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INTRODUCTION

Sweet potato is one of the most widely 
grown food crops in the world. It is cultivated in 
about 111 countries with a total of 110.75 million tons 
produced in 2013. China alone accounts for about 
71% of the production. The global amount of sweet 
potato waste in 2011 accounted for about 7% of the 
entire crop (FAO, 2016).

Sweet potato is a root tuber which is rich in 
carbohydrates and minerals and has a high moisture 
content. On dry basis, sweet potato contains 80-90% 
carbohydrate, of which 60-70% is starch. However, 
the ratio of starch to other carbohydrates such as 
sugars and the general relative composition of the 
root tuber vary with cultivar, maturity, and storage 
time (WOOLFE, 1992). Other useful components 
present in sweet potatoes include proteins, vitamins, 
carotenoids, polyphenols, and minerals. Sweet 
potato high carbohydrate content has established 
it as an energy dense staple food in many countries 
(WOOLFE, 1992; SUN et al., 2014). The processing 
of the root tuber into starch, alcoholic beverages, 
ethanol, flour, purees, and other commodities 
generates byproducts that currently have very little 

utilization and normally add to the waste going into 
landfills and bodies of water.

Another important byproducts of sweet 
potato production are vines and leaves that come from 
the agricultural phase. Vines and leaves are a good 
source of protein, vitamins, minerals, pigments, and 
polyphenols. However, with exception of small scale 
farms that use this byproduct to feed farm animals, 
vines and leaves have very little application.

This paper is a review of the sweet potato 
literature up to the year 2015, focusing on the waste 
that is generated from processing/cultivation and 
on the potential utilization of these byproducts. For 
this purpose, the following databases were used: 
SciFinder, Web of Science, and Google Scholar.

Sweet potato processing
According to the FAO food balance sheets 

for 2011, of the total sweet potato supply in the world 
(102,530 thousand metric tons), an estimated 53% 
was utilized as food or seed, 40% as feed, and about 
7% was waste. Data from the following countries 
emphasizes this diversity in utilization. Uganda used 
about 85% of its sweet potato production as food, and 
almost none as feed. China used about 51% as feed 
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and 44% as food. The United States used about 95% 
as food and 3.6% as feed (FAO, 2016).

Commercial processing of sweet potato 
products depends on the market and the location. For 
example, in China, about 15-20% of sweet potato 
production in some provinces is processed into starch. 
The starch, in turn, is used as feedstock to produce 
glucose syrups, noodles, and organic acids, or utilized 
in the textile industry. Other processing methods 
include the manufacture of dried sweet potato chips, 
which can be milled into flour for incorporation into 
other food products. Canning and freezing is another 
major form of processing that takes place in countries 
with a robust food processing infrastructure like the 
United States.

The processing of sweet potatoes results in 
a variety of byproducts depending on the processing 
method and desired product. Starting at the farm 
level, waste is generated from the removal of the 
vines and leaves and also from the tubers that do 
not meet size grading requirements or are damaged 
due to harvesting techniques. During processing, 
the byproducts generated are in the form of peels, 
trimmings, chunks of tuber, and nutrient-rich waste 
water (WOOLFE, 1992).

Wastewater from starch production is a 
major environmental concern, especially in China and 
Japan. During the initial stages of starch production, 
about 6m3 of water is used per ton of sweet potato 
tuber. Disposal of this water is problematic in that it 
has a high chemical oxygen demand (XU et al., 2014). 
The peeling process during canning operations, in 
which almost half the raw material becomes waste, 
also generates large amounts of waste water with a 
high biological oxygen demand (WOOLFE, 1992). 
The byproducts resulting from processing are rich in 
carbohydrates, protein, anthocyanins, and vitamins 
that could be used as feedstocks for the manufacturing 
of value-added products (ISLAM et al. 2002).

Potential use of leaves and vines
Although sweet potato leaves and vines can 

be cooked and eaten and are very nutritious, they are 
generally discarded, particularly in North America. 
SUN et al. (2014) examined sweet potato leaves 
from 40 sweet potato varieties, analyzing, among 
other things, crude protein, fiber, fat, carbohydrates, 
gross energy, ash, macro and micro nutrients, total 
polyphenols, and antioxidant activity. They reported 
that leaf protein content was 16.69 to 31.08g 100g-1 d.w. 
(dry weight), crude fiber ranged from 9.15 to 14.26g 
100g-1 d.w., and fat from 2.24 to 5.23g 100g-1 d.w. The 
amounts of the micronutrients Ca, K, P, Mg, Na, Fe, 

Mn, Zn, and Cu were also judged to be significant and 
varied considerably from cultivar to cultivar. The most 
abundant microelement was K (1625.1mg 100g-1 d.w.) 
although Fe, Mn, Zn, and Cu were also abundant.

Bioactive phenolic compounds were 
determined to be the most important antioxidants in 
sweet potato leaves. SUN et al. (2014) determined that 
the leaves of sweet potatoes contained considerable 
amounts of the phenolic compounds 5-O-caffeoylquinic 
acid, 3-O-caffeoylquinic acid, 4-O-caffeoylquinic 
acid, caffeic acid, 4,5-di-O-caffeoylquinic acid, 3,5-di-
O-caffeoylquinic acid, 3,4-di-O-caffeoylquinic acid, 
and 3,4,5-tri-O-caffeoylquinic acid. The same authors 
also reported a total level of polyphenol of 12.46g 
100g-1 d.b. based on the Folin-Ciocalteu method using 
chlorogenic acid as standard, which correlates with 
antioxidant activities of 1.28±0.07μg Trolox equiv/mg, 
d.b. based on the ORAC method.

A report by TRUONG et al. (2007) 
displayed an average polyphenol content of 1248.8mg 
chlorogenic acid 100g-1 fresh weight (f.w.) in the leaves, 
while exhibiting only 20.27mg chlorogenic acid 100g-1 
f.w. in the cooked roots. Using the same comparison, 
antioxidant activity was 38.1mM Trolox g-1 f.w. for 
the leaves and 3.0mM Trolox g-1 f.w. for the cooked 
roots. In comparison to traditional vegetables, sweet 
potato leaves contain concentrations of polyphenols 
comparable to spinach and broccoli.

Additionally, HUANG et al. (2010b) 
reported that a water extract of sweet potato leaves 
inhibited nitric oxide production in macrophages and 
also protected mouse liposomes against oxidative 
damage. Lyophilized powder prepared from 
sweet potato leaves suppressed the growth of both 
Escherichia coli and Bacillus bacteria. However, the 
anti-bacterial effect did not suppress bifidobacteria 
that are useful for human health (ISLAM et al., 2004).

The lutein content (31.5-42.6mg 100g-1 
f.w.) of the Suioh variety of sweet potatoes exceeded 
the content of lutein of 120 other fruits and vegetables 
(ISHIGURO & YOSHIMOTO, 2006). Lutein is a non-
provitamin A yellow-to-orange color carotenoid that 
plays an important role in the human retina by protecting 
the macula from damaging blue wavelengths and by 
scavenging reactive oxygen species (LANDRUM & 
BONE, 2001). Therefore, sweet potato leaves deserve 
consideration as a desirable food for the prevention of 
eye diseases (MENELAOU et al., 2006; ISHIGURO & 
YOSHIMOTO, 2006). Additionally, lutein contained 
in sweet potato leaves could be potentially used as a 
replacement for tartrazine (FD&C Yellow 5). HUE et 
al. (2014) isolated and purified the yellow fraction of 
sweet potatoes by extracting ground leaves with three 
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types of solvents (acetone, methanol, tetrahydrofuran, 
and petroleum ether: tetrahydrofuran mixture (4:1)). 
After extraction, the solvents were removed by 
roto-evaporation and the residue saponified with 
variable concentrations of potassium hydroxide 
and durations. Saponification is an important step to 
remove chlorophyll pigments. Once the saponification 
was completed, the pigments were extracted with 
acetone and analyzed by liquid chromatography mass 
spectroscopy. Of all the solvents used, acetone was the 
most effective at removing a mixture of β-carotene and 
lutein. The final amount of β-carotene and lutein were 
10.8mg 100g-1 f.w. and 10.0mg 100g-1 f.w. respectively 
(HUE et al., 2014). To put this in perspective, the 
β-carotene content in pumpkin (Curcubita minima) 
is 1.16mg 100g-1 f. and in mango (Mangifera indica) 
1.41mg 100-1f.w. (BHASKARACHARY et al. 1995).

Crude protein in sweet potato leaves 
ranges between 25.5-29.8% in dry matter (AN et al., 
2003). Even when a significant protein content, sweet 
potato leaves does not contain a complete amino acid 
profile. One of the shortcomings is the deficiency of 
lysine. ISHIDA et al. (2000) reported the amino acid 
quality of two varieties of sweet potato scored at 76.1 
and 83.9, which was also verified by AN et al (2003).

Research has been conducted on the use 
of leaves and vines as animal feed. In a research 
comparing utilization efficiency of sweet potato 
leaves with Lucerne meal, chickens showed no 
difference in growth rate, food intake or conversion 
when fed up to 160g kg-1 sweet potato leaves versus 
Lucerne meal (FARRELL et al., 2000). Combined 
with Batiki grass (Ischaemum aristatum var. 
indicum), a low nutrient forage crop, sweet potato 
vines supported higher weight gains in goats than 
either the Batiki grass or the sweet potato vines 
alone (AREGHEORE, 2004). When supplemented 
with an energy-protein concentrate, sweet potato 
vines supported goat meat production and was 
reported to be particularly useful when feed was 
scarce (KATONGOLE et al., 2009). I leal and total 
tract digestibility studies on growing pigs indicated 
that sweet potato leaves can improve dietary protein 
and amino acid supply in pigs fed with a low fiber 
diet (AN et al., 2003). A recent research on pigs, 
which compared ileal digestibility of amino acids 
using a diet comprised of 25% fresh sweet potato 
leaves versus a control diet with casein as the only 
protein source, concluded that sweet potato leaves 
could only replace a fraction of the protein typically 
derived from a more expensive plant-based source, 
such as soybeans, because of high fiber content and 
the presence of compounds that decreased amino 

acid digestibility. However, sweet potato leaves are 
still potentially quite useful as a protein-supplement 
for pigs in the tropics where there is a close 
association between local feed sources, local crops, 
and animals-small-scale, mixed-farming systems 
(REGNIER et al., 2012; REGNIER et al., 2013). 
Nguyen reported that ensiling the leaves resulted 
in a higher digestibility of nutrients compared to 
drying the leaves (NGUYEN et al., 2012).

Sweet potato leaves can also be used to support 
small-scale aquaculture, even though the phytic acid content 
(3.29%) is considered high for fish growth (DONGMEZA 
et al., 2009). Other antinutritional compounds reported 
in sweet potato leaves are tannic acid and oxalic acid at 
levels of 491 and 470mg 100g-1 respectively (MOSHA et 
al., 1995). Dairy heifers exclusively fed with Sweet potato 
leaves were compared favorably with exclusive Lucerne 
and napier grass feeding. Crude protein, Ca, and P levels 
were reported to be sufficient to sustain heifer growth 
(KARIUKI et al., 1998). In a rice/sweet potato cropping 
system, cattle fed with sweet potato leaves produced more 
manure than the control cattle. Manure was then used as 
fertilizer for rice production (OKE & WORKNEH, 2013).

Utilization of sweet potato peels and culled sub-
optimal roots

Sweet potato peels produced from industrial 
processes are responsible for an enormous amount of 
waste. It has been estimated that approximately 30% 
of the raw material coming into sweet potato canning 
operations is discarded and not used for human 
consumption (SCHAUB & LEONARD, 1996). If they 
are used at all, the peels are typically used for either 
fertilizer or animal food. However, given regional 
shortages, it is perhaps the protein content that deserves 
the most attention. The total protein content of sweet 
potato is about 5% of the dry weight, and the predominant 
soluble protein is sporamin. Research indicates that the 
protein present in the tuber is not evenly distributed and 
that higher concentrations are found in the outer layer of 
the flesh close to the peel. Depending on the method of 
peeling, 4.4%-12% of the protein content of the tuber 
may be removed in preparation for further processing 
(WALTER et al., 1984).

Sweet potato protein exhibits good 
solubility and emulsifying properties and thus is a 
candidate as a functional ingredient in processed food 
applications (WOOLFE, 1992). MALONEY et al. 
(2012) examined the protein content of sweet potato 
peels produced at two points in the processing of 
sweet potato puree. Initial peeling of the sweet potato 
yielded the primary peels. Secondary peels were 
produced after the potatoes were blanched, and then 
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peeled a second time. Protein was reported to be more 
easily extracted from the secondary peels. About 32% 
of protein in the peels was recovered from a process 
optimized using saline and calcium chloride.

In subsistence aquaculture systems, 
sweet potato peels may have some use as fish food. 
OMOREGIE et al. (2009) reported that fish fed with 
sweet potato peels exhibited depressed growth when 
compared to a control diet (no sweet potato peels). 
However, when the peels were limited to 5-20% of 
the diet there was no depression in growth. The crude 
protein of the diets with the sweet potato peels was 
about 31%, within the required protein levels for 
juvenile herbivorous fish.

Sweet potato peels have also attracted 
attention for containing considerable quantities of 
phenolic compounds which are reported to have as 
much as three times the antioxidant activity of other 
plant tissues. In their research on the extraction of 
phenolics from sweet potato peels, ANASTACIO & 
CARVALHO (2013) reported that the solvent: solid 
ratio and the depth of peel-cut influenced the amount of 
phenolics produced. Total phenolic compounds range 
from 1.02-6.21 GAE (gallic acid equivalent)/g d.w., 
and the antioxidant activity determined by the ferric-
reducing antioxidant power was between 0.71-8.11 TE 
(trolox equivalent)/g d.w.

STEED & TRUONG (2008) also found 
that the peels of sweet potato contained almost three 
times as much total phenolics as the flesh and whole 
root. They reported about 1483.7mg CAE (caffeic 
acid equivalent) 100g-1 in raw peels and 1298.1mg 
CAE 100g-1 in steamed peels while the total phenolic 
content of the whole root was only 469.9mg CAE 
100g-1 raw. For processes that produce a lot of peels 
as byproducts, extraction of phenolic compounds 
would be a good way of decreasing the amount of 
waste while producing a value-added product with 
economic impact.

Soluble fiber is an important nutritional 
supplement that could be produced from sweet 
potato peels. The production of low cost soluble fiber 
from sweet potatoes could provide a new source of 
inexpensive dietary fiber. The process of micronizing 
the sweet potato peels resulted in a higher proportion 
of soluble to insoluble fiber compared with untreated 
peels while rendering a more useful, nutritional product 
for human consumption (HUANG et al., 2010a).

Sweet potato peels have been successfully 
fermented with lactic acid bacteria such as 
Lactobacillus rhamnosus to produce lactic acid. 
PAGANA et al. (2014) were able to produce 10g 
of lactic acid per liter of sweet potato waste. This is 

40% of the theoretical yield based on 30g of glucose 
available in the sweet potato waste media. Although 
lactic acid has conventionally been produced from 
corn, it makes ecological and economic sense to 
produce it from organic materials which would 
otherwise be wasted.

Anaerobic digestion of sweet potato food 
waste can be used to produce biogas. GE et al. (2014) 
compared methane production of tropical forestry 
(albizia) wastes with food wastes including sweet 
potato, taro, and papaya and found that although the 
highest volumetric production came from the albizia 
waste, the highest yield came from food wastes, 
including the sweet potato.

With increasing consumer demand, the 
food processing sector is gradually replacing artificial 
coloring with natural pigments that are sourced from 
fruits, flowers and vegetables. One of the distinguishing 
characteristics of different cultivars of sweet potato 
is the pigmentation in the flesh and the peel. This 
pigmentation is due to the presence of anthocyanins 
and carotenoids which produce the purple, orange 
and yellow coloring seen in tubers. The purple sweet 
potatoes are noted to have higher anthocyanin content 
than the other colors, and there have been studies 
into extracting the pigments from the tubers (LIU et 
al., 2013). While the major research is utilizing the 
tuber for extracting the pigments, the colored peels 
of the sweet potato are equally good sources of the 
compounds. Studies have shown that the anthocyanins 
are more concentrated in the peels than the flesh or 
whole tubers. Peels of purple-fleshed sweet potatoes 
generally contained higher anthocyanins than the 
flesh and could be a potential source for extracting the 
compounds (ZHU et al., 2010). Steed also noticed that 
the peels of sweet potato contained nearly two times as 
much anthocyanin in the flesh with about 174mg ml-1 
f.w. (STEED & TRUONG, 2008).

Potential uses of wastewater from sweet potato starch 
production

Wastewater from sweet potato starch 
production can significantly pollute surrounding water 
systems because it is replete with nutrients and has a 
high chemical oxygen demand (COD) and biochemical 
oxygen demand (BOD). About 6m3 of wastewater is 
generated for every ton of sweet potato roots processed. 
In order for starch production to be environmentally 
sustainable, the wastewater from its production must be 
utilized in a way that removes nutrients and COD. Waste 
water from sweet potato starch processing with a COD of 
about 1900mg l-1 and considerable amounts of nitrogen, 
phosphorus and other nutrients was a suitable medium for 
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the cultivation of Paenibacillus polymyxa to be used as 
bio-fertilizer for tea plants (XU et al., 2014). The solid 
fraction that remains after starch extraction is rich in fiber, 
which can be recovered by a milling and sieving process 
to yield dietary fiber (TAKAMINE et al., 2000).

The residue from starch production 
can also be used for the production of antibiotics. 
Oxytetracycline has been produced by the fermentation 
of sweet potato starch with Streptomyces rimosus and 
tetracycline has been produced using Streptomyces 
viridifaciens (YANG & LING, 1989).

The predominant storage protein in sweet 
potatoes is sporamin, making up about 80% of the 
total protein content (BOVELL-BENJAMIN, 2007). 
Protein from the waste stream from sweet potato 
starch production can be removed from this prodigious 
effluent by foam separation. This technique has been 
perfected at the industrial level, where optimization 
of such factors as pH, influent protein content and 
volume, flowrate, and column angle are critical to the 
success of the process. When optimized, sweet potato 
protein recovery reaches 84.1%, and reduces BOD 
and COD (MU et al., 2014).

Another use for the sweet potato residue 
produced as a byproduct of starch production is to 
ferment it to produce single cell protein. Fermentation 
utilizing a mixed culture of Fusarium moniliforme 
and Saccharomyces cerevisiae yielded nitrogen 
utilization of 95.81% vs 78.20% for the control when 
the substrate was pre-treated with HCl and gamma 
irradiation (AZIZ & MOHSEN, 2002). The authors 
pointed out that the properties of the resulting protein 
made it useful not only as a food supplement but also 
as a food ingredient (YANG & LING, 1989).

The residue from sweet potato starch 
production has also been used to generate hydrogen 
by culturing the residue with Clostridium butyricum 
and Enterobacter aerogenes (YOKOI et al., 2002). 
Amylolytic yeasts can raise the protein content of 
sweet potato residue from 6% to 21% within 3 days via 
solid state fermentation (YANG, 1988; YANG, 1993; 
YANG et al., 1993).

Utilization of waste from alcoholic fermentations
In Japan, sweet potato is fermented to 

produce an alcoholic beverage called shochu. In 
the Kyushu district of Japan, where about 91% of 
Japan’s single-distilled shochu is produced, about 
509,000 tons of shochu waste was produced in 2002 
(FEDERATION OF BREWER’S ASSOCIATION 
OF KAGOSHIMA PREFECTURE, 2003). One novel 
use for some of this waste is to manufacture fibrous 
paper pots which can be used to grow seedlings. The 

pots have the added benefit of fertilizing the seedlings 
as the pots disintegrate after transplantation into the 
ground (YAMAUCHI et al., 2006).

Wastewater from alcoholic distillation of 
sweet potatoes contains a significant amount of dissolved 
phosphorus, which leads to waterway eutrophication 
unless it is removed. The yeast Hansenula anomala, 
when grown with the shochu waste, effectively 
flocculates 70-80% of the dissolved phosphorus 
(WATANABE et al., 2009).

Biogas has also been produced by digesting 
the shochu distillation waste with a diverse microbial 
community including methanogens and bacteria from 
the phyla, Firmicutes and Bacteroidetes, in a full-
scale, fixed-bed reactor (KOBAYASHI et al., 2014).

CONCLUSION

Sweet potato cultivation is widely 
distributed around the world and sweet potatoes are 
consumed mainly because of its carbohydrates. The 
industrial processing of sweet potatoes in products 
such as starch, flour, canned products, and purees 
generates an extraordinary amount of byproducts 
that have very little utilization at the moment. These 
byproducts are trims and peels that result from the raw 
material preparation step before further processing. 
In the best case scenario, these byproducts are fed 
to animals, but most commonly are landfilled or 
discharged in bodies of water.

An important volume of research has 
been conducted in the last few decades about the 
utilization of sweet potato processing byproducts, 
which indicates that sweet potato byproducts have 
the potential the recovery of functional proteins, 
phenolic compounds, soluble fiber, anthocyanins, 
and carotenoids. Due to its carbohydrate-rich nature, 
sweet potato byproducts could be used as a substrate 
for the production of ethanol and lactic acid or the 
production of biogas by anaerobic digestion.

Leaves and vines are rich in nutrients and 
have the potential to be used for human consumption after 
cooking. Also, leaves and vines contain important levels 
of polyphenols and carotenoids that could be recovered 
and used as antioxidants and colorants respectively.
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