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ABSTRACT

The study was conducted to analysis of physico-chemical properties of drumstick leaf powder.
Drumstick leaf were dried in a convective hot air dryer at 30°C, 40°C and 50°C. The air velocity
inside the dryer was 2-3 m/s, the drying process takes 6 hrs, 27hrs, and 19 hrs time to dry the
product at 30°C, 40°C, and 50°C.

The experimental drying data of drumstick were applied to six Moisture ratio models, namely, the
Newton model, modified Page model, Henderson and Pabis, Logarithmic, Two term and
Exponential Model was found to be the best for explaining the drying characteristics of drumstick
leaf. The effective moisture diffusivity varied from 3.651 x10-11, 4.503%x10** and to 7.343x10-!! over
the temperature range studied, with activation energy of 28.281 kJ/mol for drying of drumstick leaf.
The drumstick leaf powder contains moisture 10.85 to 15.56 %, protein 22.88 to 23.979 %, fat 1.80
to 2.42 %, fibre 11.53 t0 12.16 %, ash 3.69 to 4.93 %, carbohydrate 40.94 to 849.25% The flour had
average water absorption capacity (3.081to 4.22| g/cc), bulk density (3.081 to 0.445 g/cc) were
recorded.
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1. INTRODUCTION

“Drumstick (Moringa oieifera), known as miracle
tree and native plant to the southern foothills of
the Himalaya India, and is grown in tropical and
subtropical countries and is well known for its
health benefits. Leaves, flower and the fruits
(popularly known as drumstick) are being used in
traditional food preparation” [1]. “It is the most
widely cultivated species of Moringaceae family.
Commonly it is known as in English—-moringa or
drumstick tree or horseradish tree, in hindi-
sahjan, in latin- moringa oleifera, in Sanskrit -
surajana, in nepali - sajiwan or swejan etc. It is
useful not only for human beings but also for
animal and also in various industrial application”

Patel et al., [2]. “Yield of leaves is approximately
55.73-15.73 tone's per hectare” [3]. “World
Annual drumstick leaf production range from 25-
32 ton per hectare” [4]. “The leaves contain 7.5
mg water, 6.7 mg protein, 1.7 mg fat, 14.3 mg
total carbohydrate, 0.9 mg Fibre, 2.0 mg ash,
440 mg Calcium, 70 mg Phosphorous, 7 mg Iron,
110 mg Copper, 5.1 mg, 11.300 mg vitamin A,
120 mg vitamin B, 0.8 mg nicotinic acid, 220 mg
ascorbic acid and 7.4 mg tocopherol per100 mg”
[5]. “Leaves of M. Oleifera possess: 4 time more
calcium and two times more protein than milk, 7
times more vitamin C than oranges, 3 times more
potassium and iron than banana and spinach
respectively and 4 times more vitamin A than
carrots” [6]. “People generally use for stomach
complaints, cancer, gastric ulcers, skin diseases,
lowering blood sugar, increasing bone density,
nervous condition, diabetes, fatigue, increase
lactation, hay fever, cramps, headaches, sore
gums; to strengthen the eyes and the brain, liver,
gall digestive, respiratory and immune system
and as a blood cleaner and blood builder” [2]. “M.
Oleifera leaves as fortificant in food product such
as bread, biscuits, cereal porridge, -cake,
yoghurts and chees has been reported to
improve their sensory properties and shelf life
with  consequent boosting of consumer
endogenous antioxidant ability to scavenge free
radicals and reduce health related disease” [7].
“Dried Moringa powder can be consumed in raw
form or can be added to various value added
food product for nutritent fortification viz. biscuit
(1%), butter milk (3%), weaning food (10%), soup
(10%), cheese (2%)” [8]. “To prepare powder of
Moringa oleifera by applying drying technique.
Drying was done at 60°C to minimize the drying
losses. Results obtained from cabinet dried
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sample were better than other and had highest
nutrient retention followed by shadow, sun and
oven dried sample” [9].

Various Mathematical Models have been fitted to
the experimental data was observed in the
literature for drumdtick leaves [10-12], jute leaves
[13]. Present study is aimed to study the drying
characteristics of drumstick leaf at varied
temperature. Various Mathematical Model were
fitted to experimental data on the moisture ratio
with respect to time. The nutritional and physical
qualities (moisture content, protein, fat, fiber,
carbohydrate, ash) and functional properties
(colour, water absorption, bulk density) of the

drumstick leaf powder were also been
determined.

2. MATERIALS AND METHODS

Drumstick leaves were procured from the

farmers field at Roha. The leaves were washed
with tap water to remove dirt, dust after removing
surface water with the blotting paper, these were
dried at 30 °C, 40 °C, and 50 °C in a convective
hot air dryer.

2.1 Drying of Drumstick Leaf

Convective hot air drying of drumstick leaf was
performed at Department of Post-Harvest
Engineering, Post Graduate Institute of Post-
Harvest Management, Killa-Roha. The drying
was carried out in the convective hot air dryer
(Make M/s. Aditi Associates, India; Model: ATD-
124) having capacity of 5 kw. There were nine
numbers of trays inside the convective hot air
dryer. The size of the tray was 81cm x 41cm x
3.4 cm. The leaf was spread on the tray in single
layer. The mesh (square) size of the tray was
1x1 mm. The temperature of the drying was
30°C, 40°C and 50°C. The weight loss with
respect to the time was recorded from trays at
different location in the convective hot air dryer.
The moisture content with respect to the time
was calculated from drying data. The drying data
includes initial moisture content; weight loss,
average moisture content with respect the time,
drying rates, moisture ratios, and final moisture
content of drumstick leaf was recorded. Three
replications were taken for each experiment.

2.1.1 Drying rate

The drying rate of drumstick leaf was calculated
on dry basis using following formula [14].
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P %100 ...
TXW g

R=

1)
Where,

R = Drying rate (g/min)
r = Amount of moisture removed (g)
T = Time taken (min)
W4 = Total bone-dry weight of sample (g)

2.1.2 Moisture ratio
The moisture ratio of drumstick leaf was

calculated on dry basis using following formula
[14].

. . M-M
Moisture ratio = £
Mo—Me

(2
Where,

MR = Moisture ratio
Mo = Initial moisture content, % (db)
Me = Equilibrium moisture content, % (db)

M =Moisture content at any time 68, % (db)
The root mean square error was for the best fit of
the model was determined for equation (3).

1/2

n
RMSE = [%Z (MR yp — MR e )? ..(3)
i=1

Where,

MRexp= experimental moisture ratio

MRypre= predicted moisture.

N and n = number of observations, number of
constant (Togrul and Pehlivan, 2004).

2.1.3 Drying model

Moisture Content (% db) versus drying time (min)
and drying rate (g of water removed / 100 g bone
dry material / min) with respect to
moisture content was determined for drying of
drumstick leaf. Moisture ratio versus drying time
(min) was also determined from the experimental
data.

“Various mathematical models listed in Table 1
were tested on the experimental data on
moisture ratio versus drying time in minute of
drumstick leaf with convective hot air drying the
moisture ratio determines the unaccomplished
moisture change defined as the ratio of free
water still to be removed, at time t over the initial
total free water” [15].

2.1.4 Correlation regration coefficient and
error analysis

“The goodness of fit of the tested mathematical
models to the experimental data was evaluated
with the correlation coefficient (r?), chi-square (x?)
the equation (4). The higher the r? value and
lower the chi-square (x2) equation (4) and lower
value of RMSE values, the better is the
goodness of fit” [16,17]. According to Wang et
al., [17] reduced chi-square (x?) and root mean
square error (RMSE) can be calculated as
follows.

N 2
2 _ Zi=1(MRexp,i_MRpre.i)
N—Z

X (4)

Where,

MRexp,i = is the i experimental moisture ratio,
MR pre,i= is the ith predicted moisture ratio ,

N = is the number of observations, and

Z = is the number of constant.

The non-linear regression analysis was
performed by using the statistical software SAS
6.5

2.1.5 Effective moisture diffusivity

The Fick’s second law can be used to describe
the drying process of drumstick leaf. In general
series solution of Fick’s second law in spherical
co-ordinates on drumstick leaf with spherical with
radious 28.6 mm. Effective diffusivity of
drumstick leaf can be calculated by using Fick’s
second law of diffusion equation [18] given
equation (5).

Table 1. Mathematical model tested with the moisture ratio of drumstick leaf

Sr. No. Model name Equation References

1 Newton MR = exp (-kt) Westerman et al., [43]

2 Modified Page MR=exp (- (kt)") Yaldiz et al., [44]

3 Henderson and Pabis MR = a.exp (-kt) Henderson and Pabis, [41]
4 Logarithmic MR= a.exp(-kt) + C Zhu and Shen., [45]

5 Two term MR=aexp(-kot)+bexp(-kat) Henderson, [15]

6 Exponential MR = exp (-kt) Liu and Bakker-Arkema, [42]
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6 v 1 n?.n? De
MR= =32, —exp(—t —20) .. (5)
Where,

R2 = equivalent radius of drumstick leaf to be
dried, m (for drumstick leaves R= 0.2 mm)

n= positive integer

Deri = effective diffusivity, (m?/s)

t=time, min

For long drying times, equation (6) can be
simplified in straight line equation. The effective
diffusivity determined using the method of slopes
as discussed by [19]

—6Xt><Deff
T aes

Ln (MR)= (6)
The effective diffusivity can be determined from
the slope of equation (7) [20]

Effective diffusivity (D7) = ... )

2.1.6 Activation energy

The effect of temperature dependence of the
effective  moisture diffusivity is generally
described using Arrhenius type relationship to
obtained better agreement by Suarez et. al., [21]
and Roberts et al., [22].

Deft = DoeXp ( - i—j) (8)
Where,

Do = diffusivity constant or
exponential factor (m2/s),

Ea = activation energy (kJ/ mol ),
R = universal gas constant (kJ/ mol K),
T = air temperature (°K).

Arrhenius pre-

2.4.2 Protein

The pre exponential factor of the Arrhenius
equation and corresponding activation energies
were determined by using the data of effective
moisture  diffusivities and  absolute  air
temperature.

2.3 Sample Preparation
The dried drumstick leaves were ground into
powder of size 4.885x10~>mm in mixer were

used.

2.4 Physico  Chemical
Drumstick Leaf Flour

Analysis  of

2.4.1 Moisture content

The moisture content of the sample drumstick
leaf flour prepared by dried seed at 30, 40 and
50°C determined by AOAC [23]. 15 g of the
drumstick leaf flour was taken for in to each three
different moisture boxes. The initial weight of
moisture box was recorded. The samples were
exposed to 105°C £ 1°C for 24 hr. in a hot air
oven (Make M/s: Aditi Associate, Mumbai.
Model: ALO-136). The final weight was recorded.
The moisture content of the sample were
determined by equation (9)

Moisture content % (db)= % % 100...(9)
2

Where,

W, = weight of sample before drying, g
W,= weight of sample after drying, g

Protein content in the sample drumstick leaf flour prepared by dried seed at 30, 40 and 50°C was
determined by a micro-Kjeldahl distillation method [24]. The samples were digested by heating with
concentrated sulphuric acid (H2S0Oa4) in the presence of digestion mixture, potassium sulphate (K2SOa)
and copper sulphate (CuSO4). The mixture was made alkaline with 40% NaOH. Ammonium sulphate
thus formed. Released ammonia which was collected in 4% boric acid solution and titrated again with
standard HCL. The per cent nitrogen content of the sample was calculated by the equation (10).

% (N) = 1.4 x (ml HCI — ml blank) x Conc. of % of sample (g) ... (20)

H
Wei,
% Protein = % N x Factor (6.25).
2.4.3 Fat
Fat contain of sample drumstick leaf flour prepared by dried leaf at 30, 40 and 50°C was determined

using soxhlet fat extraction system [25]. In this method, initially weight of empty flask was weighed. 2g
of sample drumstick leaf flour was wrapped in filter paper and was kept in siphoning tube and
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condenser was fixed above it and siphoned for 9 to 12 times with the petroleum ether in soxhlet
apparatus. After removing assembly, evaporation of petroleum ether was allowed by heating round
bottom flask. Residue reminder at the bottom of the flask and was reweighed with flask. The quantity
of residue was determined as fat content of drumstick leaf flour. Fat content was calculated by using
equation (11)

0 — final weight(g)—Initial weight(g)
% Fat T — x 100 ... (11)

2.4.4 Fiber

Fiber contain of sample drumstick leaf flour prepared by dried leaf at 30, 40 and 50°C was determined
using about 2 — 5 g of moisture and fat free sample was weighed into a 500 ml beaker and a 200 ml of
boiling 0.25 N sulphuric acid was added to the mixture and boiled for 30 min keeping the volume
constant by addition of water at frequent intervals. The mixture was filtered through a muslin cloth and
then transferred to the same beaker and 200 ml of boiling 0.31 N (1.25 %) NaOH was added. After
boiling for 30 min, the mixture was filtered through muslin cloth. The residue was washed with hot
water till it is free from alkali, followed by washing with alcohol and ether. It was then transferred to
crucible, dried overnight at 80°C to 100°C and weighed. The crucible was heated in muffle furnace at
525°C for 2 — 3 hrs, cooled and weighed again. The difference in the weights represented the weight
of crude fibre, Rangana [26].

100—(Moisture+Fat)xWeight of Fiber weight
Weight of sample taken (Moisture+Fat free sample)

Crude Fiber (ﬁg) =

X100 ... (12)

2.4.5 Ash 2.4.7 Water absorption capacity

Ash content of sample drumstick
leaf flour prepared by dried leaf at 30, 40 and
500C was calculated using muffle
furnace. 5 gram of drumstick leaf flour prepared
by dried seed at 30, 40 and 50°C was taken in
crucible. Weight of crucible and flour was
recorded and kept in muffle furnace at
525 °C for 4 -5 hrs till constant weight was
achieved. The crucible was cooled in desiccators
and final weight of ash and crucible was
recorded. Ash content was calculated by using
equation (13).

Water absorption of samples drumstick leaf flour
prepared by dried leaf at 30, 40 and 50°C was
determined using the method of Sosulski [28]
with slight modifications. The 3 g sample was
dispersed in 25ml of distilled water and placed in
pre weighed centrifuge tubes. The dispersions
was stirred occasionally. After a holding period of
30 min, the dispersions were centrifuged at 5000
rpm for 25 min. The supernatant was removed
and the pellet was dried at 50°C for 25 min which
was cooled and weighed. The water absorption
capacity was expressed as grams of water

Ash content (%) =— =W x 100 ...(13) retained in the material. The experiment was
(Weight of sample) repeated for three times and average reading
Where was reported. The water absorption capacity

calculated using equation (15).
W,= weight of crucible + ash,
W, = weight of empty crucible WAC =22 100 ...(15)

Wo
2.4.6 Carbohydrates

The carbohydrate content of drumstick leaf flour Where,

prepared by dried leaf at 30, 40 and 50°C were
calculated from protein, fat, fiber, ash and
moisture content [27].

W, = The weight of sample, (g)
W, = The weight of centrifuge tube plus sample,

(9)
Carbohydrates = 100 — (protein+ fat+ fiber+ ash+ W, = The weight of centrifuge tube plus
moisture content) ... (14) sediments
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2.4.8 Bulk density (g/cc)

Bulk density was evaluated by 10 ml measuring cylinder bound on the weight and volume of sample
of drumstick leaf powder were poured into a graduated cylinder, gently tapped ten times and filled to
10 ml results were expressed as g/ml [29].

Bulk density (g/ml) - Wt.of Cylinder +Sample (g)-Wt.of empty Cylinder (g)

...(16)

Volume of Sample filled (ml)

Sample A Sample B Sample C
Convective hot airdrying Convective hot airdrying Convective hot airdrying
drumstick at 30°C drumstick at 40°C drumstick at 50°C

Convective hot air drying convective hot air drying Convective hot airdrying drumstick at 30°C
drumstick at 40°C drumstick at 50°C

Plate. 1 Powders of drumstick leaf dried by convective hot air drying

2.4.9 Colour around 12 hrs, 9hrs, and 7 hrs time to dry the

product at 30°C, 40°C, and 50°C. Fig. 2 shows
Colour of drumstick leaf flour at 30°C, 40°C, and the drying rate (g of water removes / 100 g bone
50°C was measured by using Konica Minolta dry material / min) w.r.t time. The initial drying
colour Reader. (Make: Minolta Camera Co. Ltd. rate of drumstick leaf was 0.0322g, of water
Japan Model: (R-10). The colour of the drumstick removed /100 g of bone dry matter per minute
leaf flour was measured in dark room. Drumstick and decrease up to the 0.0063 g of water
leaf flour at 30°C, 40°C, and 50°C was placed on removed/ 100g of bone dry matter per minute at
white surface and placing colour reader on the 30°C;0.435 g of water removed /100 g of bone
flour sample in a Petri dish and the colour was dry matter per minute and decreases up to the
measured in L, a, b were reported. Where L  0.008 g of dry matter at 40°C; 0.054 g of water
value indicates degree of lightness or darkness, removed /100 g of bone dry matter per min and
‘a’ value indicates redness or greenness and ‘b’  decreases up to the 0.011 g of water removed /

value indicates the yellowness or blueness. 100 g of dry matter at 50°C.

3. RESULTS AND DISCUSSION From Fig. 2 it was observed that the drying took
place in falling rate period. As the temperature of

3.1 Drying of Drumstick Leaf drying increases from 30 °C, 40 °C and 50 °C the

drying rate also increases. Moisture removal
Fig. 1 shows moisture content (db) % with inside the drumstick leaf at 50°C was higher and
respect to time (min) of drumstick leaf dried by faster than the other investigated temperature.
convective hot air dryer. The drumstick leaf were  Migration of surface moisture and evaporation
dried from average initial moisture content of rate from the surface to the air decreases with
312.122% (db) to 3.718% (db) at 30°C; decrease of the moisture in the drumstick leaf.
278.677% (db) to 4.947% (db) at 40°C; 244.048 The shorter time of drying was observed at
to 1.121% (db) at 50°C respectively. It took higher temperature thus increased drying rate.
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Fig. 1. Moisture content % (db) versus time (min) by convective hot air drying at different
temperature for drumstick leaf
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Fig. 2 Drying rate (g water removed/100 g of bone dry material/min) versus moisture content %
(db) of drumstick leaf dried by convective hot air drying method at different drying
temperature

Fig. 3 shows variation in moisture ratio with
respect to time in minute. During the drying
experiment moisture ratio decreases from 1 to
6.49x103, 1 to 3.61x10“and 1 to 5.11x10 at the
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drying temperature of 30°C, 40°C and 50°C
respectively. The results obtained were in
agreements with those reported by Premi
et al., [30].
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3.2 Evaluation of Thin Layer Drying Model of
Drumstick Leaf Dried by Convective Hot
Air Drying

The Tables 2, 3 and 4 shows the model
parameters of various model fitted to the
experimental data for Newton  model,
Modified Page model, Henderson and Pabis,
Logarithmic, Two term, Exponential at 30°C,
40°C and 50°C by convective hot air drying of
drumstick leaf. Among the models fitted to the
experimental data at 30°C, 40°C and 50°C the
Modified Page model was well fitted to the
experimental data with R220.988; MSE< 0.0796
and chi square (x?) = 0.6590 Non-Linear
regression analysis was done according to the

1.2

three thin
data.

layer models for moisture ratio

Table 2(a), 2(b), and 2(c) shows the statistical
regression results of the different models,
including the drying model coefficients and
comparison criteria used to evaluate goodness of
the fit including the R?, and RMSE of drumstick
leaf at different temperature. In all cases R2
values for the models were greater than 0.988
indicating model is well fitted. The model
parameter i.e. ‘k’ was 0.0077, 0.0094 and 0.0140
at 30°C, 40°C and 50°C respectively. Value ‘n’
was 1.540, 1.5996 and 1.567, for the 30°C, 40°C
and 50°C respectively. The ‘k’ value increases
with in-crease in temperature from 30°C to 50°C.

Moisture Ratio (Mt-Me0/(Mo-Me)

200

400

=—30°C

600 800

Time (min)

Fig. 3. Variation in moisture ratio with respect to time, min for drumstick leaf during convective
hot air drying

Table 2. Convective hot air drying at 30°C temperature

Sr. No. Model name

Model Parameters

R? MSE 2

X

1 Newton k=0.0086 0.96547 0.3579 15.7501

2 Modified Page k=0.0077 0.99631 0.0448 1.9266
n=1.5406

3 Henderson and Pabis a=1.3151 0.97768 0.16624 7.1486
k=0.0104

4 Logarithmic a=1.3157 0.97768 0.16624 7.1486
b=0.0104

5 Two term a=1.3151 0.97768 0.16624 7.1486
ko=0.0104
b=3.3064
k1=156.9549

6 Exponential k=0.0086 0.9654 0.3579 15.7501
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Table 3. Convective hot air drying at 40°C temperature

Sr. No.

Model name

Model Parameters

R? MSE

2

4
1 Newton k=0.010842 0.95136 0.3804 13.3170
2 Modified Page k=0.0094 0.9889 0.0796 2.6980
n=1.5996
3 Henderson and Pabis a= 1.31463 0.9626 0.2264 7.7001
k=0.013051
4 Logarithmic a=1.3146 0.9626 0.2264 7.7001
b=0.0130
5 Two term a=1.3146442 0.9626 0.2264 7.7001
ko=0.0130517
b=406.6891103
k1=10.6285380
6 Exponential k=0.0108 0.9513 0.3804 13.3170
Table 4. Convective hot air drying at 50°C temperature
Sr. No. Model name Model Parameters R? MSE x2
1 Newton k=0.0166 0.9552 0.2259 6.5521
2 Modified Page K=0.0140472 0.9942 0.0235 0.6590
n=1.5670
3 Henderson and Pabis a= 1.3593406 0.97768 0.1147 3.2133
k= 0.0200854
4 Logarithmic a= 1.3593438 0.9683467 0.1147 3.2133
b= 0.0200854
5 Two term a=1.3593369 0.9683 0.1147 3.2133
ko=0.0200853
b=8.5855514
k1=130.8966757
6 Exponential k= 0.0166 0.9552 0.2259 6.5521
Time, Minutes
0 200 400 600 800
0 ‘F\ 1 1 !
-2 A (]
%, %
4 '000:8..““
E "..."’.“.“
26 -
=t
_8 4
® 30°C
-10 ~ °
@ 40°C
-12 + 50°C
-14
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Fig. 4. Plot Ln(MR) of Drum Stick Leaf Powder
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3.3 Effective Moisture Diffusivity

Fig. 4 shows Ln (MR) versus time (minute) for
convective hot air drying of drumstick leaf dried
at 30°C, 40°C and 50°C respectively. The graph
shows the straight line curve. The straight line
equation y= mx+c where the m is the slope of
line. Effective diffusivity (D) at time for jackfruit
seeds which was calculated by Eq (6). Table 5
shows the effective diffusivity of drumstick leaf
dried at 30°C, 40°C and 50°C. The diffusivity
values were in the range of 3.65126x10-!! to
7.3431x101t for all the temperature. As the
temperature increases the diffusivity value
increases from 3.65126x10-1!, 4.50323x10-!! and
7.3431x10t at 30°C, 40°C and 50°C
respectively. The effective diffusivity used to
explain the mechanism of moisture movement
during drying.

It was observed that D, values increased
greatly with increase in drying temperature and
thickness. When samples are dried at higher
temperature, increased heating energy would
increase the activity of the water molecules
leading to higher moisture diffusivity (Xiao et al.,
2010). The values obtained of effective diffusivity
from this study was 3.65126x101%, 4.50323%10
1 and 7.3431x101* during the drying
temperature of 30°C, 40°C and 50°C

respectively. The values of D, obtained from
this study lies within the general range of for
drying of drumstick leaf was 2.40- 3.04x10° to
3.21- 3.89x10° m?/s reported by Premi et al., [30]
dried at 50, 60, 70, 80°C, D, for drumstick leaf

drying was 3.17x10°"" to 1.75x10°"° and
3.64x107" to 1.71x10710 m? Is
respectively, reported by Potisate and

Phoungchandang, [10]. D.s; for drumstick leaf
4.70- 7.60x10°to 1.20- 1.50x10® m?/s reported
by Premi et al., [30].

3.4 Activation Energy

Fig. 5 shows the Ln (D.sr) vs 1/T,y, for dried
drumstick leaf at 30°C, 40°C, and 50°C. The
activation energy was calculated by plotting of Ln
(Degr) vs. reciprocal of absolute temperature
showed straight line in the range of air
temperature studied. The activation energy (Ea)
for moisture diffusion calculated from the slope of
straight lines graphs are given in Table 5 The
activation energy for moisture diffusion was
found to be 28.281 kJ/mole. The energy of
activation (Ea) are reported in the literature,
5.54kJ/mole for okra [31]; 12.28 kJ/mol for mint
leaves [32], 55.841kJ/mol for the drumstick leaf
which was reported by [10]; 32.74 kJ/mol for
drumstick leaf [30].

1/Tabs

0.00305 0.0031 0.00315
-23.2 L 1

0.0032 0.00325 0.0033

0.00335

-23.3 A

-23.4
-23.5

N

w

@)
1

-23.7 ~

LN(Deff)
R
(%)
o

-23.9

-24.1 ~

y=-3403.3x-12.85
R?=0.9411

-24.2

Fig. 5. Ln D srvs 1/ T,y 0f drumstick leaf drying
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Table 5. Values of effective diffusivity and activation energy of drumstick leaf at different temperature

Temperature D,rr(m?/s) Ea (kJ/mole)
30°C 3.65126x1011

40 °C 4.50323x1011 28.281

50 °C 7.3431x1011

Table 6. Physico - chemical and functional properties of drumstick leaf powder

Sr.no Parameter Fresh Drumstick leaf Drumstick leaf flour SE: at CD a
30°C 40°C 50°C P<0.05 P<0.05
a) Moisture (wb %) 71.98+0.123 15.56+0.84 12.17£0.572  10.85%0.466 1.590 4548
b) Protein (%) 10.36+£1.253 23.979+0.71 22.97+1.037 22.88+1.165 2.427 6.944
c) Fat (%) 1.36 £0.551 2.42+0.59 1.89+0.547 1.80+0.447 1.307 3.740
d) Fibre(%) 0.86 +0.058 12.168+0.055 11.91+0.021  11.53+0.395 0.692 1.979
e) Ash(%) 1.86+0.058 4,93+1.059 4.00+0.894 3.69+0.34 2.019 5.777
f) Carbohydrate (%) 13.55 #1.087 40.94+2.162  47.03+2.068  49.25+1.844 4,970 14.768
g) Water absorption capacity (g/cc) 4.22+0.540 3.74+0.329 3.08+0.24 0.957 2.739
h) Bulk density (g/cc) 0.445+0.023 0.446+0.033  0.416 +0.025 0.067 0.193
i) Colour L* 48.43+0.008  49.40+0.008 50.81+0.021 0.038 0.109
a* -15.04+0.018 -15.48+0.032 -17.23+0.018 0.058 0.166
b * 24.82+0.051 25.45+0.155 30.16+0.021 0.232 0.665
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The results indicated a linear relationship
between (Ln D.¢r) and (1/T,,,) as plotted in Fig.
5 for drumstick leaf dried by convective drying at
30°C, 40°C and 50°C. The diffusivity constant or
pre- exponential factor of Arrhenius equation (Do)
and activation of energy (Ea) calculated from the
linear regression are 2.447 m?s and
28.281kJ/mol for drumstick leaf.

3.5 Physico Chemical and Functional
Properties of Drumstick Leaf Powder

Table 6 shows the physico-chemical and
functional properties of drumstick flour such as
Moisture (%), Protein (%), Fat(%), Fibre(%),
Carbohydrates (%), Ash (%), Water absorption
capacity(g/ml), Bulk density(g/ml), Colour (L*),
(@*), (b*). for drumstick leaf flour dried at 30°C,
40°C and 50°C respectively.

3.5.1 Moisture content

Table 6 (a) shows moisture content of fresh
drumstick leaf and drumstick leaf dried at 30°C,
40°C and 50°C. Moisture content for drumstick
leaf was 71.98+0.123% (wb) and the moisture
content varied for drumstick leaf powder in the
range was 10.85-15.56% and average was
15.56+0.84, 12.17+0.572, 10.85+0.466 at drying
temperature 30°C, 40°C, 50°C respectively. The
moisture content of fresh drumstick leaf reported
in the literature was 70.12 to 75.45 by Agbogidi
and llondu [33]. The results of moisture content
of drumstick leaf powder are obtained by Alakali
et al., [34] reported that moisture content 10.33
% and 15.01% respectively.

3.5.2 Protein

Table 6 (b) shows that Protein content of fresh
drumstick leaf and drumstick leaf powder. Protein
content for drumstick leaf was 10.36+1.253%
and protein content varied for drumstick leaf
powder ranged was 11.70 — 11.93 % at 30°C,
40°C and 50°C respectively. The protein content
of drumstick leaf powder was 22.88-23.97% and
average was 23.97+0.71, 22.97+1.037,
22.88+1.165 at drying temperature 30°C, 40°C
and 50°C respectively. The protein content of
fresh drumstick leaf reported in the literature was
6.7-10.98 by Satwase et al., [9]. The highest
protein content was observed at 30°C drying
temperature of drumstick leaf powder. The
protein content decreases with increase in drying
temperature from 40°C to 50°C. The decrease in
protein was significant at p<0.05. The protein
content of drumstick leaf powder reported in
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literature was 20.97-24.31% reported by Isitua et
al., [35] and Gatade et al., [36].

3.5.3 Fat

Table 6 (c) shows that Fat content of fresh
drumstick leaf and drumstick leaf powder. Fat
content for fresh drumstick leaf was 1.36
+0.551%. Fat content varied for drumstick leaf
powder 1.010 to 3.456 %. The average fat
content of drumstick leaf powder was 2.42+0.59,
2.42+0.5 and 1.89+0.547 at drying temperature
30°C, 40°C and 50°C. Fat content was
highest at drying temperature at 30°C of
drumstick leaf powder. The decrease in fat was
significant at p<0.05. The fat content of fresh
drumstick leaf reported in the literature was 1.5
to 1.7 by Gopalakrishnan [37], Satwase et al., [9].
Similar results of fat content of drumstick leaf
powder reported by Alkali et al, [34]
ranged 2.67 to 2.47 and by Agbogidi and llondu
[33] reported 2.3% of fat for drumstick leaf
powder.

3.5.4 Fibre

Table 6 (d) shows that fibre content of fresh
drumstick leaf and drumstick leaf powder. Fibre
content of fresh drumstick leaf was 0.86 +0.058
% and fibre content for drumstick leaf powder
was observed in the range of 11.123-12.180%,
the average fiber content was observed,
12.168+0.055, 11.91+0.021 and11.53+0.395 at
30°C, 40°C and 50°C respectively. The decrease
in fibre was significant at p<0.05. The fibre
content of fresh drumstick leaf reported in the
literature was 0.9% by Satwase et al., [9]. The
fiber content of drumstick leaf powder was
10.987 to 15.141 % reported by Gopalakrishnan
[37], Isitua et al., [35] and Alkali et al., [34].

3.5.5 Ash

Table 6(e) shows that the ash content of fresh
drumstick leaf and drumstick leaf powder. Ash
content for fresh drumstick leaf was
1.86+0.058%. The ash content varied for
drumstick leaf powder was observed in the range
of 3.487 — 4.487%. The average ash content was
4.93+1.059, 4.00+£0.894 and 4.00+£0.894 at 30°C,
40°C, and 50°C. Highest ash content was
observed in 30°C of drumstick leaf powder. The
ash content decrease with the increase in
temperature from 30°C to 50°C. The decrease in
ash content was significant at p<0.05. The ash
content of fresh drumstick leaf reported in the
literature was 2% Satwase et al., [9]. The ash
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content of drumstick leaf powder was 4.55 to
4.70% Alkali et al., [34].

3.5.6 Carbohydrates

Table 6 (f) shows that the carbohydrate content
of fresh drumstick leaf and drumstick leaf
powder. Carbohydrate content for drumstick leaf
was 13.55 +1.087 and carbohydrate content
varied for drumstick leaf powder ranged was
40.94 -49.25%. The average -carbohydrates
content was 40.94+2.162, 47.032+2.068 and
49.25+1.844 at 30°, 40° and 50°C respectively.
Highest carbohydrate content observed at 30°C
of drumstick leaf powder. The carbohydrates
content increases with increase in temperature
from 30°C to 50°C. The increase in
carbohydrates was significant at p<0.05. The
carbohydrate content of fresh drumstick leaf
reported in the literature was 14.3%,12.05% by
Fahey, [5], Agbogidi and llondu [33]. The
carbohydrates from the drumstick leaf powder
was 32.57%, 44.55% reported by Alkali et al.,
[34], Satwase et al., [9].

3.5.7 Water absorption capacity (g/cc)

Table 6 (h) shows that the Water absorption
capacity of drumstick leaf powder. Water
absorption capacity of drumstick leaf powder
ranged was 3.082 — 4.221 g/cc and average
water absorption capacity of drumstick leaf
powder was 4.22+0.540, 3.74+0.329, 3.08+0.24
g/ml at 30°C, 40°C and 50°C drying temperature.
The highest water absorption capacity was
observed at 30°C drying temperature and lowest
water absorption capacity was observed at 50°C
drying temperature. The water absorption
capacity was significant at p<0.05. Sing and
Prasad [38] reported the water absorption
capacity of drumstick leaf powder 3.9 g/cc.

3.5.8 Bulk density

Table 6 (f) shows that the bulk density for
drumstick leaf powder. Bulk density varied for
drumstick leaf powder was in the range of
0.445+0.023, 0.446+0.033 and 0.416 +0.025g/cc
for 30°C, 40°C and 50°C respectively. Highest
bulk density was observed at 40°C of drumstick
leaf powder. Okoye et al., [39] reported the 0.32
g/cc value of drumstick leaf powder.

3.5.9 Colour

Table 6(g) shows the colour for the drumstick
leaf powder dried at 30, 40 and 50°C. L, ‘a’ and
‘b’. value for drumstick leaf powder colour L
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values was 48.43 to 50.80 at 30°C,40°C,50°C
and average was 48.43+0.008, 49.40+0.008,
50.81+0.021, respectively. The L values
increases with drying air temperature from 40°C
to 50°C.The drying air temperature had
significant influence of L value of colour on
drumstick leaf powder at p<0.05. ‘a’ value for
drumstick leaf powder 30°C, 40°C and 50°C was
in the range of -15.50 to -17.20 and decreases
with increase in temperature from 40°C to 50°C
and average ‘a’ value was -15.04+0.018,
15.48+0.032 and -17.23+0.018 at 30°C, 40°C
and 50°C respectively. The ‘a’ value had
significant influence of ‘a’ value of colour on
drumstick leaf powder at p<0.05. The ‘b’ value for
drumstick leaf powder at 30°C, 40°C and 50°C
was in the range of 24.48 to 30.17 and average
was 24.82+0.051, 25.45 +0.155 and 30.16+0.021
at 30°C, 40°C and 50°C respectively. The ‘b’
value had significant influence of ‘b’ value of
colour on drumstick leaf powder at p<0.05. Singh
and Prasad, [38] reported the colour values L, ‘@’
and ‘b’ of drumstick leaf powder was 43.87 to
57.67, -15.73 to -16.19, 21.82 to 225
respectively [39-45].

4. CONCLUSION

The drumstick leaf were dried from average initial
moisture content of 312.122% (db) to 3.718%
(db) at 30 °C; 278.677 % (db) to 4.947 % (db) at
40 °C; 244.048 to 1.121% (db) at 50 °C
respectively. It took around 12 hrs, Shrs, and 7
hrs time to dry the product at 30 °C, 40 °C, and
50 °C respectively. The modified Page model
was well fitted to the drying data at 30, 40, 50°C
respectively. The drying of drumstick leaf
occurred in the falling rate period. The effective
diffusivity values greatly increased with
increasing drying air temperature, i.e. 3.651 x10-
11 4.503x10* and to 7.343x10 m?/s at 30, 40,
and 50°C respectively. The activation energy for
moisture diffusion was found to be, 28.281
kJ/mol. The drumstick leaf powder obtained at
30°C had better physico-chemical and functional
properties than the samples obtained at other
different temperatures selected for the study.
Drumstick leaf at 30°C contains, moisture
15.56%, protein 23.97%, and fat 2.42 %, fibre
12.16 % carbohydrate 40.94 %, ash 4.93 %. The
powder had average of water absorption capacity
at 30°C (4.2g/cc), bulk density (0.44g/cc).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing



Bagmare et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 1, pp. 71-86, 2024; Article no.JABB.112792

REFERENCES

1.

10.

Vanajakshi V, Vijayendra SVN, Varadaraj
MC, Venkateswaran G, Agrawal R.
Optimization of a probiotic beverage based
on Moringa leaves and beetroot. LWT-
Food Science and Technology.
2015;63(2):1268-1273.

Patel S, Thakur AS, Chandy A, Manigauha
A. Moringa oleifera: A review of there
medicinal and economical importance to
the health and nation. Journal of Drug
Invention Today. 2010;2(7).

Foidl N, Bennett RN, Ellis WO, Timpo GM,
Amaglo NK. Effect of spacing and harvest
frequency on the growth and leaf yield of
moringa (Moringa oleifera Lam), a leafy
vegetable crop. Ghana Journal of
Horticulture. 2007;26(6):236-456

Zheng Y, Zhang Y, Wu J. Yield and quality
of Moringa oleifera under different planting
densities and cutting heights in southwest
China. Industrial Crops and Products.
2016;91:88-96.

Fahey JW. Moringa oleifera: A review of
the medical evidence for its nutritional,
therapeutic, and prophylactic properties.

Part 1. Trees for life Journal. 2005;
1:5.

Thurber MD, Fahey JW. Adaption
nutritional viewed through the

lens of the diffusion of innovation theory
Ecol. Food Nutritional. 2009;48(2):212-
225.

Oyeyinka AT, Oyeyinka SA. Moringa
Oleifera as a food fortificant: Recent trends
and prospects. Journal of the Saudi
Society of Agricultural Sciences.
2016;12(5):78-45.

Otoluwa A, Salam A, Syauki Y, Nurhasan
M, Monoarfa Y, Asad S, Hadju V, and
Thaha AR. Effect of Moringa oleifera Leaf
Extracts Supplementation in Preventing
Maternal DNA Damage. International
Journal of Scientific and Research
Publications. 2014;4(11):1-4.

Satwase AN, Pandhre GR, Sirsat PG,
Wade YR. Studies on drying characteristic
and nutritional composition of drumstick
leaves by using sun, shadow, Cabinet and
Oven Drying Methods. Scientific Reports.
2013;4(2):584-123.

Potisate Y, Phoungchandang S.
Microwave drying of Moringa oleifera
(Lam.) leaves: Drying characteristics and
quality aspects. Asia-Pacific Journal of

84

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Science and Technology. 2015;20(1):12-
25.

Premi M, Sharma HK, Sarkar BC, Singh C.
Kinetics of drumstick leaves (Moringa
oleifera) during convective drying. African
Journal of Plant Science. 2010;4(10):391-
400.

Ali MA, Yusof YA, Chin NL, Ibrahim MN,
Basra SMA. Drying kinetics and colour
analysis of Moringa oleifera
leaves. Agriculture and Agricultural
Science Procedia. 2014;2(5):394-400.

Famurewa JAV, Akinmuyisitan FA.
Prediction of drying model and
determination of effects of drying

temperature on mucilage and vitamin-c

contents of fluted jute (Corchorus
capsularis) Leaves. Afr Journal Food
Science Research. 2014;2(11):
149-154.

Chakraverty A. Post-Harvest Technology
of cereals, Pulses and oilseeds, 3rd
Edition, oxford and IBH Publishing Co. Pvt.
Ltd., New Delhi. 2005;54-55.

Henderson SM, Pabis S. Grain Drying
Theory Il. Temperature Effects on Drying
Coefficient.  Journal  of  Agriculture.
1961;44:1111- 1122.

Ozdemir M, Devres YO. The thin layer
drying characteristics of hazelnuts during
roasting. Journal of Food Engineering.
1999;42:225- 233.

Wang ZF, Sun JH, Chen F, Liao XJ, Hu
XS. Mathematical modeling on thin layer
microwave drying of apple pomace with
and without hot air pre-drying. Journal of
Food Engineering. 2007;(80):536- 544.

Doymaz |, Pala M. This layer drying
characteristics of corn, Department of
Chemical Engineering Yildiz Technical

University Davutpasa, Escheler, Istanbul,
Turkey Journal of Food Engineering.
2003;(60):125-130.

Ojediran JO, Raji AO. Thin layer drying of
millet and effect of temperature on drying
characteristics. International Food
Research Journal. 2010;17:1095 — 1106.
Sacilik K. Effect of drying methods on thin—
layer drying characteristics of hull-less
seed pumpkin (Cucurbita pepo L.).
Journal of Food Engineering. 2007;79:23-
30.

Suarez C, Viollaz P, Chirfe J. Diffusional
analysis of air drying of grain sorghum.
Journal Food Engineering. 1980;15:
523- 531.



22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

Bagmare et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 1, pp. 71-86, 2024; Article no.JABB.112792

Roberts JS, Kidd DR. Padilla — Zakour.
Drying Kinetics of Grape Seeds Journal
Food Engineering. 2008;89(4):460- 465.
Roy SK, Joshi GD. Minor fruits-tropical. In:
Salunkhe D.K., editor. Handbook of Fruit
Science and Technology. New York, USA:
Marcel Dekker, Inc. 1995;570-3.

AOAC. Official methods of analysis of the
AOAC, 15th ed. Methods Association of
official analytical chemists. Washington,
DC; 1990.

AOAC. Official method of Analysis. 18th
Edition,  Association of  Officiating
Analytical Chemists, Washington DC,
Method 935.14 and 992.24; 2005.

AOAC. Official Methods of Analysis.18™
Edition. Association of Official Analytical
Chemists; 2010.

Rangana, S. Handbook of Analysis and
Quality Control for Fruit and Vegetable
Products. Tata McGraw Hill Pub. Co. Ltd.,
New Delhi; 1986.

Adegunawa MO, Adebowale AA, Solano
EO. Effect of thermal processing on
biochemical composition, antinutritional
factor and functional properties of beni
seed (Sesamum indicum) flour. American
Journal of Biochemistry and Molecular
Biology. 2012;2(3):175 -182.

Sosulski FW. The Centrifuge method for
determining fat absorption in hard red
spring wheat, Cereal Chemistry.
1962;39:344-346.

Mandge HM, Sharma S, Dar BN. Instant
multigrain  porridge; Effect of cooking
treatment on physico chemical and
functional properties. Journal of Food
Science and Technology. 2014;51(1):97-
103.

Premi M, Sharma H, Upadhyay A. Effect of
air velocity and temperature on the drying
kinetics of drumstick leaves (Moringa
oleifera). International Journal of Food
Engineering. 2012;8(4).

Dadali G, Demirhan E, Ozbek B. Color
change kinetics of spinach undergoing
microwave  drying. Drying  Technol.
2012;25:1713-23.

Ozbek B, Dadali G. Thin layer drying
characteristics and modeling of mint
leaves undergoing microwave treatment.
Journal of Food Engineering.
2007;83(2):541-49.

Agbogidi OM, llondu EM. Moringa Oleifera
Lam: its potentials as a food security and
rural  medicinal item. Journal of

85

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Biotechnology Innovation. 2012;1(6):156-
167

Alakali JS, Kucha CT, Rabiu IA. Effect of
drying temperature on the nutritional
quality of Moringa oleifera leaves. African
Journal of Food Science. 2015;9(7):395-
399.

Isitua CC, Lozano MJS, Jaramillo CJ,
Dutan F. Phytochemical and nutritional
properties of dried leaf powder of Moringa
oleifera Lam. from machala el oro province
of ecuador. Asian Journal of Plant Science
and Research. 2015;5(2):8-16.

Gatade AA, Ranveer RC, Sahoo AK.
Nutritional analysis, total phenolic content,
free radical scavenging activity and
phytochemical analysis of leaves powder
of Moringa oleifera (Drumstick) and Cicer
arietinum (Chick pea). International
Journal of Pharma and Bio Sciences.
2013;4(3):922-933.

Gopalakrishnan L, Doriya K, Kumar DS.
Moringa oleifera: A review on nutritive
importance and its medicinal
application. Food Science and Human
Wellness. 2016;5(2):49-56.

Singh Y, Prasad K. Moringa oleifera leaf
as functional food powder:
Characterization and uses. International
Journal of Agriculture and Food Science
Technology. 2013;4(4):317-324.

Okoye EI, Awotunde TO, Morales TG.
Formulation and characterization  of
Moringa oleifera Leaf Granules. I:
Micromeritic Properties. Research Journal
of Pharmacy and Technology. 2013;6
(1):7.

El-Beltgy A, Gamea GR, Essa AHA. Solar
drying characteristics of strawberry.
Journal of Food Engineering.
2007;(78):456- 64.

Henderson SM. Progress in developing the
thin layer drying equation. Transactions of
the ASAE. 1974;17:1167-1172.

Liu Q and Bakker-Arkema FW. Stochastic
modelling of grain drying. Part:2 Model

development. Journal of Agricultural
Engineering Research. 1977,66:
275-280.

Westerman PW, White GM, Ross Il
Relative humidity effect on the high
temperature drying of shelled corn.
Transactions of the ASAE. 1973;16;1136-
1139.

Yaldiz O, Ertekin C, Uzun HI.
Mathematical modeling of thin layer solar



45,

Bagmare et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 1, pp. 71-86, 2024; Article no.JABB.112792

drying of sultana grapes. Energy. drying of peach slices. International
2001;26(2):457-465. Journal of Heat and Mass Transfer.
Zhu A, Shen X. The model and mass 2014;72:45-351.

transfer characteristics of convective

© 2024 Bagmare et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/112792

86


http://creativecommons.org/licenses/by/4.0

