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J M  M wale, Head , an d K  Doffour-Dapaah, Senio r Scientifi c Officer , 
Food Technolog y Researc h Unit , Nationa l Counci l fo r Scientifi c Research , 

PO Box CH-158 , Lusaka , Zambi a 

ABSTRACT 

A surve y o f traditiona l method s o f dryin g vegetable s indicate d a  nee d fo r 
improved dryin g facilitie s i n rura l areas . Laborator y test s identifie d th e 
optimum pretreatment s fo r cowpea , pumpki n an d delel e leaves , whe n usin g a n 
indirect sola r dryer . A  mode l fo r improvin g th e procedure s fo r dryin g thes e 
vegetables, wit h recommendation s fo r organisin g th e dryin g facilitie s i s 
presented. 

INTRODUCTION 

The practic e o f direc t sola r dryin g o f vegetable s an d th e utilisatio n o f drie d 
vegetable product s i s wel l establishe d i n Zambia . 

A preliminar y surve y wa s carrie d ou t t o identif y traditiona l dryin g technologies , 
the specifi c vegetabl e crop s t o whic h thes e technologie s ar e applie d an d th e use s 
of drie d products . Th e pilo t plan t surve y wa s confine d t o limite d location s 
within th e Southern , Eastern , Centra l an d Lusak a provinces . 

The result s o f th e surve y indicate d that : 

1. Dryin g wa s carrie d ou t toward s th e en d o f th e rain y seaso n an d t o 
overcome th e anticipate d seasone d shortage s i n th e dr y season . 

2. Drie d product s wer e store d ove r 2- 3 month s fo r us e i n th e lat e dr y season . 

3. Al l product s wer e subjecte d t o pretreatment s suc h a s blanching . 

4. Th e mos t commo n vegetable s fo r sola r dryin g (SD ) ar e pumpkin , cowpe a 
and delel e leaves . 

5. Occasionall y collectiv e dryin g wa s carrie d ou t usin g commo n dryin g site s 
(flat ston e surfaces ) bu t generall y dryin g capacit y wa s limite d b y lac k o f 
an adequat e an d organise d technology . 

The surve y suggeste d tw o area s tha t require d furthe r investigatio n wit h a  vie w 
to improvin g th e processe s fo r preservin g vegetables . Thes e wer e optimisatio n 
of pretreatmen t procedure s t o ensur e th e minimu m los s o f nutrien t value , and , 
second, a n improve d syste m fo r dryin g materia l base d o n a  sola r hea t collector . 
Since pumpkin , cowpe a an d delel e leave s wer e th e mos t commo n crop s preserve d 
in thi s wa y thes e wer e selecte d fo r furthe r investigation . 

OPTIMISING PRETREATMEN T PROCEDURE S 

The traditiona l pretreatments , includin g ho t wate r o r stea m blanching , mincin g 
and crushing , an d pressin g t o remov e exces s moisture , wer e evaluated . Th e 
effect o f suc h pretreatment s o n th e qualit y o f th e drie d produc t wa s measure d 
under laborator y conditions . 
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Blanching tim e wa s determine d an d optimise d usin g th e residua l polypheno l 
oxidase an d peroxidas e tests . Th e caroten e an d ascorbi c aci d conten t o f th e 
dried product s wer e evaluate d a s parameter s o f nutritiona l quality . Th e effect s 
of tw o level s (hig h an d low ) of : 

1. Water : Vegetabl e (W/V ) rati o 
2. Blanchin g tim e 
3. Dryin g temperatur e 

on caroten e an d ascorbi c aci d conten t o f th e drie d produc t wer e investigate d 
using a  fal l factoria l experimenta l design . 

The result s ar e show n i n Table s 1  an d 2 . Analysi s o f varianc e showe d tha t fo r 
pumpkin leaves , th e effec t o f W/V , blanchin g tim e an d dryin g temperatur e (a t 
the tw o level s tested ) ha d n o significant effec t o n th e ascorbi c aci d an d caroten e 
levels i n th e drie d product . I n cowpe a th e effect s o f blanchin g tim e an d dryin g 
temperature wer e significan t (p>0.05 ) i n th e cas e o f ascorbi c acid . 

Since th e effec t o f W/ V o n ascorbi c aci d an d caroten e retentio n wa s no t 
significant, wate r blanchin g coul d b e recommended , thoug h wate r blanchin g i s 
known t o resul t i n heavie r losse s o f wate r solubl e nutrient s suc h a s ascorbi c acid , 
than stea m blanching . 

Based o n enzym e inactivatio n studies , si x minute s wa s selecte d a s th e optimu m 
blanching tim e fo r bot h stea m an d wate r blanchin g o f th e lea f vegetable s unde r 
study. Th e effec t o f dryin g temperature , particularl y o n ascorbi c aci d conten t 
was dependen t o n th e leve l o f blanchin g time , a  lo w blanchin g tim e i n 
combination wit h lo w dryin g temperatur e bein g th e mos t ideal . 

DEVELOPMENT OF A SOLAR DRYE R 

Preliminary testin g o f a  tent-typ e sola r drye r resulte d i n heav y losse s o f ascorbi c 
acid an d poo r colou r retention . A n indirec t sola r drye r wa s constructed , 
consisting o f a  separat e sola r collecto r attache d t o a  dryin g chamber . Th e 
collector wa s constructe d o f corrugate d iro n sheet s painte d blac k an d covere d 
with a  singl e laye r clea r polythen e sheet . Th e collecto r chambe r wa s insulate d 
with drie d grass . Th e dryin g chambe r wa s constructe d fro m woode n plank s an d 
included fou r shelves , eac h capabl e o f takin g thre e trays , 96c m x  51c m x  5cm . 
The dryin g chambe r wa s provide d wit h a  chimne y fo r improve d convectiona l ai r 
flow. 

Drying test s wer e conducte d usin g cowpea , pumpki n an d delel e leaves . Delel e 
leaves ar e traditionall y no t blanche d du e t o thei r mucilaginou s natur e an d hig h 
water uptak e i n blanching . I n thes e test s unbleache d an d stea m blanche d 
samples o f delel e leave s an d bot h wate r an d stea m bleache d sample s o f cowpe a 
and pumpki n wer e used . 

Table 3  summarise s th e dryin g tim e an d temperatur e dryin g parameter s fo r th e 
three type s o f lea f materia l wit h a  maximu m tra y loadin g o f 1. 0 t o 1. 5 k g o f ra w 
vegetable. A  maximu m dryin g temperatur e o f 40-42° C wa s obtaine d i n th e 
drying chambe r o n clea r sunn y day s resultin g i n a n 18-20° C temperatur e ris e 
above ambien t temperatur e an d a  dryin g tim e o f 28-5 0 hr . 

Under cloud y conditions , maximu m chambe r temperature s wer e i n th e rang e o f 
24-34°C (10-14° C abov e ambien t temperature ) resultin g i n a n extende d dryin g 
time o f 50-6 0 hrs . 



- 1 2 3 -

Pretreatment als o affecte d th e dryin g time . Stea m blanche d an d unblanehe d 
material drie d faste r tha n wate r blanche d materia l unde r th e sam e dryin g 
conditions. 

The drie d product s ha d goo d colou r retentio n an d rehydratio n properties , wit h 
steam blanchin g resultin g i n bette r rehydratio n tha n wate r blanchin g (Tabl e 4) . 
The caroten e conten t o f th e drie d product s wa s consistentl y hig h thoug h ascorbi c 
acid losse s appeare d t o b e highe r tha n i n traditionall y drie d product s du e possibl y 
to a  slowe r dryin g rat e (Tabl e 5) . 

Table 6  suggest s tha t th e recommende d dail y allowanc e o f caroten e (750 0 I U o f 
previtamin A  o r carotene ) i s provide d i n les s tha n hal f o f th e quantit y o f sola r 
dried materia l (pumpki n leaf ) tha n tha t require d o f traditionall y su n drie d leaves . 

CONCLUSION 

From th e surve y o f traditiona l method s o f dryin g vegetables , i t i s clea r tha t 
there i s a  nee d fo r improvement s i n th e dryin g facilitie s i n th e rura l area s i n 
order t o increas e th e outpu t an d improv e th e qualit y o f th e drie d produc t fro m 
both th e nutritiona l an d aestheti c point s o f view . 

Though i t wa s no t possibl e t o optimis e th e dryin g proces s throug h computatio n o f 
mathematical models , som e appropriat e inpu t variable s hav e bee n define d fo r 
constructing a  dryin g mode l suitabl e fo r us e i n rura l communities . 

The proposed model 

In designin g th e dryin g mode l tw o mai n input s ar e considered : blanchin g an d 
drying. 

a. Blanching : Bot h stea m an d wate r wil l b e use d bu t th e selectio n o f eithe r 
option wil l depen d o n th e condition s prevailin g o n a  particula r day . Fo r 
example, stea m i s propose d fo r blanchin g o n cold , cloud y day s whe n ther e 
is littl e sunshin e available . Onl y stea m i s propose d fo r blanchin g delel e 
leaves whic h ar e no t traditionall y blanche d owin g t o thei r mucilaginou s 
nature. Th e us e o f stea m wil l b e favoure d wher e ther e i s scarcit y o f 
water. Wate r wil l b e use d o n clear , sunn y day s fo r blanchin g vegetable s 
other tha n delel e leaves , an d fo r econom y th e minimu m necessar y t o 
completely immers e th e vegetable s wil l b e used . A  maximu m o f 6 
minutes an d a  minimu m o f 5  minute s blanchin g tim e i s propose d fo r al l 
vegetables. Ai r coolin g rathe r tha n wate r coolin g i s t o b e applie d afte r 
the blanching , especiall y o n a  cloud y day . 

b. Drying : A n indirec t sola r drye r i s t o b e use d an d a  temperatur e o f 30 -
50 C  i s expecte d i n th e dryin g chambe r dependin g o n weathe r condition s 
on a  particula r day . A  tray-loa d o f 1.0-1.5k g o f ra w material s wil l b e 
employed t o effec t satisfactor y drying . 

The mode l i s expecte d t o b e a  simpl e an d lo w cos t proces s fo r drying . T o thi s 
effect a s muc h a s possibl e o f th e basi c requirement s wil l b e procure d fro m th e 
locality. I f possibl e th e dryin g facilitie s wil l b e establishe d nea r t o a  stream o f a 
river t o facilitat e read y acces s t o a  wate r supply . Container s fo r blanchin g wil l 
be mad e fro m epox y painte d drum s o r othe r chea p larg e cookin g pots . Stea m 
will b e generate d b y boilin g wate r i n th e drum . Fuel , e g wood , fo r boilin g wate r 
will b e obtaine d locally . Th e drye r itsel f wil l b e constructe d fro m material s 
available i n th e locality . Th e dryin g chambe r t o b e bric k o r mud . 
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There exist s a  traditio n o f grou p o r communit y dryin g o n fla t ston e surfaces . 
This tradition wil l be exploited an d built upo n by encouraging vegetable dryin g on 
a cooperativ e basis . Presentl y onl y on e suc h cooperativ e ventur e exist s i n th e 
country -  th e Chikun i vegetabl e an d frui t grower s an d processor s cooperativ e i n 
the Southern Province . 

Some aspect s o f th e propose d mode l hav e bee n teste d i n the laboratory an d th e 
results ar e quit e encouraging . Highe r dryin g temperature s hav e bee n obtaine d 
than i n traditiona l su n drying. Ther e i s better nutrien t retentio n an d vegetable s 
are dried unde r mor e hygienic conditions . Th e materia l bein g dried coul d als o be 
left overnigh t i n th e drye r withou t ris k fro m rain , contaminatio n b y birds , 
insects, dust and others . 
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TABLE 5: Caroten e an d ascorbic aci d conten t i n traditionall y 
dried pumpkin leaf an d cowpea lea f fro m th e Norther n Provinc e 

Vegetable Caroten e Ascorbi c aci d 
mg/100g solids mg/100 g solid s 

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: Amoun t o f fres h an d dried* vegetabl e necessar y t o 
provide th e equivalent o f 750 0 i.u . of caroten e 

Vegetable Fres h (gm) Traditionall y Sola r drie d 
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 drie d vegetable s wit h 8 % moistur e content . 
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