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Abstract

Sweet potato is now classified among the high-priority crops targeted at reducing food insecurity and
malnutrition in many countries. Despite this growing interest, high postharvest losses caused by poor handling,
physiological weight loss, sprouting, weevil (Cylas spp.) damage, and microbial decay remain a challenge.
Decay losses due to tip rot and other pathogenic fungi are a challenge in Ghana. Incidence of tip rot, which is
characterized by a dry decay at either or both ends of roots, is severe due to late harvesting of roots which are
intended for storage. This study evaluated a series of postharvest techniques which can be integrated to extend
shelf-life in small scale storage. These include harvest maturity, root tip coppicing, hot water treatment, honey
waxing, and sanitizing in postharvest chemicals. Root tip coppicing significantly (P<0.001) reduced the
incidence of tip rot across the varieties when vstored for 8 weeks, but dipping roots in different oils did not
significantly (P<0.05) reduce tip rot incidence. Decay losses in the control and hot water treated roots were
similar during the first 4 weeks after storage, but later losses were significantly severe in hot water treated roots.
The range of fungi genera identified in this study are generally fungal endophytes; often symptomless in roots,
but become pathogenic when conditions are favourable. Due to the thin skin of roots, mechanical injuries during
harvesting and handling become infection pathways for such pathogens. Therefore, integration of best practices
at each step of harvesting and postharvest handling operations can significantly minimize decay losses.

Keywords: Late harvesting, root tip rot, hot water bath, sensory quality and polysaccharide-based waxing
1. Introduction

Despite a growing commercial interest in both the fresh and processed sweet potato (Ipomoea batatas) products
to fight food insecurity and malnutrition challenges, high postharvest losses remain a constraint to the actors in
developing countries (Dandago and Gungula, 2011; Abidin et al., 2016; Sugri et al., 2017a). One cause of
postharvest losses is limited or no access to cold chain facilities; an essential component to reduce physiological
and microbial breakdown (Abidin et al., 2016; Sugri et al., 2017b). Traders usually attempt to sell their
consignments within 4 days after harvest to minimize spoilage in domestic markets. This practice leads to
seasonal glut and its associated effects on price. In general, by employing appropriate pre-storage treatments
against microbial decay and sprouting, shelf-life can be extended by 6 to 12 months when stored at 12-15°C and
85-90% relative humidity. However, cost of cold chain facilities is beyond the capacity of smallholder growers in
most parts of sub-Saharan Africa. Therefore, the growers resort to a number of traditional and
improved-traditional techniques of storage to prolong shelf-life (Abidin et al., 2016; Dandago and Gungula,
2011). These include in-ground storage, heap storage, platform storage, pit storage, sand-pit method, pit under
shade, and covering with grass on platforms or in baskets. In some cases, ash, soil, sawdust, and a cocktail of
materials are added to reduce decay losses.

In general, decay losses caused by pathogenic fungi are a challenge during storage. The most pathogenic fungi
include Fusarium oxysporum, Aspergillus niger, soft rot (Rhizopus stolonifer, R. oryzae), Java black rot
(Botryodiplodia theobromae), Black rot (Ceratocystis fimbriata), Sclerotium rot (Sclerotium rolfsii), Rhizoctonia
solani, Plenodomus destruens, and Penicillium spp. (Holmes and Stange, 2002; Ray and Nedunchezhiyan, 2012;
Olaitan, 2012). Some pathogens such as Fusarium spp. and Macrophomina phaseolina can survive in crop
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residue and in the soil, from one season to another. Studies suggest some variations in fungi associated with rots
depending on the country and agro-ecology. Earlier studies on sweet potato rots in Ghana found Aspergillus
flavus, Aspergillus niger, Rhizopus stolonifer, Trichoderma viride, Fusarium oxysporum, Penicellium digitatum,
Cladosporium herbarum and Aspergillus ochraceus, in that order, as most virulent (Tortoe et al., 2010). In
southern Nigeria, the most pathogenic fungi were Aspergillus niger, Fusarium oxysporum, Botryodiplodia
theobromae, Rhizopus stolonifer and Penicillium spp. (Olaitan, 2012). In Mississippi in the United States of
America, rhizopus soft rot (Rhizopus stolonifer, R. nigricans and R. arrhizus) was reported as most destructive
(Holmes and Stange, 2002). However, Ray and Nedunchezhiyan (2012), listed the most important pathogens in
the order of Java black rot (Botryodiplodia theobromae), soft rot (Rhizopus oryzae), black rot (Ceratocystis
fimbriata), sclerotium rot (Sclerotium rolfsii), charcoal rot (Macrophomina phaseolina), Curvularia lunata
(Cochliobulus lunutus), Rhizoctonia solani, and Plenodomus destruens.

Another constraint is the high decay losses caused by tip rot, which is characterized by a visible dry decay at
either or both ends of the stored roots (da Silva and Clark, 2012; Stokes et al., 2012; Arancibia et al., 2013). In
Mississippi State in the USA for instance, packhouse losses due to tip rot can be as high as 6 to 59% (Arancibia
et al., 2013). Currently, the types of pathogens isolated from tip rot lesions have been inconsistent, and a
relationship with field stress has been suspected (Arancibia et al., 2013). The common fungi include Fusarium
solani, Macrophomina phaseolina, Lasiodiplodia theobromae, and Diaporthe batatatis. Another record found F.
solani and M. phaseolina simultaneously infecting the same lesions (da Silva and Clark, 2012). In that study, F.
solani and M. phaseolina were isolated from healthy roots that did not show any tip rot symptoms. These
findings indicated that both fungi were present inside of symptomless roots, suggesting that they were probably
fungal endophytes in such roots, and became pathogenic when conditions were favourable.

Tip rot may be common in Ghana, but farmers relate the incidence to heat stress at harvest. Farmers’ routine tip

rot management involves delaying the harvesting time to allow the roots to cure in-ground. At harvest, they do

not cut the attached stem, with the assertion that any injury at the proximal end will exacerbate infection.

However, the practice of in-ground curing is not appropriate since infestation by sweet potato weevil (Cylas spp.)
and tip rot incidence can be severe if harvesting is delayed. This study evaluated a series of low-cost postharvest

techniques which can be integrated to reduce decay losses in storage. These included: harvest maturity, root tip

coppicing, hot water treatment, honey waxing, and sanitizing in postharvest chemical treatments.

2. Materials and Methods
2.1 Experimental Procedure

The study was conducted at the Manga Agriculture Station of the CSIR-Savanna Agricultural Research Institute
in the Binduri District of the Upper East Region of Ghana. The study period was October to February, the peak
harvest season, in 2016 to 2018. The study area (Binduri, Bawku, and Pusiga Districts) records the highest
production of sweet potato in Ghana. The area has average temperatures of 3045°C and 3545°C from June to
October and November to May, respectively, while relative humidity (rh) ranges from 60-80% and 25-55%
within the same periods.

Four sweet potato varieties (Asamarig, Apomuden, Kuffour, and Tuskegee purple) were harvested from
experimental fields in October to November each year for the study. The roots were carefully harvested to reduce
bruising. They were then packed in plastic baskets and transported to a storage room. Soil particles were
removed by gently brushing the root surfaces using a soft-bristled brush. Commercial grade roots (150-2509)
that were as uniform as possible in size, and free of mechanical, insect or pathological injuries were selected.
The sorted roots were cured under a shade for 7 days before being subjected to different storage treatments.

2.2 Assessment of Postharvest Techniques
2.2.1 Root Tip Coppicing

Three replicates of 10 roots were coppiced and dipped in 5 vegetable oils (control, shea butter, palm kernel,
coconut, and olive). Coppicing involves slicing the root tips at about 3 cm with a sharp knife. The roots were
then buried in dry sea-sand contained in plastic baskets. Decay incidence was monitored at weekly intervals for 8
weeks.

2.2.2 Harvest Maturity and Hot Water Treatment

Two harvest periods which depict indigenous farmers’ practices in the study area were evaluated. For sweet
potato planned for storage, harvesting is usually delayed to about 110 to 130 days (90-100% leaf-fall stage); a
practice referred to as in-ground curing. Such roots are usually stored without trimming the attached stems. The
experimental set-up was a 4>2>2 factorial in a completely randomized design. Where factor 1 consisted of 4
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varieties, factor 2 consisted of 2 harvest dates and factor 3 involved hot water treatment and control. Treatment
units involved 3 replicates of 10 roots, harvested at 100 and 120 days after planting (DAP), and subjected to hot
water bath at 50°C for 60 sec. The roots were buried in dry sea-sand contained in plastic baskets. Decay
incidence was monitored at weekly intervals for 8 weeks.

2.2.3 Postharvest Chemical Treatments

Three replicates of 10 roots which were harvested at 100 and 120 DAP, were coppiced and subjected to different
postharvest chemical treatments. The chemical treatments were hydrogen peroxide, Agrosafe (ai: Azadirachtin,
neem seed oil for organic use), Sulfa 80 % WP (ai: 80% Sulphur, organic fungicide at recommended rate), and
Agricombi (ai: Fenitrothion (30%) and Fenvalerate (10%). All the chemicals are allowed for postharvest
application with pre-harvest interval of 7 days. Only recommended rates provided by the manufacturers were
applied. After treatment, the roots were air-dried in a storage room and buried in dry sea-sand contained in
plastic baskets. Decay incidence was monitored at weekly intervals for 12 weeks.

2.2.4 Honey Waxing

In a similar procedure, the roots were treated with the above postharvest chemicals, waxed with honey, and
buried in dry sea-sand contained in plastic baskets. Decay incidence was monitored at weekly intervals for 12
weeks.

2.3 Data Collection
2.3.1 Isolation and Identification of Pathogens

A total of 210 roots showing partial decomposition were collected from the different treatments being studied
over a period of 12 weeks. The roots were washed to remove debris and other foreign materials. Portions of roots
showing symptoms of rot were excised with a sterilized scalpel. With the aid of a heat sterilized forceps, the
diseased tissues were excised at the point of advancing rot. The excised tissues were surface-sterilized in 5%
sodium hypochlorite solution for 5 minutes and washed in three folds of sterilized distilled water. The tissues
were then blotted dry on a sterilized tissue under a Lamina flow chamber. Tissue pieces were then transferred
onto 9 mm petri dishes containing prepared potato dextrose agar (PDA) (OXOID) amended with streptomycin
sulphate to prevent saprophytic bacterial contamination. The cultures were incubated for 72 hours at 27-30<C,
during which they were observed for pathogen growth. Three days after incubation, representative cultures were
obtained and sub-cultured by transferring mycelia plugs onto freshly prepared PDA to obtain pure cultures and
again incubated at 27-30<C. Pathogen identification was done by comparing morphological characteristics and
microscopic structures to descriptions of Barnett and Hunter (2006).

2.3.2 Determination of Fe, Zn, B-carotene, and Other Characteristics

The determination of compositional characteristics was same as the methods described in our earlier study (Sugri
et al., 2019). After harvest, 3 roots of each variety were selected for the determination of Fe, Zn, B-carotene, and
other characteristics. We followed recommended guides for analysis of active compounds in functional foods
(Nollet and Todra, 2012), while sample preparation was done according to the procedure of (Manley, (2014) and
Ikeogu et al. (2017) for rapid analysis of carotenoids in fresh roots using near infrared spectrometer. Working
samples of 360 g each, consisting 60 g of sweet potato flesh obtained from the proximal ends, were dried in a
vacuum freeze dryer (YK-118 Vacuum Freeze Drier, True Ten Industrial Co. Ltd., USA). The dried samples were
milled using a Wiley Mini Mill and packed in whirlpack plastic bags. Analysis for Fe, Zn, B-carotene and other
components was then conducted using the Near Infrared Reflectance Spectrophotometer (NIRS) (NIRS XDS
Process Analyzer-Micro Bundle Metrohm Company, USA). The NIRS procedure allows for non-destructive
measurement of powders, slurries, and liquid samples directly in a process line, granulator, dryer or reaction
vessel (Manley, 2014). Up to 4 probes and flow-cells were connected to the analyzer, and with the cuvette filled
2 g of the milled samples and covered with a cap. After scanning samples, the Isl scan software was used to
determine the quality attributes (B-carotene, dry matter, protein, starch, glucose, fructose, sucrose, Fe, and Zn).

2.3.3 Sensory Analysis

At the terminal period of storage, 120 regular consumers were engaged in a consumer effective test to measure
acceptance of the stored roots. Acceptance is defined as a feature of experience characterized by a positive
attitude, or general preference for a specific product. Generally, it is recommended that a representative sample
of consumers were selected for the target population. The panel were not trained, but were selected at random to
represent potential consumers. The panel were selected on the basis of demographic criteria such as age, sex,
education, income, nationality, race, and geographical location among others (Fletcher et al., 1997). Root
samples were washed, peeled, and diced into lamellas of ~4 <6 cm for frying. No additive nor salt was added.
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Deep-fat frying was done by using vegetable oil at boiling point. Coded samples were then presented in serving
plates to the panel. Different categories of panel, age 20-60 years, drawn from the Manga Agriculture Station and
communities in the Binduri District were engaged. The samples were assessed for sweetness, flavour, texture,
mouth-feel, and overall acceptability using a score of 1 to 5; where best score of 1= very good for the trait being
assessed, up to worse score of 5= not acceptable for consumption.

2.3.4 Data Analysis

Factorial analysis of variance (ANOVA) procedure was used for testing the effect of treatments using GenStat®
statistical program (12" edition). Fischer Least Significant Difference (LSD) method was used to segregate
treatments which were significantly different at 5% level of probability.

3. Results and Discussion
3.1 Characteristics of Varieties

Table 1 describes some compositional characteristics (dry matter, protein, starch, glucose, fructose, sucrose, Fe,
and Zn) of roots harvested at 120 days after planting. Compositional changes with prolonged storage was not
followed due to logistic challenges. Apomuden and Kuffour are improved orange-fleshed varieties which are
widely cultivated by farmers. Tuskegee purple was an advance genotype being assessed in on-farm trials for
release to farmers due to its high anthocyanin level.

Table 1. Description and compositional characteristics (dry matter, protein, starch, glucose, fructose, sucrose, Fe,
and Zn) of sweet potato varieties harvested at 120 days after planting

Variety Detail characteristics of varieties
Status Skin Flesh Dry Protein  Starch  Glucose ~ Sucrose  Fructose  Fe Zn B-Carotene
colour colour matter (%) (%) (%) (%) (%) (mg/100g) (mg/100g)
(%)
Asamarig Farmer Pink, white  white 37.6 3.1 61.2 10.8 9.8 7.3 1.8 0.8 4.4
Apomuden Improved Copper Orange 25.7 31 52.7 14.4 7.7 9.9 22 11 31.6
Kuffour Improved Orange Orange 26.6 31 52.9 14.3 7.7 9.8 22 1.0 31.9
Tuskegee Advance Dark Dark 40.3 43 60.3 7.2 131 46 2.3 1.0 0.0
purple genotype purple purple
Grand mean 325 34 56.8 1.7 9.5 7.9 21 1.0 22.6
Significance level 0.001 0.01 0.001 0.001 0.001 0.001 0.001 0.001 0.001
CV (%) 3.3 9.8 2.3 7.0 7.3 7.5 4.5 52 8.8

3.3 Effect of Tip Coppicing

Tip coppicing significantly (P<0.001) reduced the incidence of tip rot across the varieties (P<0.01) when stored
for 8 weeks (Table 2). The effect of variety > coppicing ><maturity interaction was not significant (P<0.05). The
incidence of tip rot at 8WAS were 5.9% in coppiced roots and 6.9% in intact roots. Dipping the coppiced roots in
different oils did not significantly (P<0.05) reduce tip rot incidence. Dipping the coppiced roots in different
vegetable oils showed a reduction of 5.7 to 5.8% tip rot incidence as compared to the control (7.2%) at 8 WAS.
Tip rot occurred at the proximal end of roots as a small sunken and irregular lesion encircled by a sharp border
(Figure 1c). Symptoms are manifested as a restricted lesion at or close to the tip of roots. Symptoms may appear
after 2 to 4 WAS. Usually, the necrosis expands internally and invade root flesh asymmetrically with little or no
external symptoms (Figure 1d).
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d: Necrosis in a purple-fleshed variety expands internally
and invading root flesh asymmetrically

Figure la-d. Tip coppicing, characteristics and symptoms of tip rot disease invasion

Table 2. Tip rot incidence as influenced by coppicing, dipping in oil, and variety

Factor Tip rot incidence (%)
2weeks 4 weeks 8 weeks
Coppicing
Intact root 4.1(10) 5.6(22) 6.9 (35.6)
Coppiced root 3.6 (7) 4.7 (14) 5.9 (23.5)
Significance level 0.01 0.01 0.001
LSDp<0.05) 0.3 0.5 0.5
Dipping in oil
No wax 40(10) 5.4(19.7) 6.7(33)
Coconut 3.9(8.7) 5.2(18.4) 6.3(29)
Olive oil 3.8(84) 49(16) 6.2(28.3)
Palm kernel oil 3.9(8.9) 5.3(19) 6.2 (28.5)
Shea butter 3.7(7.7) 5.0(17) 6.3 (29)
Significance level ns ns Ns
Variety
Asamarig 3.4 (6) 4.6 (14.6) 6.1(26.7)
Apomuden 43(11) 5.6(21.6) 6.6(31.4)
Kuffour 39(84) 51(18) 6.5(30.7)
Tuskegee purple 4.0 (9) 5.1 (18) 6.4 (29.5)
Significance level 0.001 0.01 0.01
LSDp<0.05) 0.3 0.4 0.2
CV(%) 9.9 11.3 5.4

CV: Coefficient of variation of three replicates.
Incidence data was managed by square root transformation.
Percent incidence data in parenthesis were not transformed
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3.4 Fungi Associated with Rots

Isolation and identification of pathogens associated with decaying roots found 7 most recurring fungi genera
(Figure 2). These included: Rhizopus stolonifer, Macrophomina phaseolina, Fusarium spp., Mucor racemosus,
Aspergillus spp., Botryodiplodia theobromae and Penicillium spp. The pathogens recorded in the study were
similar to those reported by Tortoe et al. (2010), Holmes and Stange (2002), Prange et al. (2006), and Olaitan
(2012), however, variations exist in pathogens associated with decaying roots. In some cases, no pathogen was
observed in lesions (da Silva and Clark, 2012; Stokes et al., 2012; Arancibia et al., 2013). Other pathogens such
as Lasiodiplodia theobromae and Diaporthe phaseolorum have been isolated from lesions (da Silva and Clark,
2012; Stokes et al., 2012). In a study, pre-harvest foliar applications of ethephon was reported to trigger a
response that increased the incidence of tip rot disorder (Arancibia et al., 2013). The study recommended curing
at optimal conditions to reduce tip rot incidence. Bruised or cut roots readily become colonized by propagules of
pathogens associated with the surface and those from adjacent infected roots (Ray, 2010; Ray and
Nedunchezhiyan, 2012). Infection can be reduced by minimizing mechanical injuries at handling and harsh
environmental conditions.

Penecillium spp. Macrophomina
6% phaseolina
Botryodiplodia - 16%
theobromae ™
14%

Figure 2. Incidence of pathogenic fungi associated with decaying sweet potato roots

3.5 Effects of Harvest Maturity and Hot Water Treatment

Harvest maturity significantly (P<0.001) influenced decay losses across the varieties during 8 WAS. Sanitizing
roots in hot water did not significantly (P<0.05) reduce decay incidence during 8 WAS. Overall, decay losses
were similar in the control and hot water treated roots during the first 4 WAS, but later losses were significantly
(P<0.001) severe in hot water treated roots (Figure 3a). By 8 WAS, roots harvested at 100 DAP showed
significantly (P< 0.001) lower decay losses (32.4%) compared to 120 DAP (39.5%) (Figure 3b). The effect of
harvesting date > hot water treatment followed a similar trend (Figure 3c). No significant differences (P<0.05)
were recorded in the first 4 weeks, but decay losses varied significantly (P<0.01) by 8 WAS, where root
harvested at 120 DAP and treated with hot water showed higher losses.

Studies have demonstrated that hot water treatment (by immersion, brushing or rinsing) offers a promising
non-chemical option for use in many horticultural crops (Fallik, 2004; Prange et al., 2006). However, just a little
information exist for sweet potato. Since this is a non-chemical technology, there is no governmental approval
requirement before being accepted for use by growers. A study on the effects of hot water bath (55°C/60sec.)
followed by postharvest treatments (‘Bio-health’ and ‘Clean root”) showed reduced decay losses during 2 weeks
of storage (El-Sayed et al., 2013). This study could not establish the potential of hot water treatment for storage
beyond 4 weeks at ambient conditions. The effects of harvesting date on shelf-life may vary depending on season
and location. For instance, early harvesting may reduce incidence and damage of sweet potato weevils, which
has a direct effect on shelf-life (Mansaray et al., 2013). Another view relates to increases in soil temperatures in
the dry season which may accelerate both physiological and microbial damage (Parr et al., 2014). However, if
good agronomic practices are observed during production, delay in harvesting from 2-3 week, usually known as
in-ground, has advantages on shelf-life.
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Data represents the means of three replications of 10 roots subjected to ANOVA; Error bars represent standard

error of three replications.

3.6 Effect of Postharvest Chemical Treatments

At all periods of storage, decay losses were significantly influenced by variety, harvest maturity, and chemical
treatments (Table 3). Sanitizing roots in chemical treatments significantly (P<0.001) reduced decay losses across
the varieties. Harvest maturity > chemical treatment interaction showed significant (P<0.01) reduction in decay
losses when roots were harvested at 100 DAP compared to late harvest at 120 DAP. Apomuden was the most
susceptible to decay losses compared to the other varieties. Reduction in decay losses was in order of Agricombi

(7.3 %), Agro safe (7.5%), Sulfa 80 WP (7.8%), Hydrogen peroxide (7.9%), and control (8.6%).
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Table 3: Decay losses as affected by harvest maturity, chemical treatments, and variety

Decay losses (%) at
Treatments 4 Weeks 8 Weeks 12 Weeks
Harvest maturity
Early (100 days) 43(11.6)* 5.9(23.8* 7.5(42.9?
Late (120 days) 5.1(17.0)° 6.9 (34.9)° 8.1(51.3)"

Significance level  0.001 0.01 0.001
LSDp<0.05) 0.23 0.23 0.18
Chemical treatments

Control 5.1(16.6)° 7.1(36.0)° 8.6 (57.7)°
Hydrogen peroxide 4.8 (15.1)® 6.5 (29.4)° 7.9 (46.4)°
Agrosafe 46(13.1)* 6.1(26.00* 7.5 (42.5)®
Sulfa 80 WP 47 (14.9)® 6.3(30.0* 7.8(47.1)°
Agricombi 43(11.4)* 5.8(24.9% 7.3(41.3)?
Significance level  0.001 0.001 0.001
LSDp<0.05) 0.36 0.37 0.29
Variety

Asamarig 4.0(9.3* 55(18.6)* 7.4(40.4)?
Apomuden 5.2 (18.3)° 6.8(36.3)° 7.9(49.3)°
Kuffour 4.8(14.8)° 6.5(29.8)° 7.9 (48.4)"
Tuskegee purple 4.8 (14.7)° 6.7 (32.7)™ 8.0 (49.8)°
Significance level ~ 0.001 0.001 0.001

LDS p<0.05) 0.32 0.33 0.26

CV (%) 4.3 6.3 7.8

Incidence data was managed by square root transformation; Percentage incidence data in parenthesis were not
transformed.

The chemical treatments applied in this study were safe for postharvest use. Except for Agricombi (ai:
Fenitrothion (30%) and Fenvalerate (10%), the other chemicals are permitted for use in organic produce (Prange
et al., 2006). Agrosafe in particular, which is made from neem seed oil (ai: Azadirachtin) with a pre-harvest
interval of 7 days, could be considered as a broad spectrum bio-pesticide against weevils and pathogenic fungi.
Neem products have insecticidal, repellent, anti-feedant, sterilizing, and growth inhibition effects against several
species of insects (Obeng-Ofori and Sackey, 2003), including control of several fungal diseases. It must be noted
however that, postharvest chemical treatments are now generally avoided to prevent spoilage, as it may impart
residue problems (Ray and Nedunchezhiyan, 2012). There is divided opinion though on the use of chemical
treatments, particularly in developing countries where high losses and food insecurity exist. Presumably, the lack
of strict food safety regulations in such countries may lead to indiscriminate use of pesticides which can have
dire consequences on environmental and human health. In all cases, responsible use of agro-chemicals at
recommended dose, and observing the safe application intervals should be strictly observed.

3.7 Effect of Honey Waxing (HW)

During storage for 12 weeks, significant effects of HW (P<0.001), chemical treatment (P<0.001), and HW x
chemical treatments (P<0.001) were recorded. Roots coated with HW showed minimal decay losses (24%) by 12
WAS compared to the control (37.1%) (Figure 4a). Across the varieties, roots coated with honey wax recorded
low decay incidence compared to the control, but relative susceptibility of the varieties to decay followed a
similar pattern (Figure 4b). Roots which were sanitized with chemical treatments and waxed with honey
recorded the least losses of 22.3 to 30.3% at 12 WAS compared to the control (32.9 to 69.2%) (Figure 4c).

24



http://sar.ccsenet.org Sustainable Agriculture Research \ol. 9, No. 4; 2020

=n| Ocontrol @ Honey mash waxing
g
8 T
§ 35 1
: T
-
]
§ 1
a
4 Weeks 8 Weeks 12 Weeks
a: Effect of honey waxing
| O Control B Honey mash waxing
50
35
@
e
i i Wi
: L = s Be & A L& (8 Oa
o c 5 2 2o € 5 2 o0 £ 5 2
§ 5 g ¢ 5 § & B 5 € 2 B
E E s a E £ 3 a £ E ] a
= = =
g 3 3 2 3 g : 3 g
< @ < e < @
= ] =
E] El E]
= - =
4 Weeks 8 Weeks 12 Weeks
b: Effect of honey waxing x variety
OcControl ElHoney mash waxing

65
g
g 45
é ﬂ
T 25 =3
i o LB e Bs B e F e B fm @ ﬁ% ﬁ% ﬁ§
SR N
g g g
- - =
£ =3 £
4 Weeks 8 Weeks 12 Weeks

¢: Effect of honey waxing * Chemical treatment
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Data represents the means of three replications of 10 roots; ANOVA was conducted using mean of three
replicates; Error bars represent standard error of three replications.

3.8 Sensory Evaluation

The socio-demographic characteristics (age, gender and education) of the sensory panel were described (Table 4).
The panel nether detected the differences between fried samples of honey-coated and control nor differences
between the 5 postharvest chemical treatments and control. Overall, 89.1% of the panel scored the samples from
acceptable to highly acceptable for consumption. The trend in Figures 5a and b showed that consumer
acceptance was largely influenced by an amalgam of sensory descriptors and gender. Consistently, high
sweetness, followed by soft versus hard texture, were the domineering sensory descriptors across gender groups
(Figure 5a). For Asamarig and Apomuden, descriptors such as highly sweet, soft texture and strong flavour were
the critical sensory traits to the panel. However, this was different in Tuskegee purple, where hard texture, dry
matter and less sweet were the critical attributes (Figure 5b).
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Table 4. Socio-demographic characteristics of sensory panelist, and penal sensory acuity (%)

Characteristics Description Male Female Total
20-35 60.3 38.7 49.2
Age 36-45 276 453 36.7
46-60 121  16.1 14.2
No formal education 29.3 323 30.8
Education Basic 224 274 25.0
Secondary 19 25.8 22.5
Tertiary 293 145 21.7
Preference for Stored roots 36 58.1 47.5
Fresh roots 63 41.9 525
Not acceptable 3.4 - 1.7
Acceptability rating Poorly acceptable 103 8.1 9.2
Acceptable 413 371 39.2
Very acceptable 31.00 355 33.3
Highly acceptable 138 199 16.7
Panel ability to detect Stored xfresh roots Very sensitive 100.0

differences between:  Control xwaxed roots Not detectable 100.0
Different types of waxes Not detectable 100.0
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45
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a: Sensory traits influencing consumer scoring

OVery sweet = Soft texture 1 Hard texture ™ Strong flavour ™ Good mouth-feel M Less sweet
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b: Effect of variety

Figure 5a and b: Consumer acceptance of sweet potato roots subjected to different storage treatments

Sweet potato shelf-life is influenced by an interaction of field production practices, postharvest handling, and
type of postharvest treatments applied (Ray and Nedunchezhiyan, 2012; da Silva and Clark, 2013;
Adu-Kwarteng et al., 2014). Some of the pre-harvest factors include type of variety, soil type, time of planting
and harvesting, maturity, fertilizer type, and pests and disease infestation. For instance, poor agronomic practices
and environmental stress such as drought may predispose the roots to physiological disorders and microbial
attack (da Silva and Clark, 2013). Whereas poor postharvest handling practices and storage conditions may
exacerbate decay losses. Most farmers utilize traditional storage methods and vessels without applying any
postharvest treatment. Integrated use of both indigenous and improved practices should be promoted
substantially to reduce storage losses. For instance, curing by defoliation or dehaulming at 10 to 14 days before
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harvest has been recommended to reduced weevil infestation, fungal decay, and mechanical damage during
handling (van Qirschot et al., 2006; Sugri et al., 2019). Additional advantages of dehaulming include increased
sensorial qualities Parmar et al. (2017), and compositional characteristics such as total soluble solids, B-carotene,
a-amylase activity, and dry matter content (Sugri et al., 2019).

4, Conclusion

As we integrate best production techniques to achieve higher root yield, auxiliary operations such as storage and
processing should also be improved. Postharvest deterioration is undoubtedly the most economically costly to
growers because all other expenses on production, harvesting, and storage have already been incurred. This
study evaluated a series of low-cost postharvest techniques and treatments which can be employed to reduce
sweet potato storage losses. Root tip coppicing in particular can reduce tip rot incidence; a major cause of decay
losses in sweet potato storage. Although a little labour-intensive, this method when integrated with dehaulming
can significantly prolong shelf-life. In addition, sanitizing roots in appropriate postharvest chemicals such as
Agrosafe (ai: Azadirachtin, neem seed oil for organic use) and honey coating exhibited significant potential for
use by smallholders; with less than 25% decay losses during 12 weeks of storage. Other commercial-based
polysaccharide waxes can be assessed in future studies. The possible use of honey waxing is significant in view
of renewed interest in edible coatings to preserve both fresh and fresh-cut horticultural produce for domestic,
export, and organic markets. Much extended shelf-life is expected when storage conditions approach optimum
(~12-15°C and 85-90% rh).
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