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Table 1 Thermal denaturation D and Z values of extracted protein
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Table 2 Coefficient of determination of water-soluble protein
thermal denaturation process under different reaction orders

. I/ C
Sk 60 70 80 90 100 Bt

0 0.9957 09170  0.9500 09112 0.8984 0.9345
1.0 0.9968 0.9439  0.9868 0.9849 0.9797 0.9784
1.1 0.9969 0.9463  0.9864 0.9853 0.9793 0.9789
12 0.9969 0.9486 0.9852 0.9846 0.9774 0.9785
1.3 0.9970 0.9508 0.9833 0.9826 0.9741 0.9775
1.5 0.9971 0.9552 09776  0.9757 0.9642 0.9773
2.0 0.9972 0.9650 0.9531 0.9454 0.9272 0.9576
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Table 3 Coefficient of determination of salt-soluble protein
thermal denaturation process under different reaction orders

R/ )
I IRz C ¥y
60 70 80 90 100

0 0.9625 0.9823 0.8946 0.8843  0.7789  0.9005
1.0 0.9661 0.9849 0.9511 0.9891  0.9668 0.9716
1.1 0.9664 0.9848 0.9550 0.9884 09769 0.9743
1.2 0.9668 0.9847 0.9586 0.9855 0.9848 0.9760
1.3 0.9671 0.9846 0.9619 0.9804 0.9906 0.9770
1.5 0.9678 0.9841 0.9676 0.9646  0.9960 0.9760
2.0 0.9695 0.9820 0.9763 0.9022  0.9796 0.9619
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Table 4 Thermal denaturation parameters of water-soluble
protein and salt-soluble protein under different temperatures
S i K‘{H(XIOJ‘) B (kﬁ?iﬁz Ifz
© ok KENE SRIETE KIETE SRETE KETE B
A EA A EA HH O EA
60 333 0.007 0.007 1.003 1.002  0.9969 0.9671
70 343 0020 0.039 1.005 1.005 09463 0.9846
80 353 0.078  0.066 1.005 1.003 09864 0.9619
90 363 0.196 0329 1.006 1.009 09853 0.9804
100 373 0.294 0.527 1.007 1.050  0.9793 0.9906
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Fig.5 Effects of temperatures on extracted protein
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Table 5 Thermodynamic parameters of water-soluble protein
and salt-soluble protein thermal denaturation
i Ea/0dmol™)  AH/(Jmol™)  AG/kImoly A% (J-mol”)
R x10
/°CKEHE EREE KR BRIV TR A Sk KR SR
&HOEA EA KA O &EA EA EA EA
60 101.83 112.78 99.06 110.01 111.76 111.50 -3.815 -0.448
70 101.83 112.78 98.98 109.93 112.15 111.55 -3.839 -0.472
80 101.83 112.78 98.90 109.85 112.53 111.60 -3.863 -0.496
90 101.83 112.78 98.81 109.76 112.92 111.65 -3.887 -0.519
100 101.83 112.78 98.73 109.68 113.31 111.70 -3.909 -0.542
E: Ea NRVIGLRE: AH W BVEMETT RIS AS B IETT A AL
AG JiStL B HikE.
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Kinetics of heat denaturation of proteins extracted from Pinctada
martensii meat

Zheng Huina, Zhang Chaohua™, Qin Xiaoming, Ji Hongwu, Huang Jinghua
(Guangdong Provincial Key Laboratory of Aquatic Products Processing and Safety, Key Laboratory of Advanced Processing of
Agquatic Products of Guangdong Higher Education Institution, National Research and Development Branch Center for Shellfish
Processing (Zhanjiang), College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: South China Sea pearls are well known worldwide, and the pearl oyster Pinctada martensii is cultured
for pearl production in China. Following the development of the pearl industry, Pinctada martensii is now
cultured at very large scale specifically for pearl production, with the oyster meat left aside as a typically unused
byproduct of the pearl industry. However, Pearl oyster meat is a good source of shellfish protein (74.9%
protein/dry basis) at a low cost.

Recently, the influence of food protein processing, storage and heat treatment is an area of growing interest.
In particular, some thermal processing has a significant impact on animal muscle protein structure, enzymatic
properties etc. Proteins are the most important ingredients in the food. They are not only important in nutrition,
but also affect the texture and flavor of the food. Muscle proteins are generally classified into sarcoplasmic
proteins, myofibrillar proteins (myosin, actin and actomyosin) and connective tissue or stromal proteins
(collagen).This paper studied the kinetics of thermal denaturation of proteins (water-soluble and salt-soluble
protein ) extracted from Pinctada martensii meat in order to understand the thermal denaturation discipline of
aquatic protein and make better use of their functional properties. Due to differences in the structure and
composition, the two protein fractions denaturation was best described by assuming an apparent reaction order of
1.1 and 1.3, respectively. D values, the time required to reduce the protein by 90%, were 33 333, 12 500, 3 333.
1 667 and 769 s for the water-soluble protein fraction and 50 000, 12 500, 5 000. 2 000 and 1250s for the
salt-soluble protein fraction at 60, 70, 80, 90, 100°C respectively. There was significant difference of the two
proteins for D value except at 70°C. This may be due to an easier to form gel for the salt-soluble protein under the

condition of 65-70°C. The results showed that the thermal denaturation rate of two proteins continued to
accelerate in the range of heating temperatures and the salt-soluble protein fraction was more heat-resistant than
the water-soluble protein fraction. Protein denaturing reaction is very complicated, and many reactions occur as
the temperature changes. The different heat treatment conditions have different effects on the expansion of the
peptide chain and protein aggregation in the process of protein denaturation. Similarly, Z values, the degrees
necessary to reduce the D value in one logarithmic cycle, were estimated to be 24.1°C for water-soluble protein
fraction and 25.0°C for the salt-soluble protein fraction. The denature reactions’ activation energy of the
water-soluble protein fraction and salt-soluble protein fraction were 101.83 and 112.78 kJ/mol respectively. The
entropy value of protein thermal denaturation is a smaller process, and our results are consistent with it. The
entropy change of the system is negative.

Therefore, these results will provide the theoretical basis for the data for Pinctada martensii meat protein
high value utilization. In addition, it is of great practical significance for further development of new high-quality
food use of their functional properties.
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