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Wash tuna heads of skipjack

Drain of water

 Grind

Mix tuna heads with 0.2M Tris-HCl buffer at 1:1 (w/v)
Adjust 8.0 with 6M HCl
        or 6M NaOH

Add 1.5% (volume/protein content in sample) alcalase 2.4L

Hydrolyze and shake (at 200 rounds/min) at 60 ºC, 2 hrs

Inactivate by heating at 90 ºC, 15 min

Adjust pH 6.5-7.0

Centrifuge at 10,000 rounds/min, 15 min

                  Solid          Liquid
   

            Defat

                  Fish protein hydrolysate

��
���������� 1  <=>?@A?BC=?DEFGC=HIJ@=KEJLMNOAPQRSTF?UAJVWXNAECY=UCB
    The alcalase hydrolysis of tuna heads of skipjack.

HZ[X=: SESPGC\]=< AE]^>_?= U`abA`@F?`I (2542)
Source: Modified from Chouchaychoo (1999)
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�1. ��	����	�����	���������� � (AOAC, 2000)

�)��	��
1. cITARVdde=AMfDgIX_
2. g=`JhD=YF=X`abJ
3. OQSISYF=X`abJ
4. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

��*���	
1. ARg=`JhBj=D>ERD=YF=X`abJkJcITARVdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B 

UGnJUFC=  3 `E[FOX\ Jj=AA<]=<cITARkB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\
g=`JhCSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

2. Hj=Wbj=U`@JoTAHZ[ 1 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX

3. `E[\cEFA?@=\A=D=>HZ[cTA\<=>D=YF=X`abJkDTVSTJbj=DJE<HZ[PJ@JAJ G>hX=f 1-2 
<>EX kB@C\kJg=`JhD=YF=X`abJWq[\H>=RJbj=DJE<PCTF

4. Jj=VGARkJcITVdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B J=J 5-6 `E[FOX\ Jj=AA<
]=<cITARkB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\g=`JhCSC\UH@=<ERAMfDgIX_
DTA\PCTF`E[\Jbj=DJE<g=`JhK>TAXcEFA?@=\JEbJ ]=<JEbJJj=<CERVGUoT=cITARAZ<Y>Eb\

5. Hj=Wbj=U`@JoTAHZ[ 4 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX
��	�+����

G>_X=fYF=X`abJ (>TA?ChOS?Jbj=DJE<)  =  (W1-W2) x 100
                           W1

<j=DJSkDT W1 YaA Jbj=DJE<cEFA?@=\<@AJAR (<>EX)
W2 YaA Jbj=DJE<cEFA?@=\DCE\AR (<>EX)
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�2. ��	����	�������	����,��-� (AOAC, 2000)

�)��	��
1. AMG<>fN`MSB<ESVoXEJ (soxhlet apparatus) G>h<ARSTF? oFS<CXBj=D>ERkB@-            

cEFHj=ChC=? WAYUCc (soxhlet) UY>a[A\YFRPJ@J (condenser) PChUc=kDTYF=X>TAJ (heating mantle)
2. DCASkB@cEFA?@=\ (extraction thimble)
3. cITARVdde=AMfDgIX_
4. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

��*���	
1. ARoFS<CXBj=D>ERD=G>_X=fVoXEJWq[\XZoJ=SYF=X]M 250 X_CC_C_c> kJcITAR-

Vdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B  UGnJUFC= 3 `E[FOX\ Jj=AA<]=<cITARkB@VFTkJOQSISYF=X`abJ 
GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\oFS<TAJ<CXCSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

2. Hj=Wbj=U`@JoTAHZ[ 1 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX

3. `E[\cEFA?@=\RJ<>hS=s<>A\HZ[H>=RJbj=DJE<G>hX=f 1-2 <>EX D@AkDTX_S`_S
PCTFkB@C\kJDCASBj=D>ERkB@cEFA?@=\ YCMXSTF?Bj=CZ UKa[AkDTB=>Hj=ChC=?XZ<=><>h]=?A?@=\
BX[j=UBXA

4. Jj=cEFA?@=\kB@C\kJWAYUCc Uc_XB=>cEFHj=ChC=?GtOc>UCZ?XAZUHA>NC\kJoFS
D=VoXEJ G>_X=c> 150 X_CC_C_c> PCTFF=\RJUc=kDTYF=X>TAJ

5. Hj=<=>B<ESVoXEJUGnJUFC= 14 `E[FOX\ OS?G>ERUc=YF=X>TAJkDTD?SoA\B=>-
Hj=ChC=?<CE[JcEF]=<AMG<>fNYFRPJ@JSTF?AEc>= 150 D?Sc@AJ=HZ

6. UXa[AY>R 14 `E[FOX\ Jj=DCASkB@cEFA?@=\AA<]=<WAYUCc PCh<CE[JU<uRB=>Hj=-
ChC=?]JUDCaAB=>Hj=ChC=?kJoFS<CXUKZ?\UCu<JTA?STF?UY>a[A\>hUD?cEFHj=ChC=?

7. Jj=oFSD=VoXEJJEbJVGARkJcITARVdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B      
]JPDT\]q\Jj=AA<]=<cITARkB@VFTkJOQSISYF=X`abJ  GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\oFS<TJ<CX
CSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

8. Hj=Wbj=U`@JoTAHZ[ 7 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX
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��	�+����
G>_X=fVoXEJ (>TA?ChOS?Jbj=DJE<)  =  W2 x 100

              W1

<j=DJSkDT W1 YaA Jbj=DJE<cEFA?@=\U>_[XcTJ (<>EX)
W2 YaA Jbj=DJE<VoXEJDCE\AR (<>EX)

�3. ��	����	�������	����/�	��� (AOAC, 2000)

�)��	��
1. AMG<>fN?@A?OG>cZJ G>h<ARSTF? Uc=PChDCAS?@A?Bj=D>ERkB@cEFA?@=\
2. AMG<>fN<CE[JOG>cZJ
3. GtUGc
4. oFS>IG`XKI@oJ=S 250 X_CC_C_c>
5. R_FU>coJ=S 25 X_CC_C_c>
6. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

0�	����
1. <>SWECdtF>_<UoTXoTJ
2. B=>U>@\Gv_<_>_?= k`TYAGUGA>NWECUdc 1 B@FJ c@AOGPcBUWZ?XWECUdc 9 B@FJ
3. B=>ChC=?OWUSZ?XVwS>A<VWSNUoTXoTJ>TA?Ch 40
4. <>SRA>N>_<UoTXoTJ>TA?Ch 4
5. B=>ChC=?<>SU<CaAUoTXoTJ 0.02 JA>NXAC
6. A_JS_UYUcA>N B=>pBX>hDF@=\UXHL_CCZJRCI UXHL_CU>S PChOR>OXY>ZWAC<>ZJ

��*���	
1. `E[\cEFA?@=\A=D=> (oA\Pou\) kDTVSTJbj=DJE<PJ@JAJG>hX=f 1-2 <>EX (oA\

UDCF) k`TG>_X=c> 10-15 X_CC_C_c> kB@C\kJDCAS?@A?OG>cZJ PChHj=PRC\YNSTF?
2. Uc_XB=>U>@\Gv_<_>_?= 5 <>EX
3. Uc_X<>SWECdtF>_<UoTXoTJG>_X=c> 20 X_CC_C_c>
4. F=\DCAS?@A?C\kJUc=?@A? PCTFG>h<ARB=??=\>hDF@=\x=Y>ARoFSkB@S@=\

PChUY>a[A\]ERVA<>SkDTU>Z?R>TA?
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5. UGtSBF_HWNUY>a[A\ scrubber PChUc=?@A? PCTFcEb\AMfDgIX_UGnJ 200 A\m=UWCUWZ?B 
UGnJUFC= 30 J=HZ ]=<JEbJG>ERAMfDgIX_UGnJ 380 A\m=UWCUWZ?B PCTF?@A?c@AAZ< 120 J=HZ ]JVSTB=>
ChC=?kB

6. GtSBF_HWNUc=?@A? Jj=AA<]=<Uc=?@A?PChF=\H_b\VFTkDTU?uJ
7. ]ESAMG<>fN<CE[J UGtSBF_HWNVd PCTFUGtSJbj=DC@AU?uJPChUY>a[A\YFRPJ@J
8. Jj=oFS>IG`XKI@oJ=S 250 X_CC_C_c> Wq[\Uc_XA_JS_UYUcA>NPCTF Uc_X<>SRA>N>_<UoTX

oTJ>TA?Ch 4 G>_X=c> 5 X_CC_C_c> PChJbj=<CE[J 5 X_CC_C_c> PCh>A\>ERoA\UDCFHZ[VST]=<        <=><
CE[J OS?kDTB@FJGC=?oA\AMG<>fNYFRPJ@J]M@XC\kJB=>ChC=?

9. c@ADCAS?@A?OG>cZJUoT=<ERUY>a[A\<CE[J Uc_XB=>ChC=?OWUSZ?XVwS>A<VWSN 
]JBZoA\cEFA?@=\kJDCAS?@A?UGCZ[?JUGnJBZSj=

10. <CE[JkDTVSToA\UDCFkJoFS>IG`XKI@ G>hX=f 100-150 X_CC_C_c>
11. VcUc>HB=>ChC=?HZ[<CE[JVST<ERB=>ChC=?<>SU<CaAHZ[XZYF=XUoTXoTJ 0.02   

JA>NXAC ]JBZoA\B=>ChC=?UGCZ[?J]=<BZUoZ?FUGnJBZX@F\
��	�+����

G>_X=fOG>cZJ (>TA?ChOS?Jbj=DJE<)  =  (a-b) x N x 14.007 x F
                         W

<j=DJSkDT  a   YaA G>_X=c>oA\B=>ChC=?<>SU<CaAHZ[k`T<ERcEFA?@=\ (X_CC_C_c>)
b   YaA G>_X=c>oA\B=>ChC=?<>SU<CaAHZ[k`T<ER blank (X_CC_C_c>)
N  YaA YF=XUoTXoTJoA\B=>ChC=?<>SU<CaA (JA>NXAC)
W YaA Jbj=DJE<oA\cEFA?@=\ (<>EX)
F   YaA factor UGnJcEFUCoHZ[UDX=hBX
(Jbj=DJE<<>EXBXXIC?NoA\VJOc>U]J  =  14.007)

�4. ��	����	�������	�����23� (AOAC, 2000)

�)��	��
1. Uc=Up= (muffle furnace)
2. QTF?<>hURabA\UYCaAR
3. OQSISYF=X`abJ
4. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S
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��*���	
1. Up=QTF?<>hURabA\UYCaARkJUc=Up=HZ[AMfDgIX_ 600 A\m=UWCUWZ?B UGnJUFC=

G>hX=f 3 `E[FOX\ GtSBF_cWNUc=Up=PCTF>AG>hX=f 30-45 J=HZ UKa[AkDTAMfDgIX_g=?kJUc=Up=CSC\
<@AJPCTFJj=AA<]=<Uc=Up=kB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\QTF?<>hURabA\
UYCaARCSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

2. Hj=Wbj=U`@JoTAHZ[ 1 ]JVSTpCc@=\oA\Jbj=DJE<HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX

3. `E[\cEFA?@=\A=D=>kDTVSTJbj=DJE<PJ@JAJG>hX=f 2 <>EX kB@kJQTF?<>hURabA\-
UYCaARHZ[>ITJbj=DJE<PJ@JAJ PCTFJj=VGUp=kJcITYFEJ]JDXSYFEJ

4. Jj=QTF?<>hURabA\UYCaARHZ[kB@cEFA?@=\A=D=>UoT=Uc=Up=HZ[AMfDgIX_ 600 A\m=-
UWCUWZ?B <>hHj=U`@JUSZ?F<ERoTAHZ[ 1-2
��	�+����

G>_X=fUQT= (>TA?ChOS?Jbj=DJE<)  =  W2 x 100
              W1

<j=DJSkDT W1 YaA Jbj=DJE<cEFA?@=\U>_[XcTJ (<>EX)
W2 YaA Jbj=DJE<cEFA?@=\DCE\Up= (<>EX)

�5. ��	����	�������	�������5�6��- ���7 (AOAC, 2000)

�)��	��
1. QTF?<>hURabA\Bj=D>ER>hUD?
2. cITARVdde=AMfDgIX_
3. A@=\��������	
�	�
��
�

4. OQSISYF=X`abJ
5. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

��*���	
1. Jj=QTF?<>hURabA\CT=\kDTBhA=S ARkDTPDT\kJcITARVdde=HZ[AMfDgIX_ 105+2 

A\m=UWCUWZ?B J=JUGnJUFC= 1 `E[FOX\ Jj=AA<]=<cITARkB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J
<>hHE[\AMfDgIX_oA\QTF?<>hURabA\CSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

2. Hj=Wbj=U`@JoTAHZ[ 1 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX
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3. `E[\cEFA?@=\ 10 <>EX PChUc_XJbj=<CE[J 10 X_CC_C_c> (Bj=D>ERoA\Pou\) D>aAcF\cEF
A?@=\ 10 X_CC_C_c> (Bj=D>ERoA\UDCF) kB@C\kJQTF?<>hURabA\Bj=D>ER>hUD?HZ[H>=RJbj=DJE<PJ@JAJ
PCTF

4. Jj=VG>hUD?kDTPDT\kJA@=\Jbj=YFRYMXAMfDgIX_HZ[ 95+2 A\m=UWCUWZ?B
5. ARPDT\kJcITARHZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B UGnJUFC= 1 `E[FOX\ Jj=AA<]=<

cITARkB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\QTF?<>hURabA\CSC\UH@=<ERAMfDgIX_
DTA\PCTF`E[\Jbj=DJE<

6. Hj=Wbj=U`@JoTAHZ[ 5 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX
��	�+����

G>_X=foA\Pou\HEb\DXS (>TA?ChOS?Jbj=DJE<)  =  W2 x 100
        W1

<j=DJSkDT W1 YaA Jbj=DJE<cEFA?@=\U>_[XcTJ (<>EX)
W2 YaA Jbj=DJE<oA\Pou\DCE\AR (<>EX)

�6. ��	����	���� TBA number (Thiobarbituric acid) (Egan et al., 1981)

�)��	��
1. `MS<CE[JPChUc=Vdde=
2. GtUGc
3. DCASHSCA\`J_SXZ]M<GtS
4. UY>a[A\FESY@=<=>SIS<CaJPB\ (spectrophotometer)

0�	����
1. B=>ChC=?<>SU<CaAUoTXoTJ 4 JA>NXAC
2. B=>GeA\<EJ<=>U<_SdA\
3. B=>ChC=?<>SVLOAR=>NR_HI>_<  ChC=?<>SVLOAR=>NR_HI>_< 0.2883 <>EX C\kJ

<>SAhW_c_<UoTXoTJ>TA?Ch 90
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��*���	
1. `E[\cEFA?@=\A=D=> 10 <>EX C\kJoFS<CE[J PChUc_XJbj=<CE[JG>_X=c> 97.5 

X_CC_C_c>
2. Uc_XB=>ChC=?<>SU<CaAUoTXoTJ 4 JA>NXAC G>_X=c> 2.5 X_CC_C_c> (pH YF>]h

UGnJ 1.5) PCTFUc_XB=>GeA\<EJ<=>U<_SdA\
3. <CE[JkDTVSToA\UDCF G>_X=c> 50 X_CC_C_c> g=?kJUFC= 10 J=HZ
4. SISB=>HZ[<CE[JVST G>_X=c> 5 X_CC_C_c> C\kJDCASHSCA\HZ[XZx=]M<GtS
5. Uc_XB=>ChC=?<>SVLOAR=>NR_HI>_< G>_X=c> 5 X_CC_C_c> Uo?@=PChkDTYF=X>TAJ

STF?Jbj=USaAS UGnJUFC=J=J 35 J=HZ
6. Hj= blank STF?F_LZUSZ?F<EJ OS?k`TJbj=<CE[J 5 X_CC_C_c> PHJB=>HZ[<CE[JVST
7. Jj=cEFA?@=\PCh blank HZ[U?uJPCTF VGFESY@=<=>SIS<CaJPB\HZ[ 532 J=OJUXc>

��	�+����
TBA number (X_CC_<>EXX=OCJAECSZVwSNc@A<_OC<>EXcEFA?@=\) = 7.8 x (a-b)
<j=DJSkDT a  YaA Y@=<=>SIS<CaJPB\oA\cEFA?@=\HZ[ 532 J=OJUXc>

b  YaA Y@=<=>SIS<CaJPB\oA\ blank HZ[ 532 J=OJUXc>
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������� � ��	����	���������L��


�1. ��	����	�����M��������5�M� (bulk density) (*��-L 0)�		�0�����, 2535)

�)��	��
1. <>hRA<cF\oJ=S 250 X_CC_C_c>
2. <>hRA<cF\oJ=S 500 X_CC_C_c>
3. <>F?KC=Bc_<
4. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

��*���	
1. Jj=UXCuS\=X=kB@<>hRA<cF\oJ=S 250 X_CC_C_c> ]JUcuX G=SG=<P<TFkDTU>Z?R
2. Jj=UXCuS\=]=<oTAHZ[ 1 VGUHkB@<>hRA<cF\oJ=S 500 X_CC_C_c> Wq[\XZ<>F?>A\

>ERA?I@RJG=<<>hRA<cF\ PChA@=JG>_X=c>oA\UXCuS\=
3. Jj=cEFA?@=\A=D=>G>hX=f 3 `_bJ X=`E[\kDTH>=RJbj=DJE<HZ[PJ@JAJ
4. Jj=cEFA?@=\A=D=>X=kB@<>hRA<cF\oJ=S 250 X_CC_C_c> PChUHUXCuS\=kB@C\

VG]JUcuX G=SG=<P<TFkDTU>Z?R
5. Jj=UXCuS\=]=<oTAHZ[ 4 VGUHkB@<>hRA<cF\oJ=S 500 X_CC_C_c> Wq[\XZ<>F?>A\

>ERA?I@RJG=<<>hRA<cF\ PChA@=JG>_X=c>oA\UXCuS\=
��	�+����

Y@=YF=XDJ=PJ@J (<>EXc@A 100 X_CC_C_c>)  =  100 x A 
                           V1-V2

<j=DJSkDT  A  YaA Jbj=DJE<cEFA?@=\ (<>EX)
V1 YaA G>_X=c>oA\UXCuS\=DJq[\<>hRA<cF\Wq[\VX@XZcEFA?@=\A?I@ (X_CC_C_c>)
V2 YaA G>_X=c>oA\UXCuS\=DJq[\<>hRA<cF\Wq[\XZcEFA?@=\A?I@ (X_CC_C_c>)

�2. ��	����	�����M�����0���	2R���	7S7T-�� +� (Ning et al., 1991)

�)��	��
1. UY>a[A\DXMJUDFZ[?\YFRYMXAMfDgIX_
2. GtUGc
3. cITARVdde=
4. g=`JhD=YF=X`abJ
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5. OQSISYF=X`abJ
6. UY>a[A\`E[\Vdde=A?@=\ChUAZ?S

��*���	
1. `E[\cEFA?@=\A=D=>DJE< 2+0.002 <>EX kB@C\g=`JhD=YF=X`abJHZ[H>=RJbj=DJE<

PJ@JAJ PChJj=VGARkJcITARVdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B UGnJUFC= 3 `E[FOX\ PCT\]q\AA<
]=<cITARkB@VFTkJOQSISYF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\g=`JhCSC\UH@=<ERAMfDgIX_
DTA\PCTF`E[\Jbj=DJE<

2. Hj=Wbj=U`@JoTAHZ[ 1 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX

3. `E[\cEFA?@=\A=D=>DJE< 2+0.002  <>EX PCTFUc_XJbj=<CE[J G>_X=c> 25 X_CC_C_c>
4. Uo?@=kDTUoT=<EJHZ[AMfDgIX_DTA\ UGnJUFC=J=J 30 J=HZ
5. Jj=VGDXMJUDFZ[?\HZ[YF=XU>uF 10,000 rpm AMfDgIX_ 20 A\m=UWCUWZ?B UGnJUFC=

J=J 30 J=HZ
6. >_JB@FJkBH_b\ PCTFUAZ?\DCASHSCA\HZ[kB@cEFA?@=\J=J 10 J=HZ PChH_b\B@FJkB

HZ[UDCaA
7. Q@=?cEFA?@=\HZ[VSTC\g=`JhD=YF=X`abJHZ[H>=RJbj=DJE<JAJ `E[\Jbj=DJE< PChJj=

VGARkJcITARVdde=HZ[AMfDgIX_ 105+2 A\m=UWCUWZ?B ]JPDT\]q\Jj=AA<]=<cITARkB@VFTkJOQSIS
YF=X`abJ GC@A?H_b\VFT]J<>hHE[\AMfDgIX_oA\g=`JhCSC\UH@=<ERAMfDgIX_DTA\PCTF`E[\Jbj=DJE<

8. Hj=Wbj=U`@JoTAHZ[ 7 ]JVSTpCc@=\oA\Jbj=DJE<HZ[`E[\HEb\BA\Y>Eb\c_Sc@A<EJVX@U<_J 1-3 
X_CC_<>EX
��	�+����

YF=XB=X=>QkJ<=>SISWERJbj= (<>EXc@A<>EXcEFA?@=\PDT\)  =  A-B
                C

<j=DJSkDT A YaA Jbj=DJE<cEFA?@=\<@AJAR (<>EX)
B YaA Jbj=DJE<cEFA?@=\DCE\AR (<>EX)
C YaA Jbj=DJE<cEFA?@=\PDT\ (<>EX)
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�3. ��	����	�����M�0�

�)��	��
UY>a[A\FESY@=BZ ?Z[DTA Hunter Lab >M@J Color Flex

��*���	
1. UGtSYAXK_FUcA>N PChUCaA<OG>P<>XBj=U>u]>IG
2. Hj=<=> calibrate UY>a[A\FESY@=BZSTF?Pp@JBZX=c>{=J SE\JZb
2.1.  UCaA< standardize PCTFUCaA<oJ=S port 0.5 J_bF
2.2. F=\Pp@JBZSj= OS?F=\ST=JBZSj=XEJC\RJ Port
2.3. F=\Pp@JBZo=F OS?kDT]MSBZo=FRJPp@JBZA?I@<q[\<C=\ port

3. <j=DJSY@=kJ<=>FES OS?UCaA< active view
3.1. scale UCaA< CIE Lab UKa[AkDTUY>a[A\FESY@=BZkJ>hRR Hunter Lab (Y@=HZ[FESVST

]hUGnJY@= L*, a* PCh b*)
3.2. IIuminant UCaA<UKa[A<j=DJSPDC@\<j=UJ_SPB\HZ[k`TUCaA< D65

4. RScEFA?@=\kDTChUAZ?SPChR>>]MC\QTF?P<TFBj=D>ERkB@cEFA?@=\ PChF=\C\RJ 
port  PCTFGtSx=Y>AR UKa[AX_kDTXZPB\>R<FJ]=<g=?JA<

5. U>_[XFESY@=BZOS?UCaA< read sample PCh>A]JUY>a[A\A@=JY@=UB>u]

�4. ��	����	���������	�5��������  (water activity, aw)

�)��	��
1. UY>a[A\FESY@=�����������������  ?Z[DTA Novasina >M@J Thermoconstanter

2. ���������
������������
������
����� !���

��*���	
1. UGtSUY>a[A\FESY@=FAUcA>NPAYc_F_cZb PChcEb\Y@=AMfDgIX_oA\UY>a[A\FESY@=FAUcA>N- 

PAYc_F_cZbkDTVST 25 A\m=UWCUWZ?B PCTF Calibrate UY>a[A\FESY@=FAUcA>NPAYc_F_cZbSTF?B=>ChC=?U<CaA
X=c>{=J

2. UGtSYAXK_FUcA>NPChUCaA<OG>P<>XBj=U>u]>IG
3. RScEFA?@=\kDTChUAZ?SPChR>>]MC\kJcCERKC=Bc_<kDTVSTG>_X=fOS?G>hX=f

>TA?Ch 80-90 PCTFJj=cCERcEFA?@=\kB@C\kJ measuring chamber
4. Y@=HZ[UY>a[A\FESVSTUGnJY@= equilibrium relative humidity (ERH) Wq[\UXa[AD=>STF? 

100 ]hVSTY@=FAUcA>NPAYc_F_cZbc=XHZ[cTA\<=>
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�5. ��	�-7����L�7�L)M����/7 (dough stickiness) (Chen and Hoseney, 1995)

�)��	��
1. UY>a[A\ Texture Analyzer ?Z[DTA Stable Micro System >M@J TA-XT2i
2. UY>a[A\YAXK_FUcA>NK>TAXOG>P<>XBj=U>u]>IG

��*���	
1. UGtSUY>a[A\FESCE<sfhUJabABEXpEBPChYAXK_FUcA>N PChUCaA<OG>P<>XBj=U>u]>IG
2. Hj=<=> calibrate UY>a[A\FESCE<sfhUJabABEXpEB OS?k`TCI<cMTXDJE< 5,000 <>EX
3. c_SDEFUouX (cylinder probe; P/25P) PCh{=JF=\cEFA?@=\ (A/DSC) RJUY>a[A\FES

CE<sfhUJabABEXpEB PCTFHj=<=> calibrate DEFFES
4. UCaA< T.A. setting UKa[AcEb\Bg=FhoA\UY>a[A\FESCE<sfhUJabABEXpEB SE\JZb
Test Option Adhesive Test
Pre-Test Speed 2.0 mm/s
Test Speed 2.0 mm/s
Post-Test Speed 10.0 mm/s
Distance 4.0 mm
Force 40 g
Time 0.1 s
Trigger Type Auto � 5 g
Data Acquisition Rate 400 pps
5. R>>]McEFA?@=\C\kJ{=JFES DXMJGtSx=U<CZ?F PCTFDXMJR_S{=JUKa[ASEJcEFA?@=\

OSoA\PGe\kDTBI\G>hX=f 1 X_CC_UXc> >AkDTUBTJOSY\cEFG>hX=f 10 F_J=HZ OS?k`TPp@JKC=Bc_<
GtSVFTUKa[AGeA\<EJJbj=HZ[p_FUBTJOS>hUD?AA<

6. UCaA< run a test UKa[AFESY@= PCTFUoZ?J<>=dYF=XBEXKEJLN>hDF@=\P>\HZ[k`TkJ<=>
?aScEFA?@=\<ER>h?hH=\HZ[cEFA?@=\QI<?aSAA< A@=JY@=U^CZ[?oA\P>\BI\BMS"�����# >h?hH=\HZ[cEF

A?@=\QI<?aSAA<VSTX=<HZ[BMS PChKabJHZ[oA\<>=dkJST=JHZ[XZY@=UGnJRF< Wq[\]hBEXKEJLN<ERY@=YF=X?aS
D?M@J(stickiness) <=>?qSU<=h/YF=XPou\P>\ (cohesion/dough strength) PCh<=>?qSc_S (adhesion) 
c=XCj=SER

7. G>hXFCpC OS?UCaA< process data PChUCaA<Yj=BE[\ macro UKa[AcEb\Bg=Fhc@=\�
SE\JZb
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GO TO FORCE 0.0 g
DROP ANCHOR
MAX +ve FORCE
MARK FORCE
GO TO FORCE 1.0 g
DROP ANCHOR
AREA
DISTANCE

�6. ��	�-7����5�6� (hardness) 5
������	�� (crispness) (Anon, 1996)

�)��	��
1. UY>a[A\ Texture Analyzer ?Z[DTA Stable Micro System >M@J TA-XT2i
2. UY>a[A\YAXK_FUcA>NK>TAXOG>P<>XBj=U>u]>IG

��*���	
1. UGtSUY>a[A\FESCE<sfhUJabABEXpEBPChYAXK_FUcA>N PChUCaA<OG>P<>XBj=U>u]>IG
2. Hj=<=> calibrate UY>a[A\FESCE<sfhUJabABEXpEB OS?k`TCI<cMTXDJE< 5,000 <>EX
3. c_SDEFUouX (spherical probe; P/5S) PCh{=JF=\cEFA?@=\ (HDP/90) RJUY>a[A\FES

CE<sfhUJabABEXpEB PCTFHj=<=> calibrate DEFFES
4. UCaA< T.A. setting UKa[AcEb\Bg=FhoA\UY>a[A\FESCE<sfhUJabABEXpEB SE\JZb
Test Mode Measure Force in
Compression
Test Option Return to Start
Pre-Test Speed 1.0 mm/s
Test Speed 1.0 mm/s
Post-Test Speed 10.0 mm/s
Distance 10.0 mm
Force 10 g
Trigger Type Button
Data Acquisition Rate 400 pps
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5. R>>]McEFA?@=\C\kJ{=JFES UCaA< run a test UKa[AFESY@=P>\<SPc< (compression)
PCTFK_]=>f=D=Y@=U^CZ[?oA\P>\BI\BMSoA\<>=d UGnJY@=P>\HZ[<SC\RJpC_cgEf�NPCTFHj=kDTcEFA?@=\
Pc< PChJER]j=JFJKZYHZ[XZY@=P>\<SX=<<F@= 10 <>EX c@AYF=XDJ=U^CZ[?oA\pC_cgEf�N HEb\BA\Y@=JZb
]hBEXKEJLN<ERYF=XPou\ (hardness) PChYF=X<>AR (crispness) c=XCj=SER

6. G>hXFCpC OS?UCaA< process data PChUCaA<Yj=BE[\ macro UKa[AcEb\Bg=Fhc@=\�
SE\JZb

GO TO MIN TIME
DROP ANCHOR
MAX +ve FORCE
MARK FORCE
GO TO MAX TIME
DROP ANCHOR
SET FORCE THRESHOLD 10 g
COUNT FORCE +ve PEAKS
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������� � ��	����	�������Z)
���	�L�

�1. ��	����	�����	����Z)
���	�L��- ���7 (Speck, 1984)

����	�
� L���� �
1. plate count agar (PCA)
2. B=>ChC=?OWUSZ?XYCAV>SN>TA?Ch 0.85 D>aAB=>ChC=?UGGOcJ>TA?Ch 0.1

��*���	
1. Hj=<=>U]aA]=\cEFA?@=\STF?B=>ChC=?OWUSZ?XYCAV>SNUoTXoTJ>TA?Ch 0.85 D>aA

B=>ChC=?UGGOcJUoTXoTJ>TA?Ch 0.1kDTXZ>hSERYF=XU]aA]=\ 1:10, 1:100, 1:1000 PCh 1:10000
2. GtUGccEFA?@=\kJPc@Ch>hSERYF=XU]aA]=\kB@]=JUK=hU`abA]=JCh 1.0 X_CC_C_c> 

Hj=>hSERYF=XU]aA]=\Ch 3 Wbj=
3. UHA=D=> PCA Wq[\<j=CE\DCAXUDCFPChXZAMfDgIX_G>hX=f 45 A\m=UWCUWZ?B 

C\kJ]=JUK=hU`abA]=JCh 15-20 X_CC_C_c>
4. Uo?@=]=JUK=hU`abAkDTA=D=>UCZb?\U`abApBX<ERcEFA?@=\A=D=> OS?<=>DXMJ]=J

UK=hU`abAkJH_mc=XUouXJ=�_<= 5 Y>Eb\ HFJUouXJ=�_<=AZ< 5 Y>Eb\ Hj=A?@=\>hXES>hFE\PCh>FSU>uF   
UKa[AVX@kDTA=D=>UCZb?\U`abAPou\cEF<@AJ

5. cEb\H_b\VFTkDTA=D=>UCZb?\U`abAPou\cEF <CER]=JUK=hU`abA PCTFJj=VGR@XUK=hU`abAHZ[
AMfDgIX_DTA\ (35-37 A\m=UWCUWZ?B) J=J 48 `E[FOX\

6. JER]j=JFJOYOCJZHZ[G>=<vkJ]=JUK=hU`abA OS?UCaA<JER]=JHZ[XZ]j=JFJ           
]MC_JH>Z?N 30-300 OYOCJZ PCTFD=Y@=U^CZ[? Y_SUGnJ]j=JFJOYOCJZc@A 1 <>EXcEFA?@=\ (CFU/g sample)
��	�+����

CFU = Y@=U^CZ[?oA\]j=JFJOYOCJZ x >hSERYF=XU]aA]=\
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�2. ��	����	�����	����L�0��5
�	� (Speck, 1984)

����	�
� L���� �
1. potato dextrose agar (PDA)
2. B=>ChC=?OWUSZ?XYCAV>SN>TA?Ch 0.85 D>aAB=>ChC=?UGGOcJ>TA?Ch 0.1
3. B=>ChC=?<>SH=>NH=>_<UoTXoTJ>TA?Ch 1

��*���	
1. GtUGcB=>ChC=?<>SH=>NH=>_<UoTXoTJ>TA?Ch 1 G>_X=c> 1.5 X_CC_C_c> C\kJ

A=D=> PDA G>_X=c> 100 X_CC_C_c>
2. UHA=D=> PDA Wq[\<j=CE\DCAXUDCFPChXZAMfDgIX_G>hX=f 45 A\m=UWCUWZ?B 

C\kJ]=JUK=hU`abA]=JCh 15-20 X_CC_C_c> cEb\H_b\VFTkDTA=D=>Pou\cEF
3. Hj=<=>U]aA]=\cEFA?@=\STF?B=>ChC=?OWUSZ?XYCAV>SNUoTXoTJ>TA?Ch 0.85 D>aA

B=>ChC=?UGGOcJUoTXoTJ>TA?Ch 0.1kDTXZ>hSERYF=XU]aA]=\ 1:10, 1:100, 1:1000 PCh 1:10000
4. GtUGccEFA?@=\kJPc@Ch>hSERYF=XU]aA]=\kB@]=JUK=hU`abA]=JCh 0.1 X_CC_C_c> 

Hj=>hSERYF=XU]aA]=\Ch 3 Wbj=
5. k`T spreader U<CZ[?cEFA?@=\kDTHE[FR>_UFfp_FDJT=A=D=>
6. R@XU`abAHZ[AMfDgIX_DTA\ (35-37 A\m=UWCUWZ?B) J=J 3-5 FEJ
7. JER]j=JFJOYOCJZHZ[G>=<vkJ]=JUK=hU`abA OS?UCaA<JER]=JHZ[XZG>_X=f?ZBcN

PCh>=A?I@kJ`@F\ 30-300 OYOCJZ PCTFD=Y@=U^CZ[? Y_SUGnJ]j=JFJOYOCJZc@A 1 <>EXcEFA?@=\
��	�+����

CFU = Y@=U^CZ[?oA\]j=JFJOYOCJZ x >hSERYF=XU]aA]=\
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������� Z ��	�70���)���
����	�0��0-��-0

Z1. 5���70���)���
����	�0��0-��-0����
���-�\�����	���	�����R�3/�	����
�,]/7	

,
�0���^�0M���	����

`a[ApITHSBAR����������������FEJHZ[�������.UFC=�������
Yj=PJhJj=; <>Mf=`_XcEFA?@=\pC_cgEf�NA=D=>AR<>ARHZ[k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJ
G>h<AR]=<WT=?VGoF= PCTFkB@>hSERYF=X`ARoA\Pc@ChG�]]E?HZ[c>\<ERYF=X>ITBq<oA\H@=JX=<HZ[
BMS K>TAX<j=<ER>DEBPc@ChcEFA?@=\
>hSERYF=X`AR ; 9 = `ARX=<HZ[BMS 4 = VX@`ARUCu<JTA?

8 = `ARX=< 3 = VX@`ARG=J<C=\
7 = `ARG=J<C=\ 2 = VX@`ARX=<
6 = `ARUCu<JTA? 1 = VX@`ARX=<HZ[BMS
5 = U^?�

YMfCE<sfh
>DEBcEFA?@=\

BZ <C_[J >B`=c_ YF=X<>AR YF=X`AR>FX

oTAUBJAPJh����������������������������������
���������������������������������������
�����

oARK>hYMfY@h
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Z2. 5���70���)���
����	�0��0-��-0	���M����	��6�	-�_�����
���-�\�����	���	�����

R�3/�	����
�,]/7	,
�0���^�0M���	����

`a[ApITHSBAR����������������FEJHZ[�������UFC=�������
Yj=PJhJj=; <>Mf=`_XcEFA?@=\pC_cgEf�NA=D=>AR<>ARHZ[k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJ
G>h<AR PCTFkB@>hSER<=>?AX>ERoA\Pc@ChG�]]E?HZ[c>\<ERYF=X>ITBq<oA\H@=JX=<HZ[BMS K>TAX
<j=<ER>DEBPc@ChcEFA?@=\
>hSER<=>?AX>ER ; 9 = `ARX=<HZ[BMS 4 = VX@`ARUCu<JTA?

8 = `ARX=< 3 = VX@`ARG=J<C=\
7 = `ARG=J<C=\ 2 = VX@`ARX=<
6 = `ARUCu<JTA? 1 = VX@`ARX=<HZ[BMS
5 = U^?�

YMfCE<sfh
>DEBcEFA?@=\

BZ <C_[J >B`=c_ YF=X<>AR <=>?AX>ER>FX

oTAUBJAPJh����������������������������������
���������������������������������������
�����

oARK>hYMfY@h
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Z3. 5��0��2��0+��	-��S3�	�/���-��,��M��
���-�\�����	���	�����R�3/�	����
�,]/7	,
�0�

��^�0M���	����

PRRBARQ=XJZbUGnJB@FJDJq[\oA\>=?\=JF_]E? U>a[A\ <=>KE�J=pC_cgEf�NA=D=>AR<>ARHZ[
k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJG>h<ARoA\ J=\B=F<�cCE<sfN GhBh<FZ JE<mq<s=>hSER
G>_��=OH g=YF_`=UHYOJOC?ZA=D=> XD=F_H?=CE?B\oC=JY>_JH>N oTAXICHZ[H@=JcAR]hUGnJ
G>hO?`JNA?@=\?_[\Bj=D>ER\=JF_]E?Y>Eb\JZb OS?oTAXICUDC@=JZb]hVX@XZpC<>hHRkS� c@AH@=JHEb\B_bJ oA
oARYMfHM<H@=JHZ[kDTYF=X>@FXXaA
�+��*���L 1. pC_cgEf�NA=D=>AR<>ARHZ[k`TUGnJcEFA?@=\kJ<=>HSBARY>Eb\JZb]ESUGnJA=D=>      
oRUYZb?FHZ[>ERG>hH=J>hDF@=\XabAA=D=>DCE< Wq[\B=X=>Q>ERG>hH=JVSTHEJHZVX@OS?cTA\G>M\

2. pC_cgEf�NA=D=>AR<>ARHZ[k`TUGnJcEFA?@=\kJ<=>HSBARY>Eb\JZbUGnJpC_cgEf�NHZ[Hj=
]=<PGe\ >ZSUGnJPp@J Jj=VGARkDT<>AR PCTFG>M\>BA?@=\QI<BMoCE<sfhPChGCASgE?c@ApITR>_OgY

�+�5���+� <>Mf=Hj=UY>a[A\DX=? /kJF\UCuR (   ) DJT=Yj=cARHZ[H@=JUDuJF@=UDX=hBXHZ[BMS
0M����� 1  �3��S
����L��-�
`���		���	�	�/������	����� L�
1. H@=J`AR>ERG>hH=JA=D=>oRUYZb?FD>aAVX@ (D=<H@=JVX@`AR>ERG>hH=JkDToT=XVGcAR   
B@FJHZ[ 2)

(   ) `AR  (   ) VX@`AR (  ) U^?�
2. H@=J>ERG>hH=JA=D=>oRUYZb?FR@A?Y>Eb\PY@VDJ

(   ) JTA?<F@= 2 Y>Eb\/BEGS=DN (   ) 2-4 Y>Eb\/BEGS=DN
(   ) 5-6 Y>Eb\/BEGS=DN   (   ) HM<FEJ  

3. <>Mf=U>Z?\Cj=SERYF=XBj=YE�oA\UDcMpCkJ<=>UCaA<WabAA=D=>oRUYZb?F ]=< 1 Qq\ 5
OS?<j=DJSkDT 1 = XZYF=XBj=YE�X=<HZ[BMS PCh 5 = XZYF=XBj=YE�JTA?HZ[BMS
(   ) >B`=c_
(   ) YMfY@=H=\A=D=>
(   ) g=`JhR>>]M
(   ) >=Y=
(   ) O�sf=]I\k]

4.   H@=JUY?>ERG>hH=JA=D=>oRUYZb?FAR<>ARHZ[XZB@FJpBXoA\GC=D>aA<C_[J>BGC=D>aAVX@   
(QT=D=<H@=JVX@UY?>ERG>hH=JkDToT=XVGcARB@FJHZ[ 2)

(   ) UY?>ERG>hH=J (   ) VX@UY?>ERG>hH=J
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5. H@=J`AR>ERG>hH=JA=D=>oRUYZb?FAR<>ARHZ[XZB@FJpBXoA\GC=D>aA<C_[J>BGC=D>aAVX@
(   ) `AR  (   ) VX@`AR (  ) U^?�

6.   BQ=JHZ[HZ[H@=J]hUCaA<WabApC_cgEf�NA=D=>oRUYZb?FAR<>ARHZ[XZB@FJpBXoA\GC=D>aA       
<C_[J>BGC= (cARVSTX=<<F@= 1 Yj=cAR)

(   ) >T=Jo=?oA\`j= (   ) >T=JBhSF<WabA U`@J 7-Eleven
(   ) DT=\B>>KB_JYT= (   ) cC=SBS
(   ) Aa[J� >hRM.............

0M����� 2  �3��S
����L��-��
���-�\�kDTH@=J`_XpC_cgEf�NPCTFG>hUX_JYMfCE<sfhc@=\� SE\JZb
7. H@=JG>hUX_JCE<sfhG>=<v (BZ oJ=S PCh>IG>@=\) oA\pC_cgEf�NHZ[HSBARkJ>hSERkS

(   ) `ARX=<HZ[BMS  (   ) `ARG=J<C=\ (   ) `ARUCu<JTA?
(   ) U^?�  (   ) VX@`ARUCu<JTA? (   ) VX@`ARG=J<C=\
(   ) VX@`ARX=<HZ[BMS

8. H@=JG>hUX_JST=J<C_[JoA\pC_cgEf�NHZ[HSBARkJ>hSERkS
(   ) `ARX=<HZ[BMS  (   ) `ARG=J<C=\ (   ) `ARUCu<JTA?
(   ) U^?�  (   ) VX@`ARUCu<JTA? (   ) VX@`ARG=J<C=\
(   ) VX@`ARX=<HZ[BMS

9. H@=JG>hUX_JST=J>B`=c_oA\pC_cgEf�NHZ[HSBARkJ>hSERkS
(   ) `ARX=<HZ[BMS  (   ) `ARG=J<C=\ (   ) `ARUCu<JTA?
(   ) U^?�  (   ) VX@`ARUCu<JTA? (   ) VX@`ARG=J<C=\
(   ) VX@`ARX=<HZ[BMS

10. H@=JG>hUX_JST=JYF=X<>ARoA\pC_cgEf�NHZ[HSBARkJ>hSERkS
(   ) `ARX=<HZ[BMS  (   ) `ARG=J<C=\ (   ) `ARUCu<JTA?
(   ) U^?�  (   ) VX@`ARUCu<JTA? (   ) VX@`ARG=J<C=\
(   ) VX@`ARX=<HZ[BMS

11.   H@=JG>hUX_JST=JYF=X`AR>FX (YMfCE<sfhoA\pC_cgEf�NOS?>FXkJHM<� ST=J) oA\pC_c
gEf�NHZ[HSBARkJ>hSERkS

(   ) `ARX=<HZ[BMS  (   ) `ARG=J<C=\ (   ) `ARUCu<JTA?
(   ) U^?�  (   ) VX@`ARUCu<JTA? (   ) VX@`ARG=J<C=\
(   ) VX@`ARX=<HZ[BMS
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12.   QT=F=\]j=DJ@=?pC_cgEf�NA=D=>AR<>ARHZ[k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJG>h<AR     
kJ>=Y=PChoJ=SU`@JUSZ?F<ERpC_cgEf�NA=D=>oRUYZb?FkJHTA\cC=S YaA 5 R=H/QM\ (30 <>EX)     
H@=J]hWabAD>aAVX@

(   ) WabA (   ) VX@WabA UK>=h.............
13.   QT=F=\]j=DJ@=?pC_cgEf�NA=D=>AR<>ARHZ[k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJG>h<AR     
kJ>=Y=PChoJ=SU`@JUSZ?F<ERA=D=>oRUYZb?FHE[FVGkJHTA\cC=S YaA 5 R=H/QM\ (30 <>EX) PChXZoTA
XICR@\`ZbkDTH@=JH>=RF@= �A=D=>AR<>ARHZ[k`TOG>cZJGC=VwOS>VCUBcUGnJB@FJG>h<ARXZOG>cZJ
BI\>TA?Ch 10 Wq[\X=<<F@=A=D=>oRUYZb?FHE[FVGkJHTA\cC=SHZ[XZOG>cZJA?I@kJ`@F\>TA?Ch 3-7  PCh
OG>cZJA\YNG>h<ARkJpC_cgEf�NHZ[F=\]j=DJ@=??E\UGnJOG>cZJHZ[p@=J<=>?@A?BC=?kDTXZoJ=S-UCu<
PCTF >@=\<=?]q\B=X=>QJj=VGk`TG>hO?`JNVSTUC?� H@=J]hWabApC_cgEf�NHZ[F=\]j=DJ@=?D>aAVX@
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(   ) `=? (   ) D�_\
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(   ) 26-30 G�    (   ) 31-35 G�   (   ) 36 G�oqbJVG

16. A=`ZK
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(   ) U<sc><> (   ) Aa[J� >hRM.............
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(   ) AJMG>_��=D>aAUHZ?RUH@= (   ) G>_��=c>Z
(   ) BI\<F@=G>_��=c>Z

18. >=?VSTc@AUSaAJ
(   ) c[j=<F@= 5,000 R=H   (   ) 5,000-10,000 R=H   
(   ) 10,001-30,000 R=H (   ) BI\<F@= 30,000 R=H
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��	������������ 1 YMfBXREc_PChA\YNG>h<ARH=\UYXZoA\OG>cZJGC=VwOS>VCUBcUoTXoTJ
Properties and chemical compositions of concentrated fish protein 
hydrolysate.

Properties and chemical composition Content / score

Moisture 46.29 + 0.32 % wet basis
Protein 68.82 + 0.33 % dry basis
Fat 1.99 + 0.44 % dry basis
Ash 13.36 + 0.19 % dry basis
Total suspended solid 59.67 + 0.03 % wet basis
Viscosity 824.67 + 3.79 cps
L* 4.17 + 0.01
a* 1.06 + 0.07
b* 2.26 + 0.03
All values are means + standard deviations of 9 determinations (3 determinations on each of 3 
lots of concentrated fish protein hydrolysate).

��	������������ 2 A\YNG>h<ARoA\PGe\HZ[k`TkJ<=>pC_cpC_cgEf�NA=D=>AR<>AR
Compositions of various flours used for production of crispy snack.

Content (%)
Flour

Fat Protein Amylose Amylopectin

Flour A1 1.0+0.2 10.6+0.3 28.0 72.0
Flour B2 1.0-1.2 0.4-0.8 25.0 75.0
Flour C3 4.0-5.0 6.0-7.0 9.0 91.0

Source: 1UFM Food Centre Co., Ltd.
2Ben and Go Co., Ltd.
3Cho Heng rice vermicelli factory Co., Ltd.
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��	������������ 3 YMfBXREc_H=\<=?g=KoA\pC_cgEf�NA=D=>AR<>ARHZ[F=\]j=DJ@=?kJHTA\
cC=SHE[FVG
Physical properties of the commercial crispy snacks.

Sample
Bulk density

(g/100 ml)

Water absorption index

(g /g sample dry basis)

Compression force

(g)

Number of peaks

(major peak>10 g)

1 25.54+0.29 6.73+0.08 132.35+58.98 5.60+2.40
2 21.39+0.30 2.20+0.07 229.57+34.06 13.40+2.50
3 36.33+0.47 6.37+0.09 346.23+30.37 15.60+3.00
4 40.65+0.50 7.14+0.09 604.11+113.59 3.00+1.10

Values are means + standard deviations of duplicate determinations.
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��	������������ 4 PJFOJTX<=>cESB_Jk]WabAoA\pITR>_OgYc@ApC_cgEf�NA=D=>AR<>ARHZ[k`T
OG>cZJGC=VwOS>VCUBcUGnJB@FJG>h<AR
Purchase intent of consumer on the crispy snack containing fish protein 
hydrolysate.

Purchase intent after
Purchase intent before

Yes No
Total

   Yes 165 0 165

   No 11 24 35

Total 176 24 200

** X2 0 = 11, X
2 test = 3.84




