TEIANE 4R (Jiangsu J.of Agr.Sei.) ,2019,35(4) :940~947

940 http: //www.jsnyxb.com

¥ fE WA AR M AR R R B B R XS i B SRR (B R AN LA [ )] Y IR AR L 2E R, 2019,35(4) 940-947.
doi ; 10.3969/].issn.1000-4440.2019.04.027

8 7 i e B R 1 G i S SR 2R B RY R MR A FL AL 1R

#oogh?, BRER, a0 M, EHEE, HAR', Fmm', KHE
(LI A RSB S THFSEHT TTH B 5t 210014, 2.8 52k B ShBRE 5 TAREBE 1030 HE50 210023)
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1 AR P U0 DY R R e (R 2 A S B 7R I D) 28 365 W RHI LE 1:90 (BT AR LE ) FREAT ] 320 min, JiE B 2R AR
i BR 2R 5 R XS (TP ) 19 39.55% , AT R 0w IURR SR A4 = T 3. 71 4% 5 8 75 ke i B R B 1) It JRUAR 1 Bk M LR
TP AN FLAL TG P2 B e H RR B AV IR B T 64. 0% .68. 6% 1 32. 4%,
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The oil-holding capacity and emulsifying properties of collagen from chick-
en lung extracted by ultrasonic-assisted acid method

YANG Heng'?, SHI Hai-bo®, ZOU Ye', WANG Dao-ying', XU Wei-min', LI Peng-peng', ZHANG
Xin-xiao'

(1. Institute of Agricultural Products Processing , Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;2. College of Food Science and Engi-
neering , Nanjing University of Finance and Economics, Nanjing 210023, China)

Abstract: Using chicken lung as raw material and acetic acid as extractant, collagen was extracted by ultrasonic as-
sisted acid method, and the extraction technology was optimized by Box-Behnken experimental design analysis. On the basis
of the single factor experiment, the ultrasonic power, the ratio of material to liquid and the exiraction time were taken as
factors. The yield of collagen was the response value, and the response surface test was designed. The hydrophobic proper-
ties, oil-holding properties and emulsifying properties of collagen by conventional extraction and ultrasonic assisted
extraction were compared respectively. The results showed that the optimal extraction conditions of chicken lung collagen
were ultrasonic power of 365 W, ratio of material to liquid of 1:90, extraction time of 320 min, and the yield of collagen

accounted for 39.55% of the lungs (dry weight) of freeze-dried chicken after decontamination. The yield of collagen by ul-

trasonic assisted extraction was 3. 71 times higher than that

s B HEA.2018-12-22
EEWE . BRI (AG) 7=k A 7k & 8% % 5 ( CARS-

by conventional extraction, and the hydrophobicity, oil-

A1) T3 A BHE B RIBTE S T H [ CX(18) 10061 holding and emulsifying properties of collagen by ultrasonic
VLI ERERE S 400 ] ( BK20180300) 5 1T 354 42 I B assisted extraction were 64.0%, 68.6% and 32.4%
e AR 45 L % 40 H [ 2X(18)3009] higher than those by conventional extraction, respectively.
EE-N A 16(1994-) B WITTWIM A B -BISEAE  BISET h Key words:  collagen of proteins from chicken
RN T 5B+, (E-mail) heng199491@ 126.com lung; ultrasonic-assisted extraction; response surface;

BIREE 4 &, (E-mail) zouye@ jaas.ac.cn functional properties
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1, 5 SN R P B D38 P o ()RR L X X8
T I ARSI, A BRLDR SR 1 i)
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1.1 HR5EH

R it ) TV 50 7 SR HOM Ay A BR 2 ) 8- -
1-ZEBE TR (ANSA) Wl T LR A DR TR W
AW T ARG AR AR R 7R
NaHCO, , Z % \NaCl B R — &8 B A 80
[ ol

1.2 (U FE5EE

R 75 U 2 B Ry WE AL SCIENTZ-1ID , 77 % 397 2 4=
PR B A PR 2N W) 57 i s B SE 0T ST20 28 AR JiE
T, S BTS20 W) JUBRRREAL JYL-DOS T, Ju
FH A A BR 23 1 77 i s GenS 4 K B FR X, 26 A
B ASCER A BRA 77 s KRR IR SYC-6, 1158 i 15
I A IR T T A PR ) 7 it 5 LA 78-1 W ) IR
i, H M AR g A BR 23 R 7™ i ; Eppendorf 2500411
Centrifuge 5810R , 2% Eppendorf AN 533 7 7=
i LR PTX-FA2108S, 4 M A8 i Bl 2245 A R
INE]FE i TR Christ S5 AURTHL Alpha 1-2 LD
plus, f8 [ Christ 2 7] =,
1.3 F &
1.3.1 ABABLAS B B B RSN , S VG 7K
B IR L IARFUR 7 e, B bk 3 vk bk 2 2 i 2%
i, SV B TR AR IR L 19 (RFLEL ) A
SN I T PERE 4 C T e 24 h, 5 X0 il
PRI , #8510 000 t/min 250> 10 min BUTTE,
AR E Y, AT E - 18 CR R,
#H.
1.3.2 Biid k& E hfe & Foh Lk REUBIR
Xt 80 g, FH 0. 1 mol/L NaHCO, & (1:10, i & :
TRF) T 20 C T2t ipidt 8 h, LALBRAEH
JEAZE 10 000 r/min 5.0 10 min, BITHE, JH7E
TR VRS 3 IR, L4 T/ -40 CAR TR, B TR
%24 h, &,
1.3.3 FHBRERBICRES  FRIER %G %
TREAHFERS 1.0 g, ITA 0.5 mol/L Z IRV W ( RHK
e 1:60, e AR | B FKIBFEIR T 20 C FHEHK
4 h, #RJELA10 000 r/min B5.0> 10 min, B I, 15
PR PE IS IR 8 H (Acid-soluble collagen, ASC) #H
PV, 1) R VA it I B DR B TP NaCl &
WeBE R 0.9 mol/L,4 CHEEIRNT 24 h J5 B LIEEDT
TE, BEEABUIRER 9 fHABUN 0.5 mol/L ZTRE
%, H 0.1 mol/L LFRBEHT 24 h( B 8 h #: 1 Ik
0.1 mol/L LR ) , fcJm Vo VR 11545 3 R i M e I 2
FIRE S
1.3.4 FRZXE  EBHES DI (150 W.200
W .250 W .300 W 350 W 400 W) BH& It (1:50.1:
60.1:70.1:80.1:90.1:100, 5T A 10 ) K 4 B
[ (2h.3h.4h5h.6h)3 NHEIHFTHHZRE,
3BT 5 R 2R X6 X6 il Jie J A 11 A5 6 ) 5
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1.3.4.1 X il e JA 2R, 1 4 B R 7 U8 T 6 ) A
FREUSR 2% 5 AR T X it AL & 1.0 g, A 0.5 mol/L
CRVRTR CBHRLLE 1:60, B RFL LY ) | #8745 i fi4h
P10 min( TAERFA] 2 s, f52BRESR] 3 s ) , MR P TR
4352 150 W 200 W 250 W 300 W 350 W I 400
W, FET/KBEES 20 C FHE4 h, K559
2110 000 r/min &5 0> 10 min, B W5 W, &7 &
1.3. 3 EhMTRIE AT BR 2%, 555 ¥ Uk T 1 45 2 IR v 1
il S R T N SR SR
K= (BRI SRR 1 e/ B 2% i R R it i o
) x100% ,

1.3.4.2 XSl IR 8 (PR ORI L i B e R
BRI S PR T XS FE A 1.0 g, il A 0.5 mol/L
Zﬁﬁ{g‘/&,ﬁ?gﬁﬁﬂfﬂ 10 min(I’f/EHﬂ‘l‘ETj 2 s,{";:';
BREFE] 3 s) BRI IR Tk 1.3.4.1 BiE
HAETPR R 28 1:50,1:60,1:70,1:80,
1:901 1:100, Fi s AR, PR T /KB FE IR 20
CFH#HE 4 h, #5435 LL10 000 v/min &0 10
min, BBV, %0595 1.3, 3 R 07 A8 A B 4k
o Ve VR T 05 A9 B R 1 R I DR R L T R
JFEE AR

1.3.4.3  XGfl e AR AR BOT SR I M A B FR
HUSR 2% 5 A% TSRS, 1.0 ¢, A 0.5 mol/L Z
PRI, R P I TAL P 10 min ( TAERFE] 2 s, f5 B
] 3 ), BRI AL 1.3, 4 1 B e 2
R ORNR R TR 1.3, 4.2 B IR RN L, T
FIREHEIR T 20 CF 4331820 2 h 3 h 4 h.5 h #
6 h,?j?)ﬁﬁ‘jnﬂ]u 10 000 r/min &> 10 min, W EVE
W, FEEE 13,3 IR BT 4 2%, e Jm v v T
BN ER VA PE I R R (R TR R R AR,
1.3.4.4  mpy EEPLALIRES  AE B PR 20 Y S A
I, M 4E Box-Behnken 3 #7151 11 = K 2 =K F ik
BJ7 5, LU IR (A) BRI EE (B) R IR A]
(C) =AHFE, BRI AR (Y) I pAE, it 17
YRS AL T2 4 (R 1)

1.3.45 KREZEGER@HEAKEGMNZ BRI
JEEE AR BCHT A 1.0 mg/ml 3, A 0. 2 mol/L
CTRAHRE SR B 1 A% 2 A% 4 4%, B0 1.0 ml #
B E A FRIATRS 5 wl 8 mmol/L 8-F f-1-Z5
FREL ( ANS) B R 18 2% M3 (0. 01 mol/L,pH 7.0) i
5], E IR N REEARAT 2 min JEIEROCTRE, A
Pk 371 nm, B FHK 467 nm , & S KGR 400~

600 nm , FIHHH % 240 nm/min, A& 50 10 nm, LA
A RFHRAE (mg/ml) X985 BEAR 15T, Rk FH 2k
PERNA M AT RS, B ARy 8 1 5
FgiK R AL

%1 Box-Behnken {38 E &=k

Table 1 Factors and levels used in Box-Behnken design

K
-1 0 1
A DI (W) 300 350 400
FHR L (g/ml) 1:80 1:90 1: 100
PEIUE] (h) 4 5 6

1.3.4.6 EEARFHEANE  FREC0.5 ¢ FEM
T 15 ml ZIFER.OE T, IMA 5 ml fEA T IF 0 2
min, TEE T #E 1 h, 785245 000 v/min Z.0> 10
min , A2 25 1 2 A W A A6 A= il IS B AR I
DARE 1 g 25 F1J00RE S W B 9 %) o ot 28 7 I 4
(OHC) , Ryt = [ (PT3E B 5T & —FF B ) /RE i
JFi ] x100%
1.3.4.7 BIEFEAFLERIE  H pH 7.0 BB
FRER 22 MR (0. 1 mol/ L) e il fed J5 28 VA, i L o
BN 0.2% , 8 16 ml BB A 4 ml 164
T 3 BT LR TR G W AE 10 000 g 454 F 340 1
min 53 FLRWE, 23 51 7E 0 min A1 10 min B AR A
JEEFRWZIR 50 wl, AIA 5 ml 0. 19%SDS ¥ , 151 )5 LA
0. 1%SDS FAE RS Lz B E HAE 500 nm &b Ay
WOCRE Ay, 10 min J5 PRI E WOGEE A, THEFLAL
TEPEFE B (EAD) RN 2L AL AR M 48 5k (ESI) |, EAL =
2x2.303 10x4, N .

WXAOXD’ES]ZE,K‘#’AO)@ 0 min
A G RE A, o8 10 min YOG, ¢ AR
MR, & N RSB IR BB, D R R
FEEL
1.4 HiESH

K H Excel 2016 ,Origin 9. 0, Design-Expert 8.0.6
XPESCHE AT B B4 M AR BT, L SPSS 18.0 #E4T R
[vi) Ak B[] 25 5 S 2 1k A

2 HERS0

21 BEHFREER
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35+~

a
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Fig.1 Effect of ultrasonic power on the yield of collagen from

chicken lung

2.1.2 HigWIRREGFEGHH  HEEF
LB 3G, B e 2 AR R 5 E bl 7ERHR L
1:90( AR ) JF i Fhaw (K 2), MR
BRI AR R B RAH TR A BT SR HUA S
VRS, DR 3T 24498 e 0 Eb T 5 e A 2 1 A 4 B
R UOT 20 5  J5 V R E V E k  1 hk
W IR SHME AR E e, NG AES
S X il i SR A IO ARk Ll 1290 (T i
AL T

45 - a
4 ab .
39+

36 - b
BE b
30 }/

27 -

Ji I8 AR 2(%)
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R (ml/g)
MLk BRI FREFROR M B B 22 5+ (P< 0.05)
B2 ikt 3B EEBEEHRIT
Fig.2 Effect of solid-liquid ratio on the yield of collagen from

chicken lung
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AEEhN, XAl REAE T Bl A PO R R S
TRFNBEMEE 755, 45 1 U RETE 2 MV i /e SR BUR
205 A FAE SR B ot T A A5 R A AN
X GARFFEES B IR A R — 8, % R B $E U ]
TR ASEAS 25 R 358 i fieg SR 2 P A $R BBOCR i HL &
HEIMBERE , BFRARR , DR HE B 1] 36 4% 5 b,

45
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39
36
33

30
27

T T T T T T T 1

JB R 52 (%)

C
d
24 i/
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MR A F 7 Ln P [ B B 2257 (P< 0.05)
B3 REEEXBMREEEE B SENZN

Fig.3 Effect of extraction time on the yield of collagen from

chicken lung
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221 HFEAGZEIRBFWNSWH BT De-
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(BEHUHED) 3 AR RS Y(RIFEASR) Z
WIS R, HEAT 7 22400, A3 8% m )3 05 R 1 B
EEA AR (R 3) . IR 3 AT LIE %Al
(%) P {H/NTF0. 000 1, 156 BH Z A5 R ELA v 32 1Y) B 3
PRI P=0.866 9, KT 0.05, A%, uii] [l
VA 7 R A 400 R B R A, T AT e R P TN A
I E R R =0.997 1, KT 0.9, 13 B A6 70 52
PR AR5 TR 0L B G T figp R e D 1 B
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% 2 Box-Behnken iX¥ig&it R ER

Table 2 Box-Behnken design and experimental results

222 BAZHEARXEZAEMN S FIH Design-expert
8.0. 6 F A is BN P [ 22 5 4 AL bRy 3D &1 F

e ffn&ﬁ;ﬁ *JE‘ZE)LB %?Ca\)n‘m ﬂa{ﬁ%ﬁggﬁz S (1 4; 5. #6). %%éﬂ%l’;ﬂﬂuﬁmi&
S B AAE A AR MR . — ok,
! 0 0 0 41.30 L ENE | % 4R | TR 3 E BE U, 0 7R 1 K]
2 -1 0 -1 27.10 FRATH MR T A5 e 4R B2 B Bt , it i 38 5
3 0 -1 -1 31.49 S JURR B R IO T P A E i R B T 4 P il
4 0 1 -1 31.45 2R R 25 B8 Ak, e 07 f B = AR A6
5 0 0 0 41.70 Pl 4 TR P B 3R 5 R L ) i S AR 1 A R
] 1 . y . A IR AR ST S 6 M LU, 7 0
. . 1 e R LLHG S AR IS 87 e 0 e 2 11 7
8 . | ] o AR TR, 1h 5 7R, 7 05
. 1 1 . 10 U [ [ R A7 R 22 B, 4 RO Ta) 0 e Jt 2
GESIEA PN ) 2ok R S LY S
° ’ ’ ’ 0 YRR L — I, I 25 68 7 O D 3R A I 5
a 0 0 0 4200 FIAFASE R /)N | 31X 5 Ry 38 75 i o il 2
12 - ! 0 3340 FIRAS MRS —3, & 6 Hhm Rz i P A BE I A B
13 ! -1 0 36.70 AR, R BRI EL 5 2 B 1) %o Jie i B 1 A R 1 58
14 l 0 I 37.40 AR IR TINS5 o 2 10 6 28 2 B2 TR i B 1]
15 0 0 0 40.80 PRSI A R A K TR, 256 LR, 3
16 -1 -1 0 33.10 A RN D B, 11 15 38 1 5 i) e B RS /N IO A« 4
17 0 . | 38.10 YBURSF ] > 75 e RS BRI L 3% 5 5 22 0 BT i 2518
—%,
£3 EEKEIFTEN
Table 3 Variance analysis of regression model
i 2 KR S5 FI ¥y F1H PAH
A 324.96 9 36.11 264.33 <0.000 1 **
AP IIR(A) 28.77 1 28.77 210.59 <0.000 1"
RHE L (B) 0.05 1 0.05 0.40 0.547 9
FRIE] (C) 84.44 1 84.44 618.13 <0.000 1**
AB 2.50x1073 1 2.50x1073 0.018 0.896 2
AC 0.02 1 0.02 0.13 0.725 7
BC 4.00x107* 1 4.00x107* 2.93x107? 0.9584
A? 82.49 1 82.49 603.91 <0.000 1**
B2 16.15 1 16.15 118.26 <0.000 1"
c? 93.65 1 93.65 685.63 <0.000 1" *
B2 0.96 7 0.14
KA 0.14 3 0.05 0.24 0.866 9
4RIz 0.81 4 0.20
¥l 325.92 16

R*=0.997 1,R};;=0.993 3,CV=1.02%, * : 253 @3 (P<0.05), " * . 25 W BF (P<0.01),



By RS B T Bl RR BN I S 1 R L A

945

2.2.3 KR B G PRI A B A BAL R BT
308 3 7 T 9 A A i DR P A R B T2
H BRI 365. 63 W UBHAEL 1:90. 24 ( ik
L) R EUCAT B 5,34 h, W) IR R AR RN
2.17%., Z LR T2 54M, M SE0RE N . 8
PR 365 W ORI EL 1:90 (AR ) 4R HL
BFE] 320 ming A TP RAEA AL T EEME 7R
T AT 3 AT, RIEE A SRR
39. 55% , SIS AR R 3T, 100 BH 2 0 3 T A4S A ]
FH D A X0 i fg 2 P R B
2.3 WBRHECRE BRI BmEn e
BT K P R A% L A T O Bl 2 1 5 3% T

B4 BERHESHELMRREAF/ENIMN

IR PR R I PR 5 P R i 22 5, AT e Ik
ST R A R P AR T K A
7 [ R G R K 2 B 1 2 R A AR KOG R,
I B TR 0 1 ) X% i J D P 2 i A P4
WY e T AL I R D2 1, K PEAR B (H,,) 158
F'T2 280, U MLAR U IR IR B K R 4 R
64. 0% ., X F] RESE: TR P I8 14 25 AR B0 AT 2t o
[ QT S VoW & S 0 e R (A G /AL LT X
FABTERRAR 1 AL A 000 i 25, B 22 B A A A 2 A
BEE TR,

B FA5R(%)

BHE L (ml/g)

350.00 375.00 400.00

AP TR (W)

325.00

Fig.4 Effects of ultrasonic power and solid-liquid ratio on the yield of collagen
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Fig.5 Effects of ultrasonic power and extraction time on the yield of collagen
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Fig.6 Effects of solid-liquid ratio and extraction time on the yield of collagen
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TEEREAFHL , TR E K SR B | B 5 5 5 T 4h
AU TR R S b PR T 2R 1S BOUR AL
F4 BERIREEBEKE FrmEF e

A2 AR T e 2 P BN Ik IR E 3, DA T
FUAHERE . FUATE M5 PR e T DDA
K WRCHRLAR IS, L3 i BRE Tin, BA7 o i  FLAL
Y B FLAC A S, FLATE VRS A B TR AR
DR AT P AL AR E M

Table 4 The hydrophobicity, oil-holding and emulsifying properties of collagen from chicken lung

JBE I 1 Uy T B PR E(H,) Fm (0HC) FULIEVEIS B (EAD) (m2/g)  FULESEFREL(EST) (min)
IR 1 390.57+15.89a 186.54+10.18a 4.35+0.25a 22.88+0.70a
P A B R R 2 280.29+153.03b 314.56+2.30b 5.76+0.08b 24.68+0.54b
7] — 1 oA R B R R B P22 5+ (P< 0.05)
3 2 XS = 25G R TR RS S8 sl = Y i e g, A

DU B AR (AR 3o 5 580 42, 3l 1o B R 380
R 37 LA, T 8 il e A 1 A 4 T 2
T T, 15 2] f AR FE B T2 . 8 75 % 1) 3% 365
W R L 1:90 (T & AR FR L) | $2 BUAT [E] 320 min,
T 352 10 X5 i 52 D 1A R 11 3 A PR 385 T A 3 R/
WGP Sy i BSUERE 0] > 38 75 U D) 238 > P LE 8 7 I el
Bl BN fif e Jit 2 (A5 38 AT 3k 39, 55% (i bR )
X+ 3 ), 496 i R TS BB TEZE SR
FREE LA 8. 39% AH Lb , 75 U 4 B R 2 325 v B
R E AR,

55 R A % B T R i e D A 1 AH B, S
U5t B 2 A BB P e I B 1 P K P | AT A
FULHE B35 5 i (P< 0.05) , H D DR 2l 7 i Ak 3
AT AR e SR [ A A (L Y R K SRR A R 5
YN /31 1 W S = | B A e =B P N o K O
A 7 I B R B AR O Bl i SR T A T A A

X R ) SRR TR N T3 e Bk AR 3
SE .
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