inger (Zingiber officinale 1..) is an underground rhizome
fresh vegetable, dry ginger spice and as preserved
d ginger. India is the largest producer and consumer
Fully matured ginger rhizomes harvested at about
» moisture content is used for making dry ginger. The
ithizomes are scraped with bamboo splits to remove the
Kin to accelerate drying process (Balakrishnan 2005).
tionally, ginger is sun dried to safe moisture content of
reading it in single layer in open yard which takes
 for complete drying. The yield of dry ginger is
fresh ginger depending on the variety and climatic
. 2005). The dry ginger so produced is known as
MEh or unbleached ginger and bulk of the ginger
&0 in Kerala are of this quality. Kerala accounts for
the total dried ginger production and about 90%
nger export trade (Madan 2005).
nnel drier (STD) uses solar energy as source of
ng the produce and can be an efficient drying
both farm and industrial level drying. Due to

bility, the use of solar energy in food processing
€ In the near future. Solar driers gives faster

o
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Thin layer drying of ginger (Zingiber officinale) in a multi-rack type
solar tunnel drier
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ABSTRACT

Drying of ginger in a multi-rack type solar tunnel drier was studied. The drier consists of a UV-stabilized transparent
plastic collector and a drying tunnel. Fresh ginger rhizomes were washed, peeled, spread in single layer in trays and dried
from an initial moisture content of 594.01 to final moisture content of 9.89% (db). The temperature, relative humidity and
solar intensity received under ambient and inside the solar tunnel drier were recorded. Mathematical modeling for thin
layer drying showed that the diffusion approximation model best described the ‘over all’ drying process of ginger in a
~ solar tunnel drier. The ‘over all’ effective moisture diffusivity of ginger in solar tunnel drier was 1.82 x 107 m%/s. The
essential oil and oleoresin content of solar tunnel dried ginger were 2.0 and 4.5%, respectively and was at par with the
~quality of sun dried ginger. However, the microbial load of solar tunnel dried ginger was 6.12 log cfu/g where as for sun-
dried ginger it was 6.69 log cfu/g and hence solar tunnel drying was considered superior.

Key words: Drying kinetics, Effective moisture diffusivity, Ginger, Quality, Solar tunnel drying

drying rates by heating the air to 10 to 20°C above ambient,
which causes the air to move faster through the drier and
reduces the humidity of drying air (Bala et al. 2003). Hence
the present study was conducted to evaluate the STD for
drying ginger rhizomes, to obtain the drying characteristics
curves in a STD and to determine the quality of dried ginger.

MATERIALS AND METHODS

The experiments on solar drying of ginger were
conducted at Agricultural Engineering College and Research
Institute, Coimbatore, Tamil Nadu during April 2009. A
tunnel drier of size 2 m x 3 m and height of 2 m was
fabricated and installed on a concrete surface orienting
towards east-west direction. The hoop structure was covered
by UV-stabilized transparent polyethylene sheet (50 microns)
to form the drying chamber (Fig 1). A curtain type door of
size 1.6 m x 1 m made of the same material was provided in
front of the solar tunnel drier. Natural ventilation to the drier
was provided at the bottom of the door sheet using nylon
mesh of size 800 mm x 400 mm. It served as air inlet to the
drier. The experiments were carried between 9 and 17 hr. The
temperature and relative humidity of ambient and heated air
at different heights (0, 40, 80, 120 and 200 cm) inside the
drier were measured using a digital temperature and relative
humidity meter (EQUINOX, EQ-321 S). The velocity of the
ambient and drying air was measured with an anemometer
(PROVA Instrument INC, AVM — 05) which can measure air
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model to the experimental data. The highest value of R2 and 50 T
the lowest values of 2, RMSE and MBE were used B0 emperature ——RH 80 _ 31.8%, respeckivei
: _ . 0 * > respectively. The results obtained indicated (i
determine the best fit (Togrul and Pehlivan 2002). 60 > ambient relative humj ity wa : ed that the
These statistical parameters were calculated as folloys, 5 the tnnel drier and the }(,j iffefegeuem”y :lﬁher than that of
- £ g ence varied between 9.3 and
3 . X (MR, —MR__ )’ £ W3 23':.%' Joy et al. (2001) reported high relative humidity in
& 2 _ E :'-N pre. 0 K - é’ ambient a-1r when compared to the air inside the drier.
i=l n é'? . Tlle mlgnsny of solar radiation increased Wil‘h the
N 1 800 10.00 11.00 1200 13.00 1400 15.00 1600 1700 Evefqless ojfmne from 9 hr to 13 hr and then decreased. The
_ 1 2 (MR L | 2]2 _ Time of the day (hr) : | ;,V/ czge solar radrallop inside the drier increased from 678.88
NG g R @) 2a Average ambient temperat - T a4 Shr to a maximum of 850,75 WimZat 13 hr (Fi .
i perature and relative humidity The corresponding average ambient solar radiations re 18_302-
! were 749,29 ; X adiations receive
MBE = - ) (MR, ,-MR ) ‘ 00 929. and 889.39 W/m2. The result obtained is in
- Z oxpi pre, i . £ agreement with the results r. i . o
N < 3) = 800 ; eported during drying of pineappl
= s n a solar tunnel drier by Bala et al. (2003) i

Dimensions in mm

Fig I Schematic view of solar tunnel drier

velocity in the range 0-45 m/s. The solar radiation was

measured both inside and outside the solar tunnel drier using

a sunmeter. All the weather parameters were recorded at | hr

interval.

Freshly harvested ginger rhizomes (40 kg) obtained

from local market was mechanically washed and peeled
partially. The ginger was spread in perforated stainless steel
trays of size 790 x 400 x 300 mm with loading intensity of
2kg/tray. Totally there were 20 trays arranged in two racks.
In each rack, 10 trays were arranged in five rows one below
the other. The trays in the rack were not rearranged till the
end of five days. After five days, the bottom trays were
brought to the top and consecutively every day the trays were
rearranged. Drying was carried till the weight reduction was
constant.

The moisture content data at different experimental mode
were converted into the moisture ratio (MR) expression and
curve fitting with drying time were carried for six drying
models (Table 1). The coefficient of determination R? was
the primary criterion for selecting the best equation to describe
the drying curve. In addition, the reduced chi-square ( 2),
root mean square error analysis (RMSE) and mean bias error
(MBE) were calculated to evaluate the efficiency of fitting a

Table 1 Thin layer drying models
Name Model Reference
Newton MR = e* Panchariya et al. (2002)
Page MR = e+ Lopez et al. (2000)
Modified page MR = ¢ %" Ozdemir and Devres (1999)
Diffusion MR = ael-k0 Ertekin and Yaldiz (2004)
approximation (1-a)e(-kbt
Two-term MR = ael-k0 4 Ertekin and Yaldiz (2004)
exponential (1-a)et-kan
Overhults MR = e (k"] Overhults et al. (1973)

where, MR, is the i experimentally observed mojs| _"

exp,i
ratio, MR, ; is the i predicted moisture ratio, N is

number of observations, n is the number of constants in
model.

The effective moisture diffusivity of ginger
calculated using the method of slopes by plotting
M )(M,-M,)) versus drying time (Geankoplis 2003),

The quality of dry ginger was determined in te
essential oil content estimated as per the method d
by AOAC (1975) using modified Clevenger ap
oleoresin content by the method of ASTA (1968), cru

content by the method suggested by Sadasivam and Manickam

(2008) and moisture content was analyzed in a fully
moisture meter (MA-50). The total plate count was det
by serial dilution technique as enumerated by
(1986).

About 10 kg of ginger was sun-dried to coj
quality of dry ginger with obtained from solar tunne
The time required for complete drying by both the I
was also studied. The experiments were repeated ! i

statistical software was used to analyze the
during drying and for mathematical modeling

curves.
RESULTS AND DISCUSSION

=}

The average weather parameters for April 20
during the period of study indicated that temperatt
from a minimum of 30.3°C at 9 hr to a maximuit
at 13 hr (Fig 2a). The average relative humid
from 62.47% at 9 hr to 35.09% at 13 hr, whicl
to the time when maximum solar radiation of :
was obtained (Fig 2b). The average wind sp
from 0.5 m/sat 9 hr to 0.1 m/s at 13 hr and the
1.3 m/s at 17 hr (Fig 2c). 4

" i tensin
Temperature, relative humidity and solar inti )

the solar tunnel drier :
The temperature inside the solar tunnel dri€

9.00

Time of the day (hr)
2b Average solar radiation

1000 11.00 12,00 13,00 14.00 1500 16.00 17.00

A eg] the advance of time from 9 hr to 13 hr and
.a_t gxe ':;??ilrlllum 're.!ativc humidity of 39.1%

. orded’ e ; ; thre jg{nlmum relative humidity of
i B 1 (Fig 3b). The corresponding
Y at 9 hr and 13 hr were 62.5 and

Duri : 2 : .
.. ug:r?g d.rtymg of ginger in a multi-rack tray Lype solar
€r it was observed that (her: fatio
ol ¢ € was variation in
n ¢ i
: ;‘?S[me ?onteqt, moisture ratio and drying rate as the tray
s varied (Fig 4). The five rows of trays in the rack were
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©
o
A _ 15
incnce of time from 9hr to 13hr and then decreased. 9 10 1
g nrfiasle ]in temperature was also observed with Ti i "
hei ier. i l
- ght of [}:e drier. Inside temperature varied 3b Relati . C"f‘the el
i moof e BT - e elative humidity at different heights
,.l:)onsdﬁﬂ C at l.3 h!' at 120 cm height to (Fig 3a). & 900
e ing varultlon in the ambient temperature was < 800
¥ an'd ?8.1 C at 13 hr. The results showed that s 700
4::,: mside the solar tunnel drier was more by 'LQ: 60
-was than the ambient temperature. Similar 3 503
feported by Beena and Fuller (2 i c
| ;neapp]e_ (2002) during %5 400
& relatj idity insj =
Ve humidity inside the solar tunnel drier . 9 10
1 12 13 14 15
16 17

Time of the day (hr)
3¢ Solar radiation received

Fi iations i i
g 3 .Vaz-muons Intemperature, relative humidity and solar radiation
Inside a solar tunnel drier with ginger
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b & £ 3 ) i lhe
designated as ‘“Top I’, “Top II’, *Top III", “Top IV’ and
lowest was ‘Top V’.

i Sur itent

Eﬁec(l}i?lfg;‘a{vlazvflﬁe? 11::)?1? f::]f-’i;ﬁ'ial moisture contentoc;]f

bout 59‘3.01% (db) to a final moisture contefnt of aboutll e;
?db). It was observed that drying wastf::stii :"lfl)rcil:rizgj z;::l N
in the topmost tray (Fig 4a).l To ge .ypr e
curves, the trays were left undisturbed tllio Lllvf}:1 : ; g s
o tha[c’lthe bOt‘tj(:;l ::ogf;l[?n};;o\:ftzilzlrieg produce. Aft the.
e hfl:e(gy of drying, the moisture content of gl‘ngel
ffﬂd . ;:lgels “Top I', “Top I, *“Top III’, “Top 1V’ and' Top
l‘t/]’ L\r\?greclvo 34, 9.39,,10.3, 9.8 and 10.6% Sdb), respecnve.lt)I(.
The results obtained in the presezt }::lllt:ie)l/ 1(32 g;] ;%;z?gﬁ;:n‘;lo}

i an .

t225:;:1Ss(l}::t:;lzcc]ii]zeiﬁnt?ay levels in a natural convection
spolar drier with biomass back up.
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Fig 4 Drying characteristics of ginger in solar tunnel drier
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isture ratio

e bt et e o ey v
I, “Top II’, “Top I, “Top IV’ and “Top V Iaftel five ‘days

f ,drying were (.03, 0.08, 0.16, 0.09 and 0. ‘7, resp_ectwe[y
?Fig 4b). This showed that the lower trays contafm m'Ore
moisture than the top traycfis. D(;n(‘)i;g Otlz)el ﬁge{l)lgh(())u(;zo.{ :;y(;,:)gz,

isture ratio reduced to 0.02, 0.01, 0. ~ 002 atglR

;]:: :]I:::nfr[:y levels “Top I, “Top II’, “Top TII", “Top 1V* gpq
“Top V' respectively.

t of tray levels on drying rate- _
Eﬁﬂ"?CA:’ tfl:ne eﬂd of first hour, the drying rate (])\f/ sgm;.g(,lel: ior thve
Ll 3 L] ‘ ’ ITOp an op ix
s “Top I', “Top 1I’, *Top IIT’, ‘ /
::geh(a)vgllg 0.45, 0.39, 0.58 and 0.35 kg (moisture removed)/

kg (dry matter)/hr. It was thus clear that the drying rate wgsf

higher at the first level of tray. At6 tl:)e Oznzd (())fo leflt:n:iiag '
i 0.048, 0.046, 0.042, 0.041 ¢ 0
drying rate reduced to : :
kg(moismre removed)/kg (dry matter)/hr. Fgggi, l:w
the end of drying, the drying rate reduced tol d.rier ke/hr
insi lar tunne
Il the tray levels inside the so
"fl?;eadifference in drying rate was due to lljhf: t&m[t)ler?
i i intained inside the drier init
dient which was maintaine
ﬁ:: bleginning of the day which narrowed down by noorj u
drying rate decreased as the drying progre§sed from md i
to evening. This may be due to the hardening of fo;uler, s
; i 1 of moisture from gin
d thereby reducing the remova air
’i}‘?me results obtained in the present .study agree wellg
results reported for pineapple drying by Beena an_,
(2002).

Mathematical modeling for solar .rmme! t-frﬁl:rlg g_{'
Moisture ratio expression of ginger drie d":h i
drier were fitted to six thir; lz?yeron::cdsc;:i I?:]Iing g
ing constants with their ¢ 7
I(jgz::lgcters like R2, RMSE, MBE and ' e were :io ‘
case of solar tunnel drying of ginger, d21ffulsmnd}' 9_
model gave comparalivelly hl(g):}e:'zRR ;;Sl]xae o 9
E ? ing. The values " . _
0(.)(‘)::,r ail().g;yangd 0.002, respectively which wezrf A
diffusion approximation model \‘vher! comg:;;l p!
models. Hence, diffusion appfoxunaum.l mr i
to represent the thin layer drying b'ehawouatios
tunnel drier. The predicted mmsturedrtherefo
agreement with the observed val}les %m e e
concluded that diffusion approximation is relatt
than the other five models.

ive moisture diffusivity .
Eﬁe‘;r.ll;):effective moisture diffusivity f()lr0 _t'o‘u' e
solar tunnel drier varied from 2.0;2 >; o trays aLbOS
most level of trays to 1.58 x 10-7.“1 /s Oli-s(ure y
(Table 2). The ‘over all’ effective n‘;(())_Tmz,
ginger in solar tunnel drier was 1.82 X i
and Kailappan (2006) reported that i
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Table 2 Effective moisture diff;

] different layers in solar tunnel drying

Tray level

usivity for drying of ginger in

Effective moisture diffusivity
(m2/s)
Top I 202 x 107
Top 1T’ 2,12 x 107
Top 111’ 1.67 x 107
Top IV’ 1.93 x 107
Top V' 1.58 x 107
Oy raJI 1.82 x 10-7

iffusivity of chillies increase
0¥ m%s as the drying air te
65°C.

i drying of ginger

Drying of ginger in op
dry from initial moisty
iSture content of 10% (db).

ality evaluation of dried product
It was observed that the bioch
ssential oil content (2.0%),
trude fibre content (2,49
©at par with sun dried gi
load of solar tunnel
) than the sun dried g
quality of solar tunnel-d
10 [0 sun-dried ginger,

3 Quality parameters of
‘methods

Essential Oleoresin Moisture

be concluded that d

ure content of 594.01%
0% (db), The essential oi]
1€l dried ginger were 2.0%
S PAr with sun-dried ginger,
ied ginger was 6.12 1
nger it wag 6.69 1
N mode] represented

d from 3.78 x 10 (o 7.10 x
mperature increased from 50

en cemented yard took eight days
re content of 594.019% (db) to final

emical quality parameters
oleoresin content (4.5%)
) of solar tunnel dried ginger
nger (Table 3). However, the
dried ginger was lower (6.12
inger (6.69 log cfu/g). Hence
ried ginger was considered

ginger dried by different drying

Crude  Microbial
L ol content content  content fibre load
(%) (%) (%) (%) (log cfu/g)
2.00 4.60 9.82 2.50 6.69
2.00 4.50 9.65 2.40 6.12
‘ll:l‘"

rying of ginger in a multi-rack

(db) to final moisture
and oleoresin content
and 4.5% respectively
The microbial load of
og cfu/g, whereas for
0g cfu/g. Diffusion
the thin layer drying

355
behaviour of ginger in solar tun
moisture diffusivity for so]
1.82 x 107 m/s,

nel drier, The overall effectiye
ar tunnel drying of ginger was
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