.08 0.779 5
B 1.162X10 3 1 1.162X10°3 0.43 0.522 0
C 2.494X10 % 1 2.494X10°% 0.93 0.352 2
D 0.090 1 0.090 33.25  <<0.000 1
AB 6.479X 104 1 6.479X10°* 0.24 0.631 4
AC 6.762>X 10" 1 6.762X10°" 0.25 0.624 1
AD 4.329X 104 1 4.329X10°* 0.16 0.694 6
BC 7.029X 101 1 7.029%X10°* 0.26 0.617 4
BD 3.651X10% 1 3.651X107% 1.36 0.263 8
CD 6.630X 10 1 6.630X10°* 0.25 0.627 5
A? 0.036 1 0.036 13.44 0.002 5
B? 1.745X10~* 1 1.745X10°" 0.07 0.802 8
C? 3.417X 104 1 3.417X107% 1.27 0.279 0
D? 0.048 1 0.048 17.92 0.000 8
e 0.038 14 2.693x10°
I AU 0.021 10 2.080X107% 0.49 0. 934 4
4R I 0.017 4 4.227X10°3

Js¥:il 0.220 28

T P<C0.01 FIRE MM L% ; P<<0.05 FRFE M %,

EFEMAE - ARMENEARNEDEFEMEHIN

AbTFAE 3 AU 45 R K, O—H 1 45 i 3l S S0 10 A
Far . WEMe T (1 600~1 700 em™ ') 5 4UHAE ) B 4%
A X T2 B R A e AR M. PR O 7
A1 600~ 1 700 cm ' H A A [E] R AE 19 fe K W A I
SSLP 7E 1 8 % 30 FBl P9 B9 08 {5 47 F 1 656.15 cm ', WSLP
MZLFe 2 1 652.29 em ', i & Ay vh o 30 VA W WSLP
B U SR U5 4 43 T P MR BE 2D . C =0 Wi 8 ik 3 % 1 B
M . {5143 WSLP (WMt ik T (e & A B A .

i 37 Peakfit Version 4.2 4y I % & 2 tf 1 600 ~
1 700 cm ™' 4bfg SSLP 5 WSLP Ay U4 % 18 4T B4 —
Mok SR m A AL B AR B K 5, nTIE . A E A
W RE5 A W% AW, SSLP = %% 45 74 i 32 52 i 4y i
B BRI 39,9100 s B Al IR Y o MR TE 45 H B R
AR F s SSLP 1) JCHL I 4l X T WSLP, Ui B] SSLP 2544 i)
BEALYE BT 5% SSLP ¥ p-%% M1 K T WSLP, g-#r & HI/h T
WSLP, 2 H 2y SSLP ZE#h I i s T . p-47r & 5 & M
AL R g, 5 AR MBF SR 45 1 — B, i
WEEH T o IR HE S p-1T B & i 2 L0 SOl s B K B
Lb 9] % 41K 5 958 e B8 A 4, T L ) SSLP 1 o 3R E 5
BT & &t 2 H AR T WSLP. % e 45 ok o 4. 55 9k Bk &
U BT — S
2.5.2 LF-NMR 4381 # 5 5t 30 B 18] 09 4% 062 )2 B A
KAy HY 2 A R B B ] e U AR AR AR . B
AR o b AT 0 R Al R BE A, A BT NIEL 3 AT 1A
F . SSLP 5 WSLP A 3 A [6] (1) we f . AR 2 5tb 25 B (1]
RO TR . ] 3 R 38 . 45 G 7K (0.01~5 ms) | W B 7K (5~

*4 AMBEONABE.EAMCEFREE AACE AMBEESN

Table 4 Solubility, foaming, foam stability, emulsifying property and emulsifying stability of two proteins

FE S TR/ % A/ % Wik et/ % At/ (m? - g H FLAR M/ Y
SSLP 89.5840.04* 38.7440.02* 51.8240.06° 56.2940.06* 53.6940.04*
WSLP 85.2340.02° 32.5640.03° 66.31+0.05° 48.2840.05° 41.7440.03°

T TR R R 25 7 B3 (P <<0.05),

3 100~3 500

rWSLP

~~—SSLP

1 600~1 700

. |
100
/f.:’v\n
I /‘ \\\\ :

il
I

80P/ \/w \‘\,‘ ‘
70+ W v“‘ \/\

60F |\ \

50 Ul |

907

\,

o ER
Light transmittance/%

40t \

30 L L L L L L L |
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B2 ®mAEGH FT-IR kiR
Figure 2 FT-IR spectra of two proteins

x5 AMEAN_RKEHEE'
Secondary structure contents of two proteins

%

Table 5

&b B s - e JE LA i B
SSLP  39.91+40.02% 13.55+0.03" 25.2340.05* 21.3240.01"

WSLP 34.7340.01" 13.344-0.04" 13.5140.01" 38.43+0.02°

O FRANE RN 22 57 B3 (P<<0.05),

20 ms) . H H1 K (20~1 000 ms) ., BLAh,SSLP #f 54 {5 5
HA# A &+ WSLP, % W] SSLP 43 F 57K 40 F 045 & 5
B, 530 SSLP K A B KR 2, 45 4 K 3 i, SSLP
PR K M 08

126 7] 1, T R AR 1 45 A K (T o) U B 1) 25 Ak ) R
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WSLP 2546 % A= A8 v L Al S s ke 4 sl e R e v
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e F S T 2 06 2 140 6 0 T 2
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Figure 3 Waterfall diagram of transverse relaxation

time of two proteins
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