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ABSTRACT

Size reduction is abasic food processing activity and commercial tomato-pepper mills
for reducing vegetables and soaked grains are common in Nigeria. A survey of the types and
operational problems of tomato-pepper mills in Sabon-Gari Locd Government Area (LGA)
reveded a neglect of the commercia tomato-pepper mill in terms of design improvement.
The report also highlighted some technical deficiencies and hygiene problems with the mills
surveyed. This work, which aimed at aleviating the problems of the commercia tomato-
pepper mill, involved the development of a new mill which was produced and evaluated
technically. An assessment of the type and level of contamination of materials ground on the
commercial mill was aso undertaken. Results show that the new mill has a higher benefit-
cost ratio and requires less energy for milling than the commercia mill. In terms of milling
capacity and the fineness and uniformity of ground material, the new mill compares
favourably with the commerciad mill. The microbiologica tests indicate that bacteria and
fungi are the mgor contaminants of tomato/pepper mixture and that the commercial mills
contribute significantly (P>0.05) to the bacteria load of ground produce. Although the viable
bacteria counts are below the FAO recommended level of 1 x 10° the levels are relatively

high and call for caution to minimize the contamination load.
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CHAPTER ONE

1.0 INTRODUCTION

In Africa, cultural recipes have changed very little from ancient times and majority of
them demand grinding of the product before cooking. Usually the extent of the grinding is
determined by the recipe in question. In Nigeria, various recipes demand either dry or wet
milling to a particular consistency (Asota and Kaul 1991). While dry milling produces flour
for making a semi-solid food ("tuwo" in Hausa) from such cereals as corn, sorghum and
millet and tubers such as yam and cassava, wet milling is related to preparation of local
porridge from corn, sorghum, millet recipes from cowpea and soybeans and soups from
vegetables. Asota and Kaul (1991) further stated that 70 percent of recipes prepared from
cercals in Nigeria demand wet milling. Similarly, almost all recipes of soups in Nigeria
require a size reduction (grinding, slicing or chopping) of the vegetables. Size reduction is
thus still a basic food processing activity today as it has always been.

The equipment and systems used for size reduction in Nigeria can be classified into
two groups as traditional and modern. The traditional systems are hardly used on a large
commercial scale. They are usually used at the household/family level. The equipment
employed are basically two: pestle and mortar; and grinding stones.

The pestle and mortar system is more suitable for dry products and is used for
reducing cereal grains and dried tubers to flours. The mortar is a wooden tool which holds
the material to be milled while the pestle (also made of wood) is used to pound the material.
A set of grinding stones on the other hand consists of one stone c.arved out in form of a slab
and the other in form of an ellipse or cylinder. The material to be reduced is kept on the slab-
like stone and the cylindrical one is used to reduce it in rubbing strokes. It is more ideal for
wet milling and is used for milling vegetables and soaked grains. Small-sized pestles and
mortars are also available for milling vegetables.

The local size reduction methods described are highly labour intensive, limited in

capacities, time consuming and subject the product to contamination with foreign materials,
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There also exists a high likelihood of loss of prodﬁcts during milling. These problems and
the fact that these size reduction activities are generally a preserve of women who usually
have limited expendable encrgies have contributed to the mass adoption of modemn size
reduction equipmient with relatively highcr capacities and less labor input (Mittal et al., 1982).

With respect to modern size reduction equipment, modern food processing mills
employing sophisticated techniques of hammer, burr and roller mills are dotted all over the
country and are increasing in number (Asota and Kaul, 1991). Tecl.mel.ogies however abound
to Itll the gap between the traditional and SOphistieated methods of size reduction. Of
particular note are the plate mill commonly referred .to as the tomato-pepper mill and the
household blender. |

The -tomato—pepper mill which is almost entirely locally fabricated is effective for
grinding wet p'roductsl such as a mixture of vegetables (tomatoes, onion and pepper) and
soaked grains such as maize, millet, sorghum and cowpea. Earlier work (Mittal et al, 1982) in
a comparative analysis of four milling devices - grindihg stones, mortar and pestle, hand
cranked melen grinder and the tomato-pepper mill, indicated the capacity advantage of the
tomato-pepper mill (21 kg/hr) over the lkg/hr output of the mortar and pestle device. This
capacity advantage and the drastic reduction in drudgery have Ihade the tomalo-pepper mil
very pOpulér among women. It's suitahility for commercial use has also endeared it to
houscwives who now undertake milling as an income generaung venture o -

Despite these advantages and the popularity of the tomato-pepper fnlll the machme 1$
"hdt' .w1thout problems. Infact it is a device which has suffered neglect in terms of
teclmolo’gical improvernent a conﬁnﬁdus proeess aimed at improving the performance of
machmes Apparently, because the tomato pepper mill is a common devnce, it has been taken
for gramed and thus not undergone any refinement.

A recent survey (Asota and Kaul 1991) identified some of the problems of the tomato-
pepper mill as inconsistent machine quality in terms of size, shape and grade; high
maintenance requirement and; metal and bacterial contamination of the product. The
inconsistency in machine quality arises from the fact that most of the machines are produced

by local artisans who neither use any standards nor ensure quality control. The high



maintenance requirement is due to frequent belt slips or cuts and frequent wear of the
prinding plate surfaces whi.ch render the mill ineffective. While metal contaminants of iron
(ilhings are suspected to come from the wear of the grinding plate surfaces when they come in
contact, microbial contamination is due to the unhygienic practices of the mill operators.

The household blender, on the other hand, requires minimal maintenance. The unit is
casily cleaned after use and is thus relatively free from contamination. It is however limited in
capacity, depends solely on availability of electricity, and requires a relatively high initial
capital outlay - about N5000.00 per facility since it is not readily adaptable for commercial
purposes. These limitations of the household blender have made the patronage of commercial
tomato-pepper mill outfits a preferable option for most housewives despite the potential
health hazards stated earlier.

There is thus a clear need for some development efforts to eliminate or alleviate the
problems of the tomato-pepper mill. The limitations of the household blender as a suitable
alternative to the tomato-pepper mill have made this need even more pertinent.

It is therefore the objective of this work to develop a low-cost vegetable mill that

eliminates the problems of the traditional tomato-pepper mill. Specifically, the work will

seck to:
1) Determine the level of contamination of ground material from commercial
pepper mills
i) Improve the equipment design

111) Evaluate the improved machine.
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~ CHAPTERTWO
20 REVIEW OF LITERATURE

21 SizdReduction © .

Size reduction is a basic .agri‘cultural processing activity worldwide, Agricultural
materials have to be reduced Before, during or after processing. Size reduction includes such
processes as cutting, crushing, grinding and milling but the terms commonly and generally
included under size reduction are varied and not necessarily descriptive of the activities they
represent (Henderson and Perry 1976).

The purpose of reducing material sizes are as many as they are varied. For instance,
fruits or vegetables are cut for canning, sweet potatoes are shredded for drying, com stalks are
chopped for fedder, limestone is ground for fertilizer, vegetables are sliced for sauces and
stews and grains are ground for livestock feed and flour. In these instances, the materials are
best suitable for the desired purposes only after undergoing the specified size reduction

procedures otherwise they are not suitable for the listed purposes.

22 Size Reduction Procedures -

Reduction in size of materials by mechanical means does not change the chemical
properties of the materials. The uniformity in the size of the end product, though usually
desired, is seldom obtained. Hendersonl_and Perry (1976) described three general procedures
by which the size of agricultural products could be reduced as: cutting; crushing; and shearing
either singly or in combination. | '

™~
2.2.1 Size Reduction by Cutting

The reduction in the size of a matertal by cutting can be achieved using a sharp metal
edge to slice through the material. Cutting is especially well adapted for reduction of high

moisture agricuitural materials such as fruits and vegetables.



The most satisfactory cutting device is a knife of extreme sharpness and as thin as

structurally can be possible. This provides a smooth cut with minimal energy.

2.2.2  Size thuttlon by Crushmg

Size reduction by crushing is achieved by applymg, a compressive force, in excess of
the strength of the unit 1o be reduced, to the unit. Failure results by rupture of the material in
all directions. The resultant particles are irregular in shape and size and the characteristics of
the new surfaces are dependent on the tjqﬁé of ﬁaaﬁ:rial and the nature of the force.

The crushing force can be applied statically as is done when c'racking a walnut .in a
vice or dynamically as with a hammer mill, It is well suited for rédtit-:ing' limestone and other

chemical fertilizers and in producing ground feed for livestock, flour and meal.

2.2.3 Size Reduction by Shearing
Size reduction by shearing is achieved by a combination of cutting and crushing,. If the

shearing edge is thin and sharp, performance approaches that of cutting while a thick dull

shearing edg,e performs more as a crusher. .
Shearing is usually employed for materials of a fough fibrous nature where some

crushing may be advantageous and the resultant units are of large uniform size as in ensilage

preparation.

23 Equlpment for size Reduetlon A . _
Henderson and Perry (1976) descmbed the operanons of three reducmg dewces the

_ l1amm1.,r mills, attrition mills (also called burr or plate mills) and crushers

" 23.1. Hammer Mills _

- A hammer mill consists essential ly of a rotating beater and a heavy perforated screen.
The material intrqduéed into :t_hc housing comes in contact with the beater which consists of a
- series of hammers turning at 1500 - 4C00rpm. These beat the material until the particles are

small enough to Ipas.s through the screen at the bottom. Fineness of the product 1s controlled



mainly by the size of the screen and the rate of feeding. Since the hammers are not rigidly
lixed to the shaft or swing, there is less danger of the swinging hammer breaking if a large
metallic object gets into the mill by accident.

Most of the size reduction is by impact between the material and the hammers. The
terrific speed of the hammers produces Kinetic energy that is dissipated on the material
causing the material to disintegrate. This beating and hammering continues until the resultant
particles are small enough to pass through the screen onto a suitable collection or conveying
svstem.

Some of the advantages of the hammer mill are: simplicity, versatility; freedom from
significant damage due to foreign objects or when operating empty; and insignificant effect of
hammer wear on machine efficiency. The major disadvantages are its inability to produce a
uniform grind and its high power requirement.

It can be used for a variety of size reduction and grinding jobs such as pulverizing

limestone and other ingredients of commercial fertilizers.

2.3.2. Attrition Mills

Otherwise known as burr or plate mills, attrition mills consist essentially of two
roughened plates, one stationary and the other rotating. The material is fed between the plates
and 1s reduced by crushing and shearing. When the material is fed slowly and the flutes are
not filled, reduction is probably by shear mainly. With faster feed and filled flutes, both shear
and crushing no doubt, are likely to exist. The plates are designed for a variety of jobs and are
usually made of chilled cast iron or alloy steel. Operating speeds are usually less than 1200
rpm. The fineness of reduction is controlled by the type of plates and the spacing between
them. Provision is usually made for adjusting the spacing between the plates.

The advantages of the attrition mill include: low initial cost; relatively uniform
product, and low power requirements as against the disadvantages of foreign objects causing
unpleasant noise; excessive burr wear when operating empty; and significant negative effect

of worn burrs on machine efficiency.



2.3.3. Crushers
Crushers reduce materials by pressing or squeezing it until the material breaks. Some
examples are the jaw crusher, the gyratory crusher and the roller crusher. The roller crushers

are more commonly employed for agricultural operations than the other two.

2.3.4. Available size reduction équipment in Nigefia

Asota and Kaul (1991) classified size reduction equipment in use in Nigeria into two
viz: braditional and modern, |

The traditional size reduction_i_:quij)'ment available at the hougchold level in Nigeria
are grinding stones and the mortar and pés’tle. In using grinding stones, one stone is carved out
in form of a slab while a smaller one is shaped like a cylinder or ellipse. The material to be
ground is placed on the siabs and the smaller stone is used to shear it in rubbing strdkes. It is
most ideal for wet products. On the other hand, the mortar is a wooden bowl in which dry
' _;')r:nd.ucts' ¢an be milled by pounding with a pestle. The material in the mortar is sieved
~ continuously and the re'sidl.le:.?is re-pounded until all useful material has been removed.

| These_ traditional mleth_ods' are characterized by high labor demand, limited capacities
and proneness to contamination w'i.th-foreign materials and loss of product, They are however,
sti_lll adequate in rural locations where there are no modern mills.

With respect to modern mlls, those employing sophisticated techniques of hammer,
burr and rolier mills are dotted all over Nigeria and are increasing in number (Asota and Kaul,
1991). Technologies however aboﬁnd to fill the gap between the traditional and sophisticated
methods of size. reduction. Two readily available examples are the popular tomato-pepper
mil! and the household blender,

i) “The tomato-pepper Mill

The tomato-pepper mill, a plate mill, is the commonest and most popular household
milling equipment in Nigeria today. It's popularity, according to Mittal et al., (1982) in a
comparative study of four milling devices, is due to its low operational difficulties and
relative capacity advantage (21 kg/hr as against lkg/hr of the mortar and pestle method).

Mittal et al., (1982) further observed »tliat, al.lthoughllhe pepper mill can achieve 2lkg/hr



Vel

oulput, the machines are rarely run on a _continuou§ basis due to mtenmttent flow of
paiin}nagc. : | - C L o '
o l_]usicu'l'!);'.ll!:lc_ mill consists Old Hopﬁcr .wh'iclll holds and introduces the food material
to mi auger-typ-m_é cbm"f_é);or which empties the material between two cast iron grinding plates -
*one rolating and 'l'lle".()t'hexlj._b.'tz;llionary. Grinding is achieved in a similar way to the traditional
grinding stone, It oceurs by a rubbing action of the plates enclosed in a housing . A side wall
of the housing provides a journal bearing to support one end of the grinding shaft while the
other end is supported by a bearing fastened to an upright support and carries a pulley for
connecting to a prime mover which is usually an electric motor or petrol engine.

Rate of feeding is controlled by the speed of the shaft and a stick is often used to force
the material down to the conveyor when there is a delay in the flow of the material. Fineness

of grind is set from a handscrew welded onto the stationary plate. This adjusts the distance
between the two plates. It is most suitable for grinding a mixture of tomatoes, onions, pepper
and sometimes pumpkin. It is also used for milling soaked grains such as maize, cowpea,
sorghum and millet,

Although very popular and in common use, a recent survey (Asota and Kaul

1991)identified some problems with the tomato-pepper mill viz: (a) Inconsistency in the
quality of the machines available in respect of.shabe, size and grade. This is attributable to the
local artisans who produce thé machines using different raw materials resulting, in most
cases, in poor quality machines.
0} Contamination of the ground h_naterial with consequent potential health hazards. There
ar¢ two lypes of contaminants and they arise from different sources. Bacteria and other micro-
organic contaminants are picked up from the food build-up around the Jeakage zone along the
grinding shaft (see A in fig 1). Leakage starts at this point once'.thé -auger shaft which runs
within iron bushings at this point wears. In order to prevent the leakage, the operators usually
tie polythene or cloth material around the Jeakage zone and as such there is a food build-up.
Since the polythene or cloth material are seldom changed, the food build-up remains for a
very long time and is susﬁected to be a good breeding ground for harmful bacteria.

Metal contamination is suspected to come from wears on the rough faced plates as



they rub on cach other during grinding. Iron filings from such wear thus add 1o the
contamination load on ground product.

(c) High maintenance requirement. Many parts of the grinder require  fiequent
maintehance. As the surface of the plates wear, the machine is rendered ineffective and thus
the plates have to be re-roughened. Frequent belt slips and belt cuts during operation and rust

components are also common phenomena.

L
Figure 1.
The conventional pepper mill - users tie leakage points with polythene or cloth

material (A) or extend the delivery spout with polythene bag (B).



tn The Houschold Blender

This is another common size reduction machine. It is usually nsed at the houschold
level and consists basically of two parts - the prime mover and the blending unit.

Phe prime mover is essentially an electric motor housed in a protective casing. It has o
cable and plug by which it is connected to an electricity outlet and an extended rotor shaft
[he extended rotor shalt is covered by rubber sprockets and the motor casing allows the
blending unit to sit snugly allowing the socket below the bowl to fit on the rotor shali
sprocket. The blending unit, usually about 1 litre capacity. has blending blades fixed mside 1t
at the botom and connected to a socket located externally on its base. When the boul s
placed on the engine housing, the socket fits directly on the rotor sprocket and when the
motor 1s switched on. the blades inside the how! turn.

In operation. food material is placed in the bowl which means that the ones ot the
hase will be i contact with the blades. Some water is added, the bowl is covered and then
placed on the motor. The motor is then switched on and off intermittently as recommended by
the manutacturer until the desired consistency is achieved. With difierent blade dosigns, the
household blender can be used for a range of products which include varions fror and
vegetables and well soaked grains.

I he houschold blender requires minimal maintenance. With the bow!l made of plastic
and blades made from stainless steel, the unit is casily cleancd after nse and thus, it is 1o o
farpe extent free from bacteria and metal contamination. It is however Bmited in capacin
depends solely on the availability of electricity: and requires a relatively high inital capital

outlay (about N300O) per family since it is not casily adaptable for commercial use.

2.4 Food Contamination during Processing

Anigo (1987) identified two ways by which loods can be contaminated by heany
metals as natural contamination through the soil whereby the contaminants are picked up by
plants during the growing stage as natural trace elements, chemical additives (fertilizers and

pesticides) and radioactive products; and accidenmal contamination during or afier processing

10



According to Whitman (1978). the problem ol metal contamination of food durine
processing occurs frequently as a result of misuse of equipment or the overlooking of the
consequences of using unsuitable metals i apparently insignificant wavs. For instance.
cadmium is readily  soluble in break acids and is often used in plating small picees ol
cauipment. In recent times, the contamination of food through packaging matenial has been o
ereat deal of concern (Brian et al., 1970).

While a number of elements (including heavy metals) when present i trace
amount are desirable in the body and essential in human nutrition, amounts in excess of what
15 desired Teads to accumulation which is harmiul to the body. Cadmium. for example, is o
cumulative poison associated with hypertension and esteomalacia, especially among paticnts
with low dietary calcium (Deluca, 1976; Jenning and Rainbow 1979). It also caused  nai-it
discase, a painful disabling illness in Japan when see foods contaminated with cadmium e
consumed ( Tsuchiya, 1976). Similarly, lead in excess of what is desired disturbs the synthesis
ol heme in the body (Dresel and Falk. 1956) and it causes permanent brain damage
children (WHO1972). Among the many problems of mercury poisoning are mental
retardation. damage o the central nervous system, paralysis and lack of muscular co-
ordination {WHO,1974),

In view of the fact that contaminants (bacteria, rust and iron filings) unintentionally
picked up from the tomato-pepper mill could reach toxicological proportions, a study (IAR
1990) focused on such aspects of food contamination possibilities. The results indicated tha
rust and iron filings do not affect the rate of deterioration of the matenial processed with the
market grinder. Deterioration was attributed 1o the presence ol micro-orgamsms picked up
during processing in apparent unhygienic conditions. This is not to say that iron consumed
from such foods is not harmful. 1t could be quite harmtul if it accumulates when not in an

absorhable state by the body.
25 Development of size reduction equipment in Nigeria.

It has been observed that there has been very little local efforts in the develo mment of

size reduction equipment for vegetables and wet-milling of prains {Asota, 1993 He noted

11



that while the incorporation of new technologies is a never ending process. it has not heen the
case with the tomato-pepper mill. He further observed that as common as the tomatoe pepper
mil s, it s one ol the technologies that have been taken for granted and ha thus o
undergone any refinement for a tong time. Only one company. Addis Engimeering. Facos wae
quoted as an organization making eftorts at improving the pepper mill. For now, the companm
has started the production of a somewhat similar mill with all parts made from alaminiom

with some success (Asota. 1993).

200 Performance Characteristics of a Size Reduction Machine.

According to Henderson and Perry (1976). the performance of a machine for reducime
the size of material can be characterized by the capacity: the power reguired per it o
material reduced: the size and shape of the product before and after reduction: and the range
m size and shape ol the resultant product.

In studying the performance of size reduction machinery, therefore, it is pertinent 1o
develop methods for determining the size characteristics of the ground material
26.1 Methods of particle size Analysis

I'he size and shape of the individual grains in any mass of material will depend upon
the physical charactenstics of the material. #ts previous history and the method of reduction
(Henderson and Perry, 1976). Various methods however abound for the determination ol

particle size and size distribution. Some of these were given by Ituen (1983) as follows:

1 [echniques involving direct measurement c.g. the microscope and the sedimentation
methods

i) I'echnigues involving fractionation as in sieving and

i) Fechnigues involving the evaluation of the surface area as in the  evaluation  of  the

surface area of a powder from absorption studics.

I'he microscope method is by a direct measurement of enlarged images of the particles. [ inem
measurements of the particles are made using a scale placed on top of the particle image

Allen (1974) listed some problems associated with this method as:



|| the need for a lot of data (measurements) to ensure adequate precision in the derived

paramelers.
1) the elimination of variables in the data due to the operators performance
1) statistical fuctuations in the occurrence of any given size profite  famone  th

particle images). This may be acute if the size ratio of particles is more than 101
9] large time requirement and tiring operation since readings are

taken in more than one uricnl:lti&l.

In the sedimentation method which could either be gravity or centrifueal. the stobes
diameter distribution of the powder is deduced from the concentration changes occurring
within a settling suspension. In the settling of a single sphere under gravity. its diameter

tStokes diameter) can be determined by Stoke's faw or the decantation formula.

Stoke's law defines the setting sphere diameter as

D = v 18uux10®

(ps - prg
where g = viscosity of setting fluid, Pa-s

u = velocity of sphere, ms'
ps— density of settling material, kgm"
pr = density of settling fluid, kgl‘]

. . 2
g acceleration due to gravity, ms

Ihe Stoke's equation is theoretically valid only for a sphere. But the difference between the
volume of an irregular particle and that of a sphere does not represent an error. It actually
gives a useful information on the shape of the particle.

The decantation formula is casier and more widely used in practice than the Stoke's
cquation (Allen, 1974). In the method, a homogenous suspension is allowed to settle for
pre-determined time. The supernant hiquid is then decanted and replaced by fresh dispersine
liquid. When it is clear, the decanted liquid will only contain particles finer than size 1 which

is defined by the equation.



D = k'hft-meeemmeeeees 22
where  h = height at which liquid is siphoned off at time t {usually corrected 1or meniscus
arnd femperature),cm

k = conslant given in tables

( = settling time

D = particle diameter, mm

The decantation method is widely used for laboratory caleulations of Stoke's
chamelers, In peneral, sedimentation method is desired more in spectalized industries like
flour, pharmaceutical and paint industries.

‘The surface arca method is largely used in the powder industry, The Gates diagram. a
plut of cumulative percent weight undersize versus reciprocal of diameer, is used to estimate
the surface arca of the particles. The area beneath the curve represents the surfuce arca of the
particies (Irani and Calis, 1963)

Sieving is considered the simplest and most {requently used method for pasticle size
analysis (!lenderson and Perry 1976). [t is however restricted to granular niaterial baving the
greater proportion coarser than 75um (Allen, 1974).

In sieving, the techniques used have been standardized aond should be Jollowed for
reliable results. Both the method and time of shaking are also important, Usually the sicves
are staked i order of ascending aperture size and the powdered material placed on the top
sieve. The stack is then agitated and the material classiflied into fractions. The resulis are
expressed in termis of the nominal apertures of the sicves used in the analysis. The sieving
operation may be carried out wet or dry,

Dry sieving is often possible with the coarser mesh sieves and witly the aid ol wir-jel
technique, the lower limit may be extended to 15um (Allen, 1974). Aggregation o particles
nay be reduced by drying or by adding about 1% ol adispersant (Allen, 1974),

Wet sieving is used for materials which are suspended in a hguid and [or posders
which form aggregates when dry-sieved. The stack of sieves is Nilled with the liquid and the
material fed into the top sieve. Sieving can be done by rinsing, vibration. rec:procating

actions, vacuum, ulirasonics or a combination (Ailen, 1974). By moving the sieve up and
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down inside the sieving liguid. the direction of flow of the Tiquid tirough the sieve openings
is continuously reversed. This helps clcan the blocked aperatures and disperse agglomerales.
With fine sieves, the steving liquid must have a low surface tension, In some cases, ultrisonic
probe niay be employed otherwise the material will not flow through the sieve apetiares.
When a dispersing agent is used, the concentration should not exceed 5 pereent sofwtion
(ASAE1979),

'The size distribution given by a sieving operation, according 1o huen (19831, depends
on the duration ot sicving, the varation of sieve aperture. sicve wear, error of obsernvation and

experiment and the effect ol different equipment and operations,

2.0.2. Characterizing particle size Distribution

Various melhods have been used to represent characteristics of particle sizes. A single
parameter representation such as the mean particle size or particle surface area 15 generally
inndequale to completely deseribe a distribution function. Hansen and Stewart {1965)
indicated that using the fineness modulus alone (o describe particle size is misicading stnce
represents only a simall portion of the size distributivn. They also stated that uniformity index
which gives an additional information concerning distribution of sizes into coarse. medium
and fine grades is also not acceptable. Chung et al., (1977) indicated that particulate materials
require at least two parameters to adequalely describe their distribution function.

A number of equations to relate the distribution of a powdered material with particle
stze had been proposed by many authors including Rossin and Rammiler,Schuman (Perry and
Chilton, 1973) To date, many researchers bhave used the Schumann equation sith great
SLICCESS.

Schumann (Hansen and Stewart, 1965) proposcd thai many natwrally hroken
hotwgenous materials yielded a distribution which could be represented by the equation

y = 100 (k)7 -=-rmmmmmmmeee 2.3
where X = particle size based on the smallest sieve opening

through which the material will pass

y =  weight percent finer than x
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k - product size modulus (sieve size through which
100% of the product will theoretically pass)

o a distribution modulus

A log-normal plot of this equation yields a straight line of slope. o« which intersects
the 100% ordinate line at a particle size k. The distribution modulus is constant for product:
from a number of screen sizes. That is, the product passed through different sercens hase
identical slope. It 1s also assumed that the distribution modulus has the same value whether i
relers to the breakage ol a single particle or the entire product of a regular contimuous
grinding. The distribution modulus gives information on a range of sizes in the product. It
represents product uniformity and is directly proportional in magnitude to the degree ol
untformity (Hansen and Stewart, 1965). The size modulus, k, indicates the approximate size
ol the Targest particles of a significant quantity in a product.

A log-probability plot is now recognized by the American Society ol Agricultural
Fngineers. ASAL, as the standard of reporting the fineness distribution of ground animal teed
(Henderson and Perry, 1976). The log-probability particle size distribution can be described
completely by two values, the geometric mean diameter, dgw, and the geometric standard
deviation sge by weight (ASAE,1979). These two values can be calculated analyvtically by
some equations given by Farral, 1976; Henderson and Perry 1976, and Stockham et al . 1977
The parameters dgw and Spw can also be obtained directly from a log-probability plot

(Henderson and Perry, 1976; ASAL 1979) using the following expressions.

dyw g dsa 24
where dso = particle diameter at 50% probability
Sow : dg1 dso
dsin dis
where dgi particle size at 84% probability
dis particle size at 16% probabihity

The following parameters can theretore, be determined from a log-probabil 1w plot 10
describe the distribution of a sample: the distribution modulus o @ the size modulus Loothe

veometric mean diameter dyw; and the geometric standard deviation s,



Headley and Pfost (1966) stated that since no distribution has ever been truly normal
or log normally distributed, some biological materials only closely approach log-normal
distribution. The end of a straight line plot can be extrapolated 1o find parameters on the sub-
sieve regions (Hansen and Henderson 1972).

None ol the above size characterisation systems is useable for all ground erains
(Henderson and Perry, 1976). They explained that
grains are composed of many materials including celluose. fiber. starch and o1l whose
presence in varied amounts in various grains aflect the size. shape and distribution of the
particles resulting from a '.gl'inding operation. Consequently, a sizing procedure. i cffect
attempts to represent the sum of the distributions of each of a number of completely different
components . Resulls of sizing procedure ol grains therelore mayv not give e acenrte
representation of each of the material components of the grains but a fair estim e of the

distribution of the aggregates.

2.6.3 Energy Size Reduction Relations

Communition  or size reduction of materials usually involves a combination of
cutting. crushing and shearing forces which are applied to particles in excess ol then
maximum rupture strength to produce an increased number of smaller particles of inegulin
sizes and shapes. Hansen and Stewart (1965) stated that energy required tor a specific size
reduction operation depends on the type of material reduced, the machines or methods uaed
and the particle size range over which conumunition takes place.

The various laws of communition result in energy relationships which can be derived
from this expression (Perry and Chilton,1973).

dE = - CdX/X e 2.6
where dE = incremental energy

dx = change in particle size

x = original particle size.

¢ = aconstant

n = exponent



The expression states that the energy required to grind is proportional 10 the change in

particle size divided by the original particle dimension raised to the nth power.

Integrating equation 2.6, we have

.

x2
E=-Cf B siiia 2.7
xi X'
solving equation 2.7 for n = 1 gives Kick's law

E=Chixilks) ....oi:.2.8

Fquation 2.8 states that the encrgy required to produce particle fatlure through grindimg is o
function of some initial particle dimension and the reduced particle dimension on the
assumption that the particle symmetry exists before and afier grinding.

When n 2. the solution of equation 2.7 gives Rittinger's equation

I = i (1/%2 - Vx1) coueeennnen 2.9

Rittinger's law assmmes that the energy required for reduction of particle size s o
finetion of the new specific surface produced and also that particle svimmetry exisis before
and alter grinding.

Whenn = 1.5. the solution of equation 2.7 gives Bond's cquation

8 C{1/Vx2 - UNXD oo 2. 10

This equation states that the total useful energy i particle size reduction which has
heen applied o homogenous broken materials is inversely proportional to the squane oot of
the dimmeter of the reduced particles. Bond also considered the total encrgy requived to prmd o
material from a theoretically infinite size to one size. ), which was evaluated as the 807,
passing size on a screen analysis plot (Headley et al, 1968). The mesh size in microns of the
stze through which 80 percent of the material passes is selected as the criterion of the feed and
product sizes since this is a figure which is already obtained by plotting the results of a screen
analysis, It is assumed to be more reproducible than the size of mesh throngh wineh 100

pereent of the sample passes (Rose and Sullivan 1958).
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Eguation 2,10 therelore reduces to

| R G FAYL | JE—— 2.11
where 15 = energy inpul per unit weight of the material ground

D =‘average product size or diameter evalualed or 80% passing size by sicving

. C = constant, depends on type of grinding machine and materials being ground.

McCabe and Smith (1976) stated that Bond's energy is more realistic than Rittinger's and is
usually employed (o estimate the grinding energy of many commercial and industrial crushers
and mills.

Charles (IHansen and Stewart, 1965} combined equations 2.3 and 2.6 and integrated to
introduce the energy prediction equation for grinding materiats which tollow the Schumann
size distribution ¢guation as '

E=AK™ .22

where E = energy input per unit weight of material ground

A = constant, depends on machine and material ground

K = product size modulus (same as k in Schumann equation)
n = constant

l-n = slope of log-log plot of F against K.

He further showed that for hard brittle material (winch does not showy exceptional
cleavage), the exponent (1-n)was close to the negative value of oo in the Schumann Sive
distribution equation, Therefore Charles equation is expressed as

D = AK” L 213
several ground cereal grains (Hansen and llenderson 1966). Headley and Plost {196R) stated

that equations 2.8, 2.9, 2. 10 and 2.13 are now used for biological materials though they were

originaily developed for non-biclogical malterials such as rocks and stones,
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CHAPTER THREE
MATERIALS AND METIIODS
The Design

Design concept

Based on the evaluation of the commercial tomato-pepper mill und the problems

identified (Asota and Kaul, 1991), it was decided that this new design must eliminate the

identified problems and still perform the same functions as the common mill in order to gain

1

uscr acceplance.

1)

i)

iv)

v)

Requirement for this design were thercfore considered 1o be:

Permit grinding without subsequent re-charge of product or

change in cultural practice

Improve on the efficiency of power utilization and still operate with corrently used
pritme movers

Be simple in design and overall operation 1o provide an casily reproducible el low-
cost machine

Reduction of machine weight for better mobility

Re-desipn of the grinding mechanism to mintmise adjustments and wear of the

grinding surfaces

Selection of materials and design analysis

The desipn of the various parts of the equipment, the materialy selected and the

constderalions made in the determination of their sizes and shapes are presented component

by component as follows:

i. Hopper

The matcria! selected for the hopper is 16swg (1.5mm) mild steel sheet. This s

based on its ready availability, low corrosive attributes and relative low cost,
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¢ The hopper is shaped as shown in the design drawings to assist in weight
distribution o balance the assembly and Lo also ensure a free Nlow of materials put in it into
the r'njlling chamber. This nullifies the nced to force the malterials into the milling
ch:mﬂuér: ‘
In acqordanbe with standards for all-purpose agricultural hopper (ASALL 1979) the
'volum_é!'r'ic, Cy, and gravimelric, Cp, capacity ratings of the hopper were determined and are

given as: |

6.25x10 *m’
Cy x 1000 kg/m’
6.25x 10 kg

Cv

)
o
it

This will convenicntly contain 2kg of tomato which is the average yuantity

of fomato processed at a time by the commercial mill operators.

il. Milling chamber
The milling chamber consists of three components namely:- the power shall: the

milling blades and the chamber casing,

Power shaft
The material selected for the shall is medium carben steel (C'1020). This ts because 11 1s
readily available and can be easily machined into desired sizes,

According to ASML (Mark 1951), medium carbon steel has the following strength

properties,

It

82.4 kpsi (568.7 MN/m2): and
97 kpsi (668.8 MN/m2);

Yield stress, Sy

u

Tensile stress, S
The maximum allowable shearing stress, Sa, using the ASME code for steel is

given as the lower value of either 18% S, ar 30% Sy. This allowable stress ts [urther
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reduced by 25% when there is a keyway in the shafi.

Thus
0.18 S, = 0.18 (668.8MN/m®) = 120.38MN/m>
0.30 8y= 0.30 (568.7 MN/m%) 170.61 MN/m?

The lower value is 120.38 MN/m’
» Considering the key-way, the allowable shearing stress, S, is reduced as
Sa (1-0.25) [20.38.MN/m’ |

Il n
S
=
[
=
—
bl

il
-

N
<=
Lo
=
z
=

Assuming that the maximum shearing stress of a tomato 1 equals the average compressive
slress measured using a tensionieter, then

Tt = 50N (lab. Measurement)

Similarly the average density of a tomato = ‘;‘Ug/‘:m3 {lab. Determination)

And the average weight of a tomato  =50g (lab. Measurement)
Total volume of the milling chamber = n il
= T X (45mm)2 X 35mm

= 2.23x10% o’

Total weight of iomato that can be contained in the chamber
= 2.23 x 10% em’ x 9(Jg/cm3

2007g

2.007kg

H

Total no of tomato thal can be contained in the chamber

= 2007p
50g = 40pcs
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Maximum stress of the tomato load

t”l.'l\ 4{' X 5”N
=200N
Ihe torque My due to the tomato load Tmax X 1

Where Fis the average distance of the cutting edge of the blade from the hub centre

44dmm — 22mm
2

M, - 200N x2.2x 107 m
4.4 Nm

-1
44107 KNm
I he allowable shear stress for the shaft is represented by

S;] - lﬁMT
]
D
Where D is the minimum allowable diameter of the shaft and other variahles are as defined

and determined earlier

By rearranging,

p? = 16M,
T'lsa
Substituting M; and S, values
D' 16 x 0.0044 KNm

T X QU.BXIUT KN/m’
248 x 107 m'

D 6.284 x 107'm

This being the minimum allowance diameter of the shaft. a shaft diameter of

20mm was used.



Milling Mades

‘The milling blades were made of 1” mild steel flat bar. Each blade is 38mm long thus
Jeaving a clearance of only lmm between the blades and the casing. The cutling edge of
Ahe blades was sharpened to about 0.5mm thickness. The blades were attached rigidly to a
. fwb which is then fitted on the power shaft®within the nilling chamber.
:'.'l‘he optimum number of blades was deterrhined subjeclively by using hubs bearing 2, 4, 8
and 12 blades respectively to mill and then comparing the fineness of grind of material and

the time required to complete grinding for each of the various hubs.

Bascd on these parameters, the 2-blade hub performed less than the other hubs
while there was no significant diflerence between those of the 4,8 and 12-blade hubs. The
4-blade hub was therefore adopted for the desigin. The blades are arranged symmetrically
with adjacent blades having a lag of 90° at equal distances of 9uonn thus leaving 3mm

clearance al each end of the 33mm hub.

The casing

The milling chamber castng consists of a 100mm diameter end-plate which supports
the hoppet, the power shaft and bearing and also the cylindrical cover of the blades and
power shaft,

Due to the support requirements of the end-plate, it was made of 2mm mild steel
sheet while the ring attached to the plate to allow the cylindrical cover 1o sit was rmiade with
[” flat bar. The cylindricnl cover was made with 1.5mm mild steel sheet. The cover has a
diameter of 90mm and length of 35mm thus giving the chamber a maximum volume of
2.23x107'm’. At the lower portion of the casing, there is a square hole of 20-mm sides

which opens into the discharge spout.
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ii. Motor and Couple
An electric motor was preferred for the design. The size of motor was determined based on

the power required for milling determined as follows.

[he speed of the blades was based on those of conventional tomato blenders which run a

between 1000 and 24000 rpm depending on the make.

A value of 1200 rpm within the range of conventional blenders was therefore used
Blade speed N = 1200 rpm
Power required for milling, P = M X w

Where o - 21N rad/s (Hannah and Stephens, 1970)
60
r = Mix 21N
60

0.0044 KNm x 25 x 1200 rad/s
60
0.553 KNm/s

(0.553 Kw

0.74hp

I'his being the minimum required power output of the motor, a 0.746Kw (1hp} clectnic

motor was selected and used.



Couple

For the rigid couple, the diameter of the pins is determined as specified by [all et
al. (1961 ):
Assuming the same material for the pin and shaft, the allowable shear stress Sa
90.3x 10" KN/m’

I'he torque due to the tomato load Mt is

; 2
M, = Satl/4 nd )xrx N

Where N = no of ping
b = diameter of pin and
R distance of pin from the shaft center.

By rearranging

1l

D 4 M,

ETUSn
4 x 0.0044 KNm
27(0.015m) X 90.3 X 10" KN/m’

2.068 X 10°m’
d 1.438 x 10 'm

1.43mm
['wo Smm diameter pins were therefore used for the rigid couple.
3.1 The equipment

The design of the equipment which was used to produce a number of prototy pes is

as shown in the attached design drawings.

26



The design consists basically of a hopper which is connected to milling chamber via
a slanted throat. The miliing chamber is a cylindrical case which houses a shalt bearing o
hub which carriers four siraight blades systemically arranged on the hub. The shaft is
connected in line with a | electric motor shaft through a rigid coupler.  The mlhng
chan‘1be.r opens to an outlet port through a slide gate. The whole assembly is mounted on

(rolley for casy transportation.

In operation, materials put in the hopper flow by gravity through the inclined throat
onlto the 4 symmetrically arranged straight blades in the milling chamber. The power shait
whiclt is connected directly lo the electric motor shalt runs at the same speed (z]&l-l{lrplm}
as the electric motor shaft. The hub bearing the four blades and attached to the power shaft
also turns at the same speed thus ensuring that the blades beat and slice the materials
flowing inilo the milling chamber continuously until power is disconnected and the slide

gate is opened for the reduced materials to (low out through the discharge spout.

The inclination of the hopper throatl helps to prevent back-splash of material wiile
noisc and vibration are minimized by ensuring a proper alignment between the motor shalt
and milling shaft. A sealed ball bearing was used on the slide wall of the milling chamber
(end-plate) to carry the milling shaft. The bearing helps m aligning the shaft properly.
restricting its lateral movement and preventing leakage at the point of entry of the shall into
the chamber, The bearing was selected in preference to a bushing as the bushing is likely to
wear oul faster causing a misalignment of the shalts and a leakage around the bushing thas

necessilating more frequent maintenance.

3.2.  Tecchnical Evaluation of Equipment
According to Henderson and Perry (1976), the performance of a size-reduction

muachine is characterised hy the capacity, the power required per unit of matenal reduced, the
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size and shape of the product before and after reduction and the range in size and shape of the
resultant product.

Considering this, three parameters were evaluated on the new design as follows:
3.2.1. Determination of Machine Capacity

The machine capacity was evaluated by determining the time required to grind o
_specific quantity of material (2kg) to the finest possible consistency taking into consideration
the times for recharging and emptying where applicable. The capacity per hour was then
extrapolated from the values determined.

The procedure was repeated thrice and an average calculated for three materials -
tomato-pepper mixture, soaked maize and soaked cowpea.

l'o allow for comparison, the procedure was repeated for the common tomato-pepper

mill and the Addis model of the mill.

3.2.2. Energy Measurement

The energy consumption for grinding was measured in a similar way to what Asota
(1993) reported. Rather than switching off all other connected electric units in a house apart
from a grinding mill and reading the electricity meter however. an electricity meter obtained
from the electricity meter company of Nigeria (EMCON), Zaria was connected in series
between a wall socket and the grinding machine. The energy consumed was then read directly
on the meter.

A known weight of material was ground and the energy consumed measured for three
different materials tomato-pepper mixture, soaked maize and soaked beans. The procedure
was repeated twice and an average determined. For comparison, the procedure was repeated

for the common tomato-pepper mill and the Addis mill.

3.2.3. Particle size Analysis
Two materials, soaked cowpea and a mixture of tomato and pepper, were reduced
separately on the equipment prototype and the resultant products analyzed for their particle

size charactenstics.



Sieving is the simplest and  most Trequently used method of particle size analysis
(Henderson and Perry, 1976) and was used for this analysis. Each ground sample was sieved
using a set of 7 Tyler sieves and pan. 250g of each wet ground sample was measured and put
in a container and 25ml of calgon (sodium hexametaphosphate and sodivm carbonate). o
. dispersing agent, was added and mixed well. The suspension was then transterred into a
‘Stirrer and stirred for about two minutes. It was then poured onto the top sieve. The first sieve
was removed and rinsed thoroughly by vertical movement in a basin of water. The water in
the basin was then poured into the next sieve placed in another container to avoid spillage or
overflow. The process was continued with one sieve washed into another 1ill the last. The
sieve fractions were carefully washed out into well-labeled cans of known weight and dried in
the oven at a constant temperature of 110 “c to determine the weight of the dry matter
retained. Drying progressed until there was no appreciable difterence in the weights of the
sieve fractions placed in the oven based on regular weight measurements.

The fineness modulus was determined from the results of the sieve analysis. The
procedure was repeated using materials from the same sources for the common tomato-peppe
mill, the houschold blender and the Addis model mill.

3.2.4  Other Machine Characteristics

Some measurements such as the weight of the machine, the number of components
and time required to dismantle for cleaning were taken for the purpose of scoring the design
mierits for the commercial and Addis mills and the new design.

33 Determination of the level of Contamination.

The level of contamination of material ground on the commercial tomato-pepper mill
was determined using a three-stage procedure as described by Collins (1968). The three stapes
are, microbial isolation, identification and characterization, and enumeration.

l'o prepare the test samples, three commercial tomato-pepper mills selected at random
in Samaru market were used to grind a portion each of a mixture of tomato and pepper which
had been surface-sterilized by washing with ringer solution. Another portion of the tomato-
pepper mixture was reduced using a household blender which had been washed with sterile

water. This served as control.



3.3.1. Microbial Isolation

Microhial isolation involved two isolation methods one for mold, fungi and yeast and
the other for bacteria.
1) Isolation of mold, fungi and yeast

Some quantity of the ground product from each of the three tomato-pepper mills and
the houschold blender were plated out on malt-extract agar and potato dextrose agar and
incubated at 35° overnight.

Visible colonies were stored on slant for further identification and characterization
based on morphology and culture appearance.
b) Bacteria [solation

Some quantity of fresh ground product from the three mills and the control were
enriched on the peptone enrichment medium and then plated out on each of the various agar
media.

For the mixed culture, the growing edges of the colonies were sub-cultured. Serial

dilutions were prepared and several plates with small volumes of cach dilutions made.

3.3.2. ldentification and Characterization

Microbial identification was based on cultural and biochemical tests. Gram staining
was also performed on each of the visible colonies as described by Norris (1969).

In order to be able to identify the organisms up (o specie level, a number of
biochemical tests described by Chessbrough (1980) were carried out. The tests are: casem
hydrolysis; catalase test, coagulase test, DNase test; gelatin liquefaction; Ha2S production;

indole formation; methyl red vogue prokeur (MRVP); oxidase (est; and urase activity test.

3.3.3. LEnumeration
The estimation of the microbial count was done as follows

a) Total count

Milled tomato-pepper specimens from each of the three commercial mills and the
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control were stained with 0.1% methylene after enrichment with peptone waler, 0.05ml of
each specimen was then mountcd in the counting chamber and counted under the 100 of
microscope.

‘ "Th; procedure was repeated twice for each of the three mills products and the control
produc;:f'a'n'd an average calculated.
) Viable Count

l"-‘o_r each of the specimens from the three mills and the control, 10ml of specimen was
added to 99ml of diluent to give 1.10 dilution. 10ml of nutrient agar was cooled down to 45
~ in a water bath and then put in petri-dishes which had been set out at three per diluent. 1mt of
each dilution was then pipetted onto the center of the respective dishes,

The petri-dishes were then agitated by gently rotating them clockwisc, anti-clockwise.
farward and backward. The media were allowed to settle and then inverted before incubating
at 35"c for 36 hours. h

Selected plates showing 30-300 colonies were counled. Colony count was multiplied
by average number of colonies per countable plates. The reciprocal of the dilution ¢presents

the colony/ml.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION
4.1 Technical Evaluation of Equipment
4.1.1. Milling Capacity
The milling capacities of the new design, the commercial tomato-pepper mill and the

Addis model mill determined are shown in table 4.1 below,

Table 4.1. Milling Capacity of the three Mills

[ {PRIVATL}
Product Milling Capacity (Kg/hr)
Milled
Common Mill Addis New
Mill design
| omato/onion/ 45 49 51
Pepper
Soaked maize 18 18 18
Soaked beans 17 b 10 18

As can be seen from the table, the new design compares favorably with the
commercial tomato-pepper mill and the Addis mill in terms of milling capacity. The figures
were however extrapolated from capacities achieved from milling for periods much shorter
than one hour. Although these capacities are achievable, the use of the new design mill will
pose more difficulties for the operator as it is a batch processing equipment. The commercial
tomato-pepper mill and the Addis mill are continuous process equipment and as such are

likely to make milling easier when large quantities of product are to be milled.
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“4.1.2. Energy Requirement
The results of the energy requirements for milling soaked maize, soaked beans and

(omato/pepper/onion mixture conducted on the three different mills are shoswn in table 4 2

"T'able 4.2, Milling energy requirement of three mills.

[PRIVATE}
Energy Requirement Kwhr/kg
Product -
Commercial Addis mill New desipn
mill -
Tomato/onion/ 0.063 0.062 {)L.0O5S -
pepper —
Soaked maize 0.120 0118 (1.095
Soaked beans (.094 0.091 0080

The figures show a relatively lower energy requirement of the new design lor illing
the three different products than the commercial mill and the Addis mill. Smith et al (1994)
gave that while measuring the power in the drive line will give the exact requirement of a
machine, wattmeter measurements give only the electrical power input to the motor. The
efticiency of the motor to transmit such wattmeter - measured power to the machine thus
needs to be taken into account

For electric motor - driven machines, power requirement may be established by fitting
a torque measuring device in the drive line and measuring the speed of rotation (Smith et al .
1994). Where this is not possible, a good approximation can be obtained by measuring the
input voltage, v, and current, A, to the motor and calculating the average power in watts or by
connecting a wattmeter between the supply and the motor to give direct power readings.

In the absence of any reliable torquemeler. the power measurements were made by
connecting a wattmeter between the supply and the motor thus reading the energy inputs to

the motors, The relatively lower energy requirements of the new design can be attributed to its
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direet connection to the electric motor which ensures a maximum utility of available power
and a minimization of energy losses as against those of the commercial mill and the Addis

mill which are connected 1o electric motors via speed reduction pulleys and belts.

4.1.3. Particle size Characteristics

The values of the average particle size (diameter) determined from the data obtained
from the sieve analysis carried out on the two products ground on the four different machines
are given in table 4.3, The sieve analysis data and the determinations of fineness modules

(I'M) and particle size are given in Appendix 1.

Table 4.3, Particle diameter (D) of two products ground on four different machines.

{PRIVATE }
Product Average diameter (mm)
Commercial Addis Houschold New
mill mill blender design
Soaked beans 1.18 1.13 1.55 1.23
Tomato/pepper 0.76 0.72 1.05 (.94

As can be observed from the table, the tomato/pepper mixture was generatly pround 1o
a finer consistency on all the machines than the soaked cowpea. The Addis mill. the
commercial mill, the new design and the houschold blender were found to produce less fine
product consistencies in the listed order. The new design compares favorably well with the
commercial mill and the Addis mill which produced finer ground products and was tound 1o

produce a finer product than the houschold blender.
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4.1.4. Design merits of the various grinders
Results of evaluation related to the assembly of the different machines is given in

table 4.4.

Table 4.4, Assembly related merits of the various designs.

([PRIVATE § S

Iactor Commercial mill Addis mill New design
Weight of assembly 35 45 15
(kg)

Number of 19 10 7
components

Time reguired to
dismantle for 2.5
inspection/cleaning
(mins)

N
o)
=

The table shows that the new design is much lighter than both the commercial mill
and the Addis mill. This makes it easier to move around as is the commaon practice among the
commercial tomato-pepper mill operators who move the machines out of the house or store in
the momings and return them after the day's work in the evening. The new design also
requires less time to dismantle either for cleaning or inspection. This along with the relatively
fewer number of components than in either the common mill or the Addis mill make its
cleaning an casier task. The fewer parts also mean that the frequency of parts replacement.
where necessary, is likely to be lower in the new design than the other two designs.

4.2.  Economic Assessment

The benefit-cost ratio is an important consideration among factors that influence
adoption of new technologies. As a measure of the profitability of using a technology (a
technology is profitable only when the benefit-cost ratio is greater than 1). its value greatly

influcnces how soon and well a new technology is adopted.

35



Assuming an annual use of 1500 hours, a life of 15 vears and zero salvage value, the
henefit - cost ratios of using the commercial mill, the Addis mill and the new design were
determined for the purpose of making comparisms. The result is presented in Table 4 5

The table shows that although the three mills evaluated are profitable to usc. the new
design has better economic prospects. With a benefit-cost ratio of 3.2, which v over 20
percent higher than those of the other two machines, it is surely a more profitable cquipment

toinvest in. Its pay-back period is also much shorter than those of the other machine:
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Table 4.5. Economic indicators of mills at 1300 hrs/annum for assumed life of 15 vears and

zero salvage value (as at Sept. 1993, the production date of the new design)

IPRIVATE }

Indicator Common mill Addis mill New design
Capital investment 5,000.00 6,800.00 4.200.00
N)

Payback period (hrs) | 400 544 336

Annual costs:

a)Depreciation 333.00 453.00 280.00

(N)
b) Interest 875.00 1.190.00 735.00

(17.5%)N
¢) Labor 3.000.00 3,000.00 3.000.00

(N2/hr) —
d) Maintenance 1,200.00 1,200.00 SO.00

(N)*
¢) Electricity 1.164.00 1,164.00 1.164.00

(N)tﬁ -

{) Housing (N) 60000 600.00 600.00
Total annual cost N 7.172.00 7.607.00 5.829.00 B
Total annual revenue 18.750.00 18.750.00 18.750.10

(N12.50/hr)y***

Benelit-cost-ratio 2.6 2.5 32 -

* Based on annual spare parts requirement
*actual energy demand as per utility (NEPA) bill
¥*¥*¥rom market survey.
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4.3.

Level of contamination of ground Material

Tables 4.6, 4.7 and 4.8 give the data of the bacteria. mould and yeast isolations

respectively while tables 4.9 and 4.10 show the results of the total and viable bacteriy counts.

.

Table 4.6. Bacteria isolates of tomato/pepper mixture ground on four different macl ines

IPRIVATE ]
Household blender Machine | Machine 11 Machin: 111
{control)

CIPRIVATE ] B
Micrococcus Bacillus Pseudamonas Ilavobacteria
Staphylococcus Erwinia Frwinia Frwinia
Streptomyces Flavobacteria Streptococeus Streptococeus
PPedicoccus Streptococeus Bacillus Staphylococeus

Staphvlococcus Staphylococcus Streptomy ces
Micrococcus Pedicoccus
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Table 4.7 Mould isolates of tomato-pepper mixture ground on four different machines

IPRIVATE ]
Household blender Machine | Machine 11 Machine 111
teontrol)
Mucur Alenena Penicillin Rhizopous
Rhizopous Aspergillus Aspergillus Fusarium
Cladosporium Cladosporium Aspergillus
Cladosporium

Table 4.8, Yeast isolates of tomato/pepper mixture ground on four different machin s

[IPRIVATE. }

Household Blender

Machine |

Machine 11

Machine 111

(control)
Rhodotorula Iansunella Candida Schizo- saccharony e
Torulopsin Candida Torula Torula
Torula Saccheronycetes Torulopsin
lorulopsin
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Table 4.9, Total bacteria counts of tomato/pepper mixture ground on four different machines

PRIVATE .
Household Machine | Machine 11 Machine 111
Counts
blender (control)
st 2.0x10° 2.10x10° 4.1x10" 5.5x10"
Ind 3.8x10° 6.1x10° 1.0x107 41x10°
3rd 32 % 10° 5.0x10° 6.2x10° 6.3x10"
Average 3.0x10° 436x10° 6.76x10" 5.3x10"

Table 4.10, Viable bacteria counts of tomato/pepper mixture ground on four dilferent

machines.
EPRW!\I I
[ Household Machine 1 Machine 11 Machine 11
‘ount
blender (control)
st 7.2x10° 8.0x10" 2.0x10° 2x10°
2nd 4.6x10° 3.1x10° 4.4x10" 6.6x10"
3rd 1L1x10" 6.8x10" 7.1x10" 70x10"
Average 7.6x10" 1.53x10° 1.22x10° 7.6x10"

[\ ~ . .
FIx107- FAO recommended maximum level.
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As can be seen from tables 4.6, 4.7 and 4.8, bacteria and fungi (mould and yeast) were
found to be the major contaminants of tomato/pepper mixture. The level of contamination
was significantly (P< 0.08) higher in the mixture milled on (he three market machines than
that of the control as can be seen lrom tables 4.9 and 4.10. Most of the contaminants are,
however non-pathogenic except for a few such as {lavobacteria, streptococcus and candida
whith though are normal flora of tomato/pepper, could become opportunistic pathopens wien
they [ind their way into the human body.

. Tomato/pepper are normally contaminated with mixed and varied microflora like
micrococeus, pedicoceus, aspergillus and penicillin sp. The interrelationship among these
microbes and food (tomato and pepper) are examples of microbial ecology (Batzing and van
De mark, 1987). Environmental factors play a major role in this intervelationship (Brock,
1976). Such factors, according to Brock (1976) include chemical nature of food, I,
availability of moisture, atmospheric oxygen, number and kinds of contaminating organisms
and methods of processing, packaging and preservation.

Of these factors, the chemical composition of the food and its ptl arc ol primary
importance {Batzing and VanDe Mark, 1987). Acid foods [tequently underge spoilage by
yeast and mould while low acid foods and neutral foods are oflen subjected o bacterial
detericration.

In acid fouds containing carbohydrates such as tomato/pepper, the fungt and mould
are favored to be the major contaminating organisms. The myecha of the mould readily
penetrate the skin of the tomaoto/pepper. In this case, the chemical nature of the spoilage
involves acid and alcohol production within the more anaerobic interior of the tomato/pepper
and an oxidative degradation of the sugar at the tomato/pepper interface. This results in pli
rise and this increase in pH allows proteolytic bacteria to enter the juice,

The other mgjor factor that effects the kind of organisms that grow oo the
tomato/pepper is the availability of oxygen and oxidation-reduction potential (James, 1976).
Due to the anaerobic nature of tomato and pepper, contamination and subseqguent spoilage is

caused by facultative and obligate anaerobes though aerobic organisms occasionally grow at

the surface.
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Processing is another major source of contamination (James, 1976} Some
nmicroorganisms, in form of thetr spores, are found as formats in dust particles and settle on
the machine used for milling . If not properly washed, they find their way into the milled
product as is evident from the sharp increase in the total count of micro-organisms (table 4.9)
and the diverse genera of fungi isolated from the tomato/pepper milled on the commercial
grinders in Samaru market.

Although several factors determine the type of contaminating organisms of
pepper/lomato, a particular combination of factors is relative in determining the spoilage
organism and those of health hazard {James 1976). Among these major factors is the machine
used in bhandling and processing. Care of the machine is therefore necessary 50 that
pathogenic organisms capable of food poisoning and food infection are not allowed to
contaminate the milicd tomato/pepper.

Although microbial species in a food may be diverse, only a few are responsible for

spoilage and of health significance. For instance orange is mostly contaminated anc spoilt by

two species of one genus Penicillin Halicus and Penicilin ofivacewn illustrating a high degree
of specificity.

The high values of total bacteria counts given in table 4.9 though in excess of the
FAO recommended maximum of 1x10° are of no serious consequence as the values reflect
the total population of both living and dead micro-organisms in the sample. What gives
concern is the relatively high values of the viable counts from the three machines used in the

market as these figures (table 4.10) reflect the population of only the living organisms.
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CHAPTER F1VE
CONCLUSION AND RECOMMENDATIONS
3.1. Conclusion

In appreciation of the shortcomings of the commercial tomato-pepper milt which
include inconsistent machine quality, high maintenance requirement and contamination ol the
ground product, this work was undertaken 10 determine the type and level of contamination ofl’
produce ground on common tomato-pepper mills, develop a low-cost mill which eliminates
the problems of the commercial tomato-pepper mill and evaluate the new machine and its

aulput. Based on the results of the work, the following conclusions are drawn,

1. The new equipment design which was developed based on the principles of the
household blender provides a better alternative to milling using the commercial tomato-
pepper mill which is an attrition mtl.

The new mill has a higher benefit-cost ratio, requires less energy for milting and is
comparable to the commercial mill in terms of the fineness and uniformity of ground produce
and milling capacity.

2, Bacteria and fungi (mould and yeast) are the major conlaminants of ground
tomato/pepper and commercial mills in Samaru market contribute significantly to the bacteria
load of ground produce. Although the viable bacteria counts arc below the FAQO
recommended maximum level of 1x10%, the levels are relatively high and call for caution to
minimize the conlamination load. Most of the contaminants isolated are however nun-
pathogenic except for a few which may become opportunitic pathogens when they find their

way into the human body.
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5.2. Recommendation

The following recommendations are made to complement this work in striving lor

perfection.’They are:

1. The design of the new mill should be studied with a view to transforming it from a
batch process equipment to a conlinuous process one. This it is hoped will minimize

labor demand in milling bulk quantities ol products.

2. As a follow-up to the determination of the level of ground produce, it is recommended
that the typenature and level nol spoilage that occurs when the milled products are
kept before usage be investigated.In doing this, elforts should be made to replicate as
tuch as possible, the cultural practices of the local women in keeping the milled

products before usage.
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Appendix |
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a) Sieve analysis data for tomato/pepper ground on the household blender.
{PRIVATE} -
Sieve Wit of Material % ol Material Factor %o Multiplied
retained (g) | retained by factor
3/8 0.0 0.0 7 nn
4 0.0 0.0 6 0.0
8 2.65 3.04 5 15.20
14 28.20 32.4] 4 1206428
28 51.50 59.20 3 177.60
48 4.65 5.35 2 10.70
100 0.0 0.0 | 0.0
Pan 0.0 0.0 0 0.0
87.00 100 33314
FM = 333.14
100
= 3.33
D(in) =0.00412)' ™ = 0.0041 (2"
0.041in
= 0.041x25.4mm
1.047mm




b) Sieve analysis data for tomato/pepper ground on the common tomato-pepper mill.

51

{PRIVATE §
Sieve Wit of material % of material {actor % x factor
retained (g) retained
3/8 0.0 0.0 7 0.0
4 0.0 0.0 (§] (.0
8 0.0 0.0 5 0.0
14 11.65 12.8 4 51.2
28 56.22 61.8 3 1854
48 22.30 24.5 2 490
- 10 0.80 0.9 ! e
Pan 0.0 0.0 0 (1)
90,97 100 2865
M. = 286.5
100
= 2.865
Din = 0.0041(2)"*°
= 0.03in
- 0.759mm




Sieve analysis data for tomato/pepper ground on the Addis maodel mill.

C)
[PRIVATL ] ]
Steve Wt of material % ol material FFactor % x faclor
retained(g) retained
3/8 0.0 0.0 7 0.0
d4 0.0 0.0 &) 0.0
8 0.0 0.0 5 0.0 .
14 10.50 11.9 4 47.6
28 49.60 36.0 3 168
48 27.05 30.5 2 61
100 1.40 1.6 [ 16
Pan 0.0 0.0 0 (.0
88.55 100 2782 |
FM. = 278.2
100
= 2.8
D(iny= 0.0041 (2)°™*
- 0.028in
= 0.71 mm
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d) Sieve analysis data for tomato/pepper ground on the new design
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IPRIVATE }
Sieve W1t of material % of maternal Factor 9% x lactor
returied (g) retained -
3/8 0.0 0.0 7 00
4 0.0 0.0 6 (1)
8 0.75 0.85 5 4.25
14 25.50 28.93 4 115.72
28 49.65 56.32 3 16896
48 12.25 | 13.90 2 27.80
100 0.0 0.0 I 0.0
Pan 0.0 0.0 0 ()
88.15 100 316.73
FM = 316.73
100
= 3.17
D(in)= 0.037in
= 0.937mm




Sieve analysis data for soaked beans ground on the household blender

¢
{PRIVATE }
Sieve Wit of material % of matenial FFactor % x factor
retained (g) retained
3/ 8w 0.0 0.0 7 - 0.0
4 0.0 0.0 6 00
8 14.28 13.98 5 699
14 65.00 63.64 4 25456
28 21.60 2115 3 6345
48 1.25 [.23 2 u 2.46
100 0.0 0.0 | 0.0
PPan 0.0 0.0 8] 0.0
102,13 100 300,37
FM = 390.37
100
= 3.90
D = 0.0612 in
= |.55mm
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1 Sieve analysis data for soaked beans ground on the common tomato-pepper mill.

_ Wi 7
Sieve Wt of material % ol material lractor % x {actor
retained(g) retained
3/8 0.0 0.0 7 00
4 0.0 0.0 6 (.0
8 4.60 4.27 5 21.3s
14 48.50 45.03 4 180.12
28 51.40 47.73 3 143:19
48 2.60 241 2 4.82
100 0.60 00.56 | 056
Pan 0.0 0.0 ) .0
107.7 100 35000
FM = 350.04
100
= 3.50
D = 0.0461n
= I.18mm
R




2) Sieve analysis data for soaked beans ground on the Addis model miff.

{PRIVATE }
Sieve Wt of material % of material Factor % x factor
retained(g) retained
3/8 0.0 0.0 7 0.0
4 0.0 0.0 6 0.0
8 3.85 3.67 5 18.35
14 42.90 40.87 4 163 48
28 54.50 51.95 3 15575
48 3.20 3.05 2 610
100 0.50 0.48 | 048
Pan 0.0 0.0 {] 00
104,95 100 3442
FM = 344.2
100
= 344
D = 0,044 in
= 1.13mm
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h} Sieve analysis data for soaked beans ground on the new design mill.
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IPRIVATI: }
Sieve Wt of material % of material IFactor s X fucto
retained(p) retained
R 3/8 0.0 0.0 7 0
4 0.0 0.0 6 0
8 5.20 490 5 24.5
14 51.30 48.35 4 193.4
28 47.80 45.05 3 135.158
48 1.81 1.70 2 340
100 0.0 0.0 1 0.0
Pan 0.0 0.0 0 0.0
106.11 100 356.45
I'M = 356.45
100
= 3.56
D = 0.098in
1.23 mm




DESIGN DRAWINGS

a) A pictorial Sketch of the new mill



