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CAVENDISH DRYING WITH FAR INFRARED-VACUUM DRYER

Rittigrai Ngamchuml, Thanit Swasdisev-iz*, Sakkamon Thephaassadin Na Ayudtaya], Samchart So;mnronnan't4

ABSTRACT

The application of far-infrared {FIR) to vacuum dryer is interesting since the heat loss from FIR is quite
low. The product is directly absorbed thermal radiation from FIR. Consequently, the thermal radiation is changed to be
heat in the product. When the product is dried with vacuum condition, the boiling point of water is lower. Water inside Lhe
product can evaporate guickly and product temperature is not high. Therefore, the quality of product dried with vacuum is
good. The objective of this research is to investigate the vacuum drying with FIR. The product used in this work is the
slice Cavendish. The product is dried at the various vactum pressures {5, 10, and 15 kPa), temperatures (50, 55, and 60°C)
and thicknesses (2, 3, and 4 mm) with the initial moisture content 300 % db. until the final moisture content is 7 % db.
The experiment revealed that the slice Cavendish dried at thickness 2 mm, vacuum pressure 5 kPa and temperature 60°C
has shertening drying time. The drying time decreases with decreasing the vacuum pressure. The slice Cavendish with the
thickness 2 mm is smallest swell and hardness. Drying temperature of the slice Cavendish at 50°C gives a good color
(whitish yellow).

KEYWORDS: Dehydration, FIR, Fruit, Low pressure
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AT 1 HaveInsiaquaMAvendniuamaaiimseuusts

Pressure (kPa) Temperature ‘C) Ab AL
50 3.00 -4.75

5 55 4.37 -6.28

60 $.22 -8.90

50 3.03 -5.14

[0 55 430 -6.31

60 6.26 -9.37

50 3.04 -5.18

15 55 433 -6.30

60 652 | -9.06
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miwh 2 womsIafTsuisudTuasfundaendaiimssuuisianuduuazanmaliang

Thickncss {mm.) Pressurc(kPa) Temp (C) Volume cm’ %Shrinkage

50 0.919 + 0.0096 2535

5 55 0.932 +0.0087 2431

60 0.957 +0.017 2225
50 0.901 + 0.022 26.86

2 10 55 0.929 +0.012 24.58
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60 -
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CHICKEN DRYING USING SUPERHEATED STEAM COMBINED WiTH HEAT PUMP

Worawit Kraiwanichkul'*, Adisak Nathakaranakule” and Somchart Soponronarit’

ABSTRACT

The purpose of this study was to investigate two-stage drying technique for drying chicken meat, i.e. drying
by superheated steam at the first stage and following by heat pump at the second stage (SSD/HPD), and drying by
superheated steam at the first stage and following by hot air at the second stage (SSD/AD), and compared with the meat
dried by one stage drying with superheated steam. The chicken meat was dried from an initial moisture content of 3.11 to
0.11 dry basis by using superheated steam temperature at 120, 140 and 160°C and following by heat pump or hot air al
55°C. The intermediate moisture content of the two-stage drying was 30% and 40%wb. The experimental results showed
that the chicken meat dried by SSD/HPD has lower degree of shrinkage, better color and higher degree of rehydration
than that dried by enly superheated drying and SSD/AD.

KEYWORDS: Meat, Rehydration, Shrinkage

'Graduate student, *Associate Professor, )Frofessor. School of Energy and Materials,
King Mongkut’s University of Technology Thonburi, Bangkok 10140
*Caorresponding author. Tel.: 0-24708695 Ext. 112; Fax: (-24708663; E-mail address: sit_lonk@yahoo.com
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EFFECT OF SOAKING ON UREASE INACTIVATION AND PROTEIN SOLUBILITY
IN SOYBEAN DURING TREATMENT WITH HOT AIR FLUIDIZED BED DRYING

Warut Yuttachai'*, Somchart Soponrtmnz—n‘it2 and Somkiat Prachayawaralu:)m3

ABSTRACT

The effects of soaking and tempering on urease inactivation and protien solubility in soybean undergoing
hot air fluidized bed drying were experimentally studied. Dry soybean was soaked in 30°C and 60°C water to reach the
moisture content of 19.5% d.b. and was then dried at temperatures of 135°C and 150°C with and without prior tempering.
The experimental results showed that the influences of tempering time and drying temperature on urease inactivation were
more pronounced than the influence of soaking temperature. The longer tempering time and the higher drying temperature
caused the faster urease inactivation. To receive the maximum protein solubility, the condition suggested for soybean
freatment was soaking at 30°C, 1 hr-tempering and drying at 135°C.

KEYWORDS: Fluidization, Soybean, Soaking, Tempering, Urease

'Poslgraduale Student, *Professor, School of Energy and Matenials, *Associate Professor,
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2. wlaalySioaninludamies (AOAC 1965)

Tun138 Urease activity aunsovin@Taoidadowminifisnfumsasawiiideiyso @iy
aruilunsasraniiiy 7) Feilideauen Tuils damalfiAansiuiuvesndunsama (ApH) TnoueuTuiiod
datndudadiulaons snfinaeuled@eaiiiudamies  Tnmaassmusoinlédd @iowmsazag
iideivedis aanndudu 005 Tuadedns Tnu'l-’a"lﬂmmmwuu'\uTmﬂam‘dn (KHPOY 4.355 nfu uaz
TnunmFoulalelaseoada (KH,PO,) 3.403 niw azaoliindy  nniuseumsazatonsaea @iy
Wswmsdlu 1000 Haddas Yivamnudunsadaliidu 7 wiaidideideaida 500 iiaddas thyde 15 iy
wazawiRnmsasatsIngdu s daddas tazdivawnuiiunsasmaliiu 7 nmiudedumdesvaaz@un 0.2 niy
aalunaeAnAnpId et Nay 2 HeeA MassuINALMIIAzmOTMeIgTY un.unannﬁmmummﬂlﬂa: ﬂamﬂa
10 finddns ARugEInai 1A 30 owwusadoe Tauld Water Bath mu*maaﬂmnaqmﬁamn q 5 ur# yuAsY 30
it uEintundes e nuilunsadwveimsazaslaeld pH Meter Troshamuanassesreuiiuns adieh

vouTuBg1uY 0.02-0.30 FMSURATMNITHBIMIITAY (Ward 1996)

4
HENTIMNARBUALIDIT

a ¢
misi@onaagveveylwigiea

1. InEnavegungisimaien

| —— Drying Temperature 135°C

R

—— Drying Temperature 150°C
[P S W T Standard (< 0.30) 1

pH Difference

Drying Time {minute)

o a < 3 . -
301 2 mudenaauveaeulmigiealudanies fdunsusihgungi 30C

Taghimunlese uazounfadvonadeunguugil 135 uag 156°C

» .
msuszyuinmsauanimnssunvaudaszna Ing a0 6 "Iranssunvanir nogesalan”

30-31 iy 2548 &1 Tsausufsufiaunsus ngumna

ey’



- 561 -

] 4 s < i .y - v

1 2 vrminsideuaaisvexey ladghiealuiamdssfidumsusiigumgii 30°c Taohidiasmu

- [ »* P - o & - = - s
wels nazeuiedonimadsuiiguynl 135 uaz 150°C wuinile1fqumgilountenigrann o Wieulmigi o

- oo » =4 . - -a ar 3 - -

idoutaivufanasiiiveniul&iniimseuniafiquugiid Tavdandesnishumseundafiqungii 135°C 214

» - - - - )
naeuinlizing 5 wiil wazfigumgievuda 150°C szlfaevudidszna 3 wii Teezvirlilonlanlyfion
- o i - i - - H - . - -
dormaandunusifioenivl dledennispangliovdafigeinldudadamndeiunuieunniy uasi

ad d o 4d ad 4 ¥ '3 Yoo g4 & a a4 o2 -

guvlitivius animguugial dwwalieanmidenamovesey lnigfenlunbatundoas 1@y Antumsiiu

an [ o -
gumgipuiistalinadenizanasvesieulanigiiealaaa

2. BnBwavssgamgiviny
4 3 ‘o S a4 L ¥ d -
1 32 uaz 3b usasmmdevaawveusu wighed ludumdesfirunsunimgungd 30 uas
[ - - - . W . -l '
so°c Tachifimmmndess sundedoemedoufiqungli 135 uaz 150°C awddy nuigamgihihlfudr
A - ¢ - d ¥ A 4 &y
masslinarenisannsveaeu lnigiisadnios  imznmlunsunbinundsane i Warmdudufulszuu
P z ¥ - F-{ - g e
19.5%db. AdamstudIN drsna 1 Wi mlEesunasquugindaiuananiunmdouaaisues
¢ - o 4 v - s e
wulydgSeaialndifioety 1030 4a uaz 4b uemsmndeuaamsvoaeulanfgtisa Tufunfesidmmsuhig
- - ; J - - W 1
gumnd 30 uaz 60°C Taolins - munle3a 1 ¥l ountsdwonadsunaamal 135 uaz 150°C AWd WY szotuli
{ - Y ¢ o P - .' [l o e
fomounds 2 wifiigumalounds 135°C madeuzmoveusulaniyfieaiiquuniiug s0°c sznnohin
Py . o - . -l i - A -
gamgiiiug 30°C dunaifesnvirnsmunielananigamngiihuyg s wmsmunledshiquugil 60°C Wunm
-~ s gy & O 4 o od 4 ' Va § ¢ o 4 A4 a
1 2T i ludedindesdlgungiiiviiu  dwalddaimudeanivveaeulsigfieniiiu  uazhom
I » )
= 4 e 4 -
e 2 wiR gumgiiouwda 150°C nmidouaniovauswlwlyiwaiaumaihing 30 uas 60°C sxiidarmsday
<l P 3 - 4 ot 3 o - ¥ 4 & w
amovesoulaigieantndfosiu Wisadisanvingemginlilunsevwisiigs vinldudadandesauniody
v » i a » P aa & g t e 4w - Jﬂ ) '
anudoulfnnnihigunpionuds 135°C Taliguupliiuinadind uasardulundatandesniludgios

; v ¢ a_4
nsdeugnwysaoulayied demal¥danimadeuamoveaeuTagtiomdvu

(a) b

. . 1
——a—— Soaking Temperature 30°C

——8— Soaking Temperature 60°C |
"""" Standard {< 0.30) ]t Standard (< 030) i

——— Scaking Temperature 30°C |

e
tn

—=— Scaking Temperature 60°C

[N
L
|

pH Difference
pH Difference
&
L

05 ——

[ —————
¢ 1 2 3 4 5 & 7 8 9 10 o ! 2 3 4 5 6 7T 8 9 W0
Drying Thme (minute) Drying Time (minute)

v o
[} e

31 3 madeugatwveeu laniygSiea ludardssiidumsuaiiguuail 30 uaz 60°C

Trolimunle3s unzaumiasvemadounigungil 135 uaz 150°C

"

¥ .
nisUrzyininrmnauimins smovasuadizmaIng A3e7 6 "Ians sunanirinugnialan

ot - - -
30-37 iy 2548 o1 Tsausulis uABUATUA TN



-562 -

{a) (b)
3 A ——— i —— —— S— - 3 _____ . - -
—— Soaking Temperature 30°C! J ——+— Scaking Temperature 30°C
237 = T —=— Scaking Temperature 60°C

—=— Soaking Temperature 60°C
f #aidis- Smndard(<030) )] o , N, T St (9. 30)

pH Difference
|
pH Difference

—

. =

0.5 Wr —_— 0.5 1
0 —— T 0 T T ¢ —+— T — % T
0 1 2 3 4 5 6 1 8 9 10 6o 1 2 3 4 5 6 7 3 9 10
Drying Time {minutc) Drying Time (minute)

» o
o o

4 -l ." c: L) LN ]
sn4 ms:ﬂaun’awumtauhﬁgﬂaﬁ‘lummﬁammummwmqmnqu 30 LAz 60°C

-

Tammunlesatd 1 $21ue uazeuisdseinindouiigumnd 135 uoz 150°C

3. anfnavesszazmimunless

$IN31 Sa 1oy Sb u?fmnméau‘dmwaamu'1=mfg‘§’laﬁ"luf;'muﬁmﬁphumsmhfwmuqﬁ 30 uay
60°C ﬁs:u:nmmmﬂa?qduq tm:auuﬁ'cﬁwmmﬁs"auﬂqmugﬁ 135°C MU hEamdeir s uazmsind s
1 477w riauﬁﬂﬂauuﬁaezmuﬁnﬁﬂﬁmu'quﬁg?mmﬁ‘auﬁa1u"lé’t§'1ﬂfi1ﬁdmﬁ‘mﬁd1un1suxi1fa uas hidininimy
nfe3a ﬁqﬁqmﬁgﬁlﬂui 30 unY 60°C mn:snnmsmmﬂa?qa:ﬁﬂﬁmmé’uﬁa{ju?nmﬁ'nuﬁnr?dmé'r'mum'uﬁ'lﬂ
meludadamdes Tasarmduiiunsdh llszsod e iy iemannsdevaauligavu dwalisasing
awamoveseulnigheaiidgetudy enFuufoutudmfosiianudududu 19.52%db. aiiauenauda
ﬂ:ﬁé’ﬁﬂms1?‘?'auﬂa1uumlau'lrnﬁg?mﬁ‘n‘f’iqm'hnﬁwﬁﬁqﬁqmnqﬁ 30°C uaznuleieit 1 $2Tus mstzszezom
munle3eRt 1 ¥2Tus Sliamnsenl¥amudumsid W notundadmAsstdminauedanda Taonseuuiai
(a1 2 Ui ﬁqmﬂqﬁﬁ'mi 60°C unzmunlesad 1 $1Tus Sarmadeuamoveaey lmigiomezdnidamdesiii
AR IR Y 19.52%Ab. A uemeade eaninnsminadsiiguingil s0°c ihunm 1§11 viTbiwdadamdes
figumgiiviuteufiezi i et

Taonamsnaaesfigamgiiomnta 135°C famfesmrumangiuasmune3ald | $27ue veldinar
ounalszina 3 i rozdamfesfinunusiilashifinsmueS e idnateuetaszna 5 wii daud
quugiiouis 150°C Samsairunsusinazndeialy 1§27 Wamsuindadssina 2 uif uasdamdos
FrummgiTaslifnsmuedaz Wnmemetalszny 3 1w Teezibieulsdgomdouraionudunus

ngausuld

- .
-

maszyuinmsanayimassmnyasuralszmnng a5 6 “ImnsymnyanitInogaialan”

30-31 fupw 2548 o TrausuidsuAannsud agamne



- 563 -

(@) (b)

3 — — 3 T ————
| T—*— No Tempering o No Tempering
25 . 5 .
5 —— Tempering th | 25 . T Tempering 1 h
—* 1 Days ~=—%— 7 Days
g2 | 82 |
g i “ -+ Standard (< 0.30) | - B T Standard {< 0.30} .
L — A © Sy .
s
S5 -] s = ]
] ]
I
= | T, S
0.5 - 0s -
0 T T T T * T ag T T 0 T T T T * -
0 [ 2 3 4 5 6 T & 9 10 0 l 2 } 4 S 6 7T B 9 10
Drying Time (mmute) Drying Time (mimute)

a - 3 v o -
A s rmléauﬁmwa\uauhﬁﬁmﬂ‘lummﬁawummmwmqmugu 30 AT 60°C

frzuznaunuleang suinfidrseimaieufigangii 135°C

aimsaza1nvsalilsiu (Protein solubility)
. A d ¥ da |a ¢ " ' 2 oa
nnmInarenih s unszUmssud il inensu lanigiieahnaiang sunsziadanm

aa a ¢ a ' a - -~ P 1 4
AitTwaneulmigioarnunuat ninseimsazawvealilsfiu saninaaeaaaadaaisi 1 Tasdundedii

funmAnsiidesazveamsazmsveaTusAuaglusniavay 73-85 (Ward 1996)
a e A a dwwas ¥ o a v
VNAITWA 1 wuhdundeduhios ikumsemis iaimsazmoresTilsdwlssmnaudevas 95
o A A ¥ A a - & » Hdw v 4 . aw a
dmfummdesidiumsevuianuihdimnmsazawveallsAvaan wissnnanuiountAivuuiuiligangi
d ¢ v a A d a4 a ; w ' a ' s H .
Adadumdeanuiu JuinmsveiudadungulilsAunnnivy uazezanazneudioimazaindy (Phillips and
. = a  w i o . 1 -
Finley 1989) 4 Tds@udnynzil illons Inardr 1Uw 1% msseoTlsuni 1 1Aun
L dea i 4 4 - .
$INAINABBINYIT Anvdsuntailianuduiudu 13.20%db. sundshguugil 150°C vxiliAinis
a 4 - » . TR S < 3 O d -
avawves IilsRumnnifiguuglouts 135°C usidtedunaanunidedlfAuauduTasmisusifeungl 30
4 - 2 ad - - o saw a
18z 60°C Hazeunvanguugll 135°C Aansdifnnimueda uas hifinsmundeda exiIddmsazaoves Tulsdu
& a e L s I 2 i - . =d il -
aulndfvaiuiimaesilinTuduis udu 13.20%db. feuuinaogungil 150°C s lshawslunsdifidaniesd
» 1 - » 13 i » D
AT UAY 19.52%d.b. eriuauenauda uastimdsarusihgumgld 30°C uaziingg mulesald 1 $1Tug a1

r @ - ' -d & a 12 . ' a i
finsazmovealsiuii I8qenins@idn  dslunsmunteTeers hifinaniuthudos e 1qamyiiouud gty

iy 150°C Aezi T lddimirazawvesTus@unganhiovas 80 Armsuiu

¥
mstszyuininmnnsmnssunyasudasenaTne a5aR 6 “Iaanssuinyanir nogasalan”

30-31 fTuray 2548 o Tsausufsufiaunsud nyannd



- 564 -

AN 1 Aimsazaieves Usauvesdimassfimunireuiiafirnmzag

QuUUNL  gmunN A parlums  vaeundd AR UpH AINsazaY
VR s Fudy muleTa AT BUNNEA yoalulsiau
C) ) (%db) i) (%d.b) (%)

fmdeadu 2.46 95.310.39

30 20.47 1h 3 13.57 0.16 85.41%20.29

20.15 No 5 991 0.1 79.56™'£0.30

60 20.89 ih 5 13.14 0.0! 78.59"+0.34

135 20.66 No 5 10.98 0.02 79.897£0.07

_ 19.52* _ 5 12.85 0.01 82.37°+0.08

13.20* _ 5 9.26 0.05 71.54"+0.43

30 2047 1h 3 12.94 0.02 80.31°+0.35

20.15 No 3 10.86 0.03 83.86'£0.39

150 60 20.89 th 3 14.36 0.0 79.75740.24
20.66 No 3 11.16 0.0 83.69'+0.08

_ 19.52* _ 3 13.63 0.01 78.78%£0.54

13.20* 2 10.70 0.13 80.15°0.53

- A da i H I
THAIGHA ONNADINUANLTUTUNTUENHNGA

. . - w - ' v . T 4 o
gmusifuuumiieuiuluaedml vuetanruhiuandndueduifoddyfssduarnndeiu 95%

agnanimaaey

vnHantsmAneanyd szezmlunsmunles nazgungimniadeudi 1feuniaziibninadants

: v ' -c d T A aw - - ¥
@eudarwveaeulaigSemnnnihpunphibnldutsnadumdes Tauiieldnarlunsmnleiaezgamniisunds

2 4 . g ‘- é 4 4 v - ‘ d & A o
winvusri Ve lsdgSivedovaaniiu dmivdintazatveslsdunud wiaduudeedinunszuiunn

VS - A . v ad ¥ a a4 b a oy
Uit naznstmulese U TN ULHIAMY UV VIV Y vz lanimsazanvaa TUsAuRfmwdsdimaoania

S {4 < -
RLANUFWTUAY 13.20%d.b. uazpuTangun gl 150°C

AnAnisudszmn

AuRsvaveunad@innuneauaiveyuns Wk IEu luns miveyuluanided

¥ oy
sz awnauImnssunyasurassma Ing a5 6 “Imanssunvaii nogasaTan”

30-31 iums 2548 wt Tsousuds uAaunsUR nJamn-



- 565 -

¥ o
[GLIGRP AR L]

Albrecht, W.J., Mustakas, G.C. and McGhee, J.E. 1966. Rate Studies on Atmospheric Steaming and Immersion Cooking
of Soybeans. Cereal Chemistry. 43:400-407.

American Oil Chemists’ Society (AOCS). 1999. Method BA 10-65. Official Methods and Recommended Practices of the
AOCS - 5 edition. Champaign, Iliinois.

Association of Official Agricultural Chemisis Method (AOAC Method). 1965. Method 22-90. Official Methods of
Analysis. Washington, D.C.

Association of Official Agricultural Chemisis Method (AOAC Method). 1955. Official Methods of Analysis,]6"' edition.
Washington, D.C.

Cheong, Y.L.. 1997. Fullfat Soybean Meal Production and Utilization. Proceeding of the Fifth Regional ASA Feed
Technology and Nutrition Workshop. 25-29 may 1997. The Westin Chiagmai, 13 p.

Lyman, R.C,, Olds, B.A. and Green, G.M. 1574. Chymotrypsinogen in the Intestine of Rats Fed Soybean Trypsin
Inhibitor and ts Inability to Suppress Pandreatic Enzyme Secretions. Journal of Nutrition. 104(1):1¢5-110.

McNaughton, J.L., Reece, F.N. and Deaton, J.W. 1981. Relationships Between Color ,Trypsin Inhibitor Contents and
Urease Index of Soybean Meal and Effects on broiler Performance. Poultry Science. 60:393-400,

Osella, C.A., Gordo, N.A., Gonzalez, R.J., Tosi, E. and Re, E. 1957. Soybean Heat-treated Using a Fluidized Bed.
Lebensmitte] Wissenshaft and Technologie. 30:676-680.

Phillips, R.D. and Finley, J.W. 1989. Protein Quality and the Effect of Processing, Marcel Dekker, Inc., New York and
Basel: 1-7.

Soponronnarit, $., Swasdisevi, T., Wetchacama, S. and Wutiwiwatchai, W. 2001. Fluidised Bed Drying of Soybeans.
Journal of Stored Products Research. 37:133-151.

Ward, N.E. 1996. Soybean Meal Quality for Animal Feeding. Proceedings of the Second International Seybean

Processing and Utilization Conference. 8-13 January:454-465.

LA
mstsryuinmsamnmimnssunyasidadssma Ty a3 6 "Smnssuinpasi) nugaiaTan*

30-31 Thuay 2548 e Trausuls ufaunsua ngunwa



= " . A
it i “';‘ ./ o

JEIFI5 'm"bf[‘..#gﬁ f’" ;ru 'm 75 e
m m hlhe ﬁml d E Lw

1__,, e
f i .r"
—




- 566 -

anbravetannyIininasenI eI ALANN INYBINTEHDUNAY
qnBAnA ufun' auiesd USsyriyins® offnd wonsuna’ iazdusa Tanas uoni

unfade

av o & o o a Sa v ¥ o - -
»ﬂu'muud‘lumsﬁﬂmnqa\nﬁwauaqqm‘ugu ﬂUNﬂﬂﬂﬂ'}iﬂUll'ﬁillﬂﬁf}mﬂ'!ﬂﬂ]ﬂﬂﬂﬁ:l'ﬂﬂl]ﬂﬁUﬂﬂﬂlﬂﬁﬂﬂ
v S f - o o d I 4 g
WufiFealmi Taveuuiafigumandl 70 80 uaz 90°C uozaTSweta Mo 1.7 ms AIMFUE LAY LAzAILSY
. . o v . = H
qamosglugae 190-210% db. uay 5-7% db. awdwy wamsnanes nuhimsnldoundawessanuiuves
Lo ™ L] : ) y 1 ; = g -
fl'iﬁl'ﬂﬂl!lﬂullUUﬂﬂi'lﬂ'I‘ii’JUliﬁiﬂﬂﬁ»ﬂlﬂfzﬁlﬁu 2 ‘T;"N Tﬂﬂmﬂ’ﬂw’nﬁnzgnumﬁ"]t!ﬂ’nmfu’mqﬁua:aﬁmums
- A - . . 7 & -t Y < 1 -+ al
lﬂﬁWllﬂﬂQﬂ'nlquﬂaﬂﬂﬂﬂa#ﬂ’l*ﬁ')ﬂﬂﬁﬁﬁﬂﬁ!l“i1]9\111111]1“3#113“‘16“ W\lﬂﬂlh'zaﬂ'ﬁfnillﬂi'UfNﬂ’:lTlﬂlN:n
s o= J A - ¥ - g 1 ¥ - bl * L4 L <
ANANVULBRUHANO UUHIIVH UBNIAUGINUTN mmmmmqquuqmﬂh MINARITUDIMN ﬂ1il'ljﬁﬂuullﬁ‘la

ry . o - Y o . o4 a ol
TﬁU'i']u?!d'll‘u lla:anﬂmmnawanmuu% WIUHBUISIHY AL Pyruvic acid li’]ﬂ')'m'liﬂ'l.lllﬁ»lﬂqmﬂgl.lﬁ't

LY L) L4 g L4 oy o
indnEt JEomaasnsd ‘mans1e1sé auzndauias Tag seemani1913d ansdnanssuaaas
yvinndomalulainszvemnd1suys (vayang n3anmua 10140

“fruArvoumAy Tns: 0-2470-9220-30 5D 206; IN3AT3: 0-2428-3534; Piud: Somkiat Pra@kmutt.ac.th

"

L
msdszpndnmzmnauinns sunyaiiadszme Ing a3edt 6 “mansaneanitnegaialan

= - oy L
30-31 yuAy 2548 21 Tsursuiisufaunsua NINUNHT



- 567 -

EFFECTS OF TEMPERATURE ON DRYING CHARACTERISTICS AND
QUALITY OF GARLIC CLOVE

Suttisak Kaewnok', Somkiat Prachayawarakornz‘, Adisak Nathakaranakule’ and Somchart Soponronnaril‘

ABSTRACT

This research is a study of garlic peel cloves drying using hot air. The influences of temperature on drying
kinetic and product qualities were carried out at the drying temperatures of 70, 80, and 90°C and air velocity of 1.7 m/s,
The initial and final moisture contents were in range of 190-210 and 5-7% d.b. respectively. The experimental resuits
showed that moisture decrease of garlic pecl clove could be divided into two falling rate periods. The two falling rate
periods were separated by the critical moisture content and their moisture changes could be described by moisture
diffusion equation. Diffusion coefficients of garlic peel cloves were increased with increase in temperature. Furthermore,
it was found that higher temperature drying provided the product with lower degree of shrinkage, higher total difference
color, and faster decreasing rates of vitamin C, volatile oil, and pyruvic acid than lower temperature drying.

KEYWORDS: Diffusion, Garlic, Vitamin C, Volatile oil

'Graduate Student, > Assistant Profcssor,‘Professor, Scheol of Energy and Maltenals, ! Associate Professor,
Faculty of Engineering, King Mongkut’s University of Technology Thonburi, Bangkok 10140
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A STUDY OF COCONUT DRYING USING HOT AIR COMBINED WITH DESICCANT
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ABSTRACT

The objective of this research is to study drying kinetics of finely chopped coconut and its color after
drying. The experimental results obtained from combined hot air - desiccant drying and those obtained from hot air drying
were compared. Silica gel was used as selective desiccant to adsorb moisture from the air before sending it to drying
chamber. The 1,260 g of finely chopped coconutl with approximate moisture content 140 % d.b. was used for all
experiments. Drying temperature and air velocity were held constant at 50 °C and 0.23 m/s, respectively. The percentages
of circulating air was controlled at 0 %, 40 % and 100 % and changed from one experiment to the other. The coconut
pieces were dried to final moisture content at around 10 % d.b. The results show higher drying rate of the combined
system than that of hot air drying systern, but the reverse is true for specific energy consumptions (SEC). Drying rate of
the former system ranges from 112-114 gH,0/h whereas SEC varies between 14-19 MJ/kgH, 0. 85-114 gH,O/M of drying
rate and 5-8 MJ/kgH, O of SEC can be achieved by the latter system. It is very important to note that the relative humidity
of drying air has strongly affected on the color of dried product. Relative humidity above 28 % will cause color to
significantly change to unacceptable level. L value of dried coconut under combined hot air - silica gel drying appeared to
be & % higher than initial value, However, for using only hot air L value can not be analyzed due to dynamic change of
ambient air relative humidity with a consequence of large fluctuation in L value. Using hot air with silica gel shows
substantially more advantaged in color preservation when compared with using only hot air.

KEYWORDS: Desiccant, Drying rate, Coconut

"’Dcpa.ﬂ.mem of Mechanical Epgineering, Mahanakorn University of Technology, Bangkok 10530

Graduate Student, 4Professor, School of Energy and Materials,

King Mongkut’s University of Technology Thonburi, Bangkok 10140

*Corresponding author. Tel.: 0-2988-3666 Ext. 244; fax: 0-2988-3666 Ext. 241; E-mail address: Thanid@mut.ac.th

»
-

msdszyuImmsanauIrInssunyasitiadszme Ing AT 6 "Ianssunvanitinogasalan”

30-31 T19Y 2548 01 T5aUTUHS UABLATUA NFUNNA



- 579~

unu

& » ¥ a o« - - i o )
Wenzniveuniuiundasusignamnssustianisnnuznimi W Edududsznoulu
QAT IMNNTINE M 15U vuuilinyoy vuuifn 4a4 Wilegiudszimanieg Ainstgouzndtfudhduouna g
o m w  dad A - e - o ] ' a8 w
imdafusifivunieds Tl mmibeidinl amaazadaiausinanan dnaoilududdesnidwyuealsema
P o 3 a 4 L. v &
dminhnlszmalnefifuwmniessiadionzniveutudugamunssyidsuiu]  Fuilunszuunts
» - S a s a o a v » oy - /oo i
BURHIHIRAAMIIMSINEATTUAT RvzATldanunwyemiaiuandanse ufabiegluinasiia nisoundaTay
-4 d 4 o o - W a & ' o
Wrungiifmiidudniiuiiaferseinmnunmuesmiaiusiluduvessand ndunard¥eglunuatia (2] sin
» ] Iy 4 a - [ - -
nAnyImseundslnsldauieusmdumsgamwiufidudniuammilafious couudindadasi Taold
- tlﬁ 4 4 ﬁ ¥ c’ . . 3t -y [N ¥ e
g A1 1A FanInkanIInAasts Uk T T ruumns ol 1da Taslia Sasinisaunds das
v u ' 4 4 ~ o 5 v i 4
ngaduIREERsINT TaAmsuinerndosiu (3] Taona lila15gRAINFU (adsorbent) szandulari1lus Al
o S e AR o H - L 3
Anudu lethmAvesasganuFuiididinhinudu lervessnrnegiouq uazssain et ifusinmile
- : ﬂ‘é J 4 13 - .’ 4 ¥ L l’ -ﬂl 5
anudu laimAeams gaanusulisiganharmau lminessimafiegsouq arwdulehiidinsgannuiy
- : Y - -!' : o : = 3 1 Ld - :
sigaiumuguupiinazUTinusnuvvesmsgranuiuigaiy nasiinnTiugdyaauganuanuduvesleri
- i Sa e A R
vinwiey 9 Amammini ) diineimgadulasmsgeaanusuigeilis ondn anwyauga (equilibrium capacity)
, d ¥ " i v w a i v oa
[4] eilspawmsgaruduasagadurimdu lfuinninimningaeq 10-110 % Fusgiusiiavsamiaa
4 4 da oy 3 ¥ o & A4 aw & P Yo -~ -
AnuIumzanutuniedlufanaden (5] suiumeldansgaruivansnindunFinuldsmmdnngadu
& ¥ = = 4 a’ ; » » o a 1
AM¥UBanIINIMAtIARauTAeaiinszu N laanudusenninmsgaaiuiulasldnuiounGunn

. & ¥ oa o ¢ . ¥ ﬂ 3 5 » w - 1-
regeneration 40193z IdmdaesuninuaiemainIsvaataauiewtbunnasldanudouduenai 1 lunis 1d

»
=4

¥ »
amsu(6,7) faiulunuiteiitaldmnsAnnounamanimisunfazninyalaslfaviouiufuaisge

A a w » o e . & o a w ¢ v
anurudTouivudumssuutilnglfaudousdudor Tasesirilafifvosndaiuyinainise vt

insaiuazdimg

r -4 1 =
nFesouna InglFauiouswivadeomsgarrusulduaad13lug Ui t Tnseziinseseimausnson
. v P . &
dhi 2 dou Ao (1) WeseIMAR IS VBT RSN TIr NI 0 1dTeszuuTA (closed system) n3oszuuilln
: o Y | 4 4
1113 @2 (partially open system) ludu#i (2) wesoImadmivlannususensinmigannuse agnesnuuuly
. : L | . : ae 2 aa £
ienmrmbemsdidunts lTaanusundBousdmnldv luadfsiiifen1¥zdnusaiiumsganiuiulag
£ ¥ oo 4 v A g '
Aoaauuieiluuin 0.30X0.50% 035 (WxLxH) visympdaduasunsaunzgld s lu tielfazaindominanes
. . ; o2 z
unaatiaruieuunsimasuniaiazeimaiidluns lanmiuvesaiganiiu 1vaalanudeunnn 1 kw
+r & W w o ’ & a a4 a » v ] - -
uaz 075 kW awddy weavdmiveuntauar laanududluirauusavdosluia T Taousasfiinngg
UBIABS 150 W
» L4 -
luntsnaassnanuadanlduzninymiviagnansslavlduznirayaiimingudu 1260 ¢
! 4 a 4 o - = . § O 4
ATLTUG AL 140 % db. auungiomeildernta 5o “C uavquuguemanldFlunislannudu 100 C Faey
5 - H - 1 - .

BUIRSUMABA MUY URAN Y 10 % db. Taulidadrunisthomiadoundomlding 0 %, 40 % waz 100 % uay

° 1 [ o ¥ o =
AU IMABUNY 0.23 m/s Aumtaveamsiagnmplinszsihouiwazilen nansluzUi |

» .
msdszyuinmsamminanssuayasudadszing Ino A5 6 "Iranssuinyaiinegnsalan”

- - I
30-31 Tuny 2548 & Tsausuis uAaunsus ngunna



- 580 -

-

ar s - . - Q .
m3inguvnilE med Tudilla type k Aoty data logger ATIMAZIBUA 1 Cuazuiin guunh

) a ¥
WA 20 IR mMsaavquaungiomiai e unfuar il luns laanudulFyanivquaunni wuy PID A
] o o » R <d e o
zdoa =1 C a1n3901MA1Y bot wire anemometer A2 MAzIBEA 3% voIRINE 1A AT ITeINABIIIRA
V' » A w o 4 . - & e e P v
ANBYUgNMIVRURITAT el TuAIMS 158UNeIReT (frequency inverter) M3 TUnANINNTnYBIUTNI YRR 1S
. v A Y = o - - i a
load cell Ao NUATDAAAIHATIMTNAINAZIBA 1 g TasAedyanandifunsuituaniReliufinnanng 20
2 a s 4 .. . Y v oa
i Arda i ldvesvaain ihdmivdssenifaazdmiunis Tannuduezsmein kw-h waziiufing
Nq 20 U1H srozoarsunia 1 lunmmanas 5-10 vu. ey hihwendmdanseuuisliimsiafidaanias
. - . . = - 4 .
Colorimeter  1A014521U Hunter uazvinnausindoyam L=-b alfiludaiinialumsdmusnunimvaanzndn

- ) ' . ] -, ] . a
fiouirtalaohin L vinofia AmImedn (Lightness) 12 st @@ oruas luvaeinal b nuedwdiidumies

j n
— T4 —
- _T'\
Motor & Gear =y
reduccr
~T-14
“Fe w1 |
_ ”_E vE Ne
YRS Blower
50 Wt
T e Td'tw

JsVY Regeneration

o a » Yy o« r'y
DN 1 IATODUINIANTOUS WAV HARTINYU

tanTsnaasdaziasol

r F - Y ¥ g Y v [ w
yrlszasAveaninaaaaieAnyidamsouut e niyaussszuus o ldaniousuiumsga
z a - r - - .
anusu nadsziiufaaussouz Tasia Tdvesssuvewnta Yun dasiniseuds n1s1dwdrruiwme (SEC) uax

T I I . a s Z
Hefvanaiidwars sz yuenutausniya uazeims Tadwdanmaindansorud s uazdnuidninanaudu

w - L4

HiintvotemmeuuiasnunimvaanznirmdiniseviTasssaiununimves@uz nimdimsavuna

euTunisnansavaaszuursd 1 luatsed |

»

nsssyuIrmsannuimnssunvanmatszmalng a5an ¢ “ImanssumyaniinegaiaTan”

= a -
30-37 G191 2548 o Tsausufs uABUATUA NN



- 581-

1. Sanmseuuds aanduFoindvsiemmiatesey ez B UBHIMive 12 IMAn 18IEN
dasimssuuiaiudysitdmil il $aaussouzvonniasouury ﬁun%waaé‘nnmsauuﬁwamn

msnaasdiduaad 1 uaasei | uamﬁaxﬂ?amﬁuuszm’mé’ns1msau:tﬁ’aﬁuaa’nu§ut’fuﬁnn’uaqmman’:’w’r’mau

unzrIFuAIMiveseimanouen deyadenanduansBlunmit 2 (abo dmiunsnaessd 12 s 41

= Y . F] .
TaofuurTiuveadoyadmiunisnanesdussadrondaiy

o e 4 VoA
M3 L HamIneaeenseuud lasldmdeuswivmsgannuiuinsms suntalnol¥anfouad i

4 4 f
Aouluminaaestdieg

Test | Test Test
. Test No. | Test No.4
Description No.2 | No.3 No.5

111 112 173 21 3 4/1 472 31

Average conditions
Average temperature (*C) 298 | 307 | 315 | 305 | 311 | 319 30 32
Average relative humidity (%) 69.1 | 705 | 776 | 88.2 | 724 | 665 | 754 | 62.7

Condition of wrapped clothes

Average initial moisture content {%d.b.) 138 140 137 135 140 138 i36 139
Initial weight (g) 1265 | 1261 | 1272 | 1266 | 1262 | 1261 | 1265 | 1254
Moisture removed (g) 694 701 689 705 657 679 683 680
Drying conditions

Average drying temperature (°C) 516 | 503 | S1.1 | 502 [ 508 | 503 | 52 5t
Average for air cotering drying humidity (%) 234 29 28.8 29 247 1 243 | 245 | 233
Average generation temperature (°C) - - - - 101 101 102 102
Silica-gel weight (g) - - - - 800 | 800 | 800 | 800
Revolution of wheel (RPH) - - - - 1.5 1.5 1.5 1.5
Specific drying air flow rate 6§72 | 67.2 | 672 | 68.1 64 672 | 612 62

(kg air/h-kg dry product)

Specific regen. air flow rate (kg airh-dry product) - - - - 173 | 129 13 13.8
Fraction of recirculated regen. air (%) - - - - 100 100 100 100
Percentage of recirculated drying air (%) 40 40 40 100 0 40 40 100
Drying time (h) 11 9.4 10.2 10 8 8 8 82

Performance of dryer

Drying rate (g H,O/h) 843 | 903 | 898 | 853 | 1z | 113 | 14 | 112
Average SEC, .. (MJ/kg H,0) 6.3 5 | 59 | 58 4 47 | 46 | 45
Average SEC,___, (MJ/kg H,0) - - . - 15 | 106 | 99 | 95
Total SEC (MJ/kg H,0) 6.3 S | 59 | 58 | 19 | 153 | 145 | 14
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MATHEMATICAL MODELING FOR A SINGLE SOYBEAN DRYING
WITH SUPERHEATED STEAM AND HOT AIR

Ubonwan Chanapail, Somchart S()ponronnz\rit2 and Somkiat PrachayawarakOmJ"

ABSTRACT

The objective of this research was to develop the mathematical model, based on the principles of heat and
mass transfer, for a single soybean drying using superheated stearn and hot air as drying rmaedium. The effects of operating
parameters on condensation period and drying medium on drying rate were investigated. The experimental resuits were
predicted by the proposed mathematical models relalively well for both superheated steam and hot air drying. Drying
temperature and initial temperature of soybean exeris a strong influence on the initial condensation. Higher drying
temperature and higher initial temperature of keme! lead to a decrease water adsorption. The model was extended to -
investigate the effects of various parameters on the inversion temperature. The results showed that the inversion
temperature decreased with an increase in the drying medium velocity and the initial moisture content of product.

KEYWORDS: Inversion ternperature, Mathematical model, Superheated steam

'Graduated Student, 2Professor, School of Energy and Materals, *Associate Professor,
Faculty of Engineering, King Mongkut's University of Technology Thonburi, Bangkok 10140
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CHARACTERISTICS OF SHRIMP DRIED BY TWO-STAGE DRYING TECHNIQUE
AT DIFFERENT DRYING CONDITIONS

Yuvanaree Namsanguan", Warunee Tiaz, Sakamon Devahastin’ and Somchart Soponronnarit‘

ABSTRACT

The preseat work propoesed the new technique of the two-stage drying. The work concemned on the drying

of shrirsg using superheated steam dryer followed by heat pump dryer (SSD/HPD) at different drying conditions. The

effects of drying temperatures and intermediate moisture contents {IMC) on drying characteristics and dried product

quality were mvestigated. Shrinkage, color and texture of dried shrimp were determined. The experiments were carried

out in the two stages of SSD/HPD. The first-stage superheated steam drying was performed at the drying temperatures of

160°C and 180°C while the second-stage heat pump drying was operated at 50°C. The moisture content of shrimp at the

end of the superheated steam drying stage (IMC) was varied between 30% and 40% (w.b.). For the comparison, purely

$SD (supetheated steam drying for the whole drying process) was also performed at the same drying steam temperature as

used i the first-stage SSD. As for the effects of drying conditions, the results showed that higher drying steam

temperature and higher IMC yielded better product quality only in terms of color. In addition, it was found that SSD/HPD

died eimp had much tower degree of shrinkage, better color, softer and less tough than purely SSD dried shrimp.

KEYWORDS: Drying kinetics, Drying temperature, Hybrid drying, IMC, Quality
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Table 1 The expertmental conditions

Part Drying process | Drying conditions

| SSD Single-stage SSD, 160°C

SSD/HPD 1"-stage SSD, 160°C until IMC = 40 + 2,1% (w.b.) and
2"-stage HPD, 50°C

SSDYHPD 1"-stage SSD, 160°C until IMC = 30 + 2.3% (w.b.) and
2™-stage HPD, 50°C

I $SD Single-stage SSD, 180°C

SSD/HFD 1%-stage $SD, 180°C until IMC = 40 £ 2.1% (w.b.) and
2°d~stage HPD, 50°C

SSD/HPD 1%-stage SSD, 180°C until IMC = 30 £ 1.9% (w.b.) and
2M-stage HPD, 50°C
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Figure 1 Drying curves of shrimp undergoing purely SSD and SSD/HPD
(Ts = 160°C used in the superheated steam drying process)
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Figure 2 Drying curves of shrimp undergoing purely $SSD and SSD/HPD

(Ts = 180°C used in the superheated steam drying process)
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Table 2 Percentage of shrinkage of shrimp undergoing different drying techniques

Drying Technique Shrinkage (%)

:T, = 160°C used in the SSD process

35D (single-stage drying) 44,40 £ 4.59
SSD/HPD (IMC = 40% w.b.) 3525£3.99
SSIYHPD (IMC = 30% w.b.) 2822+8.14

:T,= 180°C used in the SSD process

SSD (single-stage drying) 4463 £7.21

SSD/HPD (IMC = 40% w.b.) 38.20x6.16

SSD/HPD (IMC = 30% w.b.} 3156 £6.89
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Table 3 Values of ‘2”, *5” and *L’ for the dried shrimp samples

Sample Colors

: T, = 160°C used in the SSD process

SSD {single-stage drying) 8.80 13.46 36.77
SSD/HPD (IMC = 40% w.b.) 10.88 14.30 34.36
SSD/HPD (IMC = 30% w.b.) 9.12 13.87 36.47

: T, = 180°C used in the SSD process

$SD (single-stage drying) 10.73 14.60 36.53
SSD/HPD (IMC = 40% w.b.) 11.88 15.15 35.75
SSD/HPD (IMC = 30% w.b.) 11.15 14.76 35.95
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Figure 3 Textural properties of dried shrimp undergoing different drying techniques.

(Vertical Jines indicate standard deviations)
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PRODUCTION OF STEAM FOR DOMESTIC INDUSTRY USING TRAVELING GRATE
COMBUSTOR AS HEAT SOURCE

Chirawat Kitikhun'*, Somchart Soponronnarit’, Umphisak Teeboormma® and Songchai Winyaumpaiwong'

ABSTRACT

This research is to study design, construction and testing a biomass traveling grate combustor, an energy
source, supplied to a boiler for production of steam in the domestic industry. Designed steam capacity is 20 kg/hr at the
highest pressure of 6 bars. The studied fue!l is straw rice. The effects of fuel feed rate and excess air on the combustor and
boiler efficiency and emission were also investigated.

Experimental results showed that the boiler can be produced steam according to design condition. The fuel
feed rate and excess air were more effected on the combustion efficiency and effectiveness of boiler. The toxic gases after
combustion lie in the acceptabie fevel of air emission from industrial plant.

KEYWORDS: Combustion, Traveling grate, Biomass, Boiler
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