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Effects of Thermal Treatment on the Binding Ability of Type I Collagen to

Aroma Compounds of Broth
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Abstract: [Objective] This study aims to reveal the interactions between collagen and volatile compounds during
the cooking process. [Method] The relative molecular weight, particle size, solubility, secondary structure, and
surface hydrophobicity of collagen and the droplet size of the collagen emulsion were studied. Furthermore, the
binding ability of collagen to volatile compounds of the aqueous and emulsion systems of collagen was measured.
[Result] As the heating time was extended, the triple-helix structure of collagen was destroyed and the polypeptide
chains were degraded, which were accompanied with the decrease in surface hydrophobicity, increase in solubility,
and heat-induced aggregation. The binding ability of collagen to volatile compounds gradually decreased with the
extension of heating time. In the aqueous system, the release of volatile compounds was promoted after heating for
4 h. In the emulsion system, collagen exhibited a higher binding ability to volatile compounds and did not exhibit
the effect of promoting release of volatile compounds even after heating for 4 h.[Conclusion] The triple-helix
structure of collagen is beneficial to the binding to volatile compounds and the heating time has a negative
correlation with the binding ability of collagen to volatile compounds. Collagen exhibits the strongest binding
ability to volatile compounds in the case of short-term heating and the coexistence with lipids.
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Table 1 Effects of heating time on the average particle size of
collagen

45 S 35K A% /am PDI

10 min 460.40+51.09° 0.63+0.06°
30 min 422.93425.13° 0.55+0.09°
1h 348.99+23.07° 0.54+0.04°
2h 436.84+40.27° 0.54+0.07°
3h 421.63+13.40° 0.41+0.04°
4h 685.89+28.89" 0.41+0.06°
5h 1 043.61+£180.84" 0.75+0.04"

T F SRR P B RN 22 573 B 25 (P<<0.05).
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Fig. 4 Effects of heating time on the release rate of volatile compounds from the aqueous solution of collagen

F2 BERMMIRHIgP
Table 2 lg P of volatile compounds

I R IR Ig P
2- I H R i 3.76
2- T 3.40
T 3.16
1- I -3- 1 2.50
(=Y 1.78

FRHI R . BT B A —E KA T, AR
(47 72 2= 3 B0 R PE W o i) i B Y i A 2 R
B m IR B G-ILsh B A i = e it O L
Bt T R S I 0% 1Y, 5 BOX R I & R
ST = = B 1 P AN L N T
A 5 AT i 2 4% PR 0 5 R TR R R A AR
FBRK R S B AR A AR A AR SR
A B AR EAE s . SRR s
J B IR ORI R Tk 2 B2
BN R, R E A S E RN
RE 77 B in A B 8] FR) AE KT 328 7 98 5%, F Ho4 h )5
fre Bk 1% S Ak W T R TR R T DR AT BE S < B A IR A
S, IR R A2 R E, SRR &
H -5 R VE D R AR S5 5 7 4h, IR B A I 3R
THT 5L 7K 1 32 T R I, 2E T O 4% Rk W R I 4 A
RE 08 55, I HBE 3 IR B R R N =
S BOM AR (0 2% T K g BE AR AR M R
Gy A A T

242 At A AR R & G LR P E R A R B
W ¥R

Wi 5 FTos i # 10 min B R R & A LR
o, S R R W BT R U RS 2R 43 0 R 21%51%
57%67%63% , ¥ T %5 B ZH., 3% B 75 K B (1] o 4
MO0 R, e JE 2R (15 H i =R AR 45 5 48 R MY R
T AFAE W [RIE 5 RO B A5 9 K ST B &R AT
CAAE R 3 42 45 I A 51 53 -1 A% O 1) R B, e R T3
PRARN . B 0 AR TR R e e R LTS
A ¥R R R RE B T R AR, 5 R TR B A R
I AR AL, 2% B RO 7E LA R, iR
A SR ZE SR 2 R
RS A e 1. AR5 R R & A R, RIS
4 h, B B FL R R I R AR A
WA I 100% , % B H- i = B8 16 N BT DL 55 AR
i 2 e B A Sk (9 AN R s )

Wt 5 3% B, 52 A 4 R PR ) N LR PO
2 2 B, an ZL ks E P &5 FE A pH 45, (H 7Ll
(1 Y0 7 AR S R T R P IR R 2 T TR L
IR KL A2 34T R AE A Bh T AR AN 5] 19 LR #5 R
PEVIR 5 G fe I Z . WK 6 B, iR 2 AW
B 7 V003 A B, L i B TR ) EE K L VTR TR
B 30T 23 A B B T2 3 22, O B T AR N .
PRI R AR — B SRR3R,
Ji2 DR B P F T VTR R AR e, R DR B Y
B dh 2R 42 25 55 25 K T o IR, b o A TA] Dy



Vol. 44 No. 5 BRMEF: ALEMBERFEERSASITSYRESENNEMRE

140
Oxf% @10mn B30min @1h §2h B3h B4h W5h
120 F a
a a a
a abI abab a a7 ab ab?0%
100 1 M ab {1 T T {7 ab -} be
- a abc|
& be be be qcd
M cd « od -
fg 80 ¥ I cd] o
= 3 i d -
8 : 3 c
I 60f & e
# ¢ i T i
40 % 7 7 : i
e Eg 3 / 7 }
20t | [N / z
0 :E: : 9 ; Z
2-JR KL 2-F- 1 T 13 475315 L
FERTED) IR

& e AN [ o BEAR R [ e ) 57 2 [ 22 5 4 25 (P<0.05)
B5  Aedhond s AR & G LR P AR A A B R AR

Fig. 5 Effects of heating time on the release rate of volatile compounds from collagen emulsion
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Table 3  Effects of heating time on droplet size of collagen emulsion B :pum
il Dv(10) Dv(50) Dv(90) D[3,2] D[4,3]
Xt R 0.038+0.001¢ 1.13540.012¢ 6.953+0.064° 0.125+0.001" 2.600+0.044°
10 min 5.493+0.491° 24.367+0.723" 78.333+3.786" 8.693+0.414° 27.500+0.529°
30 min 1.223+0.029° 15.300+0.721° 61.767+3.647° 4.870+0.036° 17.400+1.345°
1h 0.892+0.038¢ 5.433+0.306° 21.633+2.768¢ 2.496+0.068° 10.433+0.902¢
2h 0.493+0.007¢ 3.367+0.076° 16.750+0.603¢ 1.423+0.025¢ 6.123+0.144¢
3h 0.589+0.050° 3.227+0.076¢ 15.867+0.404¢ 1.573+0.110¢ 6.160+0.111¢
4h 0.578+0.024° 3.160+0.031¢ 15.150+0.289¢ 1.500+0.050¢ 6.147+0.164%
5h 0.370+0.008° 2.810+0.026¢ 13.100+0.200¢ 1.050+0.020° 5.187+0.076°

7 R B ) 7 BEER R 72 57 35 (P<0.05) .
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