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ABSTRACT This study aims to investigate the effect of verbena oil combined with flaxseed gum on the structure and
biochemical characteristics of myofibrillar protein (MP) in turbot during super chilling storage. The experimental groups
were treated with composite coatings of concentration of 0% , 0.128% , 0.64% and 1.28% verbena oil and the control
group was treated with water. The changes in MP structure and biochemical characteristics were examined during super
chilling storage. The results showed that as the storage time increased, the total sulfhydryl content and Ca®* -ATPase ac-
tivity of turbot MP in all groups decreased continuously and free amino acid content showed upward trend continuously.
In addition, the total sulfhydryl content of turbot MP treated with 0. 128% verbena oil composite coating increased by
22.04% compared to that of the control group after 15 days, indicating that the composite coatings significantly inhibited
the oxidation of MP. Fourier transform infrared spectroscopy ( FT-IR) measurement showed that the composite coating
inhibited the decrease of the relative content of a-helix, and the coating slowed down the rate of decline of intrinsic fluo-
rescence as well. Thus, the structure of turbot MP remained stable. Furthermore, transmission electron micrographs in-
dicated that turbot treated with composite coating containing 0. 128% verbena oil kept the relatively intact myofibrillar
structure in the later storage period. Therefore, verbena oil combined with flaxseed gum can significantly inhibit the oxi-
dation and degradation of the turbot MP during super chilling storage, and the inhibitory effect is the best when the con-
centration of the oil is 0. 128% , which indicate that the composite coating is a promising method to preserve turbot.
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Fig. 1 Changes in total sulfhydryl content of myofibril

protein in turbot under different treatments
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Fig.3 FT-IR spectra of myofibrillar protein in tubot with different treatments stored at 0, 15 and 30 d, shown as (a) and (b);

Second derivative of the 1700 — 1600 ¢m ~' region of the spectra of myofibrillar protein in tubot stored at 0, 15 and 30 d,
shown as (c¢) and (d)
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15 CK  13.33:1.14"™ 25.82+0.26" 16.86 +1.04* 31.76£0.22" 35.27£0.96" 34.92£0.66" 33.01 £0.27" 18.68 £0.23" 15.54 £0.50"
Cl 10.09 £0.39°" 25.26 £1.59" 11.02+0.45" 20.59 +0.41% 32.42+0.55" 38.85£0.36" 32.81£0.24™ 17.11+0.74" 12.35+0.19"
€2 11.23£0.85° 15.73+0.23" 13.78 £1.29" 22.88+£0.70° 32.24 +0.04" 37.13£0.30° 27.58 £0.61° 8.91£0.19%  8.63 +0.33¢
€3 16.24 £2.06" 20.03 £2.18" 12.10 £0.36° 25.36 £0.29" 30.82+0.42° 35.21 £0.63" 30.91£0.22° 9.08=0.09¢ 10.74 +0.70°
C4  14.18 £2.03" 22.65+2.19" 9.40£0.16° 21.1120.32 28.0120.01% 47.74 £0.29° 28.36 +0.11¢ 12.54 £0.15° 11.20 £0.05°
30 CK  26.57+0.87" 36.48 £1.10° 16.02 £0.47* 47.67 +1.38" 15.97 +0.72% 40.39 +4.72" 42.17£0.21* 30.94 £0.93** 27.69 £2.36"
Cl 6.48+0.01° 27.72+0.03" 5.75£0.00° 18.61+0.04° 20.24£0.19° 37.62+0.31" 37.37+0.19" 32.03 +1.56* 25.63 +1.02*
€2 9.81£0.21° 17.71£0.54°  8.4320.27° 35.840.30" 24.19+0.09* 33.58 £1.66° 25.49£0.30Y 23.85+0.17% 24.65 0. 13"
€3 11.81£0.62" 25.98+2.05" 10.48 £0.29" 18.37 £1.64° 14.28 £0.47° 29.73 £2.52°0 32.21 £1.10° 26.47 £1.33¢ 22.22 +0.23¢
C4  8.25+0.61" 26.53+0.25" 6.44+0.07" 16.16 £0.50" 21.34 +0.56" 56.37 £3.51" 35.69 £1.95" 23.60 +0.53" 24.59 +0.15*
TSR I IH) 40131 RER ik AR R =R PR =R Jifi 7 R Jo8
0 4.42 0. 44 2.72£0.78  2.69%1.16 17.81£0.52  2.46+0.06  6.44+0.55  8.95+0.01 223.99 +4.38
15 CK  20.79£0.13* 13.5£0.60" 11.88 £1.12% 12.87 +0.16*  9.65 +0.32"  6.07 +0.43"  9.80 £0.35" 309.75 +5.39°
Cl 18.66 +0.05"  8.83£0.93" 18.06+0.19* 10.96+0.37° 8.23+0.16"  9.49 +0.86"  8.14 +0.15° 282.87 £3.99"
€2 13.54£0.13"  5.03£0.28° 12.9820.36% 11.90 £0.07" 4.98 +0.04"  6.34 £0.14>  9.2320.02" 242.11 £3.13°
€3 11.71£0.31°  7.540.25° 15.14£0.26" 10.46 £0.51°" 6.1420.13°  9.55£0.26°  8.42 +0.03¢ 259.45 +5.2°
C4  14.05+0.13°  6.54+0.02" 14.83£0.37" 11.1420.13°  6.24£0.23° 9.19£0.03*  8.64 +0.11° 265.82 +3.47°
30 CK 4817 +1.14*  29.77£1.66* 56.53£9.75* 15.60 £0.90° 12.79 +1.00*  3.20 £0.25°  7.22 £0.20" 457.19 £27.16"
Cl 39.81£2.37" 29.92£0.41" 54.11£0.40* 32.97£2.92"  9.33+0.09" 3.96+0.09" 3.94£0.01° 385.5 £2.45"
€2 30.22£0.29° 16.08£0.21" 49.68 +4.60™ 16.81 £0.02¢  7.44 +0.17" 2.46£0.24"  3.58 £0.14" 329.82 +8.40°
€3 33.72+£1.38"" 26.05 £1.41" 63.26£0.38" 22.47+0.83"  7.61+0.51° 1.81£0.00° 5.36£0.56" 351.81 +9.87
C4  36.29+1.36" 26.73+0.86" 41.69£0.32° 20.87£0.28° 8.75+0.47° 5.22+0.17*  5.46 +1.09" 364.34 +11.54°

T (R — WU 1) AS [F 240590 2 J) R ) /N 5 Bk s BoAT i 3 2 5 (P <0.05)
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Fig.6  Transmission electron micrographs of the ultrastruc-

ture of the turbot muscle with different treatments during

storage
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