freeze dried flour had a little higher sorption capacity than vacuum and hot air dried flours. At the high water
activity (0.7}, moisture will fill up the pores inside the material structure {Van den Berg, 1986). The differences in
pores sizes and number of pores therefore resulted in differences in the amount of water entrapped in the pores.
The greater total pare volume of durian flour produced by freeze drying (see Table 1) was the reason why freeze
dried flour had the higher adsorption potential than the vacuum and air dried flours. Similar trend of the sorplion

curve was found for the adsorption isotherm at 60°C.
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Fig. 1 Adsorption isotherms at 40°C of durian flours pracessed by different drying methods

Effect of temperature on adsorption isotherm of air dried durian flour is shown in Fig. 2. It was found that
the equilibrium moisture content decreased as temperature increased. This can be explained by the fact that at
elevated temperature, water melecules are activated to the higher energy levels, causing them io become less
stable and break away from the water binding sites of the food material, thus decreasing the equilibrium moisture
content (Palinpane, & Driscoll, 1992, Mazza & Lemaguer, 1980; Mohsenin, 1986; Medeiros et al., 2005;
MclLaughlin & Magee, 1838). Influence of temperature on adsorplion isotherms of vacuum and freeze dried durian

flours were as the same as that of air dried flour.
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Fig. 2 Adsorption isotherms at temperatures of 40 and 60°C of air dried durian powder.
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2. Model

Comparison performances of the two models (see Table 1), the GAB model was observed g provide the

better description of the flour isotherms as expressed by higher values of R? and lower values RMSE and Xf.

Table 1 Estimated parameters and statistical data of the BET and GAB models fitted to the adsorption sorption

data for durian flours

-
Freeze dried flour Vacuurn dried fi ir dri
Model Constant ed flour Air dried flour
Ll (+] [+3
40°C 60°C 40°C 80°C a0°C 60°C
’7 T
fo" 5.530 4.768 5184 4.223 4.964 3.983
C 17.439 8.377 12.946 8.603 13.140 9.215
BET LFa" 0.993 0.958 0.999 0.977 0.999 0.984
RMSE 1.370 1.821 0.584 1.184 0.558 1.487
X 0.062 0.019 -0.112 -0.007 -0.157 0.714
X, 6.244 5.976 5.047 5.639 4611 4.437
o 7.965 1.329 15.757 3.136 24.054 5905 |
K 0.983 0.922 1.004 0.941 1,010 0.978 ]
GAB -
R 0.995 0.969 0.999 0.979 0.999 0.985 T
RMSE 1,168 1.562 0.560 1.327 0.322 0.900
X -0.041 0.905 -0.113 0.290 -0.089 0.036

3. Pore characteristics
The variation in pore characterisiics i.e., porosity, average pore size, pore size distribution, and specific

surface area has significant effects on the mechanical, textural, and other quality characteristics of the dried foods
(Karathanos, Anglea, & Karel, 1993). influence of drying process on pore characteristics of durian powder is
presented in Table 2. The freeze dried sample showed the highest specific surface area and pore volume
followed by vacuum and then air dried flours. This may be the explanation of the higher hygroscepic behavior of
freeze dried flour than vacuum and air dried fiour as earlier reported. However, it was found from Table 2 that the
average pore size of freeze dried flour was smaller than those of vacuum and hot air dried flours. Due to
possessing greater pore volume but smaller pore size, freeze dried sample was likely to have more number of
pore than the other two dried samples. This is probably because for freeze drying, with the drying temperature
below or close to 7, the material is in the glassy state. Shrinkage is thus negligible resulling in porous structure. In
hot air drying, on the other hand, with drying temperature above T, the material is in the rubbery state, and
substantial shrinkage occurs causing fower level of pore formation. In the case of vacuum drying, a puffing effect
is provided due to lower environmental pressure, which counterbafances the pore pressure, thus allowing the

formation of more pores, when compared to hot air drying (Rahman, 2001).
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Table 2 Pare characteristics of durian flours dried by various processing

Sample Specific surface area Specific pore volume Average pore size
(m/g) (ce/g) (A) |
Freeze dried 5.593 17.63%10° 1261210
Vacuum dried 2.249 9.986x10" Jl— 1.776x10° T
Air dried 1.379 8.065x10™ 2.340x10°

Pore size distribution curves of durian flours prepared by the three drying methods are shown in Figs. 3-5.
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Fig 3. Pore size distribution of durian ficurs obtained by freeze drying
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Fig 4. Pore size distribution of durian flours obtained by vacuum drying
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Fig 5. Pore size distribution of durian flours obtained by air drying

Completely different pore size distribution curves were observed for dried flour produced by different
drying methods. Compared to vacuum and air drying, freeze drying provided the greater number of both
micropore volume and mesopore volume of the preduct Replacing air drying by vacuum drying resulted in

significant increase of mesopore volume, while the micropore velume remained neardy the same.

Conclusions

Adsorption isotherms of durian flours obtained by freeze, vacuum and air drying were investigated. The
isotherms can be adequately described by the GAB model. At high relative humidity, freeze dried sample was
found to adsorb greater amount of moisture content than vacuum and air dried samples. The study of pores
deveioped in the flour indicated that flour prepared by freeze drying had higher specific surface area and pore

velume than the flour prepared by vacuum and air drying.
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ABSTRACT

Nowsday, instant food was very popular sine it was easy to consume but instant food in the local market
was not enough nutrient especially the protein from meat. Since the objective of this research were to investigate
drying kinetics and physical properties of pork meat with superheated steam at temperatures of 130-150°C. The
sirloin pork meat was a malerial used for drying. It was cut parallel {fongitudinal section) to the ficer direction. The
physical properties of pork meat in case of untreated pork meat and salt treated pork meat (20g/kg NaCl were
alse investigated. The initial moisture content of untreated pork meat was approximately 270-284% d.b. and that
of salt treated pork meat (20g/kg NaCl) was approximately 245-257% d.b. The samples were dried until the final
moisture content reached 11% d.b. was reached. The experimental results revealed that higher drying
temperatures resulted in the faster decrease of moisture conteni and higher degree of shrinkage. Considering
effect of salt treatment, it was observed that the treated samples were more reddish and shrinking than the
untreated samples. However, the treated samples possessed the higher rehydration potential and hardness value
than the untreated samples.

Key words: Hardness, Pork Meat, Rehydration, Shrinkage, Superheated Steam
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Figure 3 Effect of salt on pork temperature at various temperatures { initial moisture content 270-284% d.b. for

untreated and 245-257% d.b. for salt treated pork )
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Table 1 The constant of diffusion coefficient for pork drying
Medium | Treatment D, (X10°° m’/min) E, (kJ/kmal) R* (%)
Superheated Untreated pork 2.6 25,449.91 59.31
steam Salt treated pork 7.5 30,218.42 L99.78

‘-’I L] 1 EJ - " - i -3 v o1
famiuiiAaIn D | war E, fuAtamuunievusiaivuadlugnnislunluunead Arrhenius {Crank, 1975) Naxla@n
AudszBvanaunsdsz@nsda A3 Table 2

Table 2 The effective diffusion coefficient of pork drying at various temperatures

Medium Treatment TemperatureT D,. (x10° mz/m;n), D, (x10° mz.fmin), |
(°c) (Exp} (Arrhenius)

130 12.31 13.06
Untreated pork 140 16.42 15,70
Superheated ’7 150 18.44 18.71
steam 130 9.23 9.08
Salt treated pork 140 10,74 11.29
150 14.28 13.91
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47N Table 2 wudnilisaruugisesdnantunirauwsiigazuasdawa i dudssdvinisundiilssAndnana
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Figure 4 Comparison of decreased moisture ratio for salt treated pork and unteeated pork at various temperatures
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PNUANITMASALATN AR A4 Table 3 wudmﬂaﬂuuﬁqLﬁauqﬁgmuqﬁafﬁﬁ’qlumcﬁtﬁﬂuguu’nmﬁﬂ
uazliminngde axlWAq Lightness (L) -‘ﬁmﬂmmﬂfnnafimﬁqu%umnndwmsaﬁuﬁqLﬁaugﬁqmuqﬁqq'i}fguﬁnﬁﬂﬂ
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Table 3 The results color test for drying pork

Drying Temperature (°c) Colour
L a b
130°C  Untreated pork 35.71F 0.59° 9.58+ 0.67° 19.45% 0.90°
140°C  Untreated pork 35.42% 1.04™ 10.26+ 078" | 19.52+ 1.81°
150°C  Untreated pork 34.93%+ 1.10° 12.40%0.79° | 1955 £ 1.27°
130°C  Salt treated pork 33.07£ 081 | 1t47£1.22° | 1872 1.19°
140°C  Salt treated pork 32.83% 1.16° 12.98%11.77° | 18.70% 1.03°
150°C  Salt treated pork 32,78t 0.84° 1421+ 1.01° | 1878t 2.2<i|

Different letters {a,b.¢,d) following number in the same column indicate significant differences between means p<0.05)
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Table 4 The results of Shrinkage for drying pork at various temperatures

Drying Temperature (°C) % Shrinkage
130°C  Untreated pork 61.40£0.55°
140°C  Untreated pork 61.96+ 0.46%" 1
150°C  Untreated pork 63.11F0.68°
130°C  Salt treated pork 62.531 0.84™
140°C  Salt treated pork 63.301 1.7°¢
150°C  Salt treated pork 65.061 0.91°

Different letters {a,b,c,d) following number in the same column indicate significant differences between means p<0.05)
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Table 5 The results of Rehydraticn for drying pork at various temperatures

Drying Temperature °c) % Rehydration
130°C Untreated pork 64.2410.76°
140°C  Untreated pork 63.04+0.66
150°C Untreated pork 57.4630.73°
130°C  Salt treated pork 62.0410.82°
140°C  Salt treated pork 61.5240.57"
150°C  Salt treated pork 56.79+0.48°

Different letters (a.b.c.d) following number in the same column indicate significant differences between means p<0.05)
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Table 6 The results of texture test of pork

Drying Temperature (OC) Hardness (N}
130°C  Untreated pork 4733+ 11.11%
140°C  Untreated pork 59.4+12.61™
150°C  Untreated pork 68.261+7.23°
130°C  Sait treated pork 30.1+13.53°
140°C  Salt treated pork a0.7t5.82°
150°C  Salt treated pork 38.3+7.44°

Different letters {a.b.c,d) following number in the same column indicate significant differences between means p<0.05)
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Effect of Pretreatment on Drying Kinetics and Quality of Banana Slices

L4 - - -t - -4 -
umasal waele' @nfiesd Uiswamnt nad @e’, auend Tanusuoni’
1
Napapom Plytho , Somkiat F’rachayawarakcmz . Warunes Tia’ and Somchart Soponronnarit’

ABSTRACT

Banana when exposed to the air is very sensitive to the enzymatic browning reaction. This browning can
be limited by physical or chemical treatments. The cbjective of this research is to studythe effect of
prefreatment methods i.e. blanching, dipping in sedium metabisulfite solution and ascorbic solution, on drying
kinetics and quality attributes of dried banana slices. Cavendish with a mature ripe stage of 5 containing 20-
25%brix was peeled and sliced into approximately 3 mm thickness with the initial moisture content, before
pretreatment, 250-300 %d.b. The treated banana samples were dried 1o the final moisture content was 4 %d.b.
using the temperatures of 110 - 140°C. The experiment revealed that the sulfite treated sfices dried at lower
temperatura of 120°C had the lowest drying rate, as compared to the other treatments. At elevated temperature,
on the contrary, drying rate of the blanched slices became lowest. Crust formation resulted in relatively less
shrinkage of banana slices dried at high temperature than that dried at the low temperature. The blanched sample
after drying was the thinnest size. The pretreatment and drying temperature were insignificantly affected on the
hardness and number of peaks (p<0.05). To avoid the brown pigment formation, two-stage drying, high drying
temperature at the first stage followed with low temperature drying, should be applied.

Key words: Banana slices, Enzymatic browning reaction, Pretreatment, Quality
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Table 1 Color for banana slices before drying.

Pretreatment L~ value La - value b - value
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Figure 2 Moisture ratio of sulfite treated slices dried using the temperatures of 110 -140 °C.
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Figure 3 Moisture ratio of banana slices dried using the temperatures of 110 "C.
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Figure 4 Moisture ratio of banana slices dried using the temperatures of 140 "C.
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Table 2 Color for banana slices dried.

lemperature (“C) Pretreatment L - value a - value b - valug

Untreated 47.0:2.00 | 13.4:04° | 29.740.7°

ub Sulfite 50.7¢1.0 13.310.5:' 31 .3zo.s'h
Ascorbic acid 51.0£1.3 12.8+0.4 30.6:0.6

L Btanched 45.8¢2.1° | 16.9:0.7 29.4£0.5"

L Untreated 41.5:1.5° 13.6io.4",° 28.920.6°
120 Sulfite 395411 14.0i0.4: 28.610.?:

Ascarblc acid 43.9:1.2 13.30.2 29.3+0.7°

Blanched 40.9+0.6" 14.520.3° 27.0:0.5°

Untreated 39.820.9° 14.1£0.3 26.9+0.5°

- Sulfite 33.710.32 14.240.2' 26.6+0.3°
Ascorbic acid 39.110.9 14.720.3° 27.9+0.5

Blanched 37.0:0.6° | 15.5:0.2" 25,3:0.8"

Untreated 38.1+0.8° | 13.7¢0.57 | 26.720.9°

- Sulfite 51.&1.ﬁ 12.020.3 | 20.8¢1.2°
Ascorbic acid 43,315 13.80.3 27.9:0.9

Slanched 35.2:0.7° | 13.740.3° | 21.5:08"
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Different superscripts in the same column mean that the values are significantly difierent as 95%

3.2 MIvefAa

AT 3 LAAILATAINIPIANITUARITSINEIBUHIMAI UL WA INdsuHuRamMsuaiaNn
LﬂﬂﬁﬁnﬂmULtﬁqﬁqmuqﬁﬁﬁﬂ"ﬁ'mmlum?auuﬁamunfhmfﬁuLLﬁqﬁ‘qaqmuqﬁqq uazaziinmsussatisaaaiiaify
oungiinirauui %qﬁtﬁaqmmnnﬁqﬂuduﬁ'auuﬁqmﬂlﬁqmnqﬁﬁﬁﬁlﬁlﬁﬂﬁm'\ma‘ﬂuuﬁqﬁﬂm%“qf{u Tinflegana
rasndroutuazszmslilagnamadniniefegienuiaiansulsiiitn  Samsudsiaittntiazganinmanm
sunraasiumsreandaguiulililinsuasanan Ffunfoutiuiiinarlunrsuutilasdaimmadatieanin
néneuriidedldnanlunzeuwiaun  usnantmawirmaLAdsnasemsunitendaiuTEndcY ndrtui
dumrainaziinsuasanniign  assniinrgdsmanaiusenndansnrensadtaiunasin cooking
effect (Levi WaZANLE, 1980 Leshem LAZANE, 1986 ; Seymourll@z AL, 1989 Knee taz Bartley, 1981) 189anNAD
nEzutuiWi i sasazaunsaease Mauararsaraatndnumaluda i sauddy snmmeaes
wuhndusduiimesnuazeuwtiiigamgll 110 °C nsaiunitgniianss 72.4

Table 3 Shrinkage for banana slices dried.

temperature ("C) Pretrealment__| %Shrinkage
Untreated F 429144
110 Suifite 522+ 5.6:
Ascorbic acid 86.5+249
Btanched 724425
Untreated 37.2:607
120 Sulfite o 328+ 4'7:,
Ascorbic acid 39.6+6.9
Blanched 553444
Untreated 29124
130 Sulfite 239+ ?.9;
Ascorbic acid 294+ 3.3
Blanched 47.2+6.4"
Untreated 23.9+15
110 Sulfite 2521 2.2:"
Ascorbic acid 31.0+£2.0
J Blanched 37.1+58"

Different superscripts in the same column mean that the values are significantly different as 95%

Table 4 Hardness and number of peaks for banana slices dried.

temperature (OC) Pretreatment Hardness (M) Number of peaks

Untreated 5.8+0.8" 36206
Sulfite 9.0+24° 43¢ 1.5':

119 Ascorbic acid | 6.0¢1.0% 4.0+ 11%
Blanched 6.1+12% 43+15
Untreated 93128 35+ 117
Suifite 9.5+ 1.4° 37170

120 Ascorbic acid | 6.1 1 1.3% 45521
Blanched 56+1.6" 35+15%
Untreated 6615 28+ 1.3;
Sulfite 7317 45416

130 Ascorbic acid | 6.3:02% 3221.37
Blanched 46112 39+13
Untreated 99+07" 49+ 2.1’3‘
Sulfite 125+ 1.5 6128

140 Ascorbic acid 9.1+19° 45% 2.‘:'::cﬂ
Blanched 9.1+25 52+19 |

Different superscripts in the same column mean that the values are significantly different as 95%
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Drying of Carrot by Far-Infrared Radiation under Vacuum Condition
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Chatchai Nimmol', Sakamon Devabastin®, Thanit Swasdisevi' and Somchart Soponronnarit'

ABSTRACT

Drying of carrot cube by far-infrared radiation (FIR) under vacuum was carmied out to investigale the
effects of varous parameters on the drying kinetics and quality of the dried product. Drying experiments were
conducted at the controlled surface temperatures of carrot of 60, 70, and 80°C and absolule pressures of 7 and
10 kPa. The quality of the dried carrot was evaluated in terms of shrinkage, rehydration ability and color. The
results showed that the time required for drying decreased with an increase of the controlled surface temperature
and a decrease of the drying chamber pressure. A decrease in the controlled surface temperature and an
increase in the drying pressure led to an increase in shrinkage and rehydration ability of the dried carrot.
However, the influences of the controlled surface temperature and the drying pressure on the redness and
lightness of the product were not significant {p>0.05).

Keywords: drying, far-infrared, surface temperature, vacuum
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lunispuusiaias (Ginzburg, 1969; Sandu, 1986; Ratti and Mujumdar, 1995; Afzal, 1999)
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(Jaya and Das, 2003; Droumas and Schubert; 1936) m?auuﬁﬁ‘éﬁq"ﬁﬂﬁﬁﬂuu‘émﬁmﬁmwmmma‘:mﬂiﬁﬁ
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Figure 1 A schematic sketch of FIR-Vacuum dryer. 1} Vacuum pump; 2) Load cell; 3} Sample tray; 4) far-infrared
heater; 5) Pressure gauge; 6) Drying chamber; 7) Thermocouples; 8) Temperature controller; 9} PC with data
acquisition card; 10) Vacuum break-up valve; 11) Insulator
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Omega Engineering 1 CIO-DAS16Jr (USA} 18715 Jeyaitidargnanuuaaniuiintagendalilsunsu LABTECH
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Table 1 Drying time of carret cube at different drying methods and drying conditions

'Devahastin et al, (2004)
N/A implies that the final moisture of carrot of 0.07 kg/kg (d.b.) was not obtainable at this condition

Drying time, min j
Temperature, °C Pressure, kPa _ ; —
FIR-vacuum drying LPSSD Vacuum drying
50 10 238 N/A 241
7 202 389 235
70 10 193 280 223
7 171 280 205
80 10 154 210 175
L 7 130 L 188 159 |
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Figure 2 Drying curves of carrof cube undergoing FIR-vacuum drying at different drying conditions
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Figure 3 Temperature evolution of carret cube undergoing FIR-vacuum drying at different drying conditions

459
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Figure 4 Temperature evolution of carrot cube undergoing FIR-vacuum drying at different drying chamber
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Table 2 Shrinkage and rehydration ratio of dried carrot at different drying conditions’'

Temperature, 'C Pressure, kPa Shrinkage, % Rehydration ability
60 10 92.14F 0.22° 419+ 0,08°
7 91.87+ 0.57° 4,071 0.14°
70 10 91.40t 0.27° 4.00F 0.11™
7 gL ¥ 3.93% 0.09"
80 10 90.751 0.25" 3.88% 0.06°
7 90.61 + 0.60° | 3srto.0s

*Values in the same column with different superscrpts means Ihat the values are significantly different (p<0.05)
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(a) before (b) after
Figure 5 Photographs of FIR-vacuum dried carrot cube hoth before and after drying
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(a) before (o) after

Figure 6 Photegraphs of FIR-vacuum dried carrot cube both before and after rehydration
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Drying of Foam-Mat Ripe Bananas

TRt ﬁ'Jﬂ"Im‘ﬁfJ'IU'NYl ANAYTR lJ‘f‘iirg‘n‘rmT WRT AUEH Tﬁnm'a‘mq'ﬂﬁ
Ratiya Thuwapamchayanan Somkiat Prachayawarakom® and Somghart Soposronnarit’

Abstract

Crisp bananas can be produced by several processes i.e, frying and high temperature drying. In this
wark, the approach proposed is to change its physical structure to make it more porous before drying. Foaming
and drying of ripe bananas were investigated. The influences of hot air temperatures and densities of banzana
foam mats on drying rates and quafities {e.g. color and texture) were studied. Banana puree was foamed io lower
density (0.5-0.8 g/ml) after whipping in the Kitchen Aid Mixer, Model 5K55S (set at its maximum speed) by adding
10% of isolated soy protein as foam inducer. 3 mm thick banana foam mats were dried at temperatures 60, 70 and
80°C and at air velocity 0.3 m/s in cabinet dryer. When the foam mats were dried, the internal structure of the mat
appeared to get more porous to facilitate rapid drying. Drying rate was higher when drying temperature was
increased and density of banana foam mats was decreased but quality of the dried banana foam mats in terms of
color had a slight difference. Drying temperature and density of banana foam mats had a significant effect on
hardness of which the value was decreased with increasing drying temperature and decreasing density of banana
foam mats,

KEYWORDS: Crispness, Foam, Hardness, Hot air, Isolated soy protein, Nutrition food, Quality
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Figure 5 (a) Drying curves for banana foam mats at 60, 70 and 80°C, {b) Drying rate curves for banana foam mats at
60, 70 and 80°C (Density of banana foams 0.66+0.01 g/mi)
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Figure 6 (a) Drying curves for banana foam mats at densities 0.57+0.01, 0.66+0.01 and 0.7710.01 g/ml,
(b) Drying rate curves for banana foam mats at densities 0.5710.01, 0.66£0.01 and 0.77+0.01 g/ml

(Hot air temperature 60°C, Air velocity 0.3 m/s)
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Table 1 Effect of drying variables on diffusion coefficients (D) of banana foam mats, banana slices and banana puree

N variable D(m*/min} R?
Banana foam mats
- Hot air temperature {(at foam density 0.66£0.01 g/ml)
60°C 1.7x107° 0.95
70°C 23%107° 0.96
80°C 34%10°° 0.94
- Foam density (at hot air temperature 60°C)
0.570.01 g/ml 29%x107" 0.98
0.66+0.01 g/ml 1.7%10°° 0.95
0.770.01 g/ml 15%10 " 0.97
banana stices {(at hot air temperature 66°C) 1% 10_E 0.99
| banana puree (at hot air temperature 60°C) 2x10 ° 0.99
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Figure 7 (a) Hardness for banana foam mats at 60, 70 and 80°C, (b) Number of peak for banana foam mats at 60,
70 and 80°C (Density of banana foams 0.66+0.01 g/ml)
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Investigation of Drying Kinetics of Beef Dried Using Superheated Steam and Hot Air
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ABSTRACT

Drying method greatly affects drying kinetics and food quality. To obtain desired quality of meat product
used for producing snack food. The purpose of this work is to study drying kinetics of beef undergoing
superneated steam and hot air drying processes. The drying samples were cutting perpendicular (transverse
section) of the fiber direction. Quality attributes of dried products in terms of color, shrinkage and texture were
investigated. The experiments were set up at drying temperatures of 130-150°C. Beef with the initial moisture
contenis of 245-255% d.b. was dried until the moisture content of 11% d.b. was reached. The experimsntal resulls
showed that an increase in drying temperature significantly reduced drying time. However, gualities in terms of
color {L, &, b), shrinkage and hardness were not significantly different, Considering drying medium, it was found
that effective diffusion coefficient of beef dried by superheated steam was higher than that dried by hot air. The
final product obtained form superheated sieam drying had more uniform-color and higher degree of shrinkage
than that obtained from hot air drying. However, hardness potential of the samples dried by the twe methods were
insignificantly different (p>0.05). -
Key words: Cow Meat, Drying, Shrinkage, Superheated Steam, Texture
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Figure 1 Schematic diagram of the dryer: (1} boiler, (2) electric heater,

(3) drying chamber, (4) electric fan, V= valve, P= pressure gauge.
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Figure 2 Drying curves of beef undergoing different drying conditions.
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Figure 3 Comparison of product temperature of beef dhed under superheated steam at different temperatures.
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Figure 4 Comparison of product temperature of beef dried under hot air at different temperatures.
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Figure 5 Comparison of drying rates of beef dried under superheated steam and hot air.

anuanniouiisugnsnseuuinileasnoletinfeusantnazaima¥euiiaamgd 130, 140 uas
150°C (ﬁ"mﬂmlusﬂﬁ' 5 wu*iwm:rauuﬁaﬁamunﬁ 150°C QVﬁeTmﬁmsﬂuLLﬁaqqn'}'ﬁmi’i}uuﬁqﬁqmunﬁ 130 kaz
140°C Tumn d29sanaiu Lu'a\tf-'»a'mLua'amunuwm‘i@mmummmmaamuqummmmmﬂuqﬁu Az 1A
AnlszAvamiuniszininaranieaiAfiunniugas ehum'asmm?ﬂuLmuﬁﬂfnmuhmmumﬂmm_rm?
puWaaanaeuazuanseiuludaurnasaniseuwis lasfidedofeuuissslathieuninianzidnsnig

477



auLgIndIaINMATauagINin {assnlunireuwidgleifeusninzsnmmiitnsendefdifiaainnis
Aqutiulfatinemmia Lwiuﬁqmn&mﬁ@"mﬁﬁ?aummﬁqs:Luﬂﬁ'a*}Jnﬁm'a'mmﬁ'muuﬂwm‘lau?wﬂ@q'u?‘mmawa«ﬁﬂ
naumna Sammreuuwiiaranatetnamaty sunssiEamsuwaanseuwniadadng e feumadaiy
amafauseiilndifsai Jeaenadasfunanmoans foiuaaslugli 2

4. FlsrAvnnnuniuszAvisaa

anuammasesnraLWiadeTadnlatinfeunaniauazeiniaioy ﬁqa&ﬂm'l.u;ﬂ'ﬂ 2 AT AR Y
ﬂ?:ﬁwﬁmmwédf:ﬁﬂ%nmmﬁﬂfi’qﬁaULLﬁqﬁqa‘lﬂﬁqmm‘ﬂ'quﬂ:mmﬁ%@uﬁ-ﬁ]m\mﬂﬁﬁiu 718 TnaRansnnanannar
nm‘l';mmw'i"mﬂu%ulu(?ﬂﬁy.t:iuﬁuua:m'm'm (Infinite slaby) (Crank, 1975) faNnNT

g = 1 - Dlﬂ 2)
MR=—)|—cx —(2 m+l1) g°—
r:'mz_u[(ZmH)z P[ ) L)
- Al d 1 ‘\' ] = i 4 1‘ - dy b7
INAUNITFINAT) aNTnATI A A e AvE nsuniUre Ans naliiianudRmdiusinsuly

cod v v o o du  d v o d -
whemaawn  mMolilsuliseanireuuitigningiiaiduniie anuanimasesiididuivsuiddnguungi

Ey v L g a & w . P Y oo s ' a
guau darmsauuisiandiin  arwdniudrendganninldluntrauwiiivArdudssAvensun il dndna
ANTOATUINAIBANOITI Arthenius {Crank, 1975)

-E
0, = Doexx_{ R'I'a] )

Arddt D, ust E, armmonrnildlaamslimeiiassaimsossesuudsduluninlsnnudiaiaingn Aas
f1a A nnammaseslunsdiin g wsaluemral 1 sniirizes R Wnilndufioss SSE Treouanslishuin
auMIT8Y Arthenius @ MsnBBUNBAMEIRIS e E s An nsundlssAvBnadugrunnTilFannadaariy
aibslumsimanudulszdntmamdaniumaludeditanciianlaifauraetatissimudaaiiiams

5 ajm 3 o
AU LY aﬂauw HARBNUBID

Table 1 The effective diffusivity of beef dried under superheated steam and hot air drying

FINA1NA LT D, (X10° m’Mm) E, (Wikmol) | R’ (%) SSE
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Figure 6 Relationship between effective diffusion coefficient and drying temperature.
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Table 2 Value of “AL ", " Aa” and " Ab” of dried beef under different drying conditions.

Color j
Drying process AL Aa Ab
S5130°C 10.51 £ 0.92° 5.33+0.68"° 1.97 £ 0.59°
S5 140 °C 1152+ 0.76" 5.031+0.83% 1.99+0.74°
$5150 °C 1156 +0.67° 5.05+0.65" 167 +0.48°
HA 130 °C 10,50 + 1.43° 487+ 066° 277 £0.60°
HA 140 °C 10.74 +1.23° 514 +0.48% 282+ 066"
HA 150 °C 10.89 £ 1.02° 495+ 042" 263+£0.51°

Different superscripts in the same column mean that the values are significantly different as 95%
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Table 3 Value of shrinkage of dried beef under different drying conditions

L Drying process % Shrinkage N
$$130°C 70.80 £ 0.42°
$5140°C 70621 0.19°
$$150°C 72104 1.06"

HA 130°C 63.58 1 1.51°

L HA 140 °C 64.07 £ 2.08”

L HA 150 °C 64.32+1.57°

Different superscripts in the same column mean that the values are significantly different as 85%
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Table 4 The hardness of dried beef under different drying conditions

Drying process Hardness (N)
§5130°C 5062 £ 17.24° j
S5 140 °C 59.57 £ 14.90"
S8 150 °C 67.65+1282° |
HA130°C 47851 12.15°
o HA 140°C 48.67 £ 1412°
HA 150 °C 4782t 9.72°

Different superscripts in the same column mean that the values are significantly different as 95%
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Accelerating Aging of Paddy Using Fluidized Bed Drying Folfowed by Tempering
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ABSTRACT

The objective of this study is to accelerate aging of “Thai jasmine” paddy using thermal process
which consists of high-temperature drying with fluidized bed followed with tempering and ventilation in the last
stage. Two initial moisture contents of paddy, 22 and 25% w.b., were dried at the temperature of 130 and 150 °c.
The experimental results indicated that the changes of rice properties after thermal process i.e. elongation ratio,
whiteness and pasting properties were similar to those of the natural ageing of paddy which was stored at the
ambient temperature, but their changes were larger. The head rice yield obtained from the thermal process was
relatively less than the reference sample, which was dried in the shade, although the tempering time was
extended longer. On the contrary, the head rice yield afler storage was slightly higher than before storaga. Drying
temperature of 150 °C and tempering of 30 minutes were reasonable for accelerate aging.

KEYWORDS: Accelerating Aging, Storage, Rice, Rice Quality
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Figure 2 Change of rice whiteness obtained from the thermal process at different tempering time and from storage

at ambient condition.
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a) Thermal process b) Storage
Figure 3 Change of head rice yield obtained from the thermal process at different tempering time and from

storage at ambient condition.
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Figure 4 Change of elongation ratio obtained from the thermal process at different tempering time and from

storage at ambient condition.
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Table 1 Pasting properties of Khao Dawk Mali 105 after for stored naturally & months

szpz178 {iABu) Peak viscosity (RVU) Pasting temperature (°C) Setback (RVU) Final viscosity {RVU)
RMNMane 528.25:2.06™" 70.4342,07 2 218.03¢3.43° 310.2285.43"
H mn ab a ab
528.5817.75 71.48+0,45 216.75:6.4 312,831 5.81
b
2 543.8416.52" 72,9040 2115008787 332342861 1
3 473.28¢4.40 'O 77.1010.43 "IN 131.86£3.42" 341.47+0.98 9"
fi
4 4721451108 90 74.872053° -149.14212.63 © 32321748
cd
5 495.58:2.48" 74.9£0.52° 170.614.65 ° 325.97¢7.00°
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Tabie 2 Pasting properties of Khao Dawk Mali 105 after processing under different conditions.

W
A7Aty p < 0.05

Temperaiure Moisture Tempering (min)
Pasting Final viscosity
°o) initial Peak viscosity (RVU} o Setback (RvU)
temperature {"C) {RVU)
(%d.b.)
ing wi hi odef ik
Drying without 479.6724.209 75.48£1.14 -125.7546.04'%" 353.9212.26"
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3 f dof hi h
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28.2
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Producing High Quality Brown Rice Using Fluldization Technique
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Abstract

An important problem of brown rice is rancidity. Therefore, the purpose of this research is to reduce
brown rice rancid whereas the other qualities which are head rice vield, whiteness, rice germ, white belly and
pasting properties, still accepted.  Fluidized bed drying was used to reduce moisture content of paddy cv. Khao
Dawk Mali 105 from 28.2 % dry basis and 33.3 % dry tasis 1o 21.9 % dry basis. After that, grain was tempered
and venlitated with ambient air to reduce moisture content to 16.5% dry basis. The operating conditions used in
the experiments were the drying temperatures of 130°C and 150°C and the tempering tlimes of 30, 60 and 120
min. The results showed that the average drying rate was increased with increasing temperature. Regarding to the
head rice yield and the rate of maisture reduction during ventilation, paddy after fluidized ted drying should be
tempered for 30 min. Moreover, the percentage of head rice yield was affected by the drying temperature and
initizl moisture contents whereas the whiteness and the fat acidity were decreased. However, the white belly was
slightly different. Further, peak viscosity and final viscosity were decreased whereas setback was increased.

Key words: Brown rice, Drying, Fat acidity, Fluidized bad, Paddy, Rancidity
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Figure 1 A schematic sketch of Fluidized bed dryer
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Tahle 1 Pasting properties of Khao Dawk Mali 105 after processing under different conditions

Peak viscosity Final viscosity Set_pack W Pasting temp
(RVU) (RVU) (RVU) (°c)
T=130 C,Mi=28.2 %db,Temper 30 min 303.1147.5™ | 334.64420.7° | 31.53:£14.4° 81.5841.3°
T=130 C,Mi=28.2 %db, Temper 60 min 279.14+22.7°% | 331.74£22.9°" | 52.60+0.6 81.85:0.4°
T=130 C,Mi=28.2 %db,Temper 120 min 242.68+6.7% | 308.85:0.3%°" | 66.17+2.7° 83,2605
T=130 C,Mi=33.3 %db, Temper 30 min 318.96451.7% 370.00+54.2' 51.12+2.5° 82.46+0.2°*
T=130 C,Mi=33.3 %db, Temper 60 min 242115 | 314.60£7.17°% | 72.49:2.2% 82.95+0.7
T=130 C,Mi=33.3%db,Temper 120 min | 298.61:69.5" | 385.31¢71.5" | 86.70+2.1° 83.4620.3"
T=150 C,Mi=28.2 %db, Temper 30 min 265.00¢4.77°% | 33059253 | §5.59+0.6"" 83.46+0.8'
T=150 C,Mi=28.2 %db, Temper 60 min 250.62+36.1°% | 340.26+27.3°™ | 80.63+9.2° 83.13+0.2°
T=150 C,Mi=28.2 %db,Temper 120 min 184.169.2° 280.56£12°" 96.40213.1° 82.80+1%
T=150 C,Mi=33.3 %db, Temper 30 min 299.04426,5% 357,79+34" 68.75+7.7° 82.11+0.2°*
T=150 C,Mi=33.3 %db,Temper 60 min 211.15:24.6™ | 207.19+20.2° 86.04+8.1" 84.63+0.1°
T=150 C,Mi=33.3 %db,Temper 120 min | 251.78+30.6™° | 322.66234.6™° | 70.8844.2° 82.51+0.5°*
Reference Mi=28.2%d.b. 279.2641.7° 257.23%1.2° {-22.03)+0.5" 78.10+0.3°
Eeference Mi=33.3%d.b. 288.73+2.4°% 261.62¢1.5™ (-27.10)t1.6° 77.61+0.4°

- | Yy ow oar < L = o aad o T
NHBUR: RUATNATNAILFAMWNHIVURNARMULARI TN AT HUATIE WNUN HNANAYITSAUANLTANUY 95%
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FEASIBILITY OF COMBINED FIR AND HOT-AIR CONVECTION
IN FLUIDIZED BED PADDY DRYING

Naret Meeso', Adisak Naihakaranakule’,Thanid Madhiyanon’ and Somchart Spponronnar

Abstract

The combination of far-infrared radiation (FIR) and hot-air convection in fluidized bed paddy diyer is the feasible
study of the combined drying method in order to solve the limitation of fluidized bed drying. The combined drying
methods are compared 10 the individual hot-air convective drying methods at the same drying temperature.  The
experimental results found that the combined far-infrared radiative and hot-air conveclive methad was inefficient for
applying in fluidized bed drying due to the dominant effact of the hot-air convection over the far-infrared radiation.
Furthermore, the reduction of FiR intensity of lamp heater was attributed by the selup position of lamp heater and air
velocity in the drying chamber of fluidized bed diyer.

Keywords: Combined Drying Methed, Far-infrared Radiaticn, Fluidized bed

Introduclicn

The fluidized bed paddy dryer has been continuously developed during the past several years. Al present,
a number of fluidized bed dryers are widely used for paddy drying process in Thai rice mills; moregver, it is exponed
to many countries (Soponronnari, 1986).  Fluidized bed drying provide uniform moisture conlent of
the preduct; as a result, high drying air temperature can be employed due to overdried grain, high drying capacity
due to better heat and mass transfer, much smaller drying chamber and thus a significantly lower initlal cost, and
significant spin-off in terms of increasing head rice yield and polential for producing aging rice.

Most paddy drying processes in Thai rice mitls are divided into two stages; the fast drying in the first stage and
the slow drying In the second slage with lempering between both stages (Soponronnarit, 1395; Meesa, el al. 1999).
Fiuidized bed dryer is usually instalied in this first drying stage because its polential is greal especially for drying high
moisture paddy. Addilionally, Poomsa-ad, et af. {2001} suggested that the moisture reduction of paddy in the first
drying stage by fluidized bed dryer should not be less than 22.5% dry basis in order to maintain the head rice yield.
This is the iimitation of lluidized bed drying in paddy drying process.

Recently, infrared radiation becomes an imponant source of heat trealment, and is inleresling in
the application of the food drying technology because of some specific features, i.e. versalility of heat infrared,

simplicity of the required eguipment, easy accommodation of the infrared healing with conveclive and conduclive

'Depanment of Mechanical Engineering, North Eastarn Universty, Khon Kagn 46000
*School of Enengy and Malertals, King Mongkut's University of Technology Thoaburi, Bangkek 10140
*Department of Machanical Engineaning, Mahanakom University of Technology, Banghok 10530, Thadand
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heating and atso significant energy savings. (Sandu, 1988; Hashimoto, et al. 1994: Ratli and Mujumdar, 1995).
Infrared radiation is mostly generated from the electricat and the gas-fired heaters, Infrared heaters made from fine
ceramics wilh high emissivity in the far-infrared {FiR) region have been commercially manufactured during the recent
years, and it has been applied diversity {Sakai and Hanazawa, 1994; Hashimoic and Kameoka, 1999).

In far-infrared drying, energy in the form of electromagnetic wave directly penetrales into the preduct. and is
absorbed by the molecules of product. This absorbed energy vibrates the molecules inside the product causing
interaction pbetween them and, as a resull, heat is generated inside the product. (Ginzburg, 1969; Sandu, 1986; Sakai
and Hanazawa, 1994).

According to the features of far-infrared radistion, it is expected to be used in ¢ombination with hot-air
conveclion lo sotve the limitation of fluidized bed drying. Therefore, this attention will facus on the feasibility of the

combination of far-infrared radiation and hot-air convection in fluidized bed drying of paddy.

Materials and methods

1. Experimentai apparatus

The experimental baich fluidized bed dryers used in this study were shown in Figures 1 and 2. Both main
systems comprised a cylindrical drying chamber, a 12 kW electrical heater, a 400 W ceramic FIR lamp heater (D-
modet INFRAPARA) and backward curved-tlade centrifugal fan driven by 1.5 kW motor. The drying air temperature
was controlled by a PiD controiter {accuracy of +1°C). The surface temperatures of FIR lamp healer were varied by
regulaling the voltage. And, a mechanical variable speed unit could regulate precisety airflow rate.

The diffgrence between the two systems was the setup position of the FIR lamp heater in the drying chamber,
System 1 : FIR lamp heater was placed at the top of the drying chamber, and it was elevated approximately 15 cm.
trom the fixed paddy bed, whereas System 2 : FIR lamp heater was sloped about 60° at the side of the drying
chamber, and the distance between the FIR lamp heater and the fixed bed was 30 cm.

The temperatures of drying air, FIR Jamp heater and paddy grain were measured by type-K thermocouples
connémed o data logger {accuracy of x0.1 °C). besides, air velocily was measured by hot-wire anemometer
(accuracy of 0.1 mvs),

2. Experimental procedure

Fresh harvested paddy from a farm in Patbumtani Rice Research Center was rewetted to moisture contents
about 33.0-35.0 %d.b. and kept in a cooling room at the temperature of 3-5 °C. B8efore starling the drying
experiments, paddy was Jefl in ambient air unlil its temperature was closed o ambient air temperature.

The expermental conditions of combined far-infrared radiative and hot-air convective fluidized bed drying were
indicated in Table 1., and all conditions in this table were compared to the individual hot-air convective fluidized bed
drying at lhe same air lemperature. During the dryving experiments, paddy sampies were taken before and after
drying for determining moisture content. The moisture contents of paddy were determined by drying triplicale
samples of 40 g in & hot-air oven atl a lemperature of 103°C for 72 h (AACC, 1995), and average values were

calculated on a dry basis.
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The FIR intensities emitted by heater surface are calculated from the Stefan-Boltzmann law as the following
equation:
. 4
Qemin = €0 T
where E is the ernissivily (0.9) of the FIR heater surface made from fine ceramic (Sang Chai Meter Co., LtD.), T is
the Stefan-Boltzmann constant (5.67X310° wim’ K", and Ts is the absolute termperature (K) of the FIR lamp heater

surface,

Table 1. The experimental conditions of cambined FIR and hot-air convective fluidized bed drying.

Conditional numbers
Drying conditions 1 2 3
Drying alr temperature °c) 150 100 100
Bed depth {cm) 9.5 9.5 9.5
Air velocity (m/s) 2.8 2.8 25
Average FIR intensity (W/em') 0.3-0.9 0.3-0.9 0.3-0.9

Note: All conditions were compared 1o the individual hol-air convective fluidized bed drying
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Figure 1 Schematic diagram of a batch-type fluidized bed dryer: System 1.
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Figure 2. Schematic diagram of a batch-type fluidized bed dryer: System 2.

Resﬁlts and discussions

Prior to the sludy of the combined farinfrared radiative and hot-air convective method of paddy drying,
the setup positions of a FIR lamp heater in the drying chamber of fluidized bed dryer were investigated for
determining the cptimum position in the combination of far-infrared radiation and hot-air convection.

1. FIR setup aspects

The FIR lamp heater of both ;c.yslems was instatled in the different position within the drying chamber of fluidized
hed dryer, as shown in Figures 1 and 2. The relationship between the intensities of FIR lamp heater and the electrical
currents of Systems 1 (line 2) and 2 {line 3) is shown in Figure 5.3 compared with the combination of far-infrared
radiation and natural convection within the drying chamber {line 1). It was seen that the intensities of FIR lamp heater
in System 1 were substantially reduced; howaver, whsn the positicn of FIR tamp heater in System 1 was changed o
System 2, FIR intensities were increased significantly. This was because the FIR lamp heater of Sysierm 1 was
directly impinged from the hot-air stream at high velocity (2.6 m/s), resulting in the cooling effect on the surface
temperature of FIR lamp heater. Consequently, it may be believed that the setup position of FIR lamp healer had a
marked effect on an amount of far-infrared iradiation to paddy in fluidized bed drying. Moreover, the drying air
velocity of fluidization technicque should be an important effect on the surface temperature of FIR lamp heater as

mentioned in the works of Ginzburg, 1969; Afzal, et al. 1999.
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Figure 3. The relationship between FIR intensities and electrical currents.
1 : combination of FIR and nalural convection {30°C)
2 : combination of FIR and forced convection (160°C 2.6 mys) in System 1

3 : combination of FIR and forcea convection(150°C, 2.6 m/s) in System 2

2. Drying characteristic aspects )

To avoid the cooling effect on the irradiation of FIR lamp healer, System 2 was used for the diying experiments,
The curves of drying and grain temperature as shown in Figures 4 to 8 exhibited the changes of the moisture content
and the grain lemperature of paddy with time during the combined far-infrared radiation and hot-air conveclion and
the individuat hot-air convection in fluidized bed drying.

Figure 4 compares the combined far-Infrared radialive and hot-air convective drying at three different FIR
inlensities and a constant drying air temperature of 150°C to the individuat hot-air convective drying al the same
temperalure. )t was seen that the slopes of the drying cutves under combined far-infrared radiative and hot-air
conveclive drying were aimost the same as the individual hot-air convective drying, n order to clarify these
phenomena, the hot-air temperature and the air vejocity of fluidization were reduced to examine the effect of
tar-infrared irradiation on paddy drying. |n Figures 5 and & the hot-air temperature and the air velocity were teduced
from 150°C and 2.6 mis 10 100°C and 2.1 m/s, respectively. The trends of drying curves of each figure were st
similar. These results were probably due to the dominant effect of forced convective heal transfer over than FIR
radiative transfer during the combination of far-infrared radiation and hot-air convection in fiuvidized bed drying of
paddy.

Furthermore. the grain temperatures under combined far-infrared radiative and hot-air convective drying were
investigated 1o confirm the above phenomena. As shown in Figures 4 to B, the temperature curves of paddy gram

were not different as compared to the individual hot-air convective drying in each drying condition. Thesg resulls
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confimed the dominant effect of forced convective heat transfer in this combined drying technique. Therefore, it was
clearly observed that the combination of far-infrared radiation and hot-air convection in fluidized bed dryer did not

affect the paddy drying.

Conclusions
Tne combined method of far-infrared radiation and hot-air conveclion was unworkable to apply in fluidized bed
dryer for paddy drying. This was mainly because of the dominan! effecl of forced conveclion heat transfer over the
FIR ragiative heat transfer; as a result, the curves of drying and grain temperature under the combined
far-infrared radiative and hot-air convective fluidized bed drying were almost identical. Additionally, the selup
position of FIR lamp heater and the air veiocity in the drying chamber of fiuidized bed dryer should have a marked

effect on the reduction of FIR intensity at the surface of FIR famp heater.

Moisture content(%ed.b.)
Grain temperature {oC

Time(min)

Figure 4. Curves of drying and grain temperature for drying condition 1.

1 combined FIR {0.320 W/em’) and hot-air convective (150°C, 2.6 mis) drying
2 : cornbined FIR (0.677 Wiem®) and hot-air convective {150°C, 2.6 m/s) drying
3 combined FIR {0.860 Wicm®) and hat-air canvective {150°C, 2.6 m/s) drying

4 : individuat hot-air convective {150°C, 2.6 mfs) drying
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Time{min)
Figure 5 Curves of drying and grain temperature for drying condition 2.
1: combined FIR (0.348 W/em’) and hot-air convective (100°C. 2.6 m/s) drying
2 : combined FIR {(0.636 W/cm?) and hol-air convective (100°C, 2.6 m/s) drying

3+ individual hot-air convective {100°C, 2.6 mis) drying

40 ' 100

35 3

[ 5]
L]
L

>
(¥,
1

15

Moisture content(%d.h.)
[
(=

Grain temperature (0C’

10

Time{min})
Figure 5.6. Curves of drying and grain temperature for drying condilion 3.
1 : combined FIR (0.347 W}cm’) and hot-alr convective (100°C. 2.1m/s) drying
2 : combined FIR (0.649 chm’) and hol-air convective (100°C, 2.1m/s) drying

3 : individual hot-alr convective (100°C, 2.1m/s) drying
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Effects of Soaking Time and Pre-steaming for Production

of Parboiled Rice using Hot Air Fluidized Bed
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Abstract

From the previous research, paddy drying using fluidized bed with superheated steam had
characteristics of parboiled rice since the condensation of steam at the beginning of drying and subsequent high
grain temperature above the gelatinization temperature occurred, both phenomenon favourite to the starch to be
gelatinized. Therefore, candensation of steam in the superheated steam drying imitated by pre-steaming paddy
was studied in this work. With the proposed method, the equipment cost may possibly be reduced. in this
research work, the parboiled rice was thus made by three successive stages, soaking, pre-steaming and drying
with hot-air fluidized bed. Te compare with the before-mentioned methed, the soaked paddy was immediately
dried with the fluidized bed without pre-steaming before, The experiments were conducted by soaking paddy with
hot water at initial temperatures of 70-80°C for 5-7 hours. After soaking, the moisture content of paddy ranged
between 40 and 50 % d.b. It was then dried using inlet temperature of 150°C, superficial velocity of 2.5 m/s and
the bed height of 10 cm. It was found from the experiments that poor head rice yietd was evident to the paddy
soaked in the water longer than 5 hours. When paddy was steamed at 100°C for 10-30 seconds, the head rice
quality was improved, with a relatively higher yield than the sample with no steam pre-treatment before drying.
However, the longer steaming time caused the lower value of rice whiteness. The lower values of peak viscosity,
final viscosity and setback were cbtained when the pre-steaming time was increased.

Keywords : drying, fluidized bed, paddy, parboiling rice, quality
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Effect of drying methods on quality of cooked rice
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Abstract

The current economic climate has made people changing a way of their life and cultural eating style,
preferring short cooking time and instant foods. Rice, a main consumpticn in Asian countries, is aimed at
producing inslant cooked rice. To obtain a good quality of cooked Thai jasmine rice, this research is thus focused
on the study of effect of drying methods i.e. heat pump, hot air, hot air- far infrared drying, heat pump-far infrared
drying and two-stage drying on the drying characteristics and the cooked rice quality. Drying temperature was
fixed at 55 C for the above-mentioned drying methods, except for the two-stage drying where the first stage was
set at a temperalure of 110°C followed by the low temperature of 55°C at the fater stage. The experimental results
showed that the two-stage drying and the hot air-far infrared, as well as heat pump-far infrared provide shorter
drying time than the hot air or heat pump zlone. The qualities of product i.e. degree of shrinkage and stickiness
obtained from the studiec drying methods were insignificantly different. The lowest luminosity, but fast rehydration
capability of the two-stage-dried product was evident whilst the hardness value was relatively lower.
Key words: Far Infrared, Heal pump, Instant Rice
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Figure 1 Schematic diagram of laboratory dryer 1-blower, 2-heater chamber, 3- back FIR, 4-drying chamber, 5-

front FIR, B-gvaporater,7-condensing unil, 8-valve, 9- valve, 10-cover, 11 tray.
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Figure 2 Drying Characteristics of cooked rice determined from different drying metheds.
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Figure 3 Drying rate curves of cooked rice

Table 1 Operating conditions for different drying methods

HA 55 HP 55 HA-FIR HP-FIR Two-stage
initial moisture content (%d.b.) 2413 260.0 246.1 243.5 261.5
final maisture content (%d.b.) 10.2 5.8 10.1 9.9 9.5
Inlet-air temperature (C) 55 55 55 55 110155
Outlet-air temprature (C) 51 51 52 53 88/53
Relative humidity within drying
chamber (%) 20 18 20 17 2122
Set point FIR ('C) - - 52 52 -
Drying Time (min.) - 270 240 210 210 180

s

2. MsUAA

- ., o, v P - -
AT 2 uasnIIuadrasd g unIaLLiIATIATIARY 1 RINEAMINATIIMNAD A AL T 189

Duncan’s multiple range test wudTMsnireuwi bifinaraniivasivasirognadnsidoddey (p>0.05) Mvasises

dmsuwiegludnieuac 63 De¥euas 65

Table 2. Volume shrinkage of dried cooked rice

Drying method Shrinkage(%}
Hat Air 55 64.91£1.40°
Heat Pump 55 63.34+1.77°
HA - FIR 65.8120.84
HP - FIR 63.570.70°
Two-stage 63.79+1.27°
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Note : the same letter in the same column means insignificant difference (p>0.05)
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Table 3. Color of dried cooked rice

L-value b-vajue
Hot Air 55 64.3320.45"™ 10.46+0.18"
Heat Pump 55 64.07+0.39° 10.49£0.13"
HA - FIR 64.70£0.30° 10.3640.13°
HP - FIR 66.00£0.52° 10.69+0.25°
Two stage 64.42+0.65% 10.38+0.32°

Note: the same [etter in the same column means insignificant difference (p>0.05)
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Figure 4 Rehydration behavior of dred cooked rice at 90°C

5. aulRmesiioduda

FN199 4 UEAIAIAIILE(hardness) WAZATTIIMTIE(stickiness) 1 aatmaLLTAEURINITALRY AYRITY
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Ao autitnag oy -604 Ta -442 n¥u
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Table 4. Textural properties of dried cooked rice after rehydration

Dying
Hardness(g) Stickiness(g)
Methods
Freshly
10252+581° -1431+168°
cooked rice
HA 55 9143+592° -524+142°
HP 55 8163+565™ -596+288°
HA-FIR 8636:630™ -428+64"
HP-FIR 8843+620" -442+89°
Two-stage 78924570° -604£260°

Note: the same letter in the same column means insignificant difference (p>0.05)
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A Study of Coconut Drying kinetics by fluidized bed Technique
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. . 1 .
Thanid Madhiyanon , Prasan Sa!hltruangsakz. Sermpong Adirekrut3 and Somcharl Soponronnaril‘

Abstract

Large amounts of dried coconut product are presently required for exporl because it is a traditional
component of various foods, e.g., bread, cakes, etc., or even for use in Thai foods abroad. Rapidly drying
coconut, while sustaining its quality, is therefore a topic of considerable interest. This research is an experimental
study of the kinetics of drying finefy chopped coconut in a batch fluidized bed dryer. 250 g of cocenut, with
approximately 140% d.b. moisture content, was used in each condition investigated. Fluidizing velocity varied
from 2.1-2.5 mfs at a constant drying temperature of 55 °C. It was found that velocity had a significant effect on
moisture content reduction; no degradation of color was observed when coconut was dried 1o 5% d.b. moisture

content.

KEYWORDS: Coconut, drying, fluidized bed, quality
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Physical and Pasting Properties of Durian Flour Obtained by Different Drying Methods

- o aoa a of - - o e
Summs Hiadadnuol’ aumd TWansugnE efAnR wonsuna’ war muAesh Uisinng
Jindapom Jamradicedluk', Somchart Soponronnarit’, Adisak Nathakaranakule® and Somkiat Prachayawa:akom:

Abstract

Durian powder can be used as an ingredient for cakes, cookies, biscuits, candies, and beverages.
Information of characieristics of durian flour is therefore useful. Effect of drying methods i.e., hot air, freeze, and
vacuum drying on color, light transmittance, swelling power, and pasting property of durian flour are proposed in
this study. The experimental data showed that freeze dried flour was less reddish and yellowish than vacuum and
hot air dried flours. The swelling power of the product processed by freeze drying was greater than that
processed by the other drying methods. For pasting behavior, freeze dried flour showed the highest peak
viscosity followed by vacuum and air dried flour. However, the transmittances of the products dried by the three
techniques were not significantly different.

Key words: Freeze drying, Vacuum drying, RVA, Swelling power
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Introduction
Durian (Durio zibethinus Murray) is a tropical fruit widely grown in Southeast Asian countries including

Thailand, Cambodia, Malaysia, Singapore and Indonesia. During the harvest season (May-August), in Thailand,
many tons of durian have been harvested and transported to the market places. Since the climacteric behavior of
this fruit shertens the pericd from harvesting to consumption, apgroximately 3-4 days, the amount of post harvest
losses of durian due to physical damage and over maturation unavoidably occurs. In addition to the physical
damage of the fruit during the harvest period, the price of the fruit drops significantly owing to the oversupply. To
overcome these problems, fresh curian is processed into various products. One of the durian-based products is
durian powder. It can be used as an ingredient for breads, cakes, cookies {Intariya et al,, 2001), biscuits, ice-
cream, candies, jellies, jam and juice (Subhadrabandhuy, 2001). Three main institutes i.e., Department of Science
Service (DSS), Thailand Institute of Scientific and Technological Research (TISTR), and Kasetsart University (KU)

have been working on technology for durian flour production. KU by Haruthaithaithanasan (1986} studied durian
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powder production by a drum dryer. The durian slumy prepared by biending durian CV. Chanee flesh with water
in the ratio of 1:2 w/w, was dried in the drum dryer at roller surface temperature of 130°C. The dried durian flakes
were further ground. The durian flour obtained was creamy yellow and can be stored for more than 1 year. DSS
by Binchai (2003) carried cut a research on comparative study of durian powder production by three different
dryers viz. cabinet dryer, double drum dryer, and freeze dryer. Two ripeness levels and two varieties of durian
(Monthong and Chanee) were investigated. The experimental results showed that drum drying is the most
appropriate methods for producing durian flour. This was because it gave the maximum vyield with minimum
processing time as well as the most suitability for every ripening stage of the raw material, TISTR by Suwanna et
al. {1897) congducted drying experiments on unripe Monthong durian. The effect of ripeness levels of the fresh
durian on physical properties e.g. color and viscosity of the durian flour produced were reporled. it was stated
that degree of ripeness of the fresh durian significantly affected the rheological property of the durian power. The
higher degree of ripeness resulled in the lower viscosity. Apart from those works, Netharanon et al. (2002)
proposed an academic research on production of durian powder by air and vacuum drying at different
temperatures. It was found that the flour prepared by air drying was redder and darker than that that prepared by
vacuum drying. The water solubility index and water absomtion index of durian flour processed by different drying
conditions are not significant. Study of pasting property showed that peak viscosity of the product dried in air oven
was higher than that dried in vacuum oven.

To determine the suitability of durian flour for specific requirements like in cookie, cake, and bread, etc.,
knowledge on its physical and pasting property is essential. Although there are several papers in literature
concentrating on drying technigues for durian flour production, limited attempts has been done on details in the
physicochemical properties of the flour obtained. The present study therefore focuses on the effect of drying
method on some physical and physicochemical properties of durian flour. Due to being regarded as the top

variety of durian, Monthong was used in this study.

Materials and methods

1. Materials
Urripe peeled durian cv. Monthong was purchased from a local market. The durian flesh was cut into

30X30%2.5 mm. Moisture content of the fresh durian was in the range of 190-212% d.b. (AACC, 1995).

2. Samgple preparation
Freeze dried durian was obtained by drying the cut durian in a freeze dryer (EYELA, FD-5N, Hong Kong})

for 36 h, Vacuum dried durian was prepared by drying the sliced durian at operating temperature and pressure of
80°C and 3 kPa respectively. For conventional air dried sample, durian slices were ptaced on mesh trays and
dried, in a batch type hot air dryer, at temperature and the air velocity of 50°C and 0.3 m/s respectively. To obtain
flour, all dried samples were mznually ground by a mortar and sieved through a 140-mesh screen, Moisture
content of the durian flour was in the range of 3-5% d.b.

2. Test methods
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2.1 Color measurement

Colors of dried durian flour were measured by a colorimeter (JUKI, model JP7100, Tokyo, Japan)
with 2° North skylight as the light source. The color system used was Hunter Lab where “L" represants lightness,
“a" represents redness (+) or greenness (+), and "b" represents yellowness (+) or blueness (-). The colorimeter
was calibrated against a standard white plate (L= 93.55, a = -0.27, L=0.06) before each measurement.

2.2 Swelling power (%)

Swelling power was determined in triplicate by modifying method of Leach, McCowen, and
Schoch (1858). Flour sample (3 g dry solid) was weighed into a centrifuge tube and 15 ml distilled water was
added. The tube was heated at 50, 80, and 70°C with occasional shaking, in a water bath for 30 min. The lube
was then coaled to room temperature and centrifuged (2200%g, 25°C) for 15 min. The supernatant was decanted

and dried lo the constant weight whereas the precipitates were weighed. % Swelling power was calculated as

follows:
Mass of precipitate (wet basis)
Swelling power (%) = X 100
Mass of flour (dry basis) X (160 - solubitity)
) Mass of soluble {dry basis)
where Solubility (%) = * 1

Mass of four (dry basis)
2.3 Light transmittance
Light transmittances of flour suspension (1% whw in water) were measured by the modifying

method of Craig et al., {1989). The solutions were prepared in screw capped tubes and heated in waler bath at
80°C for 10 min. The tubes were shaken periodically and were then cocled at the room temperature for 30, 60, and
90 min. % light transmittance of the solutions were measured at 650 nm against a water blank using a
spectrophotometer {Shimadzu UV - 1601).

2.4 Pasting properties
Pasting behaviors of durian flour were determined using Rapid Visco Analyzer (Newport

Scientific Pty Ltd, Warriewood NSW 2102, Australia). The suspension (14% wiw, 25 g total weight) was held at
50°C for 1 min, heated to 95°C at a rate of 12°C min” and maintained at 95°C for 3.5 min. It was then cooled to

50°C at the same rate and held at 50°C for 2 min. Each sample was analyzed in duglicate.

Results and discussion
1. Color of durian powder
It was generally accepted that the main causes of color changes during drying are pigment degradation
and non-enzymatic browning reaction. The browning reaction that can be occurred during durian drying is
Maillard reaction, strongly depending on drying temperature. Colors, in terms of L, a, and b, of durian flours
prepared by different drying processes were listed in table 1. it was clearly seen that drying techniques

significantly affected redness and yellowness of the final products. The flour obtained by air drying was more
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reddisn and yeliowish than that obtained by the other two drying methods {P<0.05). However, the drying
technigues had no significant effect on whiteness of the end preduct. Less intense of a- and b- values of the
freeze dried sample was probably due to the lower temperature used. Comparisen 1o vacuum drying, though hot
air drying cperated al lower temperature but it required relatively longer lima to finish the process. Redness and

yeliowness of the air dried flour was therefore greater than those of vacuum dried flour.

Table 1 Color of freeze, vacuum, and air dried durian flour

Color index
Sample
L a o]
Freeze dried 85.35 2.26° 8.54° ]
Vacuum dried 84.76" 4" 8.93°
Air dried 84.30° 2.13° 9.07°

Dala bearing different fetiers in the same column are significantly different (P<0.05).

2. Light transrittance

Light transmittance can be used to indicate the clarity of starch paste. The variation in light {ransmittance
(%) among the starch pastes could be attributed to the differences in the granule size, granule swelling, granule
remnants, leached amylase and amylopectin, amylase and amylopectin chain lengths, intra or intermolecular"
bonding, lipids, cross-linking and substitution (Jacobson, Obanni, & BeMiller, 1997). Transmittances of durian
flour measured at different time intervals are shown in table 2. Two-way ANOVA analysis showed that the effects of

both drying method and storage duration on % light transmittance were not significant. RETRO

Table 2 Effect of storage duration on the transmittance (%) of durian flour produced by different drying techniques

T % Light transmittance 7
Sample

30 min 60 min 90 min '

Freeze dried 3330 33.30 33.15 |
Vacuum dried 33.70 33.65 33.45

—
Air dried 34.80 34.45 34.05
3. Swelling

Swelling powers of durian flours as a function of heating temperatures ranged from 50 to 70°C are
illustrated in Fig. 1. Two-way ANOVA analysis showed that the effects of both drying method and heating
temperature on swelling power was significant and the effect of the drying method was more proncunced than
that of the heating temperature. As revealed by Fig. 1, the swelling power of all dried samples increased with
increasing temperature, indicating the occurrence of gelatinization. It was also suggested that the swelling power

of freeze dried flour was higher than vacuum dried flous, which in tum was higher than the air dried flour. The
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higher swelling power of the flour prepared by freeze diying implies lower degree of associative forces in the
granules (Muyonga, Ramteke, & Eipeson, 2001) and the weaker starch granule structure (less dense structure).

The loose structure of freeze dried product is probably due to the porous structure occurred during drying.
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10 . . :
40 50 60 70 80

Temperature (OC)

Fig. 1 Swelling power of durian flour processed by different drying techniques

4. Pasting property

The pasting behaviors of starch are dependent on the size, form, coherence, arrangement and swelling
degree of starch granules, It is also related 1o the heat and shear stability of the swelled granule, as well as the
structural difference in amylose and amylopectin (Baek, Cha, Park, & Lim, 2000). RVA profiles of durian flour
produced by freeze, vacuum, and air drying are depicted in Fig. 2 and the statistical analyses of all pasting
parameters were summarized in Table 3. It can be stated that drying method has strong influence on the pasting

characteristics of the durian powder.
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Fig. 2 RVA viscosity profiles of durian powder
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Table 3 Pasting parameters derived from the RVA prcfite

T Holding
Pasting temp. | Peak viscosily Final viscosity Break down Sel back

Sample . strength
ey (RVU) (RVU} (RVU) (RvU)

(RVU)}
Freeze dried 56.55 85.79 14.88 21.79 70.92 6.92
Vacuum dried 52.78 67.21 16.96 24.42 50.26 { 9.46

Air dried 51.73 60.59 12,52 26.81 4777 L 8.04 —)

Pasting temperatures of the flaurs were in the range of 51-57°C high pasting temperature indicates the
high resistance to swelling and rupture. As illustrated in Fig. 2, during heating viscosity increased rapidly 1o the
maximum viscosity, peak viscosity. 1t was found that peak viscosity of freeze dried flour was significantly higher
than that of vacuum and air dried flours. This was because freeze dried sample with high swelling power occupied
much volume within water suspension, thus the space among the granules became narrower, and friclions among
granules were likely to occur {Kim, Lee, & Seok, 1999). This led to the higher peak viscosity. Upen further heating,
however, the swollen granule ruptured resulting in a decrease of viscasity 1o the minimum extent, Differences
between the maximum and minimum viscosilies named breakdown. The breakdown is regarded as the measure
of degree of disintegration of granules or paste stability (Dengate, 1984). At breakdown, the swollen granules
disrupt further, and amylose molecules leach out into the solution (Whistler & BeMiller, 1997), Freeze dried flour
showed the highest breakdown followed by vacuum and air dried flours (Table 3). This implies that the durian flour
prepared by freeze drying is more resistant against heat and shear force (more stable) than that prepared by the
other two drying metheds. Fig. 2 also reveals that viscosities of all samples gradually increased, to the final
viscosity value, until the end of cooling process. The increased viscosity is probably due 1o the aggregation of the
amylose molecules {Miles, Morris, Grford, & Ring, 1985). The final viscosities of all samples were observed 1o be
lfower than their peak viscosities. The set back (final viscosity-holding strength} expresses the value that is
obtained from the formation of rearrangement of excreted amylose molecules from starch granule after swelling.
The set back reveals the gelling ability or retrogradation tendency by amylase (Newport Scientific, 1995). It was
suggesled that durian flour produced by the three methods posses rather low setback. The non-cohesive pastes
obtained can be applied for viscosity reduction in the preparation of weaning and supplementary feods from

starchy raw materials {Muyonga, Ramteke, & Eipeson, 2001).

Conclusions
Characterization of durian flours undergoing freeze, vacuum and air drying was proposed in this sludy.
Swelling power and pasting behaviors were strongly affected by the different drying methods. Freeze drying
provided durian flour for higher swelling power and peak viscosity than vacuum and air drying. Freeze dried

powder was less reddish and yellowish than vacuum and air dried powder. However, the effect of drying process
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on the light transmittance was not as pronounced as on the other properties. Transmittance of the powder
produced by each drying method was not significantly different. By observation, all durian ficurs obtained were

light cream color and the pastes were non-cohesive,
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