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Abstract

The study on reduction of fishy odor in salmon skin by washing with sodium
chloride, sodium bicarbonate and sodium citrate solutions (0.5, 1.0 and 1.5% w/v) for 2 times
followed by washing with water for 4 times were investigated. The chemical composition of
initial salmon skin comprised of 65.71% moisture, 2.55% fat, 29.10% protein, TVB-N content of
13.36 mg nitrogen/100 g of salmon skin and TBARS value of 6.73 MDA/kg. The scoring test of
fishy odor in washed salmon skin revealed that the samples washed with 1% w/v of sodium
chloride solution could well reduce fishy odor better than washing with sodium bicarbonate and
sodium citrate solution (p<0.05). Moreover, it affected to reduce TVB-N, TBARS value in
salmon skin. The washed salmon skins were blanched at 40, 45 and 50 °C for 30 sec and dried to
reduce the moisture content to 12-13%. The dried salmon skins were fried at 170 °C for 30 sec.
Fried salmon skins prepared from the control (no blanching) and blanched samples at 40°C gave
significantly higher moisture content, water activity and expansion ratio than the blanched
samples at 45 and 50°C (p<0.05). Furthermore, they had significantly lower hardness than had
samples blanched at 45 and 50 °C (p<0.05). The sensory scoring test indicated that the samples
blanching at 40°C gave the highest expansion ratio, crispness and the least fishy odor (p<0.05).
The control salmon skins heated by microwave oven at 800 W for 30 sec had significantly lower
moisture content, water activity and hardness than samples blanched at 40, 45 and 50°C. It also
gave a significantly higher expansion ratio (p<0.05) than other samples. The sensory scoring test
result showed that control was significantly higher in expansion or crispness and also high in
fishy odor (p<0.05). For the effect of frying temperatures (160, 170 and 180 °C) for 30 sec on
puffing of salmon skins, it was showed that fried salmon skins at 180 °C gave the highest
expansion ratio (p<0.05). The fried sample at 180°C exhibited significantly lower moisture

content, water activity and hardness than samples fried at 160 and 170°C (p<0.05). The heated
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salmon skins by microwave oven at 800 W for 20, 30 and 40 sec revealed that heating salmon
skin for 30 sec gave the highest expansion ratio (p<0.05). Salmon skins heated by microwave
oven for 30 and 40 sec had significantly lower moisture content, water activity and hardness than
the sample heated for 20 sec. The quality changes of fried salmon skin packed in aluminum foil
laminated LLDPE bag under atmospheric condition with oxygen absorber and stored at room
temperature (30+£2 °C) for 8 weeks found that the changes of salmon skins color (L*, b*) and
TBARS value were lower than control (p<0.05). However, the moisture content, salmon skins
color (a*), water activity, hardness and microbiological properties (total viable count, yeast and
mold count) of fried salmon skin was not significantly changed (p>0.05) during storage compared
to control. Average sensory scores on appearance, color, odor, taste, crispness and overall liking
of product were decreased to unacceptable level after 6 weeks storage. The quality changes of
heated salmon skin by microwave oven, packed in aluminum foil laminated LLDPE bag under
atmospheric condition with oxygen absorber and stored at room temperature (30+2 °C) for 8
weeks found that the changes of salmon skins color (L*, b*) and TBARS value were lower than
control (p<0.05). During storage, the moisture content, water activity, salmon skins color (a*) and
hardness was not significantly changed (p>0.05) compared to control. The microbiological
properties (total viable count, yeast and mold count) of salmon skin increased by the end of
storage but they still complied with the Thai community product standard. Average sensory
scores on appearance, color, odor, taste, crispness and overall liking of product were decreased to

unacceptable level after 5 weeks storage.
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StS = Stratum Spongiosum Mu = Muscle
StC = Straum Compactum Sc = Scales
Hy = Hypodermis D = Dermis

Figure 1. Structure of fish skin

Source: Ward (1977)
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Figure 4. Relationship of food deterioration rate as a function of water activity.

Source: Piotr (2004)
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Table 1. Water vapor transmission rate and oxygen transmission rate of snack package

water vapor oxygen transmission rate’
Type of package transmission rate' (OTR)
(WVTR)
Polypropylene, PP 0.60 - 0.90 -
Aluminum coated oriented 4.00 4.00
Polypropylene
Aluminum foil, Al 0-0.02 -

' g-mil/(day-100 inz—atm)q 2cm—mil/(day— 100 inz—atm)

AN Matz (1976)
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1.1 vusaruswaneu (Chinook salmon, Oncorhynchus tshawytscha) INUIHN d9va1

=

A o w ° < Y] 1A < a = <
UAUUN 31D UHIFU u’]il’]lﬂﬂﬂluﬁﬂﬂllclﬂﬂﬂﬂlleuflcﬂ Uy 20 ONAUY ALY YT !ﬂu
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izﬂmaﬂumu 310U

o o

3 o J = A o =
1.2 iiuthduasiTeau U3 Teau $1na
A a 4 = J. a o A a £ o o
1.3 indeaslyenng (Indouaas 15q) USHN gaenssundeuigns 31nn
1.4 Ts@endngym (Na,CH,0,. 2H,0) 910 Sigma Chemical Co. (St Louis, MO, USA)
1.5 Tandenlumiueiua (NaHCO,) 910 Sigma Chemical Co. (St Louis, MO, USA)
1.6 9uUAfADY (Laminate film) ¥lialWooa  (40u0OPP/17AI/100uLLDPE) Y¥11A 12x8
Y
AT V3EN A & veud dudaaid Tiia
1.7 esgadueendiuasiiuaeinil 16dmivensuieiil water activity 521319 0.00

04.0.85 UIHN AUITAAUTWNAY 109
d
2. msnivazgnsa

= sq 9 a 4 o w
asnunazglnsainlglumslingizriszy 1y Table 2-3 awdau

Table 2. Chemical assay, reagent and brand of chemical used in the experiment.

Assay Reagent Company
Protein 20%(w/v) and 40%(w/v) Sodium Ajax Finechem, Adivision of
hydroxide Nuplex Industries(Aust) Pty

Ltd, New Zealand
Hydrochloric acid 0.02N Merck KGaA, Germany

Conc.H,SO, Merck KGaA, Germany



http://en.wikipedia.org/wiki/Chinook_salmon

Table 2. (Continued)
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Assay Reagent Company
Protein Methylene blue Merck KGaA, Germany
Potassium sulphate (K,SO,) Merck KGaA, Germany
Boric acid Merck KGaA, Germany
Copper sulphate (CuSO,.5H,0) Ajax Finechem, Adivision of
Nuplex Industries(Aust) Pty
Ltd, New Zealand
Bromocresol green Merck KGaA, Germany
Lipid content Petroleum ether Merck KGaA, Germany
Methanol LAB-SCAN Ltd, Ireland
Choroform Merck KGaA, Germany
Thiobarbituric acid
Hydrochloric acid 4 N Merck KGaA, Germany

content

Thiobarbituric acid

90% glacial acetic acid

LAB-SCAN Ltd, Ireland

Merck KGaA, Germany

Microbiological quality

Manitol Egg Yolk Polymyxin agar
0.1% Buffer peptone water

Tartaric acid

Potato Dextrose Agar (PDA)

Plate Count Agar (PCA)

Difco, Detroit, Michigan,USA
Difco, Detroit, Michigan,USA
Ajax Finechem, Adivision of
Nuplex Industries(Aust) Pty
Ltd, New Zealand

Difco, Detroit, Michigan,USA

Difco, Detroit, Michigan,USA

Total volatile base
nitrogen (TVB-N) and
Trimethylamine

(TMA)

10% formaldehyde

Magnesium carbonate (MgCO3)
4 % trichloroacetic acid

Ethanol

Potassium carbonate (K,CO,)

LAB-SCAN Ltd, Ireland
Merck KGaA, Germany
Merck KGaA, Germany
Merck KGaA, Germany

LAB-SCAN Ltd, Ireland




Table 3. Instrument used in the experiment

Instrument Model Company/Country

Color meter ColorFlex HunterLab , Reston, VA, USA

Texture analyzer TA-XT2i Stable Micro System, Surrey,
England

pH meter CG842 SCHOTT, Mainz, Germany

Blender Easypower Moulinex, China

Magnetic stirrer BIG SQUID IKA LABORTECHNIK, Stanfen,
Germany

Overhead stirrer RW 20.n IKA LABORTECHNIK, Stanfen,
Germany

Water activity W350 Thermoconstanter, Novasina, Flawil,
Switzerland

Vortex mixer G-560E Scientific Industries Inc., NY, USA

Micro centrifuge MIKRO20 Hettich ZENTRIFUGEN, Leipzig,
Germany

Microwave M183GN SAMSUNG, Seoul, Korea

Scanning electron Quanta 400 FEI, USA

microscopy (SEM)

Deep fat fryer 4L PRO Princess, German

Homogenizer T25 basic IKA LABORTECHNIK, Selangor,
Malaysia

Moisture infrared moisture MA 150 Satorius, Stanfen, Germany

meter

25
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- 1AA1IAD3UOAAIA (a,)

- JamanunsouTaslHiaTed Texture analyzer (Anon, 1996)

- mFvesmilamsavouaiensotaad
A P X ]

- ARsEHIANNIu lagly A. 0.A. C. (2000)

- mmﬁu TaeAns wﬁﬂ?mm Thiobarbituric acid reactive substances
(TBARS) (Egan et al., 1981)

a =4 Y do’gll

- @TNAIUAMMINNNAUNTE 1Al yauNIINaviua Baduaz
(Bam, 2001)

- mydseliugumwnalssamaude (9anI %uz?{‘ni 2541) 1ae75
9-point hedonic scale NAIWH NAY AR AUNTOD ANUFOD TALTIN

Taoldinadousuiu 30 au
a 4 aa
MINWHUNITNATDWAZNMTIATIZHNEDA

INUNUNTNAADIULUY Completely  randomized design (CRD) INUHUNIT
NaTaUNMIUsraMFUAALDY Randomized complete block design (RCBD) 31A31¢¥ AN

1515 UaENATIUANILANAINYBIANRALAIY Duncan’s Multiple Range test
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a J
AHALasIVIUNANIINAAN

a Yy v 2 J =2 d
1. miaﬂnaumﬂﬂﬂm'5mamﬂmmzmﬂimmmae"lsﬂ T“mﬂmﬂnﬂﬁﬂi’)mﬂ

a a
uazlaAenuB AN

a 4 4 = o A (IR Y
NNMIAATEH IR Tz noUMUATivesiaausaneun lumunsdia
v A o " A X ' "y
AT azaI8INae AdLaAd Y Table 4 WU WANNFUBY UFITBYAL 65.39 — 66.03 1TU0
Y
9 ] ] 9 9] ] 1
lusiuegluradovas 233 - 2.81 wenantifFuna Tsaulumiv/afivSinageeglugia
9 g ] ] 3 1Y) v J
Sooaz 28.12 - 30.08 Uswannudu Tsau waglvdu lumislawsaneuiunuaeiug
A o . 2 ) = '
uazNogeId (Jan and Asbjorn, 2007) wennilsualviululamsaveuiinaaons

alfAsereondmduves luiiy (Ashton er al., 2002)

Table 4. Proximate analysis of fresh salmon skin

Proximate compositions (% wet wt.)

Sample Moisture Fat Protein

Salmon skin 65.71+£0.32 2.55+0.26 29.10+0.98

Remark: Values are given as Mean+SD from triplicate determinations.

1.1 msfasunlasfSana Trimethylamine (TMA) tazmsdnsizyifSana volatile

base nitrogen (TVB-N)

e ™™A hinudaeunasndaimsdrsdrsaisazareniae U3
TVB-N Tumisawaanouanaindininmsdedredisazaroinaennatia Usum TVB-N
Sudu lumisdamsanewniiy 13.36 Haaniululasouae 100 nfudI061e Lazanas
4.55 Haansululasnude 100 NTUAIPE1 HAIINMTANMIEITAzABaTAZAY LaIRe
A0 158 11RaN1INAaRINDI USnaazsiavesaisazargndolHanon1Tanadves
3118 TVBN deensavateledounaelsdaimnsoanasvestSuna TVB-N 1duinni
msazansTmdondiasm uazaisazaio @ lumives Fadenndeeunansnaans
Y94 Hari azAME (2003)Wu:hmi“lsffaﬁazmaimasmma‘liﬁ“lumsé’nmyrﬁ@ﬂmum

o wa ¥ v ~a a ¥ 2
fﬂll150TJ'ZT']Jﬂ?\iﬁllﬁ@]ﬂ”ll!ﬂ"lﬂﬂTWLlﬁgﬂiumll TagaalSu1ar TMA uag TVB-N N4il
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[l g [ 4 1
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TVB-N, wo laile Lag iy (Ryuzo et al., 1987; Magnusson and Martinsdttir, 1995)
o & v o Y A a 7 =
aaiulumsdramialawsaneudlsarsazaionas ls@sunan 158 34
1 ~ F) 3}/ Y 1 = a
asaaan lulasnunszmeldnanua (TVB-N) ldannaisazarsls@eudiasn uay
= 4 R A1 A =\ wa 3 1 1 ] ’.f
asazate Taden lumsvoma Falimesgalguauiaiuaie diwademsazaroiives

: 3 1 Y a 2 1% .
TdsAudeenmezitluasnelvinanauananas uaasaalu Figure 5

Bsodium citrate
Osodium chloride
B sodium bicatbonate

B control

TVB-N (mg nitrogen/100 g of sample)

salt solution (%ow/v)

Figure 5. TVB-N contents in salmon skin after washing with salt solutions. Bars represent
standard deviation from triplicate determinations. Different letters within the same

concentration indicate significant differences (p<0.05).
1.2 msJasuui/asn Thiobarbituric acid reactive substances (TBARS)

A TBARS Tumiistlananeurdannmsaredieaisazaiomae 3 via
aaaaelu Figure 6 n3a lvdu lududnii lumisdanaveuiinanemsinaeensiasuves

luif (Alberta and Benjamin, 2009) 1AHanIInAaoaadlififiug A1 TBARS Tumis
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Uamraveuaaasedeiisdinynatninmsdndiesasazareniae WonfSeueunuya
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looounuandrainlmdsunas lsasunudiuntairvesoa IWatlamadluTsdeunoa T
atla ovzdunurea TWatlalugluvuRernuunadeulooou (Hrynets ef al., 2011) FaWod

Tul@Tla (phospholipid) i lusiulumitadarfieglugditivs Falumiadardadi lviuiiogln

Pl Yndunarelidvaldun triacylglycerol, glycerol-fatty acid esters (Suthasinee et al., 2012)
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iy s
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200 R

TBARS (malonaldehyde/kg sample)

=

0.5 1 1.5
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Figure 6. TBARS value in salmon skin after washing salt solutions. Bars represent standard
deviation from triplicate determinations. Different letters within the same

concentration indicate significant differences (p<0.05).
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aaelsaanuduiuiosas 1 1asuazuuunauanluszaud Fanuedanauaidilainiiss
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a9t una1e wamsnaasan laaeandedn518911¥9 Kawahara 1122 Tanihata (2005) 9114
= P Y 9 1 1 v W 4 A A @
Msazane IAsNAan JIANANVTNTUAIL QUazrIo U NS eaanaua lumriiala
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aauih llananaiay Fanun vilslardidedleasazaie Indeunas lsaanuwuIui oo
A Y (a a s o q Y A a T ]
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Y o I a A
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Y o qu A 4 2 Y1 o Ay v 2 ¢ Y g
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<3 1 a 1 1 =Y Y]
U1 asazanunaedINsialnanon1sanal TBARS uag 1511 TVB-N  luils
o
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Table 5. Fishy odor score of washed salmon skin with sodium chloride solutions and control

Sodium chloride solution (%w/v)

Control 0.5 1.0 1.5

Fishy odor score 4.2040.85" 3.20+1.08" 2.67+0.71° 3.13+1.04°

Remark: “° Mean within a row with different letters is significantly difference (p<0.05).
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A A Y o a2 A Y o o =< 9
warauNasuval lvinesdleeniUSuiaties nisnesdlsenvesrisdaideiosuas

9 £ o = < 1 Y
Wesormanielulassadnyunislarivinaan adanaliniusainags (Matz,  1970;

Rungthip et al., 2008)

Table 6. Physical properties and chemical analysis of fried salmon skins previously blanched

at 40, 45 and 50 °C

Temperature Expansion
Moisture Water activity Hardness (g)
(°cO) ratio
control 2.294+0.048" 0.264+0.002° 4.07+0.16" 280.82+28"
40 2.334+0.062" 0.261+0.002° 3.92+0.22" 268.67+31"
45 2.005+0.053" 0.238+0.003" 2.76+0.2" 378.82+426"
50 1.981+0.057" 0.234+0.004° 2.46+0.18" 365.72+31°

a-¢ Mean within a column with different letters are significantly difference(p<0.05).
msnageumlszamauna

msdsziiumadszamdudaludiunmsnesdinazAunNTo VU0 INIT

a

Yameaganlugy tazNHIUMIaINNQUKAL 40, 45 Uag 50 PIAUFAHHA 1381 30 IUIN
a o % I ]
Taglddnaaondusiuau 30 au Fuilwindnyazynains meluauzgaamnisunyas
a o a 4 a o @ o 1 Y]
PHINGIRIFIVATUATUNT AZUUUNTUTUTUTEAUMTNOIRIVDIH I a1mea Wi Hia
Y 1moaAnILANLAZIAIUNMTAINN 40 DIAUTATYT UAZUUUNITNOIAURABININY 3.36
e 3.31 enawesanlunaetun Ianuuanaediealitisdnn (p<0.05) nuwiisa
y 4 o da o 4
NOANHIUNITAINT 45 1aZ50 BIANTAIFoE NUAZUUUNINDIAURABOYN 2.16 1Az 1.93
= =3 @ v 9 = [ A A a
Fanuena niiaarmesdatesdaunans dwaaaly Table 7 iipe9nMTaINNgUNYL 45
= o Y = 9 ~ 1 [ o Y @ 1
uag 50 esrusaiFed M ldgadelaseainiimingauaeniswesdd s liniswesdn
g uguel 1INHANITNAABINDIT NI5AINT 40 DIFUFALTEE 1381 30 IUIN FINAADNIS

A @ v

oI 1NUNEdIAY (p<0.05)
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daudunnunseunuN miistameaganiuguuaz MHIUNTAINT 40

PIANTAITOT AZUUUANUNTOUDYIZTHIN 2.96 - 3.03 WU18D Hnsoulunandinsou
= [ [ A v o w P @ 9 A ~

1N FAnuuana e 19llied 1Ay (p<0.05) ateunuwiIaImeaNHIUNTaINT 45 1Az

50 paAITAT FallAzuUUNAEDEILHIN 1.78-1.84 N80 NTOUDE Aaaadli Table 7

VINHANIITNAABINDI 1132209 40 DIAUFATYE 1381 30 IUIN UNARDANUNIOUDLINY

v o

[ Y v Y o Aa v A [ [ 4 Y
HyaInY (p<0.05) IAAADINY TIUA LUNINUUA (2529) AL WHUTWI IUNINU (2532) Ulﬂ

A ¥ A

= o Y @ Y ¥ 9 A A a
ﬁnmmimﬂlvmuwy‘qﬂiﬂﬂmimﬂmﬂamuawu HUHUADA 15 LA 20 UIN INONDA
1 9 a Y 9 a 1 1
UAUWY WUN mﬂ%qmwguqa ua3nmmﬂwmmiaumuu,ﬂu"lﬂ AINANDANUNTDULLDS
o o o q ¥ o Y a Y ' ) Ao
N1ITNBDIAINUAINTITNDA ‘ﬂﬂ’ﬁﬂ&’uuuﬂﬁﬂ@uiﬂﬂlﬁ]ﬂ@ﬂiiﬂﬂuﬁ]fJﬂ’H mﬂ%qmwgmmaz

9 9 Y
L’Ja’]u@ﬂsluﬂ'ﬁﬂullaga'Jﬂﬁu\ﬂ’”a!

Aaunaun1Inu mislameayaniuguiinzuuudiunaua1uiing

= A R A ' o A oA

2.10 11909 nauA1Ya1d1una1e FaNALuUUNINAHEIYaIMeaNMIUAITAIN BE1aY
Wodnny (p<0.05) aaaaslu Table 7 Famistarirmiumsaini 40, 45 uag 50 eersaiGod
NaznuusZAUMAegszHIN 1.30 -1.43 vedanauaainiesdeunais iiesinns
aInFIBannaNAaIL I e a5 uauSouTisAuRANIAa1887 (Yunoki ef al, 2004)

[ 1] 9

Yamlassasilszneunnelififanaun1ieenin asiuannzmsalnmiialasanounea

Aaa A Y ~ a I a =
NaNga Ao M3aINHUIa1n 40 esmusadeadunal 30 N

Table 7. Expansion and crispness score of fried salmon skins

Temperature (°C)

Control 40 45 50
Expansion 3.36£0.31" 3.3140.34" 2.1640.27" 1.93+0.34"
Crispness 3.0340.22" 2.96+0.33" 1.84+0.41° 1.78+0.43"
Fishy odor 2.10+0.48" 1.43+0.57" 1.36+0.66" 1.3040.53"

Remark: ° Mean within rows with different letters are significantly difference (p<0.05).
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2.2 wamsadnrialmremsnesmvesniiadausaneneudelulasn
@mtm‘ﬁ’ﬁ‘n1amsmwmawﬁaﬂmawauauan
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45 wag 50 osraFemilunal 30 3uH S 4 0§ vazyanugy (lirkunsain) og
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Y
dawal¥noaaauusnuAIRIUUENTIANIWNINUY (Cheow ef al., 2007; Karim and Bhat,
o (% I 2 a 2 1 o {
2009) s 1dNanyaziiwiondunaiuneunisiildevuiedredouaniou 60 o
o o [ o (% a { ar d 1
wadod i liriialar nasmswdallansaziiduveniuiendioflaula diwaldya
Y 1 [
WaoualveIaAugIY ehmiivlaainanluldanuieudrenau luTasnwi1d
H 2 o a M A A Ao a g o ¥
Turanavei melugumilar iManmsduaziioutazdeadnu inaillundsnuanuiou
1% o { I A 1 4 o
( Datta and Anantheswaran, 2001) tazdnyazmiialarnuiaazdluildy danalid tieldsy
9 o 9 Aa A Aa yy a 9 @ 2R o I
anudouninmelui linaduusnadivasmmal las Aaduuenmislaiedinuilu
< H ] o a a @
nlaenuda Towa luamusadulaseadwvewaarfulfinanisnesdq1da (Matz, 1970;
Varnalisa et al., 2001) asmaliimifatarevnesdidosuas luaiuave dansnesdaly
' 1 9 [ 1
@ 1ae1i0991NN15ININAARDN1TNTLIOAIVDIAFU (Neri ef al, 2011) FIUT N
@ Adal ~ ] ° v ] ° 4 v a
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IUNIAY LazANL, 2532)
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& v P} v A A a N = vy ¥ A
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ﬂWUﬁlu%uﬂu\‘lﬂﬁ1@1\‘1“])’\1‘1/]111’??1%&5\1ﬂﬂgﬂﬂﬂ?ﬂuﬂﬂﬁ1ﬂﬂ°§ﬂﬂﬂﬂﬂu ("lumum’;‘mn) DY NU
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gangy (p<0.05) wmﬂam'lumumiam HUINIBDULLNNIN 60 DIAUBALH T mwmﬂm”lm
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!,WENWfJ‘WVI1114“1?]1“@1!1?]3\‘1ﬁiNWu\iﬂa111’Hﬂﬂﬂ1ﬁNﬂﬁﬁ’J mﬂvxlmmmﬁmuwﬂﬁq‘mwm
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Table 8. Physical properties and chemical analysis of salmon skins were blanched at 40, 45

and 50 °C for 30 sec and heated by microwave oven.

Temperature Water
Moisture Expansion ratio Hardness (g)
(°O) activity
control 2.465+0.038"  0.294+0.003" 2.50+0.21° 319.11+49.58"
40 2.57240.046" 0.334+0.006" 1.65+0.17" 483.92+35.81"
45 2.60440.046" 0.340+0.007" 1.64£0.11° 440.72+52.12"
50 2.591+0.060" 0.335+0.006" 1.70£0.14" 420.82+38.76"

Remark: *” Mean within columns with different letters are significantly difference (p<0.05).
Mmsnageumalszamauna

malsziumadszamduialudunisnesds AnunsoU LAazAAUAT
U vesmiwateudeluTasnyaniuguuasiidumsainiioamngd 40, 45 uaz 50 eaem
waiBea a1 30 3uf Taeldnadeusuau 30 au Fuiluindnwasyaains meluaae
QAFMNTTUNHAT UMINIBVAUAIUATUNS AzUUUMIUTHHUMU TZAUMINDIAIVDY
wiafeudaelylasn wuh misdarenyaaiuay fazuuuszdumsnesdaunie 2.33
Wueanedathunaedann anuuananedalivediay (p<o.05) fumiialareuiiniu
A38707 40, 45 1AZS0 PIRIBAFOE ﬁﬂzuumzéfumiwmﬁamﬁaagjiwdn 1.90 - 2.06
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wadoa A dgade Tassadvessmdnlunivlmimnz audenmsneds denald
manewn Iddesuas laiiaue Minran1Tnaaestanu MIaInderaden1snoAIves
wﬁqﬂmﬁauﬁ’aﬂ”lﬂmmxlaahqﬁﬁ’aﬁﬁty (p<0.05)

dudmanunsey nuh mivmevyaniuguiinzuuuaunsoUnAs
71 2.56 WaNERa NFPVINN TIANULANAIIDENT Tod Aty (p<0.05) donReuiensumislan
DURMIUNTAING 40, 45 LAz 50 DIF VAT G'T'Nﬁﬂmuumswmﬁaméa@ﬁjizw’jn 1.83 -
2.05 8D NTeUNBRINTOULIUNAINT VINWANITNAABINUI N15AINTNARDAIINNTOU
pg B (p<0.05) AddAd 1Y Table 9

Sunduan wuh minlmevyaniuguiazuuudunauaimasmny

= A 2 A ' o A A
2.26 U8 ﬂauﬂ13ﬂa1ﬂ1uﬂa1\1 CﬁﬂuﬂzlluuuﬂlﬂﬂjwﬁUQﬂawﬂumf/ﬂuﬂwiaflﬂm 40, 45
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waz 50 earuaITed oeaiiud R (p<0.05) Aaaasly Table 9 HazuuumAsveenana
pd3z1319 1.80 -1.93 nunedanauanmiieedaunais iiesnndumsaingisaanau
Amasuda Aniuanzmsanmisausayeudeunsi liudigsaanauanly
minlausaveueunseudieluTnsnudduniswesiuazanunseuanas Auiuaniz

mﬁmﬂfieumiﬁmﬁ'ﬁq"lu'mmzﬂuﬁ"umﬁﬁmﬂ’qﬂmmaueuaumauﬁ’w‘lﬂﬂmw

Table 9. Expansion, crispness and fishy odor score of salmon skins heated by microwave oven

Temperature (°C)

Control 40 45 50
Expansion 2.3340.32° 2.06£0.43" 2.03+0.40" 1.90+0.42°
Crispness 2.56£0.24" 2.05£0.31" 2.00£0.41° 1.83+0.34°
Fishy odor 2.2620.46" 1.93+0.58° 1.84+0.46" 1.80+0.55"

Remarks: “° Mean within rows with different letters are significantly difference (p<0.05).
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1 9 Q; a [ 1 o é s 1
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Mayyawadee and Gerhard (2011) #nE 1WAV 938NI NOAABAINNNNTOUVDIVINIATILN Y
o (X 1 A 9 a 1 Y Y = = A
dnlzvdanud weldgargilumsneagadanalndnunisuuusInauananad (199910
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o 9 @ a @ Y =~ ' dy °
ﬂ11ﬂﬂuﬂﬂﬁ1lﬂﬂﬂ157‘l@ﬂ@n’q@ T‘Wi\?@'lﬂ'lﬁﬂ'lfﬂuiﬂﬁ\‘lﬁi']\nﬁlu'l@iﬂﬂlu HAagAIMUTUN
1 1 v 1 [ v J v v w

ﬁﬁWﬁiﬁL!ﬁ\?ﬂﬂllﬁﬂﬁﬂTﬁ@ﬁﬁ G?\iﬂ'llli\?ﬂﬂl,mﬂflﬂ'ﬂllﬁiJ‘Wu‘ﬁLL“LI‘]JLL‘]J?WﬂWHﬂ“U’E]@TIﬂWiW’E]\?

@ (WUTW SunIand, 2532; Muhamed ef al., 1989)

Table 10. Moisture, water activity, expansion ratio and hardness of salmon skins fried at 160,

170 and 180 °C for 30 sec

Temperature Water Expansion
Moisture Hardness (g)
(°O) activity ratio
160 2.736+0.041" 0.298+0.002"  2.50+0.14° 334.16+21.89"
170 2.330+0.033" 0.262+0.003"  3.71£0.13" 267.31420.47°
180 2.270+0.032° 0.250+0.002°  4.16+0.13" 222.11+£24.34°

Remark: * Mean within columns with different letters are significantly difference (p<0.05).
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Table 11. Expansion and crispness score of fried salmon skin at 160, 170 and 180°C for 30 sec

Temperature (°C)

160 170 180
Expansion 2.20+0.40 ° 2.76+0.42° 3.53+0.50"
Crispness 2.10+0.48" 3.10+0.49" 3.46+0.56"

Remark: “* Mean within row with different letters are significantly difference (p<0.05).
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Figure 7. Microstructure of salmon skin fried at 160(A), 170(B) and 180(C) °C for 30 sec.
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Table 12. Moisture, water activity, expansion ratio and crispness of salmon skins heated by

microwave oven at 800 W for 20, 30 and 40 sec

Water
Time (sec) Moisture (%) Expansion ratio Hardness (g)
activity
20 2.646+£0.043"  0.296+0.004"° 1.69+0.14" 505.46+30.01°
30 2.473£0.031°  0.266+0.005" 2.6240.12° 304.89+37.92"
40 2.491£0.060°  0.260+0.003" 2.68+0.13° 324.89+34.22"

Remark: " Mean within columns with different letters are significantly difference (p<0.05)
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Table 13. Expansion and crispness score of salmon skins heated by microwave oven at 800 W

for 20, 30 and 40 sec

Time (sec)
20 30 40
Expansion 1.610.49" 2.53+0.51° 2.46£0.57"
Crispness 1.73£0.52" 2.56+0.50" 2.49+0.49"

Remark: *° Mean within rows with different letters are significantly difference (p<0.05).
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Figure 8. Microstructure of salmon skin heated by microwave oven at 800 w for 20(A), 30(B)

and 40(C) sec.
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Figure 9. Changes in moisture content of fried salmon skin packed under atmospheric condition

with oxygen absorber and control condition during storage at room temperature (3042
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with oxygen absorber and control condition during storage at room temperature
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Figure 13. Changes in a* value of fried salmon skin packed under atmospheric condition with
oxygen absorber and normal condition during storage at room temperature
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oxygen absorber and normal condition during storage at room temperature

(30+2°C): (A) Dorsal skin and (B) Ventral skin
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Figure 15. Changes in TBARS content of fried salmon skin packed under atmospheric condition
with oxygen absorber and normal condition during storage at room temperature
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Table 14. Total viable count, yeast and mold count of fried salmon skin packed under atmospheric condition with oxygen

absorber and normal condition during storage at room temperature (30+2°C)

Storage time (week)

Condition Type of microbial

0 1 2 4 5 6 7 8
Oxygen TVC (cfu/g) <250 <250 <250 <250 <250 <250 <250 <250
absorber  Yeast and mold <10 <30 <30 <30 <30 <30 <30 <30
(cfu/g)
Control  TVC (cfu/g) <250 <250 <250 <250 <250 <250 <250 <250
Yeast and mold <30 <30 <30 <30 <30 <30 <30 <30
(cfu/g)

$9



Tablel5. Changes in sensory score of fried salmon skin packed under atmospheric condition with oxygen absorber and normal conditions

during storage at room temperature (30+2°C) evaluated by 30 panelists using 9-point hedonic scale

Storage Attribute
Appearance Color Odor Taste Crispiness Overall
time
o) C 0 C 0 C o) C o) C o) C
(week)
0 7.6£0.7™ 7.520.7™ 7.4£0.7 7.4+08" 7.7£08™ 7.7+08™ 7.3+08™ 7.4+0.7 7.8+08" 7.8+0.7™ 7.5+0.7" 7.4x08™
1 7.4+0.5™ 7.420.8™ 7.5£0.6™ 7.4+0.6™ 7.5+0.6™" 7.4+0.6™ 7.4+05™ 7.2+08™ 7.4+0.6" 7.7+0.6™ 7.5+0.8" 7.2+0.6™
2 7.240.6™ 6.7+0.5™ 7.7£0.9™ 7.6+0.6™ 7.6+0.5™ 6.8+0.8™ 7.4+08™ 6.7+0.5™ 7.8+08" 7.5+0.5™ 7.7+0.7™ 7.5+0.6™
3 7.4+0.5™ 6.8+0.6"™ 7.3+0.5™ 6.9+0.7" 7.4£0.7™ 6.7x0.7™ 7.4+02™ 5.4+05% 7.7+0.7™ 7.6x0.7™ 7.3+05™ 6.7+09™
4 75+0.7™ 5.5+0.6" 7.6£0.6™ 5.120.5% 7.5+0.5™ 5.0+08% 7.4+0.8" 5.5+0.6" 7.6£0.8™ 7.5+0.7™ 7.6+0.6™ 52+0.5"
5 6.5£0.4" 5.5+0.5™ 6.8+0.5™ 5.6£0.6" 7.6£0.5" 4.7+0.6" 6.8+0.5" 5.5+0.5% 7.740.5™ 7.5+0.6™ 6.8+0.5™ 5.6+0.6"
6 6.6:0.6™ 4405 6.6£0.6™ 54405 6.9+05™ 4.5+0.6" 7.0+0.8"" 4.4+05" 7.4+0.6™ 6.8+0.5™" 6.9+0.6" 5407
7 53+0.7" 4240.6" 5.5+0.5” 5105 54402 4.7+08% 52+06> N 53£0.6" 5.5+0.6" 5.6£0.5" 52405
8 5240.5" 4.5£0.7% 5.6£0.7" 5408 5.5+0.7™ 3.9+1.0" 5407 N 54£0.8" 54405 5.6+0.7" 52408

Remark: " Mean within columns with different letters are significantly difference (p<0.05).
o Mean within rows with different letters are significantly difference (p<0.05).

O = Oxygen absorber, C = Control, N = No test
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Figure 16. Changes in moisture content of heated salmon skin by microwave oven packed
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Figure 17. Changes in water activity of heated salmon skin by microwave oven packed under
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Figure 21. Changes in b* value of heated salmon skin by microwave oven packed under
atmospheric condition with oxygen absorber and normal condition during storage

at room temperature (30+2°C); (A) Dorsal skin and (B) Ventral skin
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Figure 22. Changes in TBARS content of fried salmon skin packed under atmospheric condition

with oxygen absorber and normal condition during storage at room temperature
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Table 16. Total viable count and yeast and mold count of heated salmon skin by microwave oven packed under atmospheric condition with

oxygen absorber and normal condition during storage at room temperature (30+£2°C)

storage time (week)

Condition Type of microbial

0 1 2 4 5 6 7 8
Oxygen TVC (cfu/g) <250 <250 <250 <250 <250 <250 <250 <250
absorber  Yeast and mold <10 <10 <10 <30 <30 <30 <30 <30
(cfu/g)
Control  TVC (cfu/g) <250 <250 <250 <250 <250 <250 <250 3x10°
Yeast and mold <10 <10 <30 <30 <30 <30 <50 <50
(cfu/g)

I8



Tablel7. Changs in sensory score of heated salmon skin by microwave oven packed under atmospheric condition with oxygen absorber and normal conditions

during storage at room temperature (30+£2°C) evaluated by 30 panelists using 9-point hedonic scale

Storage Attribute
Appearance Color Odor Taste Crispiness Overall
time
o) C o) C o) C 0 C 0 C o) C
(week)
0 7.120.7™ 7.2+0.7™ 7.0£0.8™ 7.0+0.6™ 7.0£0.6™ 7.1+0.7™ 7.3+0.8™ 7.3+0.7™ 7.5+0.7™ 7.5+0.7™ 7.3x0.7™ 7.3x0.6"
1 73+0.5™ 7.3+0.8™ 7.1+0.6™ 7.2+0.6™ 7.1£0.7™ 6.9+0.6™" 7.2+05™ 7.2+0.7™ 74+0.6™ 7.4+0.6™ 72407 7.2+0.7™
2 72+0.6™ 7.120.5™ 7.1+0.8™ 7.120.6™ 6.9+0.5™ 6.9+0.7™ 7.1+0.8™ 7.0+0.5™ 7.5+0.8" 7.4+0.8™ 7.1x0.6™ 7.0+0.6"
3 7.020.5™ 6.9+0.5™ 7.320.5™ 6.9+0.7™ 7.1£0.7™ 6.8+0.6™ 7.2+0.6" 5.4+0.7% 7.3+0.6™ 7.3+x0.7™ 7.0+0.5™ 6.7+0.8"
4 7.020.7* 5.320.8" 7.020.6™ 5.120.5™ 7.0£0.5™ 5.0+0.8% 7.0:0.8" 5.5+0.6" 7.4+08" 7.5+0.7™ 6.8+0.6™ 52+0.5"
5 6.5£0.4™ 5.6£0.5" 6.9+0.6™ 5.6£0.6" 6.9+0.5™ 4.7+0.6" 6.8+0.5" 4.5+05% 7.5+0.6™ 7.5+05™ 6.9+0.5™ 5.1+0.6"
6 5440.6™ 4.4£0.5" 55+0.6™ 44405 5.8+05" 4.5+0.6" 4.9+08> N 74205™ 53205 532067 5.0+0.7"
7 5.0£0.6™ 42406 5.5+0.5" 4.5+0.5" 5.4+0.6" 4.7+08"% N N 52409" 55406 5.6+0.5" 4.4+05"
8 5.120.5" 4.320.6" 54207 41207 5.0+0.7™ 3.9+1.0° N N 5440.8" 54405 5.6+0.7" 43+08"

Remark: AP Mean within columns with different letters are significantly difference (p<0.05).
v Mean within row with different letters are significantly difference (p<0.05).

O = Oxygen absorber, C = Control, N = No test
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Vs. mﬁm‘swﬁﬂ%mm Thiobarbituric reactive substances (TBARS) (Egan et al., 1981)
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Figure 1. Heated crispy salmon skins by microwave oven

Figure 2. Crispy salmon skins by frying
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