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Abstract

The aim of this study was to investigate the effect of microwave density on the kinetics of moisture ratio
and quality change (color change and phenolic content) of dried Spirogyra sp. during microwave vacuum drying.
The various microwave power densities ranging from to 0.77, 1.55, 2.00 and 2.50 W g’1 were used for drying of
300 g of Spirogyra sp. The time required to reduce moisture content from 8.55+0.20 gater/Sary matter t0 0.15+0.01
Swater/ Sary matter Was 5.0 to 34.0 minutes of microwave density levels from 0.77 to 2.50 W gfl. Seven of the well

known empirical models as Newton, Page, Modified Page, Midilli et al., Henderson and Pabis, Logarithmic and
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Wang and Singh were fitted to the microwave vacuum drying of Spirogyra sp. The Page model had shown an

excellent fit to predict drying behavior of the Spirogyra sp. because this model gave the highest coefficient of

determination (RZ), the least chi-square (XZ), and the lowest root mean square error (RMSE). The total drying

occurs during falling period, signifying the influence of moisture diffusion during the drying. The effective

diffusivity varied from 0.62x10° to 4.5x10° m’ s over the microwave power densities range. The microwave

power densities dependence of the diffusivity was well documented by Arrhenius model. The activation energy

of moisture diffusion during drying was found to be 2.61 W gfl. The results of color change indicated that the a-

values and the total color differences (TCD) were 1.91+0.24, 1.66+0.28, 1.78+0.22, 2.56+0.2, and 20.15+0.31,
18.00+0.27, 19.40+0.22, 19.32+0.16, respectively. The phenolic content were 1,667.42+22.43, 2078.34+28.23,

22584.34+32.21 and 2347.16+42.27 mgeae/100 g4y weignt respectively. The microwave power density at 2.00 W gfl

was chosen to be the most appropriate technique for microwave drying of Spirogyra sp.

Keywords: Spirogyra sp., Microwave drying kinetics, Empirical models, Activation energy
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Figure 1 Diagram of microwave vacuum drying system.

(1) Vacuum desicator, (2) Microwave oven, (3) vacuum
pipe, (4) vacuum regulator, (5) Vacuum pump, (6)

digital weight balance.
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Figure 2 Spectrophotometer (Hunter Lab Model:
MiniScan XE PLUS).

26  MINTIAATIERAISUsENOURUDAN
YamsemnauRisiiiiunsuasIuaL 0.5 ¢ avanely
thndu s 5 mL radlidudedieatu anduiiludy
wisafiewenazneu fnnmsaseu 2,500 rpm Wuan 10
minutes d@uasazaiy (Supernatant) 1 vadeulngds
Folin-Ciocalteu method 1138015009 Sachindra et al.
(2010)

a9l T9A98198158NAUIVDIAI NI ELATDUWIAIN

v

a9l uUINAUIIUIU 0.2 mL lalunaesnnnasa
U

(Na,CO,)

Wuansaraie Folin-Ciocalteu  AMLUUTY 10%

1 mL  wazsduansazanglanguaIsSuaLun

18

Anudutl 7.5% $1uau 0.8 mL el unasaaiiald
Wunar 1 h ﬁqmmﬁﬁaq mﬂﬁ?uémﬁhmﬂmi@mnﬁum
ﬁﬂammmﬁu 765><1O’9 m AalINIua1sUIENeU
fuodnsamuslaeifisufuasnnsgiunsaunada  (Gallic

Acid)

3 wWawazlasal

31 wavesseAunawunaululasiangesaunamans
NITOUUNIAINTIENS))

I1nnsAnwnaresszRundsundululasiavdenis
WasuLUassnsdrunnuturesanitomluseninans
suwasendululasiv Tnsausiemiiildlunisvnass
fiaudusudy 8.5540.20 Suater/Sary matter BUHVNANIEY
wndnai 300 ¢ fisziuadureIfIdeay
0.77, 1.55, 2.00 uag 2.50 W g

Figure 3  LAAIANAUNUSTZWINONIIAIUNTT
Lﬂﬁauwmmm%wuammiﬁmmﬁnaﬂm Tusgwinenns
auwis narildlunisevuieamsnemnaumaonugy
0.15%0.01 Syuter/Sary matter HANVNAU 34, 20, 10.5 wag 5
minutes MUY WuITisERUAUELYEITdIuAdY

-l o= =
lalasian 250 W ¢ Fadusyaufiindsnuvesaiuann

a

nanazldnarluniseuwisosfian saldiiarluniseuuis

AMTIELAT 5 minutes LATTZAUAIULTLYDIAISNIUATY
-1 v v |
lalasianl 077 W ¢ agldanluniseuusisannsiom

34 minutes fatunanildluniseuusisamsnownaziuog
Fusziundsuadululasim Wefiussfunduniuy
laﬂﬂiLanqsﬁu%ﬁﬂﬁnaﬂuﬂ’ﬁaULLﬁqamaq Feaonndos
AUNAUIBUDY Maskan, (2001); Dadal et al., (2007)
Figure 4  WAAIAINFUNUGIZNINSATINITOURAS
ﬁisé’umméﬁ”uﬁiwq Y0INITBULTIAMI LA FIARY

1Y

Tulasanl TngdnsIN15aUWANEINI18LM19TUBLNUTEAU

Y

o o

N ueaullas  WesEAUANUTNYRIAAIUARY
lulasangeazyilvidnsiniseuuiiellaiiiududig il
amsrendmduiaamisdinim@alisusuulaseadnmia
a I [ alo a a a ~ 1

Fmnssuduaangu uarlianledidnvsnauieinaivsie
wllaNuTUSAUUTIMN Juilianinsagadundanu
aneaulalasnniazidsuduninudaulas lagnisiin
AnusouluamsewazUsenaulunig nalnniswilentin

Wsleoau (lonic Conduction) uagnalnyliansnyuves



MsEsaNIALIFINITINEAsURIUsTInAlne I9 19 atufl 1 (2556), 14-24

Wedesty (Dipolar Rotation) saudleamsiewmlasy
wdanunnedulilasnnlusewinaniseuwia adululasim
aswndlonililuanavesiinieluamhemninnisngu
Mnmadsuidasialilihegnasa wa%aﬂmimuﬁﬁw
IAansdsadvedluanavesihnglulasaiagadiuly
vosa s nialundsanuainudeuliegnasinaiia
(%, 2554, waednd, 2551) TnsAnufeuiiAntuas
F181399R5IN5 5N VDM DAL TUVEIE NI 8LANT]
At wasdidnsindudnsinisiadasuiivestiiniely
Tassadefinnfufuusnafanivesaniiemiviila
ﬁé’m’nmssxmsﬁﬁﬁq&LLazm‘ﬁl (Constant Rate Period)
waziflonisauwisainsieinidnfunisdeluisony
a]umm%uﬂumamﬁwLmLﬁﬁﬂi;‘jﬂmwﬁyuﬁﬂqaﬂszmumi
suLsaziiigaunarfisnsiniseuniianaseganysal
(Falling Rate Period) (ﬁ‘wﬂuuammz, 2555; qnsde, 2554

9; Assawarachan et al., 2013)

—o— MVD 2.50 W/g

®
o

—a— MVD 2.00 W/g
MVD 1.55 W/g

SN
o

N
o

o
o

Moisture content (g water/g dry matter)
ny
o

0 10 20 30
Drying time (minutes)

Figure 3 Drying curves of Spirogyra sp. at various

microwave densities power levels.
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Moisture content (g water/g dry matter)
Figure 4 Drying rate curves of Spirogyra sp. during
microwave vacuum drying process at different

microwave densities power levels.
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izuuiuiﬂﬁLQWEjfyaJﬂﬂﬁﬂ (Assawarachan and Noomhorm,
2011) and Zhou,
(2009)

auwtlufiudlusgnininsevuisssuululasivlagainie

WULALINUKNANNSIF8Ya9 Therdthai

FAMLUUINaBINAEAFA1an s Uz aulunig

LULAEIAUNAIUITEUDY Bai-Ngew et al. (2011) &anuin

WUUD1899084 Page fAnuusiugrlunisvituigsnsndiu
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ANuTuAUAsuwladlusEnIenIsuUsIUTeuaUNIOU

memseuwisszuulilasiavlayyinie

Table 2 Statistical analysis of models at various microwave power densities.

Microwave Analytical Parameters
Drying Model | Power Levels Empirical Drying Model Constants ) 5 4
w R X 610" | RMSE
0.77 k = 0.1052 0.9959 9.19 0.0289
1.55 k = 0.2086 0.9973 5.13 0.0216
Newton

2.00 k =0.3354 0.9963 7.91 0.0268
2.50 k =1.0674 0.9976 3.74 0.0184
0.77 k=0.0682, n=1.1793 0.9984 2.68 0.0174
1.55 k=0.2672, n=0.8635 0.9996 0.79 0.0081
Pase 2.00 k=0.3279, n=1.0178 0.9963 3.71 0.0167
2.50 k =1.0972, n = 0.8600 0.9998 0.36 0.0054
0.77 k=0.1025, n=1.1793 0.9984 3.68 0.0174
Modified 1.55 k =0.2169, n = 0.8635 0.9995 0.79 0.0081
Page 2.00 k=0.3344, n=1.0178 0.9963 8.71 0.0267
2.50 k=1.1139, n = 0.8600 0.9998 0.36 0.0054
0.77 k = 0.0805, n = 1.1556, a = 1.0701, b = 0.0007 0.9992 2.19 0.0118
1.55 k =0.3604, n=0.7398, a = 1.1284, b =-0.0010 0.9997 0.84 0.0073

Midilli et al.
2.00 k =0.3282, n=1.0634,a=1.0123, b = 0.0027 0.9968 9.67 0.0248
250 k=1.1541, n =0.8383, a = 1.0479, b = 0.0009 0.9996 0.79 0.0071
0.77 k =0.1086, a = 1.0344 0.9971 7.18 0.0242
Henderson 1.55 k = 0.2033, a =0.9750 0.9980 4.17 0.0185
and Pabis 2.00 k = 0.3405, a =1.0152 0.9065 8.19 0.0259
2.50 k = 1.0489, a =0.9825 0.9980 3.44 0.0168
0.77 k =0.1038, a = 1.0459, c =-0.0165 0.9971 7.85 0.0239
1.55 k =0.2242, a =0.9579, c = 0.0286 0.9987 2.88 0.0145

Logarithmic
2.00 k = 0.3559, a =1.0052, c =0.0152 0.9968 8.54 0.0249
2.50 k =1.1401, a = 0.9674, c = 0.0238 0.9991 1.57 0.0107
0.77 a =-0.0739, b = 0.0014 0.9912 21.57 0.0420
Wang and 1.55 a =-0.1339, b = 0.0045 0.9743 7.15 0.0765
Singh 2.00 a=-0.2357,b =0.0143 0.9838 43.12 0.0594
2.50 a =-0.5939, b = 0.0838 0.9566 109.38 0.0946

3.2 JUUTYANGNITUNTAIIUTUYTSFNEEA
8 2 Dyt
ey o £ . & A a In(MR)=In| — |-|-7"—"5— (8)
ASEANEUUTLANTAITENTAMUTUUTLANTNAVDINNT T 4

v | a o o a a
AULMIAINIENTEAUNSIuAaululAsIN wazUSune

Y e - (v ade ANUNSAUIUANFUUTLENTNISUNTANUTUUTLENTHA
Uminfee196199 @111303ATIRA8T5INTURUUVRS

€3, sa. & : 18381913181A131n AR Turesn T un sy
Eq. (3) luguvesilanduaeniifiudeguuuvannisazegly

v o Y o ANMUANNUTTENING (IN(MR) hazsaalun1souwiis (t) Wa L
sULuuANEITUSUUUEUASY Auandlu Eq. (8)

A ANUNLIYRIEMTIY fauansiu Eq. (9)
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Figure 5 Arrhenius relationships of kinetic constants

and microwave power densities levels.
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Figure 6 Effect of microwave power densities level on

color changed of dired spirogyra sp.
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