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Abstract

This study aimed to determine the Mathematical modeling and study the influence of drying
temperatures of soft dried pickled ginger underwent the laboratory-scaled-tray drying system. The initial moisture
content of 70.56 0.5 8 Quater/dry matter tO the final moisture content of 0.17+0.03 guater/Sdry matter ON drying
temperatures of 50, 60, 70 and 80°C with a constant air velocity of 0.4 m/s was 13.00, 10.58, 9.08 and 6.83 h,
respectively. Nonlinear least square method is statistical analysis of drying model and the obtained experimental
data was applied to five mathematical models (Newton, Henderson and Pabis, Page, Modified Page and Midilli et
al.) and the model with the best fit was determined. The results showed that the Midilli et al. model could
describe the drying characteristics with the most satisfactory level because it statistical results showed the
highest coefficient of determination (0.9967-0.9996), the least chi-square (0.0000-0.0001), and the lowest root
mean square error (0.0033-0.0099). The results of the effect of temperature on color changes of soft dried
pickled ginger in term of CIE- L* a* b* and Munsell systems (Chroma, Hue angle) Total color difference (AE*),
Browning index (Bl) and Total Sugar were found that the most physical change in color of dried pickled ginger
was the drying process temperature at 80 °C. These was because an increase of the brown color. The color
change was significantly (P <0.05) increased when increasing the drying temperature drying, browning index (BI)

and total sugar.
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Figure 1. Diagram of the tray drying system.

(Source: Assawarachan. R. et al., 2016).
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4. Modified Page MR = exp(-(kt)") (6)
5. Midilli et al MR = a exp(-kt")+bt (7
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Figure 2. Photography of CR-10 chroma meter (Konica
Minolta; Japan).
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Figure 3 Moisture ratio (MR) versus drying time of soft dried pickled ginger for drying temperature 50-80 °C,

comparing experimental curve with most predicted Midilli model.
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Zou Wy uwason uxidewma s iy Wienstuiiy uavly
ArIEWNU NUIMLUUI1a0909 Midilli et al., wungauly
11991118 §R51151UABULYAIAINTY (Hosain et al,
2012; Taheri-Garavanda et al., 2011; Naderinezhad et
al,, 2016; Murthy and Manohar, 2014; IN1UA1 LAEAMY,
2556 baY LUNINME wavaa ¥, 2556)

Table 2 Thin layer drying model constants and statistical parameter of soft dried pickled ginger.

Drying Drying )
Dryine Model Constants R ’% 10> RMSE
Model Condition (°C) Ying xXx
50 k=0.1696 0.9968 0.15 0.0123
60 k=0.2158 0.9946 0.20 0.0140
Newton
70 k=0.2728 0.9883 0.45 0.0212
80 k=0.4158 0.9665 1.30 0.0358
50 k=0.1762, a=1.0338 0.9958 0.28 0.0166
Henderson 60 k=0.2156, a=0.9993 0.9946 0.20 0.0140
and Pabis 70 k=0.2676, a=0.9833 0.9899 0.39 0.0196
80 k=0.4060, a=0.9790 0.9712 1.23 0.0349
50 k=0.1609, n=1.0294 0.9956 0.26 0.0160
60 k=0.2292, n=0.9619 0.9964 0.1 0.0106
Page
70 k=0.3072, n=0.9139 0.9957 0.16 0.0106
80 k=0.4650, n=0.8863 0.9869 0.69 0.0260
50 k=0.1695, n=1.0294 0.9956 0.26 0.0160
Modified 60 k=0.2162, n=0.9619 0.9964 0.01 0.0106
Page 70 k=0.2749, n=0.9139 0.9956 0.18 0.0133
80 k=0.4215, n=0.8863 0.9847 1.91 0.0434
50 k=0.1515, a=1.0158, n=1.1734, b=0.0079 0.9967 0.10 0.0099
60 k=0.2385, a=1.0229, n=1.0143, b=0.0055 0.9996 0.01 0.0033
Midilli et al.,
70 k=0.3328, a=1.0388, n=0.9690, b= 0.0077 0.9995 0.02 0.0047
80 k=0.4820, a=1.0191, n=1.0785, b=0.0172 0.9983 0.09 0.0095
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3.3 PISMINADUAIINULUE IV UYTIADIN NAEIN TN T

n13MIugeUAINLlugIvesLULaNn1sTalUTuATS
FUNENAVBIATNITINLABINITOURAI VDU UUIIADINI
ANAMENTEN1SWSEUWEURUToYaN1To ULNTIN DY
duilgaunnfifl 55, 65 waz 75°C awadu Tagthegamgl
i 55, 65 WAy 75°C wnuAluaunis (11) - (14) Faudu
aun1shlvvesmmsimesveiuusasmsndamans
299 Midillj et al., Fsaunissiolui

k=0.0109T-0.4045 (R°=0.9820) (11)
a=0.0003T+1.0076 (R*=0.1047) (12)
n=-0.0033T+1.2732 (R°=0.2308) (13)
b=0.003T-0.01 (R°=0.5577) (14)

ihdeyaiildannnisvaassaia (S1uau 3 97) Faen1s
AuanlugUuuureddl Moisture ratio WS uieuiuAn
Moisture ratio 91AN1TAIUINAIEUUUTIADINIS
AdinAanses Midilli et al. antuiinsizsitoyanisaia
sheadudstaninisdnaulagega (R) Jeuenanuuiue
TuNSYUIBIOIEAUNIT UaZNITIATIZRAINRANAIALUNT
vuededilaiideaes (1) uazd1sndiaosvasain
AaAdeuiddouade (RMSE) mufinandluaunisi (8)
waz (9) MUAINY HANITIATIZUNUIIAT R AAIVINAY
0.9072-0.9385 Tuvuedl 7 way RMSE flawinfu 1.30
10°- 1.82x 10° wag 0.0107-0.0158 flgaumgiifiszsu 55,
65 way 75°C MINEIRY HANISANYINUIIFULUUANNIT
luvesdmfiwesvesuusiasmndaaianives
Midilli et al. @1u190%1U18A7 Moisture ratio Ta9814
wangay lnsfan 72 fige waze1 7 uaz RMSE JAnen
A40AARBINUNITILATIZINAI87T Graphic Validation a3
amdiuanslu Figure 4 Tnefiauduiusindifsaiuidy
muasuANUiug (Funseifauduy 45°) deyaiildan
nsSeudleudlfiiuindamdnnutuldannsiune
N3¢3180¢59U7 LEUAT wansduuTIaesausaviueld
7 Faanunsnaguliin wwudraemendamanivos Midill
et al, A1N50uNeEnIdIunsasuLUasanuTuly
sEMIMseuLsTsaeutduiionmgil 50 fa 80 °C ledu
98197 denndesturuidefiieadedunismuaeuainy
WU VI UUTIADINITOULS (Usana wazqnddey, 2557;
oSty wagAe 2554; Pongtong et al.,, 2011; Agarry and
Aworanit, 2012; Singh and Pandey 2012; Assawarachan,
2013)
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Figure 4. Comparison of the experimental moisture
ratio (MR) and corresponding values by predicted
Midilli model at different drying conditions

3.3 WaveganilnonmaN AN 19N I8N INLAZIATYEITINDY
BV
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Indvesdanoaurduiiiunsruiunseunsisionmgiisng o
wanInan15InA1d 03T e dusuLiandly Table 3
WaZNNENETDITINDIUTBUBULTT 50, 60, 70 uay 80 °C
wandlu Fieure 5 WUd1 ANARARATINEINITOULAT
A4N112N15NAADIA19° AAULANFeE N Tud1AY NI
add (P<0.05) lnedadendniifinanodvosdnaunydy
ouuvisie gungiifililuniseuuienanie Woanmgily
miaml,ﬁaqqﬂﬁu danaliiananuaing L* apnududung
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1N uaziienunsEUIUNSe UL s lRAAEd e L
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FreteTenoedudu uazilofiansanal Chroma (C¥) wuin
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Mlia1dvosdenocwtduouniafiuualiuluniediiu
donndosiuai L* Aifldranas WeRe1smaA1d Hue angle
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90 09A1 wansdduLAE FIndes) Tnern h° 999Tneautdy
ANy 84.60 Usuanienand i lun19@inany uag
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dlorunszuruniseuwtien h° Suunltuanasndniueias
fasnwaurlunsduuns Tnefidregluyig 58.49-65.93 aam
waznsiasuulasdlnesin (AE) uansly Table 4 wu3n
A1 AE* fanfindu Wogumnilumseuuriafiugedu Tng

v
= o
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waziaalunseuwie lagasfidnsnsufivvudieldoaumal

U
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(browning index) FsilAra@anndasnuaInITiiinesue s

60 °C

50 °C
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sviinsifadiinaganiinisidemmgiauseudinit lned
AULANANNEENETBd1AENINEDRA (P<0.05) danAdasiuy
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Gudindea-uns uazaan ileaainnisouurisfiguugiv
80°C tudunslimdsaulunisanslen Tuauduresna
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szuvlunmsundaudy dmaliindsnuanufoudiuiu
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wanalu Table 4 LLammain%mmﬁWmaﬁgwmiuﬂa;u
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reducing sugar %mm85&5’1@1@ﬂ&jué’amaﬁﬁaﬁimﬁlﬂu
dasy wimbhanaluanaifien 1wy tnanglaa thanan
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Figure 5 Photography of soft dried pickled ginger at drying temperatures (50, 60, 70 and 80 °C).
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Table 3 Impacts of drying temperature of optical properties (CIE-L*a*b*) and munsell systems of soft dried

pickled ginger.

Drying condition L* a* b* Chroma Hue angle
Osmotic pickled ginger”  53.15+2.86°  4.16+1.83°  15.49+3.34° 16.11+3.53° 75.30+5.67°
50 C 49.30+1.42°  7.56+2.60° 11.96+0.92°  14.14+2.18°  58.49+6.50"

60 °C 47.63+1.17°  5.60£1.74°°  10.65+1.62°  12.18+1.42°°  63.78+10.00°

70 °C 44.39+1.05° 4.08+1.40°  9.05+1.38 10.00+1.58°"  65.93+6.33"

80 “C 40.40+2.77°  4.27+2.25°  7.41+2.71° 8.66+3.25" 60.08+8.50"

Superscripts in different rows of each column show significantly difference at p < 0.05.

Table 4 Impacts of drying temperatures on physicochemical properties of soft dried pickled ginger.

Drying condition AF* Bl Reducing sugar ~ Non-Reducing sugar
Osmotic pickled ginger® - 0.07+0.03° 2.05+0.03° 46.7420.75°
50 °C 6.70+1.63° 0.34+0.02° 23.57+0.27° 55.95+0.98°
60 °C 7.74+1.60° 0.44+0.05° 29.21+0.48° 58.61+0.90°
70 °C 11.05+0.78" 0.57+0.06" 44.82+0.41° 60.29+1.50"
80 °C 15.33+3.51° 0.68+0.13° 59.87+0.81° 69.67+1.04°

Superscripts in different rows of each column show significantly difference at p < 0.05.
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