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The overall objective of this chapter is to review the past, present, and future

role of the sweet potato (Ipomoea batatas [L.] Lam) in human nutrition.

Specifically, the chapter describes the role of the sweet potato in human diets;

outlines the biochemical and nutritional composition of the sweet potato with

emphasis on its b-carotene and anthocyanin contents; highlights sweet potato

utilization, and its potential as value-added products in human food systems;

and demonstrates the potential of the sweet potato in the African context.

Early records have indicated that the sweet potato is a staple food source

for many indigenous populations in Central and South Americas, Ryukyu

Island, Africa, the Caribbean, the Maori people, Hawaiians, and Papua New

Guineans. Protein contents of sweet potato leaves and roots range from 4.0%

to 27.0% and 1.0% to 9.0%, respectively. The sweet potato could be consid-

ered as an excellent novel source of natural health-promoting compounds,

such as b-carotene and anthocyanins, for the functional food market.
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Also, the high concentration of anthocyanin and b-carotene in sweet potato,

combined with the high stability of the color extract make it a promising and

healthier alternative to synthetic coloring agents in food systems. Starch and

flour processing from sweet potato can create new economic and employment

activities for farmers and rural households, and can add nutritional value to

food systems. Repositioning sweet potato production and its potential for

value-added products will contribute substantially to utilizing its benefits and

many uses in human food systems. Multidisciplinary, integrated research

and development activities aimed at improving production, storage, posthar-

vest and processing technologies, and quality of the sweet potato and its

potential value-added products are critical issues, which should be addressed

globally.
I. INTRODUCTION

Currently, in some developed countries, overnutrition rather than under-

nutrition presents a major public health challenge. However, from a global

perspective, undernutrition, food insecurity issues, droughts, and limited agri-

cultural technologies are major problems. In developing countries, many farm-

ers are highly dependent on root and tuber crops, as contributing, if not

principal, sources of food, nutrition, and cash income (Scott et al., 2000).

From this standpoint, there is need to critically reevaluate versatile, locally

available, hardy root and tuber crops with wide ecological adaptability for

their usefulness in human nutrition. The sweet potato (Ipomoea batatas [L.]

Lam) is one such crop because it is high yielding and drought tolerant, with

wide adaptability to various climates and farming systems (Diop, 1998; Jiang

et al., 2004). Furthermore, a single sweet potato plantmay produce 40–50 roots

ranging in length from a few to 30 cm, and weighing between 100 and 1000 g,

and the roots, leaves, and shoots are all edible (CIAD et al., 1996). It has been

emphasized that the sweet potato roots and leaves (greens or tips) can support

more people per unit hectare than any other food (Woolfe, 1992). The leaves of

the sweet potato are dark green and are expected to have nutritive values

comparable to common dark green leafy vegetables (Ishida et al., 2000).

Regular consumption (100 g or half-cup daily) of yellow- or orange-fleshed

sweet potato roots having about 3 mg/100 g b-carotene on a fresh weight basis

provide the recommended daily amount of vitamin A for children less than

5 years old (Tsou and Hong, 1992). Jalal et al. (1998) reported that incorpora-

tion of orange-fleshed sweet potato into meals eaten by 3- to 6-year olds

improved vitamin A status. Weight for weight, some orange-fleshed sweet

potato cultivars (cv.) contains 20–30 times more b-carotene than Golden Rice
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(Ye et al., 2000). Also, sweet potato is a typical food security crop because it can

be harvested little by little over several months. It is because of these unique

features and nutritional value of the sweet potato that theNationalAeronautics

and Space Administration (NASA) has selected it as a candidate crop to be

grown and incorporated into the menus for astronauts on space missions. The

sweet potato has immense potential and has a major role to play in human

nutrition, food security, and poverty alleviation in developing countries.

Sweet potato is a creeping dicotyledonus plant with the following scientific

classification (Kingdom: Plantae; Division: Magnoliophyta; Class: Magno-

liopsida; Order: Solanales; Family: Convolvulaceae; Genus: Ipomoea, and

Species: batatas). The sweet potato, its leaves and roots are shown in Figure 1.

Common names for the root include: sweet potato (English); batata, boniato,

camote (Spanish); kumar (Peru); kumara (Polynesian); and cilera abana,

‘‘protector of the children’’ (eastern Africa); kara-imo, ‘‘Chinese potato’’

(southern Kyushu, Japan); Ubhatata (South Africa); and satsuma-imo,

‘‘Japanese potato’’ (most of the other parts of Japan). The sweet potato is

said to have originated in the New World; however, the exact origin has not

been well defined. Austin (1988) proposed the origin of the sweet potato as

being between the Yucatán Peninsula of Mexico and the Orinoco River in

Venezuela. In 1514, nine sweet potato cv. were identified in Honduras. Cur-

rently, hundreds of cv. are grown throughout the world and are unique to

countries or smaller regions within countries. All cv. are more or less sweet

flavored. In developed countries, limited numbers of sweet potato cv. are

grown. In the United States, producers tend to grow only one or two major

cv. for regional and national markets, but may grow several cv. in small

amounts for local markets. The two cv., which account for most of the current

US acreage, are ‘‘Jewel’’ and ‘‘Beauregard.’’

There is a need to diVerentiate between the sweet potato and yam because of

some confusion that exists regarding them in the United States. Sweet potatoes

and yams are both angiosperms (flowering plants), however, they are botani-

cally diVerent. Sweet potatoes, often called ‘‘yams’’ in the United States, are

dicotyledons (having two embryonic seed leaves) and are from the Convolvu-

laceae or morning glory family. On the other hand, yams are monocotyledons

(one embryonic seed leaf ) and are from theDioscoreaceae or yam family. Also,

the edible storage organ of the sweet potato is a true root, and for the yam it is

a tuber. A tuber is a thickened part of the stem or rhizome (Kays et al., 1992).

The root system of the yam is a rhizome, which is a thickened stem that grows

horizontally underground. The appearance and shape of the sweet potato and

yam are also diVerent. For example, the sweet potato is usually smaller, short,

and blocky with tapered ends, while yams are usually long and cylindrical with

some toes. b-Carotene content is usually high in orange-fleshed sweet potatoes



FIG. 1 Sweet potato leaves and roots. (A) Sweet potato leaves. (B) Orange-fleshed sweet

potato roots. (C) White-fleshed sweet potato roots (http//encyclopedia.laborlawtalk.com).
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but low in yams. The growing season is 90–150 and 180–360 days for the sweet

potato and yam, respectively (http://www.loc.gov/rr/scitech/mysteries/sweet-

potato.html). This chapter focuses on the sweet potato and not yams. The

overall objective of this chapter is to review the past, present, and future role of

the sweet potato in human nutrition. Specifically, the paper will:

� Describe the role of the sweet potato in human diets
� Outline the biochemical and nutritional composition of the sweet potato

with emphasis on its b-carotene and anthocyanin contents

http://www.loc.gov/rr/scitech/mysteries/sweetpotato.html
http://www.loc.gov/rr/scitech/mysteries/sweetpotato.html
http://encyclopedia.laborlawtalk.com
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� Highl ight sweet potato utilizat ion and its poten tial for incorpora tion into

value- added pro ducts for use in hum an foo d syst ems
� Use case studi es to de monstrate the potenti al of the swe et potato in the

Afr ican con text
II. SWEET POTATO IN HUMAN DIE TS

The records left by early Europeans indicated that sweet potato provided

a staple food source for many indigenous populations in southern Central

America and South America (Sauer, 1950). Piperno and Holst (1998) reported

that starch grain analysis revealed sweet potato as a staple food source for

inhabitants in coastal Peruvian sites. The sweet potato or kumara was one of

the most important crops in the diets of the Maori people, early New Zealand

settlers of Polynesian descent, and was already an important staple food in

Hawaii in 1778 (Huang et al., 1999). Commercial cultivation of sweet potato

began in Hawaii in 1849, and since then many cv. have been introduced

(Valenzuela et al., 1994). The sweet potato remains an important staple food

in the diets of the Maori people, Papua New Guineans, and Hawaiians (Cambie

and Ferguson, 2003; Huang et al., 1999; Sawer, 2001). Sweet potato, which is

the commonest traditional root crop in Papua New Guinea, is consumed daily

by 66% and 33% of the rural and urban population, respectively (Sawer, 2001).

The Satamu sweet potato provides the largest part of the energy intake and

contributes to self-suYciency in Okinawa in the Ryukyu Island (Sho, 2001).

Sweet potato is also an important staple in countries such as the Solomon

Islands, Tonga, and New Caledonia (Hijmans et al., 2002). In parts of West,

Central, and East Africa, sweet potato is an important source of calories and is

consumed by people of all age groups (Hagenimana et al., 1998a). For example,

in Nigeria, the traditional utilization of sweet potatoes includes: (1) boiled and

eaten with stew; (2) boiled and pounded with either boiled or fermented cassava

as ‘‘foofoo’’ or boiled or pounded yam; (3) dried and milled for sweetening

of gruel or ogi porridge; and (4) sliced into chips, dried, and fried in vegetable oil

or boiled with beans or vegetables. Koreans value sweet potato leaves as a

very nutritious and tasty vegetable. The leaves are usually cooked together

with other ingredients in various Korean dishes or can be dried and stored

for later use as a boiled or fried vegetable (www.agnet.org/library/article/

pt2001034.html).

The sweet potato is al so an im portant starch s ource i n China, Vietnam, K orea

and Taiwan, and the Philippines (Collado et al., 1999; Marter and Timmins,

1992). Although sweet potato may contribute essential nutrients, it is usually

consumed for its sensoryproperties, as a substitute or supplement to corn, rice, or

wheat or as the main ingredient of traditional, but infrequently consumed dishes

in many developing countries (Shewry, 2003; Van Den and del Rosario, 1984).

http://www.agnet.org/library/article/pt2001034.html
http://www.agnet.org/library/article/pt2001034.html
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In 1999, sweet potato acco unted for approxim ately 20% of the total

world producti on of roo t a nd tuber crops ( FAO, 1999 ). Asi a is the largest

swe et potato- producing region in the worl d, with an annual producti on of

125 milli on tonn es. Chi na produ ces roughly 65% of the world’s sweet potato,

making it the leadi ng sup plier of swe et potatoe s in the world (Hijm ans et al.,

2002). Latin America and North Ame rica produ ce ab out 1.9 million and

600,000 tonnes annually, respectively. In the United States, North Carolina

and Louisiana each grow 40% of the total sweet potatoes, while California,

Alabama, and Texas grow the bulk of the remainder (Burden, 2005). The only

European country that produces considerable quantities of sweet potato is

Portugal, at 23,000 tonnes annually (FAO, 1999). There are considerable

concentrations of sweet potato in theCaribbean region; Indonesia;NewGuinea,

Papua New Guinea ; and Vi etnam (Hi jmans et al. , 2002). Pro duction of sweet

potato in Africa amounts to 6% of world production (Karyeija et al., 1998).

The largest sweet potato growers in Africa are: Uganda, the third largest

producer in the world (2.2 million metric tonnes); Rwanda (1.1 million metric

tonnes); Kenya and Burundi (0.7 million metric tonnes each); Tanzania

(0.4 million metric tonnes); and Ethiopia (0.2 million tonnes) (Diop, 1998;

Karyeija et al., 1998; http://www.harvestplus.org/sweetpotato.html). The other

African countries with annual sweet potato production (�103) exceeding

100,000 tonnes are shown in Figure 2. However, over the last four decades,

global sweet potato production has remained static, and demand for the crop is

greatly decreased, possibly because of diversified eating habits and little know-

ledge about its nutritional and functional properties among other things (Kays,

2005; Yamakawa and Yoshimoto, 2002).
III. BIOCHEMICAL AND NUTRITIONAL COMPOSITION OF
THE SWEET POTATO

The sweet potato has immense potential to help prevent and reduce food

insecurity and mal-, under-, and overnutrition in developing and developed

countries because of its nutritional composition and unique agronomic fea-

tures. However, paucity of information regarding the nutritional composition

of the sweet potato greatly limits its exploitation. Improved awareness of the

nutritional quality, utilization, and future economic importance of the crop has

important implications for human food systems, nationally and internationally

(Scott et al., 2000). The sweet potato containsmanynutrients including protein,

carbohydrates, minerals (calcium, iron, and potassium), carotenoids, dietary

fiber, vitamins (especially C, folate, and B6), very little fat, and sodium. As

described in the following sections, the nutrient compositionof the sweet potato

varies greatly according to genetic and environmental factors.

http://www.harvestplus.org/sweetpotato.html
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A. PROTEIN: SWEET POTATO LEAVES

In Africa and Japan, the leaves of the sweet potato are eaten, and the protei n

co ntent ha s be en report ed to be as high as 27% protei n on dry weigh t ba sis

(dw b; Diop, 1998 ). Tewe et al. (2003) rep orted that the pro tein content of

swe et pot ato leaves was 18.4% , while fiber content was be tween 3.3% and

6.0% . Ishida et al . (2000) studi ed tw o kinds of sweet potatoe s and report ed

that the leaves contai ned high a mounts of protein (3.8 and 3.7 g/100 g), total

dieta ry fiber (5.9 and 6.9 g/100 g), and ash (1.9 an d 1.5 g/100 g). Ishig uro

et al. (2004) de scribed a newly develop ed sweet pot ato cv. (Sui oh ) for

util ization as vegeta ble g reens. The nutri tional composi tion of the greens is

sho wn in Table I . The total polypheno l co ntent and radical-s cavengi ng

pro perties of the Suioh were reported to be much higher than that of

spinach , broccoli, ca bbage, and lettuce ( Ishig uro et al. , 2004 ). Als o, sweet



TABLE I
NUTRITIONAL CONTENT OF SUIOH SWEET POTATO GREENS

Nutrient Percentage (dwb)

Iron (mg/100 g) 2.6–26.4

Calcium (g/100 g) 1.2

Vitamin E (mg/100 g) 15.8

Total carotenoid (mg/100 g) 34.7

Source: Ishiguro et al. (2004).
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potato tea made from Suioh greens was mo re accepta ble to sensory judges

than other teas (Ishig uro et al. , 2004 ). Pace et al. (1996) descri bed the

nutri tional co ntent of sweet potato greens as 4.0–6. 0% protein, 8.0–12 .0%

carboh ydrate , 6 0-mg/100 g calci um, and 80-mg/10 0 g phospho rus. Tewe

et al. (2003) also rep orted that in some parts in Nige ria, sweet pota to leaves

were acceptable as soup ingredients in terms of flavor, appearance, palatability,

softness, and acceptability. Islam (2006) reported that sweet potato leaves

contain at least 15 biologically active anthocyanins, which are beneficial to

human health and may also be useful as natural food colorants.

B. PROTEIN: SWEET POTATO ROOTS

The crude protein content of sweet potato (Kjeldahl nitrogen � 6.25) generally

ranges from 1.3% to > 10 % d w b ( Bradbury et al., 1985; Purcell et al., 1978).

However, substantial variat i o n ha s b e e n s h ow n t o e xi st . Ishida et al. (2000)

reported 2.1% a nd 1.3% protein for Koganesengan and Be ni az u m a sweet potato

cv., respectively. Diop (1998) reported 1.0–2.4% protein in sweet  potato while

Bovell-B enjamin et al . (2001) and D ansby and Bovell-Benj am in (2003a)

reported protein contents ranging from 1 .2 � 0. 05% to 1 .8% (fresh weight) for

hydroponically g rown sweet potatoes. Oboh et al . ( 1989) a n al yz e d 4 9 va ri et ie s

of sweet potato sold i n N igerian m arkets and r eported protein contents between

1.4% and 9.4%. The protein contents of sweet potato roots from 16 cv. grown i n

Sri Lanka ranged from 3.0% to 7.2% on dwb (Ravi ndran et a l ., 1995). Cambie

and Ferguson (2003) reported 1.7% protein content for sweet potato while

Gichuhi et al . (2004) reported 4.5%, 4.7%, and 9.0% protein (dwb) for c v.

J6/66, Beauregard (commercial), and TU-82- 155. Bovell -Benjami n et al. (2004)

observed a wide variation in the protein content of three c v. of sweet potato with

TU-82-155 c ontaining almost twi c e as m uch p rotein ( 8. 7 � 0.1%) on dwb as

J6/66 (4.4 � 0. 03 % ) a n d B e a ure g ar d ( 4 . 7 � 0.5%).

Sporamins A and B, the major storage proteins in sweet potato, which

account for more than 80% of the total protein, are also of importance (Gichuhi

et al., 2004; Scott andSymes, 1996). It has been reported that sporaminsAandB,
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which a re proteinase inhibitors, may have some anticarcinogenic properties

(Maeshi nia et al., 1985). Although the biological s ignificance is still unclear,

Hou and Lin (1997) reported t hat s poramins have antioxidant a ctivity, acting

as dehydroascorbate reductase and monodehydr oascorbate reductase, which are

associated with intermolecular thiol/disulfide exchange.

Alth ough regarde d as a low-prot ein food in the Unit ed State s, swe et potato

serves as an important protei n source to a large segme nt of the world’s

popul ation ( Walt er et al ., 1984; Wo olfe, 19 92 ). For ex ample, the highla nders

of Papua , New Guinea rely on swe et potatoe s as a major source of protein and

for 60–90% of their en ergy req uirements ( Clark and Mo yer, 1988 ).
C. b-CAROTENE

Globally, sweet potato has a significant role to play in the fight against vitamin

A deficiency (VAD). VAD is of public health significance in developing

countries, causing temporary and permanent eye impairments and increased

mortality, especially among children, pregnant, and lactating women. It has

been shown that more than 230 million of the world’s children have inadequate

vitamin A intake, with 13 million of them being aVected by night blindness
(Schweigert et al., 2003; Stephenson et al., 2000; Underwood and Arthur,

1996). Children in South Asia, eastern, western, central, and southern Africa

have the highest prevalence of VAD (Mason et al., 2001). VAD is caused by

habitual inadequate intake of bioavailable carotenoids (provitamin A) or

vitamin A to meet physiological needs (V a n J aa rs ve l d et al., 2005). Plant

foods do not contain vitamin A, however, they contain precursors or provita-

min A (b-carotene and other carotenoids), which the human body converts to

vitamin A. One approach to controlling VAD is improving dietary quality and

quantity through diversification. Dietary diversification includes the produc-

tion of b-carotene-rich crops such as orange-fleshed sweet potato for human

consumption (Van Jaarsveld et al., 2005).

More than eight decades ago, Steenbock (1919) reported that sweet

pota to eliminated the sympto ms of VA D in rats. Later, Ezell and Wilc ox

(1948) stressed the impor tance of sweet potato as a sou rce of b -carotene.
Haskell et al. (2004) concluded that daily consumption of cooked, pureed

green leafy vegetables or sweet potatoes impacts positively on vitamin

A stores in populations at risk for VAD. In Kenya, orange-fleshed sweet

potatoes have been recognized as the least expensive year-round source of

provitamin A (Low et al., 1997). Hagenimana et al. (1999) reported that

consumption of orange-fleshed sweet potato increased the dietary vitamin

A intake in Kenyan children and women. Another study indicated that

consumption of orange-fleshed sweet potato could contribute substantially
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to redu cing VAD in sub -Sahara n Africa ( Low et al., 2001 ). The co nsump-

tion of diets contain ing primarily orange- fleshed swe et pot atoes a s a source

of b -carotene significan tly increa sed serum retino l (vitamin A statu s) level s

of In donesian ch ildren with margi nal VAD (Jalal et al ., 1998 ). Van Jaarsv eld

et al . (2005) also concluded that increa sed consumpt ion of orange -fleshed

swe et potato could be a feasib le food-bas ed stra tegy for control ling VA D in

childr en in de velopin g co untries.

Sweet potato varie ties exist in many colors of skin and flesh, ranging from

almos t pur e whi te through cream , yellow, oran ge, or pink, to a very to de ep

purp le, althoug h white and y ellow-o range flesh are the mo st co mmon

( Onwue me, 1978 ). For example, white- to cream -color ed flesh swe et pota-

toes are c ommon in the South Pacific, Africa, the Car ibbean, and most other

develop ing co untries. In contrast, sweet potatoe s co mmonl y co nsumed in

the Unit ed States an d other developed co untries, normal ly ha ve yellow to

orange flesh (Bradbury an d Hollo way, 1988). The commer cial sweet potato

varie ties in Haw aii have whi te, cream , yello w to oran ge, and purple color

flesh. The flesh colors and b-carotene content in sweet potato roots vary

widely because they are aVected by genetic variety, maturity, growing con-

ditions, postharvest storage, season, and which part of the vegetable is

consumed (Hart and Scott, 1995; Hulshof et al., 1999). The intensity of the

yellow or orange flesh color of the sweet potato is directly correlated to the

carotenoid content (Ameny and Wilson, 1997). Sweet potato is an excellent

source of carotenoid because its major carotenoid is all trans-b-carotene,
which exhibits highest provitamin A activity among the carotenoids.

Carotenoids, which can be red, yellow, or orange, are a diverse group of

structurally related isoprenoids biosynthesized mainly by plants that have the

capacity to trap lipid peroxyl radicals and singlet oxygen species (Ben-Amotz

and Fishler, 1998). Provitamin A carotenoids are those which can be cleaved

to yield retinaldehyde. b-Carotene, the primary carotenoid in sweet potato,

is cleaved in the intestinal mucosa by carotene dioxygenase, yielding retinal-

dehyde, which is reduced to retinol (vitaminA). The total amount of vitamin A

in foods is expressed as microgram retinol equivalents (Bender, 2002). Nutri-

tionally, 6 mg of dietary b-carotene is equivalent to 1 mg of retinol (Bender,

2002). Provitamin A from orange-fleshed sweet potato appears to be more

bioavailable than that from dark green leafy vegetables (de Pee et al., 1998;

Jalal et al., 1998).

Ben-Amotz and Fishler (1998) reported relatively high b-carotene content
in sweet potato (Table II). Hagenimana et al. (1998a) reported varying

b-carotene for orange, cream, and white flesh sweet potato roots, respectively,

while Holland et al. (1991) reported b-carotene values for orange-fleshed

sweet potatoes (Table II). Huang et al. (1999) reported b-carotene con-

tents for 18 commercial varieties of sweet potato roots grown in Hawaii.



TABLE II
b-CAROTENE CONTENTS OF SWEET POTATO REPORTED BY DIFFERENT RESEARCHERS

Refer ences

b-Caroten e content
(mg/100 g) unless
otherwise indicated Swee t potato type

Holl and et al ., 1991 1800–16,00 0 Orange -fleshed sweet potatoes on

fresh weigh t basis

Simonne et al ., 1993 100–19,000 dwb

Bh askarachary et al ., 1995 1000 Yel low-fleshed variety ‘‘kiran’ ’

Huls hof et al ., 1999 5.0 � 1.0 to 58.0 � 70.0 Indone sian sweet potato varieties

Ben-Am otz and Fishl er, 1998 79.8 dwb

Hagen imana et al ., 1998a 2130 � 109 to 7983 � 339 Orange flesh, cream flesh,

white flesh158 � 39 to 1071.3 � 101

19.6

Huang et al ., 1999 6700–13,10 0 Orange flesh, yell ow, white,

and purple flesh< 0.1–0.6

Sungpua g et al ., 1999 7.9 � 0.2 Raw, yellow-flesh cooked,

yellow-flesh4.5 � 0.3

Dansb y and Bovell-Benj amin, 2003a 1566 � 306 Raw, orange-flesh,

hydroponic, fresh weigh t

Nam utebi et al ., 2004 6800–12,50 0 Orange -flesh

Bendech et al., 2005 1911–2348 Orange-flesh grown in

Burkino Faso
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The b-carotene content of raw orange-fleshed hydroponically grown sweet
potato was reported by Dansby and Bovell-Benjamin (2003a). Simonne et al.

(1993) reported the b-carotene content in blanched sweet potato roots from
diVerent cv. (Table II). Bendech et al. (2005) reported mean b-carotene
contents for orange-fleshed sweet potatoes grown in Burkino Faso as

shown in Table II. Namutebi et al. ( 20 04 ) a nd Su ng pua g et al. (1999) de ta il ed

high b-carotene concentrations for orange-fleshed, and raw and cooked
yellow sweet potato varieties (Table II). Traditional Indian sweet potato cv.

are white fleshed and contain no carotenes, however, a new yellow-fleshed

variety, ‘‘kiran’’ showed significant amounts of b-carotene, and mean

b -carotene content for six samples was 1087 � 0.14 mg/100 g (Bhaskarachary
et al., 1995).

Cancer is not a rare disease in most developing countries. For example, in

women, cancer cumulative mortality from cancer in developing countries is

actually higher than in developed countries (Parkin et al., 2005). Several

epidemiological studies have shown associations between carotenoids such as

b -carotene, and decreased risk for cancer, heart disease, and age-related macula

degeneration (Kohlmeier and Hastings, 1995; Niizu and Rodriguez-Amaya,

2005; Olson, 1996; Russell, 1998; van Poppel and Goldbohm, 1995). Using a

case-control study, Pandey and Shukla (2002) evaluated the possible role of diet
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in gallbladder carcinogenesis. The authors reported that a significant reduction

in odds ratio (OR 0.33; 95% CI 0.13–0.83) was seen with the consump-

tion of sweet potato, radish, and green chili. On the basis of its b-carotene
content, there is a potential role for sweet potato in cancer prevention and risk

reduction.

D. MINERAL CONTENTS

It has been argued that the mineral content of agricultural products varies

with geographic location. Makki et al. (1986) reported that in two Egyptian

sweet potato cv., the mineral in highest concentration was calcium followed by

magnesium, iron, copper, zinc, and manganese. However, older data reported

by Ekpenyong (1984) from FAO (1972) cited phosphorous as the mineral in

highest concentration for sweet potatoes. The data indicated 56-, 36-, 0.9-, 2.0-,

and 387-mg/100 g for phosphorus, calcium, iron, zinc, and manganese, respec-

tively. Olaofe and Sanni (1988) reported potassium (3617mg/100 g) as themost

abundantmineral in sweet potato roots followed bymagnesium (580mg/100 g)

and calcium (112mg/100 g).Manganese, iron, copper, and zinc were present in

low amounts of 8.8, 14.0, 1–5.0, and 3.0 mg/100 g, respectively. A more

extensive discussion of mineral occurrence in sweet potato is contained in

Woolfe (1992).

E. DIETARY FIBER

The importance of dietary fiber in noncommunicable disease prevention has

been extensively discussed elsewhere (Guillon and Champ, 2000; Schneeman,

1998). Dietary fiber contains all the polysaccharides and lignin of the diet that

are not digested by human enzymes (Brody, 1994). Dietary fibers include:

resistant starches; cellulose; hemicellulose; b-glucans; pectins, nonstarch

polysaccharides and lignin (Brody, 1994). For populations that consume

sweet potato as a staple food, its dietary fiber contribution could be critical.

Huang et al. (1999) reported that the total dietary fiber content of orange-

fleshed sweet potato cv. ranged from 2.0 to 3.2 g/100 g fresh weight, which is

higher than the 0.7 g/100 g listed in the United States Department of Agricul-

ture (USDA) database. Four purple-fleshed sweet potatoes had dietary fibers

ranging from 2.3 to 3.9 g/100 g, while yellow/white-fleshed sweet potato cv.

had values between 2.3 and 3.3 g/100 g (Huang et al., 1999). Crude dietary

fiber ranged from 3.8% to 5.9% in 49 varieties of sweet potatoes analyzed by

Oboh et al. (1989). Two Egyptian sweet potato cv., ‘‘Abees’’ and ‘‘Giza 69’’

studied by Makki et al. (1986) had crude dietary fiber contents of 5.6% and

5.7%, respectively, dwb. Total dietary fiber content of two kinds of sweet

potato roots were reported as 3.4 and 2.3 g/100 g by Ishida et al. (2000).
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How ever, in agreem ent with Tsou and Hong (1992) , it should be not ed that

crud e dieta ry fibe r which consis ts of cellu lose and lignin does not adequ ately

exp ress the role of swe et potato as a dietary fiber pro vider in human nutri tion.

Rese arch is being conducted to pr ovide co nsumer s with a swe et potato, whi ch

is low in cellulose and ligni n but high in other co mponents of dietary fiber

( Tso u and Hong, 1992 ).
F. ANTHOCYANINS

Until the mid-1800s, the only external sources of colorants used in food systems

were natural (Gilbert, 2005). Over the next 50 years, synthetic organic dyes

became the most common type of food coloring (Gilbert, 2005). However,

during the last decade, the demand for food colorants from natural sources has

increased because of legislative and consumer pressure to reduce the use of

synthetic additives in foods (Giusti and Wrolstad, 2003). Evidence of this trend

is reflected in food industry’s replacement of synthetic dyes such as FD&C red

40 and the banned FD&C red 2 with natural plant colorants (Fabre et al.,

1993). Additionally, most natural colorants are bioactive, and they add status

to food products marketed as ‘‘natural’’ and ‘‘organic.’’

Anthoc yan ins are a large grou p of water- solubl e pigme nts respo nsible for

the attractive orange, red, purple, and blue colors of frui ts and vegeta bles

( Plata et al., 2003 ). Anthoc ya nins e xtracted from plants are commonl y used

in soft drinks, jams, confect ioneries, and bakery prod ucts as a natural co lor-

an t ( Plata et al ., 2003 ). Deep purple swe et pot ato flour (SPF ) and paste are

also used as colorin g mate rials for brea d, snack s, and noodl es ( KNAE S,

1995 ). Ceva llos-Casal s and Cisneros- Zevall os (2002) rep orted Peruvian, pur-

ple swe et potato colorant as having much higher color retent ion and more

stabi lity than commer cial red grape colorant . Addition ally, there is an in-

creasi ng deman d for carote noids, such as b-carot ene, as food colorant s
be cause of their natural origin , lack of toxicity , and flexibility of providi ng

both lipo- and hydrosol uble colorant s ( Ben-Am otz an d Fi shler, 1998; Cina r,

2005 ).

Consumption of the sweet potato has always been associated with good health

and e nhanced human nutrition. However, limited research has addressed the role

of sweet potato in human nutrition and health. In human life, cell damage from

oxygen free radicals (OFRs) is ubiquitous.OFRsare known tohave carcinogenic

potential (Dreher and Junod, 1996). Dietary or natural antioxidants such as

carotenoids are said to be protective against the eVects of OFRs. Antioxidants

exert their eVect on OFRs by neutralizing them (Scheibmeir et al., 2005).

It has been reported that white, yellow, orange, and purple-fleshed sweet

potato cv. have antioxidative and radical-scavenging activities, with the purple



Ayamurasaki

FIG. 3 Ayamurasaki sweet potato with high-antioxidative and radical scavenging activities

(Cevallos-Casals and Cisneros-Zevallos, 2002; Furuta et al., 1998).
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ones such as cv. Ayamurasaki (Figure 3) having the highest activity (Cevallos-

Casals and Cisneros-Zevallos, 2002; Furuta et al., 1998). Antioxidant activity

of purple sweet potato was observed to be 3.2 times higher than that of a

blueberry variety (Cevallos-Casals and Cisneros-Zevallos, 2002). Interestingly,

the antioxidant activity in sweet potato skin was found to be almost three times

higher than in the rest of the tissue. Animal studies have shown that when

purple sweet potato juice from cv. Ayamurasaki was fed to rats it reduced liver

injury induced by carbon tetrachloride (Suda et al., 1998). Persons consuming

cv. Ayamurasaki juice daily for 44 days eVectively decreased the blood serum

levels of l-guinidine triphosphate (GTP), glutamin-oxaloactive transaminase

(GOT), and glutamin-pyruvic transaminase (GPT) (indicators of liver injury)

(Suda et al., 1998). Suda et al. (2003) reported that purple-fleshed sweet potato

is a good source of anthocyanin.

Some foods contain mutagens, which are associated with carcinogenesis.

Purple-fleshed sweet potato roots were reported to have high antimutagenic

activity (Yoshimoto et al., 1999). Various studies have reported the relationship

between consumption of anthocyanin-rich foods and improved health. Health

benefits associated with anthocyanin extracts include chemopreventive activ-

ities such as antimutagenicity and antioxidative potential (Table III). It has

also been shown that a glycolipid (ganglioside) found in sweet potato juice

reduces the multiplication of cultured human cells in cancers of the womb

neck and melanoma (Shimozono et al., 1996). Sweet potato juice has been

associatedwith antihypertensive and antidiabetic properties (Kusano andAbe,

2000; Matsui et al., 2001; Suda et al., 1998). Further, the anthocyanins, chloro-

genic acid, and other polyphenolic compounds in sweet potato have the capa-

bility to inhibit carcinogens generated during food processing and cooking.



TABLE III
POSSIBLE HEALTH BENEFITS ASSOCIATED WITH ANTHOCYANINS

Possible health benefit References

Chemopreve ntive activities

(e.g., antimutagenicity)

Karaivanova et al., 1990; Morazzoni

and Magistretti, 1986

Vasoprotective and anti-

inflammatory properties

Lietti et al., 1976

Enhancement of sight acuteness Politzer, 1997; Timberlake and Henry, 1988

Antidiabetic, controlling diabetes,

and antineoplastic agents

Kamei et al., 1995; Matsui et al., 2002, 2004;

Scharrer and Ober, 1981

Hepatoprotective Mitcheva et al., 1993

Vasotonic agents Colantuoni et al., 1991

Radiation-protective agents Akhmadieva et al., 1993; Minkova et al., 1990

Antioxidant capacity Islam et al., 2002, 2003; Prior et al., 1998;

Rice-Evans and Miller, 1996; Tamura and

Yamagami, 1994; Wang et al., 1997

Antihypertension Suda et al., 1998; Yoshimoto, 2001

Fibrocystic disease of the breast Leonardi, 1993
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Sweet potato also contains the coumarins scopoletin (3, R —— H), aesculetin

(3, R —— OH), and umbelliferone (3, R —— OMe) compounds, which have antico-

agulation properties and are postulated to inhibit HIV replication (Weiss and

Finkelmann, 2000). The sweet potato could be considered as an excellent novel

source of natural health-promoting compounds, such as anthocyanins, for the

functional food market. Ultimately, this could increase utilization and demand

for the crop by consumers, and the food industry.

In sum, the co mmonl y consumed white to cream -colore d-flesh sweet pota-

toes in the Sout h Pacific, Africa, the Caribbean , an d most other developi ng

co untries contai n less b -carotene than the oran ge-flesh ed swe et potato.
Orang e-fleshe d swe et potato is one of the most promi sing plant so urces of

b -carotene ( Hageni mana a nd Low, 2000 ). How ever, it sho uld be noted that

althoug h orange- fleshed sweet potato roots contain a bundan t amoun ts of

b -carotene, the content de crease s over tim e with process ing ( van Hal, 2000 ).

Sung puag et al . (1999) a lso demonst rated that boiling yellow- fleshed sweet

pota to resul ted in further loss (43% ) of b-carot ene. Increased con sumption of

fres h oran ge-flesh ed sweet potato roots and swe et pot ato-based process ed

food s in de velopin g coun tries cou ld contri bute substa ntially toward impr ov-

ing vita min A nutri tion and en hancing food securi ty. Sweet potato con tains

b -carotene and other dietary carote noids, whi ch ha ve an ticancer propert ies.
The high concen tration of anthocyani n and b-carotene in swe et potato com-

bine d with the high stabili ty of the color extra ct make it a pro mising and

he althier alternati ve to syn thetic colori ng agents in food systems.
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IV. SWEET POTATO UTILIZATION AS VALUE-ADDED PRODUCTS
IN HUMAN FOOD SYSTEMS

Over the last 40 years, utilization of the sweet potato has shifted from being

a ‘‘subsistence,’’ ‘‘food security,’’ or ‘‘famine relief’’ crop in some developing

countries. Although traditional uses are still important in many countries,

new uses are emerging, especially in China and parts of sub-Saharan Africa.

Average annual per capita consumption of fresh roots for 1994–1996

was estimated at: 73, 18, 9, 7, 5, and 2 kg in Oceania, Asia, Africa, Japan,

Latin America, and United States, respectively (FAO, 1997). In contrast

to potato, per capita sweet potato consumption in Canada, Europe, and

Australia is extremely limited and often confined to immigrant populations.

In the developing world, sweet potato consumption varies by countries,

regions, season of year, and income. For example, in Africa annual per

capita sweet potato consumption in Rwanda is estimated at 160 kg; Burundi,

102 kg; and Uganda 85 kg. In northeast Uganda (one of the poorest parts

of that country), sweet potato becomes a seasonal staple during the dry

season when most other foodstuVs are in short supply. Currently, US per

capita consumption is roughly 9.5 kg down from a recorded high of 30.6 kg

in 1949.

Several years ago, Carver (1918) recognized and demonstrated the impor-

tance of processing the sweet potato into value-added products by encouraging

economically deprived farmers in the southern United States to grow and

process it. Approximately 100 new products were processed from the sweet

potato in Carver’s era, including flour, starch, sugar bread, mock coconut,

tapioca, and vinegar (Carver, 1918). Additionally, SPF has been fermented to

make products such as soy sauce and alcohol, or if immediately cooked, could

be further processed intowine, vinegar, and ‘‘Nata de coco.’’ ‘‘Nata de coco’’ is

a popular dessert or ‘‘on-the-go’’ food in the Philippines, and adjacent Asian

countries, and is becoming very popular in Japan. It is a chewy, translucent,

ready-to-eat mixture of coconut, sweet potato, and fruit, which resembles the

American canned ‘‘fruit cocktail.’’

Today, long after Carver’s era,most of the global sweet potato production is

marketed as cleaned, but otherwise unprocessed roots (Burden, 2005). Unpro-

cessed sweet potato roots have a short shelf life compared to carrots, white

potatoes, and so on, and they are diYcult to store. In developing countries,

where limited transport infrastructure exists, processing the sweet potato into

value-added products provides an alternative to the diYculties associated with

storage and transport of the raw roots (Dansby and Bovell-Benjamin, 2003a).

Furthermore, vegetable industry data suggest that 15% of all vegetables mar-

keted in the United States are now in more consumer-friendly, convenient

forms (Burden, 2005). If the sweet potato is to gain increased market visibility
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and play a more important role in human nutrition, some of the total produc-

tionmust be converted intomore consumer-friendly, convenient forms such as:

(1) ‘‘minimally processed’’(ready-to-use—peeled and packaged or peeled, cut,

and packaged); (2) ‘‘intermediate processed’’ (bulk ingredients such as flour

and starch for use in other products, and so on); and (3) ‘‘preprocessed’’ (ready-

to-eat products). The following sections discuss some potentially feasible

value-added products from the sweet potato.
V. SWEET POTATO STARCH UTILIZATION IN HUMAN
FOOD SYSTEMS

In developing countries, sweet potato oVers much potential for income

generation through small-scale processing because they are eYcient produc-

ers of carbohydrate. Carbohydrates could be converted into stable interme-

diate bulk ingredients (starch and flour) that are suitable for diverse markets

in the food industry (Wheatley et al., 1996). Bulk ingredients from the sweet

potato can be incorporated into the menus for astronauts and human food

systems by further processing them into convenient, ready-to-use products.

For example, sweet potato starch (SPS) can be enzymatically processed into

diVerent products such as glucose syrup, which have a wide range of appli-

cations in the food and pharmaceutical industries (Sarikaya et al., 2000).

Starch is very versatile with a number of uses in most major industries, but in

developing countries, it is used predominantly to make processed foods.

Worldwide, the biggest user of starch is the sweetener industry. In the food

industry, starch is used to impart ‘‘functional’’ properties to processed foods

such as thickening, binding, and filling. Starch is also used in canned soups,

instant desserts, ice creams, noodles, processed meats, sauces, and bakery

products. It can be processed into sweeteners and syrups, and in the manu-

facture of monosodium glutamate, a taste enhancer (Fuglie and Oates, 2002;

Zhang and Oates, 1999). About 5% of total SPS production is used for

making distilled spirit ‘‘shochu’’ in Japan as well as lactic acid, butanol,

acetone, vinegar, and yeast (Woolfe, 1992). SPS has been successfully used

to thicken chocolate pudding at Tuskegee University (HoVman and Bovell-

Benjamin, 2001). Major users of starch in nonfood industries include the

textile, paper, plywood, and adhesive industries and pharmaceuticals.

Starch is a naturally occurring biopolymer in which glucose is polymer-

ized into amylose, an essentially linear polysaccharide, and amylopectin, a

highly branched polysaccharide. Starch occurs in plant tissues in the form of

discreet granules whose size, shape, and form are unique to each botanical

species (Woolfe, 1992). Sweet potato roots contain approximately 80–90%
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FIG. 4 Scanning electron micrographs of sweet potato starch granules (Miller et al.,

2003).
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carboh ydrate , mainl y star ch, making it a goo d raw material for the star ch

indust ry ( Garcia and W alter, 1998; Lu and Sheng, 1990; M iller et al. , 2003 ).

Brab et et al . (1998) evaluated 106 swe et potato clon es and report ed an

average total starch co ntent of 61.5% dwb. Miller et al. (2003) rep orted

81% star ch co ntent on dwb in SPS. Accor ding to Woolfe (1992) , sweet

potato star ches occur in ov al-, round-, or polygon al-shaped granule s, an d

mean granule size ranges from 12.3 to 21.5 mm. Bovell-B enjam in et al . (2004)

isol ated SPS a nd report ed granu le sizes in the range of 9.0–34 .2, 2 .6–15.8,

and 5.3–21 .8 mm for J6/66 , Bea uregard, an d TU-82-155 cv., respectivel y

( Figure 4). These findi ngs were co nsistent with those of Manda mba et al .

(1975) and Chen et al . (2003) who reported the same phe nomenon for the

granule size of three Chinese swe et pot ato cv. Kays (1992) also reported a

range from 1 to 30 m m for SPS granule s. Starch process ing from swe et potato

can create ne w eco nomic and e mploymen t activities for farm ers a nd rural

hous eholds and can ad d nutritional value to foo d systems.

Conver sion of swe et potato to star ch should be esp ecially attr active to

develop ing countri es because it can help to less en the need for impor ted

mate rials, whi ch redu ces impor t bills (Garci a a nd W alter, 1998 ). For exampl e,

swe et pot ato accounted for 26% of starch pro duction in Asia, an d the global

SPS producti on of 4.15 mil lion metr ic tonn es in the early 199 0s came from

Asia (Ost ertag, 1993 ). SPS is widely us ed in a variety of food and industrial

app lications in Asia (Tian et al ., 1991). An indust ry based on SPS extra ction

has been developed in several regions in China (Li et al., 1991) and may

account for more than two million tonnes annually, but the statistics are not

quite precise (Wheatley and Bofu, 2000). The starch is utilized primarily
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for the pro duction of traditi onal noodles, althoug h some fact ories use it for

pro duction of derive d products suc h as maltose. For noodl es, star ch qua lity is

an impor tant facto r, and star ch from sweet potato is preferred over star ch

from othe r crops such as corn and cassava (Fugli e and Oates, 1990). Vietnam

exports about 840 tonnes of sweet potato annually to China for production of

maltose and glucose syrups, which are used in the manufacture of baby foods

in some developed countries. Recently, SPS has emerged as a commercially

important value-added product in the Philippines with the institution of three

starch plants in the last 9–10 years (Collado et al., 1999). CIAD et al. (1996)

assessed the potential demand for SPS in both food and nonfood industries in

China, and industry estimated starch demand at over 200,000 million tonnes

versus 100,000 million tonnes of maize starch actually supplied to the indus-

trial sector. This situation reflects a great potential for SPS in human food

systems, although some uncertainties have been reported.

Researchers have reported that starches from diVerent sweet potato cv.

exhibit a variety of nutritive, physical and sensory properties, such as higher

starch content and more extractable starch (Madhusudhan et al., 1996).

Maximizing starch yield from the sweet potato requires varieties with high

dry matter and starch contents; however, these genetic characteristics can be

manipulated. Ideally, for most food products SPS should have a smooth

texture, which is consistently soft and flexible at low temperature and must

be able to retain its thickening power at high temperature (Garcia and

Walter, 1998). In SPS production, quality of the fresh root and the amount

of extractable starch are important because of their influence on final prod-

uct quality and eVects on process eYciency. The key issue in SPS production

is product quality, especially the chemical (ash, protein, fiber, and so on) and

functional properties of the starch itself. Wheatley and Bofu (2000) reported

that SPS has low viscosity values on pasting when compared with potato

starch, and it may not be suYciently white in color. However, Miller et al.

(2003) reported L* color values of SPS, which are comparable to those of

cornstarch. Excessive moisture content, as high as 15%, has been reported

for SPS, but Miller et al. (2003) and Bovell-Benjamin et al. (2004) reported a

4.4 � 0.2%, 5.0 � 0.2%, and 6.0 � 0.3% moisture contents for starch

extracted from three sweet potato cv. (J6/66, TU-82-155, and Beauregard,

respectively). Garcia and Walter (1998) extracted starch from seven sweet

potato cv. and reported moisture levels extending from 9.8% to 15.3%.

The limited chemical properties (impurities) reported could be addressed

through process improvements such as more eVective separation, additional
purification steps, and more eYcient drying.

For example, in China, Timmins and Marter (1992) added ‘‘sour liquid’’

from a traditional fermentation process (liquid fermentate from peas or



SWEET POTATO: A REVIEW 21
beans) at the separation stage to remove impurities, which produce oV-colors
in the SPS (Figure 5). The process of starch isolation from the sweet potato

using a modified technology with more eYcient drying is shown in Figure 5.

The functional properties of SPS can be manipulated by processing (milling,

sifting) as well as by cv. selection and chemical or enzymatic modifications.

The seasonal nature of the sweet potato harvest limits the processing period,
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FIG. 5 Procedures for sweet potato starch production. (A) Sweet potato starch

production by the sour-liquid method (Timmins and Marter, 1992). (B) Sweet potato

starch isolation (Miller et al., 2003).
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and such constraints help to make large-scale investment in production of

SPS uneconomic. However, small- and medium-scale enterprises may not suVer
from this drawback. The summaries of the following studies demonstrate the

potential usefulness of SPS in human food systems in space and on Earth.
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A. BULK INGREDIENTS FROM THREE CV. OF SWEET POTATOES:

COMPOSITION AND PROPERTIES ( BOVELL-BENJAMIN ET AL. , 2004 )

The s tudy processed three sweet potato c v. into starch and e valuated the suit-

ability of the starch for use a s a bulk i ng redient on space flights and on Earth.

Starch was i solated from TU-82-155, Beauregard, and J6/66 c v. as shown i n

Fi gur e 5B , andX-ray diVract ion ( XRD) was us ed to determine starch crystallin-

ity l evel. The protein, ash, moisture, carbohydrate, and fat contents of starch

from the t hr ee diVerent cv. were similar (Tabl e I V). Figure 6 shows t he XRD

patterns o f the three s weet pot at o s tarches, as well as that for T U -82-155

hydroponically grown sweet potato. The Beauregard, J6/66, and t he hydr o-

ponic s weet potato s tarches had similar XRD patterns. However, the field

grown TU-82-155 exhibited only one XRD peak, indicating that the sample

was almost entirely amorphous. According to Morris et al. (2005), the strong

3.8- to 5.8-Å spacings are consistent with the presence of crystallites character-

ized by a hexagonal array of sixfold amylase double helices, whose central

channel is occupied by another double helix. This structure, which is typical of

cereal starch crystallites, was also recognized in SPS. These results suggest that it

is possible to relate the functional properties of the SPS to theXRDpatterns, and

hence predict their potential use in human food systems.
B. EFFECTS OF PROCESSING TECHNOLOGY ON SPS YIELD AND

QUALITY (JIANJUN, 2004)

The eVect of processing technologies that aVect the quality and extraction rate
of SPS was examined by orthogonal design. An orthogonal test was made

with nine trials which included three combinations of technologies on milling

method, separating fineness, and precipitation method of starch extraction

from ‘‘Xushu 18’’ sweet potato cv. Two sets of technology to enhance starch

quality and extraction rate were identified. Recommendations to improve
TABLE IV
PROXIMATE COMPOSITION STARCH PROCESSED FROM THREE SWEET POTATO CV.

Cultivar

Moisture

(%)

Carbohydrate

(%) Protein (%) Ash (%) Fat (%)

J6/66 4.4 � 0.2 93.6 1.3 � 0.0 0.6 � 0.01 0.1 � 0.1

TU-82-155 5.0 � 0.2 92.8 1.2 � 0.0 0.7 � 0.04 0.3 � 0.2

Beauregard 6.0 � 0.3 92.1 1.1 � 0.1 0.6 � 0.01 0.2 � 0.1

Source: Bovell-Benjamin et al. (2004).
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starch quality were the combination of saw tooth milling at 1000 rpm,

separation using 120-size mesh, and precipitation with sour liquid. A combi-

nation of hammer mill in 4200 rpm, separation using 120-size mesh, and

natural precipitation was recommended to improve extraction rate.
C. PHYSICOCHEMICAL AND VISCOMETRIC PROPERTIES OF AN SPS

SYRUP (MILLER ET AL., 2003)

This study processed syrup from SPS and determined its physicochemical

[refractive index (RI) and color] and viscometric properties during storage at

21 � 3 and 4�C. SPS was isolated from field-grown Hillbilly sweet potato cv.

(Figure 5B). The SPS was rehydrated, heated to 102�C, treated with

a-amylase at 90�C for 5 hours, cooled, and further treated with glucoamy-

lase at 62.5�C for 12 hours (Figure 7). The solutions were filtered, evapo-

rated, and cooled. RI, color, and viscometric properties were measured. The

RI of the sweet potato syrup was significantly higher (p < 0.01) than that

reported in the literature (1.42 � 0.02 vs 0.66). The mean L*, a*, and b*

values of the syrups were 68.8 � 0.6, 0.7 � 0.1, and 18.7 � 0.6, respectively.
Sweet potato starch and water

Heat to 1028C 

Thermostable bacterial α-amylase
Incubate at 1028C

Dextrins (branched and linear)
Cool adjust to pH 6.4

Glucoamylase
300 µl, incubate at
62.58C, 12 hours

Filtration and evaporation

High glucose syrup

S
A
C

L
I
Q

FIG. 7 Overview of enzymatic hydrolysis of sweet potato starch into glucose syrup.

LIQ ¼ Liquefaction, SAC ¼ Saccharification (Bovell-Benjamin et al., 2005).
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The mean viscosity of the sweet potato syrup was 1.98 Pa�s at room tem-

perature and 0.95 Pa�s at 4�C. The viscosity for the sweet potato syrup

gradually increased as storage time increased. With syrups stored at both

temperatures, increased shear stress decreased their viscosities. However,

when a commercial corn syrup was tested under the same conditions, there

was no decrease in viscosity as shear stress increased. Overall, the SPS syrup

had RI, color, and viscosity comparable to that of the commercial corn

syrup.
D. EFFECTS OF pH AND CONCENTRATION TIMES ON SELECTED

FUNCTIONAL PROPERTIES OF A SWEET POTATO SYRUP

(YOUSIF-IBRAHIM ET AL., 2003)

The overall objective of this study was to optimize previously developed sweet

potato syrup. Specifically, the study determined the eVect of varying pH and

time at the liquefaction and concentration stages, respectively, on the mois-

ture, RI, color, and yield of an SPS (Figure 10). SPS was used to process three

syrups in which the protocol remained constant, except for the pH and

concentration times. At the liquefaction stage, the pH was adjusted to 6.4,

7.0, and 8.0 for Syrup A (SPSA), Syrup B (SPSB), and Syrup C (SPSC),

respectively. At the concentration stage, the syrups were exposed to 35, 40,

and 43 minutes of heat. The moisture content of the syrups concentrated for

35 minutes was significantly (p < 0.05) diVerent, with the SPSC having the

highest moisture. Similarly, the moisture content for the SPSC heated for

40 minutes was highest, but lowest when heated for >43 minutes. The mean

refractive indices were similar for the syrups, ranging from 1.4 to 1.5. As the

concentration time increased, the L* value decreased for the syrups, with

SPSA being lightest in color at all concentration times. At all concentration

times, the total syrup yield from 60-g SPS was highest for SPSC. The syrup

with pH 8.0, and 40 minutes, at the liquefaction and concentration stages,

respectively, had the most desirable RI, color, and overall yield.
E. INFLUENCE OF a-AMYLASE ON THE PHYSICAL PROPERTIES

AND CONSUMER ACCEPTABILITY OF SPS SYRUP

(BOVELL-BENJAMIN ET AL., 2005)

Technology was developed on a laboratory scale for the production of SPS

syrup, and the eVect of varying levels of a-amylase on syrup quality, storage

stability, and consumer acceptance were evaluated. Three levels of thermo-

stable bacterial a-amylases (1.5, 3.0, and 4.5 ml) were used for conversion of

SPS into glucose syrup. The 1.5-ml a-amylase-treated SPS was dropped
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from the experiment because there was no hydrolysis. The enzymatic con-

version of SPS into glucose was significantly higher (p < 0.05) for the 4.5-ml

a-amylase-treated compared to the 1.5 and 3.0 ml levels. The RI was 1.5 and

1.4 for the 4.5 and 3.0 ml a-amylase-treated syrups, respectively, while

moisture content (16.7 vs 12.5) and �Brix (65.0 vs 57.0) were higher for the

4.5 ml a-amylase-treated syrup. Syrups were stored at room (RSPSS) and

refrigerated (RESPSS) temperatures. During storage, the L* color value for

RESPSS was significantly higher ( p < 0.05) than that of RSPSS. Similarly,

the �Brix was 64.1 � 1.1 and 66.0 � 1.7 for the RSPSS and RESPSS,

respectively. The RSPSS was stable for 12 weeks. The sweet potato starch

syrup (SPSS) and two commercial syrups (maple and ginger) were evaluated

by 112 children between the ages of 12 and 13 years on a nine-point hedonic

scale with plain waZe as a ‘‘carrier.’’ For the younger children, there were no

significant diVerences in liking between the SPSS (6.1) and maple syrup (5.8).

However, the mean preference for the ginger syrup was significantly less

(p < 0.001). Overall, the SPSS had acceptable physical and consumer

properties, indicating the need for further research to convert it into a

commercially viable product.
F. SENSORY AND CONSUMER EVALUATION OF SPS SYRUP

(MILLER ET AL., 2003)

This study evaluated selected sensory attributes of SPS using a modified mag-

nitude estimation (ME) procedure, and determined consumer acceptance using

a nine-point hedonic scale. A syrupmade from hydroponic sweet potato starch

(HSPS) was tested against two commercial control (ginger and corn) syrups.

For the ME, 11 undergraduate students on Tuskegee University campus were

trained as judges to doME scaling. The judges were trained in ratio scaling by

contrasting a reference line with relative lengths of experimental lines in ran-

dom order in proportion to the fixed modulus of 15 (Giovanni and Pangborn,

1983). The three syrups were evaluated in triplicate with the modulus anchored

at ‘‘30.’’ Five attributes, namely,mouthfeel, pourability, aroma, sweetness, and

color were evaluated. The samples were evaluated relative to the modulus,

for example, if a sample was twice as sweet as themodulus, it would be assigned

the value of ‘‘60.’’ For the consumer testing, 43 untrained judges evaluated the

syrups for color, sweetness, aroma, viscosity, and overall preference.

The pourability of the HSPS and corn syrups was significantly ( p < 0.05)

higher than the ginger syrup, which is a more desirable feature for consumers.

The ME judges scored the HSPS as having a more desirable color than both

commercial syrups. Ratings for the HSPS and ginger syrups were similar for

the aroma attribute, but significantly higher for the corn syrup. The ginger
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and corn syrups were equally sweet, but the HSPS was significantly ( p < 0.05)

less sweet. Consumers liked the color HSPS and corn syrups moderately (7.0

score on the hedonic scale), and this is promising because a 7.0 indicates that it

is highly likely the particular attribute will be acceptable to consumers. The

viscosity of the HSPSwas also liked slightly and equally well as the commercial

ginger syrup. However, the sweetness and aroma attributes were disliked

slightly. Further optimization of the HSPS syrup such as isomerization into

fructose syrup could help to improve the sweetness and aroma attributes.
VI. ADVANCES IN SPF PRODUCTION AND UTILIZATION FOR HUMAN
FOOD SYSTEMS

Peters and Wheatley (1997) conducted an in-depth diagnostic assessment of

the feasibility of establishing a household-level SPF processing industry in

East Java. Their results identified SPF as a promising product to increase

rural income with potential markets in bakery, noodle, and various snacks.

This finding is also relevant to other developing countries such as Kenya,

Uganda, and Nigeria where the potential for small-scale SPF production was

identified as an alternative for traditional flours (Hagenimana and Owori,

1996; Hagenimana et al., 1995; Omosa, 1994). SPF could be marketed as a

low-cost alternative to imported wheat flour, thus reducing bakery costs and

foreign exchange bills. For example, Peters and Wheatley (1997) postulated

that for a 5% substitution rate, the potential savings fromwheat import reduc-

tions for Indonesia would be US$40,000,000 based on 1995 import volume

and value. SPF can also serve as a source of carbohydrate, b-carotene,
minerals; can add natural sweetness, color and flavor to processed products;

and can prevent food allergies in some instances (van Hal, 2000).

Food allergies have become a public health issue in many countries

including the United States (Maleki, 2001). Cereals containing gluten are

ranked among the eight most common causes of food allergy (Taylor and

Hefle, 2001). It is estimated that up to 5% of the population has serious

allergies to some foods, including the gluten in wheat (Mannie, 1999). Celiac

disease aVects the small intestines due to sensitivity to gluten present in certain

cereals includingwheat, wheat starch, rye, barley, triticale, and probably oats,

and the only eVective treatment is strict adherence to a 100% gluten-free diet

for life (Caperuto et al., 2000). SPF can serve as an alternative for individuals

diagnosed with celiac disease or with allergies to the gluten in wheat.

Perhaps, more importantly, van Hal (2000) estimated that SPF could

contribute 0–100%, 20%, 20–40%, 17%, and 10% of the daily nutrient

needs [based on the recommended daily allowances (RDA)] for b-carotene,
thiamin, iron, vitamin C, and protein, respectively. SPF can also be used
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direct ly or as a raw mate rial for process ing into other products . A v ariety of

prod ucts such as doug hnuts, biscuits, mu Y ns, cookies, fried swe et potato
cakes, extrude d swe et potato chips, ice cream s, porridg e, bro wnies, pies,

breakfa st foods, an d weanin g foo ds have been made from SPF (Fugl ie an d

Herm ann, 20 04; Greene, 2003 ). In India, dried swe et potatoe s grounded into

flour are used to supplem ent flours in bak ery pro ducts, chap atis, and pud-

dings, while in the Philip pines, dried sweet potato chips are pounde d into

flour for use in gruel (Nair et al ., 19 87 ). The steps involv ed in process ing

swe et potato into flour are shown in Fig ure 8.

The ratio of the weight of the flour to the weight of the fresh sweet potato

roots expressed as a percentage is termed the yield or conversion rate. Limited

information regarding flour yields from sweet potato is available, but it is

known that flour yield is dependent on factors such as sweet potato cv.,

technologies used, and the dry matter of the final flour. Dawkins and Lu

(1991) reported a 13–18% yield in flour prepared from steam blanched, micro-

wave blanched, and unblanched sweet potatoes. A flour yield ranging from 17%

to 38% for diVerent sweet potato cv. was also reported by Gakonyo (1993a).

Two Philippine sweet potato cv. Georgia Red and Ilocos Sur were reported to

yield 12 and 37 kg, respectively, of flour from 100-g fresh roots (Van Den,

1984). Dansby and Bovell-Benjamin (2003a) calculated the mass balance for

flour made from hydroponic sweet potato and reported a yield of 15%. Average

sweet potato root:flour conversion rates ranging from 23% to 27% were

r epor te d b y Peters et al. (2005). Suismono (1995) reported 24% fresh root:flour

conversion rate, while Martin (1984) reported a 17–38% range. Peters and

Wheatley (1997) calculated the data from two on-farm trials, and the fresh
Grind

Sweet potato flour Mill

Fresh sweet potato roots Weigh, wash Peel, wash 

ShredDehydrate, 708C, 12 hours

FIG. 8 Production of sweet potato flour (Dansby and Bovell-Benjamin, 2003a).
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root:flour conversion rates were approximately 20%. Overall, the reported

literature indicates that fresh sweet potato root:flour conversion rate ranges

from 13% to 38%. Variations in yield could be aVected by factors such as drying
times, cv., processing methods, and calculations.

It is importa nt to underst and t he func tional, physi cal, and chemic al char-

a cte ristic s of S PF if its suitability for use in va lue -adde d products ha s to b e

dete rmined. P re vious res ear chers ha ve noted a la ck of inform ation on S PF

quality. For exa mp le, Ha genima na and Owor i (199 6) me ntioned that S PF is

very convenient for utilization by the food industry, but its quality and shelf life

are not documented. The quality characteristics of SPF include high starch

content, white color, low acidity, crude fiber, and ash contents (Antarlina,

1990). The moisture content of SPF is especially important because high mois-

ture can speedup chemical or microbial deterioration (van Hal, 2000). Accord-

ing to W oolfe (1 99 2) and C olla do and C orke (19 99 ), the moisture c ontent of

SPF ranges from4.4% to 13.2%.Reddy andBasappa (1997) prepared SPFusing

diVerent peeling methods: hand, lye, mechanical abrasive, no peeling, and no

peeling and cooking.Final SPFhadmoisture contents between 9.3%and 12.6%.

The sensory, nutritional, and microbiological quality of SPF processed from

nonsoaked and soaked slices using minimum amounts of water were compared

by Owori and Hagenimana (2000). The moisture contents of SPF soaked for 0,

30, 60, and 90 minutes are shown in Table V. Fuglie and Hermann (2004) and
TABLE V
MOISTURE, CARBOHYDRATE, PROTEIN, AND b-CAROTENE CONTENTS

OF SWEET POTATO FLOUR

References Moisture (%) Carbohydrate Protein (%)

b-Carotene
(mg/100 g)
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Da ns by and B ov ell-Benjam in (20 03a ) also evaluated the moisture contents of

SPF processed from conventionally and hydroponically grown sweet potatoes

(Table V). The h ydr oponic SPF had lowe r m ean initial moistur e than thos e

re po rte d by W oolfe (1 99 2) and C ollado and C orke ( 199 9). Howeve r, the final

moisture content is dependent on the drying method and time.

The bulk of SPF is carbohydrate between 85% and 95%dwb, but this varies

according to cv. Several researchers have reported the total carbohydrate

content of SPF as ranging from 86.1% to 94.8% dwb (Gurkin-Ulm, 1988;

Maneepun et al., 1992; Woolfe, 1992). Dansby and Bovell-Benjamin (2003a)

reported carbohydrate values for hydroponic SPF stored for 5 months at

room and refrigerated temperatures (Table V). Yadav et al. (2005) determined

the eVect of drying methods (native, drum dried, and hot air-dried) on the

functional properties of SPF from red- and white-skinned sweet potato.

Fuglie and Hermann (2004) documented carbohydrate content for a complex

instant SPF as shown in Table V.

The protein content of SPF is usually low, ranging from 1.0% to 14.2%

(Collado et al., 1997; Woolfe, 1992). Owori and Hagenimana (2000), Dansby

and Bovell-Benjamin (2003a), Yadav et al. (2005), and Fuglie and Hermann

(2004) reported protein values for SPF (Table V). The b-carotene content of
SPF processed from hydroponically grown sweet potato reported by Dansby

and Bovell-Benjamin (2003a) was within the range of that reported by

Woolfe (1992) for field-grown sweet potatoes (Table V). Total dietary fiber

of SPF was reported to range between 11.0 � 0.1% and 17.6 � 0.3% by

Dansby and Bovell-Benjamin (2003a) and Yadav et al. (2005), respectively.

Dietary fiber content of SPF is between 0.4% and 13.8% (van Hal, 2000).

Fuglie and Hermann (2004) reported 2% crude dietary fiber in SPF. SPF has

higher amounts of b-carotene than wheat products and is an eVective way of

increasing dietary carotenoid intake. Although SPF is identified as one of the

most promising sweet potato products, its quality and storage stability need

to be further researched.

Dansby and Bovell-Benjamin (2003a) evaluated the proximate composi-

tion and color of processed hydroponic SPF during storage. The researchers

concluded that the storage temperatures and time (4 or 21� 4�C for 5months)

did not significantly aVect the proximate composition and color of the SPF.

However, although no discoloration or browning of the SPF was observed,

the flour stored at 21 � 4�C lost more of the orange/yellow color than that

stored at refrigerated temperature. Orbase and Autos (1996) found that there

was no discoloration in flour from four sweet potato cv. stored for 6months in

polyethylene, cotton, and polyethylene/cotton packaging. No deterioration

was observed in flour stored for 5–7 months in polyethylene and polypropyl-

ene bags (Woolfe, 1992). Similarly, Gurkin-Ulm (1988) reported that the

proximate composition and dietary fiber of SPF stored for 1.5 month were
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not aVected by stora ge time, tempe ratur e, or atmos phere. In general , the SPF

retai ns most of the nutri tional composi tion of fresh swe et potato roots, and

man y advanc es have been mad e in the technol ogy of SPF prod uction, its

stora ge stabi lity and nutri tion, making the flour a highly feasible, commer cial

value- add ed product.

Many studies have reported the feasibility of using SPF as an alternative to

wheat especially in bakery products. Woolfe (1992) reported that at SPF

substitution levels above 20%, bread became unacceptable in terms of loaf

volume, flavor, and texture. In Peru, commercial bakeries are producing widely

accepted bread supplemented with 15% and 30% sweeet potato (Huaman,

1992). The technology has advanced, and substitution levels as high as 65%

SPF have resulted in bread with acceptable loaf volumes, flavor and texture.

For example, breads supplemented with 50%, 55%, 60%, and 65% SPF had

acceptable texture and loaf volumes (Greene et al., 2003). Marklinder et al.

(1996) considered barley sourdough bread that yielded volumes >450 ml as

acceptable, and 990-ml loaf volume for standard wheat bread as acceptable.

The studies reported below illustrate the advances in utilization of SPF.

A. BREADMAKING PROPERTIES OF SPF (GREENE ET AL. , 2003)

Ther e is limit ed research regardi ng the process ing of sweet potato bread. The

obje ctives of this resear ch were to: (1) determ ine the ch emical pro perties

(moi sture, loaf volume , and texture) of bread supplem ented with di Verent
level s of SPF, and (2) evaluat e the struc tural propert ies of bread supp lemen-

ted with di Verent level s of SPF using scanning elect ron micr oscopy (SEM)

an d di Verenti al scan ning calorimet ry (DSC). Whole- wheat bread formu la-

tions wer e supplem ented with 50%, 55%, 60%, an d 65% SPF. The maxi mum

pe rcentag e strain requ ired to cut the breads into two pieces was used to indi-

cate texture (firmness) . The Jeol 5800 SEM and DSC 2010 were use d to

de termine the morpho logical struc ture an d enthal pies of the bre ads, respec-

tively. The moisture contents of sweet potato bread ranged from 36.8� 0.7%

to 40.4 � 0.7%. The bread supplemented with 50% SPF had the highest loaf

volume, which was not significantly diVerent from the other breads. Loaf

volumes ranged from 825 ml (bread with 65% SPF) to 1450 ml (bread with

50% SPF). The loaf volume of the bread containing 65% SPF was acceptable

and contrary to Woolfe’s (1992) findings. All the sweet potato breads were

less firm than the control (a 100% whole-wheat bread). The SEM showed

that the 50% SPF bread had the most gelatinization of starch granules when

compared with the others. The sweet potato breads had high enthalpies,

possibly because of the presence of larger granules in the SPS. The chemical

and structural properties of the sweet potato breads were similar. Overall,

the sweet potato breads had similar loaf volume, texture, morphology, and
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enthalpies. The moisture content of the breads supplemented with 55% and

60% SPF were similar, but significantly diVerent from those with 50%

and 65% SPF. The SEM revealed that starch gelatinization was less in the

breads supplemented with 55%, 60%, and 65% SPF. The DSC results indi-

cated a high enthalpy in the bread with 50% SPF, which showed the most

gelatinization. It can be concluded that sweet potato bread is a feasible

option for incorporation into the diets of astronauts and consumers on

Earth based on its chemical and structural properties.
B. MACROSCOPIC AND SENSORY EVALUATION OF BREAD

SUPPLEMENTED WITH SPF (GREENE AND BOVELL-BENJAMIN, 2004)

The macroscopic and sensory properties of bread supplemented with 50%,

55%, 60%, and 65% SPF were evaluated. Trained judges evaluated 10

samples of freshly baked and 5 samples of day-old breads supplemented

with 50%, 55%, 60%, 65% SPF, and two commercial controls (100% whole-

wheat bread and potato bread). The proximate analysis showed that increas-

ing percentages of SPF increased the b-carotene contents of the breads, while
decreasing their protein contents. Twelve perceived sensory attributes, which

could be used to diVerentiate the appearance (color, cell size, uniformity),

texture (chewy, soft, gritty, denseness), and flavor (fresh bread smell, strong

wheaty smell, strong sweet potato smell, wheaty taste, aftertaste) of breads

supplemented with SPF were generated. The judges’ perceptions for color

and texture were in agreement with those from the instrumental measures

used in the study. SPF could be used to substitute whole-wheat flour at 50%,

55%, 60%, and 65% levels in bread making.
C. DEVELOPMENT AND STORAGE STABILITY OF BREADS

SUPPLEMENTED WITH SPF AND DOUGH ENHANCERS

(HATHORN ET AL., 2005)

Sweet potato and hard red spring wheat (HRSW) have been selected by the

NASA to be grown in space. The objective of this study was to determine the

storage stability of bread supplemented with SPF. Sweet potato and HRSW

were processed into flour, and two dough enhancers, with and without SPS,

were developed. Six breads, with two levels of SPF (50% and 65%) with and

without dough enhancers were made. The breads were stored at room tem-

perature (22 � 2�C) for 7 days. Samples were randomly withdrawn every

24 hours, and the proximate composition, color, loaf volume, texture, and

mold and yeast growthmeasured.Moisture contents ranged from 30% to 41%

in all breads. The color of the breads lightened as storage time increased.
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flour, respectively.
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Loaf volumes were highest in breads containing 50% SPF and dough enhan-

cers (Figure 9). Breads containing 65% SPF and no dough enhancer had the

lowest loaf volume. Texture (firmness) was similar for all breads during the

storage period. Yeast counts were low, but higher than mold counts through-

out the storage. During storage, mold counts were<4 CFU/ml for all breads.

On the seventh day, the breads deteriorated, and yeasts were too numerous to

count. The findings indicate that sweet potato bread can be stored for 6 days

at room temperature without deterioration in texture and adverse growth of

yeasts and molds.

D. SENSORY CHARACTERIZATION OF A READY-TO-EAT SWEET

POTATO BREAKFAST CEREAL BY DESCRIPTIVE ANALYSIS

(DANSBY AND BOVELL-BENJAMIN, 2003b)

A trained panel evaluated the sensory attributes of extruded, sweet potato

ready-to-eat breakfast cereals (RTEBC) using sensory descriptive analysis.

Three cereal formulations with varying amounts of processed hydroponic

SPF and/or wheat bran [100% SPF, 75%/25% SPF/whole-wheat bran

(SPFWWB), and 100% whole-wheat bran (WWB)] were developed. Ten pane-

lists evaluated the sensory attributes of the three RTEBC, and a commercial

cereal, Fiber OneÒ (the control). The intensity of 12 sensory attributes of the

four RTEBCwas rated. The appearance attributes evaluated were color, gloss,

and sticklike; the flavor attributes were blandness, sweetness, sharp smell,

cinnamon aftertaste; and the texture attributes were crunchiness, grittiness,

hardness, chewiness, and dryness. Descriptive analysis revealed that the sam-

ples were significantly diVerent for all attributes. Fiber OneÒ had a significantly

(p < 0.05) lighter brown color than the sweet potato RTEBC, but the 100%
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SPF and SPFWWBwere the crunchiest. TheWWBwas the sweetest cereal and

significantly diVerent to all the others. For the sweetness attribute, the

SPFWWB and the Fiber OneÒ were not significantly (p < 0.05) diVerent, but
the 100% SPF cereal was sweeter and significantly diVerent from them. The

sweet potato RTEBC was chewier than the control.

The underlying principle of descriptive analysis is the development of a des-

criptive language to be used for scoring the product. In this study, a descriptive

language for sweet potatoRTEBCwas developed, and 12 terms could be used to

describe and diVerentiate the appearance, texture, and flavor of sweet potato

RTEBC. The data collected could be used to facilitate future training of similar

panels and to enhance sensory communication regarding sweet potato RTEBC.

Stone and Sidel (1993) and Pal et al. (1995) noted that descriptive analysis could

contribute directly or indirectly to other activities such as cost reduction, deter-

mination of consumer reaction, quality maintenance, and evaluation in product

development. Therefore, the data collected in this could be useful for further

optimization of the sweet potatoRTEBCand help to increase utilization of SPF.

Finally, the data can be used in the design of follow-up consumer studies of the

sweet potato RTEBC with the relevant population groups.

E. PHYSICAL PROPERTIES AND SIXTHGRADERS’ ACCEPTANCE OF AN

EXTRUDED READY-TO-EAT SWEET POTATO BREAKFAST

CEREAL (DANSBY AND BOVELL-BENJAMIN, 2003c)

This study was a continuation of the authors’ earlier investigations in a broader

project to develop palatable, nutritious food ingredients and value-added pro-

ducts from the sweet potato. The nutritive, physical properties and sixth graders’

acceptance of a newly developed RTEBC were determined. Extruded RTEBC

were made from 100% and 75% SPF, 100%WWB, and extrusion cooking. The

proximate composition, bulk density, expansion ratio, color, morphology,

water absorption index, and water solubility index of the RTEBC were deter-

mined. Seventy-three sixth grade students evaluated three sweet potato RTEBC

on a nine-point hedonic scale, with the nine structural levels ranging from

9 ‘‘supergood’’ through 5 ‘‘maybe good or bad’’ to 1 ‘‘superbad.’’ The samples

were: (1) 100% SPF cereal, (2) 75% SPF/25% WWB cereal, (3) 100% WWB

cereal, and (4) Fiber OneÒ (a commercial ready-to-eat breakfast cereal, made

fromwheat and corn branwas the control).Wheat branwas chosen as a control

because the main ingredient in Fiber OneÒ is wheat bran, and it is the commer-

cial ready-to-eat breakfast cereal, which is similar in appearance to the sweet

potato cereals.

The mean moisture content was similar for both sweet potato RTBC, but

significantly higher for the 100%WWB. The crude ash content was significant

(p< 0.05) for all theRTEBC, being highest in the 100%WWBand lowest in the
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100%SPF.All theRTEBChad similar fat contents. As expected, carbohydrate

and ascorbic acid contents were higher in the 100% SPF. The b-carotene
content in the 100% SPF was significantly (p < 0.05) higher than that of

the 100% WWB, which had negligible amounts (6495 mg/100 g compared

with 280 mg/100 g). However, the dietary fiber in the 100% WWB was almost

three times as high as that of the 100% SPF (29% vs 10%), not surprising

becausewheat is a richer source of dietary fiber than sweet potato. The vitamins

thiamin and riboflavin contents were similar for the cereals. The bulk density

and expansion ratio of extruded products describe the degree of puYng of the

extrudates. The bulk densities and water absorption index were similar for

the cereals. However, expansion ratio was highest in the 100% SPF cereal. The

100% WWB had the lightest color and most fibrous morphology. For the

consumer testing, degree of liking (DOL) among the RTEBC diVered signifi-

cantly (p < 0.05). Fiber OneÒ was liked significantly more than the other

cereals. The 100%WWB was the least-liked cereal and was significantly diVer-
ent from all other cereals. The extruded RTEBC containing 100% SPF and

75%/25% SPFWWB received high ratings 6.7� 1.7 and 6.2� 1.7, respectively.

In hedonic ratings, scores�5 reflect liking of the product by the consumers. The

100% WWB was unacceptable to the sixth graders which was not surprising

because sensory descriptive analysis done earlier confirmed that it was the

blandest, most gritty, most chewy cereal. Extruded RTEBC containing 100%

SPF and 75% SPF are promising products to be included in human diets

because they were well liked and acceptable to sixth graders. However, further

work is continuing to decrease the chewiness of the sweet potato RTEBC and

evaluate its stability during long-term storage studies.

F. PREPARATION OF SPF AND ITS FERMENTATION TO ETHANOL

(REDDY AND BASAPPA, 1997)

The economic preparation of SPF and eYcient conversion to ethanol were

studied. SPF was prepared using abrasive peeling, hand peeling, lye peeling,

and drum drying. The SPF was treated with pectinase, and then with culture

filtrate (a-amylase and glucoamylase) of Endomycopsis fibuligera. The inocu-

lated samples were fermented for 3 days. A winelike product with ethanol up

to 8.6% (w/v), desirable aroma and color was processed.

G. GENETIC VARIATION IN COLOR OF SPF RELATED TO ITS USE IN

WHEAT-BASED COMPOSITE FLOUR PRODUCTS (COLLADO ET AL., 1997)

SPFs vary widely in color depending on genotype, and when used in wheat-

based composite flours they will impart characteristic colors, which may be

favorable or unfavorable for particular food products. SPF was prepared from
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44 genotypes and analyzed for proximate composition and biochemical proper-

ties. TheHunter colorL*, a*, b* values of the dry SPFand theirmodifiedPekar

slicks (PS) with water and alkali were measured. Polyphenol oxidase activity,

a-amylase activity, and total sugar were significantly correlated to L* values of

dry SPF and of their PS tests with water and alkali. The yellow pigment level

was significantly correlated to the yellowness (b*) of the dry flour and of the PS

test with water, but less correlated to b* of the PS test with alkaline. The results

indicated a complex biochemical basis to SPF color, and no single biochemical

factor examinedwas adequate to predict the color of a food productmade from

SPF.However, the PS color parameterswere highly correlatedwith the color of

dough sheets for white-salted and yellow-alkaline noodles made from wheat

and sweet potato composite flour (75:25). Thus, the simple modified PS test

could be used in screening of genotypes for color stability and suitability for a

specific end-use. SPF genotypes conferred a wide range of colors on composite

flour dough preparations. Some colors, particularly the range of greens and

bright orange, may be useful in specialty product development.

H. QUALITY EVALUATION OF SPF PROCESSED IN DIFFERENT

AGROECOLOGICAL SITES USING SMALL-SCALE PROCESSING

TECHNOLOGIES (OWORI AND HAGENIMANA, 2000)

Owori and Hagenimana (2000) developed appropriate processes for small-

scale production of SPF with the desired degree of odor, color, and nutri-

tional and microbiological quality. It was reported that slicing and soaking

the sweet potato roots for 1.5 hours prior to sun drying reduced the odor of

the flour. For the color, as the soaking time increased, browning in the SPF

decreased. There was a decrease in the total sugars, reducing sugars, starch,

and proteins in flour processed from sweet potatoes soaked for 90 minutes.

There were no diVerences in the microbial quality of SPFs made from

soaked and nonsoaked sliced roots. The researchers concluded that soaking

sliced sweet potato roots for 90 minutes prior to sun drying could be a

suitable method for small-scale production of flour.

I. SPF-LIKE PRODUCTS

In Uganda, drying is the traditional way to preserve sweet potato. Women

crush and sun dry chunks of the fresh root to prepare a coarse inginyo. For

amukeke chips, the men slice up the roots into round, flat pieces, which the

women then spread out to dry; both keep for 4–5 months (CIP, 1998). The

inginyo or amukeke are ground into a coarse flour, which is rehydrated with

water, boiled, mashed, and then eaten directly as a thick porridge known as

atapa, starchy staple (CIP, 1998). The dried sweet potato is also boiled in
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sauces along with beans and vegetables. The recovery rate of fresh roots to

amukeke dried chips is from 40% to 45%, and for every 45 kg of fresh sweet

potato roots about 18 kg of dried chips (at 14% moisture) are produced. The

nutritional composition of sweet potato chips has been reported as 5.2%, 0.1%,

and 2.6% for crude protein, crude fiber, and ash, respectively (Tewe et al. 2003).

Equally suitable as a human snack food, amukeke dried chips can be found in

the marketplace, but command little consumer interest (CIP, 1998).

In Mali, West Africa, sweet potatoes are peeled, cut into small pieces, and

sun-dried. The dehydrated sweet potatoes can be stored for several months.

They are usually rehydrated and added to a sauce with other condiments and

eaten with a stiV cereal porridge or rice (Scheuring et al., 1996). Researchers

have indicated that shade-dried sweet potato pieces still had high levels of

b-carotene (Scheuring et al., 1996). Sweet potato is processed into two local

products called Michembe (the roots are withered, cut into slices, and dried)

and Matobolwa (the roots are boiled, sliced, and dried) in Tanzania. These

products can last for 5–8 months (Gichuki et al., 2005). Other products that

have been prepared in Tanzania include cakes, chapatis, donates, kaimati,

and buns (Gichuki et al., 2005).
VII. OTHER POTENTIAL SWEET POTATO PRODUCTS

Potential sweet potato products (some with limited commercialization) include

sweet potato bread pudding, casserole, tart, muYns, scalloped sweet potato,

and refrigerated sweet potato pieces (Figure 10). Other value-added, commer-

cial SPF products sold in supermarkets in the United States include sweet

potato pancake mixes and sweet potato chips. Some east coast restaurants in

the United States, especially in New York and Florida now feature sweet

potato fries (Adam, 2005).An extensive sweet potato recipe list including dishes

from China, Ghana, Guyana, India, Japan, and the United States is available

elsewhere (Hill et al., 1992). The following section gives a more detailed

description of selective potential sweet potato products.

A. CONSUMER ACCEPTANCE OF VEGETARIAN SWEET POTATO

PRODUCTS INTENDED FOR SPACE MISSIONS (WILSON ET AL., 1998)

The study determined consumer acceptability of products containing from 6%

to 20% sweet potato on dwb. Vegetarian productsmadewith sweet potatowere

developed for use in nutritious and palatable meals for future space explorers.

Sensory (appearance/color, aroma, texture, flavor/taste, and overall accepta-

bility) studies were conducted using panelists at NASA/Johnson Space Center,

Houston, Texas. All the products were vegetarian with the exception of a



FIG. 10 Potential sweet potato products (some with limited commercialization).

(A) Bread pudding, (B) casserole, (C) bran muYns, (D) scalloped sweet potato, (E) refri-

gerated sweet potato pieces, and (F) tart.
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sweet potato pie. A nine-point hedonic scale (9 ¼ like extremely, 5 ¼ neither

like nor dislike, and 1 ¼ dislike extremely) was used to evaluate 10 products

and similar commercially available products (controls). The products tested

were sweet potato pancakes, waZes, tortillas, bread, pie, pound cake, pasta,

vegetable patties, doughnuts, and pretzels. All the products were liked either
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moderately or slightly with the exception of the sweet potato vegetable patties,

which were neither liked nor disliked. Because of their consumer acceptability,

these products were recommended to NASA’s Advanced Life Support Pro-

gram for inclusion in a vegetarian menu plan designed for lunar/Mars space

missions.

B. SWEET POTATO ‘‘KUNUZAKI’’ (TEWE ET AL., 2003)

In the northern part of Nigeria, sweet potato is processed into a local drink

called kunuzaki. Fresh sweet potato is peeled, blended/grated or ground,

sifted separated into boiled and unboiled portions, mixed, and left overnight

to ferment and sugar added.

C. SWEET POTATO BEVERAGE

Van Den (1992) reported two beverages from orange-fleshed sweet potato.

One of the beverages, which were highly acceptable to consumers, was fruity

and resembled fruit juice drinks. Sweet potato roots were processed into

precooked powder, which was sieved and mixed with cocoa powder. The

sweet potato–cocoa (85:15) hot drink was also acceptable to consumers.

In the United States, Gladney (2005) reformulated and processed a sweet

potato beverage. Selected chemical and physical properties of the beverage

(color, �Brix, pH, and ascorbic acid) were evaluated. The beverages contained

19%, 22%, and 26% sweet potato puree and other fruit juices. The results

indicated that the color was similar for all beverages; however, those with

higher amounts of sweet potato were darker. In general, the �Brix was higher
than those reported for a fruity beverage developed by Van Den (1992).

D. SELECTED PATENTS REGARDING SWEET POTATO PRODUCTS

A technology with methods for producing cooked sweet potato products

was patented in 2001 (Walter et al., 2001). The patent, docket, and serial

numbers are: 6197363, 22696, and 9216518, respectively. The invention is a

process for converting sweet potatoes into convenient and nutritional fin-

ished products for consumers and the food service industry. Similar to

frozen Idaho potatoes and fries, the invention uses a method that combines

cooked and pureed sweet potatoes with approximately 25% dry matter such

as potato flakes or starch. Gelling agents such as alginate, methylcellulose

and hydroxypropylmethyl cellulose, sucrose, calcium, and water are added.

The final mixture can either be spread or injected into a rectangular mold or

extruded and could be cut into bite-sized pieces, strips, wafers, and patties,

frozen and packed for distribution. The resulting products have low-fat

content and can be adjusted by food processors for desired fat levels.
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Products made using the invention also contain a high degree of b-carotene
to meet or exceed RDA.

US patent 5,204,137, which describes processes for products from sweet

potato, was issued in 1993. The invention is concerned with the utilization of

orange sweet potato roots, with the purpose of producing various flours,

other valuable edible products, and industrial products from them. The

invention is best described by reference to certain specific examples given in

this patent. A partial listing of these examples includes orange sweet potato

bread, orange sweet potato imitation corn bread, orange sweet potato cake

dough, orange sweet potatomuYns, orange sweet potato pancake mix, orange

sweet potato pizza dough, orange sweet potato waZes, orange sweet potato

dumplings, and so on (http://patft.uspto.gov). Patent 5,204,137 also reports

earlier patents, which are described here. Dried, ground orange sweet potatoes

were patented for use as an ingredient in coVee blends (US patent 100,587

issued in 1870; http://patft.uspto.gov); uncooked orange SPF was patented by

Marshall (US patent 77,995; http://patft.uspto.gov) and Baylor (US patent

100,587; http://patft.uspto.gov).
E. PREPARATION, EVALUATION, AND ANALYSIS OF A

FRENCH-FRY-TYPE PRODUCT FROM SWEET POTATOES

The researchers prepared aFrench-fry-type product from Jewel andCentennial

sweet potatoes. The sweet potato roots were washed, lye peeled, sliced into

strips, and blanched in hot water containing 1% sodium acid pyrophosphate.

The blanched strips were partially dried at 121�C. The dehydrated strips were

frozen until fried at 175�C. Panelists evaluated the color, flavor, and texture of

the products on a five-point scale. The flavor and texture results indicated that a

good product could be prepared from both cv. of sweet potato.
F. TEXTURAL MEASUREMENTS AND PRODUCT QUALITY

OF RESTRUCTURED SWEET POTATO FRENCH FRIES

(WALTER ET AL., 2002)

The study investigated: (1) the applicability of using alginate–calcium gelling

system to produce a high-quality sweet potato French-fry-type product from

sweet potato puree, (2) the physical and sensory properties of the product,

and (3) the relationship between measured instrumental texture parameters

and sensory properties of this product. Cooked, pureed sweet potatoes were

mixed with potato flakes, sucrose, tetrasodium pyrophosphate, alginate, and

calcium sulfate, formed and gelled, cut into strips, frozen, and fried. The

sweet potato fries containing 0.35-g alginate/100 g and 0.5 g-CaSO4/100 g

http://patft.uspto.gov
http://patft.uspto.gov
http://patft.uspto.gov
http://patft.uspto.gov
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wer e most accep table to con sumers who evaluat ed them. The resear chers

co ncluded that restructur ed sweet potato fries with consistent texture and

co nsumer accepta bility can be made from sweet pot ato puree using the

algi nate–ca lcium gell ing syst em.
VIII. POTEN TIAL OF SW EET POTATO IN THE UGANDA N
FOOD SYST EM

Ugan da is the bigges t sweet potato producer in the Africa and thir d largest

pro ducer in the world ( Scott and Maldonad o, 1999 ). In the 1900s, sweet

pota to was alrea dy an impor tant crop in the wes tern pa rt of Ugand a

( McM aster, 1962 ). Winte r et al. (1992) noted that the crop was tradi tion-

ally grown in appreci able quantities by the Arube trib e and Konjo of the

Ruw enzori slopes . Sweet potato cultivat ion spread to norther n Ugan da

dur ing the early part of the ninete enth century ( Drisberg, 1923 ). In the

1950 s, sweet potatoe s ranked as the most important crop afte r mil let, banan-

as, an d cassav a ( Hakiz a et al., 2000 ). Today in Uganda, swee t potato is a

major stapl e food and the fifth most impor tant foo d crop, with regard to land

area (after bananas, beans, maiz e, an d finger millet), but is rated third in

impor tance on a fres h wei ght basis ( Minis try of Agricu lture, Anim al Indus-

tri es and Fish eries, 1992 ). In district s such as Lira, Palli sa, an d Soro ti, sweet

pota to is ranked as one of the three most impor tant crop s gro wn. The crop is

an impor tant source of carb ohydrate s because of rapid popul ation growth,

an d its ability to produce mass ive a mount of en ergy in sho rt periods of time

(Odong o et al., 200 4). Additional ly, the importance of sweet pot ato increa sed

over the last two decades because of the serious decline of cassava production

subsequent to attack by the cassava mosaic disease, cassava green mite, and

cassav a meal y bug (Odong o et al., 20 04). Also from the mid- 1980s, the region

has experienced increased food insecurity, and the people have relied on the

sweet potato for their nutritive requirements.

In Uganda, sweet potato production, which is mainly concentrated in the

densely populated, mid-altitude regions, has increased from 231,000 ha in

1980 to 560,000 ha in 1999 with outputs of 1.2 and 1.9 metric tonnes, respec-

tively (Hakiza et al., 2000). During the last 5 years, sweet potato production

trends have increased in the northeastern region of Uganda (Owori and

Hagenimana, 2000). Bashasha et al. (2001) ranked sweet potato as second

to banana in the western and central regions, and after finger millet in the

northern and eastern regions in terms of food preference. Smith et al. (1996)

reported that sweet potato ranks first and third as a food crop and cash crop,

respectively, in Soroti District, Uganda. However, the postharvest techno-

logies and outlets have not kept pace with the increased production.
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Researchers, policymakers, and other stakeholders have become increasingly

interested in the role of sweet potato in the Ugandan food system and its

potential to improve nutrition, reduce food insecurity, and generate rural

incomes (Bashasha et al., 2001). With this recognition, the government of

Uganda has given high priority to research directed at enriching the nutrient

contents of the sweet potato through the development of orange-fleshed cv.

and diversifying sweet potato-based products and fortification.

In Ugandan food systems, the sweet potato assumes five roles, of which four

are unique to rural areas and onemainly to urban areas. According toHall et al.

(1998) andMwesigwa (1995), these roles are: (1) a predominant staple providing

themajority of calories formost of the year, although sweet potato production is

seasonal; (2) it is a major complementary staple eaten throughout the year

but with seasonal peaks; (3) a famine reserve staple typically consumed only in

significant quantities during shortages of the dominant staple; (4) a source of cash

income either produced strictly for sale ormore commonly as a source of revenue

from petty trading; and (5) a low-priced complementary staple for the poor and

lower-income urban groups.

As with other developing countries, the marketing of sweet potato in

Uganda is influenced by its bulkiness, perishability, transportation issues,

poor physical infrastructure such as roads, poor storage, and marketing

information systems, limited availability of adapted sweet potato-processing

technologies, and limited demand for traditionally processed products

(Owori and Hagenimana, 2000). However, the adaptation of sweet potato

processing technologies and value-added products can enhance consumption

among consumers. Some researchers have concluded that it is not profitable

for Ugandan farmers to engage in sweet potato processing, while others have

reported otherwise. For example, in Soroti, the sweet potato is consumed

year-round as boiled roots; traditionally processed food products, such as

dried chips; flour primarily for domestic use; household food security; and on

a more limited scale for sale in rural markets (Owori and Hagenimana, 2000).

EVorts are being made to expand the SPF market, and there is a potential for

SPF in Uganda’s baking industry. Collaborative research in Lira and Soroti

districts has also demonstrated that there is a market for common snack

products such as mandazi (doughnut), chapati, buns, and cakes, which have

been supplemented with 30% SPF (Owori et al., 2000).

Bashasha and Scott (2001) conducted a study in northeastern Uganda to

assess the status andmarket potential of processed sweet potato, namely, inginyo

and amukeke. Their results indicated that sweet potato was processed primarily

for household food security. Respondents reported lack of time, high labor

cost, and lack of market as the main bottlenecks, while peeling and slicing

were the most labor-intensive activities. Owori and Hagenimana (2000) con-

ducted research to improve the quality (odor, color, sensory, nutritional, and
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microbiological) of SPF processed from nonsoaked and soaked slices and

recommended appropriate processing techniques for small-scale production.

Soaking the sweet potatoes for 90 minutes decreased the odor intensity of the

flour, andbrowning reducedwith increased soaking time.Thenutrient content of

the SPF reduced slowly as soaking time increased, moisture content increased,

ash, starch, protein, total and reducing sugars decreased. The research demon-

strated that routine microbiological analysis of SPF was needed to control the

production process, and soaking sliced sweet potato roots for 90 minutes before

sun drying is the most suitable method for small-scale production. In another

research process, Mudiope et al. (2000) conducted a survey in Kumi subcounty,

Uganda to evaluate the role of sweet potato in the farming system by measuring

the production, marketing, and processing constraints facing the crop. Produc-

tion constraints such as labor shortage and lack of planting materials were the

major limitations in the sweet potato farming system. Constraints in processing

of sweet potatoes included lack of processing tools.

Peters (1998) examined related aspects of sweet potato production, pro-

cessing, utilization, and marketing to set postharvest research strategies for

addressing food security and income generation in Uganda. The relevant

findings indicated the need for more research focused on planting material,

appropriate technology for processing, storage of fresh or processed roots,

and the commercial potential for SPF as a substitute for wheat flour. Peters

(1998) also indicated that SPF could be marketed as ‘‘atap’’ (a low-quality

flour consumed by the general population as a staple). The outcomes of the

above-mentioned studies stress the need for further research eVorts to ad-

dress the production and processing aspects of the sweet potato to enable it

to play a greater role in ensuring food security in Uganda.

Over the last decade or more, sweet potato production has increased in

Uganda while the decline in cassava production has allowed the crop to play

a role in food security. However, the sweet potato has the potential to play a

much more substantial role in the Ugandan food system. Further fundamen-

tal research is needed to upgrade the quality of sweet potato production,

processing and product development, and identify ways to eVectively edu-

cate Ugandans regarding exploitation of the nutritional benefits of the sweet

potato, and how it can play a role in eradicating VAD and food insecurity.
IX. SWEET POTATO PROCESSING AND UTILIZATION
EFFORTS IN KENYA

In Kenya, East Africa, sweet potato is an important secondary and ‘‘food

security’’ crop when maize supply is low and in times of drought (Gakonyo,

1993b; Mutuura et al., 1992). For example, Mutuura et al. (1992) reported
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that in western Kenya, 40–60% of households ate sweet potatoes more than

four times weekly, while 65–95% consumed them once per week during

the ‘‘hunger season’’ and when maize was plentiful, respectively. Alumira

and Obara (1997) reported that sweet potato is not a main dietary staple in

Nairobi. In their 1997 survey, the majority of participants (from middle- and

low-income groups) indicated that they ate less sweet potato than 5 years

ago because of changes to more ‘‘urban/modern-type’’ foods. Other reasons

given for the decreased consumption include unavailability of sweet potato,

unreliable sweet potato harvests, less land space available for production

of sweet potato, and high cost for sweet potatoes. On the other hand, 37%

of the participants indicated that eating habits have changed in favor of the

sweet potato because they are cheap and easy to cook, they serve as an

alternative when maize price is high, and they are preferred to bread at

breakfast time because of the sugar content and low price.

The production of sweet potato in Kenya has increased from 55,000 ha

in 1988 to 65,000 ha in 1996 (FAO, 1997). The average annual per capita sweet

potato consumption is approximately 24 kg (Scott and Ewell, 1992). In the

western part ofKenya, including theLakeVictoria basin andNyanzaProvince,

sweet potato is grownwidely and ismostly a woman-tended crop (Nungo et al.,

2000; Oyunga-Ogubi et al., 2005). In the Nyanza Province, 82% of households

grow sweet potato (Oyunga-Ogubi et al., 2005). VAD is widespread in Kenya,

and most of the dietary vitamin A is supplied by carotenoids (GoK and

UNICEF, 1995). Plant foods such as the sweet potato with concentrated

provitamin A can contribute to decreasing food insecurity and VAD in

Kenya.However, full exploitation of the sweet potato is limited by its bulkiness,

perishability, high cost per unit sold, poor consumers’ perceptions, and the

varieties cultivated (GTZ, 1998).

The predominant sweet potato cv. grown and consumed in Kenya are white

or pale-yellow flesh types, which are low in b-carotene (Hagenimana et al.,

1998b). In contrast, orange-fleshed varieties, which are rich in b-carotene, are
not so popular. The orange-fleshed sweet potato is an aVordable, rich, year-
round source of b-carotene, therefore, eVorts are being made to adopt it in

Kenya. If farmers and consumers switch from nonorange to orange-fleshed

sweet potato cv., it is hypothesized that this could have a substantial impact on

vitaminA status.Hagenimana et al. (1998b) concluded that the high carotenoid

level of orange-fleshed sweet potato cv. would provide an excellent and appro-

priate mechanism for combating VAD. In an 18-month village-level study in

western Kenya, Low et al. (1997) and Hagenimana et al. (1999) confirmed that

potential exists to successfully substitute orange-fleshed sweet potatoes for the

commonly used white-fleshed varieties.

In Kenya, SPF was consumed in large quantities in the 1950s when some

families used the flour to make porridge mixed with sorghum of finger millet
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flour (GTZ, 1998). However, with the introduction of maize, utilization of SPF

declined as it became an inferior crop associated with poverty (GTZ, 1998).

According to Nungo et al. (2000) and Gakonyo (1993a), processing and

utilization of sweet potato in Kenya have been limited to washing, roasting,

boiling, and mashing with other foods. Since 1995, the Allendu Women Group

from Allendu location has been processing and marketing sweet potato pro-

ducts including chapati, mandazi, crisps, chips, and cakes. However, accurate

data on the volume of sweet potato processed are unavailable.

Oyunga-Ogubi et al. (2005) reported that improvedprovitaminA contentwas

seen in population groups when SPFwas incorporated into traditional products

such as buns, chapatis, andmandazis inRongo,Ndhiwa, andKenduBaydistricts

in Nyanza Province. Nungo et al. (2000) prepared, tested, and evaluated several

recipes made from sweet potato leaves and roots for color, taste, texture,

and acceptability, and compared them to other recipes from cassava, rice, and

carrots. The products were scored on a five-point scale where 5¼ very desirable;

3¼moderately desirable; and 1¼ undesirable.Overall, 10 sweet potato products

mshenye, doughnuts, relish, porridge, chips, ugali, cake, bread, mandazi, and

chapati were selected as suitable and marketable products. Mshenye and relish

were very acceptable to 90% of the consumers.

Oyunga-Ogubi et al. (2005) investigated the adoption of an intervention

technology for increasing vitamin A intake through the use to high-b-carotene
sweet potatoes in the Siaya district, Kenya. They reported on the fresh roots,

SPF, and novel products from traditional dishes (mandazis, chapati, ugali,

porridge, chips, and crisps). Consumer tests showed high acceptability of the

novel products.Mandazis and chips were preferred bymales, while all products

except ugali were highly acceptable to females. Children of diVerent ages and
gender had variable preferences. Method of preparation of products was

acceptable to women. However, on increased SPF processing, equipment was

an issue.Men preferredmost equipment as presented, but women and children

suggested changes. For example, in flour production, cleaning and peeling were

tedious, and the large amount of wash water resulted in increased workload.

Also, women and children felt that the rotary slicer should bemodified to allow

a sitting position, the drying should fit under their normal practice, and there

should be education on storage of chips and flour. The researchers also con-

cluded that there is insignificant sweet potato processing in Siaya, but there is

potential for adoption of this technology particularly by women.

Hagenimana et al. (1999) identified orange-fleshed sweet potato varieties

with high acceptability of appearance and taste that are appropriate for con-

sumption by adults and young children in Kenya. In both Ndhiwa/Nyarongi

and Rongo districts, consumer evaluation of the taste and appearance of

cooked sweet potatoes indicated that cv. of orange-fleshed sweet potatoes
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were acceptable to community members. Pumpkin cv. was preferred for use in

weaning foods. Local cv. ranked high in terms of taste and appearance in all

districts. Also processed food products, such asmandazismade from new sweet

potato cv. were acceptable to food processors and consumers. Mashed and

flour products were preferred over grated products. The processing of modified

food products did not require additional labor or production costs. A cost

analysis indicated that substituting sweet potato for wheat flour in mandazis

made the product more profitable for market vendors, and substituting

sweet potato for other ingredients increased the b-carotene content of pro-

cessed food products. Mandazis, chapatis, and buns with and without sweet

potato contained approximately 100- and 800- to 3200-mg b-carotene/100 g,

respectively (Hagenimana et al., 1999).

As part of the promotion of orange-fleshed sweet potato, farmers in some

parts of Kenya have received hands-on demonstrations to make various sweet

potato products, including vegetable stew (relish), mashed food (mshenye/Irio),

chapati, samosa, and biscuits (Gichuki et al., 2005). In sum, preliminary studies

indicate that orange-fleshed sweet potatoes are available and acceptable to

western Kenyans and are a good addition to the diets to reduce VAD. Proces-

sing of the orange-fleshed sweet potato into value-added products for year-

round consumption and to increase provitamin A intake is limited. However,

encouraging processing and expanding the use of the orange-fleshed sweet

potato in theKenyan food systemwill help tomeet food requirements, improve

nutritional status, enhance food security, and reduce poverty.
X. CONCLUSIONS

The sweet potato combines a number of advantages from nutritional to

socioeconomic to environmental, which makes it a potentially good candi-

date for reducing the increasing food insecurity, VAD, and the under- and

overnutrition that is occurring globally, especially in developing countries.

However, consumers’ poor perception of the sweet potato in many develop-

ing countries, its static production, lack of storage technology for fresh sweet

potato, lack of processing equipment, scarcity of data on the demand for

fresh sweet potato or its products, inadequate processing and postharvest

technology, and lack of knowledge regarding its nutritional benefits must be

overcome. Repositioning sweet potato production and its potential for

value-added products will contribute substantially to utilizing its benefits

and many uses. Accurate estimates of the market demand for value-added

sweet potato-based products have not been established, but advertisement

and promotion will enhance their utilization.
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XI. RECOMMENDATIONS

Multidisciplinary, integrated research and development activities aimed at

improving production, storage, postharvest and processing technologies, and

quality of the sweet potato and its potential value-added products are critical

issues, which should be addressed globally. Additionally, widespread, eVective
farmer and consumer education (awareness) regarding the exploitation of the

nutritional, health and economical benefits of the sweet potato, and how it can

play a role in eradicating VAD and food insecurity should be undertaken.

Other important issues that need to be addressed urgently include: (1) research

that will lead to the development of nutritious, consumer-acceptable value-

added products from the roots and leaves of the sweet potato; (2) determination

of the critical physical and chemical factorsmodulating the acceptance of sweet

potato by consumers; (3) more urgent collaborative eVorts by plant breeders,

horticulturists, sensory scientists, and nutritionists to characterize and improve

the starch and flour properties of sweet potato cv.; (4) although SPF is one of

themost promising sweet potato products, its quality and storage stability need

to be further researched; (5) providing farmers and consumers with acceptable

recipes and samples of value-added products are also necessary approaches

to increase production and consumption of the crop; and (6) low-cost, appro-

priate sweet potato processing technologies, and policies for their transfer

to developing countries should be developed. Finally, governments, policy

makers, and stakeholders should adopt food-based strategies that encourage

and expand utilization of the orange-fleshed sweet potato cv. instead of the

white-fleshed cv. Such strategies will assist in meeting food requirements,

improve nutritional status, enhance food security, reduce poverty, and could

eVectively improve vitamin A status of young children in particular, and

populations in general.
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