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Abstract 

Mechani ca l properties of fresh and s tored (unde r ambient conditions for 2 mon ths) ginger 
rhi zo mes (Zingiber officinale) (cv. Himachal) necessary for the design of processmg macll1nenes, 
were determined. The rmal properties we re determined for fresh and dry g mge r. MechaIl1 ca l 
prope rti es like pee l penetration force for primary, secondary and te rtwry fin ger rhizom es 
increased from 0.45 N, 0.52 Nand 0.51 N to 0.60 N, 0.70 Nand 0.65 N, respectiv ely; the peel 
compressive force at rupture increased from 20.12 N, 19.86 Nand 17.56 N to 22.58 N, 21.21 N 
and 19.67 N, respective ly, and the cutting force required to penetrate through peel mcreased 
from 31.56 N, 27.68 Nand 26.57 N to 32.71 N, 28.93 Nand 28.16 N, respectivel y, m fresh and 
s tored ginger rhi zomes . Thermal properties like specifi c heat, thermal conductivity and thermal 
diffusivity for fresh g inger were 3566.87 J kg" K", 0.2916 W m" K" and 0.8609 x 10 ' m ' s' and 
the corresponding values for dry ginge r at 10% moisture con tent were 1918.81 J kg" K ', 
0.0760 W ny' K" and 1.7339 x 10.7 m' s", respectively. 
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Introduction 

Ginger, the rhizom e of Zingiber officinale Rosc. 
is harves ted at different s ta ges of maturity 
for processing into value-added products. The 
fully matured crop is ready for harves t in 
about 8 months after planting when the 
leaves turn ye llow, and s tart drying up 
g radually. The maturity of ginger rhi zo me is 
also ascertained by press ing the rhi zomes 
with th e nail of thumb. The force exerted by 
the thumb finger is felt by the person who 
senses the maturity of the rhi zom e . This 

vari es from person to perso n and the need 
for qu antifi ca tion of the ap pli ed for ce for 
various post har vest operation ar ises. 
Harves ting of rhi zomes is done manually 
with a spade or by us ing a digging fork and 
the clumps are lift ed ca refu ll y, and then 
separated from th e dried-up leaves, roots and 
adhering so il. 

G inge r, during processing is subjected to 
various handling operations like 
washing, peeling, e tc. which ca uses (la 'I<"I;" 
in the form of sp lits, punctures and bn.,ise's. 
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Further damage i:s a lso ca u sed when it is 
raked, pi cked, loa d ed and tran spo rted to 
di s tant places b y trucks wh ich also cause 
various chan ges in phy s ico - nl ec h a ni ca l 
pro pe rti es of ginger . Data on mechani ca l 
properti es are thus im portant in the adoption 
and d es ign of various handling, packag ing, 
processing, s tor age and transpo rt ation 
systems. Therm al prope rties like specific heat, 
therm al conductivity and the rmal diffu s ivity 
are essent ia l for the desi g n of driers and 
pul ver iz ing eq uipm ents . Knowledge of 
therm al properties of food subs tances is al so 
essential in the desi g n of heat transfer, 
dehydrat in g a nd s te rili z ing equipments 
(Kaleem ull aa h & Kailappan 2004). H owever, 
adequate inform a ti o n on m echanical and 
thermal properties of gi nger is not available 
and hence thi s s tudy was undertaken to 
determin e the m echanica l and th e rm a l 
properties of gi nger. 

Materials and methods 

Studies on determining the mechanica l and 
thermal properties of fresh and dry g inger 
were conducted at th e Co ll ege of Agr icultura l 
llngineering, Tamil Nadu Agr icultural 
University, Co imbatore, during January 2009. 
Freshly harves ted ginge r (c v. Himachal) 
Qbtained from Nemmara (Palakkad Dis tri ct, 
;l.<erala) grown in ra ised beds of s ize 4 01 x 1 

harvested about 8 months after planting 
2009 was used to determine 

and thermal properties of fresh 
g in ger was obtai ned by s un 
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drying th e pa r tial ly peeled ginge r. Sin ce 
g inge r is L1 sed as vege tab le, and is subjected 
to mec hani ca l handling a fter harvesC it was 
stored for 2 months unde r ambient conditions 
(average temperature 34°C and RH 50%). This 
pe riod was se lec te d as the a ppea rance of 
g in ge r rema in ed fres h till th e end of thi s 
peri od afte r w hi ch shrin kage occurred on the 
surface. Sin ce m echani ca l ope ra tions like 
peelin g, cutt ing, s li cing and loadi n g for 
tran s portation are done most ly fo r g ree n 
g in ge r and not for full y dry g in ge r, the 
mechani ca l prope rti es were st udi ed for fresh 
and s tored gi nge r. The thermal prope rti es 
were s tudied for fre sh and dry rhi zomes. The 
moi s ture content o f fresh, s to red and dry 
g in ge r rhi zo m es was 82%, 75% and 9%, 
respectively. 

Mechallical properties 

Mechan ical properti es like fi rmness, cLltting 
forc e and compre ss ive for ce for fresh ly 
ha rves ted an d stored g inger rhi zo mes we re 
determined in a texture a nal yze r (Stabl e 
Microsys tems, TA XT2 i) under tes t cond iti ons 
summari zed in Table 1. The rhi zo mes we re 
split into primary, second a ry a nd te rti a ry 
finge rs and th e mechani cal properties were 
d ete rmined for each category. The test was 
replicated for three rhi zo mes in each ca tego ry. 

Pene tration test 

Penetration m e asures the firmn ess of 
rhizomes to es timate harv est maturity or 
pos t-harvest eva lu ation of firmn ess . For 
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