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Fig.1 DSC scanning curves of weever muscle without NaCl

2 FER5SH

2.1 ELREE=E

HER 1R, MEHRBINEN 0. 0.5% 1.0%- 1.5%
J 2.0%0, S sEER S SRR BN 0.044%. 0.477%-
0.855%- 1.262%/% 1.556%. HMLAIL, HricfhsfaA g5
B, STARSSRRMER i, Lprg
BTN (P<0.05) , —J7 [0 RS2 R s N
TR TE BB A RN, 5 — 7] e
TR A AR N R AR K S B SRR R A AT R

#z1 TR NaClHAMEWSELIRESEHE

Table 1 Actual salt content of weevers with different additive
NacCl content

AN Additive content/%

SEFR #h i Actual salt content/%

0 0.044+0.0000"
0.5 0.477+0.0011°
1.0 0.855+0.0005¢
15 1.262+0.0006®
2.0 1.556+0.0005"

He B LARKS FRERIRANF NaCl 7% i 5 B 8 b 1) 22 57 S0 35 1
(P<0.05) , T

Note: Different capital letters mean significant difference of corresponding

indexes of different additive NaCl content at 0.05 level, the same blow.
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TR L P AR 1%V, mTRe & AR LA 455K
FRARMEEY, DSC KRR H . & 2 &1, M
VNI ERSEINI,  ffR Ok 2 oK R B R )R B
P (P<0.05) , Horr, ety fa ok SRS K R i m, 2.0%
ARSI A0 U B A . R VSRR Y BRI I L S
S LT 4 5 A B R K PRI PR . AR 2 I 5 e B
WS S NIERE B R AN, B T L2 £ 4k TRl
TR, WL EFERIK A R R IIRgs . R 2 ity
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Table 2 Effects of different additive NaCl content on thermal characteristics of weevers around 0 “C

Ad ditiyibfient o, RHRE T, WA T,/°C S L T/ C BB AHIC vk T/ C Moistiﬂ;j‘tem o
0 -3.20+0.72% -0.30+0.00* 1.80+0.26* 226.13+8.16* -0.30+0.00* 67.74+2.45"
0.5 -4.53+0.21° -1.20+0.10° 0.17+0.15% 212.63+10.47* -1.20+0.10° 63.70+3.14%
1.0 -4.83+0.31°¢ -1.20+0.00° 0.33£0.21% 210.30+6.59* -1.20+0.00° 63.00+1.974
15 -5.60+0.28° -1.90+0.14¢ -0.55+0.35°¢ 189.30+0.99° -1.90+0.14° 57.37+1.165
2.0 -6.07£0.21° -2.33+0.21° -1.13+0.35° 180.57+13.65% -2.3340.21° 54.09+4.09%
%3 A[E NaCliFmmExss&a 50 CHHEL AR FIN
Table 3  Effects of different additive NaCl content on thermal characteristics of weevers around 50 ‘C
g M RBEETIC,  BEGRE TN WEERET/C W T SR TC BB AHIC
0 38.93+0.71% 45.50+0.70* 52.37+0.12% 57.40+0.53¢ 62.57+1.028 2.3707£0.1753*
0.5 32.27+0.158 36.20+0.53 8 50.83+0.255 60.03+0.06" 64.57+0.31% 1.4397+0.1735°
1.0 30.80+0.66° 36.27+0.15° 51.03+0.23% 60.10+0.26" 63.5£0.8148 1.2717+0.24295¢
15 30.27+0.50¢ 36.93+0.32° 49.97+0.21¢ 59.00+0.00% 61.30+0.44¢ 1.1862:0.2765°¢
2.0 30.60+0.10¢ 36.80+0.17° 49.47+0.29° 58.67+0.15% 60.770.40° 1.1000+0.2400¢
2.4 FESXARBALAS HEH, WM A2 EL R, AL TR E5RE& A

* 4 IR, —40 ‘CHI 20 CorJl g fi I TR S5 FTR
RIRSIRIE . FEHRE S RBRE T, AR Eha o5
FE IR LE AR T W] AR A, HE, AN & Eh s n
T ] LA APAE B 2 R (P<0.05) , HIFl—&
s nE st L IVEAAAE R E 2R (P<0.05) o HoH,
—40 ‘CH 2.0% B Eh 7 I 1 i £ LSRR, BT iEyi £
I IR/, TR EDIRE T 2.0% B EhVs In 18 57
Jo s 0 T s S P T AR R R R 2, B £ T AH
s 20 CHE 1.0% £ Eh78 it (15 LI IR, 1.5% 1
A IR b LR N, U RARIRE T 1.0% & #h
VN0 P B O S e T v B R T R N e R
1.0% E SRS I 10 f A S o S ok, B ey £ phy 14 &
I 2 RIS B LE I A B K, 1.5% B 3h s N it
(Rt e /s, ELER N A S (0B £ b B AR AR Ak 5 /N1 i
fifift (R 1.0% AN , RIZEARFIRSRA R
AN o T A T v B L T R RN, 1.5% &
ERVS 0 2 P e A s, LV £ 3 1 s £ T v PR L
PR I R BN R (B 1.0% B i)
RUAHEL T30t , ARnedh (B 1L.0% & hiimeE) m
fiyi £ Ay I8 B AH [RILRE B TR EE R R SE 2>, AR RN T,
AN TR £ BRI 02 1 0 VR RS U8 R RARIR A I,
CE I TH iy, BV S IR At £ A LG R SRR S T o
PR BT I e B A . Wang 25 PIWFST R BLAE G A
LA AFAER BRI, S22 s, HoaxAkqk
PRAL T 45 IR A I LE R TR R KO I o &
I i £ 48 A ZH 20 PR N NaCl J, 260 B AES3Z Wat/) ,
M RE AR ERGE (—40 C) JERM LA . Hoh, &K
PV OIE ST R IR 1 e A AR AR R B SR S O, R A VR
GEEKEZ, NI B A [N 2 0 L AR
IR RIS £ 4 FAY S . A NA SRR R,
T ER AN AR £ P A 2R 25 B AR AR R AR R R R LA
[ I 5 2 P oK 43 45 DL B 8 3 4 6 U L 2 K

WV EE S A TR GRS A, ATREK S &
e, RO HHGBOR, BRI, e R
PRI P O B A R A AR PR K, RO LR B 2 HE K
MR 2 BOKARAE—5~1 "CZ IR AL, TR P 3 2
FR LR RGN,

& 4 NaCl RN EX 58 FERE SR RRT T LASENF I

Table 4 Effects of NaCl additive content on specific heat capacity
value of weevers in frozen and natural states

G LA G/ (k) KA B A
Additive content/% —40 °C 20 °C AC/(I(gK)™
0 1.6610£0.0656™  3.5393+0.1522™ 1.8783
0.5 1.8027+0.0532*% 3.4933+0.1107% 1.6906
1.0 1.74130.1098"%°  3.6037+0.2904"* 1.8624
15 1.7677+0.1243"%°  3.2907+0.1312 1.5230
2.0 1.8917£0.1759"  3.3757+0.1145* 1.4840

e B EAR KNS FBES IR IR AN R B F)— NaCl s i i) S H b (19 25 5
BEM (P<0.05) , FR.

Note: Different capital letters mean significant difference of corresponding
indexes of different additive NaCl content at 0.05 level. Different small letters
mean significant difference of corresponding indexes of same additive NaCl
content at 0.05 level, the same blow.
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5 IR, 20 ‘CHI 65 °C 4373k R AT RARFIJLER
HARME BV E AR ERSEE . ERRENERE
AR BB AR AR RS T, AN A& $hs I i %)
NI BT I AR AR B, HOR SRR I A ) & b i
ot 2 MRS IR L AW AT B = R
(P>0.05) , WIEREE A2 H LS A AR AR E I 22 5 8 3%
(P<0.05) ; [Al—fr#his s it LA BR T RN
%A, HAbH LR EER (P>0.05) o Hd, 20°C
B 1.0% B SRS I B LR R, 1.5% B Ehids e 1)
FEIAR DN, U RARIRS T 1.0% 8 $hs 2 B4y i i
iyt T m AL E TR IR R R 2, 1.5% B Shils i i
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WARB; 65 "CIN 1.0% fr BRSNS W LEA A IR K, 2.0%
TEh SN I LE AR g, UL SR AR HLDLB)
FURA IR T 1.0% £ SRS b 5247 J5T &8 5 48 T iy B A7
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B EE R PEARS T 1.0% 6 SRV 0 & 547 og 5 i £ T
e B L T T I RE 22 S R, 2.0% B B S In I )
A, HAS B #0085 £ T i 57 3 T 5 1) g o B/
TRl (BR 1.0% R ) , RUAHEL Tprifsifa,
W Eh (B 10%E SRS INED) Fty £ 2k ik S0AH [F) il B2
P e R, AR TR AR RS
A AR SRR L I8 R LBk AR v B8 8 A R AR
PRIRFRI,  LE A TG, BEORSRRAS B £ fa A LEJULER
T E AN HNLE) & E R PERAS T i B A7 5 I il 1 g
AR BB IR B AR R A AR AR S A SR
SR, AR IENR T (R R B AR /N, R X M
PIRIIAKR, ZKIER 5 ARG X REEH T
UK 58 AR RS OK, BE— 0 TR A AE A A W R
S, DRI AH (] R 8 0 2 4 Ak T AN [ il 82 U L
BAAK .

%5 AE NaCliFMmEMSBEERASSNKELTHE (Alah

EERTMS KETHASEMEMN

Table 5 Effects of different additive NaCl content on specific

heat capacity value of weevers in natural and myosin’s denatured
(and actin’s non-denatured) states

S A C/(eK)") PLA A 2l
Additive content/% 20 °C 65 °C ACP/(J-(g*K)'l)

0 3.5393+0.1522%  3.8963+0.0516"5° 0.3570

0.5 3.4933+0.1107%*  3.6780+0.2042"5° 0.1847

1.0 3.6037+0.2904"  4.1630+0.5426" 0.5593

15 3.2907+0.1312°%  3.4907+0.1050%* 0.2000

2.0 3.3757+0.1145%  3.3980:+0.2164% 0.0223
2.5.2 EHSREMIGHEI AR

6 Bor, 65 CHMaRINERE MBS E A
ARSI, T 80 °C o IWIEREE (1 A NEN 8 (3 ARPRR
BUWIE o AE LIRIRE T, AR ER 78 02 b 8060 W 1) LE
KRB, B, ARt [
B BEVEZE R (P<0.05) , T [H—fr $hvs Nty £
RGN R LA R E xR (P>0.05) o Hd, 65°C
Je 80 CHT 1.0% € TR i 411 1 b B s ek, 2.0% 1 &
IR LS N, B EIRAS T 1.0% & SR i &
B o R Ay T AR T T R R 2, 2.0% ik
TRINE AT o 546, 1.0%E R in &t £r b A )
AR, 2.0%E I I 5N, LS g & i i £
FL AR /N Tt fn (B3 1.0% & s ing) , B
FE FIRARET 1.0% 8 Ehs i 2 sy i i f 7 6 B BT
TRER M Z R, 2.0% RIS IS i WA S, HLsn
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Table 6 Effects of different additive NaCl content on specific

heat capacity value of weevers in actin’s non-denatured and
denatured states
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Effect of different additive NaCl content on refrigeration freshness and
thermal properties of precooked weevers

Shao Ying'?, Wang Xiaohong?, Wu Wenijin!, Li Xin', Xiong Guangquan®,
Qiao Yu', Wang Jun?, Liao Li*, Wang Lan**
(1. Institute of Agricultural Products Processing and Nuclear-agricultural Technology, Hubei Academy of Agricultural Sciences/Farm

Products Processing Research Sub-center of Hubei Innovation Center of Agriculture Science and Technology, Wuhan 430064, China;
2. College of Food Science & Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The study was to investigate the refrigeration preservation and the hot working properties of muscle from weevers
with different additive sodium chloride (NaCl) content (0-2.0%) by differential scanning calorimetry (DSC), and the analysis
of thermal properties of the weevers included the moisture content, the freezing point, the denaturation temperature, the
denaturation enthalpy, the specific heat capacity, and so on. Results showed that the freezing point and the moisture content
both decreased gradually when the NaCl content increased; the original temperature, the end temperature and the denaturation
enthalpy of decalescence peak around 50 ‘C all decreased with the increase of the NaCl content; the decalescence peak around
70 °C only existed in the fresh weever samples evidently and it could not be found under the condition of other additive NaCl
contents. There was no obvious variation trend of the specific heat capacity when the NaCl content increased (P<0.05). The
specific heat capacity of the precooked weever with 2.0% additive NaCl content was the highest in the condition of the
precooked weever’s frozen status, the myosin’s denatured (and actin’s non-denatured) status or actin’s denatured status; the
specific heat capacity of the precooked weever with 1.0% additive NaCl content was the highest when the precooked weever
was in the unfrozen status. As demonstrated by the research, among these 5 kinds of different additive NaCl contents (0-2.0%),
when the NaCl content increased, the freezing point and the moisture content of weever both gradually decreased, the
denaturation temperature of myosin moved toward the direction of lower temperature, the denaturation enthalpy of myosin
decreased, which could reflect the decrease of the height of myosin’s decalescence peak, and meanwhile the decalescence peak
of actin disappeared; the change of specific heat capacity of the weevers with the additive NaCl was less than that of fresh
weevers (except that of the weevers with 1.0% additive NaCl content) (P<0.05); with the different additive NaCl content
(0-2.0%), the specific heat capacity of unfrozen fishes was higher than that of frozen fishes (P<0.05) and the specific heat
capacity under processed status was higher than that under unprocessed status (P<0.05). The research results can provide the
reliable reference for the hot working and the cryopreservation of the precooked weevers.

Keywords: cold storage; denaturation; temperature; differential scanning calorimetry (DSC); salt soluble protein; freezing
point; denaturation enthalpy; specific heat capacity




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


