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ABSTRACT

Physical and chemical changes in sweet potato 
roots were studied with regard to seguential harvest
ing time and various traditional and conventional 
storage conditions. Nutritional constitution and 
cooking characteristics were also considered in three 
selected cultivars. In addition, objective evaluation 
of changes in textural properties of stored roots and 
the degradation kinetics of vitamin constituents were 
investigated.

Increases in weight, specific gravity and dry 
matter content of the Cv. KSP 20 roots with chronolog
ical age could be described by definite mathematical 
relationships using a computer program. Maximum dry 
matter accumulation in Cv. KSP 20 occurred in 160 days 
after planting and corresponded to the onset of foli
age senescence.

Roots of various weights were found to be signif
icantly different in physical and chemical composi
tion. Total solids, specific gravity, vitamin C and 
reducing sugar content all depended on the root 
weight. Total solids and root weight were found to be 
logarithmically related while specific gravity varied 
with root weight in an exponential fashion. Specific

*
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gravity was also exponentially related to total sol
ids. All these relationships were described by suit
able equations.

The cultivar Nyeri had maximum total solids and 
specific gravity followed by Nyakura and lastly KSP 
20. Nyeri also had twice as much crude protein as 
Cvs. Nyakura and KSP 20. All varieties were found to 
be good sources of Na, K and Mg. Vitamin C occurs in 
good quantities in all the three cultivars sufficient 
for all dietary groups except for children. These 
cultivars were however not good sources of provitamin 
A carotenoids.

Optimal cooking time depended on dry matter 
content of the roots. Hence, Cv. KSP 20 had least 
cooking time followed by Cv. Nyakura and lastly Nyeri. 
Cooking time could also be explained in terms of 
certain derived thermal properties of the roots. 
Optimal cooking times as gauged by sensory evaluation 
were also the times when there were no further de
crease in back-extrusion force. Back-extrusion was 
therefore a better method of objective measurement of 
textural properties of cooked potatoes than puncture 
test technique.

Roots buried in soil or saw-dust could be stored 
for 12 weeks, just as long as those stored at the
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conventional temperature of 15*C, save for sprouting. 
Alterations in textural properties of Cv. KSP 20 roots 
under various storage conditions were objectively 
quantifiable by back-extrusion technique after 12 
weeks storage duration. Least changes occurred in 
roots stored at ambient, in soil and in saw-dust and 
these changes could be explained in terms of corre
sponding enzymatic modifications of root carbohydrate 
constituents especially starch. Development of physi
ological disorders was responsible for the anomalous 
increases in textural indices for roots stored at 15*C 
and 20*C.

Degradation of vitamin C and 0-carotene in roots 
stored at various temperatures were found to obey 
first order reaction kinetics. In addition, it was 
deduced that the critical temperature of storage for 
Cv. KSP 20 lies in the neighbourhood of 15*C.

«■
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1. INTRODUCTION
Sweet potato, Ipomoea batatas L. Lam is a member 

of the family Convolvulaceae. genus Ipomoea. section 
batatas, and species Ipomoea batatas (Huaman and De la 
Puente, 1988). It is the only member of the Convolvu- 
)aceae family of nutritional and commercial signifi
cance (Onwueme, 1982).

Among the root and tuber crops, its production is 
only superseded by the white potato Solanum tuberosum 
in the whole world (FAO, 1987) . In Kenya, the culti
vation of sweet potato transcends all the agro- 
ecological zones from the marginal areas where few 
other crops would thrive to the rich high potential 
areas of the highlands. Several varieties of this 
crop are grown in various parts of the country albeit 
mostly on subsistence scale. The immensity of this 
varietal diversity is a favourable potential for 
selection and improvement of those with desirable 
qualities. Gor (1989) has compiled the germplasm of 
sweet potato accessories maintained at various Kenya 
Agricultural Research Institute (KARI) regional 
centres and research stations. Over 500 lines are 
being maintained, most of which are national landraces 
(Ewell, 1989). Screening with the aid of appropriate 
descriptors is already underway to exclude duplicity 
of accessories (Huaman, 1987).

However, despite its genetic diversity, climatic
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adaptability and versatility towards seasonal varia
tions, sweet potato remains merely a surviving crop 
with an under-exploited potential. FAO (1987) and 
Ministry of Agriculture, Kenya (1984 - 1987), show a 
general trend of decline in annual production of sweet 
potato, with occasional production overshots especial
ly in years with unfavourable climatic conditions.
This indicates that sweet potato has been used as a

*
seasonal fail-back or ‘cheat hunger' food resorted to 
during times of scarcity and promptly abandoned to 
inferior status during times of plenty. Several 
factors may be contributory towards the seeming unpop
ularity of sweet potato as food for humans. These 
include negative psychological associations, ignorance 
of the nutritive potential of the crop, high sugar 
content, fluctuation of supplies and flatulence. In 
addition, sweet potato is a perishable crop with 
limited ways of post-harvest handling and utilization 
(Tsou and Villareal, 1982; Horton, 1989). 
The recent turn of events has signified increasing 
interest towards concerted research efforts on sweet 
potato, elicited by the ever worsening global food 
crisis situation. In fact, the International Potato 
Centre (CIP) in Peru has now expanded its mandate to 
include sweet potato in recognition of its unique 
potential as a hardy crop which can thrive in a broad 
range of growing conditions including semi-arid
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areas, its low costs and low risks of production, and 
its duality as food for humans as well as feed for 
livestock (Ewell, 1988). The Government of Kenya has 
also embarked on a rehabilitation plan for arid and 
semi-arid areas by creating a ministry to undertake 
this venture and sweet potato could be one of the 
crops destined for these areas. A report by the 
Ministry of Agriculture and Livestock Development 
(1986), also places sweet potato and cassava in the 
highest of three priority groups due to their poten
tial contribution to national food security, equity, 
nutrition and economic growth. Pioneering activities 
have been instigated at the various research institu
tions, notably KARI, with the support of the govern
ment and other collaborative organisations aimed at 
improvement and increased utilization of sweet potato.

At a workshop jointly convened by International 
Centre of Tropical Agriculture (CIAT), International 
Potato Centre (CIP) and International Institute of 
Tropical Agriculture (IITA) (1987) on improvement of 
Sweet Potato in Africa held at Nairobi - Kenya, sever
al recommendations emerged which set forth the future 
research activities to be undertaken in close coopera
tion with other international research organizations 
and participating national programs. The working 
group on post-harvest technology and socio-economics
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enumerated priority areas to which the present study 
is expected to render part service especially with 
regard to post-harvest storage.

It should be increasingly appreciated that the 
prevalent sequential or piece-meal harvesting of 
mature sweet potato roots in which the garden is in 
effect a means of storage cannot continue for long. 
This is due to pressures on land, risks associated 
with this type of harvesting including diseases and 
pests which cause extensive quantitative and qualita
tive losses, and also due to the possibility of using 
sweet potato as a cash earner by storing bulk harvest
ed roots so that they can be sold during periods °f 
sweet potato shortage to achieve better prices.

The above observations call for evaluation °f 
available sweet potato cultivars for nutritional ^nd 
processing potential as well as development and evalu" 
ation of suitable storage facilities that would h£lp 
in ensuring continuous supply of sweet potatoes 
throughout the year, while maintaining the nutritional 
and other quality aspects of the roots. In developing 
such adequate storage facilities, it is expedient to 
evaluate existing rudimentary ones so that on -the 
basis of that knowledge, their suitability or unsuit
ability for more rigorous development can be judged •

This project was therefore intended to meet t̂ he
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following objectives:

1. To determine the nutritional and physical 
characteristics of selected sweet potato 

cultivars.

2. To evaluate the cooking characteristics of 
selected sweet potato cultivars.

3 . To 
conditions 
qualities of

evaluate the effect 
on the nutritional 
a selected sweet potato

of storage 
and textural 

cultivar.
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2. LITERATURE REVIEW

2.1 ORIGIN. PRODUCTION AND UTILIZATION OF SWEET 
POTATOES

2.1.1 ORIGIN
Sweet potato Ipomoea batatas originated from the 

American continent particularly in the northwest 
region of South America (Yen, 1982). It was later 
dispatched to the rest of the American tropics by the 
Spanish, Portuguese and Iberian explorers before 1492. 
Columbus introduced the batatas line to Europe and the 
Portuguese explorers further transferred the West 
Indian clones of this line grown in Mediterranean 
Europe to India, East Indies and Africa (Yen, 1982). 
Today, sweet potato is grown in most parts of the 
tropical and sub-tropical world, and in the warmer 
areas of the temperate regions (Onwueme, 1982).

2.1.2 PRODUCTION
Sweet potato has played an indispensable role as 

a source of food in the Asian continent (Steve et al.. 
1985). Asia alone accounts for over 90% of the 
world's total production followed by Africa which 
accounts for a mere 5% (Ewell and Mutuura, 1990). 
Table 2.1 gives a continental comparison of sweet 
potato production (FAO, 1989b). In Eastern and South
ern Africa, Uganda has the highest output
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Table 2.1: Continental Comparison of Sweet Potato
Production

Content
Potato (1000 ha)

Area Under Sweet 
(1000 mt)

Production

Asia 7593 120,927
Africa 1184 5,949
North and
Central America 202 1,350
Europe 5 86
Oceania 118 567
South America 155 1,476
World 9258 130,355

Source: FAO (1989b)

«•
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followed by Rwanda, Burundi and Madagascar. Kenya, 
where grains are the major staples, has a mean per 
capita annual production of 14.5 kg (Ewell and Mutuu- 
ra, 1990). The total annual production of sweet 
potatoes in Kenya has been estimated at 380 metric 
tonnes (FAO, 1989b). The annual production reports of 
the Ministry of Agriculture (1987) estimate the total 
production at about 200 metric tonnes (Table 2.2). Of 
this, Nyanza Province accounts for over one third 
followed by Western, Central, Eastern, Coast and Rift 
Valley. According to Ewell and Mutuura (1990) the 
most common varieties of sweet potatoes grown in Kenya 
are the red skin and white fleshed followed by white 
skin and white fleshed. In Nyanza province, a culti- 
var known as Lodha in the local dialect which is 
yellow fleshed and white skinned is very popular 
(Ojijo, 1990). Sweet potato production in this area 
is mainly from May to February with March and April 
having least production. An early maturing variety, 
known as mwezi tatu, which matures in three months is 
very popular in Western parts of the country. It is 
yellow fleshed and gives very high yields. An import
ed cultivar designated KSP 20 developed at IITA in 
Nigeria (also designated TIS 2534) has been widely 
distributed in Machakos, Embu and other parts of 
Central Province. It matures within about 5 months 
(Ojijo,1990).

*
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Table 2.2: Sweet Potato Production by Provinces in
Kenya

province 
(ha) (tons)

Hectarage Production

Nyanza 16,567 108,747
Western 7,465 67,980
Eastern 3,370 17,443
Central 3,428 30,364
Coast 628 7,384
Rift Valley 311 4,464
Total 31,769 236,382

Source: Ministry of Agriculture, Provincial Annual
Reports (1987), Kenya

*
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2.1.3 SWEET POTATO UTILIZATION
Sweet potato has been cultivated by most tradi

tional communities in Kenya as a security crop mostly 
during times of unfavourable weather conditions. It 
cannot be regarded as a staple food and in most cases 
there are limited means of utilizing it as human food. 
In a preliminary survey carried out by the author, 
several communities boil the roots, peeled or un
peeled, and take it along with tea, fermented uii or 
fermented milk for breakfast, lunch or supper. The 
vines may also be used as a vegetable cooked with 
other local vegetables and eaten along with ugali. 
The use of sweet potato as a staple has been hampered 
by its sweetness. However, some communities have 
practiced a desweetening process which involves fer
mentation by the natural microbial flora (Figure 1). 
Fresh sweet potato tubers are peeled, comminuted and 
the spontaneously fermented in traditional pots. The 
juice is strained out and the remaining dregs are 
dried and mixed with sorghum, maize or cassava and 
milled into flour for making ugali or uii (Ojijo, 
1990). Sweet potato roots are boiled and eaten with 
coconut juice among the communities in the coastal 
regions of Kenya mostly during Ramadhan, a Muslim 
fasting season. Flatulence is frequently cited as a 
major problem after eating boiled sweet potato roots.
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Figure 2.1: Traditional Desweetening of Sweet Potato Roots

Roots
T

peel and slice into pieces

Add a small amount of water in 
a pot and mix with the chops

i
Allow to ferment for about 3 days

1 IStrain on a clean cloth

1Dregs
I .Dry in the sun

IComposite with sorghum, 
maize or cassava
I

Mill

IFlour for making uqali

> Juice (locally called adoka)

1
Used for making uii
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2.2 SWEET POTATO PLANT

Sweet potato is a herbaceous perennial plant but 
can be cultivated as an annual. Several different 
cultivars of the crop exist which may have arisen as a 
result of systematic breeding efforts or through 
natural hybridization and mutations (Onwueme, 1982). 
The root, (tubers) are formed by a thickening of parts 
of the adventitious roots close to the subterranean 
part of the stem or at the nodes which rest on the 
soil (Kay, 1973). On the basis of root texture after 
cooking, Onwueme (1982) has categorised the numerous 
sweet potato cultivars into three basic groups: (1)
those with firm dry, mealy flesh after cooking, (2) 
those with soft, moist, gelatinous flesh after cook
ing, (3) those with very coarse roots which are suit
able only for animal feed or for industrial use. 
These textural differences are due to cultivar differ
ences in content of amylolytic enzymes, notably /J- 
amylase (Sistrunk et. al.. 1954; Walter et. al. 1975). 
Other varietal differences also exist with regard to 
the colour of the root skin; colour of the root flesh; 
shape of the root; shape, vennation and pigmentation 
of leaves; stem structure and pigmentation; mode of 
growth; depth of rooting; time of maturity; resistance 
to disease and other vegetative characteristics (Kay, 
1973; Onwueme, 1982).
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The mature sweet potato root may exhibit various 
shapes from spherical to nearly cylindrical or spindle 
shaped/ weighing from 0.1 kg to over 1 kg and in 
length from a few centimeters to over 30 centimeters 
(Onwueme, 1982). The colour of the skin and the root 
flesh is determined by the relative intensities of 
carotenoids and anthocyanin pigments present (Onwueme/ 
1982; Kay/ 1973).

2.3 SWEET POTATO PRODUCTION REQUIREMENTS

2.3.1 EDAPHIC AND ENVIRONMENTAL 
REQUIREMENTS

The soil conditions under which sweet potatoes 
are grown should promote maximum root yield and pose 
minimal risk of root infection by disease causing 
organisms. Light textured soils of sandy loam type 
with sub-soil of sufficient porosity for adequate 
aeration to growing roots are ideal (Kay, 1973; Bauw- 
kamp/ 1985). Root yield is reduced when the crop is 
grown in poorly drained hydromorphic soils (Alvarez, 
1987). Good roots result when sweet potatoes are 
grown in soils with a water table at or below 50 cm 
while waterlogged soils result in retarded root devel
opment and root rot in the soil or during subsequent 
storage (Onwueme/ 1982; Bouwkamp/ 1985). Retardation 
°f root growth in waterlogged soils is mainly due to
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inadequate supply of oxygen (Watanabe et al.. 1986).
Although sweet potatoes are not exacting as to pH 

requirements, extremely acidic soils can reduce yields 
by up to 60% (Alvarez, 1987). A pH range of 5.6 - 6.6 
is usually recommended (Kay, 1973; Onwueme, 1982). 
However, it has also been reported that lower pH 
ranges (pH 5.2 - 5.4) may be necessary for minimal 
incidence of soil rot caused by Steptomvces ipomoea 
(Bouwkamp, 1985).

Optimum growth temperatures range between 24 
35°C, while at temperatures lower than 10°C, growth 
ceases altogether (Kay, 1973; Bouwkamp, 1985). At 
higher altitude areas where temperatures are cooler, 
growth cycles are increased and yields considerably 
reduced (Alvarez, 1987).

As sweet potato roots are capable of permeating 
to deep layers in the soil, the crop is hardy and
exhibits considerable drought tolerance. However, for 
optimal growth, sweet potatoes require at least 50cm
of rain during their growing season and an annual
rainfall of 75 - 100cm (Kay, 1973). Despite their
drought tolerance, yields can be very much reduced if 
a water shortage occurs 50 - 60 days after planting 
when storage root initiation has begun (Kay, 1973).

Light intensity and day length are other factors
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which determine the performance of sweet potato. Sweet 
potato is a sun loving crop and does best where the 
light intensity is relatively high (Onwueme, 1982). 
Short days with low light intensity promote root 
formation, while long days tend to favour vine devel
opment at the expense of the storage roots (Onwueme, 
1982; Kay 1973). Exposure of the root system to light 
prevents formation of storage root (Onwueme, 1982). 
When roots have been formed and are growing, exposure 
to light results in a cessation of root enlargement, a 
decrease in starch content, and an increase in the 
fiber content of the root (Hozyo and Kato, 1976). 
Roots whose growth have been curtailed or retarded can 
be reversed by restoration to darkness (Onwueme, 
1982) .

The amount and nature of fertilizer in the soil 
also affects root development. Thus, excessive nitro
gen fertilizer in the soil has been reported to delay 
root formation (Onwueme, 1982).

2.3.2. LAND PREPARATION. PLANTING AND WEEDING

Sweet potatoes can be planted on flat land, 
mounds or ridges. The growing of sweet potatoes on 
flat land is practiced to a limited extent as it 
results in low tuber yield (Kay, 1973). However, 
others contend that sweet potatoes planted on flat
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land can be harvested over a long period (Ndolo, 
1989). Planting on manually prepared mounds is widely 
practised in tropical areas. In the Western parts of 
Kenya, it is almost universally practiced. Sweet 
potato planted on mounds give good yields and bigger 
tubers (Kay, 1973; Onwueme, 1982; Ndolo, 1989). In 
soils with high water table, this practice might 
appear mandatory as the mounds raise the growing 
tubers sufficiently high to avoid waterlogging (Kay, 
1973). However, mound preparation is a labour inten
sive field operation and where cheap labour is una
vailable, it might be dispensed with altogether 
(Onwueme, 1982). Planting on ridges seems to be the 
most widely accepted practice. It is not as labour 
intensive as with mounds and gives equally good or 
even better yields (Ndolo, 1989; Onwueme, 1982 and 
Kay, 1973).

Vine cuttings are usually the recommended plant
ing materials (Onwueme, 1982). Generally, vine cut
ting is a good means of propagation as: (1) plants 
derived from vine cuttings are free from soil borne 
diseases, (2) by propagating with the vines, the 
entire tuber harvest can be saved for consumption or 
utilization instead of reserving some of it for plant
ing purposes, (3) vine cuttings yield more heavily 
than setts (sprouted tubers), and produce tubers of

«•
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more uniform size and shape (Onwueme, 1982). Vine top 
cuttings are generally preferred, although mid-vine 
cuttings may be used (Shanmugavelu et al.. 1972). The 
yield of storage roots tend to increase with increase 
in the length of the vine cutting used, but a length 
of 30 cm is generally recommended (Onwueme, 1982).

The vine cuttings are inserted into the soil at 
an angle so that one half to two-thirds of its length 
is beneath the soil (Onwueme, 1982). Field spacing on 
mounds or ridges is determined by (1) the growth habit 
and root setting characteristics of the cultivar, (2) 
type and fertility level of the soil, (3) length of 
the growing season. (Kay, 1973). Generally, the 
vines are normally planted 25 - 30 cm apart on ridges 
set 60 - 75 cm apart. Where the plants are grown on 
mounds, two or three vine cuttings may be planted on 
each mound placed 0.7 - 1 m apart (Onwueme, 1982).

Weeding is not very critical in sweet potatoes as 
the plant rapidly develops a canopy which suppresses 
the weeds underneath. However, it may be necessary to 
do a hoe weeding about four weeks after planting 
(Onwueme, 1982). Weeding can be advantageous espe
cially when carried out at the onset of storage root 
development. During weeding, the soil is bulked and 
heaped around the stems and vines to encourage devel-
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opment of more storage roots. This leads to Increase 
in yields (Ojijo/1990).

2.3.3 HARVESTING SWEET POTATOES 
2.3.3.1. TIME OP HARVEST

Criteria such as mean yield, grade or amount of 
nutritional components of roots may be used to deter
mine time of harvest. Edmond and Ammerman (1971) have 
reported that the yield per acre of tubers of three 
varieties of sweet potato tested in various locations 
in the U.S.A increased with the time of harvest. The 
colour and carotene contents were also shown to in
crease with time of harvest. As there is no time 
after planting for which the tuber yield or carotene 
content is maximum, these indices do not assign a 
definite harvest date and this would be a decision 
undertaken arbitrarily by the person concerned.

However, where sweet potato is grown as an annual 
crop, a growing period of 3 - 8 months depending on 
the cultivar and the prevailing environmental situa
tion has been recommended (Kay, 1973; Onwueme, 1982).

The time of harvest can also be ascertained by 
foliage senescence manifested by a yellowing and 
falling of leaves, and when the sap exuded from sev
ered roots does not readily darken (Onwueme, 1982;



19

Kay/ 1973). Where sweet potato £9 planted on mounds, 
it is « common practice by traditional small scale 
farmers to start harvesting when lines of cracks 
develop on the mounds. According to CIP, sweet 
potatoes are mature when weight of roots reach lOOg 
( O j i j o ,  1990). When to start Harvesting can there
fore be ascertained by sampling of representative 
roots and weighing them at periodic intervals after 
onset of tuberization.

2.3.3.2 HOPE OF HARVESTING
Sweet potato is generally harvested as needed 

(also referred to as sequential <?r piece-meal harvest
ing) when the roots have matured (Onwueme, 1982). In 
Kenya, this mode of harvesting iw the most prevalent, 
although some farmers have practised bulk harvesting 
(Ojijo, 1990) occasionally. As t>l»e roots are left out 
in the field and harvested only when required, piece
meal harvesting can be seen *3. a form of storage 
method. Despite its popularity, this method of har
vesting sweet potatoes has many attendant disadvan
tages. Many of the roots are pas t their prime at the 
time when they are harvested and the deunage resulting 
from the sweet potato weevil is enhanced when harvest
ing is delayed (Onwueme, 1982). Furthermore, when the 
roots are left out for a long time in the field, 
massive losses from marauding r&,dents and burrowing

*



20

animals as well as from nocturnal animals like porcu
pines can be incurred. Also, as population density 
increases and land gets more scarce, especially in 
high population density areas, retaining the sweet 
potato crop in the field for a long time may be unde
sirable as the same field would be required for culti
vation of other crops. Needless to say, when the 
roots are left out in the field for a prolonged time, 
there is bound to be appreciable loss of nutritional 
and culinary qualities. Sequential harvesting there
fore seems a besieged practice and a great need exists 
for developing adequate storage facilities so that 
sweet potatoes can be harvested once in bulk and 
stored.

In a preliminary survey carried out by this 
author among some sweet potato growing communities in 
Kenya, sporadic cases exist where some farmers have 
practiced bulk harvesting and stored the harvested 
roots in the soil or in saw-dust. Despite the fact 
that sweet potato is highly perishable, such farmers 
could manage to store the roots for a good length 
of time (one month). Where bulk storage of sweet 
potatoes has been widely practiced like in U.S.A 
(Edmond and Ammerman, 1971), special sophisticated 
storage structures with temperature, relative humidi
ty » light and ventilation control devices have been



21

employed. This is an expensive method in a third 
world situation like Kenya. The method becomes even 
more unpopular as the economic returns from growing 
sweet potatoes is not very impressive to warrant such 
massive capital investment (Gor, 1989). The tradi
tional storage techniques pointed above therefore 
present us with practical simplistic approach towards 
development of more viable storage systems in our own 
situation.

As sweet potato is almost wholly grown on a small 
scale basis in Kenya, harvesting is done manually 
usually by women (Ndolo, 1989). Mechanization may be 
applied where large scale production is involved and a 
good account of mechanical harvesters developed in the 
U.6.A has been given by Edmond and Ammerman (1971). 
Whichever method of hairvesting is employed, minimal 
damage to roots should be ensured to prevent impair
ment of storage life (Onwueme, 1982).

2.4 CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF
SWEET POTATO ROOT

2.4.1 SWEET POTATO ROOT

The storage roots of sweet potato develop as a 
result of the secondary growth of a few specialised 
roots within 20 - 25 cm of the soil. Such roots
destined to become tuberous or storage roots are
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atructurally different from the ordinary fibrous roots 
in that they have a different number of xylem points, 
they possess a small pith at the center, and the root 
primordia which give rise to them are slightly larger 
than those of ordinary roots (Onwueme, 1982).

Basically, the sweet potato roots are similar to 
the white potato tubers although differences exist 
with regard to size and the nature of secondary dif
ferentiation of tissues. As in the white potato, the 
sweet potato root is bounded by an outer periderm 
which consists of dead cells several layers thick and 
pierced by lenticels (Burton, 1982). Beneath the 
periderm is the parenchymatous cortex which forms the 
major part of the root and is the seat of storage 
parenchyma (Burton, 1982). Starch deposition in the 
cells of the cortex contribute to the bulk of the root 
(Onwueme, 1982). Further development of the tuberous 
roots depend on an increase in both the number and 
size of cells in the stele (vascular bundles) and on 
the development of starch granules in the cells (Hahn 
and Hozyo, 1984). Most of the storage tissues of 
sweet potato arise through the meristematic activity 
of the vascular cambium and the anomalous cambium 
formed from individual vessels within the primary 
xylem (Onwueme, 1982). Due to deposition of starch in 
the storage parenchyma, the tissues appear white

♦
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(Burton, 1982), but depending on the relative propor
tions of carotenoids and anthocyanin pigments present, 
the storage tissue may vary in colour from white, 
cream, orange, yellow or pink.

2.4.2 DRY MATTER OF R00T8

The nutritionally important components of the 
tuberous roots reside in the dry matter portion. The 
dry matter content is therefore an indication of the 
quantity of nutritional components of the roots.
Several factors, however, affect the extent of dry
matter yield in sweet potatoes. The rate of dry
matter accumulation in the root tuber depends on the 
cultivar (Austin and Aung, 1973). Cultivars with high 
sink demands encourage increased production of photo- 
synthate by the source (leaves) with consequent in
crease in dry matter accumulation in the sink or 
tuberous roots (Wilson, 1982). Increased moisture 
content of the soil especially under supplemental 
irrigation has been reported to decrease the dry 
matter content of roots (Constantine et al., 1974; 
Ton, 1978). Soil temperature also affects storage 
root growth and hence dry matter productivity. Spence 
and Humphries (1972) have reported a 81% increase in 
dry matter productivity at 25°C root temperature 
compared with 15°C. Basing their findings on two

♦
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cultivars grown under different soil pH conditions, 
Constantin et al. (1975) reported that the cultivars 
grown in soil pH 4.4 to 5.1 had a higher dry matter 
content than those grown in pH 5.3 to 6.3 or pH 6.4 to
7.2. Seemingly, higher pH or less acidic soils lower 
the dry matter yield. Nitrogen fertilizer application 
reportedly does not affect dry matter accumulation 
(Constantin et al., 1974) although it affects the 
development of storage roots (Wilson, 1967). High 
levels of soil nitrogen stimulate vine growth at the 
expense of the storage roots (Stino and Lashin, 1953) 
resulting in reduced dry matter yield. High potassium 
levels in the soil has been reported to reduce dry 
matter content of roots (Constantin et al., 1977). 
However, other beneficial effects of potassium in 
influencing storage root enlargement, increasing the 
photosynthetic rate (Tsuno and Fujise, 1965) and in 
increasing the concentration gradient between source 
and sink (Murata and Akazawa, 1968) are compensatory 
resulting in substantially higher yields in the plants 
with the net effect of more dry matter per hectare 
(Constantin et al., 1977). »

According to Purcell et al., (1976), the dry 
matter content of sixteen sweet potato cultivars 
harvested on four different dates decreased at a 
linear rate. On the contrary, Scott and Bouwkamp
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(1975) have reported a slight increase in dry matter 
content with chronological age of roots for four 
cuitivars tested. Agata (1982) has reported a linear 
increase in dry matter over the growing period till 
harvest. Harvesting was done after about five months. 
Bourke (1985) reported that the dry matter yield of 
sweet potatoes increased with the growing period upto 
a maximum at about peak flowering period and thereaf
ter declines. The effect of growing period on dry 
matter content of storage roots may be important in 
determining the harvest date at maximum dry matter 
yield. Other climatic and agronomic factors may still 
affect the dry matter content of tuberous roots as 
well as the dry matter yield in general adding more to 
the variability in reported literature values. Table
2.3 gives the dry matter content of some sweet potato 
cuitivars reported by three different sources.

2.4.2.1 CARBOHYDRATES
The major part of sweet potato roots is made up

of carbohydrates. According to Palmer (1982), upto
90% of the dry weight of sweet potato roots is made up

»
of carbohydrates. The major carbohydrate components 
are starch, sugars and fibre (cellulose, hemicellu- 
loses and traces of lignin) (Collins, 1987). Of 
these, starch is the predominant making up to 29% of 
the fresh tuber weight (Onwueme, 1982). Starch exists



26

Table 2.3: Proximate Composition of Sweet Potato Roots

Dry Hatter % 13a - 32 19b - 50 20C _ 37

protein, % (N x 6.25 1.0 - 4.0 0.95 - 2.4 1 - 3
CHO, % 6.6 - 2.7 10.3 - 37.9 18 - 33
crude Fibre, % 0.8 - 1.9 0.5 - 7.5 1 - 2
Fat, % 0.17 - 1.0 Trace Trace

Ash, % 0.74 - 1.70 0.88 - 1.38 Not
Indicated

by autho

Sources:
a Bradbury and Holloway (1988) 
b Onwueme, (1982) 
c Burton (1982)
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as granules containing two polymers of glucose, amy- 
lose and amylopectin, which are evenly distributed 
throughout the granules and are associated with each 
other by hydrogen bonds (Karel, 1975) and probably 
physical tangling and knotting of the molecular chains 
(Ojijo, 1990) . In sweet potato, the starch is com
posed of 70% amylopectin and 30% amylose (Collins, 
1987 and Onwueme, 1982). They did not specify the 
varieties used. During the initial stages of sweet 
potato tuber development, the amylose content of 
starch granules are reportedly high and decreases 
progressively with development (Fujimoto ej; al. . 
1972). The average chain length of amylose molecules 
also seems to be much longer at early stages of devel
opment (Fujimoto, et al., 1972). In addition, varie
tal variation in amylose content has also been report
ed (Tsou and Hong, 1989). Varietal differences also 
exist with regard to physico-chemical properties such 
as gelatinization temperatures, retrogradation proper
ties, enthalpy needed for gelatinization and suscepti
bility to pancreatic digestion (Tsou and Hong, 1989). 
The phosphorous content of sweep potato starches 
susceptible to pancreatic digestion have also been 
found to be slightly lower than that of resistance 
lines (Tsou and Hong, 1989). The characteristics of 
lower phosphorous and high amylose contents may then 
be associated with the susceptibility to digestive

*
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enzymes although seasonal effects also have a bearing 
on sweet potato starch digestibility (Tsou and Hong, 
1989). According to a review by Gracza (1965), 
phosphate groups in starch are attached to C-6 carbon 
of D-glucose in close proximity to the branch points. 
This means that the phosphorous in starch are associ
ated with a -1,6- glycosidic linkages. In white 
potato, the amylopectin contains more esterified 
phosphate than the amylose while phospholipids are 
primarily associated with the amylose (Gracza, 1965) . 
The small amount of phosphorous found in amylose is 
suggestive of a few a-1,6- linkages to phosphate 
which imparts a-amylase resistance to the neighbour
ing glycosidic linkages. In addition, during gelatin- 
ization, the swelling behaviour of starch is con
trolled by the strength and character of the miscellar 
network within the granule, which in turn depend on 
the degree and kind of association (Leach, 1965). The 
degree of association is affected by, among other 
factors, the ratio of amylose to amylopectin. Starch
es with high amylose are very highly associated and 
have limited swelling and solubilization (Leach, 
1965). Presence of ionizable esterified phosphate 
groups assist swelling due to mutual electrical repul
sion (Leach, 1965). Starch granules with high amylose 
content and low amounts of phosphate groups will
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therefore have limited swelling ability during gela- 
tinization and consequently low digestibility.

As a nutritional constituent, starch is the 
principal energy source of sweet potatoes (Tsou and 
Yang# 1984). However, the poor digestibility of sweet 
potato starch (Tsou and Hong, 1989) has been implicat
ed as a flatulence inducing factor (Tsou and Yang, 
1984; Palmer, 1982). Flatulence is a major causa of 
resistance to eating sweet potatoes (Tsou and Villa- 
real, 1982; Palmer, 1982). It is reportedly caused by 
starch and indigestible fibre residues in sweet potato 
(Tsou and Yang, 1984). Induction of flatulence by 
sweet potato in experimental rats is reportedly varie
ty specific among sweet potato cultivars (Tsou and 
Yang, 1984). However, effect of gas formation can be 
reduced through cooking. Once starch is properly 
gelatinized, flatulence induced by sweet potato starch 
is very low (Tsou and Yang, 1984). Palmer (1982), 
reported that certain key textural attributes contrib
utory to sweet potato acceptability are affected by
the starch content. These include firmness of canned

»
sweet potatoes, mouthfeel characteristics of baked 
potatoes and moistness of baked potatoes. In addi
tion, starch is also contributory to the development 
°f culinary qualities of cured and processed sweet 
Potato roots by the action of amylolytic enzymes
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(Hamann et al., 1980).
Tsou and Yang (1984) working on four culti- 

vars found that sucrose was the main free sugar in raw 
sweet potatoes. The total sugar content varied from 
13.8 to 28.1% dry basis, while no fructose was detect
ed in all the lines tested. In cooked roots, maltose 
is the major free sugar (Collins, 1987). Sucrose may 
be thermally degraded into invert sugars on cooking. 
Generally, there are two amylolytic systems in sweet 
potatoes, one responsible for maltose formation 
during heat processing and the other responsible for 
formation of monosaccharides and sucrose during raw 
roots storage (Deobald et al., 1969). The development 
of flavour during cooking of sweet potato is due to 
/3-amylase activity which converts short chain dextrins 
into maltose. During storage, a-amylase activity 
predominates. This enzyme splits the bonds in the 
interior of the starch substrate forming dextrins and 
reducing sugars (Karel, 1975). The polymeric struc
ture of starch is greatly degraded by the action of 
this enzyme causing important textural changes. In 
baked sweet potatoes, mouth-feel characteristics are 
due to /3-amylase activity (Collins, 1987; Walter et 
al., 1975).

As with other carbohydrates, the level of sugars 
ln sweet potato roots is affected by cultivar, culti-
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vation practice, cooking, storage, curing, processing 
and the method of analysis (Palmer, 1982). Scott and 
Bouwkamp (1975) working with four cultivars failed to 
show a trend in total and reducing sugars with regard 
to chronological age of sweet potato roots.

Fiber consists of cellulose, hemicellulose and 
some materials that encrust the cell walls such as 
lignins and pectic substances (Meyer, 1960; Hodge and 
Osman, 1976). Only 20 - 50% of total dietary fiber is 
represented by the residual crude fibre determined by 
proximate analysis (Hodge and Osman, 1976). The crude 
fibre may vary with climatic, soil conditions and 
degree of maturity (Meyer, 1960) . In sweet potatoes, 
the fiber may form upto 2% of fresh weight (Burton, 
1982). It is reportedly increased by increased appli
cation of K-fertilizer to growing roots (Constantin et 
al., 1977). The pectic constituents of sweet potato 
fibre are important in the rheological properties of 
cooked tubers (Wanda and Walter, 1985). Also as 
reviewed by Palmer (1982), they are responsible among
other constituents for texture and viscosity of canned»
sweet potatoes, hard core formation in chilled roots, 
and moistness of baked roots. The likely health 
benefits of sweet potato dietary fibre have been 
reported (Palmer, 1982). In fact, Huang (1982) demon
strated a hypocholesterolemic effect (reduction of
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serum cholesterol and total lipids) in rats fed die
tary fibre isolated from a sweet potato cultivar. 
Cholesterol is synthesized in many organs of the body 
as well as being absorbed from the diet. It can be 
eliminated from the blood stream into the small intes
tine via the bile either in its original form or after 
conversion into conjugated bile acids in the liver 
(Coates, 1983). As they pass along the intestine the 
bile acids and cholesterol are largely reabsorbed in 
the enterohepatic cycle. Those that escape absorption 
undergo microbial modification into different end 
products which appear in the feaces (Coates, 1983). 
Certain components of dietary fibre are able to bind 
bile acids thereby preventing their reabsorption from 
the intestines and increasing their excretion (Le- 
veille, 1977). Cholesterol synthesis and the degrada
tion of cholesterol into bile acids are under feed
back control (Leveille, 1977). Removal and subsequent 
excretion of bile acids after binding with dietary 
fibre ensures conversion of cholesterol into bile 
acids hence reducing the level of serum cholesterol. 
Only certain food fibres are capable of this hypocho- 
lesterolemic effect and sweet potato fibre seems to be 
one of them. Other sweet potato cell wall polysaccha
rides consisting mainly of cellulose and hemi-cellu- 
1038 have been shown to suppress digestibility of 
gelatinized starches by porcine pancreatic a-amylase
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(Ontani and Mizaki, 1985). The non-digestible fiber 
fractions may also be a flatulence inducing factors in 
sweet potatoes (Tsou and Yang, 1984).

2.4.2.2 PROTEIN
The variability in protein content of sweet 

potato roots is evident from Table 2.3. According to 
Yang (1982), the protein content of sweet potato 
tubers depends on the cultivar, season and location of 
cultivation, growing period, and the nature and level 
of application of fertilizers. Increased application 
of K and P to the soil results in reduced protein 
content of roots (Constantin gt. al.. 1977), while 
increased application of N results in increased pro
tein content (Constantin et al. . 1974). Protein 
content of roots is also reduced by high soil moisture 
levels especially under supplemental irrigation 
(Constantin et al,. , 1974). As the growing period 
progresses, the protein content of sweet potato roots 
decrease (Yang, 1982). Infact, a rate of decrease of 
0.0067% per day has been reported by Purcell et al. 
(1976) for 16 cultivars investigated. *

According to Walter and Purcell (1986), 60 - 80% 
of nitrogenous material of sweet potato roots is 
protein and the remainder is mostly amino and amide 
nitrogen. About two-thirds of the protein is globulin 
in nature (Onwueme, 1982; Huang, 1982). The protein
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has been separated into white and chromoplast frac
tions having varying mineral and amino acid profiles 
(Walter and Catignani, 1981). The chromoplast frac
tion had a higher iron and some essential amino-acid 
content than the white fraction. Sulphur containing 
amino acid profile was lower in casein than in the 
chromoplast fraction while the white fraction was 
deficient in lysine compared to FAO standard (Walter 
and Catignani, 1981).

Generally, sweet potato protein is of good nutri
tional value with reasonable amounts of essential 
amino-acids although limiting in sulphur containing 
amino-acids (Onwueme, 1982). Table 2.4 gives the 
amino-acid profile of sweet potato protein. There is 
however, an excess of lysine suggesting its potential 
usefulness as a suplement to grain products (Purcell, 
et al., 1978). According to Yang (1982), when 30% of 
wheat flour was replaced by sweet potatoes, the bio
logical value (BV) increased from 72 to 80 for male 
rats and from 65 to 71 for female rats. When part of 
a rice diet was replaced by sweet potato, the BV 
increased from 87 to 89 for male rats and from 80 to 
83 for female rats. The protein does not occur in 
sufficient amounts to provide adequate protein-calorie 
ratio (Purcell et al., 1987), but a 13% equicalorie 
sweet potato substitution in place of rice has been
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Essential A »in o -a cid  Composition of Sweet Potato Root Protein (■ « per lOOg edible po rtio n) Table Z-*: 6

N(g) Total Cys lie Leu lys Net Phe Thr Tyr Trp Val

Yellow, raw 0.19 376 13 44 65 40 46 46 29 21 57 59

Daip raw 0.19 376 13 44 65 40 46 46 29 21 57 59

Source: Uest et a U  (1988)
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shown to enhance human nutrition (Yang, 1982). if 
sweet potatoes contribute over 90% of total calories 
in a diet, protein deficiency is likely to occur and 
therefore supplementation with protein rich foods like 
fish is necessary (Huang, 1982).

According to Walter and Catignani (1981), the 
protein efficiency ration (PER) values of two culti- 
vars of sweet potato tested were equal to the ANRC 
reference casein value. These authors also reported 
that the Net Protein Ration (NPR) estimate for sweet 
potato protein was equal to that of casein. However, 
protein true digestibility of precooked high rice and 
precooked wheat flour were found to decrease when 
substituted with 30% precooked sweet potato (Yang, 
1982). This was attributed to presence of trypsin 
inhibitor in sweet potato.

Three different trypsin inhibitors have been 
isolated in sweet potato (Suguira et ai. , 1973). 
These were found to exhibit three characteristics 
namely: they were strong inhibitors of trypsin, weak 
inhibitors of plasmin and kallikrein and did not 
inhibit pepsin or chymotrypsin. Dickey and Collins 
(1984), reported a significant gradient of trypsin 
inhibitor activity dependent on the cultivar. The 
highest levels of activity were found at the proximal 
or stem end of roots which is also the point of pro
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tein concentration. Also, in all the cultivars inves
tigated, a high level of trypsin inhibitor activity 
occurred in the cortical region. Fortunately, sweet 
potato trypsin inhibitors are not heat stable and 
ordinary baking or boiling is enough to reduce the 
activity to insignificant levels (Dickey and Collins, 
1984). Heat processing, however, has been reported to 
lower bioavailability of lysine depending on its 
severity and the amounts of reducing sugars present 
during heating (Walter and Purcell, 1986).

2.4.2.3 FAT

Sweet potatoes generally contain little or trace 
amounts of fat in the tuberous roots (Bradbury and 
Holloway, 1988; Onwueme, 1982; Burton, 1982; Lee and 
Lee, 1972). Of the little that is present, Lee and 
Lee (1972) have reported the important lipid constitu
ents fractionated by thin layer chromatography (TLC). 
The sweet potato cultivar tested contained 1.75% total 
lipids on dry basis. Of this, free lipid accounted 
for 0.95% and the rest of 0.85% were bound lipid. The 
free lipid fraction had 13 components whibe the bound 
iipid fraction had 9 components of which 34.5% were 
phospholipids and 17.2% free fatty acids. The free 
fatty acids consisted mainly of 30.1% palmitic acid, 
16.7% linoleic acid, 15.8% oleic acid and 9.8% lino- 
^enic acid.
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2.4.2.4 VITAMINS

Freshly harvested sweet potato roots can contain 
considerable amounts of vitamin C and the deep yellow 
varieties can provide sufficient quantities of pro
vitamin A carotenoids (Huang/ 1982; Woolfe, 1989; Kay, 
1973)• Vitamin or thiamine also occurs in large 
quantities from 0.8 to 1.0 mg/1000 kCal, about twice 
the level required by humans (Huang/ 1982). Other 
vitamins of importance and their respective composi
tion in the sweet potato roots are given in Table 2.5 
(Burton/ 1982; Bradbury and Holloway/ 1988). However/ 
the amounts of these vitamins available for nutrition 
will depend on a number of factors such as post-har
vest handling methods, processing prior to utilization 
and duration and conditions of storage. Vitamin C is 
especially labile and deteriorates rapidly post-har
vest. Ascorbic acid is readily oxidized into 
dehydro-ascrobic acid in the presence of ascorbic acid 
oxidase, high pH conditions and catalytic metals such 
as copper. Dehydro-ascorbic acid has 80 - 100% of the 
activity of ascorbic acid (Cooke, 1974) and when 
oxidation of ascorbic acid proceeds only to this 
extent, loss of antiscorbutic potency of sweet potato 
roots can be considered minimal. In fresh foodstuffs, 
the level of dehydroascorbic acid is relatively small 
and for practical purposes can be ignored in the
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Table 2.5: Vitamin Composition of Sweet Potato Roots (mg/IOOg)

provitamin A A8 0.11 - 2.7̂ Vit. b6 0.228 _b

Thiamine 0.10 0.086 - 0.16 Folic Acid 0.05 -

Riboflavin 0.06 0.028 - 0.7 Pantothenic Acid 0.9 -

Nicotinic acid 0.8 0.45 - 1.14 Vit. D 0 0

Vitamin C 25 11 - 58

Vitamin E 4 “

8 Burton (1982); ^ - Bracbury and Holloway (1988)
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chemical estimation of vitamin C content using oxidiz
ing dyes like bromosucciinimide (Cooke, 1974). Dehy
dro-ascorbic acid can, however, be irreversibly oxi
dized further to form diketogulonic acid which is 
biologically inactive and does not posses antiscorbut
ic activity. The oxidative degradation of ascorbic 
acid is represented in Figure 2.2 (Cooke, 1974). 
Anaerobic vitamin C degradation is much lower than 
catalyzed vitamin C degradation and is maximum at pH 4 
and minimum at pH 2 (Ojijo, 1990). The extent of loss 
of vitamin C can be indicative of the degree of sweet 
potato deterioration in storage. Post-harvest stor
age will affect the anti-ascorbutic value of sweet 
potato roots to an extent commensurate with the time 
and temperature of storage, extent to which cellular 
tissue may be damaged and extent of ascorbic acid 
oxidase activity (Oliver, 1967). Boiling sweet potato 
roots can also result in extensive loss of vitamin C 
mainly through leaching and high temperature enhanced 
oxidation. According to Bradbury and Sing (1986), 
the loss of total vitamin C - ascorbic acid and 
dehydroascrobic acid - can be upto 65% on boiling if 
water is discarded, 20% if water is retained and 50% 
on baking. Woolfe (1989) has reported that the per
cent daily requirement of an adult person's vitamin 
Deeds suppled by lOOg of boiled sweet potato roots 
are: vitamin A - 100%, thiamine - 5%, riboflavin -
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Figure 2
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upto 8%, niacin - 3%, folic acid - 6%, vitamin Bg - 
upto 11% and ascorbic acid - 57%.

The carotenoids are tetraterpenes made up of 8 
repeating 5-carbon isoprene units synthesized ulti
mately from acetyl coA with the aid of high energy 
phosphate (Burton, 1982). They are responsible for 
the pigmentation of sweet potato roots. Provitamin A 
potential, however, is the attribute of only those 
carotenoids containing the /J-ionone group so that 
presence of pigmentation is not necessarily and indi
cation of provitamin A activity (Burton, 1982). 
Figure 2.3 gives the structures of some carotenoids. 
Due to their highly unsaturated structure, the carote
noids are potentially very reactive although they are 
very stable in the intact living plant tissues (Bur
ton, 1982). /9-carotene is the most important and 
predominant provitamin A carotenoid. The native all- 
trans stereo-isomeric form of it is very stable but 
photodegradation can lead to formation of its cis- 
isomer which has a lesser pro-vitamin A potential 
(Pesek and Warthesen, 1988) . Losses in /9-carotene or 
pro-vitamin A potential in sweet potato roots can also 
result during storage and processing although to a 
lesser extent than vitamin C (Woolfe, 1989). Increase 
in carotene content during storage of sweet potato 
roots has also been reported (Burton, 1982). Accord
ing to Lanier and Sistrunk (1979) large roots have
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been found to retain both vitamin A and C better 
during cooking than small roots. These authors howev
er did not specify whether the vitamin contents were 
higher in large raw roots than in small ones. The 
better retention of vitamins in large roots could also 
be due to overcooking of the small roots if both 
categories of roots were given same cooking times. 
According to Pol et al. (1988), the vitamin A potency 
of /7-carotene was reduced by 2 - 12% by the presence 
of cis-isomers in raw vegetables. Isomerization on 
cooking enhanced this loss upto 9%. These losses were 
however based on leafy vegetables, probably similar 
modes of losses occur in cooked tuberous roots. 
Bouwkamp and Kantzes (1977) have reported that caro
tene contents of sweet potato roots were not increased 
by the application of nematicides 1 - 2  weeks before 
transplanting.

2.4.2.5 MINERALS

Collins (1987) has reported that the two minerals 
provided in sufficient recommended daily allowance 
(RDA) from sweet potato roots are iron - 10% and 
potassium - 15% . The mineral composition of sweet 
potato roots are shown in Table 2.6 (Bradbury and 
Holloway, 1988).



Table 2.6: Mineral Composition of Sweet Potato Roots
(mg/lOOg)a

ca 21 — 110 Cu 0.15 - 0.17

P 30 - 94 Zn 0.21 - 0.59

Mg 12 - 62 Mn 0.11 - 0.25

Na 1 - 52 A1 0.82
K 260 - 530 B 0.10
8 13 - 16
Fe 0.4 - 4.5

a Bradbury and Holloway (1988)
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2.5 SWEET POTATO STORAGE
2.5.1 THE NEED FOR SWEET POTATO STORAGE

Detachments of sweet potato roots from the parent 
plant heralds several deteriorative processes includ
ing water loss, depletion of metabolic substrates and 
accumulation of harmful products of metabolism. The 
root tissues become susceptible to invasion by para
sitic micro-organisms whose attack is accentuated by 
mechanical damage afflicted during handling of the 
roots. This underlines the perishability of sweet 
potato roots. However, as with other root crops, 
sweet potatoes exhibit a period of dormancy thus 
enabling them to be stored for short periods (FAO, 
1989a). It can thus be said that the extent of sweet 
potato root storage life depends partly on the suc
cessful manipulation and prolongation of this dormancy 
period.

The perishability and hence the problem of sweet 
potato storage has been circumvented by widespread 
practice of piece-meal harvesting. However, the 
limitations of this system of harvesting have been 
outlined in a preceding section of this study (see 
2*3.2) where it was argued that a need exists for the 
development of adequate storage facilities to enable 
bulk harvesting and storage of sweet potato roots. 
The storage of sweet potato roots can also be looked
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at in terms of its economic implications. The 
principal economic features in any storage system 
include investment in the storage plant and the return 
on the investment due to sales of stored produce 
(Hinton/ 1973) . Among other factors, the return on 
investment is affected by the price received for the 
stored produce. This price would be regulated inter 
a l i a  by advantageous selling in the open market at 
times of relative shortage (Hinton, 1973). The pricing 
of sweet potato roots at wholesale markets in Kenya is 
characterized by a fluctuating regime, with lowest 
prices occurring at harvest seasons and peak prices at 
times of the year with relative shortage (Gor, 1989). 
Suitable storage facilities can be built to extend the 
marketable life of produce and hence the marketing 
season (Hinton, 1973). With storage, sweet potatoes 
can be bought by consumers out of season with the 
resultant economic merit of raising the price of the 
whole crop. Storage and pre-storage practices like 
curing also have important organoleptic consequences. 
Due to carbohydrate changes that take place during 
curing and storage of sweet potatoes (Picha, 1987) 
enhancement of culinary quality and sensory properties 
result (Walter, 1987). Curing has been found to 
attenuate the flavour and texture of baked sweet 
Potatoes (Hamann, e_t al. , 1980 ).
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2.5.2 SWEET POTATO STORAGE STRUCTURES

In most tropical countries, sweet potato roots 
may be stored in underground pits covered with grass 
or the tubers may be kept on platforms or in baskets 
(Onwueme, 1982). In Kenya, storage of sweet potato 
roots is virtually non-existent save for certain 
sporadic cases of rudimentary underground pits covered 
with grass or soil (Ojijo, 1990). As already alluded 
to in Section 2.5.1, piece-meal harvesting has been 
widely undertaken to obviate storage.

That sweet potatoes have been stored under these 
seemingly primitive structures points to the fact that 
there were benefits derived from the practice. An 
elucidation of the nature and extent of losses per
taining to sweet potato roots stored under these 
conditions, which is partial concern of this study, 
would be a major step towards their improvement. The 
potential advantages of such structures are their 
simplicity and low costs of construction rendering 
them suitable to a third world situation pertaining in 
Kenya.

However, due to considerable global disparities 
ln economic and technological development and even in 
annual weather regimes, other countries have developed
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sweet potato storage structures of varying sophistica
tion. For example, in the U.8 .A, developments in 
sweet potato storage have been with regard to struc
tures with provisions for temperature and relative 
humidity controls (Edmond and Ammerman, 1971). It is 
an established fact that sweet potatoes exhibit a 
critical temperature range of 12 - 15*C within which 
storage can be optimal (Uritani et al.. 1984). Reduc
tion in excessive moisture loss is also achieved by 
maintaining sufficiently high relative humidities of 
the range 85 - 90% (Hamann et &1., 1980; Uritani et 
al.. 1984). Developed countries have therefore in
vested in huge storage houses which are air condi
tioned with insulation, lighting, humidification and 
heating devices (Edmond and Ammerman, 1971). Such 
store houses can handle huge bulks of sweet potato 
roots and in most cases the operations are mechanized. 
In other parts of the world, sweet potato storage is 
undertaken advantageously at certain times of favour
able weather conditions. According to Hong (1982), 
sweet potatoes can be stored for upto seven months in 
Korea, mostly during winter in specially designed 
underground storehouses. The temperatures in these 
storehouses are controlled not by artificial heating 
systems but by natural ambient temperatures. This is 
an advantage unimaginable in tropical countries like 
Kenya where ambient temperatures for most periods of
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the year are above optimal storage temperatures for
sweet potato and encourage extensive loss notably
through sprouting and microbial proliferation. The
Korean storage structures are designed such that the
temperatures inside are below the optimum range for
sweet potato (12 - 15*0), but is brought to near
optimality when the roots are introduced. An example
of an indoor semi-underground storage structure which
reportedly achieves 100% storability with minimal
sprouting of roots is reproduced in Figure 2.4 (Hong,
1982). Elsewhere in Bangladesh, Jenkins (1982) has
reported losses of 20 - 25% when tubers are stored for
2 - 4  months in shallow piles on the earthen floors of
farm houses at 24 - 35*C and 70 - 90% RH. Large
variations in temperature and relative humidity were
definitely responsible for the loss. In the Philli-
pines, sweet potato tubers have been stored for upto 3
months in ventilated village storage structures in
which the relative humidity may be controlled at
ambient temperatures (Data et al., 1987). It seems
that application of ash on sweet potato roots destined»
for storage is a village practice in Malawi. However, 
Kwapata (1984) has reported that this practice does 
not necessarily increase the storageability of sweet 
Pot*to roots. Winarmo (1982) has also reported earli
er accounts of sweet potato storage in pits between
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layers of wood ash, earth (soil) and straw. In India, 
the roots are spread in the sun for a week and then 
stored in a well ventilated room with frequent in
spections to eliminate any unhealthy roots. Extent of 
losses under these storage conditions were not 
reported.

2.5.3 STORAGE TREATMENTS AND CONDITIONS

Woolfe (1987) has enumerated the following condi
tions as generally desirable in the storage of pota
toes: (l) good storage conditions should maintain
tubers in their most edible and marketable condition 
by preventing large moisture losses, spoilage by 
pathogens, attack by insects and animals, and sprout 
growth; (2) it should also prevent large accumulation 
of sugars, which leads to an unpleasant sweet taste, 
and particularly in fried processed products, to a 
dark colouration; (3) it should prevent tuber green
ing and glyco-alkaloid accumulation; (4) and it 
should aim to prolong dormancy period of roots from 
harvest and delay sprouting. These guidelines no 
doubt apply to the storage of sweet potatoes. The 
only contrast may be that whereas accumulation of 
sugars is seemingly an unfortunate artefact in potato 
storage, it is actually desirable to some extent in 
the enhancement of culinary qualities especially with

♦
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regard to flavour of baked sweet potatoes (Hamann et 
al./ 1980). As a general principle/ only roots free 
from disease and carefully harvested and handled 
should be considered for storage (Booth/ 1974). 
storage of bruised roots can be enhanced by exposing 
them to moderately high temperatures and relative 
humidity to facilitate healing of wounds and develop
ment of periderm (Booth/ 1974). Harvested tubers 
meant for storage should be cured promptly so that 
infection by facultatively parasitic micro-organisms 
and undesirable moisture loss can be minimised. A 
comparison between cured and uncured sweet potato 
roots showed that the percentage weight loss in cured 
roots and uncured roots after a storage duration of 
113 days were 17% and 42%, respectively (Booth, 1974). 
Generally, artificial curing of harvested sweet potato 
roots is achieved at 30 - 32 *C and 80 - 90% relative 
humidity for 4 - 7  days (Booth, 1974; Edmond and 
Ammerman, 1971; Bradbury and Holloway, 1988; FAO, 
1989). Curing has also reportedly been achieved at 
higher conditions such as at 30 - 32* and 90 - 95% RH 
for 7 to 10 days (Picha, 1986a). The length of 
curing period seems to depend on the harvest tempera
ture with tubers harvested at lower temperatures 
requiring higher temperatures and longer time of 
curing (Edmond and Ammerman, 1971). A natural curing
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procedure which involves exposing roots wrapped in 
black PVC sheets to the sun for 3 - 5  days has been 
tried at the Coast Agricultural Research station in 
Mtwapa (Ojijo, 1990). This curing procedure is simple 
and cheap as it does not involve expensive equipments 
with temperature and relative humidity control de
vices. However, when sun curing time is unnecessarily 
prolonged, significant reduction in storage aptitude 
of roots might result with an increase in the percent
age of decayed roots (Kwapata, 1984). It has also 
been contended that curing can be dispensed with 
altogether in tropical countries especially during 
sunny weather when prevailing conditions at harvest 
can promote authentic curing (Onwueme, 1982). Har
vesting regimes in such climates can be synchronised 
with warm weather to obviate curing. Artificial 
curing seems to be more critical in temperate coun
tries where ambient conditions are not conducive to 
suberization and wound periderm formation for a good 
part of the year. The sun curing procedure was adopt
ed in this study.

During suberization of wounded surfaces*, the cells 
and intercellular spaces just underneath the wound 
become filled with sap, and there is formation of 
unsaturated fatty-acids which combine with oxygen of 
the air in the formation of suberin, a protective 
compound against water loss and microbial attack

♦
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(Edmond and Ammerman, 1971). According to Kollatukudy 
and Dean (1974), respiration of tissues increases 
rapidly immediately after wounding, preceding the 
formation of aliphatic and phenolic suberin compo
nents. The phenolic constituents are responsible for 
prevention of pathogen entry while the aliphatic 
constituents prevents water loss. It has been found 
that r-Hydroxyacids and dicarboxylic acids constitute 
two of the major aliphatic components of suberin 
(Aggrawal and Kolattukudy, 1977). In potato tubers, 
dicarboxylic acids constitute a major component of the 
aliphatic monomers of the suberin deposited in the 
wound periderm. Experiments with potato discs has 
also revealed that a wound induced r-hydroxyacid 
dehydrogenase is involved in suberin biosynthesis 
(Agrawal and Kolattukudy, 1977).

The protective function of the suberized layer is 
only temporarily effective and a more permanent peri
derm layer soon develops when certain cells just at 
the back of the suberized layer loose their large 
vacuoles and assume the function of meristematic cells 
which are collectively called wound cambium or wound 
phellogen (Edmond and Ammerman, 1971). These cells 
divide tangentially and the walls of the daughter 
cells finally become impregnated with suberin, tannin, 
and other water and fungus resistant materials called
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wound cork or wound phellem (Edmond and Ammerman, 
1971). Absicic acid (ABA) has been reported to induce 
elaboration of key enzymes responsible for suberiza- 
tion and wound phellem formation (Cottle and Kolattu- 
kudy, 1982). ABA can therefore be used to advantage 
during artificial curing. Broadly, curing promotes 
healing of wounds which reduces the onset of diseases 
which are a major source of post-harvest losses, and 
reduces weight loss of stored tubers due to biological 
processes such as respiration, transpiration and 
sprouting (Bradbury and Holloway, 1988). As physical 
or mechanical injury during growth, harvesting or 
post-harvest handling is almost inevitable, curing is 
a mandatory operation prior to storage. Successful 
storage of sweet potato roots therefore depends on 
rapid formation of wound periderm during curing and 
maintenance of the wound and intact periderm in 
healthy condition during subsequent storage to reduce 
shrinkage and rotting (Edmond and Ammerman, 1971).

After curing, storage is facilitated by tempera
tures of 10 - 15 *C and 85 - 90% RH (Bradbury and 
Holloway, 1988). Temperatures below 8*C may cause 
chilling injury while higher temperatures beyond 15*C 
promote sprouting and hasten damage from fungal infec
tion and insect infestation during subsequent storage 
(Bradbury and Holloway, 1988) . Storage at chilling

«•
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roots. Quantitatively, Bradbury and Holloway (1988) 
have reported a 12% increase in sugars when sweet 
potatoes are stored at 8 - 10*C and 80 - 85% RH for 4 
months. Baba et al.. (1987) have reported an increase 
from 1.5% to 6.9%, dry weight basis, in reducing 
sugars during the first month of storage eventually 
stabilizing at 5% for the remainder of the duration; a 
linear increase in non-reducing sugar content from 4.4 
to 14.2%; and a decrease in starch content from 76.8% 
to 66.7% over a storage duration of 6 months at 13*C. 
Levels of reducing sugars which accumulated in roots 
stored for a long period were not reduced by recondi
tioning at 20 - 30*C for 14 days.

According to Chang and Kays (1981), extremes in 
oxygen concentration (0 and 100%) increases sucrose 
and total sugar but decreased reducing sugars. Roots 
stored at low oxygen concentrations (<5%) accumulated 
more total sugar than roots stored in higher oxygen 
concentrations. It was apparent that reducing sugars 
were utilized via the respiratory pathway more rapidly 
than at higher oxygen concentrations. Production of 
sugars at low oxygen concentrations was seemingly 
greater than utilization and consequently total sugars 
increased at 2.5% and 5.0% oxygen. However, no sig
nificant differences in root starch content were 
detected between the various storage oxygen concentra
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tions during the test period (Chang and Kays, 1981), 
indicating that there was starch resynthesis from the 
sugars.

2.5.6.1.1 CARBOHYDRATE CHANGES AND CULINARY 
QUALITIES OP PROCESSED ROOTS

Hydrolytic degradation of carbohydrates results 
in accumulation of sugars responsible for enhanced 
flavour notes and mouthfeel characteristics in baked 
and cooked sweet potato roots (Walter, 1987; Bradbury 
and Holloway, 1988). However, prolonged storage may 
result in undesirable senescence sweetening (Burton, 
1982) .

2.5.6.1.2 CARBOHYDRATE CHANGES AND TEXTURAL 
PROPERTIES OF STORED ROOTS

2.5.6.1.2.1 DEFINATION OF TEXTURAL PROPERTIES
With the ever growing awareness among Food Tech

nologists of the importance of texture as a key quali
ty attribute in foods, several attempts have been made 
to enact a universal definition of the term as it 
applies to foods. For the present purpose, however, 
it will suffice to adapt the remarks due to Bourne 
(1982) after a review of such attempts. Firstly, it 
would be more appropriate to define textural proper
ties and not just texture. This is due to the fact

«•
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that texture is composed of many different physical 
sensations and so it is more convenient to define 
textural properties, which refers to a group of relat
ed properties, rather than just texture, which infers 
a single parameter. Accordingly, the textural proper
ties of a food are that group of physical characteris
tics that arise from the structural elements of the 
food, are sensed by feeling of touch, are related to 
the deformation, disintegration, and flow of the food 
under a force, and are measured objectively by func
tions of mass, time and distance.

2.5.6.1.2.2 MESUREMENT OF TEXTURAL PROPERTIES

According to the above definition, textural 
properties can be perceived subjectively by the sense 
of touch. Sensory textural evaluation may involve 
finger feel or tasting. When judging foods by tast
ing, properties such as softness in biting, ease of 
disintegration into fragments, connection of the 
fibers, and other pressure and softness sensations on 
the tongue, hard palate and cheeks are considered 
(Jellinek, 1979). Textural properties of a food can 
also be evaluated by physical rheological and objec
tive methods. According to Kramer (1973), objective 
techniques for measuring sensory properties have the 
basic disadvantage of measuring sensory properties
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only indirectly and are, therefore, accurate only to 
the extent that they are analogous to the human senso
ry response. Despite this limitation, objective 
textural evaluations are not subject to drift, fatigue 
and ar« more precisely calibratable than human sensors 
(Kramer, 1973). There is no universal methodology for 
instrumental textural evaluation and especially where 
natural solid and semi-solid foods are concerned, the 
proposed technique should be thoroughly examined and 
validated to ensure its accuracy and precision before 
being applied. The procedure to accomplish this is 
described by Kramer (1973). In the instrumental 
evaluation of textural properties of potatoes, Adam et 
4l*/ (i960) considered the pulp of raw potatoes as a
tough elastic material in which the smaller viscous 
component of the rheological behaviour could be ne
glected with respect to the required accuracy of 
results. They used axial compression and puncture 
techniques in the quantification of textural proper
ties. in the latter procedure, a cylindrical loading 
indentsr was penetrated, at constant speed, into the 
sample, cut out in the form of a plate from the raw 
potato pulp. The strength or force at the point of 
rupturm or bio-yield point was measured. Wright et 

(1968) also used the puncture technique as an 
objective measurement of structural changes in stored 
8weet potato cultivars. Bourne (1979) has also
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reviewed the application of the puncture test in the 
measurement of firmness of cooked vegetables. Punc
ture tests are usually carried out with instruments 
that automatically draw out force-distance or force
time curves. Usually the cross-head speed and the 
chart speed are synchronized so that the force-time 
curves can be analysed as force-deformation curve 
(Wright et al.. 1968). Of equal importance in the 
measurement of firmness of cooked potatoes is the 
compression - extrusion testing (Bourne, 1979). The 
principle of extrusion testing involves applying force 
to a sample of food until it flows through an outlet 
that may be in the form of one or more slots or holes 
that are in the test cell (Bourne, 1982). The food is 
compressed until the structure is disrupted and the 
food extrudes through these outlets. Usually the 
maximum force required to accomplish extrusion is 
taken as an index of textural quality (Bourne, 1982). 
Kozempel (1988) has used a back-extrusion technique to 
measure texture of cooked potatoes. This technique 
was adapted in measuring the changes in textural 
properties of stored sweet potatoes as reported in 
this study. It should be realized that in objective 
analysis of textural properties of foods, the choice 
of cross-head speed and compression percentage should 
be such that the results obtained will correlate with
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subjective sensory measurements (McKenna, 1980). In 
applying these techniques, use has been made of recom
mended test conditions as detailed elsewhere in this 
study.

2.5.6.2. STRUCTURAL CHANGE8 AND TEXTURAL
PROPERTIES IN STORED SWEET POTATOES 
According to Picha (1986a), freshly harvest

ed sweet potato roots have less desirable textural 
characteristics than cured and stored roots. This 
implies a change in the structural constituents re
sponsible for the change in textural quality of roots. 
Carbohydrates affect firmness, dryness and mouthfeel 
in cooked sweet potatoes (Picha, 1987). Firmness has 
been correlated with starch and alcohol insoluble 
solids (AIS), texture and viscosity have been corre
lated with pectic substances, mouthfeel with starch 
and dextrin content, softness after cooking with 
polysaccharide content, and moistness with starch and 
protopectin (Palmer, 1982). Hydrolytic degradation of 
carbohydrates in sweet potatoes would, therefore, be 
expected to alter textural properties. Starch degra
dation in stored roots has been reviewed above. 
Sistrunk (1977) has reported decrease in hemicellu- 
lose, a polysaccharide, in sweet potato roots stored 
at 15*C. Controlled atmosphere storage under in
creased oxygen concentration has also resulted in an
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increase in protopectin content (Chang and Kays, 
1981). in an apparent reference to textural change, 
Chang and Kays (1981) have also reported that it was 
difficult to rupture the macro-structure of roots 
stored at low oxygen concentration. Other changes 
that may be responsible for changes in textural 
properties include water loss and dry matter (Booth, 
1984; Picha, 1986b; Edmond and Ammerman, 1971), devel
opment of pithiness and hardcore (Ryall and Lipton, 
1979) and other alterations in root constituents.

2.5.6.3. VITAMIN CHANGE8 IN STORED SWEET POTATO 
ROOTS

When sweet potato roots are subjected to storage, 
changes in vitamin content inevitably occur and the 
extent is dependent on the storage conditions and 
duration. 0-carotene content in sweet potato roots 
have been reported to increase in the early part of 
storage followed by eventual loss after about 4 months 
(Burton, 1982). This indicates that synthesis of 0- 
carotene does not cease at harvest but continues in 
storage upto some time. Ryall and Lipton (1979) 
reported that inability to synthesize carotene in 
harvested roots can be induced by chilling tempera
tures (below 10*C). When sweet potato roots were 
stored at temperatures above 10*C for 3 months, there 
was complete retention of 0-carotene (Woolfe, 1989).
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As the storage temperature increases, however, losses 
in /3-carotene become evident. Bradbury and Holloway 
(1989) reported 18% loss in 0-carotene when roots were 
stored at 24'C for 4 months. A similar amount of 
loss, 15%, has also been reported for roots canned and 
stored for 18 months (Elkins, 1979). The storage 
conditions were not indicated.

Vitamin C losses in stored sweet potatoes are 
comparatively considerable. Woolfe (1989) reported 
75% retention of vitamin C when roots were stored 
above 10*C for 3 months. Losses in total vitamin C 
for roots stored at 0, 15 and 25'C were 3, 16 and 17%, 
respectively, after a storage duration of 28 days 
(Bradbury and Holloway, 1988) . As expected, the 
higher the storage temperature the higher the loss. 
Reviewing earlier work, Bradbury and Holloway (1988) 
have also presented comparative vitamin C losses of 
49% after 4 months storage at 24*C and 41% after 
storage of 4 months at 8 - 10*C and 80 - 85% RH. 
Synthesis as well as loss in vitamin C can occur in 
storage (Burton, 1982). Losses in other vitamins 
for roots stored at temperatures above 10*C for 3 
months have also been compiled by Woolfe (1989) as 
thiamine - 20%, and riboflavin - 35%. Elkins (1979) 
reported complete retention of niacin and riboflavin 
in roots canned and stored for 18 months under unspec-
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ified conditions.

Of interest to the Food Technologist is the 
knowledge of the kinetic parameters such as order of 
the reaction/ the reaction rate and the dependence of 
this rate on temperature. These enable one to predict 
the extent of vitamin degradation in storage for a 
given storage duration and conditions. For a 1st 
order reaction, the rate is proportional to the con
centration of the reacting substance (Lund, 1975). 
Thus, for a particular temperature,

- dc/dt = kc ......................  2.1,
where C is the concentration of the reacting sub
stance, -dC/dt is the rate of decrease in the concen
tration and k is the rate constant (Lund, 1975). The 
above equation shows that the rate is proportional to 
the first power of concentration, thus first order 
reaction. Rearranging and integrating the above 
equation, the following is obtained:

C t
dC/C = k J  dt ......2.2,

*1
and,

In C = In Cj - k (t - tx) ......................  2.3
This is an exponential relationship which can also be 
generalized as follows
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-* (t-tx)
C = C1 e ......................... 2.4,
where e = 2.714. If t^ = 0 at the start of the stor
age experiments, then the above equation can be writ
ten simply as:

-kt
C — Cq e .........................2.5,

Where C is the vitamin content at time t and CQ is the 
initial content. Thus, if the degradation of the 
vitamin in storage is a first order reaction, then the 
changes monitored over a given storage duration should 
be describable by a mathematical relationship of the 
above (Equation 2.5) form.

The reaction constant, k is dependent on the 
storage temperature and this dependence is often 
described by the Arrhenius relationship of the form:

-Ea/RT
K = Se ................... 2.6,

Where S is the frequency factor, Ea the activation 
energy, R the gas constant and T the absolute tempera
ture (Lund, 1975). Taking logarithms for the above 
equation, it becomes:

In K = In 8 - Ea/RT ..................... 2.7

The Arrhenius equation assumes only one reaction 
responsible for the loss. For vitamin C, it would be
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the oxidative degradation. In order to predict 
changes in storage, it is necessary to determine the 
activation energy and frequency factor for the reac
tion as given in the Arrhenius equation. The frequen
cy factor represents the total frequency of encounters 
between molecules irrespective of whether they posses 
sufficient energy or not for the reaction (Charm, 
1971). The activation energy is necessary for the 
colliding molecules to enter into reaction and the 
probability that a molecule will posses energy in 
excess of the activation energy per mole at a given 
temperature, T is given by eEa/RT the Arrhenius 
equation (Charm, 1971). For most chemical reactions 
the activation energy lies between 50,000 - 250,000 
kJ/kmol which implies a rapid increase in rate con
stant with temperature.

2.5.6.4 CHANGES IN PROTEINS OF STORED SWEET 
POTATO ROOTS

Purcell et al., (1978) have reported a decrease 
in protein content during storage of some sweet potato 
cultivars. The rate of decrease in protein content 
was approximately half as much as for dry matter over 
the storage duration. However, in the earlier part of 
storage, these authors reported an increase in percent 
protein for three cultivars tested. The non-protein 
nitrogen (NPN) decreased during 14 - 15 weeks of

♦
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storage and thereafter increased. Purcell and Walter 
(1980) have also reported some small changes in 
amino-acid content for sweet potato roots stored at 
13*C for 281 days. There was no reference to likeli
hood of protein synthesis during storage and these 
increases might only be apparent due to changes in dry 
matter content.
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3 MATERIALS AND METHODS
3.1 MATERIALS
3.1.1 SWEET POTATO CULTIVARS

Three sweet potato cultivars, namely Nyakura, 
Nyeri and KSP20 were planted at the Field Station, 
Faculty of Agriculture, University of Nairobi between 
15th - 23rd November, 1989. All varieties were plant
ed on manually prepared mounds spaced approximately 
0.7m apart using vine cuttings procured from an exper
imental nursery plot at the station and from the sweet 
potato germplasm collection maintained at Katumani 
Dryland Research Station in Machakos district. Weed
ing was carried out about 4 weeks after planting and 
no fertilizer application was done.

The sole purpose of planting these cultivars was 
merely to provide a consistent and reliable supply of 
raw materials of known history for subsequent labora
tory experimentation. Field experimental design 
procedures were therefore overlooked as there were no 
field treatments whose effects were to be investigat
ed. Nor was the concern of the study to measure 
vegetative growth of the various cultivars per se. 
The only parameters of a vegetative nature that were 
monitored over the growing period were root weight and 
dry matter accumulation only in so far as they were to 
be used as indices to help decide on the appropriate 
dates to start harvesting.
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Roots were considered mature for harvesting 
when they attained a mass of lOOg (Ojijo, 1990). To 
ascertain this, roots from a sample of 20 plants were 
periodically harvested, washed and weighed; then the 
average mass was obtained. On this basis, the Cv.KSP 
20 was the earliest maturing in about 4 months after 
planting. This cultivar also proved to be of prolific 
root setting characteristics. The other cultivars 
Nyeri and Nyakura proved to be late maturing in about
6.5 months with very low number of roots per plant. 
Due to its early maturity, ease of harvest and high 
yielding ability, Cv. KSP 20 was selected for further 
experimentation on a simulated sequential harvesting 
regime typical of the prevalent mode of harvesting 
sweet potatoes among traditional farmers.

The sweet potatoes are usually left out in 
the field even if mature and only harvested as needed 
(Ojijo, 1990). The aim of the simulated sequential 
harvesting regime was to ascertain the possible extent 
of loss in root composition when so delayed out in the 
field. A random sample of 10 roots were selected from 
the roots obtained from 20 harvested plants and used 
for analysis of root composition in relation to the 
time of harvest.
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3.1.2 CURING STRUCTURES
A sun curing procedure was used. This method had 

been employed in storage trials carried out at the 
Coast Agricultural Research Station in Mtwapa (Ojijo, 
1990). The tubers were wrapped in black polythene 
sheets and exposed to full sunshine for upto 5 days. 
Temperatures achieved were expected to be sufficiently 
high, 30 - 35*C, with high retained relative humidity 
due to moisture released by the respiring tubers.

When adequate sunshine was not available, the 
freshly harvested tubers were wrapped in black poly
thene sheets and placed in a laboratory incubator 
maintained at 31*C.

3.1.3 STORAGE STRUCTURES

3.1.3.1 CONSTANT TEMPERATURE STORAGE STRUCTURES
Special storage cabinets - Roland, Model 

Jumo Lan M, West-Germany, were used to maintain tem
perature conditions within ±2*C. These cabinets had 
sufficient capacity to store an adequate number of 
tubers to be used over the intended storage duration.

3.1.3.2 STORAGE SYSTEMS WITH SOIL AND SAW-DUST 
Wooden structures measuring approximately 90cm x

90cm x 30cm were fabricated in the Department of Food 
Technology and Nutrition Workshop. Roots were ar

♦
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ranged in these structures and then completely buried 
in dry soil or dry saw-dust. The structures were then 
overlaid with polythene sheets to help in minimizing 
ambient temperature fluctuations, and to check mois
ture loss.

It should be realised that the relevant effect 
here is the storageability of the sweet potato roots 
buried either in soil or saw-dust. The wooden struc
tures were purposely for containment and are assumed 
to have no effect on the storage aptitude of the 
roots.

3.1.3.3 AMBIENT STORAGE

Sweet potato tubers were carefully arranged in a 
soft sisal sack placed in a dark chamber at ambient 
conditions. Wet and dry bulb thermometers were also 
set at a representative place to monitor ambient 
variations in the room. Dry and wet bulb temperatures 
were recorded daily throughout the storage duration 
early in the morning and late in the evening.

3.1.3.4 DESIGN OP STORAGE EXPERIMENT
Roots (Cv. KSP 20) were harvested after about 5 

months growing period. A minimum of 120 roots were 
randomly selected using Random Number Tables (Steel 
and Torrie, 1980) and subjected to the various storage



86

conditions after sun-curing.
The storage treatments were 5*0, 10*C, 15*C,

20*C, 29*C, ambient, soil and saw-dust. At selected 
time intervals, 10 roots were drawn from each of the 
above storage conditions and analysed for vitamins, 
sugars and textural properties. In addition, visual 
assessment of general root appearance and enumeration 
of sprouted tubers were also used to evaluate storage 
success. This set-up was preferred to be a complete 
randomized design and analysis of variance involved 
one-way technique.

3.1.4 TEXTURE MEASURING INSTRUMENT

Universal texture testing machine - Instron model 
1122, with a tension - compression load cell type 
2511-312, model No. A217-12, England, was used for 
texture measurement of sweet potato dices using back - 
extrusion and puncture test techniques.

3.2 METHODS
3.2.1 AVERAGE ROOT WWEIGHT

The total number of roots obtained as in 3.1.1 
above were washed of adhering earth, counted and 
weighed in bulk using a spring balance (±0.05kg). The 
average root weight was then calculated as below:
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Total weight of roots (g)
Average root weight = _________________________

Total No. of roots

3.2.2 SPECIFIC GRAVITY OF ROOT8

The specific gravity of sweet potato roots was 
obtained by a displacement method adapted by Ben Gera 
et al. (1974) for potatoes.

The freshly harvested roots were washed free 
from adhering earth. A plastic string bag was then 
suspended from a spring balance and its weight record
ed (Wx). A suitable number of sweet potato roots were 
then inserted into the bag and the combined weight 
recorded (W2). The bag plus roots was then wholly 
immersed in water and the apparent weight recorded 
(W3). After removing the roots from the bag, a sinker 
was inserted into the bag and the apparent weight 
when suspended in water was recorded (W4). Finally, 
the sinker alone was suspended in water and its appar
ent weight recorded (W5). The specific gravity was 
then calculated as below:

W2 -  wx

Specific gravity = ___________________________
(W2 + W4) - (Wx + W3 + W5)

The calculations were performed to the nearest 0.0001
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specific gravity unit so as to allow for correction to 
a standard temperature (10*C) using the correction 
table shown in Table 3.1.

3.2.3 CHEMICAL ANALYSES

3.2.3.1 SAMPLE PREPARATION FOR CHEMICAL 
ANALYSES

Ten tubers were randomly selected from the batch 
of sweet potatoes. After washing, the selected tubers 
were cut into half, longitudinally. One half was 
discarded and the remaining half portions were

peeled and manually comminuted to give a suitable 
blend. Appropriate sample portions were then weighed 
out of the blend for chemical analyses.

3.2.3.2 RELATIONSHIP BETWEEN ROOT WEIGHT 
AND COMPOSITION

Sweet potato (Cv. KSP 20) of varying sizes were 
sorted into five different groups on the basis of 
weight. All roots in each group were weighed out and 
the average weights for the groups obtained. After 
segregating the roots thus, an appropriate number (10 
roots) were sampled out using Random Number Tables for 
each weight group and analysed for physical and chemi
cal composition. The data was treated as a complete 
randomized design in the statistical analyses.
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Table 3.1: Temperature Correction to be Added for Specific
Gravity of Sweet Potatoes (Corrected to 10°C)

(
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3.2.3.3 TOTAL DRY MATTER
About log sample of tubers prepared as in 3.2.3.1 

was weighed out in an aluminium dish previously dried, 
cooled and weighed. The weight of sample and dish was 
taken. Drying was then carried out in a vacuum oven 
at 65*C until constant weight was achieved. The dried 
weight of sample was obtained by difference and total 
dry matter calculated (Ranganna, 1977).

3.2.3.4 REDUCING SUGARS
From the sample prepared in 3.2.3.1, 150g was 

weighed and blended with 150 mis distilled water in a 
Warring blender for l minute. The slurry was filtered 
through Whatman No. 41 filter paper and the filtrate 
used for analyses of reducing sugars by the non- 
Stoichiometric volumetric method detailed by Folkes 
and Brookes (1984).

Equal volumes of Fehlings I solution (69.3g 
copper sulphate pentahydrate dissolved in 1 liter 
distilled water) and Fehlings II (lOOg Sodium and 345g 
Sodium potassium tartrate per liter) were mixed to
gether. Twenty milliliters of this mixture were 
pipetted into a 500 ml conical flask and 15 ml dis
tilled water added. Thirty-nine ml of 0.25% pure 
anhydrous dextrose (previously dried in a vacuum oven 
at loo *C for 2 hours) were then run in from a burette 
and the content of flask heated to boiling on a hot

- 90 -
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plate. After about 2 minutes boiling, 3-4 drops of 1% 
aqueous methylene blue indicator were added and the 
solution titrated with standard dextrose solution 
until the blue colour disappeared. The titre, (V8) 
obtained was recorded.

The burette was rinsed and filled with the sample 
solution after which titration was repeated as before. 
If no blue colour was observed on addition of the 
methylene blue, a smaller sample volume was used and 
if the volume of sample originally added to the Feh- 
lings solution was too small, appropriate additions of 
the sample solution were made until the blue colour 
disappeared. The final accurate titration, (Vt) was 
then carried out after adding from the burette the 
volume, less 1 ml, of the sample solution and appro
priate amount of water to give a final volume of 75 ml 
(including 20 ml Fehlings solution). The percentage 
reducing sugars as dextrose in the sample was then 
calculated as:

% Reducing Sugars = (vs x o.25)/vt

3.2.3.5 TOTAL SOLUBLE SUGARS
A sample of 150g was weighed out from 3.2.4.1 and 

blended with 150 mis distilled water in a Warring 
blender for 1 minute. The slurry obtained was then 
used for analysis of total soluble sugars according to
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a modified procedure of Dubois et al. (1956).

About 2g of slurry, weighed into a plastic cen
trifuge tube, was vigorously agitated with 30 mle of 
80% hot ethanol. The tube was then centrifuged at 
2500 r.p.m. for 15 minutes and the resulting superna
tant transferred into a conical flask containing 
boiling chips. The residue was extracted three times 
with hot alcohol each time centrifuging and transfer
ring the supernatant into the conical flask. The 
combined extract was then evaporated on a hot plate 
until it turned turbid to ensure complete removal of 
ethanol. The remaining aqueous phase was then trans
ferred into a 100 ml volumetric flask and made to 
volume with distilled water.

An aliquot of 0.1 ml was then transferred into a 
test-tube and 0.9 ml of distilled water added to 
make upto 1 ml. This was followed by addition of 1 ml 
5% phenol and 5 ml of 96% sulphuric acid respectively, 
upon which a golden yellow colour developed. After 
cooling for 15 minutes, the absorbance was read at 490 
nm on a Beckman, Model 25, spectrophotometer, U.8.A., 
against reagent blank. A glucose standard curve was 
also prepared from graded concentrations of 10 - 60 
mg/ml to aid in calculation of total sugars (Appendix
I)
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3.2.3.6 VITAMIN C (ASCORBIC ACID)

Vitamin C content was determined by the selective 
oxidation of ascorbic acid by N-bromosuccinimide, a 
method attributed to Barakat et al. (1955).

From the sample prepared as in 3.2.3.1, 50g was 
weighed and blended with 150 ml of 10% Trichloroacetic 
acid (TCA) for 1 minute. After filtration through 
Whatman No. 41 filter paper, 5 mis of the filtrate was 
pipetted into a small, 100 ml conical flask. To this 
portion, 5 ml of 4% potassium Iodide solution was 
added followed by 1 ml starch indicator solution. The 
mixture was then titrated against 0.01% N-bromosucci- 
nimide solution (freshly prepared) in a micro-burette 
to a faint violet or blue end point which persisted on 
thorough agitation. The vitamin content was then 
calculated as below:

Vit. C, mg/lOOg, FWB = V x C x 150/5 x 176/178 x 2

Where: V is the volume of N-bromosuccinimide and
C is its concentration (%)

In using this method, it was assumed that Vit. C in 
sweet potatoes occur mostly as ascorbic acid; the 
level of dehydro-ascorbic acid (its oxidation product) 
being comparatively low (Cooke, 1974).
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3.2.3.7 B-CAROTENE

A rapid method of carotene assay based on that of 
Astrup et al. (1971) and used by Gomez (1981) for 
green leafy vegetables was used.

According to this procedure, 20g of sample pre
pared as in 3.2.4.1 above was transferred into a 
mortar with a pestle. The sample was then extracted 
with small portions of acetone, each time transferring 
the extract through glass wool into a 100 ml round 
bottomed evaporating flask, until no more colour was 
imparted to the acetone when added to the residue. 
The total extract was then evaporated to dryness under 
vacuum in a rotary evaporator at 60*C. The extract was 
then solubilized in about 4 ml petroleum ether (b.p. 
40 - 60*C) and transferred to an alumina column. The 
column was prepared from a slurry of alumina (activity 
grade 11) in 8% ethanol in petroleum ether, made to a 
height of 3-4 cm and topped with about 1 cm high plug 
of anhydrous sodium sulphate. After washing the 
column thoroughly with petroleum ether, the extract 
was transferred to the top of the column and eluted 
with pet-ether. The eluate was collected in 25 ml 
volumetric flask as a distinct yellow band and made to 
volume with pet-ether. Absorbance readings were taken 
at 450nm on a Beckman Model 25 spectrophotometer, 
U.S.A., and the /7-carotene content read off from a

♦
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standard curve previously prepared from fresh commer
cial /3-carotene (Appendix II).

3.2.4 TEXTURE OF SWEET POTATOES

3.2.4.1 COOKING OF SWEET POTATO DICES
Selected roots were sliced 3cm in thickness. 

Dices 4cm in diameter were then gored out of the flesh 
from the slices. These were placed in wire baskets 
and cooked in boiling water at 94*C for predetermined 
time intervals. The temperature was presumed not to 
vary as the water was kept boiling throughout the 
heating period. The cooked dices were then segregated 
for sensory and instrumental evaluations of cookedness 
and textural alterations.

According to Earle (1983)/ the thermal conductiv
ity, K and the specific heat, C of foodstuffs can be 
estimated if the percentage of water in the foodstuff 
is known. If this percentage is P, then:
K = 0.55P/100 + 0.26 (100 - P)/100 JM"1S_1*C"1 ..3.1 
and,
C = 4.19P/100 + 0.84 (100-P)/100 KJ Kg-1^ ”1 ...3.2
above freezing and assuming minimal fat content in the 
foodstuff. Also another parameter, the thermal diffu- 
sivity, D can be derived from the specific heat and 
thermal conductivity according to the following equa
tion:

D = K/Ca .........................  3.3
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where a is the specific weight of the material in Kg 
M“3 (Charm, 1971). Further, the thermal diffusivity 
is related to the Fourier number, Fo which is an 
important parameter in unsteady state heat transfer 
situation typical of food processing operations like 
cooking, as below:

F0 = Dt/R2..................... 3.4

Where t is the processing (cooking) time and R is the 
characteristic dimension, in this case the radius of 
the cylindrical sweet potato dices.

3.2.4.2 INSTRUMENTAL (OBJECTIVE) TEXTURE 
EVALUATION

3.2.4.2.1 1ACK EXTRUSION TEST

Cooked sweet potato dices weighing 320g were 
stacked in a back-extrusion test cell. The test cell 
had a diameter of 10.16 cm while the diameter of the 
piston was 9.35 cm giving an annular clearance of 
0.81cm. The stroke depth was 3 cm and the stroke 
rate or cross-head speed was 100 mm/min. Chart speed 
was also set at 100 mm/min. Maximum force required to 
accomplish extrusion was recorded as indicated on the 
chart. Five replicate tests were performed at room 
temperature. This is a modification of the method

♦
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used by Kozempel (1988) for cooked potatoes.

3.2.4.2.2 PUNCTURE TE8T8
Cooked sweet potato dices were allowed to cool to 

room temperature. A cylindrical loading indenter of 
diameter 0.75cm was driven at a constant cross-head 
speed of lOOcm/min into the dice mounted on the stage 
to a depth of 0.7cm at the geometric centers. Twenty 
dices were tested and the yield point force as record
ed on a force-time chart, moving at lOOmm/min, was 
recorded.

3.2.4.3 SENSORY EVALUATION
Sensory responses were used to determine the 

optimal cooking times for three varieties of sweet 
potatoes (KSP20, Nyeri and Nyakura). The method used 
was adapted from that employed by Harada et al. (1985) 
for determination of texture in cooked potatoes.

A special nine point category scale (see Appendix 
III) was used to assess the degree of cookedness of 
the sweet potato dices. The total number of panelists 
was 15. Each panel member recorded his numerical 
responses to 3 dices per sample. Water was available 
for panelists to rinse particulate matter from their 
mouths between tests. The judgments for each given 
sample were averaged and used for regression analysis
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of cooking time against numerical sensory scores. 
According to the category scale, a numerical judge
ment of 5 corresponded to an optimally cooked sample. 
The time required to reach this value was taken as the 
optimal cooking time as determined from the regression 
equation.

3.2.5 PROXIMATE COMPOSITION OP SWEET POTATOES
3.2.5.1 TOTAL ASH

The total ash content was determined on pre-dried 
sweet potato samples (used in determination of total 
dry matter) by a dry ashing technique outlined by 
Pearson (1970).

About 2g of the sample was accurately weighed 
into a porcelain dish which had been previously heated 
and cooled before weighing. The dish and contents 
were then ignited, first gently on a hot plate and 
then at 500*C until a light grey or white ash of 
constant weight was obtained. The dish and contents 
were then cooled in a dessicator and weighed. Total 
ash was calculated on a dry weight basis. Duplicate 
samples were determined.

3.2.5.2 CRUDE FAT
Crude fat content was determined by extracting 

predried and ground sweet potato samples with petrole
um spirit in a soxhlet extractor as detailed by Ran-
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ganna (1977).

About 5g of sample was accurately weighed into an 
extraction thimble. The sample was then covered with 
cotton wool and placed into the soxhlet extractor. A 
tared flat bottomed flask previously dried, cooled and 
weighed was placed on a heating mantle and connected 
to the soxhlet extractor. Fat was extracted for 8 
hours under reflux. The solvent was then evaporated 
in a rotary evaporator and the remaining residue dried 
in an air oven at 105*C for 1 hour. The flask and 
contents were then cooled in a dessicator and weighed. 
Crude fat was calculated on dry weight basis for 
duplicate samples.

3.2.5.3 CRUDE FIBER
The procedure outlined by Lees (1975) was fol

lowed in the determination of crude fiber.
About 2g of sample was accurately weighed into a 

graduated 600 ml beaker. Extraction was carried on 
for 30 minutes with boiling 2.04N sulphuric acid with 
adequate additions of boiling distilled water to 
maintain the total volume at 200 ml. The contents of 
the beaker were then filtered through a Buchner funnel 
packed with glass wool and the residue rinsed three 
times with boiling distilled water. After washing, 
the residue and glass wool were returned to the flask
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and extracted for a further 30 minutes with boiling 
1.78 N potassium hydroxide with additions of appropri
ate volumes of boiling distilled water to maintain the 
volume at 200 ml. The contents of the beaker were 
then filtered and washed as before. Finally, the 
residue was washed three times with small amounts of 
ethanol and then quantitatively transferred (together 
with glass wool) to a porcelain dish. Drying was done 
at 105*C for 1 hour in an air oven after which the 
dish and contents were cooled and weighed. After 
weighing, the dish and contents were ignited at 550*C 
to constant weight, cooled and weighed. Crude fibre 
content was calculated on dry weight basis.

3.2.5.4 CRUDE PROTEIN

The macro-Kjeldhal method outlined by Pearson 
(1970) was used with modifications in the analytical 
reagents.

About lg of dried sample was accurately weighed 
on a N-free filter paper. The paper was then care
fully introduced into a Kjeldhal flask containing 
anti-bumping pumice, one Kjeldhal catalyst tablet and 
20 ml of concentrated sulphuric acid. The flask was 
heated gently in an inclined position in a fume 
chamber until frothing ceased. Stronger heating was 
then applied to maintain moderate boiling of the 
liquid until it turned clear. After sufficient cool-
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in?/ water was added to the digest until flask was 
almost three quarters full. Some drops of phenolph- 
thalein indicator were added and the flask connected 
to a distillation unit. Sufficient amount of 40% 
sodium hydroxide solution was added to make the digest 
alkaline. Distillation was then carried out and the 
disftillate collected into a 400 ml conical flask 
containing 50 ml of 0.1N Hydrochloric acid and some 
drops of methyl orange indicator. After the distil
lation was completed, the distillate was back titrated 
with 0.IN sodium hydroxide solution. A blank was run 
alongside the samples and crude protein calculated as 
below:

Crude Protein = N x 6.25, where N was obtained by 
suitable stoichiometric factor.

3.2.5.5 TOTAL CARBOHYDRATES
The total carbohydrates excluding crude fibre was 

obtained by difference.

3.2.5.6 MINERALS

Mineral analysis was carried out on a Perkin- 
Elmer, Model 2380 Atomic Absorption Spectrophotometer, 
U.S.A, according to the following procedure:

About 2g of dried and ground sample was digested 
in a Kjeldhal flask by adding 20 mis mixture of cone.

«■
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nitric acid and 70% perchloric acid (3:1). Heating 
was applied on a mantle until the digestion mixture 
became clear. After cooling, the digest was 
transferred into a 100 mis volumetric flask and made 
to volume with distilled water. Appropriate dilutions 
were made and sample portions introduced into the 
spectrophotometer.

Approved analytical methods for atomic absorption 
spectrophotometry compiled in the manual of analytical 
methods by Perkin-Elmer (1982) were followed. Stand
ard conditions for atomic absorption for each of the 
respective metals analysed are reproduced in Table 
3.2.
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Table 3.2: Standard Conditions for Atomic Absorption

Element (nm) SBW (nm) Flame Gases Sensitivity Check

Ca 4 2 2 . 7 0 . 7 A - Ac 4 . 0

Fe 2 4 8 . 3 0 . 2 A - Ac o•m

K 7 6 6 . 5 1 . 4 A - Ac 2 . 0

Mg 2 8 5 . 2 0 . 7 A - Ac 0 . 3

Na 5 8 9 . 0 0 . 4 A - Ac 0 . 5

Zn 2 1 3 . 8 0 . 7 A - Ac o•H

Cu 3 2 4 . 8 0 . 7 A - Ac 4 . 0

A - AC : Air-Acetylene SBW : Slit width



104

4.0 RESULTS AND DISCUSSION

4.1 CHANGES IN ROOT COMPOSITION UNDER
SEQUENTIAL HARVESTING REGIME

4.1.1 WEIGHT. SPECIFIC GRAVITY AND DRY MATTER

Average root weight increased with harvest date 
in a pattern typical of biological growth progression 
(Figure 4.1). The curve tends to level off at about 
180 days after planting indicating maximum attainable 
root weight of 310g. Using a computer program, this 
increase could be described by an exponential eguation 
of the form:

-2x
Y = 18.65c1* 53x10 ....................... 4>1

where Y is average root weight at harvest time X days 
and e = 2.714, with a correlation coefficient, r = 
0.947.

The changes in specific gravity of roots with 
harvest date also followed a similar pattern of in
crease (Figure 4.2) culminating in a maximum value of 
1.039 in 184 days after planting. Mathematical model
ing of this growth pattern yielded low correlation 
coefficients.
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Dry matter accumulation in the roots also dis
played a similar pattern with that of specific gravity 
and root weight (Figure 4.3). Originally, when har
vesting was started at 120 days after planting, the 
dry matter content of the roots was about 20%. As 
harvesting progressed, there was little increase in 
dry matter content until about 135 days after planting 
when a rapid rise in dry matter continued to about 
24.5% in 150 days after planting. Subsequently, the 
rate of increase in dry matter accumulation was mini
mal. Maximum dry matter recorded over the period 
investigated was about 24.75% after nearly 185 days 
after planting. This was also the time it took to 
achieve maximum specific gravity of the roots. Inter
estingly, it was also observed that foliage senes
cence, manifested by a yellowing and dropping of 
leaves and frequently cited by traditional sweet 
potato farmers as an indication of root maturity, 
corresponded to this period of maximum dry matter 
accumulation. Where post-harvest storage is practica
ble (see elsewhere in the thesis), it is advisable to 
bulk harvest the roots at this stage. Also where 
roots are destined for processing in which dry matter 
content is of influence on the yield of products 
(Smith, 1977; Smith and Davis, (1968), this would be
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the right stage to harvest. In this case, about 180 
days after planting would be suitable for Cv. KSP 20 
under the growing conditions cited in this work.

An attempt to fit a mathematical relationship 
between dry matter content and days after planting 
using a computer program yielded a logarithmic equa
tion below:

Y = 20.43 + 10 log (X) ....................  4.2

Where Y is the dry matter content (%) at X days after 
planting, with a correlation coefficient, r = 0.663.

4.1.2 CHEMICAL CHANGES IN THE ROOTS

Table 4.1 shows the results obtained for five 
different harvest dates. These are means of tripli
cate analyses. When roots are left out too long in 
the field under piece-meal harvesting, the progressive 
decline in vitamin C content might be so marked as to 
render the amounts remaining of this important vitamin 
insignificant. In contrast, /3-carotene content exhib
ited an increase with chronological age. Synthesis of 
/3-carotene and other provitamin A carotenoids contin
ued over the period investigated. Even in harvested 
tubers under storage, synthesis of carotenoids has 
been reported (Edmond and Ammerman, 1971). Reducing

«•
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Table 4.1: Vitamin and Sugar Content of Sweet
Potato (Cv. KSP 20) Roots at Harvest

Days after 
planting

Vitamin C 
mg/lOOg

/3-Carotene
M/100g

Reducing Sugar 
%

126 25.35 23.75 0.20
133 17.26 23.44 0.35
140 20.84 26.50 0.38
163 14.85 26.75 0.42
177 19.10 28.75 0.57
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sugars showed an increase over the period investigat
ed. Accumulation of reducing sugars in the roots is 
due to action of amylolytic enzymes which degrade the 
starch polymer. As reducing sugars are possible 
precursors for sucrose synthesis in the roots (Sis- 
trunk gt 3JL. , 1954), accumulation of reducing sugars 
should favour formation of sucrose. As this is the 
major sugar responsible for sweetness in sweet pota
toes, the roots should therefore increase in sweetness 
with chronological age.

4.2 RELATIONSHIP BETWEEN ROOT WEIGHT AND 
COMPOSITION

4.2.1 TOTAL SOLIDS

Means of root composition for the various root 
weight categories are presented in Table 4.2. The 
superscripts denote weight categories with significant 
differences at a = 0.05% using Duncan's Multiple Range 
Test (DMRT). Means of total solids bearing different 
letters are significantly different from each other 
while those bearing similar letters are not signifi
cantly different at this level of significance.

According to Table 4.2, the dry matter increases

«■
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Table 4.2: Means of root composition for various root weigh

Group
Number

Range of 
Weights 
in group
( g )

Mean of 
Weights 
in group
( g )

Total
Solids

%
Specific
Gravity

Ascorbic
Acid,
mg/lOOg

1 10- 30 21.97 22.59a 1.0461a 31.72°
2 50- 90 70.39 24.25b 1.0497b 28.75a
3 120-150 133.41 25.4lc 1.0555° 30.33b
4 300-400 339.38 26.7 0d 1.0650d 28.79a
5 400-500 439.12 27.21d 1.0685d 32.45d

NB: Superscripts indicate significance of difference betwee
a = 0.05%, using DMRT
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with root weight apart from groups 4 and 5. That 
there were no significant differences in dry matter 
between root weight groups with means 339.38g and 
439.12g shows that there were no significant increases 
in dry matter content of roots falling within this 
range of weights. This is supportive of the findings 
in Section 4.1 where it was found out that dry matter 
rapidly increases with root weight until a point when 
further increases in root weight only results in 
minimal accumulation of dry matter.

Using a computer program, a logarithmic relation 
(Fig. 4.4) was obtained between total solids and 
average tuber weight as below:

Y = 17.818 + 1.537 log (X) ................  4.3,

where Y is % total solids and X is average root weight 
(g) and r = 0.998.

4.2.2 SPECIFIC GRAVITY

Significant differences (Table 4.2) were obtained 
at a = 0.05% for means of specific gravity for the 
various root weight categories. It can also be seen 
from Table 4.2 that the higher the root weight the 
higher the specific gravity upto the root weight mean 
of 339.38 g beyond which there was no further increase 
in specific gravity.

«•
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Figure 4.5 shows a linear relationship between 
specific gravity and weight of sweet potato roots. 
Using a computer program, an exponential equation was 
found to best describe this relationship as given 
below:

Y = 1.0459 e5*065 x 10 5 x .............  4.4,

where Y is the specific gravity, X is root weight (g), 
e = 2.714 and r = 0.975.

4.2.3 TOTAL AND SPECIFIC GRAVITY

The relationship between the specific gravity and 
dry matter is important because when it exists, the 
former affords a quick and reliable means of estimat
ing the latter.

Figure 4.6 shows the positive relationship be
tween specific gravity and dry matter content of sweet 
potato roots. Using a computer program the best 
equation that could describe this relationship was 
exponential as given below:

Y = 0.936e4,796 x 10 3x ............... 4.5,

«■
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where Y is specific gravity, X the corresponding dry 
matter content (%), e = 2.714 and r = 0.936.

This relationship allows for easy estimation of % 
solids of sweet potato roots on the basis of specific 
gravity especially for roots destined for processing 
where quality control with regard to root solids 
composition is important for raw material pricing and 
subsequent processing yields.

4.2.4 ASCORBIC ACID. REDUCING AND TOTAL SUGARS

Significant differences at a = 0.05% existed 
between means of ascorbic acid, reducing sugars and 
total sugars for the various sweet potato root weight 
groups as shown in Table 4.2. Groups bearing the same 
superscripts are not significantly different from each 
other while those bearing different superscripts are 
significantly different from each other using DMRT. 
No clear relationships were discernible between root 
weight and contents of ascorbic acid, reducing and 
total sugars. Only generalized decrease in ascorbic 
acid with increasing root weight and increases in 
sugar content with increasing root weight could be 
seen in Table 4.2.

From the above observations, sweet potato roots 
of different weight categories exhibit statistically

«•
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significant ( a = 0.05%) differences in root contents 
of total solids and specific gravity for average root 
weights upto about 340g beyond which there was no 
increase in total solids with root weight. Signifi
cant differences were also obtained for content of 
ascorbic acid, reducing and total sugars for the 
various weight categories.

4.3 COMPARISON OF ROOT COMPOSITION IN 3 SWEET POTATO 
CULTIVARS

The proximate and mineral compositions for 
three sweet potato cultivars (Nyeri, Nyakura and KSP 
20) are shown in Tables 4.3 and 4.4, respectively.

The Cv. Nyeri had the highest total solids 
(34.98%) followed by Nyakura (34.85%) and lastly KSP 
20 (23.32%) (Table 4.3). Nyeri also had the highest 
crude protein content (8.44%) but the least total 
carbohydrates (84.5%) crude fibre (2.41%) and crude 
fat (1.15%). The Cv. KSP 20 had the highest total ash 
content (3.66%) followed by Cf. Nyeri (3.50%) and 
lastly Cv. Nyakura (3.40%). Nyakura had the highest 
total carbohydrate content (88.59%) and crude fibre 
3.05%). This was evident from the fibrous nature of 
cut flesh of this cultivar. The cultivar also had the 
least crude protein content (3.37%). The recommended 
dietary allowances (RDAs) for various minerals have
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been compiled by the Food and Nutrition Board, USA 
(1974) for various age groups, physical states and 
sex. The table is reproduced in Appendix IV. Assum
ing minimal loss of calcium during processing of 
sweet potato roots, about 1.5 kg of the roots would be 
needed daily to supply the RDA for children, males 
from 19 years and females from 19 years who are nei
ther pregnant nor lactating. About the same quantity 
on the average for the three cultivars would be re
quired to satisfy the RDA for Iron and Magnesium for 
the entire age groups, sex and physiological states 
specified in Appendix IV, except for infants and 
children who may not be able to consume the whole 
bulk. All the three cultivars are also good sources 
of sodium and potassium. Zinc content, however, 
appears to be low.

Table 4.5 shows the specific gravity, reducing 
sugars and vitamin contents for the three cultivars 
after a growing period of 6 months. The specific 
gravity was highest in Cv. Nyeri which also had the 
highest total solids content (Table 4.2), and lowest 
in Cv. KSP 20 which had the lowest solids content. 
This confirms the earlier observation (section 4.2) 
that specific gravity and total solids are positively 
related.

In section 4.1.2, it was shown that reducing

«♦
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Table 4.3: Proximate Composition of Cvs. Nyeri,
KSP 20, and Nyakura, after 6 Months of 
Growth from planting

Cultivar KSP 20 Nyeri Nyakura

Solids, % 24.32 34.98 34.75
Crude protein, % DM 3.95 8.44 3.73
Crude fat, % DM 1.35 1.15 1.20
Crude fibre, % DM 2.65 2.40 3.05
Total ash, % DM 3.66 3.50 3.40
Total carbohydrates, % DM 88.39 84.51 88.95

«■
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Table 4.4: Mineral Composition of Cvs. Nyeri, KSP 
20 and Nyakura (mg/100 DM)

KSP 2 Nyeri Nyakura

Na 44 9 12.3
K 1400 1250 14.0
Mg 160 210 160
Fe 5.6 4.4 5.6
Zn 1.2 1.3 1.0
Ca 100 80 150

*
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Table 4.5: Specific Gravity, Reducing Sugars and
Vitamin Contents of Cvs. KSP 20, Nyeri 
and Nyakura after 6 Months of Growth

KSP 20 Nyeri Nyakura

Specific gravity 1.041 1.066 1.056
Reducing sugars, % DM 2.34 Trace Trace
Ascorbic acid, mg/lOOg Dm 84.17 74.18 44.12
/3-Carotene, /100g DM 109.99 14.29 57.00

«■
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sugars increased with harvest date of roots for Cv. 
KSP 20. Indeed, as shown in Table 4.5, it has in
creased to 2.35% after a growing period of 6 months. 
However, even after 6 months, there were no quantifia
ble amounts of reducing sugars in the roots of Cvs. 
Nyeri and Nyakura. The presence of reducing sugars 
(mainly glucose and fructose) in the storage roots of 
sweet potatoes may be attributed to similar processes 
as in the tubers of the white potato (S. tuberosum). 
According to Van Es and Hartmans (1981) , the presence 
of reducing sugars in the tubers of potatoes is due to 
their reformation from translocated sucrose, the 
transport sugar formed in the photosynthetic leaves, 
in the cytoplasm on the boundary of the membrane 
surrounding the incipient starch grain. The sucrose 
is split into glucose and fructose by the enzyme 
sucrose synthetase. The fructose is transformed into 
glucose inside the starch grain and is then polymer
ized to starch - the storage carbohydrate. Apart from 
the above process, reducing sugars in the roots of 
sweet potatoes may also be due to the breakdown of the 
starch polymer by the amylolytic enzymes notably a 
-amylase. The increase in reducing sugars in the 
roots of Cv. KSP 20 must be due to starch amylolysis, 
and the absence of reducing sugars in Cvs. Nyeri and 
Nyakura shows that these cultivars have negligible 
amylolytic activity. If the presence of reducing

♦
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sugars in sweet potato (Cv. KSP 20) roots was solely 
due to their reconversion from translocated sucrose, 
then, as shown by van Es and Hartmans (1981), the 
reducing sugar level of the roots would decrease 
progressively with chronological age. These authors 
showed that sucrose and reducing sugar levels decrease 
constantly with increasing maturity in white potato 
(S . tuberosum). In contrast, however, as there are 
significant levels of certain starch degrading enzymes 
in the roots of sweet potato (Deobald et al., 1969), 
there seems to be an opposing process in the formation 
of reducing sugars which, as it is, is responsible for 
their increase in Cv. KSP 20.

After 6 months' growing period, ascorbic acid and 
/3-carotene contents were highest in Cv. KSP 20. Nyeri 
also had appreciable amounts of ascorbic acid (74.18 
mg/lOOg) , but as expected from the whiteness of its 
root flesh, it had the least amount of provitamin A 
carotenoids (14.29 g/lOOg) compared to Cv. Nyakura 
(57 g/lOOg) or Cv. KSP 20 (109.0 g/lOOg). From 
Appendix IV, the RDA for vitamin C for most adults is 
about 45 mg per day, increasing to 60 mg and 80 mg in 
pregnant and lactating mothers, respectively. Accord
ing to Bradbury and Singh (1986a), the loss of vitamin 
C can be upto 65% on boiling if water is discarded and 
20% if water is retained. If losses pertaining to 
cooked roots (water discarded) is taken as a basis for
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estimating the approximate quantities of sweet potato 
roots that would provide sufficient RDA of vitamin C, 
then for Cv. KSP 20, about 120g would be required for 
most adults, about 12Og for pregnant mothers and about 
180g for lactating mothers. For Cv. Nyeri, most 
adults would need about 300g, 390g for pregnant moth
ers and 570g for lactating mothers. In the case of 
Cv. Nyakura, the requisite quantities for the various 
dietary groups would be about twice as much as for Cv. 
KSP 20. It is known (Appendix IV) that, the RDA for 
vitamin A is generally 800 retinol equivalents (RE) 
for adult females, 1000 RE for adult males and preg
nant women, and 1200 RE for lactating mothers. But 1 
RE is equivalent to 6 ng /J-carotene. This means that 
adult females would require about 20 kg, adult males 
and pregnant women about 24 kg, and lactating mothers 
about 28 kg of Cv. KSP 20 to satisfy the RDA require
ments of vitamin A. The figures are even larger for 
Cv. Nyakura or Cv. Nyeri. These are enormous quanti
ties that may not be practicable in reality and these 
cultivars cannot be said to be good sources of vitamin 
A.

4.4 COOKING CHARACTERISTICS FOR Cvs■ KSP 20.
NYERI AND NYAKURA

A computer program was used to obtain regression 
outputs of sensory score on cooking time as shown in
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Table 4.6. On the basis of the regression constants 
and the coefficients for cooking time in Table 4.6, 
three linear eguations were constructed for the re
spective cultivars as follows:-

Rx = 0.257t + 1.029   4.6

R2 = 0.207t + 1.293 -------------------  4.7

R3 = 0.196t + 1.330   4.8

where R^, R2 and R3 are the sensory scores for Cvs. 
KSP 20, Nyakura and Nyeri, respectively and t is the 
cooking time in minutes at 94°C.

According to the category scale in Appendix III, 
the sensory score of 5 corresponds to an optimally 
cooked sample. When this value is substituted in 
equations 4.6, 4.7 and 4.8 above, values of 15.5, 18 
and 18.7 minutes are obtained as the optimal cooking 
times for Cvs. KSP 20, Nyakura and Nyeri, respective
ly. Nyeri which had the highest total solids content 
(Table 4.3) also had the longest cooking time while 
KSP 20 which had the least total solids also had the 
shortest optimal cooking time. Optimal cooking time 
for all the cultivars in boiling water at 94°C is 
therefore dependent on their dry matter content. This 
dependence of cooking time on dry matter can be ex
plained in terms of certain thermal properties of 
foodstuffs.

♦
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Table 4.6: Regression outputs for Sensory Scores on Cooking
Cvs. KSP 20, Nyakura and Nyeri

Cultivar Regression
constant

Std. Error 
of R 
estimate

Regression
coefficient

t
coefficien

KSP 20 1.02857 0.333 0.980 0.257
Nyakura 1.29286 0.327 0.971 0.207
Nyeri 1.33000 0.314 0.970 0.196

t = Cooking time, Minutes
R = Average sensory score for degree of cookedness

♦
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Table 4.7 shows some pertinent physical properties 
and thermal data calculated for the three sweet potato 
cultivars.

It can be seen that Cv. KSP 20 which had the 
highest thermal conductivity (0.4794 J m-1 S_1,C-1) 
also had the least optimal cooking time (15.5 
minutes), while Nyeri which had the least thermal 
conductivity also had the longest optimal cooking 
time. Thermal conductivity is inversely related to 
total solids and specific weight, but the higher the 
thermal conductivity the lesser the resistance to heat 
transfer and hence the shorter the cooking time. 
According to Table 4.7, Cv. KSP 20 which had the 
lowest thermal diffusivity (1.364 x 10-4 m2 S-1) also 
had the shortest cooking time (15.5 minutes). The 
values for the thermal diffusivities for Cvs. Nyeri 
and Nyakura are comparable as are their respective 
optimal cooking times. The thermal diffusivities for 
the three cultivars seem to be directly related to the 
puncture force (yield point force) of raw samples. 
Nyakura which had the highest thermal diffusivity also 
had the highest puncture force, while KSP 20 which had 
lowest thermal diffusivity also had the least puncture 
force. It should be noted that the optimal cooking 
time was determined subjectively as the time required 
for sufficient cookedness as perceived in the mouth by 
the panelists while the yield point force (which is

♦
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Table 4.7: Physical and Thermal Properties of Sweet Potato Cultivars

Cultivar X Moisture X Solids Thermal 
Conducti
vity, K

Spec i f i c 
Heat
(Jm'V 1
° c ' 1>

Specific 
Weight 
(Kg M'3)

Thermal 
Di ffusi- 
vity 
D(M2S'1)

Opt i ma l 
Cook i ng 
T ime, 
Mins

Yield Point 
At T * 0 Mins

KSP 20 75.68 24.32 0.4794 3.3753 1.041 1.364x10‘4 15.5 0.13

Nyakura 65.25 34.75 0.4493 3.0259 1.056 1.406x10‘4 18.0 0.21

Myeri 65.02 34.98 0.4485 3.0181 1.066 1.394x10‘4 18.9 0.16

*
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necessarily a measure of raw firmness of the dices) 
was gauged objectively by instrumental means. Firmer 
roots do not necessarily require a longer cooking time 
and other root constituents may play a major role in 
the rate of thermal penetration of the dices.

Two techniques of objective textural evaluation 
were applied to gauge the extent of cookedness of 
sweet potato dices. The techniques used were back- 
extrusion and puncture tests. Figures 4.7 and 4.8 
show the puncture force and back-extrusion force, 
respectively of sweet potato dices cooked for various 
time intervals in boiling water at 94"C. The puncture 
force decreased with cooking time upto about 14 
minutes for Cv. KSP 20 and about 16 minutes for both 
Cvs. Nyeri and Nyakura. Any further supply of heat 
was unnecessary after these times as the rigidity as 
well as the strength of the dices did not change any 
more. Similarly, back-extrusion force decreased with 
cooking time upto about 15 minutes for Cv. KSP 20, and 
about 18 minutes for Cvs. Nyeri and Nyakura, beyond 
which the force necessary to accomplish extrusion did 
not increase any further with added cooking time. The 
optimal cooking times as gauged by sensory evaluation 
for all the cultivars were similar to the respective 
times when there were no further decreases in back- 
extrusion force. Cooking times as gauged by puncture 
technique were lower than the corresponding optimal

i«■
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cooking times as determined by sensory evaluation. 
This means that back-extrusion technique as an objec
tive method relates better to sensory values and can 
therefore be said to be a better method than puncture 
test in determining optimal cooking time and textural 
evaluation of cooked sweet potato roots.

4.5 SWEET POTATO STORAGE
4.5.1 SUITABILITY OF CULTIVARS FOR STORAGE

Among the three sweet potato cultivars investi
gated in this study, Nyakura typifies a long irregular 
root shape with surface constrictions which are very 
dispersely set in the soil (Plate 1). These elongat
ed, deeply growing, fructurable root characteristics 
made this cultivar susceptible to extensive damage and 
cuttings during harvesting. The Cv. Nyeri displayed 
long-elliptic root shape with grooves and constric
tions on the surface which are dispersely formed in 
the soil (Plate 2). The roots were also deeply formed 
into the soil making their harvesting difficult and 
mechanical damage inevitable. The Cv. KSP 20 dis
played various gradations of root shape characteris
tics ranging from round, elliptic, obvate and oblong. 
The skin surface of the roots were comparatively 
devoid of defects while the roots were formed in a 
clustered fashion (Plate 3). Harvesting for this 
cultivar was easy and minimal damage was imparted to 
roots except when the soil was dry and made surface

♦
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Plate l: Cultivar Nyakura

NB: Notice the irregularly elongated nature of the
roots; they are deeply permeating in the soil 
rendering them susceptible to extensive mechanical 
injury during harvesting.
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Plate 2: Cultivar Nyeri

NB: The roots are typical of long elliptic shapes
with grooves and constrictions on the surface.

injury isMechanical evident
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Plate 3: Cultivar KSP 20

NB: These roots were formed in
near the surface of the soi 
removable. There is minimal 
on the surface of

a clustered fashi^n
and were easily

mechanical injury
the roots

♦
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bruising inevitable.
On the basis of degree of mechanical damage 

imparted to the roots at harvest, the cultivar KSP 20 
was selected for storage studies. In addition, this 
cultivar was the highest yielding of the three and 
could therefore provide sufficient roots for storage 
experimentation. Of no lesser significance was the 
fact that ascorbic acid and ^-carotene which were used 
as guality indicators in stored roots occurred in 
superior quantities in this cultivar.

4.5.2 DRY MATTER AND CARBOHYDRATE CHANGES IN STORED 
ROOTS

After 4 weeks of storage, there was an enormous 
accumulation of reducing, non-reducing and total 
sugars in the roots under all the storage conditions 
(Table 4.8). Roots stored in saw-dust however exhib
ited maximum content of reducing and total sugars. 
Roots stored in soil had least total and reducing 
sugars. Sprouting was most marked in roots stored in 
saw-dust after 4 weeks storage. During sprouting 
there is enzymatic breakdown of reserve carbohydrates 
in the roots to nourish the emanating shoots. This 
process might account for the high rise in reducing 
and total sugars in these roots. The important stor
age carbohydrate in sweet potato roots is starch? this

♦



139

Table 4.8: Changes in Total Solids and Sugars in
Stored Sweet Potato Roots

X Solids X Total
sugars
(0MB)

X Reducing
sugars
(DMB)

X Non
reducing 
sugars 
(0HB)

X Sprouted 
Roots

0 Weeks

24.68 1.35 0.57 0.78 0

4 Weeks

15°C 25.88 22.10 7.57 14.53 0

20°C 25.61 22.53 6.99 15.54 7.0

Soi l 25.96 21.84 6.51 15.33 5.0

Saw-dust 24.60 32.05 8.09 14.96 12.10

Ambient 25.85 19.14 6.69 12.45 10.0

12 Weeks

15“ 26.68 14.99 7.46 7.53 0

20°C 26.52 11.43 6.41 5.02 53.30

Soi l 27.88 14.17 5.92 8.25 45.0

Saw-dust 25.66 12.63 6.78 5.85 55.56

Ambient 30.42 17.39 5.85 11.54 56.25
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undergoes hydrolytic degradation by a-amylase when 
roots are in storage resulting in an increase in 
reducing and non-reducing sugars (Walter et. al. . 
1975).

The dry matter content was also least in roots 
stored in saw-dust after 4 weeks storage indicating 
that some dry matter constituents for example minerals 
and sugars were used in nourishing the sprouts. 
Sprouting could therefore have a depletive effect on 
the nutritional composition of the stored roots and 
should be minimized by the application of sprout 
suppressants.

After 12 weeks storage, total sugars decreased 
generally for all the storage conditions while dry 
matter continued to increase in all cases. Non
reducing sugars also decreased after this storage 
duration in all the storage conditions. Maximum dry 
matter increase occurred in roots stored at ambient 
temperatures indicating maximum moisture loss under 
these fluctuating conditions. Although dry matter had 
been used up during sprouting, roots stored in saw
dust registered a net dry matter increase indicating 
that the rate of dry matter increase due to moisture 
loss was greater than dry matter utilization by grow
ing sprouts. Even after 12 weeks storage, roots 
stored at 15°C did not show any sprouting, but reduc
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ing sugar accumulation was now highest in these roots.
During sweet potato storage, starch conversion

into sugars has been reported to be rapid at first,
especially during curing and to gradually slow down to
an equilibrium during subsequent storage duration.
This has been attributed to a reformation of starch
from sucrose (non-reducing sugars) involving two
sequential enzyme systems - sucrose synthase and
starch synthase, respectively (Picha, 1986a). The
decrease in total reducing and non-reducing sugars in
stored roots of Cv. KSP 20 may be due to this cyclic
enzymatic process. Sugar accumulation in stored roots
may lead to unpleasant sweet taste especially in
boiled roots and a dark colouration especially in
fried processed products (Woolfe, 1987). However, ir

x abaked potatoes, sugar accumulation is desirable
xffer-

developing flavour (Hamann, et al.■ 1980).
-here were

Due to excessive moisture loss, root«~
roperties of

ambient temperature were characterir
-ions using back-

shriveling and internal breakdown.
were no significant

of overall root appearance in ô
various storage condi-

were generally better eve'
technique. The differences

period.
» force using DMRT for the var- 

.cions after 12 weeks are shown in 
. means bearing the same letters are not 

xy different from each other at a = 0.05%, 
.ey are significantly different from those
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4.5.3 CHANGES IN TEXTURAL PROPERTIES Q£ STORED 
BOOTS

Changes in textural properties were quanti
fied by instrumental techniques in roots of Cv. KSP 20 
cooked in boiling water at 94°C for about 15 minutes 
(Section 4.4). The means for five values of instru
mental forces (textural indices) are shown in Table 
4.9.

Textural properties as indicated by puncture and 
back-extrusion forces of roots stored under various 
conditions for a duration of 4 weeks revealed no 
significant differences at a = 0.05%. Textural 
properties as indicated by puncture and back-extrusion 
forces of roots stored under various conditions for a 
duration of 4 weeks revealed no significant differ
ences. However, after 12 weeks of storage, there were 
significant differences in textural properties of 
roots for the various storage conditions using back- 
extrusion technique while there were no significant 
differences observed for the various storage condi
tions using puncture test technique. The differences 
in mean back-extrusion force using DMRT for the var
ious storage conditions after 12 weeks are shown in 
Table 4.9. The means bearing the same letters are not 
significantly different from each other at a = 0.05%, 
while they are significantly different from those

♦
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Table 4.9: Changes in Textural 
Stored Sweet Potato

Properties of 
Roots

Average Back-extrusion 
force, KN

Average Yield point 
force, KN

0 Weeks
0.58 0.0185
1 Weeks

15 * C 0.68 0.0175
2 0 ° C 0.61 0.0189
Soil 0.81 0.0181
Saw-dust 0.72 0.0155
Ambient 0.74 0.0200

12 Weeks
15' C 1.300c 0.0224ns

fSJ O o o 1.047b 0.0161ns
Soil 0.658a 0.0084ns
Saw-dust 0.682a 0.0126ns
Ambient 0.582a 0.0153ns

Key: a = 0.05%; DMRT;
ns = not significantly different
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bearing different letters; thus roots stored at ambi
ent, in soil and in saw-dust did not register signifi
cant differences in textural properties as gauged by 
back-extrusion force. Textural properties of roots 
stored at 15°C and at 20°C were significantly differ
ent from each other and also from those stored at 
ambient, in soil and in saw-dust. Maximum average 
back-extrusion force was recorded at 15°C and minimum 
at ambient temperature. Decrease in textural force 
should be due to hydrolytic changes in carbohydrate 
constituents such as starch, pectic substances and 
hemi-celluloses (Picha, 1986a; Walter et al., 1975).

Table 4.9 shows a general increase in back- 
extrusion for all the five different storage condi
tions after 4 weeks storage when compared to the 
original instrumental force at the beginning of stor
age. This increase in back-extrusion force was sus
tained in roots stored at 15 and 20°C, while there was 
a general decrease in instrumental force for roots 
stored in soil, saw-dust and at ambient conditions, 
stabilizing after 12 weeks' storage at about the 
original value. The changes in back-extrusion force 
for roots stored in soil, saw-dust and at ambient tend 
to follow the same pattern as the corresponding 
changes in non-reducing sugar content (Table 4.9). 
Non-reducing sugar in sweet potato roots is essen
tially composed of sucrose. As has been discussed
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elsewhere in the present study, sucrose level at first 
increases when sweet potato roots are stored but 
eventually starts to decrease due to its use in starch 
resynthesis later on in storage (Picha, 1986a). This 
shows that the changes in textural properties of roots 
stored at ambient, in soil and in saw-dust are occa
sioned by the corresponding enzymatic modification of 
carbohydrate constituents notably starch.

The increase in back-extrusion force of roots 
stored at 15 and 20°C can be explained in terms of 
certain physiological disorders. At 15°C, the roots 
developed black surface pittings indicative of chill
ing injury. This led to hardcore formation in cooked 
roots and eventually the enormous increase in back- 
extrusion force. Roots stored at 20"C were shriveled 
on the surface and had indications of internal break
down. This may account for the apparent anomalous 
increase in textural force. Therefore, apart from the 
enzymatic modifications of structural constituents in 
sweet potato roots in storage, certain temperature 
dependent physiological disorders such as chilling 
injury and internal breakdown are determinant on the 
resultant textural properties of the cooked roots.

From the above observations, it can be said that 
back-extrusion is a better method of determining 
changes in textural properties of stored roots than
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puncture test. Also changes in textural properties 
can be attributed to the corresponding enzymatic 
modifications on carbohydrate constituents, especially 
starch and development of physiological disorders in 
the stored roots. Among the five different storage 
conditions, storage in soil and in saw-dust seem to be 
the most viable with respect to extent of textural 
alteration and modification of structural constituents 
as well as the general root appearance for the storage 
period investigated in the present study.

4.5.4 CHANGES IN COMPOSITION 0£ ROOTS STORED M;
VARIOUS TEMPERATURES

Table 4.10 shows the composition of fresh roots 
and roots stored for various periods upto 10 weeks 
without curing at various temperatures chosen arbi
trarily.

Roots stored at 5°C and 10°C could be stored only 
for a maximum period of three weeks when most roots 
had shown manifest chilling injury, extensive mould 
development and loss of integrity of root tissue. At 
15 * C , there was a remarkable contrast in that the 
roots were still preserved after 3 weeks with no 
indication of spoilage. However, at 2 0 ^  some roots 
had started sprouting although tuber flesh and skin 
were still presentable. Sprouting was more pronounced 
at 25°C and 29°C. Also, at 29°C the roots presented a
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Table A.10: Changes in Root Composition During Storage at Various
Temperatures (Cv. KSP 20)

Temp. Time 
°C Weeks

X Sol ids Vitamin C 
(mg/IOOg) 
DHB

B-Carotene
(ig/100g)
DHB

Reduc i ng 
Sugars, X

5 0 21.A10 18A.3A 25.56 0.98

1 20.920 155.96 26.15 3.15

2 20.060 118.30 27.25 3.79

3 20.0A0 105.92 28.75 7.80

10 0 21.A10 18A.3A 25.56 0.98

1 20.920 109.05 2A.72 3.29

2 20.970 97.62 23.75 A.15

3 21.710 95.12 2 A. 60 A.79

15 0 21.A10 18A.3A 25.56 0.98

1 22.08 13A.33 33.75 A.AA

2 22.81 11A.32 30.00 8.51

3 21.96 129.1A 23.75 10.06

A 20.7A 116.01 23.50 12.30

5 20.99 9A.57 16.25 12.10

10 23.2A 53.96 7.50 9.29

20 0 21.A1 18A.3A 25.56 0.98

1 22.59 170.7A 21.3A 8.50

2 21.20 6A.3A 20.00 11.18

3 22.A1 52.88 20.00 9.59

A 19.73 72.33 19.00 12.82

5 22.10 69.28 22.50 9.82

10 22.87 A6.00 8.75 8.7A
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Temp.
°C

Time
Weeks

X Solids Vitamin C 
(mg/100g) 
OHB

B-Carotene
Ug/100g)
DMB

Reducing 
Sugars, X

29 0 21.41 184.34 25.56 0.98

1 22.84 94.97 24.73 7.36

2 24.61 82.37 28.75 6.71

3 26.83 52.89 25.00 5.26

4 25.48 47.73 23.00 5.34
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shriveled appearance. Sprouting started as early as 
after only 2 weeks in storage at this temperature. 
There were also evident manifestations of internal 
breakdown and loss of tuber firmness.

Earlier in the storage period, there was a gener
al increase in total solids which was more marked the 
higher the storage temperature. The reducing sugar 
content remained appreciably low at 5, 10 and 15*C, 
although it increased generally as compared to the 
fresh roots (Table 4.10). At 20, 29°C and ambient 
temperature, the increase in reducing sugars was more 
marked. This sudden change from 15 to 20°C means that 
the critical temperature for sweet potato storage (Cv. 
KSP 20) lies near 15“C. This fact can also be appre
ciated from the relative length of time that roots 
were storable at this temperature (10 weeks). Subse
quently, as the storage period progressed, the reduc
ing sugar content decreased for all the storage tem
peratures indicating that they were used up in respi
ratory and other physiological processes occurring in 
the roots.

The degradation of ascorbic acid was higher the 
higher the storage temperature with the highest rate 
of loss occurring under the fluctuating ambient tem
perature conditions.

From the data of Table 4.10, a computer program
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was used to investigate the best mathematical rela
tionship between vitamin C content of sweet potato 
roots (Cv. KSP 20) with storage time at the various 
temperatures. It was necessary to exclude errant data 
points in order to facilitate meaningful interpreta
tion. Except for the data obtained for roots stored 
at 10’C, the degradation of vitamin C with time at 
various storage temperatures could be best described 
by first order relationship. Predicted values of 
initial vitamin C content using the various equations, 
the reaction rate constants at the various storage 
temperatures and the regression coefficients are given 
in Table 4.11. First order equations for vitamin C 
degradation at the various storage temperatures could
be constructed as follows:

at 50 C, C = 184.26 e-0‘194t ------- 4.9
at 15 ° C C = 165.87 e“° •108t  4.10
at 20°C C = 128.88 e“°-124t  4.11
at 29 ° C C = 157.69 e_0‘329t  4.12

It is clear from Table 4.11 that the rate con
stant, K varies positively with the storage tempera
ture T. Using the data of Table 4.11, a computer 
program was used and an exponential equation of the 
Arrhenius type obtained between the rate constant and 
storage temperature. The values of the frequency 
factor and the coefficient, Ea/R were calculated from
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Table 4.11: Rate Constants and Predicted Initial Vitamin C Content
for First Order Degradation Kinetics at Various Storage 
Temperatures

Storage 
Temp. T 
(K)

1/T
<K'1>

Predicted 
initial 
vitamin C 
content Ĉ  
(mg/100g Dm)

Rate Constant, 
K (Week'1)

In K Regression-
Coefficient

278 3.597x10'3 184.26 0.194 1.639 0.976

288 3.472x10'3 165.87 0.108 2.226 0.957

293 3.413x10’3 128.88 0.124 2.087 0.540

302 3.311x103 157.69 0.329 1.112 0.930
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the equation as 4.30 x 109 per week and 7056.17, 
respectively. Since R = 8.314 JK-1 mole-1, the acti
vation energy Ea was obtained as 5.87 x 104 J mole-1.

Thus, the oxidative degradation of vitamin C in 
sweet potato roots stored at various temperatures is a 
first order reaction characterised by a definite 
frequency factor and activation energy. Using these 
kinetic parameters, the extent of vitamin C loss in 
storage can be predicted using appropriate equations 
as discussed in detail by Charm (1971).

The /3-carotene content in stored roots showed 
erratic trends over the storage period at various 
temperatures, although there was a general decrease. 
It seems that /3-carotene synthesis occurs in the 
earlier part of storage as shown by increases during 
this period. However, when storage is prolonged, 
there is a net degradation, especially at higher 
temperatures.

Even though synthesis of /3-carotene is implied in 
storage which tends to offset the loss due to degrada
tion, the author attempted to investigate the kinetic 
parameters for the net loss in this vitamin using the 
data in Table 4.11. As shown above for vitamin C, a 
computer program was used to find the relationship 
between change in /3-carotene with storage time and to 
verify whether this relationship conforms to the
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general first order equation. This method was pre
ferred to the manual plot of the logarithm of residual 
vitamin content against time of storage. Except for 
the data at 10 °C, the rest of the storage temperatures 
showed that the changes in 0-carotene content with 
time could best be described by an exponential 
relationship of the form C = c0 e”kt. This is the 
first order reaction relationship and the degradation 
equations at the various temperatures are presented
b e 1o w :

-2
at 5°C, C = 25.36 e-3,94x10 t ----------4.13
at 150 C C = 35.06 e-0‘14t  4.14

-2
at 20 ' C C = 26.28 e-9.45x10 t -------- 4.15

at 29 0 C C = 26.38 e“2x10 ^  4.16
The relationship had appreciably high correlation 

coefficients, of 0.97, 0.89 and 0.80 for 5, 15 and 
20"C respectively, except for 29°C which had r = 0.15. 
It can be seen that values of the reaction constants, 
K (coefficients of t in the equations) do not follow a 
distinct pattern with storage temperature and the 
dependence of K on temperature could not be conclu
sively said to obey Arrhenius relationship. This 
could be attributed to sampling problems and experi
mental errors. Alternatively, there could be changes 
in the kinetic order of 0-carotene loss at different 
storage temperatures.
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5. CONCLUSIONS AND RECOMMENDATIONS

This study has concerned itself with the perti
nent physical and chemical changes in sweet potato 
roots with growing period and various traditional and 
conventional storage conditions. In addition, nutri
tional constitution and cooking characteristics are 
considered in three selected cultivars. The following 
conclusions have therefore been deduced and appropri
ate recommendations made where necessary.

Increases in weight, specific gravity and dry 
matter content in sweet potato (Cv. KSP 20) roots with 
chronological age could be described by mathematical 
relationships. Weight and specific gravity exhibited 
an exponential fashion of increase while the increase 
in dry matter was logarithmic. Maximum dry matter 
accumulation occured in 160 days after planting. This 
was also the time of onset of foliage senescence. 
This time was recommended as the best for bulk har
vesting for storage or processing as the high dry 
matter would ensure maximum processing yields. Spe
cific gravity and dry matter were found to be posi
tively correlated and this relationship was describa- 
ble by an exponential equation.

Reducing sugar and total sugar both increased 
with chronological age of roots but there was a pro-
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gressive decrease in ascorbic acid content. Total 
carotenoids also increased with harvest date. There 
exist significant differences in composition with 
regard to root sizes and sampling for analysis of root 
composition embraced all roots of possible sizes in 
the batch to obtain representative results.

The cultivar Nyeri had maximum total solids and 
specific gravity followed by Cv. Nyakura and lastly 
Cv. KSP 20. Nyeri also had almost twice as much crude 
protein as Cvs. Nyakura or KSP 20. Total carbohy
drates were comparatively higher in Cvs. Nyakura and 
KSP 20 but least in Cv. Nyeri. All varieties were 
found to be good sources of sodium, potassium and 
magnesium. Vitamin C occurs in good guantities in all 
the cultivars sufficient for all dietary groups except 
children. These cultivars were however not good 
sources of provitamin A carotenoids.

The cultivar KSP 20 had least cooking time fol
lowed by Nyakura and lastly Nyeri. It was concluded 
that the higher the dry matter content, the longer the 
cooking time. Cooking time could also be explained in 
terms of certain derived thermal properties of sweet 
potato roots. Thus, the higher the thermal conductiv
ity the lower the cooking time. Optimal cooking times 
as gauged by sensory evaluation were also the times 
when there were no further decrease in back-extrusion

♦
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force and not puncture force. It was therefore con
cluded that back-extrusion as an objective method for 
measuring textural properties of cooked sweet potato 
roots was better than puncture test technique.

Sweet potato (Cv. KSP 20) roots stored in 
soil or saw-dust were just as good and could store for 
just as long as at the conventional 15°C, save for 
sprouting. It is recommended that if suitable sprout 
suppresants are used, then these traditional storage 
practices would prove cheap and viable storage alter
natives especially for small scale farmers.

Alterations in textural properties of sweet 
potato roots under various storage conditions were 
objectively quantifiable by back-extrusion technique, 
especially after 12 weeks storage. Changes in textur
al properties of roots stored at ambient, in soil and 
in saw-dust were due to corresponding enzymatic modi
fications of root carbohydrate constituents especially 
starch. Development of physiological disorders was 
the over-riding factor for textural changes in roots 
stored at the fluctuating temperatures of 15 and 20“C.

For roots stored without curing at various tem
peratures, manifest chilling injury occured after only 
3 weeks at 10'C and below. Sprouting and internal 
breakdown were also observed at 20°C and above. It 
was therefore concluded that the critical temperature
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for Cv. KSP 20 lies in the neighbourhood of 15*C. 
Increases in total solids and reducing sugars occur 
Kith storage time, being higher the higher the storage 
temperature. Degradation of vitamin C was also accel
erated at higher temperatures. This rate of degrada
tion was described by first order reaction kinetics 
Kith a frequency factor and an activation energy, 
similarly, the net degradation of /9-carotene in stor
age could be described by first order reaction kinet
ics .
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Potatoes

NAME OF PANELIST ...................................

NAME OF SAMPLE .....................  DATE ........

You are provided with 2 replicates of 3 varieties 
of sweet potatoes cooked at the same temperature for 
different times. Your task is to determine the degree 
of cookedness for each variety. Break a piece of each 
replicate and chew it in your mouth. Evaluate accord
ing to your chewing response how well the sample was 
cooked then use the scale provided below to record 
your response.

Write your response in the spaces provided for 
each replicate and cooking time. Rinse your mouth 
between tests (if necessary) and repeat the procedure 
for the other replicates recording your response each 
time in the same way.

Samples/Varieties L P Q

Appendix III: Sensory Evaluation of Cooked Sweet

Replicats/Dices 1 2 3 4 1 2 3 4  1 2 3 4

Cooking Time 
(Minutes) 5

10

15

20

25
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SCALE:

1 : Extremely raw

2 : Very slightly cooked

3 : Slightly cooked

4 : Nearly cooked

5 : Sufficiently cooked

6 : Very slightly overcooked

7 : Slightly overcooked

8 : Overcooked

9 : Extremely overcooked
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Appendix IV: RDA for Soae Minerals and Vitaains

Age I 
Yr*

Energy
(kcal)

Protein
(g>

Vitaain A
Activity
(RE)

Ascorbic
Acid
(■0)

Calciiai
(-0 )

Iron
(■0)

Magnesiia
(ag)

Zinc
(■B)

Infants 0.0-0.5 kgx117 kgx2.2 420 35 360 10 60 3

0.5-1.0 kgx108 kbx2.0 400 35 540 15 70 5

Children 1-3 1300 23 400 40 800 15 150 10

4-6 1800 30 500 40 800 10 200 10

7-10 2400 36 700 40 800 10 250 10

Males 11-14 2800 44 1000 45 1200 18 350 15

15-18 3000 54 1000 45 1200 18 400 15

19-22 3000 54 1000 45 800 10 350 15

23 50 2700 56 1000 45 800 10 350 15

51* 2400 56 1000 45 800 10 350 15

Feaales 11-14 2400 44 800 45 1200 18 300 15

15-18 2100 48 800 45 1200 18 300 15

19-22 2100 46 800 45 800 18 300 15

23-50 2000 46 800 45 800 18 300 15

51* 1800 46 800 45 800 10 300 15

Pregnant ♦300 ♦30 1000 60 1200 18 450 20

Lactating ♦500 ♦20 1200 80 1200 18 450 25

Source: Food and Nutrition Board, National Academy of Sciences, li.S.A (1974).ojon.Is2
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Appendix V:

7 Long-Oblong

Source: Ojijo

Storage Root Shape

S O b o v m  6 Oblong

(1990)



Appendix VI: Storage Root Surface Defect

Source: Ojijo (1990)
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Appendix VII: Storage Root Formation

Ojijo (1990)

■

.

♦



193

Appendix VIIIx Ambient Temperature Fluctuations

Wet Bulb Dry Bulb

K E M Ej

1. 17.9 18.5 18.7 19. 10
2. 18.0 19.3 18.7 20.20
3. 18.0 19.9 18.7 21.00
4. 18.1 19.3 18.9 20.30
5. 17.9 19.9 18.8 21.40
6. 18.9 20.0 20.1 21.20
7. 17.8 19.7 18.5 21.10
8. 19.5 20.9 20.5 22.40
9. 18.7 20.9 19.5 22.00

10. 18.9 21.0 19.7 22.20
11. 19.2 21.3 19.8 22.50
12. 18.6 20.2 19.5 22.00
13. 19.9 20.7 21.0 22.00
14. 18.7 20.5 19.5 22.00
15. 18.7 21.0 19.5 22.50
16. 18.4 20.5 19.2 22.20
17. 18.9 20.4 19.9 21.70
18. 20.2 20.5 21.8 22.00
19. 19.3 20.8 20.0 22.20
20. 19.5 20.4 20.2 22.00
21. 19.0 19.80 19.9 21.00

UHIVERSIT* o rN M »0 *
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Appendix VIII Cont'd

Wet Bulb Dry Bulb

M E M E

22. 20.25 21.15 21.25 22..25
23. 18.90 21.0 19.90 22..10
24. 18.70 20.00 19.40 21..20
25. 18.70 19.90 19.40 20..70
26. 17.70 18.80 18.50 19..60
27. 16.90 19.50 17.70 20,.50
28. 18.10 19.30 18.80 20,.10
29. 17.10 17.70 17.80 18..40
30. 15.80 19.80 16.60 21,.20
31. 18.00 20.00 18.90 21,.40
32. 19.80 19.80 20.80 21,.00
33. 17.80 19.60 18.60 20..30
34. 17.20 18.40 17.90 19,.20
35. 16.60 18.80 17.10 19,.50

MB: N - Horning
E - Evening


