20164 10 f e I = 5547 % 4510 1)

doi;10.6041/j. issn. 1000-1298. 2016. 10. 033

N-FHRE TR RS PR &M 5 R EHIE R #2 I

yik' BN F F I ¥ OEWMA EAK
(1. hEf A2 B i 7 5 R S ks 2B bty , 6B 100083 5 2. o [ e b B2 B db 50 25 e 26 2 TR 9T i
BT 1001935 3. P AL R B R 5 E TR LA BE, Lat 100083)

FEE B RPN AR L BT 2R IR R i (g 17 52 2 4345 3. 80% (1. 83% 0. 48% ) 23|, T &6 i 1) 3
TLFEFR 540 R A e Ak, S T R BE R A e 7 il B IE T RS IR IEE S % . 45 R W, A 0. 03% MR P,
G35 % HRZH AR L , ST 90 40 FLEERE 0 % /KRS 2RI (P < 0. 05) 5 ¥ 0. 03% N--R AL A B S5 9o 4453 R
T NS g B T SR e R 3G IR 22, 43 3R 13.56% (1. 77% 9. 34% ; A 0. 03% N-RHi & )i , 5 %5 B 41 4H
L, SEEGHBEFLAT I (G =1 Pa) WM (P <0.05) , A R MEFLIEHT 2R/ (P <0.05) T AE 3k B & AR (P <
0.05) , FiAMIC B E M (P >0.05) . 5 E, 70 0. 03% N~ HL 5 MBS SL B0 21 , B PAL T8 AR A B ha vt 5 4
BEZS X HRZL TG 22 55 (P > 0. 05) , 32 HH 0. 03% N~z g ELA 1 s s %) 28 10 JO el g o2, 2 A Tl , o 51 g
TB& ST T o

KB N-FRHUR; BRSNS FLILIE bR FRetE; ASERE

FE %S TS252.51 XEEFRIEAD: A XEHS: 1000-1298(2016)10-0267-07

Effect of A-carrageenan on Structural and Rheological Properties
of Reduced-fat Renneted Milk Gels

Peng Haixin' Luo Xugang® Luo Jie’ Wang Fang' Wang Pengjie' Ren Fazheng'
(1. The Innovation Centre of Food Nutrition and Human Health, China Agricultural University, Beijing 100083, China
2. Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China
3. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: To improve the low quality of low-fat cheese, effects of \-carrageenan on the physicochemical ,
structural and rheological characteristics of rennet milk gels made from milk of different fat contents
(3.80% , 1.83% and 0.48% ) were investigated. The results showed that with the addition of 0. 03%
A-carrageenan, the moisture of all experimental samples was increased; the yield, protein and fat
recoveries of the rennet gel made from the reduced-fat milk (1.83% ) were significantly increased by
13.56% , 1.77% and 9. 34% , respectively. In the low-field nuclear magnetic resonance ( LF — NMR)
results, the T, transverse relaxation time data demonstrated three distinct water populations. After the
addition of \-carrageenan, the adsorption water proportion was increased, but free water proportion was
reduced. The gel time (G’ =1 Pa) of all the experimental groups was increased significantly after the
addition of 0. 03% \-carrageenan (P <0.05), while the spontaneous whey precipitation was decreased
(P <0.05). Meanwhile, the hardness, elasticity of milk gels were decreased significantly (P < 0.05).
However, the addition of \-carrageenan did not significantly affect the rheological characteristics of gel
(P >0.05). Above all, there was no significant difference in the physicochemical and structural

characteristics between the full-fat control and the reduced-fat milk rennet gel (1.83% ) after the
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addition of \-carrageenan (P >0.05). In conclusion, the addition of \-carrageenan could increase

protein recovery rate of reduced-fat gel while softening the texture simultaneously, which proved its great

potential in improving the quality of low-fat cheese.

Key words: \-carrageenan; milk gel; physicochemical indexes; texture characteristic; rheological

property
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Tab.1 Effect of A\-carrageenan on physicochemical indexes of milk gels

L4 FC FCG RC RCG LC LCG
E AR E % 14.26 +0. 14¢ 13.74 £0. 329 16.96 +0. 23" 14.95 +0.25° 19.45 £0.21° 19.01 0. 17¢
R W T 3 K % 16. 66 +0. 47° 15.33 +0. 14" 9.01 +0. 16° 8.55 +0.28° 2.79 0. 10¢ 2.67 +0. 08¢
BIKE % 68. 13 +0. 20" 69.52 +0. 44° 69. 50 0. 59° 71.79 0. 24" 71.83 0. 22" 74.05 =0. 09*
e EIEY b &K ER/ % 80. 69 +0. 12° 81.12 +0.81° 76.37 +0. 28" 79. 80 £0. 82° 73.82 +0.25°¢ 76.08 £0. 34"
KA EHE L 4.77 0. 05" 5.06 0. 08* 4.09 0. 04¢ 4.90 +0.03" 3.69 =0. 061 3.90 0. 15%
/NG FRAE R R R — AT 8 IR B P22 5, P >0.05, R,
T2 MHERMEREARJEHEKERRB{ENZ M
Tab.2 Effect of A\-carrageenan on protein, fat recoveries and yields of milk gels %
S8 FC FCG RC RCG LC LCG
EHEpAnlE 75.60 0. 42° 75.25 £0.57*  73.89 + 0.12°  75.20 £0.84"™  71.45 +0. 324 74.25 0. 17"
el 86.36 +1. 35" 83.59 +1.28"  83.30 = 0.96" 91.08 + 1.14*  81.49 +1.21° 84.90 +0. 85
BR 19.70 £0.28"  20.82 £0.30° 17.18 + 0.14° 19.51 = 0.08"  14.02 +0.39° 15.27 0. 129
T3 NFHERXERKS SR
Tab.3 Effect of \-carrageenan on water proportion of milk gels
34 FC FCG RC RCG LC LCG
T,/ ms 1. 305 £0. 007" 1.311 0. 006" 1.316 0. 005 1. 325 £0. 008" 1. 323 £0.010° 1. 331 £0. 006"
T, /ms 27.58 0. 81" 29.12 +0. 18° 24.25 +0.35° 24.90 £ 0. 14° 21.25 0. 35¢ 22.25 +0. 35¢
Ty, /ms 282.3+9.9° 295.0 £7.1° 227.5 +9. 6" 239.7 £2.4° 193.6 +2. 8¢ 207.4 £3.5°
Poy,/ % 1.36 0. 04* 1.39 £0. 05® 1.26 £0. 03* 1.35 0. 03" 1.03 +0. 06" 1.26 +0. 08"
Py /% 93. 65 +0. 49° 94,25 +0. 35° 91.45 +0. 08" 93.35 =0.21° 90. 25 =0. 35° 91.50 0. 71"
P/ % 4.92 +0. 48° 4.15 +0.35¢ 7.28 +0. 28" 5.17 £0.24° 8.69 £0.26° 7.24 +0.71"
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Effect of N-carrageenan on storage modulus

during rennet gel formation
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Tab.4 Effect of N\-carrageenan on rennet coagulation characteristics of milk gels
ES FC FCG RC RCG LC LCG
W7} ]/ min 17.85 + 1.20¢ 22.60 +0. 56" 21.90 +1.25¢ 24.89 1.17" 24.80 «1.13" 27.70 =0. 98*
YIE ][]/ min 40.00 +1.35° — 44.35 +0.49" 50. 85 + 0.20° 44.85 +0.21" 45.65 +0. 48"
BEEHREE G/ Pa 27.11 £0. 94° 17.75 = 1. 42¢ 33.12 0. 41" 25.70 £ 2.26°  44.52 % 3.50° 37.55 £0. 94"
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Fig.2 Effect of \-carrageenan on spontaneous whey

separation of milk gels
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Tab.5 Effect of A-carrageenan on texture profile of milk gels

214 FC FCG RC RCG LC LCG
fifi BE/N 3.29 £0. 104 2.96 +0. 08° 4.11 £0.07" 3.19 0. 12¢ 5.16 £0.22° 3.88 0. 05°
S 0.81 +0.03% 0.75 0. 02° 0. 89 +0. 03" 0.85 +0. 02 0.96 +0. 04° 0.92 +0. 02"
B/ (gos™h) 0.45 +0. 03" 0.40 0. 03¢ 0.54 +0.02" 0.53 +0. 04" 0.69 +0.01° 0.70 £0. 02°
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Fig.3 Effect of \-carrageenan on microstructure of samples
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Fig.4 Effect of \-carrageenan on elastic modulus of

RESREEYE (tand) A VERERE 6715 SR LRI ¢ milk gels
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. Fig.5 Effect of A-carrageenan on tand value of milk gels
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Tab.6 Effect of A\-carrageenan on dynamic small amplitude oscillatory rheology of milk gels

SR FC FCG RC RCG LC LCG
Gioc/kPa 15.03 +0.25¢ 9.57 0. 12f 20.28 +0. 62" 15.26 +0. 45° 24.42 £0. 58" 14.47 0. 32°
Go./kPa 3.61 £0.23 2.67 £0.04° 4.46 +0.21° 3.52+0.71¢ 5.82 % 0.30° 3.71 £0.09°
tand,,,, 0.74 +0.01" 0.75 +0.01° 0.72 +0.01¢ 0.73 = 0.01° 0.71 £0.01° 0.72 +0.014
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RS IR K 3 R IR AR AT Wt TR s M RO
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