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ABSTRACT.

A modified cabinet solar dryer based on an existing

aud functional cabilinet solar dryer was constructed on

a concrete floor collector and tested for 1ts drying
etficiency with 20mm. thick lean beef strips.

The exceptiocnally faster drying rate of the 20mm. thick meat
strips obtained in this experiment as compared with previous
similar drying experiments using cabinet scolar dryers,
suggest a marked ilmprovement 1n the modified cabinet solar
dryer constructed. Thls improvement was however complemented
by the conducive weather conditions that prevailed during the
drying period as 1ndicated by weather data monitored.

fhe solar dried meat product obtained in this experiment was
exceptionally shelf stable and'wholesome for human
consumption based on chemical, microbLoLogiqal and water

e

activity analysis carrvied out on the dried meat sampl

i

Sensory aspects of the dried meat product was however poor

in respect of meat texture and acceptability. This was

probably due to the leanness and dryness of the meat Sstrips

coupled with the unfamiliarity of the meat product as a

normal tood item in the diet of the taste panellists.




1. INTRODUCTION.

Following a preliminary familiarization visit to the pfoject

site trom 4 to 11 November, 1994 by the International and
National Consultants for the project, a report on the visit
was submlitted to the PMAO Headguarters for Africa, Accra, by
the National Consultant.

The contents ot the report highlignted discussicns on the
project document and the consensus reached by the project
team members with respect to the execution of the project.
(Please refer to the Preliminary report on visit to the
project site at the UST, Kumasl, submitted to the FAO

deadquarters tor Africa, Accra, November,1994).

]

Among the Key discussions on the project document terms of

references was the review of the locally constructed solar

dryers and tae recommendations necessary for lmprovement

<2 .

regarding construction techniques and materials
This sectivu of the terms of references was diﬁ?ussed in
detail by the international and National Consultants.

Among the two locally designed solar dryer designs submitted

for discussions, one of them, a cabiuet soldar dryer, was

rted for the modifications and lmprovement Lo be
constructed (Please refer to Appendix [ for tne design

detalris of toe cabinet solar dryer selected

moditicaticn).
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types of the moditied cabinet
as foliows : one with
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comprising ol a completely insulated
piywood and Lined
other sSimLiariy

compiletely covered wi i
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The important modifications and improvements to be made on

the existing cabinet solar dryer were as follows :

- Improvement in collector length to between 4 to 5 metres

from the existing 1.56 metres collector length.

- A maximum collector height of 10 metres to be made.

b

B: This modification cannot be fixed 1n natural convection
solar dryer systems because the collector height depends
upon the improvement in air flow required within the

drying chamber. Thus, a larger Inie: air ducc
taciiitating improved ailr flow 1n a natural
solar dryer system will have a higher collector height,
while a smaller inlet air duct area, associated with a
shorter collecrtor height will not tacilitate ilmproved air
flow in a natural convection system having an already

aredad
convection

2 wila ~yy ¢ ] o . T Mo ey i i
inherently poor internal ailr {Llow.

he coilector and aArylLing - impoer

o LA

INLS Modiilcat lon wWwds already exXxLstling.

7 - - 5 ey o Bawioin vk i N & fr1 2 £ 2 T 5% LRSS s S A
walls of the dL]’_LLLg chamber to be made of concrete

materlals. On this modification, 1t was agreed that two

solar dryer wil

-4

be constructed
N X N ) o (o i > ~ T % i et 5 T osvesi g it g e e g

5 minlmized polyeliilyilene surirdce

drying chamber made of

internally with metal shesting, and tha

i

~ =

C 1y constructed but witih ¢

dryilng chambeai
plain polyethylene. The collector
ZE2 Wwas nowever to remall

unchangad.

Construccioa of the cabinet solar dryeis on concrete tloor

with lmproved iosclation on the concrete sides.

The two modified cabinet solar dryers were to be

constructed solely out of local marerials

and tested as an




alternative against a purely imported, modular tunnel solar
dryer incorporating photo voltaic driven fans (Please refer
to Appendix I1 tor the design details of the modified cabinet
solar dryer constructed).

As a follow up to the preliminary report on the above
discussions, a meeting was held on the 20th of November,
41994, at the FAU Regional Office for Africa , Accra, between
the FAU Regional Animal Production and Healtn Officer for

=

T

Atrica the Assistant FAO Representative for Ghana th
’ ! g ]

{

Assistant Project Manager for the project and the National
Lonsus tant.

The meeting approved travel by the National Consultant to the
project site for fourteen (14) days between 7/0L/95% to
21/01/95, to construct one unit of the two modified cabinet
solar diyers as described above. {Please refer to Appendix
1f{I tor the itinerary ot actL;Ltie“ carried out during the

mission with

The National Consultant was also requiced to carry out drying

e = 1 & e el - 4 . . . . ™y - T — - - N =
Lllals witih meatl i Lhe consiructed solar dryer, monlcor

wealhier data during deylng and carry out chemical,

@icrovloiogicdl and sensory andalysis on the dried meat end

product.,

The Internactional Consultant was required to evaluate

pgeiiminary work carried out by the National Consultant on
his next mission to the project site.




2 MATERIALS AND METHODS

All materials required for the construction of the modified

cabinet solar dryer were obtained and purchased locally

D

(Please refer to Table Ta and 1b below for the material
gquantities and cost of cabinet solar dryer constructed and
dryer physical dimensions).

i
4

1}
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(

solar dryer was constructed using between two to three
workers per day. The (otal man hours used for the completion
of the solar dryer was 59 hours.

Meat preparation, solar drying of meat and weather data

moultoring during meat drylng was car:ied out after solac

dryer construction.

2.1. Meat preparation, drying and weather data monitoring
during meat drying. '

Fresn.y praepared hind Juarcer beet weighing 31.5 kg., at a

Cust oL /U,500.00 J purchased tor thie experiment.
CLnumed, nuscle welgiing 6.5 <g. from the hiad

Guai Uer was used founr Cthe axpeciment. Jhls meat was cut inco

cUmm Thick meal strips. The SUULPS Wi thien Lacised ailong

the muscle length with a new razor blade at two or thre
positions . This was done to help open up the muscle to

tacilitate meat drying. The average icngth of the meat
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Table Ia.

ESTIMATED MATERIAL QUANTITIES AND COST OF SOLAR

CONSTRUCTED.

DRYER

Item Quantity

Unit cost
(cedis)

Total cost
(cedis)

[

3]

%

2 A

s
S«

ey

[
RS

La > t.; L {J
3. Plywoad 4
4. Cealing battons 1.5 bdls.

OTHER MATERIALS.

5. Mosquito nettlng 13.57
6. Cement i4bags
7. Plain polyethyleue

L
a. (mai. body)

1A aR]T o
LA O U L

. ftor coverls

surrtounding solav

8. Solignum 3/4gal
9. Black paint lgai
10. Thinner lgal
11. Wel d mesh l.5ps
L Kapok 4. 3bag

Sand

2300.00
1500.00
18000.00

4500 .C/bd

3000.00 /¢

A
LiLovu L Ju
6500.60

16500.00

SR AND ~ A
000 .CH/

ofl0

/DS

Dag

0.25 « P L4000.00/tr i
14. Stones Oone U e 35000.00/¢cr ip
1L M Ba / . e 3 & > = Y 1) 2 v
15. Glue 3/4 tin used $500.07¢1Ln
16 Kerosene one baer bottle 300.90/botctie
{w25ml)

17. Nails 2.51lbs.2ach of - .

g g i 5 s \ - : F - .

‘L 3 12 T G T usad } } : , S . ) . ;" , 3
L3 Lota. Labout 4500 .00+30900.00

{H9man hours) {a L5ANS T Labouress)
GRAND TOTAL COLTS 4

Nt ! ~ + T | ] - /A4 - i N
NB: Cost of 51.5kg HL/4 peei us

=G fon

meat divyi

Y 111G

9200.00
21000.00
72000.00
6750.00

[
-
O

24750.00
264GC0.00

$o000. 04
2625.00
P— .
3006.00

trials was




Table Ib.

PHYSICAL

DIMENSIONS

OF SOLAR DRYER CONSTRUCTED.

PARAMETER

DESCRIPTION

1.

Dryer

Constructi
organisati

o

Heilght ot
from groun
Height of

from dryer
5. Voliume

Drying
tength

o]

Collector

Collector

type:

ng
on:

drying
d Level:
drying chawmb

fiocor:

chiamber

readth:

length:

b LOoLiecCtor 1Iii€t 4ali
rsadin neLghit

1 g

1y S

crniamber

Cliamope)

built on concr
base and sides of
fioor insulated

Cabinet solar
floor with
concrete

Kapok.

Food Institute,

Res=sarch

i

i82cm.

er

LtG4oCcm.

8 7mFmtm .,

120c¢cm.

120cm.*

4G0cm.

.bm*m.

A

Lhem.

eige

with

Pl
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strips was between 10 to 15cm.

1.5kg. out of the 6.5kg. meat strips cut was blanched for 10

minutes in 90 degrees C hot water containing 2% salt. After

draining hot water the blanched meat was coated with a

mixture of hot chilli and nutmeg spice at 0.5% of the meat

weight. This meat sample was used for the drying weight loss-

data experiment.

The remaining 4.5kg.

. meat strips were
degrees C hot water contailning 2% salt for
B draining hot water, the meat strips were strung
and hanged vertically in the dryer for drying.
welght lLoss data was however collected on this
R 2.1.2, Weather data monitoring
M The 1oliowing weather parameters were monitored
drying period: temperaturs, relative m
5 Temperature was monltucrasd at three different pos
_ Lte. ambient alr temperature, temperature of alr
drying chamber from coilector and mid- point ot
B cinamoer CLemparature.
Relative humidity of the amblent alr was monlior
.
drying perlod. The relative humidity within the
_ chamber could not be monitored because there was
one relative humidity probe 1n use.
- Temperature and relative humidity were monitored
' :
—

!

10 minutes.

NO

umidity and wind spe

also blanched in 90

Atter
on a twine

splce or

sample.

during the

ed.

ltions,
Eﬁfltﬁfi.“g
Gryrng

between
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10.00am to 4.00pm daily for the convenience of the experiment

and for the security of the equipment used.

2:1:3, Monitoring of the average rate of weight loss during
meat drying

Meat strips for drylng weight loss experiment (1.5kg.

welght) was divided into six lots, each lot skewed onto a
copper rod supported horizontally on the wooden braces in the
drying chamber. Each rod with meat strips was labelled and
welghed three times daily from the start of the drying to

the end of the drying period. Each rod with meat

strips at

the oeginning ot the ex

o

riment weighed between 225 to 300g.
Two drying c¢ycles, ie

, two driylng days were required to dry

the meat stilps to almost constant welght

Lc¢ai, mlcrovivlogrcal, water activity and Sensory
evaluation carried out on solar dried meat product.

e above analysis were carried out at the Food Research

Institute , Accra. For chemical analysis the following were

Carllied oul: moisture, tat, protein, ash and salt (%)

according to AOAC, 1990 procedures.

LoD MLICrobiloioglcal analysis, total bacterial counts on Plate

™ an e v ~ [ 2
vount Agar ait oU

% ~ { £y 40 ~ YT e -y o4 3y}
225 L LOr 48 hours and o I d

G p R VA AR M = : A 4= iy -
counts on Ms.tU Agar at 30 degrees C

D) 48 [NOUYrs were carrlec

LY was measured using
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Thermohygrometer.

Sensory evaluation on dried meat samples wa:

using 22 panellists, to sample dried meat :
& ’ =

palatable traditional light soup under

the
attributes: colour, tenderness, flavour,

1 avmtir armAd oarmal ] e SR E T S
tlavour and overall acceptability.

s carrled out

&

repared into a

tollowing quality

juiciness, off-




3. RESULTS AND DISCUSSIONS.

3.1. Results of average weather data monitored during
drying.

Temperature

Figure I below shows the average amblent air temperature

monltored during the drying period. The average maximum

amblent temperature attained during the drying period was

=

degrees € and the average minimum 22 degre

Loda LA

Figure II below shows the average iulet a

1Lr temperature
emtering the drying chamber from the collector.

Comparing Figures I and II, it can be shown that there wa

Liucredase 1n tne ambient dir Cemperature

from 37 degrzes C. to 42.5

!1

gLevaticn of 5H.H degrees

lu ¢igure 1l1i, there was a further incr

within the collector

37

sediperature witnln the wmid- point of the dryilng Shamber above

t f - 1 + ) . . Tt s~ - Cor A5 S P s [BE 5 5 s = i 5

Lualb oL Lhe coliector alr Lemperature from .5 degroes C. to

A 4 2 c e - i - - R . ~ o Y 4o -~ . b ¢ L

/. aegrees L. giving 4 Lemperature eievation of 0

1egress Iz 2 Was daerebore a DUdi emp2ral e.=2valion
gagre L. LIl AmbiLienl 4dil temperature as Lt tiowed througt

e 1
. Y B oo ;

LI OO L2l SO L0 Lle Ay ng caampaer .

the overdlr Usmperatnie elevation over that of smbien: in the

@SS di ¥ Lng Giamiide | A= ES not very hi :}':L This WAl 2xHpaedi >
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Temperature Measurements taken during drying of meat strips

Fig. 1
Anbient air temperature versus time
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Fig. 2

Inlet air temperature entering drying chamber from collector
versus time
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Fig.
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Mid-point of drying chamber temperature versus time

TEMPERATURE (Celsius)

48

16

44

42

40

38

36

31

39

29

26 -

24

| | 1

100

200

TIME Cmin.)

300

400

LTy S e o S N




= 1§ =

especially during the dry Harmattan season due to intense
fine particles of Harmattan dust which tend to disperse solar
radiation during the day. This is supported by the lowér
average daily solar radiation figure of 15.09 MJ/m*m. for the
month of January in Kumasi (Please refer to Section 3.1.4.).
The normal daily average solar radiation figure on good sunny
days ranges betwéen le to 18MJ/m*m. (Personal communication,

Meteorological Department, Accra).

3.1.2. Relative humidity

ln Figure IV, Che averags ambient relative humidity recorded
over the drying period showed a significant decrease from
/5% 1n the morning to 11% Cowards the evening. fhc low
ambient relative humidity attained is attributed to the
ed5on 2L the year and the locdtion of the experiment

fhe experiment was carried out in January and in Kumasi in
the middle zone ot the counbtry.

L€ pPEeGK of Che tidfma t Cau dlj s5eascin 1o Ghana tulls pneoweaeen

\ o o - & 3 T 5% A : — 5w 5.7 e fad bs 1025 o .
UeCember saud Januar Y, scmetimes sxtend LIlg 1nto februdar ¥ and
cihe intensity of dryness lhCieases ds one goes [vom the

coastal zoune "tou the middle zone and then the northern zZone.

=
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Ambient relative humidity versus time
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3:1.3. Air flow rate

The average air flow direction during the drying period was
between north-south and south-north.

The average air flow rate monitored within the drying chamber
was between 0.6 and (0.9m/s. This was a signiﬁlcén:

improvement in air fiow over previous work done at the Food

@]

Research Institute (Tette 1994) using a
7 7 j

abinet dryer. The

dalr LiOwW rate obtained 1o that experiment was 0.24m/s5.

= 3 - + ~
i el Cd4dn PDe alflriputea to

T Y e s 2 > R 410 g cals 4 L = i s - (S - £l A 1m
Lhie larger alr duct area which aliowed more 2irl LO riow Lnto

. I ert ey b
e arying chdampe;

3.1.4. Solar radiation

Due to lack of eguipment for monitoring the above parameter
C carrying out this experiment the average

solar radiation data for Kumasi in January was obtained fron
the Meteorological Depariment. The average 3JLI} value rtoi

Rumasi 1o Januwary was given as 15.0¢
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3.2. Results on average rate of welight loss of
during drying.

Figure V below shows the grapn ot percent original weight ot

meat strig against time of drying.

ine graphh shiows a didastic loss of we Lgiic 1in SUr1ps L1}
=3 3 I
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refer to Section 3.1.2.).

From experience in solar drying, it can be shown that in

drying, the condition of the air

P2 4 o ~
S 5 1c&S Xé€

b

speed and the capacity of the air to carry moisture away
from drying material accounts more to the drying effect on

the material than temperature alone per ce

ar dry 1sed 1n thi experil qul: urther
Cesling duriing 0o rnarmattan f LoG Lo cobtalin more data
on thne etfect of relative humidity, temperat
and alr filow rate within the drying chamber on the overal
erriciency O ne lLYyel i ary g ed SCrLip



]-]-]—Wn]-j_jp—]

) J

)

)

i

carrl

AI..,) ta v

cournt

S1iti L ay

total

poor

Beyc
I'_)._ )
aUllia
't
dri
CoO
cCOon

Results of microbiological,
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chemical, s

ensory and

water activity analysis carried out on solar dried

meat strips.

microbiological analysis.
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Table II:

Results of microbiological analysis carried out

on dried meat samples.

ANALYSIS

-1 hai s A7 * 10
Total bacterial 1.47 10
= - " _—
meat strips counts
% )
La
do- Mould and yeast 1.1 * 10
counts
do Culture Micro-coccl and
h 1 T 5 -
Bacillus spp
3 ] > TR 15 = o f & Vaimang wea ) “falveia = Sy~ o 1
53 Nesuli s Qi cil LCai anaiLysLs 10 wdliel aCulVlity
analysis.
Lain L1l Delav SIOWS resud > Of Ccuaenmi dana wate ot
Al i ¥yS1 cdir rted subl on dried mealt samp ;
A.' ) - 1 il 3 a W d > foiwv > 1 2
iid - ~Lita Al - - c ' AR .-t i 7 La
: 4 1 u 111 3§ 1 ' i 1 =27 z ¥ =
- 4 i FEN B ET O SRS il U L [V . A 1 SreRuipl e i | R }
wititin Toe Lntermedi wwlsture range, 5 1L were,
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sfielt SLIBLLLEY (e i XD C iader LR il 5 rdge w
Suitable packaging o i i duct
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Table III: Results of chemical and water activity analysis

O\~

SAMPLE ANALYSIS VALUE (%)

meat strips Moisture 17.4
~do- Fat 2.9
-do- Protein 67.9

= do= Ash 9.3

do Salt 2.9
- do- Water activity 0.2

The low fat content of the dried meat product ensured that

lipid oxidation reactions which can be accelerated under

dehydrated conditions of the meat is minimized or prolonged.
Lean meat strips were usad for drying

The 1ncrease in protein content was related to the reduction

Ln molsture content of the dried meal.

The high asii content was related ta 1ts value

caiculated
based ou 1lUUg of the dried sample.

The 1ncrease in salt value was related to the 2% salt Lnfused

with the raw meat strips and the reduction in moisture

content of the meat product.

16
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W 3.3.3. Results of sensory analysis

= Table IV below shows results on sensory evaluation on dried

! meat strips.
The important eating quality characteristics 1adicated by

171 5 = s =1 re o . e R =T
l panellists in this analysis point to the following

T ~ ¥ ~ 3 = $ ~p- ) S Ny T S | i ~ e

. . inhe drled medal pr oduct had poor texturai <chnardc C1CE&E

PR SR Te— § 3 v e This was expec! Sis ey ey B g

peing adry ana stringy. 4inis was expectd because e

] Fandao &5 s ; —— } : e — P - - % e g - . _— £ 4~ s 73 73
tendaerness oOrf meat 1s reiate CO tacbors sucn as rat ana

l Mol SEnr e o b ‘ —.  SOPr— 4- o P ! .

molscdre <Cccneelle LLii tile meac - A rom otliiers SucCil 4o
SseX, maturicty ot cie Allia s 4and ne C— mortem
.. ) te o 1} 5 e g

o COadraClieriscics Q -1le meat.

The meat strips used 1n this experilment were trimmed

B Ly o

completely of any visible fat. This 1s supported by the low
i Y PF

~ N 5y b 5 & b -~ -1 M I . -~ - ~ ] - {7 <~ &« g -
content of the dried meat product (rlease veter O
|
/

™2 y £ £ £ . 3 ~ - vy man bt Ty es e S ~1- Yooy ——— .
11T TL L - N AL oy Lty Jil LIt i a o il o0 LT SLL UL CLUL & i y = SRR
nave i1mpiricatliouns on meal texture. Ltnus, e resn meac

m Tt Ty - ' 1 ca YN O ooy e t i

LAl . Wi L o oo wJL T Ll Lilad Lo 4L LU L
v Y ovr ¥ - < 1 - < - - 3 }
SliiLlidriy, meat L1dVOllL mMady aiLsd D JaVe Al L a4
|
Arving when compared with the f - 1 . ‘ s
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OLl tlavour indicacted DY paneililsts 1n thls eXperimentc was

to off-odour or spoilage.
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Ol 100d l1tem 1D wial&.

Dried meat 1s quite a new produc
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This may account for the lower acceptability score by

Panellists.
It will take Sometime to build

for dried meat products in Ghana.

Tab

fos

e IV: Results of Sénsory analysis

QUALITY

AN

MEAN

ATTID T 137 e G TS T
AL 1IRI8U] LU

Colour

Up consumer acceptabili

INFEREN
- PSR

P
LY

moderately g
Tenderness 3.9 slightly tende
Flavour 2.95 natural beef

flavour -

Juiciness 1.95 slightly dry
Oft-flavour .22 slight £f
Overall
AdccCeptability 3.09 fai
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4. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

m 4.1. Conclusions

Ty

. I'ne following conclusions are deduced based on the results

of the present experiment:

- 20mm. incised meat strips dried at a much faster rate than
has ever been achieved with cabinet solar dryer work sc far
carried out in Ghana.

o - Microbiological, chemical and water activity analysis on

| dried meat strips suggested that the dried meat product was

M shelf stable and wholesome, when howaver, suitably packaged
Lo prevent recontamination and rehumidification,

i

1 Sensory analysis indicated poor textural characteristics

. and lower acceptabilicy.

|
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I 4.2, Recommendations for further work
' The following Fecommendations are proposed for further work:
M ~ The cabinet solar dryer used in this experiment 1s a new
design and therefore requires further testing.
i The concrete floor collector of the dryer also acts as a heat
o Storage bed to stoare solar energy during the day, to be
released in che evening and at night when thie temperature
M falils ‘urther work is required to the heat
Storage capacity of the storage bed and its effect on the
N Cotael diylag efticiency otf the sola lryel
B in thiclent drying of 20mm. thick meat strips in this
EX i menc, suggests furthejg Ary1ug triais on the dryei
al a ditftferent season (having different weather condltions),
- to asc din the effect of (he solar dryer and we&uhgt
| | |
parameier YL tae drying efticispcy SUrips
r 1t is alsc suggested Chat tij mealt strips ie thick
l
and L ied, be Cried for d ying
[
voHpLove the acceptability and consumer demand 1 he
r ! C prod , LS sugges BT 33 5100 WOt
T S 1510y o 3 Hidites 1de i cnd
users : WL lso ";1) L0 evaluate the ouon
feasibility of the dried meat product in Ghana

) T )

el oo ——
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THE MODIFIED CABINET SOLAR DRYER CONSTRUCTED.
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Appendix II1I:

= 33 =

Itinerary of activities carried out during the

mission

DATE ACTIVITY
07/01/85 Departure from Accra to Kumasi.
07/01/95 Arrival in Kumasi.
09/01/85 Purchasing of materials for solar dryer
to construction.
10/701/95
11/710/395 Construction of cabinet solar dryer.
to

20/01/95
21/01/395
to

23/01/95

24/01/935

Solar drying of meat strips and weather
data monitoring.

Departure from Kumasi to Accra.




