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ABSTRACT

Makhana (Euryale ferox Salisb.) is one of the ncashmon dry fruits utilized by the people due to faincontent,
high contents of carbohydrates, protein, mineraisl @ther medicinal significance. For the purposalefeloping
any kind of mechanized system for sorting, gradimgi manual processing, different engineering prapsiike test
weight, bulk density, true density, porosity, amgfleepose and coefficient of friction of differgmades of makhana
were determined using standard techniques at nreistantents ranging from 20 to 60% (dry basis).réase in
moisture content was found to increase the linéaredisions, mass of 100 seeds, bulk density, tnugitgieangle of
repose, and coefficient of friction while porogitycreased with increase in moisture content. Gaefft of friction
was found to increase as moisture content incredsed 0.298-0.414, 0.420-0.517 and 0.524-0.63%sely
on glass, wooden and mild steel sheet structundhsas. Angle of repose showed an increasing tweitid increase
in moisture content. The study concludes that gettechanges in moisture content significantly (&) affected
most of the engineering properties determined.
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INTRODUCTION

Makhana Euryale feroxSalish) is considered as a potential aquatic cash cromdifilin general and Bihar in
particular. It is commonly known as Fox nut, Gorgout and Prickly water lily. Commercially it is grm in
Mithilanchal districts of state Bihar comprisingeas of Madhubani and Darbhanga. These areas asdouréi0%
of estimated 75,000 tons of coungryotal annual production of makhana. Besides |ritlia unique crop is grown
in China, Nepal and Bangladesh. Botanically, iais aquatic, stem less and prickly herb with shodt thick
rootstock and it belongs to nymphaeceae family. @&@nomic part olmakhana is the popped expanded kernel
which is used as a delicious food. The edible pathe nut is its starchy kernel which cannot bpasated easily
from the raw nut. It is therefore popped, manubihthe traditional methods (Jha and Prasad 1990jeas is a lack
of scientific methods of popping. Popping is theqass of creating superheated water vapour witl@rconditioned
nut by heating the contained moisture, and suddetbasing the pressure to cause a volumetric asxpaf the
kernel. The expanded kernel of the nut obtaineduttin this process is known as makhana in India &dldaPrasad
1998). Due to low fat content, high content of cdmydrate, protein and minerals, it is one of theshommmon dry
fruits utilized by the people. The calorific valoéraw seeds (362 kcal/100g) and puffed seeds k8a8100gq) lie
close to staple foods like wheat, rice, other de(Bélgrami et al.1983).Besides nutritional valuakhana is also
recommended in the Indian and Chinese system ofcimedn the treatment of respiratory, circulatodjgestive,
excretory and reproductive systems disorder.
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In order to be able to reap the maximum benefisnfioreeding and agronomical improvement in thed fied

makhana cultivation there is the need for the dgmknt of processing equipment and techniquesdovallie to

makhana. Knowledge of engineering properties ofcafjural materials and their dependence on thestae

content are needed to adequately design approgdgaipment and systems for various agriculturarajpens such
as planting, harvesting and post harvest operationsagricultural crops (Asoegwu et al. 2006). Sumdsic

information should be of value not only to engirsebut also to food scientists and processors why ewploit

these properties and find new uses (Mohsenin 198&)ugh the information on physical propertiesrfany food

grains is available, the information of these prtipe for makhana at various moisture levels isceand hence
this study was undertaken with the objective t@duine the engineering properties of makhana ande@te them
with moisture content and grade of the sample.

MATERIALS AND METHODS

Sample preparation
For studying the engineering properties of Makh@sgyrocurement was done from local market. Onefl® kg of
sample was separated into three grades accordangetage diameter and sphericity as shown in Thble

Moisture content

To obtain the desired moisture levels (20 to 608tdded samples were either air dried or moisteasdher the
case, by keeping them in a humidity controlled ovidme prepared samples were kept in desiccatded filith salt
solutions of the appropriate concentration at raemperature to maintain particular moisture conbsfore using
them for the experiment§.he initial moisture content of the seeds was detegd using methods described by
Dutta et al (1988).

12g of sample was weighed in a previously weigheistare box using digital electronic, top pan ba&anThree
replications were taken for each sample. The weigleed sample was kept in the hot oven for 24 hawut®2C.

Seed lots of different initial moisture content wastained either by adding pre-calculated amountvater for
mixing with seeds or by drying the seed lots taumsdthe moisture. After oven drying, samples wereaved from
oven and kept for 15 minutes in an airtight dedsicor moisture equilibrium. Final weights werééa on digital
electronic balance and loss of moisture was caledlas average moisture content of sample on diig by using
following formulae.

The moisture content, m, wet basis.

Wm

m=—————x100
Wn +Wd
Where,
W, = weight of moisture
Wy = weight of dry material

The moisture content, M, dry basis.

m=VM 100
Wd

Size and Shape

The triaxial dimensions such as length (a), bredtdjhand thickness(c) of raw and dried makhana seesre

determined by taking five samples of each classgugernier calliper having a least count of 0.001rmime samples
were divided into three classes based upon theges$ linear dimensions i.e. small (<9mm), medi@mrh to

11mm) and large( >11mm). The averages of threecepts were calculated. The shape of seed waswatat by

calculating sphericity.

Sphericity

Sphericity of an object is defined as a ratio af thameter of a sphere of the same volume as tjeztoio the
diameter of the smallest circumscribing sphere. 3$pleericity is also calculated as the ratio of gewim mean
diameter of the object to the major diameter (Molisd 980). The largest intercept, a, second largéstcept, b,
normal to ‘a’ and the third intercept, ¢, normal doth ‘a’ and ‘b’ were measured (Mohsenin 1980)d dhe
sphericity was computed using the following expim@ss
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(abc)%
a

Sphericity =

Where,

a = longest intercept,

b = longest intercept normal to a, and
¢ = longest intercept normal to a and b

Angle of repose

To measure the angle of repose a wooden box fullakkhana seeds was mounted on a tilting top dggftpparatus
(Jha 1993). The upper part of apparatus was fitii#lal glass on which wooden box with seeds was nexlnthe
apparatus top was tilted till the wooden box filseeds started moving over the inclined surfagghis point the
reading on vertical scale (Has well as horizontal length {Pwas recorded. This process was repeated foustime
and every time the reading of vertical scale andzbatal distance was recorded. The angle of iatiom & was
measured which gave the angle of repose of the amzkbeeds.

_1 Hn
Angle of repose (&) = tan™! oo
h
Where,
@ = angle of repose in, degree;
H;, = vertical height of scale;
Dy, = horizontal distance of apparatus

Coefficient of friction

A tilting top drafting apparatus was used and makhseeds of known weight were filled in the holleaoden box.
The box was kept on the surface in such a way atoséeds were in contact with the surface. The lmidtithe box
was tied with a nonstretchable string and connetded plastic disc having minimum weight. A pullagving

minimum friction was fixed at one end of the tablesuch a way that the disc connected with theadrttie string

passing over the pulley could hang freely. Diffénerights from a weight box were kept on the pirthté wooden
box in the seeds just starts sliding. This is thedition where frictional force is nullified and tan starts. This
process was repeated thrice for each surface (Buth 1988; Suthar and Das 1996). As the coefiiicof friction

varies with characteristics of the surface, thrifferdnt surfaces namely, wooden, glass and miéelstheet were
used.

_ F
H=w
Where,

K = Coefficient of friction
W = force normal to surface of contact
F = force of friction

Bulk density

Bulk density was measured using the AOAC methodvtirch a cylinder of inner diameter 106 mm and tarizp8
mm was filled with makhana seeds. The excess seedsremoved and the weight recorded. The bulkidewss
then calculated as the ratio of makhana weiglih¢ovolume occupied (Omobuwajo et al.1999). Thé blansity
was calculated using formula.

M
pb = 7
Where,

pp = Bulk density
M = Total mass of grain
V = Total volume of grain

True density

The true density of the makhana seeds were obtaisety the method described by Tunde-Akintunde and
Akintunde (2007). Seeds of known weight were takew known volume of Toluene was put into measuring
cylinder and reading was recorded. After that thevin weight of seed taken was put into the meagurytinder
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and the reading of the volume raised in the cylindas recorded. In order to determine the volumsesd the
initial recorded reading of the cylinder was suttied from the later recorded reading. Finally the tdensity was
calculated in forms of kg/frby using the following formula.

p= Vs
Where,

Ms= mass of solid particle
V= volume of solid particle
p = True Density

Porosity
Porosity was calculated from the relationship betwkulk ¢,) and true ;) density according to Mohsenin (1986).

1-p,
P

p =
RESULTS AND DISCUSSION

The effect of grade and moisture content on songienring properties of makhana has been presénieable 2.

The effect of grade and moisture content on thesighy dimensions of the gorgon nut seed was siaifi
(P<0.05). The length breadth and thickness of lgmgele makhana varies between 11.82 to 12.43 riiid ko

12.22 mm and 11.01 to 11.65 mm respectively, wieetiea corresponding values for medium grade wasd to

be 10.55 to 10.93mm, 9.60 to 9.92 mm, and 9.38.76 ¢nm. The length, breadth and thickness of sgraltle

makhana vary between 8.79 to 8.99 mm, 8.10 to 8&2amd 7.69 to 8.02 mm respectively (Table 2). fitndings

are in tune with the reports of Al-Mahasneh and dkaltn (2007). for green wheat, Aydin (2002). foringa
hazelnuts, Calisir et al. (2005). for rapeseed, Bunade-Akintunde and Akintunde (2007). for sesameds. Linear
dimensions are important in determining aperture $h design of grain handing machinery (Al-mahasaad

Rababah 2007).

Test weight

The values of test weight of 100 seeds, each fgeJanedium and small at 60% moisture content fisred to be
82.64g, 65.6g and 42.5 g respectively which weraiaantly higher than the test weight at lower stare content.
The lower test weight of smaller seeds at the sawisture was obviously due to their smaller sizmil&r results

were reported by Tunde-Akintunde and Akintunde D0fbr sesame seeds.

Bulk density

An increasing trend of bulk density with moistuesnge (20 - 60% db) was observed (Table 2). At lighgisture
levels, highest bulk density was exhibited by serairade makhana followed by medium and large grate
increasing nature of bulk density with moisture teoh was due to the proportionate increase in weigth
moisture content may be more than that of the velydha and Kachru 1998). It is evident that bulksitg
increased with moisture content but decreased witle of seeds. This trend may be due to the faat th
proportionate increase in weight with moisture eahtwas more than that in volume and better pachbility of
the smaller seeds.

True density

The true density increases with increase in mastontent (Table 2). The true density of smalledsewas found
to be more than that of the larger ones which eigie that the smaller was heavier than the largerfor a given
volume and moisture content. The bulk density veagel than that of true density because the airespagrain
bulk increases the volume while the weight is thees.

Porosity
Porosity value decreased with increase in moistorgent (Table 2). It was higher for large gradatoived by
medium and small grades, irrespective of moistorgents. In all the grades porosity was highe&0& moisture
content. A linear decrease in porosity with inceeaspumpkin seed moisture content was reporteflbghi et al.
1993). However, Singh and Goswami (1996). found gheosity of cumin seed to increase with grain o
content.

Angle of repose
The angle of repose is the angle between the habeha slope of the cone formed on a free verfailof the
granular material to a horizontal plane. It showeadncreasing trend with moisture content (Tableé&)ause of its
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higher projected area which may increase the iatdrittion of the material. Compared to all thedes the angle
of repose is highest of medium grade makhana seeds.

Co efficient of friction

The coefficient of friction increased with moistucentent and grade of makhana (Table 4). The aieffii of
friction on mild steel sheet is higher than woodenface and lowest for glass surface which mayaused by the
higher roughness of the mild steel sheet. As thiston@ content increased, the static coefficienfriofion against
the selected surfaces increased. The same inoneessebserved for sunflower seeds and millet by &apid Das
(2000). and Baryeh (2002). The possible reasontHizr may be the fact that an increase in moistunetent
increased the cohesion between the seeds, thusasieg the friction, the seed experiences durirgy it
flow/movement on the respective surfaces (Balasargam and Vismanathan 2010).

Sphericity

Sphericity of makhana varies between 0.967 to 01968 0.930 to 0.931 mm and 0.932 to 0.934 mm fogela
medium and small grade, respectively. This revélads the medium and small are almost of spheribabs,
whereas; large grade is relatively flat. The flamarises from the fact that some of makhana sgstdsompressed
when the hot roasted seeds are struck by a woaglambr to break their shells for popping. The dinwnsf small
grade is lowest because of its partial expansiahdae to the smaller size of the seeds.

The effect of variety was significant (P<0.05) &kthe mechanical properties. Also the interacétffect of variety
and moisture content on the parameters was signifi®P<0.05). The correlations between grain mmstontent,
physical dimension and engineering properties aesegmted in Table 5. Significant (P<0.05) strongimeering
correlations existed between grain moisture cond@nt bulk density and true density while a sigaific (P<0.05)
negative correlations was found between grain mastontent and porosity. Sphericity, mass of ld#ls, length,
breadth, thickness and bulk density showed sigmifi¢P<0.05) positive correlations with length,dutth, thickness,
angle of repose, bulk density; but negatively datesl with porosity.

Table 1 Classification of makhana seeds according tifferent grades

Grade Average diameter  Sphericity
Large >11mm >0.8
Medium Not considered >0.8
Smaller <9 mm >0.8

Table 2 Effect of grade and moisture content on thengineering properties of makhana

Moisture . Test Bulk True .
Grade Content Sphericity L(?T?lg]t)h B(rri?ﬁ)th Th('ﬁmfss weight density density PO(LZ)SW
(%0) (9/100) | (kg/m3) (kg/m3)
20 0.967 11.82 11.44 11.06 58.8 507.26 1101)9 53.96
30 0.967 11.82 11.49 11.01 51.4 622.86 1157)3 4617
Large (L) 40 0.969 12.43 12.06 11.65 60.2 697.32 12312 43.36
50 0.969 12.43 12.22 11.49 73.5 726.12 1249]5 4314
60 0.969 12.43 12.16 11.55 82.6 751.66 12532 40
20 0.93 10.61 9.67 9.38 51.1 535.84 1140.p 53
30 0.93 10.61 9.6 9.45 53.3 659.24 1212.6 456
Medium (M) 40 0.931 10.93 9.92 9.72 59.2 731.54 12706 424
50 0.931 10.93 9.89 9.75 61 757.14 1278.8 40,8
60 0.932 10.55 9.6 94 65.6 788.74 1289.4 38.82
20 0.932 8.79 8.13 7.69 33.6 574.2 1168.5 509
30 0.933 8.99 8.21 8.02 37.2 686.3 1243.9 449
Small (S) 40 0.934 8.91 8.1 8.01 38.5 756.4 1283.8 41.08
50 0.934 8.91 8.21 7.89 40.99 796.7 1292.p 38.84
60 0.935 8.79 8.13 7.79 42.5 811.4 1299.6 37.36
Mean 40.00 0.94 10.60 9.92 9.59 53.97 693.52 1231.p1 0144
Standard deviation 14.64 0.02 142 1.59 1.48 13.95 95.44 62.11 5.19
SE 3.78 0.00 0.37 041 0.38 3.60 24.64 16.05 1.34
CV 36.60 1.87 13.37 16.05 15.44 25.84 13.76 5.08 11.[79
P of grades a a a a a a a a a
P of initial moisture a a a a a a a a a
content
P _of grade X initial a a a a a a a a a
moisture content
2 Significantly different (P<0.05)
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Table 3 Effect of grade and moisture content on thenechanical properties of makhana

Grade Moisture Angle of Coefficient of friction
Content (%) | repose(°®) | Glass surface| Wooden surface  Mild steel sheet
20 21.35 0.364 0.472 0.577
30 21.75 0.376 0.481 0.59
Large (L) 40 22.26 0.389 0.492 0.61
50 22.44 0.397 0.501 0.615
60 22.56 0.414 0.517 0.644
20 22.76 0.309 0.426 0.568
30 23.95 0.326 0.441 0.584
Medium (M) 40 25.48 0.352 0.472 0.606
50 25.52 0.378 0.486 0.624
60 26.65 0.392 0.497 0.639
20 0 0.298 0.42 0.524
30 0 0.311 0.441 0.533
Small (S) 40 0 0.323 0.472 0.544
50 0 0.349 0.486 0.551
60 0 0.361 0.497 0.558
Mean 40.00 15.65 0.36 0.47 0.58
Standard deviation 14.64 11.55 0.04 0.03 0.04
SE 3.78 2.98 0.01 0.01 0.01
CcVv 36.60 73.79 10.09 6.11 6.51
P of grades a a a a a
P of initial moisture content a a a a a
P of grade X initial moisture content a a a a a

2 Significantly different (P<0.05)

Table 4 Correlation coefficients between differenengineering properties of makhana

Physical properties Engineering properties

'\ggftt:rrf Sphericity | Length | Breadth | Thickness w-[:‘?gstmt dsrl:Ll?ty dZLL;?ty Porosity A;Z%fszf

Moisture
1

content
Sphericity 0.050 1.000
Length 0.067 0.785 1.000
Breadth 0.071 0.870 0.988 1.000
Thickness 0.062 0.839 0.995 0.996 1.000
Test weight 0.448 0.575 0.86F 0.83Z2 0.836 1.000
Bulk density 0.910 -0.192 -0.201 -0.206 -0.204 0.146 1.00(
True density 0.840 -0.332 -0.302 -0.321 -0.314 0.059 0.979 1.000
Porosity -0.917 0.138 0.161 0.163 0.160 -0.164 -0.997 -0.949 1.000
fé%%lge of 0.053 0.347 0840| 0.75F | 078% | 0803 | -0.173 -0.227 0.147 1

& Correlation is significant at the 0.01 level (Zial)
P Correlation is significant at the 0.05 level (dkeal)

CONCLUSION

The effect of grade and moisture content on songierring properties of makhana seeds was repdrtedlinear
dimensions, mass of 100 seeds, bulk density, temsity, angle of repose and coefficient of frictioareased with
increase in grain moisture content irrespectivegmides. Static coefficient of friction increased glass surface,
wooden surface and mild steel sheet as moisturéebincreased. The different engineering properéé the
makhana seeds were significantly affected by geatte moisture content. The knowledge gained from $tudy
may be utilized in design and development of maehiior sorting, grading and processing of makhana.

REFERENCES

[1] Al-Mahasneh MA, Rababah TN2Q07) J Food Engr9:1467-1473

[2] Asoegwu SN, Ohanyere SO, Kanu OP, Iwueke 2006 Agric Eng Intl. The CIGR Ejournal
[3] Aydin C (2002 Biosyst Eng82:297-303

[4] Balasubramanian S, ViswanathanZ®10 J Food Sci Technal7(3):279-284

[5] Baryeh EA 2002 J Food Engh1: 39-46

[6] Bilgrami KS, Sinha KK, Singh A1(983 Current Scienc&2 (20): 960-64

[7] Calisir S, Marakoglut OH, Ozturk @Q095 J Food Engs9:61-66

[8] Dutta SK, Nema VK, Bhardwaj RKLP88 J Agric Eng Re89:269-275

[9] Gupta RK, Das SK2000 J Food Eng46:1-8

34
Pelagia Research Library



Vikash Kumar et al Adv. Appl. Sci. Res., 2013, 4(6):29-35

[10]Jha SN, and Prasad 08 Journal of Institution of Engineel$) AG section. 78:45-47

[11]Jha SN, Kachru RPLO98 Journal of Food Process Engineeri@g: 301-316

[12]Jha SN, Prasad 3990 Agricultural Engineering Todag4(3,4): 19-22.

[13]Jha, SN 1993 Development of a processing machine for gorgon(Buryale ferox), Ph. D. Thesis, Indian
Institute of Technology. Kharagpur, India

[14]Joshi DC, Das SK, Mukherjee RK993 J Agric Eng Re$4:219-229

[15]Mohsenin NN 1986 Physical properties of plant and animal materiaied edn. Gordon and Breach Science
Publication,New York

[16]Mohsenin NN (1980)Physical Propertiesf Plant and Animal Materials Breach Science Puabklis.New York
[17]Omobuwajo TO, Akande EA, Sanni LA999 J Food Eng40:241-146

[18]Singh KK, Goswami TK 1996 J Agric Eng Re$4:93-98

[19] Suthar SH, Das SK1096 J Agric Eng Re$5:15-22

[20] Tunde-Akintunde TY, Akintunde BO2007 Effect of moisture content and variety of seldcproperties of
beniseed Agric Eng internl: The CIGR Ejournal mamit FPO7021.Volume IX

35
Pelagia Research Library



