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ABSTRACT 

Ginger, an underground rhizome, is valued as a spice and is nsed in both dry and fresh form. The process of peeling 
is labour·intensive and is a time·consuming operation in post-harvest handling of ginger done manually by women 
laboUl'. To reduce time and labour requirement, a mechanical ginger peeler having a square mesh drum was developed. 
Peeling trials were conducted for varying drulllioads (6kg, 8kg and 10k g), varying drulll speeds (3SrplII, 40qnll and 
45rpm) and for different peeling durations (5 min, 10 min and 15 min). Optimum machine parameters for maximum 
efficiency were: drnlllioad of 8 kg I,er batch, ollerated at drulll speed of 40rpIII for peeling duration IS lIIin. Peeling 
efficiency and lIIaterialloss at OlltilllulII conditions were deterlllined to be SS.60% and 4.68 %, respectively. Dry 
ginger obtained after mechanical peeling was found to contain essential oil at 2 %, oleoresin 4.6%, moisture content 
9.82% and crude fibre content 2.S%. 
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Ginger, the rhi zome of Zil/giber officiI/ale Roscoe, 
one of the mos t wi de ly used sp ices of the famil y 
ngiIOer:aceae. lndia is the largest g inger producing country 
thAwr,.!" with annual production of7,95,028 to ns from 

of 1,38,479 ha recorded in 2008-09 (Spices Board 
2011) . Other important ginger-producing countries 

n onesia and Nepal. During '2008·09, India 
5000 tOlllles of g inger valued Rs. 3,482.5 lakh to 

importing countries like Bangladesh, Saudi Arabia, 
Spain, Morocco, etc. 

" ;,,un:g, in the case of gi nger, is an important unit· 
where full y mature rhizomes are scraped with 

. having pointed ends, to remove the outer skin 

to accelerate the drying process. Deep 
With knife needs to be avoided to prevent damage 

cells present just beneath the oute r sk in . 
y ..... ,,'" results in reduction of essential oil content 

Peeling in ginger is a highly laborious and 
operation that needs to be done immediate ly 

Peeled rhi zomes are washed before drying. 
is valued for its aroma, flavour and 

2005). 

dried gingers a re usuall y rough·peeled or 
O'I""'<'U to Jamaican g ingers, which are clean-

peeled. The rhizomes are peeled or scraped o nly on the flat 
side and much of the skin between the fin gers remains intact. 
Thi s is know n as rough o r unbl eached ginger and bulk of 
the g inger produced in Kerala is of this quality. Kerala 
accounts fo r over 60% of the total dried ginger produced 
and about 90% of India 's g inger export trade (Madan, 2005). 
S in ce g in ge r is a n important crop of co mmerce, 
mechani zatio n in vario lls handling operations is of urgent 
need. Hence, the present study was undertaken to develop 
a mechanical peeler for partial peeling of ginger and to 
evaluate its peeling efficiency. 

MATERIAL AND METHODS \ 

Studies on mechanical pee lin g of g inger were 
conducted at the College of Agricultural Engineering, Tan)il 
Nadu Agricultural University, Coimbatore in January 20 9 
using a square· mesh drum g inger' peele r developed at tl e 
university.The ginger peeler developed (Fig. 1 and 2), consi ts 
of a peeling drum of size 700 x 500 mm, fabricated usi 19 
mild steel square-mesh having mesh openings of size 16m 7' 
x 16mm. The square· mesh drum enabled g inger skin remov'\~ 
due to abrasion, and facilitated perforation of the peeled "'
sk in to along with water into the wash· water tank . The 
square· mesh drum was welded on both sides to a c irculan 
mild steel flat -frame size 20 mm width x 5 mm thickness. 
On ei ther side of the mesh·drum, mild steel sheet co~~fs '<'if 
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Fig 1. Square~mcsh drum ginger peeler 

20 SWG were welded on to the circular fra me to cover 

side openings. O n the surface of the drum, an opening of 
size 390 mm x 390 mm was provided so as to feed the 

material. The opening was provided with a door of390 mm 
x 390 mm to load and unload which could be closed with a 

self-locking, lever type lock. 

A hollow, galvanized-iron shaft was used to mount 

the pee ling drum. Diameter of the holl ow shaft was 

determined using the following formula [considering that the 
shaft for ginger peeling unit is subj ected to bending and 

torsion only, and the ax ial load acting on the shaft is zero 

(Khurmi and Gupta, 2006)]. 
rc-------cc;--;---" 

d: { t6 . X~(K ,M,)'+ (K,M,)' 
10-1,-- ' [t] I - (~ : ) _._ .. _.1 ____ _ 

where, 

d is diameter of the shaft, mm; P is ax ial load, N; M, 
o 

is twi sting moment , N mm; M, is bending moment, N mm; 

[1] is design shear stress, N mm" ; K, is combi ned shock 

and fatigue factor applied to M,; K, is combined shock and 
fatigue factor applied to M,; 1 is shear stress, N mm-' ; q,is 

bending stress, N mm-'; a is column action factor. 

For revolvi ng shaft with gradual loading, values for 

K =1 5 K=I and [1] = 56 Mpa = 56 N mm' b . , t 

i. Torque trall slllilled to the peelillg drum 

The peeling drum was manually operated. Considering 

human energy to be 0 . 1 hp (Sahay, 2006), torque transmitted 

to the drum by manual rotation at a maximum speed of 50 
rpm was calcu lated using the following formula: 

.lr.~n '2 1t N T ... ... 2 
gil (.'1') '{(, 60 ' 
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Fig 2. Schematic diagram of the ginger pecicI' developed 

where, 

hp is horse power transmitted to the peeling drum ~I 
(746 W), N is speed of the peeling drum, rpm, T, IS 

transmitted, Nm. 

Maximum rotational speed of the peeling drum 

= 50 rpm 

74.6X60 
Hence,Torque transmitted~ - 14.25 N m = 

2X3. 14X50 

Hand-operated ginger peeler 

·i. Bending lIIolllent of tlte sltaft I 

, 
t 

The bending moment was ca lcul ated by tak ing into 

accou nt load acting on the drum . Assum ing that Mass of 
he peeling drum = 20 kg , Mass of g inger to be pee led = 10 
kg per batch, Tota l Mass = 30 kg. 

, 

, 

Mass of the pee ling drum and g inger was considered 
as a uni forml y-d istri buted load ac ti ng over a span-Iengl h o f 

0.92m. Th is was co nverted into equi valenl point load acting 

at the centre o f the shaft. Bend ing moment diagram fo r the 
shaft is show n in Fig . 3. 

Consid e rin g that th e shaft is s im ply s uppo rt ed , 

maximum bendi ng moment occurs at the centre of the shaft , 
and is calculated as (PSG, 1988) : 

PL 
M'=~4 .... 3 

300 x 920 
M,~ ~ 4 69,000 N mm 

d 
Assuming d; and substituting a ll the values in eq uation 

(I). d; is calcul ated as: di = 17350.78 

Hence, do = 25.88 nll11 ~ 26 nll11 

However, the shaft se lected for fabri cation of the 

peeler had an oute r and inner diamete r of 33 and 27 mm , 
respectively, and a lengt h of 1540 mm. 

Two bushes of 40 mm length , 27 mm inner diameter 
and 33 mm outer diameter were welded at the centre o f the 

\ WUm-cover on ei ther s ide. T he bush was re inforced with 
spokes made of mild-steel nats s ized 230 mm length x 

mm width x 5 mm thickness, radiat ing from the cent re 
the outer surface, and , welded on both the-side-

A fabri cated V-block made of mild-stee l flat sized 40 

77 

mm width x 6 mm th ickness to a he ight of 40 mm rests on 
the ou te r fram e of wate r-ho lding tank . T he shaft wit h the 
drum was supported by the V- block. 

T he wate r-hold ing tank was fabri cated from mild

stee l sheet of 20 SWG thickness to a s ize of 820 mmlength , 
770 mm width and 450 mm depth. The top of the tank was 

welded with a frame made of ang le section of size 32 x 32 
x 3 mm thi ck ness. The frame of the tank support s the Y

block which, intul"ll , supports the shaft and the drum. 

A 250 mm long handle was prov ided at one end of 
the ho ll ow shaft to rotate the drum manually. 

Two 'A' shaped frame supports made of mild stee l 
nat of size 25 mm x 6 nll11 were fastened to the wate r

ho lding tank by bolt and nut. Each A-frame was 50 111m 
wide at the top, 550 mm wide at the bottom with a height of 
830 mm. On the top o f each ' A' frame, V-block support of 
height 100 mm made of mild-steel nat of size 25 x 6 mm 
were provided to rest the drum during unload ing . A mild

steel drain pipe of 35 mm diameter was provided at the 
bottom of the tank and ex tended outside fo r remova l of wash 
water. 

Ex periments on peeling of ginger were conduc ted till 

adeq uate peeling of g inger was obta ined in a ll the tri a ls. A 
three- factor, compl e tely randomi zed block des ig n was 

fo llowed to determine the effects of drum capaci ty, rotati onal 

speed and peeling duration on peeling effi ciency and materia l 
loss in g inger. Peeling experiments were conducted for three 

varying drum capacities (6, 8 and 10 kg), for three diffe rent 
rotational speeds (35 , 40 and 45 rpm) and for three peeling 

duratio ns (5, 10 and 15 min .). All the experiments were 
repli cated thrice. 

Q uality of the peeled g inger was evaluated in terms 
o f peeli ng efficiency and mate rial loss. To assess qua lity, a 

sample of 10% of the total weight was taken. T he skin on 
the surface of the g inger was manuall y peeled and collected . 

Weight of the g inger skin before peeling was assessed in a 
fres h sample by manua ll y separating the skin from g inger. 

Peeling effi c iency and material loss was evaluated as follows 
(A li et ai, 199 1): 

11 , ... .4 

where, 

l],i s peeling effi c iency of ginger (%); M L is mate rial 
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loss of g inger (%); W TS is theoreti cal weighl of the sk in on 
fresh ginger (g); W pis weight of the skin removed by hand
trimming after mechanical peeling (g) ; W , IS tota l. weight of 
ginger before pee ling (g); W, is tota l weight of g ll1ger after 

mechanical peeling (g.) 

I . csh Ii 4225% to 4 1.49% as drum load in creased from 6 kg to 10 T bl J SIJecil'ications of manually-operalc( S(lllal c m ru. . . . 
" c . . kg at a d rum speed of40 rpm for 10 min peelll1g duratlon glllgcr pecici 

S No Componenl .... , 
SIJcc ificalions (Fig. 4c). But, as drum speed increased from 35 rpm to 

Quali ty of dry g inger was es timated in terms of 

essenti al oils by AOAC (1975) method, o leoreS in by ASTA 
( 1968) method, moisture content by ASTA ( 1968) method, 
and a mount of crude fibre was determ ined by the method 
of Sadasivam & Manickam ( 1992). 

Data on peeli ng effic iency and materi a l loss was 

analyzed usingAGRES (Version 7.01 , Pascal Int i software 
solutions) statistical software. Multiple regressIOn model s 
were predicted us ing Essential Regression (version: 2.2 1) 

statistical software. 

RESULTS AND DISCUSSION 

A square-mesh drum ginger peeler was developed. 
Design spec ifi cations of the peeler developed are presented 
in Table I. 

Experiments o n mechanical peeling of ginger were 

conducted by varying drum load for various peeling durat ions 
(Fig. 4a). As drum load increased from 6 kg to 10 kg for 
peeling duration of 10 min, peeling efficiency decreased 

from 40.15% to 38.15%. But, for a given drum-load of 6 
kg, as peeling duration increased from 5 min to 15 min, peeling 
e ffi c iency increased from 34. 12% to 51.23%. Pee ling 
efficiency thus decreased with increase in drum-load , and 

increased with increase in peeling duration. 

As drum speed varied from 35 rpm to 45 rpm, fo r 
peeling duration of 10 min at a constant drum load of 8 kg, 

pee lin g efficiency increased from 39 .86% to 44.56% 
(Fig.4b). 

A decrease in peeling effici ency was observed with 
increase in drum-load. Peel ing efficiency reduced from 

60 80 
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Diamctcr 
Mesh opening sizc 
Side covers of the drum 
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Door 
End support for mesh 
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Materia l 
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Statisti cal ana lysis showed that Ih e effec t of a ll 

independent variables like drum load, drum speed and peeling 
duration were hi ghly significant (p<O.O I ) in determining 

Peeling e ffici e ncy of g in ge r in th e mechani ca l pee ler. thick 
M ild steel sheet 20 SWG 

390 x 390 llltll However, interac tion s between independent vari ables were 

390 x 390 111111 non-sign ifi cant. Singh a nd Shukla ( 1995) reported that duri ng 
Mi ld-steel rI at abrasive peeling of potatoes in an abrasive drulll - type peeler, 
ofsize20x5rnm ff' . . d' I ' S"I I I' peeling e IClency Increase WI!, tlln e . "'" ar y, pee Ing 
H II I '· c I irolJ p' efficiency increased w ith increase in drum speed . However, o ow, ga valllz · (Ipe .... . 

33 mm in the case of IIlcreaslllg m atenal load III the peeler, th iS 

27 1Jl1Jl Irend was not seen beyond 6 min of peeling. Thi s was so 
1540 IJlIJl because, at the init ia l stage, peeling occurred on ly on the 

oUler surface of potatoes. But , as peeling continued beyond 
6min, at higher batch loads some potatoes were over-peeled 
while some ot her were under-pee led. 

Mi ld-s teel pipe 
40 x 33 x 3 I11Ill 

Mi ld-Sleet 20 SWG Ihick shtf 
Material loss during ginger peeling decreased from 

2.45% to 2.28% (Fig. 5a) as drum load increased from 6 kg 
1010 kg for peeling duration of 10 min and drum speed of 
35 rpm. But, for drum load of 6 kg and drum speed of 35 
and rpm, the peeling duration in creased from 5 min to 15 

min, material loss increased from 1.29% to 4.58 %. Materia l 

820 x 770 x 450 mm 
Mi ld-steel L-angle 
of s ize 32 x 32 x 3 mill 
MS rIat , 40 x 6 mm 
45111 111 

Mild-s teel fl at 
of s ize 25 x 3 111111 
250 mill 

Mi ld-s teel nat 
of size 25 x 6 mm 
830 x 150 x 550 111111 

Mild steet rIat 

40 111111 

Mild-steel pipe 
Diameter 35 mill 

"- " 
0-

-0 

- 0 

-0 

Ihus decreased w ith increase in drum-load and increased 
increasing peeling duration. 

Material loss was also found to increase as drum speed 
f8/l1~pe'elil,g duration increased . Material loss increased from 

to 1.49% as drum speed increased from 35 rpm to 
-!thrlm (pig. 56. ut, al a drum speed of 45 rpm , as the 

duration increased from 5 min to 15 min , materia l 

increased from 1.2 1 % to 4.51 %. 

Decrease in materia l loss was observed with increase 

6 
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7 9 " 32 36 

in drum load. Materia l loss reduced from 2 .58% to 2.33% 

as drum load increased fro m 6 kg to 10 kg at a drum speed 

of 40 rpm fo r 10 min peeling dura ti o n (Fig. 5c). But , as 
drum speed increased from 35 rpm to 45 rpm at a drum 

speed of6 kg and peeling duration of 10 min , materi a l loss 
increased from 2.45% to 2.75%. 

Signifi cance of the e ffec t of drum- load, drum-s peed 

and peeli ng duration on mat eria l loss was stat isli ca ll y 

analyzed. It was observed Ihat materia l loss was s ignifi cantly 

in flue nced by drum load, drum speed, peeling duration a nd 

by interacti ons belween independent variables. Peel loss in 

potatoes in an abras ive drum peeler was eva luated by S ingh 

and Shuk la ( 1995) who reported peel loss to vary from 3.80 

to 10.37 % for batch- load varying from 5 kg to 20 kg, time 

varying from4min to 10 min and speed vary ing from 30 to 

50 rpm. Peel loss increased linearly with peeli ng time, drum 
speed and loading inte nsity. 

Relationsh ip be tween pee ling efficiency ('1,) and 
material loss (ML) for various drum loads (L), drum speeds 

(S) and peeling duration (T) in a square-mesh drum peeler 

was predicted by multiple regress ion models as follows : 

'1. = 16.4 1 + I. 156T + 0. 229 S 
T S - 0.046 17 T L+ 0.00475 S L 

0.250 L + 0 .02683 

... (6) 

(R'=0.97) 

ML = - 1.05 1 + 0.443 T + 0.0099 S - 0.174 L - 0.00 17 T S _ 
0.0066 T L+ 0 .005 17 S L ... (7) 

(R'= 0.96) 

From equation (6), it is evident Ihat peeling efficiency 
was pos iti vely corre lated wil h peeling duration and drum

speed and negat ively correlated with drum load. Coeffi c ients 

of independent variables indicated that in flue nce of peeling 
dural ion was the highest, followed by drum load and drum 

speed. Equal ion 7, explains that material loss was posit ively 

" " 
a a 

0 0 
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~ " "* ~ 2.4 ~ "0 
.~ 

" :E 
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40 44 48 7 9 " I ---o- S min -D- IOmill --i:r-- 15 min I ---0-- 5 min ---Q--- 10 min ---fr- 15 min Drum speed, rpm Drum load, kg 

Fig.4b 

Fig. 4 Pccling efficicncy in square mesh drum ginger peelcr for varying 

a. Dru m load & Peeling duration, b. Drum Spced & Peeling duration, 
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~Il!.<:~~'!!.'.~~~~~~~~~;'::;:;;-::;;;;;:;:;:::;:-----------------::J~~~~====:J S/lort comlllunication 
SE 

Tnblc 3. QU:llity of IIlcchanicHlly peeled ginger 

Constitll ellt Va lue (%) 

Essenti al o il s 
Oleoresin 
Moisture 
Crudc fibre 

2.0 
4.6 
9.82 
2.5 

0.48 
0.48 
0.48 
0.84 
0. 84 
0.84 

corre lated with peelin g durati o n and drum speed , and 
negati vely corre lated with drum-load. The coeffici ents of 
independenl variables indicaled Ihat influence of peehng Illne 
was highesl, followed by drum load and drum speed. 

Analysis of variance for linear regressio n model. to 
dete rmine peeling effi c iency indicated Ihat Ihe regreSSIOn 
model was highly significant (p <0.0 I) as ev ident fromlhe 
F-value calculaled ( 11 8.27) and R' value (0.97) . Anal ysIs 
of variance for linear regression model to determine material 
loss describes that the regression model is highly signifi cant 
(p<O.OI) as observed from the F-value (40.55) and R' value 
(0.96). Hence, the mode ls developed were adequat~ 10 
describe the re lationship bel ween all treatment comb111a110nS 
of drum-load , drum speed and peeling time with respect to 
peeling effi c iency and material loss of ginger in the square-

- mesh drum mechanical peele r. 

The result o f tria ls conducted on mechanical peeling 
of g inger, have re veal ed that peelin g o f g inge r was 
associated with material loss . For production o f dry g 111ger 
of cOlllmercial gracie, it is necessary to minimize materi al 
loss so that the quality is not affected. Maximum output 
from the peele r was obtained at a drum -load of 8 kg for 
drum speed of 40 rpm and for peeling duration of 15 min. 
At these conditi ons, peeling of g inger was suffic ient to 
produce commercial grade dry ginger. Peeling effi c iency at 
optimum machine parameters was 55 .60% and maten alloss 
was 4 .68%. Qualit y o f the sun-dried ginger obtained at 
optimum o perating conditio ns of the square-mesh drum 
g inger pee le r was de te rmined and was found to have 
essentia l oils at 2%, oleoresin 4 .6%, moisture content 9.82% 
and crude fibre content of 2.5% (Table 3). 

112.36** 0.76 0.Q38 

952.82** 0.76 0.038 

4743.75** 0.76 0 .Q38 

12.08** 0. 13 0.066 

46. 11 ** 0. 13 0066 

17. 10** 0. \3 0066 
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ABSTRACT 
A study was conducted to assess agronomic performance and hcriinuilit)1 estimates among dilierent cultivars of 

apple in district i'ulwama of Kashmir valley. l\I'enty cullil'ars aged 20 to 22 years were selected for the present 
study. Data wcrccollccted on ph)lsical and chemical characters offrllit and yield of the tree. Results revealed that 
'Red Delicious' (315.43kg) and Ambri (31OAOkg) Difenoconazoled highest yield among all the cuitil'ars. Red 
Delicious apple recorded maximum fruit weight (182.63g). maximum T55 (16.35 %) and total sugars (12.11 %) 
with least acidity (0.07 %) was recorded in Ambri apples. All the characters studied showed high heritability 
estimates except for cropping efficiency (61.06 %) which scored least heritability. Length (0.843) and breadth 
(0.854) of fruit positively and significantly con'elated with weight of the fruit. Acidity was negatively correlated 
with all other biochemical characters. 

Key words: Heritability, correlation, va rietal assessment , apples, cropping effi c iency 
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Padmakumari , K.P., Sumalhlkutty, · of Pul wama di stric i in South Kashmir. 

Arumughan , C. 2002. Fresh fl avoured were carried o ut during 2008-09 in 

oleores in. Spice India, IS : 15- 19 orchards o f Sho pian a rea of the di stri c t. The 

(MS Received 07 Febmary 20 12, Revised 12 April 201 2) 
20 culti vars were selected , viz., Stark 's Earliest, 

Tropica l Beauty, Orange Sweet, Galia Beauty, King Dav id, 

Black Ben Dav is, Parlins Beauty, Earl y Shanburry, 1~1mma , 

Ro me Beauty, Benoni , Lord Lambourne, Lax ton's Superb, 

Cox's O range Pippin , Red Go ld , Am eri ca n Apiro uge, 

Sta rkrim so n, Red Deli c ious. Sunheri and Ambri . The 

experiment was laid out in Complete ly Rando mi zed Block 

Design (CRBD) with Ihree replicati ons. Pl ants ra ised on 

seedling rooiSlock with a spacing o f 5 x 5m aged 20 to 22 

years were se lected for the study. Fo ur re prese nta ti ve 

branches fro m eac h treatment in each repli cati o n were 

se lected randoml y in the four directio ns of tree canopy to 

ensure prec ision. Data recorded for yie ld effi c iency was 

cal culated as per Westwood ( 1993) and ex pressed in kg/ 

cm2 Other yie ld and fruit characters like yie ld per plant 

(kg), fruit weight (g), fruit length (mm), fruit breadth (mm) 

and biochemical analysis, viz., TSS ('Brix) were recorded. 

Acidity (%), reducing sugars (%), tota l sugars (%) and TSS/ 

acid ralio were estimated according to Ranganna ( 1979). 

Dala Ihus o btained were analy zed fo ll owing slandard 

procedures (Panse and Sukhatme, 1995). Coeffi c ient o f 

vari ability was calculated as per Burton and DeVane ( 1953) 

while heritability, genetic advance and genetic gain were 

calcul ated as per Johnson et al ( 1955). 
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