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Abstract
Experiments on grinding of fenugreek seed were conducted in a pin mill type spice grinder to investigate the effect of
moisture content, feed rate and grinder speed on some dependent variables such as average particle size of the
ground fenugreek powder, colour values (L, a and b), colour parameters i.e hue, chroma and browning index, thermal
properties such as specific heat, thermal conductivity and thermal diffusivity. The particle size, colour parameters i.e
L, a, b, hue, chroma and browning index of fenugreek powder varied from 0.345±0.001 - 0.390±0.002 mm, 71.13±0.51
– 83.03±1.41, 1.11±0.13 - 4.43±0.18, 27.45±1.51–32.36±2.14, 80.03±0.43-87.82±1.01°, 28.72 ± 1.17 – 32.36±1.70
and 41.22±3.11 – 66.85±4.34, respectively in moisture range of 6.4-13.6% db, screw speed (3-4 rpm) and grinder
speed (8000 – 11000 rpm). The values of thermal conductivity, specific heat and thermal diffusivity of fenugreek
powder, at 30°C within moisture range (6.4-13.6%db), screw speed (3-4 rpm) and grinder speed (8000 – 11000) rpm,
varied significantly from 0.063 ± 0.003 - 0.077 ±0.002 W/m-K, 10.74 ± 0.098 - 16.64 ±1.24 kJ/kg-K 7.12× 10-9 - 10.70
× 10-9 m 2–1s, respectively.
Key words : Colour parameters, fenugreek, particle size, specific heat, thermal conductivity, thermal diffusivity.
strength of the particle or material; the kind of grinder or
mill used for this unit operation and the fixing of operating
parameter to running the grinder or mill such as
temperature, size of sieve, number of rotor ribs etc (Das,
6). The colour is an important quality attributes to accept
or reject the spices because it has appealing effect in
the mind of consumer.
The knowledge of thermal properties viz. specific heat,
thermal conductivity and thermal diffusivity are essential
for simulation and modelling of heat transfer phenomenon
in the grinder (Singh and Goswami, 17). The temperature
and moisture content of agricultural materials greatly
affect its thermal properties. Using differential scanning
calorimetry (DSC) technique, the specific heat of
agricultural materials can be measured as a function of
temperature. Various researchers have investigated the
thermal properties of agricultural materials using DSC
such as for cumin seed (Singh and Goswami, 16), gram
(Dutta et al., 7), borage seeds (Yang et al., 19) etc. The
variations in specific heat, thermal conductivity and
diffusivity with moisture content have been reported.
Survey of literature revealed that t no published
information is available on quality attributes such as
colour parameters, grinding parameters and thermal
properties of fenugreek powder. Hence, this study was

Introduction
Fenugreek is used as a food and food additive as well as
in medicines. Fresh tender pods, leaves and shoots are
eaten as curried vegetable. As a spice, it flavours food.
Powder of dried leaves is also used for garnishing and
flavouring variety of food. Fenugreek extract is used as
a flavouring agent of imitation maple syrup. It is one of
the principal constituent of curry powder. The seeds are
used in colic flatulence, dysentery, diarrhoea, dyspepsia,
chronic cough and enlargement of liver and spleen,
rickets, gout and diabetes. It is also used as a carminative,
tonic, and aphrodisiac. In India, fenugreek is used as a
lactation stimulant (Tiran, 18). Fenugreek contains high
protein (25%), lysine (6.7 g/16 g N), soluble (20%) and
insoluble (28%) dietary fibre contents besides being rich
in calcium, iron, and â-carotene. The seeds are known to
have hypoglycemic and hypocholesterolemic effects in
human beings (Khosla et al., 12).
Grinding is an important unit operation in processing of
spices in which the size of the spices is reduced and
their surface area is increased. Thus increasing the
availability of important constituents such as oil inside
the cells, fragrance and flavouring components. Power
consumption in grinding, size reduction and increase in
the surface area depends on the initial size, shape and
13
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performed with the objective to determine the effect of
moisture, feed rate (screw speed) and grinder speed on
above mentioned parameters of fenugreek powder.

The surface area and volume of fenugreek seeds were
determined using the following relationships
(Jain and Bal, 9):

BL2
S
2L  B

Material and methods
The fenugreek seeds were obtained from NRCSS, Ajmer.
The seeds were cleaned manually to remove all foreign
matter, dust, dirt, broken and immature seeds. The initial
moisture content of the seeds was determined by vacuum
oven method (temperature 70 °C and pressure 100 mm
Hg) until a constant mass was obtained (Singh and
Goswami, 16) and was 8.7% dry basis (db). The moisture
content of fenugreek seeds were attuned to
6.4, 8.7, 11.1, 13.6% d.b. to determine the geometric
properties, grinding parameters, thermal properties,
medicinal and antioxidant properties. The fenugreek
seeds were dried in a tray dryer at 55°C (recording
moisture content at every 15 min interval) to achieve
6.4% moisture content (d.b.). The samples of the high
level desired moisture contents were prepared by adding
the amount of distilled water, Q, as calculated from the
following relationship (Chakraverty, 3):
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Particle size distribution of ground fenugreek powder was
determined in duplicate using a vibratory sieve shaker
with a set of Bureau of Indian Standards (BIS) sieves.
Average particle size (Dp) of ground fenugreek powder
were calculated (Singh and Sahay, 15) as follows:
Average particle size,
Dp =

(LWT)1/3
L

0.135  1.366 FM 

(7)

Where, F.M. is fineness modulus.
Colour attributes of ground fenugreek powder
Colour (L, a and b) values of fenugreek powder were
determined by using Hunter Colorimeter (model no. 45/0
L, U.S.A). ‘L’ is known as the lightness and extends from
0 (black) to 100 (white). The other two coordinates ‘a’ and
‘b’ represents redness (+ a values) to greenness
(“ a values) and yellowness (+ b values) to blueness
(“b values), respectively. Hue angle (h0) is the attribute of
the colour by means of which the colour is perceived.
Chroma (C*) is the attribute of colour used to indicate the
degree of departure of the colour from gray of the same
lightness. Browning index (BI) is the intensity of pure
brown colour. h0, C* and BI is computed by using the
following formulae (Gupta et al. 8):

Chroma 

The sphericity, , of fenugreek seeds was
calculated by using the following relationship (Mohnsein,
13)



(6)

A laboratory grinder (M/s Hosakowa Alpine, Germany,
Model: 100UPZ, three-phase motor, 3 HP,
10000 rpm) was employed for the grinding of prepared
fenugreek seeds at ambient conditions.
The grinding of fenugreek seeds was carried out according
to full factorial design with moisture conditioning 6.413.6% (db), screw speed (3-4 rpm) and grinder speed
(8000-11000 rpm).

where Q is the mass of water to be added (kg); W 0 is the
initial mass of the sample (kg); M0 is the initial moisture
content of the sample (%, d.b.); and Mf is the desired
moisture content of the sample (%, d.b.). Samples were
packed in low density polyethylene (LDPE) pouches and
kept at 5°C for 48 h in a refrigerator for uniform distribution
of moisture throughout the seed (Sahay and Singh, 15).
Before starting a test, the required quantities of the
samples were taken out from refrigerator and allowed to
equilibrate with to the room temperature for about 2 h.
Geometric properties of fenugreek seed
For each moisture content, the major (L), medium (W)
and minor (T) dimensions of fenugreek seeds were
measured in randomly selected 100 seeds using a digital
vernier calliper with an accuracy of 0.01 mm. The
arithmetic mean diameter (d a) and geometric mean
diameter (dg) of the seeds was calculated by using the
following relationship (Mohsenin, 13):
(2a)

(5)
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1.96±0.23mm, 2.55±0.16 – 2.89±0.14mm, 65±0.05 –
69±0.04%, 17.26±2.19 – 22.13±2.33 mm2, 6.04±1.248.65±1.32 mm3, 17.19±0.61 –20.46±1.09°, 41.58±0.1543.35±0.26% and 159.87±0.63– 167.72±1.22g,
respectively whereas bulk density and true density
decreased from 767.79±1.92–717.04±3.25 and
1314.31±2.12-1265.83±0.48, respectively with increase
in moisture content within the moisture range of 6.4-13.6%
d.b. (Table 1 and 2). Similar trend for physical properties
such as axial dimensions, geometric mean diameter,
surface area, sphericity and kernel volume were reported
for bay laurel seeds by Yurtlu et al., 20. The coefficient
of friction is highest against plywood surface and lowest
against glass surface (Table 3). The static coefficient of
friction of fenugreek seeds on plywood sheet, mild steel
sheet, iron sheet and glass sheet surfaces increased
(Table 2) from 0.32±0.02-0.38±0.03, 0.26±0.020.30±0.02, 0.29±0.02-0.34±0.03 and 0.23±0.01–
0.27±0.02, respectively for the moisture range of 6.413.6% d.b.. The similar increasing trends for static
coefficients of friction were reported by Coskuner and
Karababa (4), and Mollazade et al., (14) for coriander
seeds and bay laurel seeds, respectively.
Particle size of fenugreek powder
Figure 1 represents the variation of average particle size
of fenugreek powder with variable moisture content, screw
and grinder speed which increased with increasing
moisture content irrespective of screw and grinder speed.
This may be due to the fact that moisture sorption is
often coupled with increased cohesiveness, mainly
because of inter particle liquid bridge formation. Moisture
content thus affects the cohesive strength and arching
ability of bulk materials. As the moisture content of powder
increases, the adhesion and cohesion tend to increase
which results in coarser grinding at higher moisture levels.
Similar findings were reported by Jha and Verma (10)
and Balasubramanian et al., (2) for makhana and pearl
millet, respectively. The values of average particle size
of fenugreek powder varied from 0.345 ± 0.001 - 0.390 ±
0.002 mm in moisture range of 6.4-13.6% db, screw speed
(3-4 rpm) and grinder speed (8000 – 11000rpm).
Colour parameters of fenugreek powder
Figure 2 depicts the colour values (i.e L, a and b values)
of fenugreek powder at variable moisture content, screw
and grinder speed. L-value and b- value decreased
whereas a-value increased with increase in moisture
content at all screw speed and grinder speed (Figure 2).
Decrease in L-value indicates darker product with increase
in moisture content. This may be due to the fact that at
higher moisture contents more energy is required to grind
the material which may increase the temperature during
grinding and leads to dark coloured fenugreek powder.
However, the L and a values were found to vary
significantly with moisture content and grinder speed
whereas b and chroma values varied significantly with
screw speed (Table 4). The browning index increased
with increase in moisture content irrespective of screw
and grinder speed. The hue angle varied significantly with

Where,
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Thermal properties of ground fenugreek powder
Specific heat of ground fenugreek powder was determined
by using the Differential Scanning Calorimeter (DSC 6000
Perkin Elmer, USA). For determination of specific heat,
the fenugreek powder samples were kept in an aluminium
crucible (capacity 10 L) in small quantity (5 -5.5mg).
The aluminium crucible was sealed and run in the DSC
for the temperature range of 10°C to 40°C. The DSC
provided thermogram, in which ordinate shows the heat
flow rate mW mg-1 as a function of time and temperature.
Specific heat was determined from the thermogram
according to the procedure given in Pyris software. All
experiments were performed in triplicate and the mean
values were reported.
Bulk thermal conductivity was measured by using portable
thermal conductivity meter (Model: KD-2 PRO, Decagon
Devices, Inc. USA). The thermal conductivity meter was
calibrated with glycerine. The fenugreek powder was filled
into 100 ml beaker, completely tapped and immediately
a single needle probe (Model: KS-1, 1.3 mm diameter ×
60mm long) of thermal conductivity meter was inserted
in the sample at an average temperature of 30°C and
reading was recorded at intervals of 2 min.
The average bulk density (b, kg/m3) of fenugreek powder
was determined by using standard method as described
by Mohnsein (13) and it was expressed as the ratio of
mass by volume.
The bulk thermal diffusivity of fenugreek powder was
calculated from the obtained values of bulk thermal
conductivity, specific heat and bulk density of fenugreek
powder at an average temperature of 30°C using following
formula (Singh and Goswami, 16):

b 

kb
bC p

(12)

Where, b is the bulk thermal diffusivity in m 2 s-1, Cp is
the specific heat in kJ kg -1 oC -1, k b is the thermal
conductivity in W m-1 oC-1 and b is the bulk density in
kg m -3.
Statistical analysis
Analysis of variance for geometric properties, grinding
parameters, colour attributes and thermal properties were
carried out using LSD of AgRes Statistical software
(Version 3.01, Pascal International Software Solution,
USA).

Results and discussion
Physical properties of fenugreek seed
All physical properties such as major, medium and minor
dimensions; geometric mean diameter, sphericity, surface
area, seed volume , angle of repose , porosity , thousand
seed mass increased significantly from 3.83±0.32 –
4.44±0.28mm, 2.42±0.18– 2.80±0.23mm, 1.80±0.26–
15
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Table 1. Geometric properties of fenugreek
M.C
(% d.b)

Major
dimension
(mm)

Medium
dimension
(mm)

Minor
dimension
(mm)

Sphericity
(%)

Surface area
(mm2)

Volume
(mm3)

1.80±0.26a

Geometric
mean
diameter
(mm)
2.55±0.16a

6.4

3.83±0.32a

2.42±0.18a

65±0.05

17.26±2.19a

6.04±1.24a

8.7

4.10±0.31b

2.54±0.18b

1.90±0.18b

2.70±0.12b

66.±0.04

19.32±1.72b

7.09±0.97b

11.1

4.33±0.32c

2.64±0.25c

1.93±0.19b

2.79±0.13c

67±0.04

20.69±1.88c

7.79±1.10c

13.6

4.44±0.28d

2.80±0.23d

1.96±0.23b

2.89±0.14d

69±0.04

22.13±2.33d

8.65±1.32d

F-values

53.82*

42.10*

6.94*

86.00*

2.39NS

83.79*

67.06*

CD0.05

0.10

0.06

0.07

0.04

4.12

0.63

0.37

Table 2. Gravimetric and frictional properties of fenugreek
M.C
(% d.b)

1000 seed
mass (g)

Bulk density
(kg/ m3)

True density
(kg/ m3)

Porosity
(%)

Angle of
repose (°)

Wood

6.4

159.87±0.63a

767.79±1.92a

1314.31±2.12a

41.58±0.15a

17.19±0.61a

0.32±0.02a

0.29±0.02a

0.26±0.02a

8.7

162.48±0.43b

746.21±2.92b

1293.43±1.36b

42.31±0.22b

18.01±0.21ab

0.33±0.03a

0.31±0.03a

0.27±0.02ab 0.24±0.01ab

c

c

c

c

b

ab

a

0.29±0.01bc 0.26±0.03bc

11.1

164.31±0.92

13.6

167.72±1.22d

F-values

66.00

CD0.05

1.29

727.53±2.20

1277.52±1.47

717.04±3.25d

1265.83±0.48d

*

*

336.69

749.07

3.88

2.45

*

43.05±0.14

18.63±0.50

43.35±0.26d

20.46±1.09c

*

87.13

13.42

0.27

1.21

Coefficient of friction
Iron
Steel

0.36±0.03

0.32±0.03

0.38±0.03b

0.34±0.03b

*

Glass
0.23±0.01a

0.30±0.02c

0.27±0.02c

*

4.42

*

*

3.52

3.24

5.45*

0.03

0.03

0.02

0.03

T a b le 3 . A n a ly s is o f v a r ia n c e f o r p a r t ic le s iz e a n d t h e r m a l p r o p e r t ie s o f f e n u g r e e k p o w d e r
S ou rce
A v e r a g e p a r tic le s iz e

D eg re es o f freed o m

M ea n sq u a re

F - v a lu e

p - v a lu e

M o is t u r e c o n te n t

3

2 6 3 × 1 0 -5

8 3 1 .3 1 *

0 .0 0

S c re w s p e e d

1

6 9 × 1 0 -5

2 1 .8 1 *

0 .0 0

1

3 4× 1 0

-5

*

0 .0 0

3

9 .8 1

G r in d e r s p e e d

1 0 .7 5

S p e c if ic h e a t
M o is t u r e c o n te n t

1 6 6 .8 5 *

0 .0 0

*

0 .0 0

S c re w s p e e d

1

1 4 .2 6

2 4 2 .6 5

G r in d e r s p e e d

1

9 .1 3

1 5 5 .3 8 *

0 .0 0

M o is t u r e c o n te n t

3

1 0 . 2 0 × 1 0 -5

1 3 .6 1 *

0 .0 0

S c re w s p e e d

1

4 5 . 6 1 × 1 0 -5

6 1 .0 7 *

0 .0 0

G r in d e r s p e e d

1

3 0 . 1 2 × 1 0 -5

4 .0 2 *

0 .0 0

M o is t u r e c o n te n t

3

2 .5 7

2 0 .5 9 *

0 .0 0

S c re w s p e e d

1

0 .8 5

6 .8 6 *

0 .0 0

G r in d e r s p e e d

1

1 0 .9 5

8 7 .6 6 *

0 .0 0

T h e r m a l c o n d u c ti v it y

T h e r m a l d i f f u s iv ity

* S ig n i f ic a n t a t p = 0 . 0 5 ; N S N o t s i g n i f ic a n t
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all the three parameters i.e moisture content, screw and
grinder speed. The values of colour parameters of
fenugreek powder i.e L, a, b, hue (°), chroma and browning
index varied from 71.13±0.51 – 83.03±1.41, 1.11±0.13 4.43±0.18, 27.45±1.51–32.36±2.14, 80.03±0.4387.82±1.01, 28.72±1.17–32.36±1.70° and 41.22±3.11 –
66.85±4.34 respectively in moisture range of 6.4-13.6%
db, screw speed (3-4 rpm) and grinder speed (8000 –
11000 rpm).
Thermal conductivity
The variation in thermal conductivity of fenugreek at 30°C
with varying moisture content, screw and grinder speed
is shown in Figure 3. Thermal conductivity increased
significantly with increasing moisture content irrespective
of screw and grinder speed. The values of thermal
conductivity of ground fenugreek powder increased from
0.063 ± 0.003 - 0.077 ±0.002 W/m-K at 30°C. Similar
observation was also made by Darvishi and Zarein, (5)
on sunflower seeds. High thermal conductivity at higher
grinder speed may be attributed by lower particle size
obtained at higher grinder speed. As the particle size
decreased, surface to area ratio increased, thus conduct
more heat leading to higher thermal conductivity. Similar
increase in thermal conductivity with decreasing particles
size of tomato powder was reported by Kadam et al.,
(11).
Specific heat
The specific heat of ground fenugreek powder was found
to increase with increase in moisture content irrespective
of screw speed and grinder speed (Figure 4). The results
are in agreement of the findings reported for soya bean,

moringa oleifera seed and mucuna flagellipes nut by Aviara
et al., (1). The values of specific heat of fenugreek powder
increased from 10.74 ± 0.098-16.64 ±1.24 kJ/kg-K at 30°C.
The analysis of variance for specific heat showed that
grinding conditions i.e moisture content, screw speed and
grinder speed significantly affected the specific heat of
fenugreek powder at 5% level (Table 3).
Thermal diffusivity
The thermal diffusivity of fenugreek powder decreased
with increase in moisture content irrespective of screw
speed and grinder speed (Figure 5). This may be due to
increase in bulk density of fenugreek powder irrespective
of other grinding variables. The thermal diffusivity of
fenugreek powder varied from 7.12× 10-9 - 10.70 × 10-9
m2/s at 30°C. However, the relationship between thermal
diffusivity (b) and moisture content (M) has been reported
in both ascending (Dutta et al. 7) and descending (Yang
et al. 19,Singh and Goswami, 16) trends, as the
magnitude of áb depends on the combined effect of kb, b
and Cp.
From present study it could be concluded that the quality
attributes such as particle size, colour parameters,
specific heat, thermal conductivity and thermal diffusivity
were significantly affected by moisture content, screw
speed and grinder speed. A higher speed of grinder
resulted in fine particle size. The L-value decreased
whereas browning index increased with increase in
moisture content. Average particle size, specific heat
and thermal conductivity increased with increase in
moisture content whereas thermal diffusivity followed
reverse trend.
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Figure 1. Effect of moisture content on average particle size of fenugreek powder at (a) screw speed: 3 rpm, grinder speed
8000rpm (b) screw speed: 3 rpm, grinder speed 11000rpm (c) screw speed: 4 rpm, grinder speed 8000rpm (d) screw
speed: 4 rpm, grinder speed 11000rpm
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Figure 2. Effect of moisture content on colour values of fenugreek powder at (a) screw speed: 3 rpm, grinder speed 8000rpm
(b) screw speed: 3 rpm, grinder speed 11000rpm (c) screw speed: 4 rpm, grinder speed 8000rpm (d) screw speed: 4 rpm,
grinder speed 11000rpm
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Figure 3. Effect of moisture content on thermal conductivity of fenugreek powder at 30°C at (a) screw speed: 3 rpm, grinder
speed 8000rpm (b) screw speed: 3 rpm, grinder speed 11000rpm (c) screw speed: 4 rpm, grinder speed 8000rpm (d) screw
speed: 4 rpm, grinder speed 11000rpm
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Figure 4. Effect of moisture content on specific heat of fenugreek powder at 30°C at (a) screw speed: 3 rpm, grinder speed
8000rpm (b) screw speed: 3 rpm, grinder speed 11000rpm (c) screw speed: 4 rpm, grinder speed 8000rpm (d) screw
speed: 4 rpm, grinder speed 11000rpm

Figure 5. Effect of moisture content on thermal diffusivity of fenugreek powder at 30°C at (a) screw speed: 3 rpm, grinder
speed 8000rpm (b) screw speed: 3 rpm, grinder speed 11000rpm (c) screw speed: 4 rpm, grinder speed 8000rpm (d) screw
speed: 4 rpm, grinder speed 11000rpm
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Table 4. Analysis of variance for colour parameters of fenugreek powder
Source
Degrees of freedom Mean square
F-value
L-value

p-value

Moisture content

3

203.46

70.13*

0.00

Screw speed

1

0.94

0.32

0.57

Grinder speed

1

308.45

106.33*

0.00

Moisture content

3

16.14

170.08*

0.00

Screw speed

1

0.18

1.91

0.17

Grinder speed

1

24.20

255.04*

0.00

Moisture content

3

1.63

0.60

0.61

Screw speed

1

16.39

6.02*

0.02

Grinder speed

1

5.14

1.88

0.17

3

64.74

128.89*

0.00

a-value

b-value

Hue (°)
Moisture content

*

Screw speed

1

2.19

4.37

0.04

Grinder speed

1

100.71

200.49*

0.00

Moisture content

3

0.93

0.34

0.79

Screw speed

1

15.24

5.67*

0.02

Grinder speed

1

3.01

1.12

0.29

Moisture content

3

201.21

13.43*

0.00

Screw speed

1

33.72

2.25

0.14

Grinder speed

1

208.13

13.90*

0.00

Chroma

Browning index

* Significant at p=0.05; NS Not significant
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