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Drying of Ground Fish Slices Using Superheated Steam
Combined with Hot Air
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Abstract

The objectives of this research were to study the changes in the moisture of ground fish slices
during drying with superheated steam combined with hot air, and to compare the physical properties
(in terms of color, hardness, toughness and shrinkage) as well as sensory evaluation of dried fish slices.
Two drying methods were performed (i.e., superheated steam drying at 140 °C combined with hot air
drying at 110 °C (SSD+HAD), and hot air drying at 110 °C combined with superheated steam drying
at 220 °C and hot air drying at 110 °C (HAD+SSD+HAD)). The ground fish samples were produced at
sizes of 50x50x1.3 and 50x50x2.2 mm (WDH). The samples with the initial moisture content of around
205-215% dry basis were dried until the final moisture content of about 20% dry basis. Results showed
that the samples with 1.3 mm thickness had shorter drying times than those with 2.2 mm thickness.
The samples dried by SSD+HAD and HAD+SSD+HAD were similar in the drying time. In term of qualities,
it was seen that the lightness of dried samples decreased, but the hardness, toughness, and shrinkage
percentage of dried samples increased when the samples thickness increased. Dried samples obtained
from SSD+HAD had higher lightness, hardness and toughness, but had lower percentage of shrinkage
than those obtained from HAD+SSD+HAD. Moreover, it was found that dried samples obtained from
HAD+SSD+HAD had the highest sensory scores.
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peeiTudAumeadi (P<0.05) LHBeainas
BUWAIIY HAD+SSD+HAD Tif9n130U LAY

a A

mlainsourindefigumnalgenn (220 %)

aana

ﬁﬂiﬁﬁ'qmiLﬁmﬂgﬂsma’ﬁﬁma (Browning

Reaction) laur UfAssiuaaisa (Millard
Reaction) vasthena3mdiulUsfunazyiazen
A3 1alady (Caramelization) antena
(Fupd whenern, 2549) Fedenalfifiavanun
whiLTlouuiesy HAD+SSD+HAD §ifindima
Wdaunndnioaruawi uilauwkesqs
HAD+SSD wananil fenudn fisnssu ke
Weaty iaUanuaukunun 1.3 wi. Srany
8979 (AN L) WazAEWang (A1 b) 41NN WA
fiendune (A1 a) desnddsUanunuwiumn
2.2 3y, agidydAYNIeanc (P<0.05)
Wasannifatauausunun 2.2 wi. Mo
puwieundn yldAsUAAZowea LAY
Uﬁﬁ‘%mmiﬂLulalmii’umnmhl,ﬁaﬂmmLm'u
7w 1.3 Ju.

a1519fl 1 nammessuAuMNIsTUETalna A uHura I I WRsTian AN 9

. . AUNAUN &
35190V Y
Wetlan () [ i a i b
Toth3augnadeil 140 °5 + pnAsoud 1.3 50.4+30.81% | 15.28+40.95° | 23.45+1.15°
110 °4 (SSD+HAD) 2.2 40.71+1.34° | 19.53+1.08" | 16.39+1.02"
pIMASOUT 110 °o + loth3suwands 13 46.2141.28° | 10.29+0.88" | 19.54+1.16°
il 220 %% + 9MASEUT 110 % )
2.2 38.567+1.06° | 13.22+1.28 14.52+0.93°

(HAD+SSD+HAD)

winewe dnuszinsiuluredudiiuaiulirnauanssiuegdlifasfpfissiuauidedu 95% (P<0.05)

3.2.2 AMATNNINAIUAIINLDY AY
WY LaznInAR2

NANNINASDUAMAINNINGTUAIN D
ANNWTEEY WAZNIINAFITDEaUAUARNY
DULAILEAIFIANTIT 2 Bewudn Aiseivaw
win 2.2 3. diavanuawiuiieuuiedaslatin
SaugIndemun8a1AATeu (SSD+HAD)

finuudenazanuniisannnnindatan
UAkHUTBL W pa M ASaumuseletSou
gandeuara1nAsey (HAD+SSD+HAD)
peeiTydAyneadin (P<0.05) 1lpsanas
pUUAIFI8 HAD+SSD+HAD vinlfiilatan
UARHUDULANIAMNNIULATHEIAININATN
(ANN1THILNH) WIaNAERUAN LTI LAY
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Anuwdauided 253 Woraunuwsu
fiouuiedie HAD+SSD+HAD Aquanun3e
weneenlahendndoUauawiuiiou s
SSD+HAD ag1alsAinny Aisziumnunun
1.3 3y, ANNLdwazANmisreiayan
UAWHUTIDU A8 SSD+HAD way HAD+
SSD+HAD filsifianuuwansnaiuag i aAzY
NNEAR (P<0.05) WATWUIN 7ASZAUAINUAUN
Wi Watanuaudufiouwiedag SSD+HAD
fiesdusnmesdesnineaiuauey
fiouufesay HAD+SSD+HAD agnefia-
fATUNeaRR (P<0.05) lpsannmInuuiesng
HAD+SSD+HAD §i9amsauuiesnelothdou

vandefigaumgige (220 °6) Asvilfnandousl
AANNInAfpe1eI5Y wanant Sanudn
Az seuwinfniuioUauanausy i
wu1 1.3 wy. Suedidudnisnadidaunin
dotanuausuauwieau 2.2 uy. agnediie-
aAUNNEdF (P<0.05) \fasaniiaaiun
wHuBDURIUN 1.3 wy. Maiauuieiay
Falgsuanudoudunanlsiuviu vlitinng
NAFIT DY FIHARINANNEBAAA DALY
Adpvespila aenelow uazAnz (2556) vieil
AANLTLazALRTEIreLiaYa1un
W upDuRIgnISauLfinuissiaNRUN
Wiy

AN 2 Nﬂﬂﬁiﬂﬂﬂaﬁﬂﬁuﬂ’]W%’]ﬂﬁWUQ’ﬂﬁJLL%Q ANUWLYD LaTAINAGIYDNLLRUANUAHURAINTBL

whafiannazeng 9

. . ANRUT ANALDS | Anuwiyd | nnsuadh
IDNIITDULAN & - - .
tadan (uu.) (Hamu) (Wmu) (%)

Toth¥eusndedt 140 0 + sASoUT 1.3 3.0840.19° | 4.16+0.98* | 13.29+1.19"
110 °% (SSD+HAD) 2.2 13.89+0.74° | 14.28+2.54° | 22.18+1.34°
omaseudt 110 o + lethFaugiads 1.3 3.25+0.33" | 4.96+0.89° | 17.97+1.22°
i 220 % + PAFESOUR 110 %
(HAD+SSD+HAD) 2.2 7.53+0.53" | 7.79+3.21" | 27.65+1.48°

o

wnewe dnuszinsiuluredudiisaiulirnuuanssiuegedlildfyfissauauidedu 95% (P<0.05)

3.2.3 MU IUAMNNTNYDIHARA N
mesudszamauia

A3l 3 wanenan U Izfiunann
nesnulszannduiaveadoUanuawiLau e
Fanu avanvuswsufiauwiediseiniadau
aasaelaurdauslnfeuazeiniadou
(HAD+SSD+HAD) fiAZUUUNINAUAN U
Usngifiaduia (AnunTaw) wazANNTEL

TagTansnniniatauauiuiiouuiedn
Tath¥euwantemusiuannaseu (SSD+HAD)
peeliTeAAYNINEDE (P<0.05) hazgeanudn
dovanuauniuiiouuiedas HAD+SSD+HAD
AzuLUNeNUE dnwaizung Wedusa (A
n38Y) wazANTaLlayTINIINATEBYAN
uawiuTiouwiesaslathsousndafiseesng
e (SSD) aelitdANINaTA (P<0.05)
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Wpeainnnsauuiesay HAD+SSD+HAD
vnlifetauauiuan wisiildfinaunguy
FAUATNDIAUIANIT (RIAATAUNA) N3
AUy SSD+HAD uaz SSD aghalsAnu
AZLUUNINAUNAUTaD 9 H01Ua U A WK

flouudedas HAD+SSD+HAD, SSD+HAD
way SSD ﬁ“biﬁmmLLmnsﬁmﬁ’ua&mﬁﬁaﬁﬂﬁ@
neadia (P>0.05) Lﬁaﬁmﬂﬁmﬁﬂqwmﬁaﬂm
UakHURBgAIREINUmMUTRTef 2.2

A19797 3 NansUIEUAMNANYRUBY A UALKUBL WA UUTTANNAUAE

AMNAUN AMANBMUL
BTaUu Wiayan . s | iaduda | Auzey
a nausa
(a131.) 157107 (runsev)| Taasau

Toth%ausnaied 140 1.3 |6.86+0.97°|6.08+1.08%(6.02+0.82%| 3.62+1.05" |4.36+0.69"
+ 9mAsaui 110 B 22 6.92+1.08°/6.14+1.05°|5.92+0.99°| 2.16+0.71% |3.28+0.45"
oNMASaUd 110 °B 1.3 |7.12+0.98°|7.06+1.04"|6.24+0.82%| 6.94+1.02° |6.84+0.71¢
+ lpnSausndedi 220
+ PmESaudl 110 % 2.2 |7.26+1.07°|6.94+0.91°|6.16+1.08°| 6.34+0.92° |6.38+0.75°
Toth¥eusnded 140 o 13 16.24+0.98°|5.94+0.96*|5.84+0.89°| 3.42+0.73" |4.14+0.76"

winewg 1. snvszinsiulunadudifearulianuunnsraiuegnslidudffisssuanudadiu 95% (P<0.05)

2. szfuazuuuTpsMIssunaM iUt sz mshiiE: 1 = liseumnniige 2 = liveuwn 3 = lizeu

thunane 4= liseuidntos 5= 1ag 9 6 =geuidintos 7 = sevthunans 8 = 1oLaNn waz 9 = saLsnniign

4. asu

AnN1SANIANT A BRI aeAINT Y
vaufioUaunuruluszninenisouuiedae
TathSeuwantenmusiuanniaseu (SSD+HAD)
wazAIauuiessanAdaumuselotiou
YINTUATDANATDU (HAD+SSD+HAD) Wuin
WoUanuaukufiouuieday SSD+HAD 1#
waneuwisindseiuidotauausuiiouus
fa8 HAD+SSD+HAD AN Bunagnanausi
anaslddiionnumunveiiatauniudy
LAZANNNIANHIAUNINYDIN AN I N
AIeuwie Wud Welanuaukufiouwiedae
SSD+HAD #AUaY FuAY hazdtnany

ynndfiatanunusuiouusedae HAD+SSD
YHAD otanunukusuuiedinnusinewas
Awdoaroras wiliduaennduionnunun
YouiipUauniuty waznudn fiszdumaany
WY 1.3 1N, ANUNUDILATANULNTYIUDY
\Havauauiuiiouuiesiy SSD+HAD uaz
HAD+SSD+HAD #ilsifinnnuuansinatiuagned
TudAumeadin uafiseduaumun 2.2 d.
datanuausuiiauuesae SSDAHAD fA
udeazANATdEININNIN waTUeT I EuR
manasatpundndatarunwsuiiou wiedaey
HAD+SSD+HAD wanani fanudn wadius
AsuAfITeLiala uakKuiiA T ue
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AsUTaaaUauafisty mIsuwiedan
HAD+SSD+HAD vi#iditanunwiuanui
IAsuazuuuAuanBuzIeA Ul sz N TuTa
nfigadefisuiumssuuiesan SSD+HAD
waz SSD \ipeannnnsauuiesng HAD+SSD+
HAD vhifatauauwnusuuiedildinag
NYUFIHAZNDITIUINNTT (AINN13F9NA)
pgelsinny uAddnlUadsAnedessey
gaungfeuudeilinanzaudeinlindnsduel
aUWATANUNIBURAZNTHENFINNNTIER

5. nactinssuus:=me

Adeidsagaslasmsstiuayy
294lATNINMTITUAAUHTRLAZATRRILN
(Project of Hands-on Research and
Development) 289u13ng1auinalulad
FIPUIARS UL THFITHVDVDUNILAQ
AanI1A15Y AT.uTeRaNns andFauan 7
Talwauuzinlunnsinddestenaiiias
wazaantuidumaluladndensiiuiien
wnAIngnduBoslng Alalfenueyeanzils
\3evTnduaziadaeinilinduss

6. 1I9NaA1SHDD
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waluladnaeny. wnInendonalulad
NIZADUNABULS,
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