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Abstract . . . ' , . 
. . nd s tored (under ambient cond Itions fo r 2 months) g tngel 

Mechani ca l propertI es of fl esh a . I I) 'y for the d esign of processing machine ries, (Z ' 'b ' "'/' inale) (cv Hllnac 1a neceSSat . I 
rhi zomes mgl e l oj) IC '. d t . . ed for fres h and dry gi nge r. MechanlCa 

Mecllfli licni ami 'ltenunl properties of gil/gel" 

Further dama ge i,s a lso ca used w hen it is 
raked, pi cked, loaded a nd transpo r ted to 
di s tant p la ces by tru cks w hi ch a lso ca use 
va ri o ll s ch anges in ph ys ico- m ec hani ca l 
prope rti es o f g inge r. Da ta On mechani ca l 
prope rti es a re thus impo rta nt in the adoption 
and des ign of va ri ous handling, packaging, 
process in g, storage and tran sp ortati on 
sys tems. Therm al properties like spec ifi c heat, 
thermal cond uctiv ity and th e rmal diffu sivity 
are essent ial for th e des ig n of dri e rs and 
pulve ri z ing equipm e nts . Knowl e d ge o f 
therm al prope rti es o f food substances is a lso 
essential in th e d es ig n of h ea t tra n s fe r, 
dehydrating and s te r i li z in g eq u ip me nts 
(Kaleemull aa h & Kailappan 2004). H ow ever, 
adequ ate infornl a ti on on mechan ica l an d 
therma l properti es o f g inge r is not ava ilable 
and hence thi s s tudy wa s und e rtaken to 
determin e th e m ec h an i ca l and th errnal 
properties o f g inge r. 

Materials and methods 

. d TI . nal propertIes were e e lmtn , . 
were de te rmIne. 1ell f ' econd ary and te rti ary finger rhI zomes 

properties like peel penetrati~'~~O~'~~ ~rt~~.I~Oa~: ~.70 Nand 0.65 N, res pec ti vel y; the peel Studies on de termining th e mechani ca l and 
increased from 0.45 N, 0.52 N, . d f· 2012 N 1986 Nand 17.56 N to 22.58 N, 21.21 N thermal prope rti es o f fres h and dry g inge r . f· e at rupture Increase 10 m , I ' I . d 
com pressIve OIC . f . 'red to penet rate throu gh pee Increa se were conducted atthe Co llege of Ag ri cu ltural 67 N' t" e ly and the cuttI ng orce lequl '.. f h d 
and 19. , Iespec IV, N 3271 N 28.93 Nand 28.16 N, res pec tI vely, In res an Engin ee rin g, Ta mil Nadu Agri cultural 
from 31.56 N, 27.68 Nand 26.57 . to t: lik'e specific heat, thermal conductivity and thermal University, COimba tore, d urin g janu ary 2009. 
stored ginger rhI zomes . Thelmal pI ope l les k ., K" 0 2916 W ny ' K"' and 0.8609 x 10.7 m' s·, and Freshl y ha rves te d g in ge r (cv. Himach a l) 
diffusivity for fre sh g ll1ge r w~rde 3566.87 J ~ 10010 ,;10is ture content were 1918.81 j kg" K"', obtained from Nem mara (Pala kkad Dis tri ct, the corres pondll1g va lues fO I I Y g ll1 gel a . K 

0.0760 W ny' K" ' and 1.7339 x 10.
7 

m' S" , res pec tIvely. . . erala) g rown in ra ised beds of s ize 4 m x 1 

;~~~~~~~~~~~~~~~~~~~~~~~~~~?!!:'b~.'1'ff~~~I~ ___ -===c--t--~' haDLes tecLa bou t 8 mo nths a fter planting Keywords: ginger, mecha mca l property, thermal property, Zingl er a ICIlIn e. during janu ary 2009 was used to dete rm ine 

the mechan ical and the rm al properti es of fresh 
var ies fro m pe rson to pe rson and th e need ginger. Dry g in ge r wa s obtained by Sun 
for quantification o f th e ap plied for ce for 

Introduction 

G · 1ger the rhi zome of Zi/lgiber officinale Rosc. 
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dry in g \he partially pee led ginge r. Si nce 
g inger is used as vege tab le, and is subjec ted 
to mechan ica l hand ling after harves t', i t wa s 
stored for 2 rnonf'h s under ambient conditions 
(ave rage tempe ra ture 34°C and RH 50%). This 
pe ri od was se lec te d as th e appea rance of 
ginge r re main ed fr es h till the e nd of thi s 
period afte r w hi ch shrinkage Occurred o n th e 
sur face, Sin ce mechani ccli opera ti ons lik e 
pee lin g, cut ting,. s li c in g and load in g for 
tra nsporta ti on a re done mos tl y for g reen 
g in ge r a nd not for fully dry g in ge r, the 
mechanica l properties were s tu d ied for fr es h 
and s tored g inge r. The th e rmal properties 
we re s tudi ed for fresh a nd dry rhi zomes. The 
moi s ture conten t· of fresh, stored and d ry 
g in ge r rhi zo m es was 82%, 75% and 9%, 
res pecti vely. 

Meclwllical properlies 

Mechani ca l prope rti es like firmness, cutt'ing 
for ce a nd co mpressive fo rce fo r fr es hl y 
harvested and s to red g inge r rhi zo mes were 
dete rmine d in a te x ture a nalyze r (S tab le 
Microsys tems, TA XT2i) und er tes t conditi ons 
sllmmari zed in Table 1. The rhi zo mes we re 
s plit into primary, second a ry and te rti a ry 
finge rs and th e mechani ca l properti es were 
de te rmined fo r each ca tego ry. The tes t was 
repli ca ted for three rhi zomes in each catego ry. 

Pene trati on test 

Pen e tra tion meas ur es th e firmn ess of 
rh izom es to es tim a te h arvest maturity O r 

post-harves t evaluation of firmn ess . Fo r 
II , f . t 

is ha rves ted a t different stages 0 matun y 
for processing into value-added produ cts. The 
fully matured crop is ready fo r harves t 111 

about 8 months after planting w hen the 
leaves turn ye ll ow, and s tart drying up 
g radually. The maturity of g inger rhI zo me IS 
al so ascertained by press ing the rhi zomes 
w ith the na il of thumb. The for ce exe rted by 
the thumb finger is felt by the p e rson who 
senses the ma turity of th e rhIz o me. ThIS 

va riou s post harves t opera ti on arI ses . 
Harves tin g of rhi zo mes is done manually 
with a spade o r by using a d igging fo rk and 
the clumps a re lifte d carefull y, and then 
separated from the d ried -up leaves, roots and 

Table 1. Test se ltings of tex ture anaty zer to determine mechani ca l properti es of g in ger rhizomes 

Test Pene trati on test Cll force tes t Compress ion les t 

lDe partm ent of Food and Agr icultural, Process 
Coimbatore-641 003, Tam it Nadu, Ind,a . 

ad he ring so il. 

Ginger, durin g processi n g is subjected to 
various handling operations Itke harvestIng, 
washing, pee ling, e tc. w hi ch ca uses dama;s" 
in the fo rm of spl its, punctures and b,u, s 

. d A .' tt . I Un ive rsity, Engineering, Tamil Na u g ll ClI lil a 

option 

test speed (mOl 5" ) 

speed (mm 5" ) 

speed (mOl 5" ) 

(nlln) 

force (g) 

P2N needt e 
Measu re force in 

compress ion 

Return to stnrt 

1. 0 
0. 5 
5. 0 
10 
10 
50 

HDP/ BSK blade 
M easure fo rce in 

comp ress ion 

Return to start 

1.0 
0. 5 
50 
20 
10 
50 

P-75 pl aten 

Measure force in 
compress ion 

Return to start 

1.0 

0.5 
5. 0 
5 

10 
50 
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measurenlent of firmness, the probe ca rri er 
of texture anal yzer was fitted w ith a 2 111111 

cy lindl' ical probe (P2N). Ginge r rhi zo mes 
were placed upon the flat plate of s ize 150 x 
150 min . The test was ca rri ed out at (l probe 
s peed of 0 .5 mm s·' . The ma xil11ul11 fo rce 
requi red to penetrate th e rhi zome surface to 
a depth of 10 mm was taken fro m the force 
deforlTlati on cu rve. 

Cu tti ng tes t 

Cuttin g tes t wa s ca rri ed out to determine the 
fo rce required to cut th e g inger rhi zome. The 
rhi zomes we re placed hori zontally upon the 
fla t p la te of tex ture ana lyze r and a probe 
ca rri e r fi xed wi th a HDP/BSK blad e se t was 
brought in contact w ith th e rhi zo me. Cutter 
speed of 0.5 111111 s" was used w ith 50 kg load 
ce ll. The load agains t depth of cut of 10 mm 
was reco rd ed co ntinuou s ly. ~wo p ea ks 
exhibited in the tes t are the for ce for cutting 
the peel and meat, respec tively. 

Compress ion test 

The rhi zome compression tes t simulates the 
co ndition of s t atic loadin g th a t g in ge r 
rhi zo mes can with s tand durin g mecha ni ca l 
handlin g and s to rage. Force d e formati o n 
characte ri s ti cs of rhi zo mes beyond the e la s tic 
limit I1Ut)' b e important to simulat e th e 
destru ct ion that oCCLIrs durin g brui si n g . 
Ginge r rhizome was placed h ori zontally uPQn 
the flat plate of tex ture ana lyze r and a probe 
ca rri er fi xed w ith a 65 mm diamete r flat plate 
was brought in contact w ith ginge r. A 50 kg 
load cell was used and compression force was 
app li ed a t a speed of 0.5 mm s·, to compress 
the rhi zome for 5 111m fro m the contact point. 
The firmn ess was ex presse d as the force 
required for compress in g th e rhi zome to a 
distance of 5 111m. 

Tilerll/al properties 

jnynsli rec & Visvrlllat/ulIl 

chan ge th e temperatu re of th e produc t and 
was cieterm ined by the method o f mi xtu res 
by equating the heat los t by the hot sample 
in wnter to th e hea t gained by wate r from 
th e hot sa mple (Ka lee mullah & Kailappan 

2004). 

Therma l conduct iv ity 

Therm al condu cti v ity is th e prope rty of a 
material describ ing its ab il ity to conduct heat. 
Thermal condu ctivity wa s de te rnli ned us in g 
the transient hea t flow method in a line hea t 
sou rce apparatu s similar to the one used by 
Sreenara yanan el al. (1988 ). 

Thermal diffu siv ity 

The rm al diffusi v ity is obta ine d as th e rat io 
of th e rm al conducti vity o f th e material to its 
vo lum e tri c h eat ca pa ci ty. The therm al 
d iff u s iv it y of fre s h and d ry g in ge r was 
calculate d u s in g the fo llowin g eq uati on 

(Mohsenin 1986): 

D = _ 1(_ 
,d C p x p 

Where 0 is th e th e rmal diffusivity, m' s" ; K 
I 1<1 

is the the rm al conductiv ity, Wn1" K-'; P is the 
bulk density of g inge r, kg n1' 3

; C" is the specific 
hea t of ginge r, kJ kg" K·' . 

Allalysis 

Th e m e cha ni ca l and th e rmal proper ties 
obtained were anal yzed by AGRES (Version 
7 .01, Pas cal IntI. so ftwar e so luti ons) 

stati sti ca l so ftware . 

Results and cii sc uss ion 

Mecilallical properties 

Pene tration tes t 

Thermal properties like specific hea t, thermal 
conduct ivit y and thermal diffus ivity we re 
determined for fresh and dry g inger rhi zomes. 

Pee l penet ra ti on for ce of primary, secondary 
and te rtiary fin ge r rhi zo m es of g inger 
increased from 0.45 N, 0.52 N and 0.51 N to 
0.60 N, 0.70 Nand 0.65 N for fresh and stored 
ginger rhi zo mes, respec tive ly (Table 2). ThUS 
during sto ra ge, th er e wa s an in c rease 10 

penetrative for ce and thi s va ri ed as 33.33%, Spec ifi c heat 

Speci fi c hea t is the property needed in the 
esti mation of an10unt of energy requi red to 

34.62% and 27.45% for primary, se . 
and te rtiar y fin gers, res pectiv ely. AnalySIS 
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Tab l e 2. Penetration force of fres'h. and ambient stored ginger (2 months) 

Category of rhi zome Fresh ginger Stored ginger Increase in value (%) 

Pee l M eat 

Prim ary fin ger 
Secondary fi nger 
Ter tiary fin ge r 

Rhi zo me catego ry 
Stora ge 
Rhi zome category x 
Storage 

Pee l 

0.45 
0.52 
0.5 1 

SED 

0.013 
0.Q11 
0.01'8 

M eat 

11 .73 
11.69 
10.95 

Pee l 
CD (0.05) 

0.029 
0.024 
0.041 

Pee l Me<lt 

0.60 11.92 33.33 1. 62 
0.70 11 .88 34.62 1. 63 
0.65 11 .82 27 .45 7.95 

Meat 
F SED CD (0.05) F 

20.89* 0.2 71 0. 589 1.61 (NS) 
207.03** 0.221 0.481 3.55 (NS ) 
1.21 (NS) 0.383 0.833 1.05 (NS) 

tt_Significnn t at 1 % level ; t - Sig nifi can t a t 5% level; NS=Non-s ig ni ficant 

variance indi ca ted that both ca tego ry of 
rhi zomes and s torage s ignificantly influenced 
the pene trative fo rce into the pee l of g inge r; 
howeve r their int e ra c ti o n was no n
significa nt. 

The meat p en e tration for ce for prim a ry, 
secondary and tertiary finger rhi zo mes 
increased from 11.73 N, 11.69 Nand 10.95 N 
to 11.92 N, 11.88 Nand 11.82 N for fresh and 
stored rhi z omes, res pe c tiv e ly. This 
corresponded to an increase of 1.62%, 1.63% 
and 7.95 % d urin g s torage; h oweve r thi s 
increase was non-s ignifi ca nt. Thus the 
~ategory of rhi zo m es, s torage and th e ir 
mteraction did not affect the pene trative force 
Into the meat of g inge r. 

!--r>mtng storage the loss of moi s ture from the 
peel is co ntinuou s ly re pleni s h ed by 
mOvement of moi s ture from the inne r co re. If 

thi s loss due to resp iration and transpiration 
goes unchec ked, th e fruit/ vegetab le shri vels 
up , th e firmn ess decreases a nd beco mes 
unmarketable. The value of penetrative force 
ind icates the firmn ess of the vege ta ble w hich 
in turn indicates the fre shness of the p roduce. 
Thi s property is important in des ignin g the 
peeling dev ices as it indicates that peeling is 
eas ier w he n the rhi zo mes are fresh and when 
d elayed , the re m ov al of pee l from g inger 
beco mes ve ry difficult. 

Co mpression tes t 

Th e rupt ure forc e is th e p eak for ce of 
compression tes t. The peel compress ive force 
at rupture for prima ry, secondary and terti ary 
finge r rhizomes increased fro m 20. 12 N, 19.86 
Nand 17.56 N to 22.58 N, 21.21 Nand 19.67 
N for fr es h and s tore d g inge r rhi zomes, 
respectively (Table 3). Thu s, during s torage, 

3. Compress ive force of fresh and ambient stored ginger (2 months) 

of rh izo me Fres h ginger Stored ginge r 

Pee l Meat Peel Meat 
20. 12 202.21 22.58 244.58 
19.86 191.63 21. 21 226.50 
17.56 169.97 19. 67 182 .63 

Peel 
SED CD (0.05) F SED 

category 0. 466 1.016 18.1 5* 4.723 
0.38 1 0.829 26 .88* 3.857 

category x 0.659 1.436 0.74 (NS) 6.68 1 

at 5% level; N S=Non -significant 

Increase in va lue (%) 

Peel M eat 

12.23 
6.80 
12.02 
Meat 

CD (0.05) 

10.293 
8. 404 

14 .556 

20 .95 
18. 19 
7.45 

F 

52.23* 
11. 78* 

5.34 (NS) 
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the compressive force o f g ingei' pee l increased 
signifi can tl y and thi s increase co rresponded 
to 12.23%, 6.80% and 12.02% for primary, 
seconda ry and terti ary finget rhi zomes. The 
va ri ation in compress ive force be tween th e 
ca tegory of rh izomes was a lso s ignificant; 
ho wever th eir interac ti on was found to be 
non-s igni fi ca nt . 

The g in ge r m ea t co mpressive force fo r 
primary, se condary an d te rti ary finge r 
rh izomes increased from 202.21 N, 19l.63 N 
and 169.97 N to 244.58 N, 226.50 N and 182.63 
N fo r th e fres h a nd s to re d r hizomes, 
res pec tive ly. The in c rease in g in ge r meat 
compressive for ce durin g s torage for primary, 
secondary and tertiary finge r rhi zo mes wa s 
20.95%,18.19% and 7.45%, res pecti vely. Thus 
the ca te gory o f rhi zo m e and s to rage 
s ig nifi ca ntl y influenced the mea t compressive 
force of ginger; however thei r in teraction wa s 
fo und to be non -sig nifi ca nt. 

Compression tes t s imu lates the co ndition of 
sta ti c loading, tha t a ny fruit o r vege tabl e can 
w ith s tand in n1 echani ca l handlin g an d 
s torage without bruis ing. The data is u se ful 
in the design of mecha ni ca l washers, pee le rs 
and a lso during th e bulk s torage of g inge r 
rhi zom es . 

Cu tti ng force test 

T he cuttin g for ce test was perfo rm e d to 

jnyasltree & Visvnlwthan 

d e termine th e force necessary to cut the peel 
and mea t o f g inger. The cutting force req uired 
fo r pe ne tr a tin g th ro u g h th e pee l of fres h 
primary, seconda ry and tertiary finge rs \·vas 
31.56 N, 27 .68 Nand 26.57 N and increased 
to 32.71 N, 28.93 N and 28. 16 N fo r s to red 
rhi zomes, respecti ve ly (Tabl e 4) . The cutting 
force of ginger peel increased durin g s torage 
co rres pon di n g to 3.64%,4.04% and 5.98% for 
primary, seco nda r y a nd te rti a r y fi n ger 
rh izornes. However, thi s increase in cutting 
force during storage was non-significant. The 
value of cu ttin g for ce thus ob ta ined indicates 
th e ma ximum fo rce need ed to cu t th rou g h 
the peel withou t injuring th e w ho le g inger. 
The data is u sefu l in the d es ign of mech ani ca l 
peele rs fo r g inge r. 

The cuttin g for ce required to penetrate the 
meat of fres h gi nge r primary, second a ry and 
te rti a ry fin gers was 13l.58 N, 124.85 Nand 
117.32 N a nd increased corres ponding ly to 
156.95 N, 137.97 Na n d 126 .27 N af te r 2 
month s o f stora ge . Thu s, th ere was a 
signifi can t increase in th e cu tting force of 
m ea t and thi s in crease co rre spo nd ed to 
19.28%, 10.5 1 % a nd 7.09% for prim a ry, 
seco ndar y and te rtiar y finger rhi zo m es . 
A nal ys is o f var ia n ce indi cated th a t the 
ca tego r y o f rhi zomes a lso influ e nced the 
cutting force o f rhi zomes s ig nifi ca ntly. This 
d a ta finds a n important app li ca ti on in the 

Table 4. Cutting force of fresh and ambi ent stored ginger (2 months) 

Ca tegory of rhi zome 

Prim ary fi nger 

Secondary finger 

Tertiary fin ge r 

Rhi zo me ca tego ry 

Storage 

Rhi zome category x 
Stor age 

Fresh ginger 

Pee l Meat 

Pee l M eat 

31.56 131.58 

27.68 124.85 
26.57 11 7.32 

Pee l 

SED CD (0.05) 

0.678 1.478 
0.554 1.207 

0.959 2.090 

"' '''Significant at 5% level; NS",Non-s ignificant 

Stored ginge r Increase in Yll lue (%) 

Peel M ea t Pee l Meat 

Pee l Meat Pee l Meat 

32.71 156.95 3. 64 19.28 

28.93 137. 97 4.04 10.51 

28. 16 126.27 5.98 7.09 

Meat 

F SED CD (0.05) r 
27.75' 3.072 6.695 26.92' 

5.77 (NS) 2.509 5.466 39.72' 

0.06 (NS) 4.346 9.468 3.85 (NS) 

Mechnllicnl nll(i tlle ~' l/lnl properties of g~lIge r 

development of mechan ica l s licers for 
produc ing g inge r flakes. 

Therllln! propert ies 

Specific hea t 

The speci fi c heat of fres h ginge r was 3566.87 
J kg' I K·I and d ecreased to 191 8.81 J kg' I K·I fo r 
dry g inger (Tab le 5). The re was a s ignificant 
d ec rease In s pec ifi c h ea t of fre s h g in ger 
rhi zo m es af te r dryin g and th e de crease 
co rrespond ed to 73.94% of th e initial valu e. 
The da ta on spec ific heat is useful in th e des ig n 
of dne rs and fo r the rmal processing o f g inger. 

The rm a l conductivity 

The th ermal conductivity of fresh g inge r was 
0.2916 W m·1 K·I a nd decreased to 0.0760 W 
m·1 K·I for dry g inge r (Tab le 5) . There was 
significa nt decrease in therm al ~ond u ctiv ity 
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The data ob tained on mechanical properti es 
o f fresh and s tored ginge r rh izomes are usefu l 
111. th e design o f mechanical washers, peelers, 
s l.lce rs, e tc. Da ta on th e rm a l p ro pe rti es of 
g ll1ge r fll1ds ItS app lication in th e d es ig n of 
dnel s and dUrJn g th e rmal process ing of 
g inge r. 
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Table 5. Thermal proper ti es of fresh and dry ginger 

Category 

Thermal conduct ivity (W m·l K·l) 

Specific hea t (J kg·1 K·I) 

Thermal diffu siv ity (m ' Sl) 

Therm al conductivity 
Specific heat 

Thermal diffu sivity 
"·Significant at 1 % level 

Fresh ginger 

0.29 16 
3566 .87 

0.8609 x 10" 

SED 

0.007 
93.54 

0.000000016 

Dry gin ge r 

0.0760 
1918.81 

1.7339 x 10" 

CD (0.05) 

0.193 
259.70 

0.00000002 

Increase/d ecrease 

in va lue (%) 

(-) 73.94 
(-) 46.21 

(+) >100 

F 

959.80" 
310.45" 

381.26" 

~f ginger af te r dry ing w hi ch correspond ed to 
6,21% The d t I I \t : a a on t lerma conducti Vity is 

Mohsenin N N 1986 Phys ical Properti es of Plant 

and Anima l M aterial s. 2nd Edn. (Revi sed) . 

Gordon and Breach Sci ence Publishers 
New York . 

seflll 111 the d' f . eSlgn 0 dne rs and for the rm a l 
of ginger. 

I diffu sivity 

thermal d' ff " I USIVlty of fresh g inger was 
X}O" Ill ' S·I and increased to 1.7339 x 
s for dry g inge r (Tab le 5). 

Sreenaraya nan V V, Vi swani1 th an R & 
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