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Mathematical modeling for thin layer sun drying of ginger (Zingiber officinale Rose.) 
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Abstract 

Trials on drying of ginger were conducted during the month of April, 2009 at Agricultural 
Engineering College and Research Institute, Coimbatore (Tami l Nadu). Ginger rhizomes were 
mechanically washed, partially peeled, spread in single layer on cemented yard and dried from 
initial moisture of 594.01 % (d.b.) (dry basis) to a final moisture content value of 9.82% (d.h.). 
Drying of ginger was completed in eight days. Drying characteristics curves, showed no constant 
rate period and all the drying process occurred in the falling rate period. Thin layer modeling of 
drying data showed that diffusion approximation model best described the drying process. The 
effective moisture diffusivity for drying of ginger was calcu lated as 1.91 x 10" m' S·'. Sun dried 
ginger rhizomes were evaluated for its quality and it was found that the essentia l oil, oleoresin, 
moisture and crude fibre contents were 2.0%, 4.6%, 9.82% and 2.5%, respective ly. 
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Introduction 

Ginger (Zingiber officinale Rosc.) is an under 
ground rhizome valued as fresh vegetable, dry 
ginger spice and preserved crystallized ginger. 
For the preparation of dry ginger, ginger is 
harvested after eight months of planting when 
the leaves of the plant turn yellow and starts 
drying. The harves ted clumps of ginger are 
cleaned manually to remove the dried roots and 
soil clods. The clumps are then broken to 
sufficiently large size rhizomes suitable for 
preparing dry ginger. After cleaning, the 
rhi zomes are subjected to peeling where the 
fully matured rhizomes are sc rape d with 

bamboo splits having pointed ends to remove 
the outer skin to accelerate the drying proceSS. 
The peeled rhi zomes are washed before dryinS 
and spread in open yard for drying. The dry 
g inge r so obtained is va lu ed for its a 
fl avour and pungency (Ba lakri shnan 2005). 

Traditionally ginger is sun dried in a 
in open yard which takes 7 to 10 
complete drying. The sun dried ginger 
in colour, with irregular wrinkled 
when broken, shows a dark brownish 
The yield of dry ginger is 19.0- 25.0% 
ginger depending on the variety a~d 
(IISR 2005). The major objectives In 

'Department Agri tural Process Engineering. Ta ndu Agri cultura 

Coimbatore-641 003, Tamil Nadu, In dia. 

--------------..... 
Thill Inyer modeh/IS ,r . 

oJ gil/gel' drying 

ginger are to reduce the . 
safe s torage over ext d mOIsture content for 
weight and volume ~n ted penod and reduce 
storage and transp t,a. mllllmlze packaging 
. or atton costs 5 ' 
IS practiced in tropical and s . un drying 

(Punjab Agricultural U" 25 
capacity 60 kg batch I nl verS lty model, 
manually using a shar ~ ~arl!al/y peeled 
single layer On celn t p n, e and Spread in 

as energy is abundant in ubtroplca l regIons 
pollutant beSIde .' exhausllve and non-

. s, I enewable h 

TI . en concre te d . 
le lIlitial moisture content f f ' rYlllg yard. 

for the experiment was 5~4 le!h glllger used 
experiments On sun dr in .01 Yo (d.b .). The 
between 9:00 hand 17 OO~ g were performed 
continued till a co t ' 1 and the process was 

environmental friendly. ' c eap and 

Thin layer eqllat' d "ons esc "b I 
phenomena in a united w, I, e t l e drying 
controlling mechanis T~Y' lega rdless of the 

estimate drying ti m. f ey have been used 
. ize drying ~~'~~e:~veral products and 

, ns ant mass f d . d 
was obtained TI . 0 fi e produce 

thin layer dryin d' n the development 
g mo els for .' I 

ucts, generally th . agucu tural 

the end of ea~h d~e p;~tlally dried material at 
s tainl ess s teel t , Y s spl ead on perforated 
night to preven; aK,:n~ kept open the whole 
mass durl'llg d . ga Infechon . The loss of 

nat,en',I at any time a~;~o:~ture Content of the 
a con s tant re lat ' I las been su bjected 

IVe hunlldit 

rYlllg p' 
9:00 h 12'00 had 17 locess was recorded at ,. n :00 h Th . 
replica ted in three batch . e expenment was 
the mean values w eks sllnultaneously and 

ere ta en. ature condition . Y and 
ted to the d' s IS meas ured and 
M rYlllg parameters (Ak . 

any ma tl· pillar . l ema tI ca l mode /' 
Wealher pnramelers 

Weather parameters like te . studies have b Ing a nd 
thin layer dryill een conducted On 

g process of' . 
vegetables. But tl' I vanous fnllts 

f lin ayer Sun d . 
o ginger and its mathematical mo;'~lIlg 

reported. Hence tl e IIlg 
d to I' le present stUdy was 

rac.tel'is ti', '< eva uate the s un dr . 
of g inger t d Y III g 

thelm.Hca l model t' dO evelop a suitable 
o escnbe the d . 

and to determine the quality of the J,.;:~ 

and methods 

on drying of g' 
E' IIlger were conducted at 

ng llleerlllg COlleg d 
COi mbatore, Tamil N de ~' Research 
kg of freshly h a rvest;~ ~ 'tll'lng April 
of loca l ' la Ule glllger 

humidity of the a b ' . mpelature, relative 
c In lent au's J . Wind speed we' ' ,oar Intensity and 
I e recorded . 

for eight Consecutiv every 1 h IIlterval 
2009 and the m e da

l
ys for the month of Apri l 

ean va ues We' . 
tempera ture and reI t' h Ie leported. The 
. a Ive um'd ' t f 

air was measured usin . ~ I Y 0 ambient 
and rela tive humid 't g a dIgItal temperature 
321 S) TI . I Y meter (EQUINOX EQ-

. le velOCIty of the ambien ' .' . 
was measured w 'th t drYlllg all' 
I I an anemom t (P ns trument INC AV eel' ROVA 
radia tion was me;sur d

M
- 05) and th e so lar 

s. Suras Technologv Me duslllg a sunmeter (M/ 
p a ural). . . 

Made/illg of dryillg charaCleristic curves 
The . 

mOIsture Content dat . 
experimental mOde a at different , vanety PI I ma 'k t IrC lased from 

I e was washed I 
tary ba tch t meClanica lly 

. were convert d . 
mOIs ture ratio (MR) . e IIlto the 
fitting with dryill t' expressIon and Curve 

ype vegetabl e washer d . g line were " d rYlllg models d . carlle for six 

apprOXimation 

eXponentia l 

models 

MR =e'kt 

MR z: e'''I '' 

MR = e('kt)n 

MR == e{-kt)+ (1 _ il) e ('''btl 

MR::::: e(-kll+ (I - a) e (-1 • .11) 

MR ~e (-"'~ 

as escnbed in Table 1. The 

Panchariya el al. (2002) 

Lopez el al. (2000) 

Ozdemir & Devres (1999) 
Ertekin & Ya ldiz (2004) 
Ertekin & Ya ldi z (2004) 
OverhuIts e/ at. (1973) 








