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Abstract:

Compositional changes that occur in sweet potato after harvest can lead to inconsistencies in processed products. A
better understanding of factors influencing these postharvest changes is necessary to enhance marketing, processing
and utilization. This study applied a rapid and ecologically-friendly approach in investigating the influence of maturity
and short-term storage on the stability of starch, protein and soluble sugar contents in six improved sweet potato
varieties. Fresh roots harvested at 3.5, 4 and 5 months after planting were prepared into flour at harvest time and also
after three weeks’ storage under tropical ambient conditions. Composition was studied using Near Infra-red Reflectance
Spectroscopy (NIRS) as a chemical-free, non-polluting, cost effective and rapid method of analysis. At harvest time
protein contents ranged from 3.0% to 7.25%, starch contents 53.93% to 79.40% and total soluble sugars 3.92% to
25.02%. Protein content was significantly influenced by harvest maturity (p<0.001), but not by storage; it was generally
higher at 3.5 months and reduced with increasing maturity. For starch and total soluble sugar contents the influence of
maturity was significant (p<0.01 and p<0.001 respectively); the influence of storage was also significant (p<0.001 and
p<0.05 respectively). In all the varieties, there were reductions in starch content during storage ranging from 1.95% -
23-73% of the total starch. Varieties with lower original starch contents were more susceptible to starch loss during
storage. Soluble sugar contents increased concomitantly with the loss of starch during storage. This rapid assessment is
useful in the efforts to maintain a fair level of quality control in harvested produce through appropriate varietal
selection and harvest timing, and to target suitable uses for different sweet potato varieties.
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1. Introduction

Sweet potato (Ipomoea batatas L.) is a versatile and nutritious root crop cultivated in more than 100 countries. It
is gaining increased significance globally not only as a health food and a staple food for domestic consumption but also as a
raw material base in commercial processing (Truong & Avula 2010). The crop is very productive and has the potential to
play key roles in food and nutritional security. It is known to be genetically diverse and nutritionally superior to most well-
known starchy staples, containing vitamins, minerals, soluble fiber and other bio-active compounds (Kays 2005a); it also
has a low glycemic index (WHFoods 2011; Allen et al,, 2012) in spite of this it has experienced persistent low utilization for
decades (Kays 2005b; Shih et al., 2009). Sweet potato has been described as one of the most misunderstood of the major
food crops (Scott & Maldonado 1998). Due to its wide genetic diversity coupled with inherent postharvest changes that
occur (Zhang et al., 2002), it is often difficult to determine the most suitable characteristics for particular products and
what accounts for inconsistencies in product characteristics when using any particular variety. Although changes
occurring during storage may be inevitable, a better understanding of factors influencing these postharvest changes is
necessary if marketing and utilization are to be enhanced in a sustainable manner. In many tropical regions, in spite of the
warm climate, there are no well-established systems for efficient long-term storage of sweet potato fresh roots; this is in
contrast to some developed economies where storage for several months up to even a year is possible through the use of
sophisticated facilities. A study on several cultivars in East Africa (Rees et al., 2003) reported that in tropical developing
countries under marketing conditions, sweet potato has a shelf-life of only 1-2 weeks. In Ghana storage for a month or
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more under improved conditions have been achieved (Teye 2010). There is insufficient information on the factors that can
influence various important quality attributes of sweet potato during storage, and how to control or manipulate these
quality characteristics. Unlike most other crops, sweet potato storage roots do not have any clear maturity stage. Rather
the roots grow indefinitely, and under favorable conditions will continue to enlarge until the interior of the root becomes
anaerobic or rots. Due to this characteristic, the crop is harvested when majority of the storage roots have reached the
desired size (Kays 1998); this method of determining when to harvest is quite subjective and remains at the discretion of
the farmer. In the quest to find means of understanding how to achieve and maintain optimal quality characteristics in
sweet potato, various workers have investigated the influence of cultivation conditions on sweet potato starch properties
(Noda et al, 2001; Genkina et al, 2003; Ishiguro et al, 2003). Harvest time, being easy to manipulate in the crop’s
production cycle, may offer some amount of control if it is found to significantly influence fresh roots components that can
impact processing and eating quality. In Ghana, several improved varieties with diverse characteristics have been
developed and released. The aim of this study was to identify the influence of maturity on major components of some
improved varieties, and the impact on their stability during storage of harvested roots under tropical ambient conditions.
Near Infra-red Reflectance Spectroscopy (NIRS) was used in sample analysis, as a chemical-free, non-polluting, cost
effective and rapid method of analysis. The relevance of NIRS in this study is its rapidity and also the lower carbon print
that makes such research more environmentally sustainable.

2. Materials and Methods

2.1. Sample Preparation

Six (6) improved high-yielding and disease-resistant varieties of sweet potato obtained from CSIR-Crops Research
Institute, Ghana were cultivated at Fumesua in the Ashanti Region under identical management practices and harvested at
3.5, 4 and 5 months after planting. At each harvest time, a batch of representative was processed immediately into flour
while the other batch was stored at room temperature (25°C *+ 4) for 3 weeks before being processed into flour. In the
preparation of flour, fresh roots were washed and air-dried, peeled, sliced with a mandolin and freeze-dried for 72 hours
before milling (using a Cyclotec 1093 sample mill) to pass through a 60-80 mesh screen. Flour samples were kept in
airtight sample bags at room temperature until the time of analysis.

2.2. Compositional Analysis

Near Infra-red Reflectance Spectroscopy (NIRS, Model XDS Near infra-red; XM-1100 series, Sweden) was used to
analyze nutrient components in freeze-dried sweet potato flour samples. The pre-set calibrations used were developed by
the International Potato Center (CIP), Peru. Each sample was spread into a special NIRS cuvette and scanned using
calibrations for protein, starch and soluble sugars (sucrose, glucose and fructose). All tests were run in triplicate.

2.3. Statistical Analysis
Experimental design was a Split-split-plot design as follows:
Main plot: Variety (6 varieties)
Sub-plot: Storage (2 levels)
Sub-sub-plot:  Maturity (3 levels)
Statistical analysis was done using GenStat Release 12.1 (2009).

3. Results and Discussion

3.1. Protein Content

Protein contents ranged from 3.0% to 7.25% and the influence of maturity was found to be highly significant
(p<0.001, Table 1). Protein content was generally higher at earlier maturity (3.5 months) and reduced with increasing
maturity (Fig. 1). Therefore, for child feeding programs or other purposes where protein content needs to be maximized,
sweet potato harvested at early maturity may be recommended.

Source Of Variation D.F. STARCH (%) PROTEIN (%) TOTAL SOLUBLE SUGARS (%)
VARIETY 5 1237.89%** 6.12%** 804 2%+
Residual 10 3.65 0.13 8.1
STORAGE 1 1237.23%** 0.26 ns 1120.8%**

VARIETY x STORAGE 5 22.65%** 3.72%** 39.1*

MATURITY 2 13.54** 46,91 %+ 105.7***
VARIETY x MATURITY 10 26.74%** 3.28%** 31.4**
STORAGE x MATURITY 2 4.68 ns 2.67*** 40.7*
VARIETY x STORAGE x 10 14.26%** 1.39%** 27.5%*

MATURITY

Residual 42 2.28 0.13 9.1

Table 1: Influence of Variety, Storage and Maturity on Major Components of Improved Sweet Potato Varieties
(Mean Squares from Combined Analysis of Variance)
**4Significant at P<0.001; **Significant at P<0.01; *Significant at P<0.05
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The influence of storage was however not significant (Table 1). Protein content of sweet potato is reported to
range from 1.3 to >10% (dry matter basis); however, there is evidence of considerable variability varieties and also even
within the same variety due to the influence of genetic factors, production practices and environmental conditions (Collins
& Walter 1985).Although non-protein Nitrogen (NPN) forms part of sweet potato’s total Nitrogen content, the nutritional
quality of sweet potato protein is reported to be high. Some studies (Walter & Catignani 1981; Walter et al., 1983)
reported that the protein efficiency ratio (PER) of isolates and concentrates was nearly equal to that of casein, and
depended on the severity of the heat treatment used in the manufacture of the sweet potato flour.
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Figure 1: Protein Contents (% Dwb) of Sweet Potato Varieties at Harvest Time and after
Storage, (Error Bar Shows LSD (0.614) For Effect of Variety X Maturity X Storage
Interaction; LSD for the Effects of Maturity and Storage Were 0.174 and 0.164 Respectively. P<0.001)

Decreases in protein content during storage (shown as negative values) (Table 2) were observed at various points
in all varieties with the exception of Hi-starch; overall, the extent of decrease was highest at 5 months.

3.5 months 4 months 5 months

Apomuden +4.69 -1.22 -42.91
Bohye -23.55 +1.75 -13.59
Faara +34.86 +5.07 -7.08
Hi-starch +7.04 +4.18 +13.67
Ligri -4.32 +16.35 -39.42
Okumkom +11.43 -4.56 +15.14
OVERALL (NET) +30.15 +21.56 -74.19

Table 2: Percentage (%) Changes in Protein Content after Storage of Sweet
Potato Varieties, Harvested at Different Levels of Maturity, Indicating
Relative Stability during Storage

These decreases could be due to various metabolic processes that take place in living tissues of the fresh roots.
Interestingly, increases in protein content after storage were found to occur for each variety in at least one maturity stage
or more (Table 2). This strange phenomenon could be due to what has been described as ‘de novo synthesis’ of proteins
e.g. enzymes such as sucrose synthase, starch phosphorylase, amylases, etc. (Hagenimana et al., 1994), reported to occur in
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sweet potato especially when stored roots break dormancy in response to various signals, in preparation to begin
sprouting. Further studies may be necessary to throw more light on this phenomenon.

3.2. Starch Content

At harvest time starch contents ranged from 53.93% to 79.40% and after storage reduced to 41.13% - 75.16%
(dry basis) (Table 3).

At Harvest 3.5 mths 4 mths 5 mths
Apomuden 58.58 56.14 53.93
Bohye 67.59 68.95 68.49
Faara 73.37 73.58 71.48
Hi-starch 78.81 78.41 79.4
Ligri 64.25 71.81 71.06
Okumkom 68.7 65.81 66.02

AFTER STORAGE 3.5 mths 4 mths 5 mths
Apomuden 47.89 46.6 41.13
Bohye 59.13 59.23 63.22
Faara 63.51 69.55 70.08
Hi-starch 71.93 71.49 75.16
Ligri 61.69 64.81 63.07
Okumkom 59.61 62.98 61.12

Table 3: Starch Contents (%, Dry Basis) of Sweet Potato Varieties at Different
Maturity Stages, at Harvest and after Storage

Starch content has significant impact on the eating quality of sweetpotato varieties, and a wide range is reported
in literature (Brabet et al., 1998; Truong & Avula 2010). The influence of maturity on starch content was found to be
significant at p<0.01 while that of storage was significant at p<0.001. The interaction between maturity and storage was
however not statistically significant; varietal differences were however, highly significant (p<0.001) (Table 1). In all the
varieties, there were losses of starch content during storage, ranging from 1.95% - 23-73% of the total starch. Apomuden
(with the lowest original starch content) had the highest reduction in starch content with storage; Faara and Hi-starch
(with the highest original starch contents) had the lowest reduction or degradation of starch during storage, with Hi-
starch showing the best stability in starch content across maturity stages (Fig. 2).
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Figure 2: Average Reduction in Starch Content (% of Original Starch) after Storage of
Sweet Potato Varieties (Error Bars Are Standard Deviations for Three (3) Levels of Maturity)

The extent of reduction or degradation of starch during storage correlated negatively (r = -0.61) with initial starch
content (Table 4), indicating higher stability or higher resistance to starch degradation in varieties containing more starch.

Correlation Coefficient (r)
Maturity Starch content Protein content
3.5 months -0.32 0.04
4 months -0.55 0.26
5 months -0.83 0.91
OVERALL -0.61 0.52

Table 4: Correlations between Starch Losses (%) during Storage and Original

Starch or Protein Contents (% Dwb) (Six Sweet Potato Varieties Harvested Across Three Maturity Stages)

This association between original starch content and the stability of starch during storage was found to be greater
at advanced maturity, the highest correlation being observed at 5 months (r = -0.83) (Table 4). Various enzymes are
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known to be involved in starch metabolism of sweet potato even during the postharvest phase; these include alpha-
amylase and starch phosphorylase, among others. Since enzyme proteins are reported to form a substantial proportion of
the fresh root tuber proteins, links between protein content and postharvest starch degradation was investigated; a high
correlation (r = 0.91) was observed in samples harvested at 5 months (Table 4). This means that at 5 months, high protein
content was linked with high postharvest loss of starch, while low protein content was linked with better stability of starch
during storage. Further study is however required to understand the association between protein content and postharvest
starch stability, and especially the influence of harvest maturity on this phenomenon. Starch content in sweet potato
correlates well with dry weight (Li and Liao, 1983); in some parts of the world as dry weight increases, there is said to be a
corresponding decrease in acceptability as a table food (Lin et al., 1995). However, high dry matter content is generally
desirable in many African sweet potato-based products (Ellis et al.,, 2001; Adu-Kwarteng et al,, 2003; CSIR-CRI 2012), and
levels above 35.0% are also desirable for raw materials in the starch processing industry (Mok et al., 1997).

3.3. Soluble Sugar Contents
Total soluble sugars (TSS) ranged from 3.92% to 44.44%. The lowest was in Hi-starch at 3.5 months at harvest
and the highest was in Apomuden at 5 months after storage (Fig. 3).
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Figure 3: Soluble Sugars (% Dwb) in Sweet Potato Varieties at 3.5, 4-
and 5-Months Maturity, Before and after Storage

The influence of maturity and storage were both significant at p<0.001 and the interaction between maturity and
storage was also significant at p<0.05 (Table 1). Sugar in sweet potato is a key component of its flavor and eating quality
(Kays 2005a). In Ghana many communities indicated the desire for non-sweet or low-sugar sweet potatoes for adoption as
a staple in their diets, as sweet taste is generally associated with luxury food, dessert or snack and not with staple foods
(Oduro, 2013; Baafi, 2014; Carey et al,, 2019). Information on changes in sugar content that occur during storage should
therefore be a vital component in the promotion of sweet potato, especially in the case of high beta-carotene varieties
which are employed in combating endemic vitamin A deficiency in deprived communities. The lowest sugar contents were
observed at early maturity, especially at 3.5 months when processed after harvest without storage; the influence of storage
on the build-up of sugars was highest in samples harvested at 5 months (Fig. 3). The variety ‘Bohye’ exhibited a unique
feature, being a moderate beta-carotene variety (light orange-fleshed colour) and yet having relatively low sugar contents
at all maturity stages. Beta-carotene is reported to be genetically linked with high sugar content (Mcharo & La Bonte
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2007). The influence of maturity and storage history as a focus during the screening of sweet potato genotypes in breeding
programs may be one of the keys to unlocking more unique features of this diverse crop. The highest contents for each
type of sugar (i.e. sucrose, glucose and fructose) were observed at 5 months after storage (Fig. 3). Significant changes in
sugar content during storage have been well-documented (Lewthwaite et al., 1997) although often the changes were
reported to be quite random without well-defined trends, even within the same variety (Deobald et al, 1970). This
highlights the importance of considering maturity when studying any particular variety for important traits. Results from
other studies also highlight the varietal diversity of sweet potato (La Bonte et al.,, 2000; Nath et al., 2005; Wang et al., 2006;
Adu-Kwarteng et al., 2014). The role of other external factors, e.g. time of planting also cannot be overlooked. A wider
spectrum of varieties and also the possible influence of planting season on carbohydrate accumulation need to be studied
further.

4. Conclusions

The influence of maturity on protein, starch and soluble sugar content was significant (p<0.001, p<0.01 and
p<0.001 respectively); varietal differences in these components were also significant (p<0.001). Short-term storage under
ambient conditions was found to influence starch and total soluble sugar contents significantly (p<0.001 and p<0.05
respectively), but not protein content. Increase in sugar content was concomitant with loss or reduction in starch content.
The negative association between original starch content and degradation of starch during storage was found to be greater
at advanced maturity (r = -0.83). This means that if a high-starch variety is targeted for the starch industry it would be
better to harvest at 5 months to minimize starch losses during storage; more studies are however needed in this regard.
Changes in carbohydrate composition are important as they can affect processing and eating quality (texture, viscosity,
etc.), or suitability of a harvested crop as a raw material in industry. This rapid and ecologically-friendly method of
compositional analysis (using NIRS) is useful in the efforts to maintain a fair level of quality control in harvested produce
through appropriate varietal selection and harvest timing, and to target suitable uses for different sweet potato varieties.

5. Recommendations
e Since sweet potato is regarded as a ‘health food’, the influence of maturity on the contents of important
biologically active compounds (e.g. soluble fiber, phenolic antioxidants, etc.) in selected varieties should be
determined
e Further studies are required to understand the link between protein content and the rate of postharvest starch
degradation
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