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ABSTRACT

Cassava (Manihot esculenta Crantz) roots in the fresh form, are susceptible to postharvest physiological
deterioration (PPD), thus reducing their economic value and farmer benefits. The objective of this
study was to evaluate the effectiveness of pruning and waxing on fresh root storability among cassava
varieties in Uganda. Sixteen cassava plants per variety (TME 14, NASE 14, Nyaraboke, Kirimumpale,
and Bukalasa) were pruned seven days before harvest, leaving the rest as unpruned controls. After
harvest, roots were divided into two portions and one portion was waxed using food grade wax.
Pruning alone reduced PPD of stored roots by 23% at day 14 of storage; and by 19% at day 28
compared with the control. Pruning as a treatment resulted into increased sugar content, ranging 9-
30%), and significant (P<0.05) losses in starch yield. Pruning combined with waxing, resulted in a
reduction of up to 43% in PPD by day 14, and up to 67 at day 28. Reduction in carbohydrate (starch)
was not significant (P>0.05) under the pruning and waxing treatment, which had minor effects on
stored root composition. The results indicate that pruning is appropriate for the short-term storage of
fresh cassava roots for up to 14 days. Waxing, combined with pruning, is suitable for longer term
storage up to 28 days under Uganda conditions.
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Les racines de manioc (Manihot esculenta Crantz) a 1’état frais sont sensibles a la détérioration
physiologique apres la récolte, réduisant ainsi leur valeur économique et les avantages pour les
agriculteurs. L’ objectif de cette étude était d’évaluer I’efficacité d‘ élaguer et de cirer sur la capacité de
stockage des racines fraiches parmi les variétés de manioc en Ouganda. Seize plants de manioc par
variété (TME 14, NASE 14, Nyaraboke, Kirimumpale et Bukalasa) ont été élagués sept jours avant la
récolte, les autres étant des t€émoins non élagués. Apres la récolte, les racines ont été divisées en deux
parties et une partie a été cirée avec de la cire de qualité alimentaire. L' élagage seul réduisait la PPD des
racines stockées de 23% au 14e jour de stockage; et de 19% au 28e jour comparé au témoin. L’élagage
en tant que traitement a entrainé une augmentation de la teneur en sucre (comprise entre 9 et 30%) et
une perte significative (P <0,05) du rendement en amidon. La combinaison d* élaguer et de cirer a
entrainé une réduction de la PPD de 43% au 14e jour et de 67 ans au 28e jour. La réduction de la teneur
en glucides (amidon) n’était pas significative (P> 0,05) dans le cadre des traitements d‘ élaguer et de
cirer a eu des effets mineurs sur la composition des racines stockées. Les résultats indiquent que
I‘élaguage convient au stockage a court terme de racines de manioc fraiches pendant 14 jours au
maximum. La combinaison d‘ élaguer et de cirer convient au stockage a long terme jusqu’a 28 jours

dans les conditions ougandaises.

Mots Clés: glucides, Manihot esculenta, amidon, stockage

INTRODUCTION

Postharvest losses are major factors
contributing to food insecurity and significant
monetary losses among cassava (Manihot
esculenta) farmers, especially in sub Saharan
Africa (SSA) (Abass et al., 2014). Cassava
roots have high moisture contents and are
amenable to microbial attack; which further
increases their perishability, in addition to
variety specific genetic predispositions to
perishability. In response to such problems,
traditional efforts and practices have been
employed to reduce the losses due to cassava
perishability in SSA. However, most of these
practices increase production costs; restrict
the crops to a small market share, and only
address issues related subsistence forms of
farming (Nasser and Ortiz, 2010).
Therefore, efforts to reduce such losses
are required if cassava is to move to extended
markets, including industrial application. This
will greatly contribute to improved food
security in areas where cassava is a staple crop.
Reduction of such losses also has a positive
impact on economic security of value chain

actors engaged in storage and processing of
cassava roots and their production.

The rapid perishability and postharvest
losses of cassava roots result from their high
moisture content (70-80%), large unit sizes
(0.5-5 kg! root), soft texture, and high
respiration rates (Atanda et al., 2011).
Although there have been efforts to improve
some of these characteristics through breeding
(Zidenga et al., 2012), such efforts have not
provided a wholesome variety that would
address all loss factors along the value chain.
Thus, there is need to control post-harvest
cassava losses through agronomic practices
and postharvest management procedures.
Some of the common procedures include
pruning (leaf defoliation) before harvest and
the covering of harvested cassava roots with
molten wax (waxing) (Van Oirschot et al.,
2000; Zidenga et al., 2012). These procedures
(waxing and pruning) are critical in improving
the physiological state of the roots, and
preventing mechanical injury afterwards.

Pruning in particular interrupts the
physiological processes in the root, leading to
delay of the onset of postharvest physiological
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deterioration (PPD), and hence, improves its
storage properties (Van Oirschot et al., 2000).
However, this has been alleged to affect the
eating quality of the roots, thus affecting the
final product (Bhat et al., 2012). Asaoka et al.
(1993) reported that pruning may affect the
starch content of cassava roots and,
henceforth affect their utilisation. For
consumers in Uganda, such procedure
therefore, needs to be evaluated as it may
affect the acceptability of fresh cassava roots
by consumers.

Waxing of fresh cassava roots on the other
hand, has been shown to reduce spoilage in
fresh roots by up to 50%, within the first 14
days after harvest (Zidenga et al., 2012).
Waxed roots after harvesting can be
transported more easily over longer periods
of time, and hence, can be sold as a premium
product in high-end markets such as urban
areas and supermarkets, or for export (Wanda
etal.,2014). Application of wax could be used
to reduce spoilage even on an industrial scale
(Simonyan, 2014). Nonetheless, Africa has not
fully exploited the waxing technology as a
shelf-life improving technology for root and
tuber crops (Wanda et al., 2014). In addition,
no specific studies have highlighted the effect
of waxing on pruned cassava roots. However,
it is hypothesized that an additive effect may
be achieved by waxing pruned roots and may
achieve more storage time and higher root
quality.

The purpose of this study, therefore, was
to determine the effect of pruning and waxing
as a treatment on the biochemical properties
and storability of market-preferred varieties of
cassava for use in fresh forms in Uganda.

MATERIALS AND METHODS

Field establishment. Cassava farmers were
identified in the cassava growing regions of
Kabarole, Kiryandongo and Kyenjonjo in
Uganda. The selected areas form the major
sources of fresh cassava that is sold in urban
areas, especially Kampala. Three cassava
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farmers were identified in each of the districts.
The farmers were provided with clean planting
materials of the five varieties (TME 14, NASE
14, Nyaraboke, Kirimumpale, and Bukalasa).
These varieties were mostly sold in the urban
centres in the fresh form, and were used for
home consumption (Wanda et al., 2016). They
also have low hydrogen cyanide contents (50
ppm fresh weight basis) (Kawuki et al., 2011)
and were considered as sweet varieties.

The experimental plots were set up in the
selected farmer fields in a randomised
complete block design, with a block size of
6x6 plants in each of the fields. The plants
were allowed to grow up to 12 months, after
which the roots were harvested while taking
care not to harm the roots before being
evaluated for PPD and related parameters.

Sample selection, pruning and harvesting.
At 12 MAP, twenty plants of each variety were
selected. The confounding effect of cassava
brown streak was avoided by selecting plants
and roots with no visible symptoms of the
disease. Root necrosis during CBSD infestation
leads to browning, which would complicate
the characterisation of PPD in the root. Sixteen
plants, out of the selected twenty, were pruned
by removal of the leaves seven days before
harvesting; according to procedures
established by Van Oirschot et al. (2000). After
seven days, all the selected plants (16 pruned
and 4 not pruned) were uprooted manually,
with care to avoid damaging the roots during
and after harvesting.

Root treatment. From the harvested plants,
15 straight, even and undamaged roots of un-
pruned plants (Control or CTR) and 30
straight, even and undamaged roots from the
16 pruned plants (PR) of each variety were
selected. The selection of the roots was based
on their suitability for waxing (even root
surface, long peduncle, and small size of < 10
cm diameter and without physical damage)
(Wanda et al., 2016).
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The roots were cleaned, washed with
potable water and a soft bristled brush was
used to remove adhering soil during the
cleaning. The cleaned roots were allowed to
drain for 10 min, followed by removal of
excess water by wiping of the roots using a
clean cloth towel.

Drying of the roots was achieved by placing
them on a dry surface at room temperature
(24-27°C), and turning them over at 30-minute
intervals for even drying. Dried and clean
cassava roots were dipped in a solution
containing 1% of the fungicide (Ridomil Gold®
Syngenta) mixed with 0.5% of the surfactant
(Silwet Gold® Syngenta) for about 30 sec.
The combination of the fungicide and
surfactant is an affordable food grade
combination that is used in the food industry
(Kralova and Sjoblom, 2009). The disinfected
roots were dried for about 20 min in a cool
and open area, and divided into two groups
(15 roots each). One group remained ready
for storage (PR) and the second was waxed
(PRWX) by being dipped in molten food grade
wax (140 °C) for about 2-5 sec. Pruning and
waxing were taken as a single treatment
combination. The treated (PR and PRWX) and
untreated (CTR) roots were stored in ambient
conditions for 28 days. The whole
experimental process (pruning and waxing)
was repeated during the wet seasons (Sept—
Oct 2015 and March—April 2016) when the
soil was soft.

Biochemical assessment. At weekly intervals
(day 7, 14, 21 and 28), the stored roots were
evaluated for postharvest physiological
deterioration (PPD), and root composition.
The roots were screened for PPD according
to the method described by Morante et al.
(2010), involving the scoring of the roots
depending on the root area affected by PPD.
The PPD was expressed as the percentage of
affected portion/area of the root, in relation to
the whole portion of the root at the different
days of sampling.
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Dry matter, starch content, amylose and
reducing sugar contents of the roots were
determined using methods described by Benesi
et al. (2008). Total cyanide was determined
according to the method by Bradbury et al.
(1991). Total crude protein content was
determined using a micro Kjeldahl technique
(AACC Method 46-13.01); and total dietary
fiber (TDF) was quantified by the enzyme
gravimetric method (AOAC 985.29)

Statistical analysis. The data obtained were
analysed using GenStat Discovery edition 4.1.
To test the significance of variation due to the
treatments, a two way analysis of variance was
conducted with treatment days as a fixed
effect and treatments as variables. Treatment
means were separated using Fisher’s Least
Significant Difference (LSD) test at 5%
probability level. Correlation analyses were
performed across different treatments.

RESULTS AND DISCUSSION

Postharvest physiological deterioration
(PPD). The results for the changes in PPD
and, hence, the shelf life of cassava under
different treatments are presented in Table 1.
In control samples (samples that were not
pruned or waxed) of the local varieties
(Nyaraboke, Kirimumpale and Bukalasa), PPD
increased to at least 49% within the first 14
days of storage; and reached >85% by day 28
(Table 1). On the other hand, PPD of the
improved varieties was lower; reaching 28.40%
for TME14 and 25.67 % for NASE 14 on day
14 after harvesting. Local variety,
Kirimumpale, had the highest PPD score
(50.55); followed by Nyaraboke and Bukalasa
in the control, as early as day 14.

The low values of PPD observed in
improved varieties point to deliberate actions
by the breeding programme to select for
varieties with low PPD, and hence, higher shelf
life (Tumuhimbise et al., 2014). Such varieties
are grown in the country for fresh
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TABLE 1. Change in Postharvest Physiological Deterioration (PPD) (percentage + SE) during storage
of treated roots from different cassava varieties grown in Uganda

Variety Treatment Storage period (days)
0 7 14 21 28
TME 14 CIR 0.00 545+£0.78  2840+2.17 6623+042  8440+1.21
PR 0.00 530+1.27 17974099  55.95+0.79 81.25+0.25
PRWX 0.00 3.15+£1.34 4.70+1.49 16.62+2.35 18.29+291
NASE 14 CIR 0.00 103+0.85  25.67+£0.53 77.18+393  84.72+2.98
PR 0.00 9.81+226  20.17+1.85 59.14%£0.29  8499+1.71
PRWX 0.00 4.70+0.28 775139  1629+4.10  28.55+4.03
Nyaraboke CIR 0.00 36.7+£552  4944+501 71.24+1.15  88.39+1.23
PR 0.00 6.50+1.13  16.66+1.86 53.59+6.09  76.59+1.03
PRWX 0.00 4.20+0.00 641+0.76  1430+521  21.25+£1.92
Kirimumpale =~ CIR 000  3145+275  50.55+8.87 83.76+499  9321+146
PR 000 1875+092  2957+251 70.64+281  86.34+4.79
PRWX 0.00 8.73+£0.14 990+044 2431+059  27.23+0.02
Bukalasa CIR 000  2550+439  4951+262 71.81+£991  86.30+8.58
PR 000 19.02+0.85 30.15£325 6344+098 67.39+17.95
PRWX 0.00 8.11+£042 1036+0.74 15.09+241  23.12+4.89
LSD(0.05) 0.00 13.86 1233 5.66 8.61

consumption, much as the added advantage
of PPD resistance is not exploited as they are
not popular with farmers in the same way as
the local varieties (Tumuhimbise et al., 2012).

Pruning reduced PPD values at 14 days of
storage by more than 50% compared to the
control. The average PPD at 14 days’ storage
for all the varieties was 22.9% for PR,
compared to 40.72% for CTR. However, at
28 days’ storage, the mean PPD for PR
(79.30%) was not significantly (P<0.05)
different from that of the control (87.41)%.
The improved varieties, NASE 14 and TME
14, still exhibited a better performance (low
PPD values) at all days compared to the local
varieties. Thus, utilisation of improved
varieties, is relevant for farmers that market

the cassava roots and require pruning
technology for shelf life improvement.

For all varieties, treatment PRWX had
significantly lower PPD values than pruning
alone during storage (Fig. 1). Values of PPD
for PRWX ranged between 41% at 14 days
storage and 18- 27% at 28-day storage. With
PRWX treatment, TME 14 had the lowest PPD
(4.70%); while Kirimumpale exhibited the
highest PPD value (9.9%) at 14 day’s storage.
At 28 day’s storage, TME 14 had the least
PPD of 18.29%, and NASE 14 the highest
(28.55%). In all cases, the local varieties posted
PPD values above 40% after 28 days, and were
highly susceptible to PPD. The low PPD values
in the improved varieties allude to the
commercial value of these varieties. Their
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Figure 1.

Effect of pruning of cassava plants and waxing of tubers on postharvest physiological

deterioration (PPD) of stored root tubers. CTR = Control roots, not pruned, PR = Pruned roots
treatment, PRWX = Pruned and waxed roots treatment.

good response to the waxing technology also
shows their relevance in the market and their
ability to be marketed over extended periods
after harvest and for upscale markets including
the export market.

The low PPD values observed in the
pruning treatment suggest that pruning plants
before harvesting is important in slowing down
the rate of physiological root deterioration.
Such low PPD values give a strong reason for
increasing the shelf life of roots from pruned
plants further by waxing. These procedures
were, thus implicated in slowing down the rate
of root deterioration in comparison with
situations where roots are marketed without
any treatments. Thus, pruning and waxing of
roots from plants presents a more reliable
method of delaying PPD and extending shelf
life. Further studies are required to assess the
economic relevance of these technologies and
their possible application at farm level.

Root dry matter content. In cassava, the
dry matter content (DMC) describes the
available solid mass of the cassava root (Table
2) and is an important parameter in the
utilisation of cassava by consumers

(Montagnac et al., 2009). In this study, the
DMC ranged from 31.4 to 36.2% across the
test varieties, immediately after harvesting
(Table 2). For the varieties studied, significant
differences (p < 0.05) in dry matter content
were observed. The two improved varieties
(TME 14 and NASE 14) had higher dry matter
contents (34.48 and 36.21% for untreated
roots, respectively), compared with the local
cultivars (31.41 - 32.73%). Deliberate selection
in the breeding programme for cassava in
Uganda have aimed at varieties with high DMC
for increased calorie production and, hence,
food security (Kawuki et al., 2011). This
explains the high DMC content observed for
improved varieties. Also, treatment-based
differences were observed for dry matter
contents for different storage days (P<0.05).
However, with storage, the dry matter
increased to a range of 40.88-51.45% after
21 days of storage, and from 39.69 to 53.18%
after 28 days of storage (Table 2). The
increments point to loss in moisture of cassava
during storage; and are indication that moisture
loss may modulate root deterioration in
cassava.
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TABLE 2. Changes in the dry matter content during storage of stored tubers of cassava plants pruned

and waxed before storage in Uganda

Variety Treatment Storage period (days)
0 7 14 21 28
TME 14 CIR 3621+0.72 4572211  47.094005  5145+1.10  50.74+0.87
PR 35624056  44.76£397  47.194049 5027025  53.18+1.49
PRWX 3543+0.61 42274540  4525+£149 44454083  45.66+2.74
NASE 14 CIR 3448+0.69 42294098  45.09+030  49.15+0.54  53.49+0.27
PR 34.83+026 42744013  4598+035  49.87+0.11  53.09+091
PRWX 34.07+0.28 39.32+2.09  43.69+1.86  42.59+122  47.97+047
Nyaraboke CIR 32.73+0.03 3644+0.83  39.37£1.65  4421+144 42124311
PR 31774043 38354057 41374140  44.82H008  45.0940.20
PRWX 3148+0.59  3573£1.52 38724173  40.88+0.70  39.69+1.68
Kirimumpale CIR 3141+0.67 41524074 41824139 457724053  46.87£1.37
PR 3153+020  4201£0.09 42424086  4549+1.19  47.26+0.69
PRWX 3153+0.69 3672125 3907095  4247+1.58  40.69+2.11
Bukalasa CIR 32.55+0.65 39.12+0.73  41.74+£245  4436x1.81  4342+724
PR 32684035 42324074  43.18+0.52  46.86:0.04  48.00+0.03
PRWX 3261+x0.10  4295+006 41324252  43.66+144  43.40+0.15
LSDs (0.05) 0.66 331 1.03 2.67 2.66

CTR = Control roots, not pruned; PR = Pruned roots treatment; PRWX = Pruned and waxed roots

treatment

In this study, the increments in dry matter
were higher among CTR and PR samples
compared to PRWX (Table 2). Increments in
dry matter contents, therefore, are directly
linked with moisture loss during the
deterioration process. Thus, the role of waxing
in improving the shelf life of cassava is the
regulation of moisture loss from the roots and
hence, prevention of drying as was observed
by Maltini et al. (2003).

In general, the increase in DMC during
storage for the PRWX treatment, was less than
for CTR or PR (Table 2). At day 14 after
treatment, DMC content had increased by an
average 8% in all varieties, and by mean 11%

at 28 days after treatment for the PRWX
treatment. On the other hand, the DMC content
of the pruned roots increased by an average
10 and 16% for day 14 and day 28
respectively. In comparison, DMC increased
by an average of 9 and 15% at day 14 and day
28 respectively in the control. The low rate
of dry matter increase in PRWX could be
important in delaying the onset of PPD in
cassava. Thus, processes such as waxing,
which maintain the moisture content of
cassava roots may reduce the adverse effects
of secondary metabolism associated with post-
harvest physiological deterioration plant tissues
(Maltini et al., 2003; Zidenga et al., 2012).
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Starch yield. Results for the test varieties
indicated significantly (P<0.05) higher starch
yield in improved varieties compared to the
local varieties (Table 3). Starch yield ranged
between 20 and 22% in local varieties of
Nyaraboke, Kirimumpale and Bukalasa
compared to 22-26% in the improved varieties.
Such differences affect the utilisation of
cassava in different application, with low
starch yield varieties being popular with
farmers and for fresh consumption
(Nuwamanya et al., 2010). TME 14 had the
highest starch yield (25.31%); while
Kirimumpale had the lowest (20.30%).
However, pruned samples for TME 14 and
Nyaraboke had lower starch yields than their
corresponding unpruned roots at day 0. Pruned
samples of NASE 14, Kirimumpale and

E. NUWAMANYA et al.

Bukalasa exhibited higher starch yields than
their corresponding unpruned roots, though
the differences were not significant (P>0.05)
(Table 3).

These results partly indicate that the effects
of pruning are variety specific and, therefore,
selection of varieties with better response to
pruning is possible. For all the varieties tested,
starch yields reduced in all samples from a
range of 20.76-25.31% at day O to 12.15-
18.48%, at day 14 and 10.41-16.49% at day
28; representing 30-45% loss after 28 days
of storage. In all cases, except at day 0,
differences in reduction in starch yield were
observed due to the treatment of the different
varieties and different storage times (Table 3).
Loss of starch on pruning of the root is
indicative of starch remobilisation to support

TABLE 3. Changes in starch yield of the selected cassava varieties over experimental time

Variety Treatment Storage period (days)
0 7 14 21 28
TME 14 CIR 25.31+1.59 1949+041 15624060 16.63+1.08  14.14+0.95
PR 23.76x1.25 2026021  17.65£0.09  14.8240.19  13.77+0.01
PRWX 22.80+1.54 20.04+0.04  1848+0.61  18.02+0.06  17.32+0.53
NASE 14 CIR 22.00+1.03 19.09+0.04 17284005 16.1840.13  1649+0.71
PR 23.73+0.40 20.11£005 1671004  15.68+0.04  14.32+0.00
PRWX 20.76x1.27 19.85+093  18.1740.86  17.7240.09  17.54+0.01
Nyaraboke CIR 22.69+1.51 1628+021 15174008  14.3040.16  14.28+0.76
PR 21.2942.16 17458037 15124009  15.0940.01  12.77+0.62
PRWX 20.83+143 17.3240.18  16.79+022  16.114040  15.10+£1.29
Kirimumpale CIR 20.30+1.09 1603126  1445+040  13.60+040  13.24+0.04
PR 21.55+0.46 1829+148 15774008 14394031  11.29+0.24
PRWX 21484252 1744180  16.66+0.74 16974059  15.96+0.24
Bukalasa CIR 23.81+1.48 15024000  12.15£0.06 13244004  11.06x1.15
PR 24.84+0.11 18.02+0.00 13724006  13.674027  1041+1.09
PRWX 21.49+0.06 1641+0.00  1343+005 13394006  12.87+0.01
LSD (0.05) 202 092 1.19 1.62 123

CTR = Control roots, not pruned; PR = Pruned roots treatment; PRWX = Pruned and waxed roots

treatment
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recurrent growth (Nuwamanya et al., 2014).
However, the mechanisms of such losses in
cassava have not been elucidated, much as
they are linked to increase in amylase activity
within the root leading to starch remobilisation
(Critchley et al., 2001)

Reduction of root starch yield during
storage was higher for CTR than for PR and
PRWX. For CTR, starch yield was reduced
by 34.6% at day 14 and by 39.8% at day 28.
The corresponding reductions for PR were
31.4 atday 14 and 40.1% at day 28; reductions
for PRWX were 22.1% at day 14 and 26.5%
at day 28. Lower reductions for starch yield
during storage was, therefore, exhibited by
PRWX treatment.

The results indicate that PPD results into
loss of starch and the caloric value of cassava,
especially if the cassava is to be used for
consumption. Such losses include the
degradation of starch during PPD, and the
utilisation of carbohydrates as energy sources
for offsetting the effects of stress on the root
tissue as a result of PPD (Zidenga et al., 2012).

The losses reduce the economic value of
the roots, making them unmarketable (Saravan
et al., 2016). The maintenance of high starch
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yields in the waxed treatment is, therefore, an
important indicator of the role of waxing in
delivering quality cassava to the market, and
therefore, represents reduction in quality losses
of fresh cassava (Affognon et al., 2015).

Root reducing sugars. Significant differences
were observed among treatments for changes
in reducing contents of the root during storage
(Fig. 2). Higher increments in reducing sugars
were observed in the control (CTR) samples,
compared with the pruned and waxed
treatment. Initial reducing sugar contents
ranged from mean of 1.2-2.4% of the whole
root mass among the different varieties,
showing varietal differences in accumulation
of reducing sugars within the root. The
reducing sugar content, however, increased
to mean of 6.9-8.3% by day 7 and was an
average of 11 - 17% after day 28. Reducing
sugar contents at day 28 was 17.18% for CTR,
14.85% for PR, and 10.73% for PRWX. The
increments were in tandem with increasing
PPD score in the control and pruned
treatments; an indication of the breakdown of
starch into simple sugars in the root.

—+— CIR
—gi— PR

—i— PRWX
20 25 30

Storage days

Figure 2. Change in reducing sugar content of cassava roots under different treatments in Uganda.
CTR = Control roots, not pruned; PR = Pruned roots treatment; PRWX = Pruned and waxed roots

treatment.
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The high values observed clearly show that
PPD results into degradation of carbohydrates,
as was observed by Zidenga et al. (2012). The
lower values of reducing sugars in PRWX
suggest a lower rate of physiological
deterioration after waxing. The results also
justify the role of waxing as an important
method of preservation of root quality during
storage in cassava (Saravan et al., 2016).

No significant differences were observed
in reducing sugars among the individual
varieties at the specified sampling times (Fig.
2). The increase in reducing sugars observed
is due to the breakdown of carbohydrates,
especially starch (Nuwamanya et al., 2014).
This phenomenon can be attributed to
carbohydrate based metabolism that leads to
production of PPD related stress modulating
defense responses (metabolites) against
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physiological deterioration (Zidenga et al.,
2012). The similarities observed among
varieties for increments in reducing sugars
point to the influence of the processing
environment on the degradation processes of
carbohydrates during PPD (Zidenga et al.,
2012).

Root cyanide content. All the varieties tested
in this study had cyanide contents in the fresh
roots ranging from 34.5 to 76.6 ppm (Fig. 3).
Such varieties are classified as sweet varieties
and relate to most of the farmer preferred and
improved varieties used in Uganda (Kawuki et
al., 2013). Variety TME 14 had the highest
cyanide content (76.6 ppm); while variety
Nyaraboke had lowest cyanide content (15.7
ppm) before treatment.

15 20 30

Storage period (days)

Figure 3. Changes in the cyanogenic potentials (CNP; ppm) of cassava roots during storage and
under different treatments in Uganda. CTR = Control roots, not pruned; PR = Pruned roots treatment;

PRWX = Pruned and waxed roots treatment.
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Significant differences (P<0.05) observed
in cassava varieties for cyanogenic content,
indicate the possibility of selecting specific
varieties for postharvest treatment and
extended storage or immediate consumption.
Storage of these varieties resulted in initial
increments in the cyanide content; followed
by a consistent reductions regardless of the
treatment. Reductions of up to 80% were
observed, reaching to as low as 14% in TME
14 and about 10% in local varieties
Kirimumpale and Nyaraboke. The initial
increase in cyanide observed (Fig. 3) was
related to loss of moisture, which results into
increased conversion of bound cyanide to
volatile cyanide as linamarase activity increases
(Kojima et al., 1983). In particular, pruning
(PR) resulted into decrease in the cyanogenic
content, ranging between 20-50 ppm in
different varieties after harvest (Fig. 3); with
progressive reductions observed as storage
time increased. In addition, the PRWX
treatment resulted in reduction in cyanide,
ranging from 28.95 ppm to 64.87 ppm with
higher reductions observed in the variety TME
14.

Reductions in cyanide content of the
control samples followed a similar trend and
ranged between 17.3 and 20.95 ppm (Fig. 3);
showing that storage of cassava tubers before
utilisation, increases the cyanide related
concerns safety of the roots for consumption,
as suggested Montagnac et al. (2009).
However, the reductions observed could be
appropriate for varieties with low cyanogenic
potential, and thus related pre-processing and
processing procedures for reduction of
cyanide are still required (Cardoso et al.,
2005), even with the waxing and pruning
treatments. The physiological basis of such
reductions after long term storage are related
to the breakdown of HCN in volatile cyanide
as alluded to by Montagnac et al. (2009).

Exposure of the roots results into loss of
the volatile cyanide, much as such exposure
increases the physiological deterioration of the
root. Given the role of hydrogen cyanide as a
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stress related secondary metabolite (Nyirenda
etal.,2012), itis important to note that losses
in cyanide will increase the propensity of the
root to deteriorate. Thus, minimal reductions
in cyanide during storage would be desired for
improved shelf life. However, this is not ideal
given the serious safety and health impacts of
cyanide on consumers. Such safety and health
impacts have implications on cassava product
safety and calls for implementation of safety
strategies in marketing of fresh cassava
products.

Amylose content. The amylose content of
starch extracted from fresh cassava roots used
in this study was on average 15%, and with
no significant differences (P>0.05) observed
among the varieties used, as differences were
observed between the different treatments
(Fig. 4). The improved varieties, NASE 14 and
TME 14, exhibited higher values even after
different storage treatment regimes. However,
significant differences (P>0.05) were
observed between the pruned (PR) and the un-
pruned roots (CTR); with higher amylose
contents observed in starch from pruned
plants (15-19%) compared to the control (15-
17%).

The high amylose content in the pruned
roots can be attributed to carbohydrate based
physiological breakdown related to increased
amylase activity, as the plant prepares to
remobilise sugars for growth after sprouting
(Zidenga et al., 2012). During storage, the
amylose content initially increased in all
treatments, and at day 7 it ranged from 15.2
to 16.9% on average representing an increase
of 3.6-6.4% for the different varieties in the
different treatments (Fig. 4).

Higher amylose content was observed for
all treatments, with CTR (16.21%) having
slightly higher contents compared to PR
(16.09%) and PRWX treatments (16.18) at day
7. This increment in amylose realised could
be attributed to the increase in starch
hydrolysis in the stored roots, resulting into
breakdown of the amylopectin fraction of the
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Figure 4. Changes in amylose content of extracted starch across treatments and varieties. CTR =
Control roots, not pruned; PR = Pruned roots treatment; PRWX = Pruned and waxed roots treatment.

starch, as suggested by Zeeman et al. (2010).
Pruning and waxing of the roots therefore
reduces the effect of processing environment
on amylase mediated metabolism of the root.
This henceforth reduces the rate of
amylopectin breakdown into linear amylose
chains. Zidenga et al. (2012) reported specific
physiologically mediated breakdown of starch
leading to production of short chain
carbohydrates (amylose and its components),
which in essence reduces the quality of the
root. Reduction in amylose content was,
however, observed in CTR (15.06%) and PR
(14.99%) after 14 days; while no significant
reductions were observed for amylose content
in the PRWX treatment. Further reductions
were observed with amylose content below
13.5% in both the PR and CTR samples by 28
days. However, no significant reductions were
observed for the PRWX treatment with
maintenance of amylose content above 15%
during storage (Fig. 4).

The progressive reductions in PR and CTR
can be attributed to the negative effects of PPD
on total root carbohydrates as earlier suggested
by van Oischort et al. (2016). In addition,
these reductions confirm the role of starch in
mediating PPD where high starch contents
have been implicated in increased physiological
damage during PPD. The results, therefore,
show that PPD affects the carbohydrate quality
of the root. Such effects can be offset by
waxing of the roots which improves stored
root quality.

Relationship between PPD and root
components. At 28 days, a significant positive
correlation was observed between PPD and
dry matter content (r = 0.645) for the control
and pruned samples. This was an indicator
that reduction in root moisture leading to
temporal increment in dry matter content
increases stress disposition, hence, the
possibility of spoilage of the root. However,
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the relationship was not significant for PRWX
treatment, explaining the maintenance of dry
matter once the PPD is reduced. The
relationship explains the role of alternative
oxidase (AOX gene) in uncoupling carbon
metabolism from ATP generation during
physiological deterioration (Zidenga et al.,
2012).

Positive and significant correlations existed
between cyanide and starch yield (r = 0.622),
and starch content (r = 0.581), which are both
elements of dry matter. This may be related to
the role of cyanogenesis in delaying the onset
and progression of PPD, by inhibiting root
based respiratory processes. Such processes
reduce the carbohydrate content and further
increase the effects PPD on the root as
suggested by Kizito et al. (2005) and Zidenga
et al. (2012). Dry matter content was
negatively correlated with starch content (r =
—0.502), but positively correlated with PPD
(r = 0.506), which shows the reduction in
starch content (a major component of dry
matter in cassava) due to PPD.

Amylose content was positively correlated
to cyanide (0.615), but negatively correlated
to PPD (-0.892). Negative but weak
correlations between starch content and
reducing sugars (-0.371) were also observed,
an indication that accumulation of sugars is a
result of hydrolysis of starch in the root as
the root undergoes deterioration stress.
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