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

The obijectives 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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BUWAIIY HAD+SSD+HAD fif9n13nuIiAs

a A

mlainsourindefigumnalgenn (220 °s)

aana

ﬁﬂﬁlﬁ'qmiLﬁmﬂgﬂsma’ﬁﬁma (Browning

Reaction) lsiur UfA%eiuaansa (Millard
Reaction) 2asthana3mdiulusfunazyiizen
A3 1alad (Caramelization) antena
(Fupd whenern, 2549) Fesdenalfifiavanun
wHuTioUwHesy HAD+SSD+HAD fifadtnma
WaannIdetatuawk uilouwiea g
HAD+SSD wenani fanudn fsnsouwi
Wiy detanuaukumun 1.3 sy, SAAny
#7979 (AN L) WazAdWang (A1 b) 41NN WA
fiendune (A1 a) desaddesUanununumn
2.2 3y, agidydAYNIeanc (P<0.05)
Lﬁmmmﬁaﬂawmmwm 2.2 3. Tnan
auwieuundn yldiAsUAAsowaanianas
UiAzeesualaedusnnninietaiuau
7w 1.3 1.

a1519fl 1 namMAssUANMNIeIUFTaNnauausura I I UWRSTiaN IR 9

o . ANAUN G
ADNTIIDU LAY &
Watlan @) A1 L A1 a A1 b
Toth3aueindsil 140 °o + pmASoud 1.3 50.4+30.81° | 15.28+40.95° | 23.45+1.15°
110 %% (SSD+HAD) 2.2 40.71+1.34° | 19.53+1.08" | 16.39+1.02"
pIMASOUT 110 °o + lothsauwinds 13 46.2141.28° | 10.29+0.88" | 19.54+1.16°
i 220 % + PIAFESOURA 110 % )
2.2 38.57+1.06° | 13.22+41.28" | 14.52+0.93°

(HAD+SSD+HAD)

a o

winewe dnuszinsiuluredudiiuaiuldrnauenssiueg i fyfissiuauidedu 95% (P<0.05)

3.2.2 AMATNNINAIUAIINLDY AY
WY LaznInAR2

NANNINASDUAMNAINNIGIUAIIN D
ANNWTEET WAZNIINAFITDEaUaUARNY
DULAILEAIFINNTIT 2 Bewudn Aiseivay
win 2.2 3. avanuawiuiieuuiedaslatin
SougIndemun8a1AATeu (SSD+HAD)

finuudenazanumniisasnnnindaan
UAkHUTL W p M ASoumuselethSou
gandeuara1nAsoy (HAD+SSD+HAD)
peeiTydAuneadin (P<0.05) 1lpeanas
AUWRIAIY HAD+SSD+HAD viliiiatan
UARKHUAULANTAMNNIULATHEAININATN
(ANNITHILNH) WIaNAERUAN LTI LAY
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Anuwiauided 253 Weraunuwsy
fiouuedie HAD+SSD+HAD AMuAnun3e
weneenlahenindoyauawiuiiouwiesae
SSD+HAD ag1alsAiny Aisziumnunun
1.3 3. ANNLdwazANmiireiaya
UAwHUTIDU LAY SSD+HAD way HAD+
SSD+HAD filsifianuuansnatiuss i anAzy
MERR (P<0.05) wazwudn Asesuanumun
Wiy ifsranunuruiion ey SSD+HAD
fiwesdusnsmesmdesninieaiuauey
fiouufesay HAD+SSD+HAD agnefiy-
fFuMeadif (P<0.05) asanasau ey
HAD+SSD+HAD §ignsmsauuisdanlathsou

vandefigamgige (220 °6) Asvilinandousl
AANInAfpE1eIn5Y wanant Sanudn
fAsnseuwifniudioUauanausy i
wu1 1.3 wy. Swedidudnisnadiiaundn
Hotanuausuauwisu 2.2 Uy, pgnedie-
aANNEdF (P<0.05) \favanniietaiun
WHuBDWRIMEN 1.3 wy. Maiauuieiay
Falesuanudoudunanlsiuviu vlitinng
NAFITBY FIHARINANNIEBARA DALY
Adpvespila aenelow uazAnz (2556) vieil
AANLTLazANLRTEIreLiala1un
Wi upD RIS auLfinufissiauBUN
Wty

AT1N7 2 HANINARBURAMANNINANUANN DS AT LLazﬂﬁm@fmLﬁaﬂammmwﬁﬂmsau

whafiannazsng 9

. . ANURUY | Amnds | Anawmdien | naneaa
ABNIDULAY 5 . .
Watan (&I&l.) (‘u'mu) (mm‘u) (%)
Toth3ausnndedl 140 5 + ananedaudi 1.&%\ 3.08+0.19° | 4.16+0.98° | 13.29+1.19°
N — 4

110 °% (SSD+HAD) 2.2 13.89+0.74° | 14.28+2.54° | 22.18+1.34°
omAseudt 110 o + lathiausiads 1.3 3.256+0.33" | 4.96+0.89° | 17.97+1.22°
i 220 % + PAFESOURA 110 %o
(HAD+SSD+HAD) 2.2 7.53+0.53" | 7.79+3.21" | 27.65+1.48°

o

winewe dnuszinsiuluredudiisaiuldrnauenssiueg i fyfissiuauidedu 95% (P<0.05)

3.2.3 MU IUAMNNTNYDIHARA U
mMesudszamauia

A3l 3 wanenan U Izfiunann
nesnulszannduisveadoUanuawiLau e
Fanud avanvswsufiauwiediaainiadau
aasaelaundauslIntsuazeiniadou
(HAD+SSD+HAD) fiAZUUUNINAUAN WU
Usngfiaduia (AnunIay) wazANNTRL

Taasassnnnindataiuaukuiiauuedaey
Tath¥euwantemusiuannadeu (SSD+HAD)
peelTeAAYNINEDE (P<0.05) hazgeanudn
dovanuawniuiiouuiedas HAD+SSD+HAD
AzlLUNNENUE dnwaizung Wedusa (A
n38Y) wazANTaLlagTININNATEBYAN
uawiuTiouwiesaslathsousandafiseesng
e (SSD) aeliudANINaTA (P<0.05)
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Wpeainnisauuieday HAD+SSD+HAD
vnlifatauauiuan wisiildfinaunguy
FUUATNDIAUIANIT (RIAAITAUNA) N3
pUUeY SSD+HAD uaz SSD aghalsAnu
AZLUUNNNAUNAUTaD 9 H0Ua LA WK U

&

flouudedas HAD+SSD+HAD, SSD+HAD
way SSD ‘i‘ﬂ%iﬁﬂ’nuLLmﬂfﬁh\‘iﬁJuaEJ'NﬁﬁEJﬁ’]ﬁzy
Neadia (P>0.05) Lﬁaﬁmﬂﬁmiﬂqﬁmﬁaﬂm
UakHURBgAIREINUmMUTTef 2.2

A9 3 wansUIEuAMNANTRUBY A UALKUBD WA U TTANNAUEE

AMNAUN AMANBMUL
ABn1seuuie Waran | dnwauz | L \ioduis | Anupay
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 2.2 |6.9241.08°|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¢
+ lpun¥aundedi 220
+ PmESaudl 110 % 2.2 |7.2641.07°(6.94+0.91° 6.%83 6.34+0.92° |6.38+0.75°
Toth¥eusnded 140 o 13 |6.24+0.985.94+0.96*|5.84+0.89°| 3.42+0.73" |4.14+0.76"

winawg 1. snvszinsiulupadudifeaiulinuunnansiuesnsdidusdyfissiuanudadiu 95% (P<0.05)
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8 7 = BOUUUNATN 8 = BRUNNN Ay 9 = %BU&I’]ﬂ‘ﬁ?gﬁ
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TudAumeadin uafseduANumun 2.2 §.
datanuausuiiauuesae SSDAHAD fA
udeuazANUATdEININNIN waTUDT I FuUR
mawasapunddatarunwsuiiou wiedaey
HAD+SSD+HAD wanani fanudn wadius
AsuAFITeLiala uaRKuTiA T ue



3 n."
"bé. 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

AsUTasaUauanfinty mIsuwiedan
HAD+SSD+HAD vi#idintanunwiuanui
IasuazuuuAuanBuzIeAuL sz NauTa
wnfigadlefisuiumssuuiesas SSD+HAD
waz SSD \ipeannnnsauuiesng HAD+SSD+
HAD vhifdayauauwnusuuiedildinang
NYUFIHAZNDITUINNTT (AINN1IF9NA)
pgelsinny uAddnlUadsAnedesay
gaungfeuudeilinanzaudeinlindnsduel
pUWATANUNIBURAZNTNENFINNNTIER

5. natinssuus:=me

Adeidisagaeslasmsstiayy
299lATNINTITUAAU TR LA IWRILN
(Project of Hands-on Research and
Development) 299uA13NgNaunAtulad
uIRaaIUL e ITuveRUNITAM
AanI1aNsed at.TeAgnd auFauan
Talwauuzinlunisvinideeg1enaiiiag
wazaauddsinaluladndenisiiuifen
wnAngndeBosing Alalfanueynnzils
\nIneinduazindosiniaduia

6. 1I9NaA1SHDD

uT9F Befuthiu. 2544, MepUwRINERT U9
n1en1sinEnsalsledifounands.
ANYINUSINYAIEAINA T UT A E1DN
waluladnaeny. wnInendonalulad
WIZADUNABULS,

9fla aennlew, Uina aynni3uns, sda
aTaRLET, ALY 0UNBY, LATANTIA
Tanausaugnd. 2556, mMIsuwiaiiayan

uakHuselotSausInd. 19819
ABINTHAZINY UNT.NIZUAT. 7(2).

Fuwd Wieneen. 2549, Msvwiaiiianytyesa
sreladdaurandesantuiunnudou.
ANYINUSINYAIEAINA T UT N E1DN
waluladnaeny. wnnendonalulad
NIZADUNABULS,

ganfing paan. 2549. n'liaml,ﬁ\uﬁalﬁil?ﬁa
sreladdauandesantuiunnudou.
ANYINUSINYAIEAINA T UT A E1DN
waluladnaeny. wnnendonalulad
WIZADUNASULS,

dnauLAsEgAanIsinea. Juldudy 2
fqu1ey 2556. anRnTUILEN-deen
Aunfiade, [eaulai]. Whieldann:
http://www.oae.go.th/oae_report/
export_import/import.php

Ainlazuinng nsueunTy. Jufidudy 2
fquieu 2556. Ya1-81113A33n.
[pauladl]. Whielsann: nutrition.anamai.
moph.go.th/temp/main/view.php?
group=2&id=122

gafig) Tuwles, aufiosh Uspnians, was
auF laasmgns. 2554. HATDY
DRALNANNIMAUUA LAz aA N 9D
LIAINNTOU AN LAY AT RN AIBATN
POINAAYUKNY. 1TAVTINYIANEAT
NILNBAT. 42(3): 569-572.

s1lnng fnaun wazdndy asdn. 2653,
ATRULT TR ATlAgUINATIN
AUBUNTILIA. IANTINBFAEATYIN.
15(2): 76-86.



RMUTP Research Journal, Vol. 8, No. 1, March 2014

AOAC. 1995. Official Methods of Analysis
of AOAC International. Virginia:
Association of Official Analytical
Chemists.

Lawless, H.T. and Heymann, H. 2010.
Sensory Evaluation of Food:
Principles and Practices. New York:
Springer.

Nathakaranakule, A., Kraiwanichkul, W. and

Soponronnarit, S. 2007. Comparative

study of different combined
superheated-steamdrying techniques
for chicken meat. J. Food Engineering.
80(4): 1023-1030.

Sa-adchom, P. 2010. Meat product drying
usingsuperheated steam. Ph.D.
Thesis. KingMongkut’s University of
Technology Thonburi.





