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A small scale dry m
Polvtechnic Buda,
L% W

crude p
temperature from 34
mcreased i dryming temp

between 50.39 % and 96.83 %. The highest milling efficiency of 96.83 was obtained from interaction between |

noringa leaves powder processing plant of 300 kg per day capacity was established m Federa
Niger State of Nigeria. All the machine parts were fabricated in the Institution. The plant 1s made up
wing secuons; leaves washing unit, draining unit, drying and the milling units. Al machine parts that will
t contact with the moringa leaves were made of stainless steel. The results of testing shows that all the
mposition of the samples significantly (p<0.05) changed with increased in drying temperatures The
protemn and fat content of the dned leaves sample decreased with increase in drying
*C to 49°C. While carbohydrate, fibre and ash content increased significantly (p<0.05) with
rature of the moringa leaves samples. The milling efficiency of the hammer mill ranged

I

j sembly, meninga moisture content of 9 % and speed of 1460 r.p.m. The milling efficienc:

numbers of hammer hea
> In Cpeed

of milling and increase in number of hammer head but decreased with increase in
e }::1\ es. In conclusion dried moringa leaves contained more fat, fibre, protein and carbohydrate

Kevwords: Provide benween four to six kevwords arranged in alphabetical order

1 INTRODUCTION

Morninga leaves powder is a product obtained as result
ef r";'fing dry monnga leaf. The leaves of the Moringa

leifera wee are very nutritious. They can be consumed
fresh Mi cooked or dried. The dned moringa leaves retam
thesr nutment content and 1t 1s easily converted into leaf
powder (Satva er af . 2012). Monnga leaf powder is used
28 food supplement and can be consumed in different
A teaspoon of the leaf powder can be mixed with

W
jusces ar beverages. One teaspoon of moringa can provide
a full range of nutrients required by the body. Monnga

leal powder can also be muxed with vegetables or soup
that 1 prepared for consumption. According to Diana,
20011, 25 g of monnga powder can be admimstered to
pregnant women daily to ymprove their prenatal nutrition
Apari from plam leaf powder, moringa powder 15 also
made in capsules According to Marcu (2(K5), no
negatiee effects from daly comsumption of monnga
lesves and seeds have ever been reported and further
madwcated that mormga has the following health benefits
reduces cholesterol levels and inglycendes (“bad™ fats),
somrals blood sugar and helps normal sugar and energy
Dularce oTers vitarins and minerals vital for mamtaming
. wﬂm“m and offers powerful ant-aging and
siory nstursl substances, many with ant
ves The leaves ave good source of viamins

A, B, and C and minerals, particularly won and sulphu
containing amino acids

Fuglie (1999} and Fughie (2000) reported that moring
leaves processing have socio-economic and numer
health benefits which include, 1t serve as sources
income to its producers and dealers Moringa leavs
contain more Vitamin A than carrots, more calcrum o
milk, more iron than spinach, more Vitamia C the
oranges, and more potassium than bananas

It was observed that the current processing me
moringa leaves powder 1s physically demanding and tacs
in quality and efficiency  Without standard «
or procedure that will produce hygiemic and
moringa leaves powder  Most of the monnga
puwders produced are counterfon and adubterpted pe
due to poor samity quality of the processing

(Fughe 2000, Chris 2010) Chns (2010) reported “
the problems faced by mornga dealers to e hude
guahty of products The attide of buyers tows
locally processed food supplements in genersl s
being regatded s mfenor products compared |
altermatives. The locally processed produst 15 per

fod vy N Thithyg

be of poor gquality due \o aduiterat:on du

The general Wy and  packageng
MOnnga fmh‘ilw 1 simiple that ¥ oo b dosse & ¢
home with 8 morings tree  The proaact aee passn
labelled or branded While Heore  win hag!
demand fw the powder the iy bad
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Wi { i osimitlar colour and faste) were put on thi VoDyeying Section [ his s the sechiom where H I

- orimga powder undermmed the demand Some the dramed leaves o tkes plac The drying proce

" - had abandoned monmga powder produoction Tor achieved nsing direct olar heating or heat gencrated
okl yornga products with more speciabised’ processmyg, bhurming ol hiomans

ind packaging techmiques According to Chins (2010), 4 Mitimg Section, This s a hammer mll powerad |
yhout 82% of s di alers and consumers complamed about Hp clectn motor - The nalhing of the dried leaves )
POOT PrOCCSSING I thods, lack of standard production powdery form takes place here

methods and qQuatiy control system. The texture of the
product Qifters between ditlerent processors Henee, the 1.2 PRODUCTION PROXC ESS

design, fabrication and testing of moringa leaf powder cule morings

I bl ' | | The production process of the sl
COSNNE nie apable o FOUCSSING ~cepli 5 e " )
pro ng  plant  capable { processing acceptable, leaves powder processing plant at Fe deral Polbstechn

hvgienic and pood quality monnga leal powder 18 ol Bida is explained in Fig, 2. The leaflets were striped from
ynmense  sigmificance  m ;\llrw.nnv\‘\'\ some ol the the Teaf petiole and discased and damaged leaves wer
shortcoming,  assocrated with  moringa  leaf powder discarded. The leaflet were washed using the developed
production washer with clean potable water to remove dhrt, the Joave
fhe aun of the project was to cstablish a 300 kg per washed again in 1% saline solution (NaCl)y for 5 minut
day mormnga leaves powder processing plant that s to remove microbes Satya, ¢ al. (2012) I'he leaves werc
capable of producing hygienie and good quahty monnga further washed with 70% cthanol which was follows d by
leal” powder, to also provide source of avenue for local (wice washing with distilled water. Draining of exc
processor to  process  ther product. In addition  the water from the leaves was carried out by spreading th
processing plant can be used as teaching aid, provide rural leaves on perforated trays made with tninless steel insid
employment for the uncmployed youths and generally the draining chamber. The leaves were dned 1o the
contribute to rural development in the state, maximum recommended moisture content of 10% usin

the automated solar dryer. The dned leaves were il
p METHODOLOGY and sieved using the developed stamnless steel hammer
mill. The moringa leaf powder was finally dry to moisture

2.1 Processing Centre Layout
content below 7.5% Satya, ef al. (2012)

The Moringa leaves powder processing plant layout at
the Federal Polytechnic Bida has the following four mamn
sections as shown in Figure. 1. S
Cleaning

INVELOPE D MURINGA PROCTSSING PLANT

s l Weighing 4‘

[ Washing

5’ c B [ wae |

wans e

Wy

e A e WAV -
l Drying \

E e ‘ L

Figure |- Processing plant layout e

B Bl Y Milling ‘
I. Washing and cleanmg arcas: This 1s the arca where the l

striped leallets were collected, cleaned to discard disease d 2
and demmgr(l leaves before "Vl.lg.hi“}»'.- Dry iy

2. Draiming chamber. Draming of excess water from the e x

aves was cammed out by spreadimg the leaves on ——.
gorated trays made with stamnless steel msude the l Storag \
chamber The dramed water was collected at the i
tor and channel out through a hose and valve

Y Processing process ol Hu mail b

b
fcaves |m-\wl.1 PrOCESHInE plant Fed

¢ Chamber Bid
il



* A L HE PLANT'S COMPONENTS AND
RFORMANCE ANSESSMENI

"
s machmes and equipment were installed
» i . x (%4 .
¢ AgrK d Boenmvirenmental Eongineening
i NE ) . N . ’
< (RN QIO (R & % 79 [ )

" b ——_— ol wilnbe ey
S N au O staniess steel plate (o 1) and 2
2 dbess ope whaech serves as the stirrer. It 1S
ey lindne v shape with two evhnders, the mnoer cylinder

sortorated with diameter of 0.5 m, while the extermal

of 0o m The hewghts of the two

W wasi ."“ drum 1s sl hown in

ga Leaves Washing Equipment

2.3.2 Draining Chamber

ss steel materials. It as
wnstons 09 mx 09 m x

iy

ach. Two of the travs (trays number 1 and 3) are

>d for draiming of water while the O'P\‘r two (trays

"‘s.‘"\.(’\...;.\xx

are not j*cf',l*m ed and serves as the water
‘x\c trays were inclined for easy dlschurgc of

chamber. }- J;h of the water collector trays
has a nozzle :'sr discharge of th s collected water out of the

dssimamdihusn
Plate 1. Dramming Chamber showing the Trays and

water ¢ ﬂI.‘rh-r.x

2.3.3 Drying Chamber
Drving chamber is made of stainless steel plate ( tmm)
and galvanize sheet ( {mm) with glass fibre as an 1solating
materials between them. The chamber is made up of 0.9m
x 09 x 08m dimension it contains an exhaust outlet
»pmm st the upper part of the door. It 18 jowned with an
e solar collector attached with the biomass
g amit (Plate [V) at the hottom The drying chamber

110

yul
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has an openmg of Q05 m thioueh which pre
comnng  ltom  solar collector  passes 1o the
nl

chamber The doyimg travs were made with sts

mash and space was provided round the trays in

allow free
of provihng this free
facihity to the entire monnga prod fuct mmde th
chamber and thus ncrease the rate ol dnm.

exhaust fans were fined at the bottom of the

chamber and covered at the end with filtering sored
drving chamber 1s shown 1o Plate 1. A temp

SCNsOL meh of sensing temperature  dilt

between 0° and 100° was fixed inside the ¢han

control system that received s

space s (o provide c‘n‘t:’n'

{
M

air cuculation within the chamber, The vog

\
ol

gnal from the sens

active and deactivate the exhaust fan was also f fined ¢

of the chamber. The control system is shown i

Plate V. Control System

2.3.4 Solar Collector
The solar collector s a cubical m sh
dimension of 1 6 mx 09 x 0 2m Hos conneciad

chamber and it allows passage of hot air i o thu

chamber The solar collecter s made of mild

0002 m thickness and at s pamied Black AL ©
shoei

part of the collector a transparent plass
thick) was fixed 0.05 m above the collector The
and sides portion of the vellector wen

fitlod w

y Plate

i



asive salvamize iton sheets and between them a
19 thickness was fined At the bottom of
a space of 0.05 m was prov ided between it
wernal galvamaze sheet. This is to allow free

werated {rom burning of the biomass.

wlar tollector was designed 10 be adjustable of
en the angles of 107 10 407 based on latitude of

2 which is between the ranges of 47 0 14" in order
ow utihzaton of the solar system anywhere 1n
s in front as

1t was embedded with adjustable le
late 1L

o

used is 72 watt solar panel and it is

el
A marine deep cycle battery that has the

1
sofar par
2 LG

rging ability was uscd.

imtage of discharging and recha
The battery serves as power accumulator in a case where
sv the solar dnving will take place over night in this case 1t
need to work for almost 18 hours without charging, this
on of a large size battery of 18 amp

0oe S
call for seiecluion

capactty.

2.3.6 Hammer Mill
The hammer mill is also made up stainless stecel

materials. 1t has 21

numbers of rectangular beaters and

AT

icht numbers of circular beaters. The rectangular beaters

are 0.11m x 0.05 x 0.006 m 1n dimensions while the

diameters and thickness of 0.22m x

circular beaters have
v. The milling chamber has concave

R AR

0.006m respectivel)
sicve at the bottom. Attached to base of the machine 1s
extractor fan that extract the
conveved them out of the ma
The machine is power by 15
of 1460 rpm. The machine 1s shown in Plate 4.

moringa leaves powder and

e S 2

chine via the delivery funnel
hp electric motor with speed

Storpmne

The following procedures were followed to de
the machine performance parameters and monnga leaves

powder quahity

The green house etfects werd adopted as the mam
orking principles of (this hyhnd solar dryer. The sources
ppat for the dryers are mdirect solar energy and heat
from heating of Biomass matenals, The heat
m any of the two sources {depend on the one In
up the fresh wr entering from atmuosphere

and 15 passed through the bottom of the

il . - . . % . -
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m o i

cts the mysture 11t

drying chamber and 1t colle
I s exhausted through air outlet
iber 1t temperature mcrea

leaves an As the ai

passed into the drying chan
reaches preset 49°¢ the temperature

as the temperature
sensor insude the drymg chamber send a signal to the
hot  an

control system which m tums activated the

ited at the bottorm ol the «
ymber which cools

extractor fan siug Irying chamoet
The fan blows in filtered ar nto the chi
mperature

the temperature of the chamber. As the temyj

20% the temperature sensor reactivalc |
P—

decrease to
m \‘-}n.l. in L

and sends a signal to the control syste
deactivated the extractor fan. This
automatically. The dried monnga leaves were then
into the hammer mull which ground them mto |
form as shown in Plate VI below.

“@_\‘*"—‘

P
. g

nLint

i

a T
oo 2 4 1

Plate V1: Milled Moringa Powder

2.4 TESTING OF THE PLANT
Two different experiments were conducted to ¢

performance of the min plant. In the first expenme
performance of the drying section was tested w

second experiment the performance of the milling section

was tested

2.4.1 Testing of the drying unit
In this experiment the monnga leave samples we

dried to 10.5 % moisturg content at four dil

temperature of 34°C, 39°C, 44°C and 49 °C ws

developed equipment. In cach expeniment the pro

composition of the dried sample was deternuned. Las

the expenment was rephcated three times and the are
value were determined as presented m Figure |
Determination of Moringa feaves powder Quakiny
The quality of the monnga leaves pow
determined by evaluating 1ls proximate compos
analysis carried 1s as follows
Proximate Compaosition
The Proximate composttion il ot
crude protein, a 4 and carbohy diatk

samples was evaluated at the Natonal {

Institnte Badepet, Bada Niger State, accor
(2000) and ACAL (RN

2.4.2 Testing of the milling wiit
I‘\pumx‘,-nul setup and
desipn matox
In this experiment Tive i
tmngvm.m roitational o g
method (RSAM) ws {1

hamimer head of 211

again

process CONY s
A

nNOWUCT



. ; s assembly, milling speed of 1382 rpm
rpm, 13060 rpm, 1260 rpm ¢ e ‘
ity g 1 -60 rpm and 1192 mpm, moringa
aves moisture content of 7.9 %, 9 %, 10.5 % 12 % and
R : + 9 %, 10.5 % 12 % an
13% 1n order K *stigate "
o 10 order o nvestgate the nulling etficiency of the

”‘Jg*IH‘C he 2xner - N
The experiment consist of 20 experimental runs

~k -
(2° + 2k + m, where s
. where k represent the number of factors

independe riable i '
\‘H.g ndent vanables)), invelving eight factorial points
27}, SIX axi ' 1 i i

> ..\ ixial point (2 x 3), and six replicated centre
points at zero level (Gbabo 2016 ; Aworanti er al., 2013)

Dclc_mwptmn of machine milling effictency
This is the measure of the degree by which the grains
are reduced in size and was determined as reportgd by
Nwagwe et al. (2012) and Nasir (2005)
Mg = -“-‘M—:\ 100 (M
where, Mg = the milling efficiency (%)
Mg = the amount of the material passing through
the sieve (kg)
M, = the total weight of the material feed into
the machine (kg)

3 RESULTS AND DISCUSSION

Effects of variation of drying temperature On
proximate composition of the moringa leaves

The proximate composition of the sample
determined and the result showed that the fresh moringa
leaves had moisture content 80.22g/100g, fat content
1.03g/100g, protein content of 9.95g/100g, fibre content
of 2.9g/100g, ash and carbohydrate contents of 1.59 and
431g/100g respectively. All the samples were dried to
almost 10.5% moisture content. The sample dried using
indirect solar energy at 34°C had fat content 2.62g/100g,
protein content of 30.08g/100g, fibre content of.
16.382/100g, ash and carbohydrate contents of 4.48 and
35.94g/100g respectively.
furnace at 49°C had fat content 2.43g/100g, protein
content of 21.2g/100g, fibre content of 17.6g/100g, ash
and carbohydrate contents of 468 and 433g/100g
respectively as shown in Figure 3.

From Figure 3 all the parameters significantly
(p<0.05) changed with change in drying ter.npcjratures.
Crude protein of the samples decreased significantly
(p<0.05) with increased in drying temperature. Samples
dried at 34°C had value of 30.08 /100 g, at 39°C had
value of 27.28 /100 g, 44°C had value of 25.22 /100 g
and at 49°C had value of 21.2 ¢/100 g. Similar trends
were observed for fat content which had values of 1.03
g/100g for fresh leaves, 2.02 /100 ¢ at 34°C, 2.6 p/l(lt") g
at 39°C, 2.54 g/100 g at 44°C and 2.43 g/100 g at 49°C.
The decrease in protein and fat  content with
corresponding increase in dying temperaturc Lt()llld be as
result of denaturalization. This result is simalar 1o that
reported by Alakali ef al. (2015)

was

While that dried using the -

100

80

P e LR SIS La R

60

J—

e b BT R

a0 -

L
|

e 1

Pecentage Compoasition (%)

27 34 39 a4 a3

Drying Temperature {Degree Celsius)

Figure 3: Effect of variation in drying temperature o

proximate composition

The carbohydrate, fibre and ash content ncre

significantly  (p<0.05) with increased m dn

temperature of the moringa leaves samples. Samples &

at 34°C had lower carbohydrate content of 35.94g!

fibre content of 16.38g/100 g and ash content of 4

g/100 g, the values increased significantly to 433

and 4.68 /100 g respectively when the leaves were &

at 49°C. This is in agreement with the values reportes
Alakali, er af (2015), Gernah and Sengev (2011} hu
er al. (2014) and Alakali, er a! (2015), reported that
drying conditions with lower temperature may img
the product quality but decrease the drying rate

The result shows that dry leaves are betier sour
fat, fibre, protein and carbohydrate than the fresh &
The trend in change in the proximate composition
M. oleifera leaves at different drying conditions
with the work of Alakali, er al (2015) and Adeyer
(2014).

Effects of machine parameters on milling efficie
the hammer mill

The machine parameters investigated
include: number of hammer head. speed of n
moisture content of the moringa leaves and the res
the milling efficiency. The result of thetr m!
presented in Table 1
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of mteraction b :
Achion be tween hammer head
( 3

on machine mill . speed  of blendimg  resulted 1o higher  blending
e mithing, ethciency

Mo of i __cihcieney. Also it was obvious that the mulling efficiency
L ) re R s T / QU & :
Hamn Sneed of IR increase from 69 % to 88 % with increased in number ol
i pPeed O “Onie A - )
: - . content Milhng  hammer heads from 10 0 18 numbers.
: el rotatwon % )
} o) Eff,
4 1192 105 71 48
i 1 360 105 7318
N A 14 1360 10.5 i —
% 1360 10.5 639 »
\ < 10 c
£ \ Q e S =
: 1 1260 1% 71.87 _3
-
b 14 1360 10.5 73.2 E
Y o
- 14 1528 10.5 705 c
) 3 10 1460 9 7758 %
) , ' ; vaei :
Q 10 1260 9 67.4 = = o e
. -“‘ 1310 2 (‘-(;;"
2 10 18 1260 9 85.33 i 8 e
- B,
3 11 14 1360 8 79.32
; 17 19 14 ik & i 5 Fieure 4: Response surface for milling efficiency with
b { 12 14 1360 10.5 73.21 & =
; respect to speed and hammer head
I8 L& 14 1360 10.5 80.19 3
i 14 13 1460 9 96.83 Relationship between moisture content and speed of
14 15 14 1360 13 60,39 milling
X The response surface for milling efficiency based on
5 16 10 1260 12 64.18 B . ’ .
rclationship between  moisture content and speed of
lo 17 14 1360 10.5 73.25 milling is presented in Figures 5. The milling efficiency
) 18 21 1360 10.5 89.92 decreased from 78 % 0 68 % as the moringa leaves
= ; moisture content mcreasc from 9 % to 12 %. This could
19 10 1460 12 62.4 . ; ;
be as result of increase 1n inction and resistance 0
' \ " -
2 20 18 146U 1:4_7__7_’_77_(-‘Jj__.scgrcgalmn of the leaves as the moisture content
increased. The milling efficiency was also observed
Milling Efficiency increase from 76 % to 84 % as the speed increased from
1114 ¥ 1 260 "hi S > < N SR \
From Table 1 the milling efficiency ranged between 1260 r.p.m to 1460 r.p.m. This could be as result of more

139 9% and 96.83 %. The highest milling efficiency of segregation of the materials with increase in speed ot

suare content of 13 % and speed of 1360 r.p.m.

3 was obtained from interaction between 18 numbers milling
i hammer head assembly, moringa moisture content of 9 - ,\ —

and speed of 1460 r.p.m, while the least cfficiency of '\’ \ B \* el =
Licnding of 60.39 %0 was obtained from interaction w‘//-r—*\' \ I ':

& . } i ; |
\ween 14 numbers of hammer head assembly, moringa ML L i -
ul =
M\/ _.a—"f' N

Wl elationship between speed of milling and hammer

T
————n ey CWY
2

- response surface for milling efhciency based on e .
nship between speed of milling and type of hammer k™ " 22
; . e - -~ 3 .
nresented 1 bFigures 4. The milling efficiency el
= ” ) ST .
o from 69.75 % to ®8.4 % as the «pcc(l of muilhing ~.

{ from speed of 1260 r.p.m to 1460 r.p.m. Ths

o - Figure 5 Response surface for milhing
due to increase in impact foree, cutting and gure 5: Response suriace for mill

g respect to moisture tent ¢
uons of the hammer heads with increased espect 1o molsture content ind speed

eed. Javesh (2009) had rwpnnml that
d was found to be a sipnificant factor 1o
af solid materials. Where lower ~|m,,c! 81!

1o low blending efficiency, whilt tgher
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Milling Efficlansy ()

ling efficiency with
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é arface § —_—
Q. Response suriace or m

content and number of hammer head

also observed to increase

increase in number of hammer
This was as result of more contact

I t
herween the leaves and the hammer head

regation Of matenais

sation of the machine parameters was carmed

numeric technique in rsm with goal of
the milling efficiency. It gave the optimum

values of 18 number of hammer head, moisture content of
9%, and speed of 1460 rp.m. while the milling efficiency
and desirability are 96.34 % and 0.988 respectively.

s CONCLUSION

The Federal Polytechnic Monnga Leave Processing
Plant is the first complete indegeneous Processing Plant
that has been established in the Polytechnic sponsored by
TETFUND after elaborate research work on the
development of all components of the plant. Results on
performance test -

The results shows that all the proximate composition
of the samples sigmficantly (p<005) changed with
increased n temperatures The moisture content of the
decreased with increase in dryng temperature from
"0 49°C.
protein and fat content of the dned leaves

.d from 108g/100 g and 262¢/100 g

114

f;ﬂ‘lﬂmg Conference (1FC 2017
ot Technalogy, Minna, Nigeria

N\ L/
oo g
respectively, w 21 2p 100 g and 243100 g respectivel

with increased i drving temperature

H.N carbohydrate, fibre and ash content increased
significantly  (p<003)  with
temperature of the monnga leaves samples. Samples dried
at 34°C had lower carbohydrate content of 35 94g 100 ¢
fibre content of 16 I8¢ 100 g and ash content of 4.4
£ 100 g, the values increased significantly to 433, 174
and 4.68 g 100 g respecuvely when the leaves were dried
at 49°C. This 1s in agreement with what was reported by
Alakali, er al (2015), Gernah and Sengey (2011)

The result have maor
concentration of fat, fibre. protein and carbohydrate tha
the fresh leaves.

The milling efficiency ranged between €0 39 % ar
96.83 % The highest milling efficiency of 96 83 w
obtained from interaction between 18 numbers of hamme
head assembly, moringa moisture content of 9 % &
speed of 1460 r.p.m, while the least efficiency of blendin:
of 60.39 % was obtained from interacuon between |
numbers of hammer head assembly, moringa moisiu
content of 13 %0 and speed of 1360 r.p.m.

The milling efficiency increased with increase
speed of milling and increase in number of hammer he
but decreased with increase in moisture content of t
leaves.

The results of the optimisation of the
parameters gave the optimum values of 18 number ¢
hammer head, moisture content of 9% and speed of 14
r.p.m., while milling efficiency and desirability are St
9% and 0.988 respectively.

increased mn dryving

shows that dry leaves

machin
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