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ABSTRACT: Cit rus is of high im por tance in ag ri cul ture now days and a sub stan tial source of
in come for the pro duc ing coun tries. Phys i cal and fric tional prop er ties of fruits as well as oranges
are im por tant for de sign of post har vest han dling and pro cess ing ma chin er ies. The pres ent work
was un der taken to de ter mine the spa tial di men sions, equiv a lent di am e ter, sphe ric ity, weight,
vol ume, spe cific grav ity and co ef fi cient of fric tion of Phule Mosambi and Kinnow or Tan ger ine
(Cit rus reticulata). The av er age equiv a lent di am e ter, sphe ric ity, weight, vol ume and spe cific
grav ity for Phule Mosambi was 65.68 mm, 0.96, 165.14 g, 170.31 cm3 and 1000.5 kg/m3 and that 
of Kinnow fruits was 66.44 mm, 0.95, 156.71 g, 146.97 cm3 and 1086 kg/m3. The av er age
co ef fi cient of fric tion over ply wood, alu minium and mild steel was 039, 0.43 and 0.45,
re spec tively for Phule Mosambi and in case of  Kinnow it was 0.36, 0.41 and 0.42, respectively.
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Phys i cal prop er ties of fruits are im por tant for
de sign of var i ous post har vest han dling and
pro cess ing ma chines. Gen er ally fruits are graded
on the ba sis of size, shape, col our, weight and
me chan i cal dam age. The knowl edge about phys i cal 
prop er ties of fruits is very im por tant for pack ag ing
and trans por ta tion of high value pro duce such as
or ange. The most com monly used pack ag ing type
in the trans por ta tion and ex port of fruits is the
tele scopic, multi layer tray car ton. In this pack ag ing 
each layer of fruit has to sup port some of the weight 
of the car ton and the car tons above in a pal let. Any
over sized fruits in a tray will re ceive more pres sure
and any un der sized fruit will not carry their share of 
the weight thereby caus ing bruis ing of fruit in the
tray. The fric tional prop er ties of fruits are im por tant 
for spe cific de sign prob lems of fruit han dling
ma chines where there is rel a tive move ment of fruits 
and ma chine. The co ef fi cient of fric tion of fruits
with re spect to ma te rial in con tact has sig nif i cant
ef fect on the skin injury caused to the fruits by

machine while handling and transportation.

The phys i cal prop er ties such as ma jor,
in ter me di ate, and mi nor di men sions, unit mass,
vol ume, sphe ric ity, and den sity of dif fer ent
va ri et ies of or ange were de ter mined and re ported

by Flood et al. (1) and Miller (3). There is very
lim ited data avail able on phys i cal and fric tional
prop er ties of Kinnow and Phule Mosambis. The
ob jec tive of this pa per is to de ter mine the spa tial
di men sions, equiv a lent di am e ter, sphe ric ity,
weight, volume and specific gravity of Kinnow and

Phule Mosambi fruits.   

MA TE RI ALS AND METH ODS

Fresh 100 fruits each of Phule Mosambi and
Kinnow, se lected ran domly and phys i cal and
fric tional prop er ties, were de ter mined. The fruits
were clas si fied as grade I (³ 200g), grade II
(150-200 g), grade III (100-150 g) and grade IV (£
100 g) and com par a tive anal y sis of phys i cal

prop er ties was car ried out for both the varieties. 

Weight of the fruit

In di vid ual or ange and Kinnow fruits were
weighed on dig i tal elec tronic top pan bal ance of 
make Osaw In dus tries Ltd. (500 g ca pac ity) hav ing

least count of 0.01g. 

Spa tial di men sions

The spa tial di men sions of the or ange fruits
such as length of ma jor axis (X), length of
in ter me di ate axis (Y) and length of mi nor axis (Z)
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were de ter mined us ing dig i tal ver nier cal i per of
Mititoyo Digimatic Cal i per and with least count of

0.01mm. 

Equiv a lent di am e ter (De)

The equiv a lent di am e ter of or ange fruits was
cal cu lated by the geo met ric mean of the three
di men sions viz. length of ma jor axis (X), length of
in ter me di ate axis (Y) and length of mi nor axis (Z).
The equiv a lent di am e ter was cal cu lated us ing the

fol low ing ex pres sion. 

     De = (X×Y×Z)1/3

Sphe ric ity

The geometric foundation of the concept of
sphericity rests upon the isometric property of a
sphere. It is defined as the ratio of diameter of a
sphere having same volume as that of the particle and 
the diameter of the smallest circumscribing circle
(Mohsenin, 4). It can also be defined as the ratio of
geometric mean diameter to the major diameter of
fruits. The sphericity of Phule Mosambi and Kinnow
was determined considering the geometric mean
diameter or equivalent diameter of fruit as per
following formula. 

Sphericity =
(Equivalent Diameter)

(Longest Intrercept)

       S
De

X
=

( )

( )

/1 3

Where, S is sphe ric ity, De is equiv a lent

di am e ter and X is lon gest in ter cept

Vol ume of the fruit

The vol ume of fruit was de ter mined by wa ter

dis place ment method by us ing plat form scale.     

Spe cific grav ity 

Specific gravity of the orange fruits was

determined by the following formula.

Specific gravity = 

(Weight in air Specific gravity of water)

Weight  of  d

´

( isplaced  water)

The weight of the fruit was de ter mined by
weigh ing on the scale in air, there af ter, fruit is
forced in to the wa ter with the help of a rod. The
later read ing of the scale while ma te rial is
sub merged mi nus the weight of con tainer and
wa ter is the ac tual weight of the dis placed wa ter.

Then vol ume was de ter mined by given formula.

Co-ef fi cient of fric tion

The co-ef fi cient of fric tion be tween fruits is
equal to the tan gent of the an gle of in ter nal
fric tion for that ma te rial. Co ef fi cient of fric tion is
also given by the tan gent of the an gle of the
in clined sur face upon which the fric tion force
tan gen tial to the sur face and the com po nent of the

weight nor mal to the surface are acting. 

The in clined plate ap pa ra tus hav ing var i ous
sur face types like ply wood, alu mi num and mild
steel was used for de ter min ing the co ef fi cient of
fric tion of or ange fruits. The an gle (q) made by
in clined sur face plate was mea sured di rectly and
the av er age co ef fi cient of fric tion was de ter mined

as follows.  

Co ef fi cient of fric tion (µ) = tan q

RE SULTS AND DIS CUS SION 

The av er age weight of Phule  Mosambis and
Kinnow (Table 1) was 165.14g (± 52.18) and
154.86 g (± 38.8), re spec tively. Weight of Phule
mosambi ranged from 68.31 g to 267 g and that of 
kinnow ranged from 86.04 g to 267g. The av er age 
weight of fruits in dif fer ent weight grades is given 
in Table1. Or ange fruits have higher av er age

weight in all the weight grades than Kinnow.

The mean equiv a lent di am e ter of Phule
Mosambi and Kinnow (Ta ble 1) was found to be
65.68 mm (± 9.33) and 66.44 mm (± 5.20)
re spec tively. The re sults of mean equiv a lent
di am e ter were found to be closer to val ues
re ported by Miller (3) for dif fer ent va ri et ies of
or ange which were Dancy tan ger ine (59.76mm)
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and Hamlin or ange (62.71 mm). The mean
equiv a lent di am e ter for Phule Mosambi was found
out to be greater than that of Kinnow fruits for the
weight grade I, II and III. For weight grade IV mean 
equiv a lent di am e ter was greater for Kinnow fruits
than Phule Mosambis. The results are in consoname 

with Flood et al. (1) and Jha et al. (2).     

The av er age sphe ric ity (Ta ble 2) of Phule
Mosambis fruits was 0.96 (± 2.16) which ranged
from 0.91to 0.99 and that for Kinnow was found
out to be 0.95 (± 1.15 %) which var ied from 0.93 to
0.97. There was not much vari a tion of per cent
sphe ric ity among the Kinnow and or ange fruits for
dif fer ent weight grades. Jha et al. (2) also reported 

same trends in mango.

The av er age vol ume (Ta ble 2) of Phule
Mosambi fruits was 170.31 cm3  (± 75.65) which
ranged from 58.5 cm3 to 359 cm3 and that of
Kinnow fruits was found to be 146.97 cm3 (±
42.48) which ranged from 65 cm3 to 242 cm3. The
av er age vol ume of weight grade IV and III were

found to be closer for Kinnow and Phule Mosambis 
but for higher weight grades II and I av er age

vol ume val ues were greater for Phule mosambi.

The three classes of or anges were signifi-
cantly dif fer ent from each other re gard ing their
phys i cal prop er ties. Or ange mass was de ter mined
through a poly no mial func tion of third de gree
in volv ing the av er age di am e ter of the orange. The
function was evaluated with a determination

coefficient of 0.991 (Sharifi et al., 6).

The av er age spe cific grav ity (Ta ble 2) of
Phule Mosambi and Kinnow fruit was found to be
1000.5 kg/m3 (± 139.68) and 1086 kg/m3 (±
129.09), re spec tively. The spe cific grav ity ranged
from 767kg/m3 to 1278 kg/m3 and 971 kg/m3 to
1393 kg/m3 for Phule Mosambi and Kinnow,
re spec tively. Ow ing to higher weight and lower
vol ume spe cific grav ity of Kinnow fruits was
greater than that of Phule Mosambis for all weight

grades.

The av er age co ef fi cient of fric tion (Ta ble 3)

Ta ble 1: Av er age weight (g) and equiv a lent di am e ter of dif fer ent grades of Phule  mosambi and

Kinnow.

Grade  Weight  (g)   Equivalent Dia. (mm)   Equivalent Dia. (mm)

Phule Mosambi Kinnow Phule Mosambi Kinnow

Grade IV 79.84 92.21 52.2 56.89

Grade III 142.34 127.93 63.89 63.76

Grade II 195.71 171.96 69.45 68.87

Grade I 242.65 234.74 77.19 76.25

Mean 165.14 

(68.31-267)

156.71

 (86.04-267) 

65.68

 (49.47- 81.78)

66.44 

(55.48 – 81.93) 

Ta ble 2: Sphe ric ity, Vol ume and Spe cific grav ity of dif fer ent grades of Phule mosambi and Kinnow.

Grade Sphericity of 
Phule  

Mosambi

Sphericity of
Kinnow 

Volume of
Phule  

Mosambi
(cm3)

Volume of 
Kinnow

(cm3)

Specific gravity
of Phule  
Mosambi
(kg/m3)

Specific
gravity of
Kinnow
(kg/m3)

Grade IV 0.96 0.97 74.82 76.17 1067.094 1210.582

Grade III 0.98 0.95 129.65 121.47 1097.879 1053.182

Grade II 0.94 0.95 199.83 167.78 979.3825 1024.914

Grade I 0.94 0.94 276.94 222.50 876.1826 1055.011

Mean 0.96

(0.91-0.99)

0.95 

(0.93-0.97)

170.31 

(58.5-359)

146.97

(65-242)

1000.5

 (767-1278)

1086.00
(971 -1393)



for Phule Mosambi was 0.39 (± 0.04), 0.43 (± 0.05)
and 0.45 (± 0.04) for ply wood, alu minium and mild
steel re spec tively with stan dard de vi a tion as shown
in pa ren the sis. The av er age val ues of co ef fi cient of
fric tion for Kinnow fruits was 0.36 (± 0.04), 0.41 (± 
0.05) and 0.42 (± 0.05) for ply wood, alu minium
and mild steel re spec tively with stan dard de vi a tion
as shown in pa ren the sis. There was sig nif i cant
dif fer ence in co ef fi cient of fric tion for dif fer ent
sur faces which was in agree ment with the find ings

of Schaper and Yaeger (5).

Table 3 : Average coefficient of friction for

Kinnow and Phule mosambis.

Coefficient of
friction for

Phule  
Mosambi

Coefficient of
friction for

Kinnow

Plywood 0.39 0.36  

Aluminium 0.43 0.41  

Mild Steel 0.45 0.42  

CON CLU SIONS

· Av er age equiv a lent di am e ter, sphe ric ity,
weight, vol ume and spe cific grav ity for
Phule   Mosambis were 65.68 mm, 0.96,

165.14 g, 170.31 cm3 and 1000.5 kg/m3. 

· Av er age equiv a lent di am e ter, sphe ric ity,
weight, vol ume and spe cific grav ity for
kinnow fruits was 66.44 mm, 0.95, 156.71 

g, 146.97 cm3 and 1086 kg/m3. 

· In case of Phule Mosambi the av er age co -
ef fi cient of fric tion over ply wood,

alu minium and mild steel was 039, 0.43
and 0.45, re spec tively.

· In case of Kinnow fruits the av er age co ef -
fi cient of fric tion over ply wood,
alu minium and mild steel was 0.36, 0.41
and 0.42, re spec tively.
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