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DEVELOPMENT OF A SOLAR DRYING TECHNOLOGY FOR THE
DEHYDRATION OF VEGETABLES IN ZAMBIA

J M Mwale, Head, and K Doffour-Dapaah, Senior Scientific Officer,
Food Technology Research Unit, National Council for Scientific Research,
PO Box CH-158, Lusaka, Zambia

ABSTRACT

A survey of traditional methods of drying vegetables indicated a need for
improved drying facilities in rural areas. Laboratory tests identified the
optimum pretreatments for cowpea, pumpkin and delele leaves, when using an
indirect solar dryer. A model for improving the procedures for drying these
vegetables, with recommendations for organising the drying facilities is
presented.

INTRODUCTION

The practice of direct solar drying of vegetables and the utilisation of dried
vegetable products is well established in Zambia.

A preliminary survey was carried out to identify traditional drying technologies,
the specific vegetable crops to which these technologies are applied and the uses
of dried products. The pilot plant survey was confined to limited locations
within the Southern, Eastern, Central and Lusaka provinces.

The results of the survey indicated that:

1. Drying was carried out towards the end of the rainy season and to
overcome the anticipated seasoned shortages in the dry season.

2. Dried products were stored over 2-3 months for use in the late dry season.

3. All products were subjected to pretreatments such as blanching.

4, The most common vegetables for solar drying (SD) are pumpkin, cowpea

and delele leaves.

5. Occasionally collective drying was carried out using common drying sites
{flat stone surfaces) but generally drying capacity was limited by lack of
an adequate and organised technology.

The survey suggested two areas that required further investigation with a view
to improving the processes for preserving vegetables. These were optimisation
of pretreatment procedures to ensure the minimum loss of nutrient value, and,
second, an improved system for drying material based on a solar heat collector.
Since pumpkin, cowpea and delele leaves were the most common crops preserved
in this way these were selected for further investigation.

OPTIMISING PRETREATMENT PROCEDURES

The traditional pretreatments, including hot water or steam blanching, mincing
and crushing, and pressing to remove excess moisture, were evaluated. The
effect of such pretreatments on the quality of the dried product was measured
under laboratory conditions.
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Blanching time was determined and optimised using the residual polyphenol
oxidase and peroxidase tests. The carotene and ascorbic acid content of the
dried products were evaluated as parameters of nutritional quality. The effects
of two.levels (high and low) of:

1. Water: Vegetable (W/V) ratio
2. Blanching time
3. Drying temperature

on carotene and ascorbic acid content of the dried product were investigated
using a fall factorial experimental design.

The results are shown in Tables 1 and 2. Analysis of variance showed that for
pumpkin leaves, the effect of W/V, blanching time and drying temperature (at
the two levels tested) had no significant effect on the ascorbic acid and carotene
levels in the dried product. In cowpea the effects of blanching time and drying
temperature were significant {p>0.05) in the case of ascorbic acid.

Since the effeet of W/V on ascorbic acid and carotene retention was not
significant, water blanching could be recommended, though water blanching is
known to result in heavier losses of water soluble nutrients such as ascorbic acid,
than steam blanching.

Based on enzyme inactivation studies, six minutes was selected as the optimum
blanching time for both steam and water blanching of the leaf vegetables under
study. The effect of drying temperature, particularly on ascorbic acid content
was dependent on the level of blanching time, a low blanching time in
combination with low drying temperature being the most ideal.

DEVELOPMENT OF A SOLAR DRYER

Preliminary testing of a tent-type solar dryer resulted in heavy losses of ascorbic
acid and poor colour retention. An indirect solar dryer was constructed,
consisting of a separate solar collector attached to a drying chamber. The
collector was constructed of corrugated iron sheets painted black and covered
with a single layer clear polythene sheet. The collector chamber was insulated
with dried grass. The drying chamber was constructed from wooden planks and
included four shelves, each capable of taking three trays, 96em x 5lem x Scm.
The drying chamber was provided with a chimney for improved convectional air
flow.

Drying tests were conducted using cowpea, pumpkin and delele leaves. Delele
leaves are traditionally not blanched due to their mucilaginous nature and high
water uptake in blanching. In these tests unbleached and steam blanched
samples of delele leaves and both water and steam bleached samples of cowpea
and pumpkin were used.

Table 3 summarises the drying time and temperature drying parameters for the
three types of leaf material with a maximum tray loading of 1.0 to 1.5 kg of raw
vegetable. A maximum drying temperature of 40-42°C was obtained in the
drying chamber on clear sunny days resulting in an 18-20°C temperature rise
above ambient temperature and a drying time of 28-50 hr.

Under cloudy conditions, maximum chamber temperatures were in the range of
24-34°C (10-14°C above ambient temperature) resulting in an extended drying
time of 50-60 hrs.
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Pretreatment also affected the drying time. Steam blanched and unblanched
material dried faster than water blanched material under the same drying
conditions.

The dried products had good colour retention and rehydration properties, with
steam blanching resulting in better rehydration than water blanching (Table 4).
The carotene content of the dried products was consistently high though ascorbie
acid losses appeared to be higher than in traditionally dried products due possibly
to a slower drying rate (Table 5).

Table 6 suggests that the recommended daily allowance of carotene (7500 IU of
previtamin A or carotene) is provided in less than half of the quantity of solar
dried material (pumpkin leaf) than that required of traditionally sun dried leaves.

CONCLUSION

From the survey of traditional methods of drying vegetables, it is clear that
there is a need for improvements in the drying facilities in the rural areas in
order to increase the output and improve the quality of the dried product from
both the nutritional and aesthetic points of view.

Though it was not possible to optimise the drying process through computation of
mathematical models, some appropriate input variables have been defined for
constructing a drying model suitable for use in rural communities.

The proposed model

In designing the drying model two main inputs are considered: blanching and
drying.

a. Blanching: Both steam and water will be used but the selection of either
option will depend on the conditions prevailing on a particular day. For
example, steam is proposed for blanching on cold, cloudy days when there
is little sunshine available. Only steam is proposed for blanching delele
leaves which are not traditionally blanched owing to their mucilaginous
nature. The use of steam will be favoured where there is searcity of
water. Water will be used on clear, sunny days for blanching vegetables
other than delele leaves, and for economy the minimum necessary to
completely immerse the vegetables will be used. A maximum of 6
minutes and a minimum of 5 minutes blanching time is proposed for all
vegetables. Air cooling rather than water cooling is to be applied after
the blanching, especially on a cloudy day.

b. Drying: An indireet solar dryer is to be used and a temperature of 30-
507C is expected in the drying chamber depending on weather conditions
on a particular day. A tray-load of 1.0-1.5kg of raw materials will be
employed to effect satisfactory drying.

The model is expected to be a simple and low cost process for drying. To this
effect as much as possible of the basic requirements will be procured from the
locality. If possible the drying facilities will be established near to a stream of a
river to facilitate ready access to a water supply. Containers for blanching will
be made from epoxy painted drums or other cheap large cooking pots. Steam
will be generated by boiling water in the drum. Fuel, eg wood, for boiling water
will be obtained locally. The dryer itself will be constructed from materials
available in the locality. The drying chamber to be brick or mud.
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There exists a tradition of group or community drying on flat stone surfaces.
This tradition will be exploited and built upon by encouraging vegetable drying on
a cooperative basis. Presently only one such cooperative venture exists in the
country - the Chikuni vegetable and fruit growers and processors cooperative in
the Southern Province.

Some aspects of the proposed model have been tested in the laboratory and the
results are quite encouraging. Higher drying temperatures have been obtained
than in traditional sun drying. There is better nutrient retention and vegetables
are dried under more hygienic econditions. The material being dried could also be
left overnight in the dryer without risk from rain, contamination by birds,
insects, dust and others.



-125-

9%°91 G696 v°6¥ €°¢e1 oLt L°81 08

0L°ST 1°L¥ 191 2°81 8°¥1 0S 8

9L,°17 0° %91 €°99 ¢ 61 6°2% 2°g2 08

55758 L°86 2°8¢ 8°¢€% L°9¢ 0S 4 08

0T°61 6°0T1 €728 8°91 2°91 £°ve 08

98° L1 9°¢€S 6°02 1°61 9°¢1 0s 8

€2°61 8°691 L°LS 2 81 91 1°€2 08

€0°9¢ 1°80T 0°L¢ 8°¥2 £° 9% 0S 4 0¢

ueaus dway g %310} € 4 1 (D,) dway (utw) swn (1) JdI8M
jusunwaL], 40J 18I0 JusunBa], 8ukiq  Sungpousig Suryouerg

sysadoy JulauIIBAL],

(sprios 3001/3w) S3ABS] B2AMOD PILIP UT PIOB DIQIOVSY 3 AIAV.L

¥°6EV1 1°SLy ¥°G0S 6°09%

9¢°09 9°16¢ 1°181 0°19 8°09 €°6S 08

£€8°96 G 0LT vris 0°89 1°16 0§ 8

£€0°6S G 128 T°LLT L°SS v oL 0°1¢S 08

08°%9 [ AR 41t 0°69 0°¢€9 v°e9 0S 4 08

.

£€6°9S G Gs¢e 8°0LT 6°¥S G*GS v 09 08

€6°19 9°¥81 €°6¢ 1°19 89 0S 8

0L°¥S 6°09¢ 1°991 1°8y 8°¢9 €S 08

09°¢9 8°961 Lol 8°¢9 €°6s 0S 4 0¢

ugdw dwa) g 1810} 4 4 1 (Do) dwoy (utw) swry (1) BI8M
JUDUIIEDL], 0] 8301 JudUIIEALY, 3ukiq  Buwpuslg Suyouerg

sysadoy JuaUI}BA],

(sp1fos 3901/3w) soaea] upiduind poLIp Ul SUBI0IED (810, :T ATAV.L



! 8T 44
&
o
B 81 (47
01 (44
01 43
Vi 145
81 (44
Vi ve
(Do) (x8ur)
ueIquE 2A0qB O, dway
osa dwa, Snkag

144

ve

144

(44

02

144
02

(AV)
0, dway
juslquy

8¢

L3

62

09

Lg

0¢s
1$

(sq)
porsd

3uikag

$60°0

S1°0
0L0°0
6L1°0
¥80°0

€8¢°0

no

16¢°0

L0S°0

ug

162°0

L0S°0

$66°0

() rBHRIBW Jo Junowy

uswwadxs SulAip 3y jo Arewuing :¢ ATAV.L

payousB[q WBILS

:payousIqu
:payouB[q WBI}S
:payouBI[q J338M

:payouslq WBILS

:payousiq J33BM

JUBWIIBILL

91313

BadmoD

uydwng

S3[qBId3A



-127 -

2°661 8 1% 1:9 A 0L
(U3 %9°62) 9°TST  (UI¥ %E€'16) S°S¢ 1:¢ g g9
8°9¥¢ S'6S 1:9 1:6°8 8'9
(U3d %0°2) €°91 (WY %1°¢8) €'¢F 1532 1:3°11 6L
713 L 1¥ 134 [ Ei A L9
(W4 %¢°2) 8°¥1 (U3 %1°69) 1°6¢€ 19 1:8 7101
sprios 3001/3w spifos 3001/3w onel oned
PIOB DIqIOSY 9u2l0JBD [810],  UONIBIPAYSY  UONBIPAYSIQ % IMNISION

:paYdUBIq WBAS

ipayousIqUN
:payouB[q W8S
1payouBIq JOIBM
:payouB[q WBIS

tpayous[q J91BM

jusunyead],

SIABI] 919[3p puB 8admMod ‘upjdwind polJp JE[OS JO O138J UOI}BIPAYSJ PUB OI}BJ UOI}BIPAYIP
$JU9JUOD PIOB JIQIOISB PUB JUIJOJBD [B)0) ‘Bn)siowl UBAW ¥ ATAV.L

ElEiclel

Badmo)

updwngd

EY(LIEY:=YY



-128 -

TABLE 5: Carotene and ascorbic acid content in traditionally
dried pumpkin leaf and cowpea leaf from the Northern Province

Vegetable Carotene Ascorbic acid
mg/100g solids mg/100g solids
Pumpkin
Unblanched: 16.2 47.6
Blanched: 18.5 (32.7% Rtn) 34.9 (5.5% Rtn)
Cowpea
Unblanched: 35.6 (68.3% Rtn) 55.9 (7.0% Rtn)

TABLE 6: Amount of fresh and dried* vegetable necessary to
provide the equivalent of 7500 i.u. of carotene

Vegetable Fresh (gm)  Traditionally  Solar dried
sun dried (gm) (gm)
Pumpkin
Unblanched: 52.9 30.2 -
Water blanched: 26.5 12.5
Steam blanched: - 11.7
Cowpea
Water blanched: 57.7 13.7 11.3
Steam blanched: - 8.2
Delele
Unblanched: 46.4 - 13.8
Steam blanched: - 11.7

Assuming dried vegetables with 8% moisture content.
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