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Abstract: Pumpkin has high potential of generating income and overcoming food insecurity. Today’s consumer looks upon
the food industry to provide healthy, attractive convenience products that remain wholesome for long. However, spoilage of
horticultural produce results due to improper handling and microbial attack. Microbial spoilage is the major factor limiting
shelf-life of fresh produce and processed products. It arises from improper handling and spore contamination, leading to
economic loss. The objective of the present study was to determine whether shelf-life of value-added pumpkin products could
be prolonged by wrapping, drying, or processing. The study used products in three experiments: (1) pumpkin fresh fruit
(presented as whole, half slices or quarter slices plus or minus clear shrink wrap); (2) pure flour (dried using oven, enhanced
solar, or open sun); and (3) bakery products (cake, cookies, scones, mandazi, bread, porridge, chapatti or irio blended with 0%,
5%, 20%, 50% or 90% pumpkin flour). All experiments were conducted in completely randomized design, replicated four
times and repeated once. Pooled average data values were subjected to analysis of variance and significantly different means
were separated using the least significantly difference test at o = 0.05. Plate Count Agar and Potato Dextrose Agar were used to
determine total viable counts and fungi, respectively, on pumpkin fresh fruit, dried flour and blended products, while
MacConkey Agar was used to assess enteric bacteria in dried flour and blended products. Results showed significant
differences (P<0.0001) in number of days taken for the tested samples to get spoilt. Slicing fruit drastically reduced shelf-life
from 142 days to about 3 to 5 days. There were significant differences (P<0.0001) in shelf-life of flour from the three drying
methods. Enhanced solar dried flour had longest shelf-life of 11.5 months. Bacilli were the dominant bacteria in fresh fruit
slices, while flour had bacilli and cocci, which were also dominant in blended products. Significant difference (P<0.0001)
occurred in moisture content of cake, mandazi and scones with various flour-blending levels. Cookies had the longest shelf-life
of 64 days, while irio, chapatti and porridge got spoilt after two days. Significant differences occurred in microbial counts of
the various flour-blended products throughout the storage periods. Baked products with up to 20% pumpkin flour-blend had
great potential of remaining wholesome for longest storage period and hence are recommended for adoption.
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outer protective epidermis typically with natural waxy cuticle
layer containing the polymer cutin [1]. Once the layer is
destroyed by bruising or slicing the fruit, water loss and
eventual spoilage ensue. Visual microbial growth on the fruit
has been used as a main criterion to determine shelf-life of
pieces stored under controlled atmosphere conditions [2].
Water-soaked appearance is common in most fresh produce.
Microbial spoilage results in 30%-50% shrinkage of freshly

1. Introduction

Farm fresh produce is very sensitive to microbial
contamination and therefore it should be dried or frozen to
prolong shelf. Many fruits have nearly ideal conditions for
growth of most microorganisms in their nutrient-rich and
near neutral pH internal tissues. Uncut fruit is covered by an
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cut fruits. It has been used by quality assurance advocates as
the objective indicator of quality failure for more than 50%
of fresh-cut vegetables and almost 100% of fresh-cut fruits
[3].

The magnitude of post-harvest losses in fresh fruits and
vegetables is estimated to range from 5% to 25% in
developed countries and 20% to 50% in developing
countries. In some African countries, the figure can rise up to
50% for very perishable foods such as fruits and vegetables.
Losses occur in the field, during transportation, storage and
processing. Insects, bacteria and fungi are often responsible
for severe loss of nutritive value in food. When bacteria and
fungi develop on produce, unfavourable chemical changes
occur. Some fungi produce carcinogenic toxins rendering
food unsuitable for human or animal consumption [4].
Spoilage microorganisms exploit the host using extracellular
lytic enzymes that degrade the polymers to release water and
other constituents. Fungi produce diverse and greater
amounts of extracellular depolymerases, which successfully
attack and spoil fruits and vegetables [5]. Processing can
transform perishable produce into stable foods with long
shelf-life, thereby aiding transportation and distribution [6].
Drying removes moisture to prevent microbial spoilage [7,
8].

Pumpkin fruits are used widely in most African countries
for their food value. The species Cucurbita moschata is
cultivated in almost all countries of tropical Africa, but is
more important in Southern Africa than in Eastern and
Western Africa [9]. Pumpkin has been recommended as a
traditional food crop with high potential to overcome
undernourishment and food poverty [10, 11], yet very little
has been done to generate income from it [12]. In East
Africa, pumpkin is among many crops facing poor
consumption in urban centers where dwellers purchase
processed food for convenience [6].

Today’s consumer, whose lifestyle is continually changing,
counts on the food industry to prepare healthy, convenient
products with reduced saturated fats, cholesterol, sodium and
calories [13-14]. The food industry majorly seeks to develop
food products with attractive colour [15, 16], and extending
the period during which food remains wholesome.
Preservation techniques used include inhibition of microbial
or biochemical changes to allow time for distribution, sale
and home storage [13, 17]. Pumpkin fruit is used to substitute
wheat flour in bakery products and soups [16]. It is popular
due to its attractive deep-orange natural colour and high
fiber, making it a healthy substitute [14, 16, 18]. Bakery
products have become targets for fibre enrichment in
European diets due to health concerns and decrease in white
bread consumption in western societies [19].

Usually spoilage of baked bread is due to improper
handling during cooling and packaging, when spores present
in the atmosphere contaminate the bread, leading to spoilage
[20]. Post-process contamination must therefore be prevented
[21]. Microbiological spoilage is often the major factor
limiting shelf-life of bakery products, leading to economic
loss to manufacturers and consumers [22]. The most common

bacteria causing spoilage of bakery products is Bacillus
subtilis, whose spores are heat-resistant and remain active
after cooking. The major source of bacillus contamination is
the raw ingredients. This bacterium is responsible for ropey
bread characterized by a pineapple-like odour. Later bread
becomes discoloured, soft and sticky. Strict sanitary and good
manufacturing practices should be applied to control the
bacillus spores and their problems [23]. On the other hand,
yeast causes visible growth on the surface of products. Long
shelf-life of products enables a great variety of products to be
stored [21]. This paper reports findings on effects of pumpkin
fresh fruit slicing, drying into flour, as well as blending into
processed  products on  shelf-life and  microbial
contamination.

2. Materials and Methods
2.1. Pumpkin Fruit Shelf-life Determination

The shelf-life of pumpkin fruit was determined by
comparing the spoilage rate of whole fruit, fruit sliced into
halves or quarters plus or minus wrapping using clear shrink
wrap polythene. Shelf-life was assessed at two-day intervals
by recording weight loss and number of days the samples
remained with acceptable microbial load. Mature whole fruits
were stored on a safe, cool and dry surface at room
temperature. Changes were observed on monthly basis and
recorded. Microbial growth was assessed at two-day intervals
by inoculating samples on both general and specific media in
Petri dishes. For bacterial and fungal growth, Plate Count
Agar (PCA) and Potato Dextrose Agar (PDA) were used,
respectively. One (1) gram was cut from each fruit sample.
Before culturing was done, sterilization following standard
procedures was done for all equipment, distilled water and
media (Plate Count Agar/Standard Methods Agar: Plate
Count HIMEDIA Ref. M091-500G LOT 00002787460, and
Potato Dextrose Agar-Ref. M096-500G-LOT 0000279034).
A total of 23 g of PCA was reconstituted in 1000 ml sterile
distilled water, heated to dissolve and then sterilized by
autoclaving at 121°C and 100 kPa for 15 minutes. It was then
cooled in a water bath at 45°C to 50°C. About 15 ml of the
media was dispensed into Petri dishes in a biosafety cabinet
and left to set before inoculation. The same procedure was
followed using 39 g of PDA. Before dispensing, PDA was
acidified using tartaric acid at 1 ml acid to 100 ml media to
inhibit bacterial growth.

Assessment of microbes in the samples was done by
identification and recording following standard procedures.
In this case, 1 g of sample was put in 90 ml of sterile distilled
water and mixed well. Serial dilutions of 10", 10 and 10~
were prepared and then spread plate technique applied for
PDA and pour plate for PCA. The inocula were incubated at
37°C for 18 to 24 hours for PCA, while PDA the plates were
set at room temperature for up to 48 hours before discarding.
PCA indicated total viable count on fruit samples, while PDA
was used to assess fungal and mould spoilage of fruit
samples.
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Bacteria were stained for identification by preparing a
smear fixed on a Bunsen burner flame. The stain was flooded
with crystal violet solution on a staining rack for 60 seconds
and then washed using distilled water. It was then flooded
with iodine (mordant) for 30 seconds and washed. The smear
was then bleached using acetone and washed instantly. It was
then counter-stained using 10% cerbol fuschin for 30
seconds, washed, blot-dried, and examined under a
microscope using x100 magnification. The microbial
morphology was observed, and if the colour to the Gram
reaction was pink or red, it identified Gram negative, while if
blue or black colour, it identified Gram positive.

2.2. Flour Quality and Shelf-life Determination

Pumpkin fruit was dried using three different methods:
Open Sun (OSD), Enhanced Solar (ESD), and Oven-Electric
(OED), each with four replicates. Pumpkin flour was
prepared by grinding dried pumpkin fruit pieces, using a
Teflon-coated mill, and sieving to achieve uniform fine
powder. To determine flour keeping quality, the moisture
content was determined. A small (1 g) weight of powder in a
crucible was heated in a dry oven at 105°C for 2 hours, then
covered with aluminum foil and cooled in a desiccator for 1
hour. Percent moisture content was determined by calculating
the difference between the weight (g) of sample before and
after heating, divided by sample weight (g) before heating,
multiplied by 100.

Extraction rate of the flour from the different drying
methods was also determined. Four replicates of dried fruit
from each drying method were milled using a grinder,
subjected to the same pulse and grinding period, until fine
flour was achieved. The flour was weighed before passing
through a sieve to attain fine uniform powder and weighed
again. The extraction rate (%) of flour from the three drying
methods was determined by calculating the difference
between weight (g) of flour before and after sieving, divided
by weight of flour before sieving, multiplied by 100.

The shelf-life of pumpkin flour from the three drying
methods was determined by recording the number of days the
flour remained at safe microbial levels. Before culturing,
sterilization of all equipment, distilled water and media
(PCA, PDA and MacConkey (MAC), was done following

standard  procedures. = Microbial  analysis  included
identification and enumeration of bacteria and presence of
coliforms  following standard  procedures.  Sample

preparation, serial dilution and inoculation of samples were
done as described for pumpkin fruit on PCA and PDA.
MacConkey agar-HIMEDIA (Ref. MO081-500G LOT
0000268460), a selective media for isolation of coliforms
(enterics), was used to check the safety of the flour during the
whole line of preparation up to just before laboratory
analysis. PCA gave the total viable counts in the flour, while
PDA was used to assess fungi, mould and fitness for use.

MacConkey inoculant was streaked onto the solidified media
before incubation as for PCA. Staining of microbes from the
culture was done as earlier described for pumpkin fruit.

2.3. Blended Products’ Shelf-life Determination

Preparation of products for shelf-life determination was
done following previously outlined recipes for each product
[20]. Five market products, namely: cake, cookies, scones,
mandazi, bread and three traditional ones (porridge, chapatti
and irio) were prepared. To prevent contamination of
products after preparation, they were immediately cooled and
packaged inside a biosafety cabinet. New polythene bags
were used for tight-sealing and packaging. Each product had
four replicates, which aseptically packaged into smaller
pieces at the same time. The smaller pieces were necessary
because each replicate once opened for culturing would be
discarded to eliminate contamination and compromising
subsequent use. The packaged products were then arranged
on a tray and kept on a counter in the laboratory at room
temperature. Shelf-life determined by recording the number
of days each product remained at safe microbial level.
Methods used for sterilization, sample and media preparation
and identification of microorganisms in the food products
using PCA, PDA, MacConkey agar were as earlier described.
However, homogenization of 1 g food sample in 9 ml sterile
distilled water in a test tube was done by crushing in a pestle
and mortar while wrapped in a new unused polythene bag,
followed by vigorous shaking.

2.4. Data Analysis

Data values were subjected to ANOVA using SAS version
9.3. Significant means were separated using the Least
Significance Difference test at o = 5%.

3. Results
3.1. Shelf-life of Pumpkin Fruit and Flour Samples

Figure 1 shows observable changes on whole fruit at 1 day,
2™ 6™ and 7™ months postharvest. Observation on the fruit
slices showed that the keeping quality drastically reduced,
with deterioration starting a few days after storage. By day
four, undesirable changes were evident and unwrapped slices
had begun to develop mould, which spread all over the
surface by day 6. The half unwrapped slices took 3 to 4 days
before getting spoilt, while the quarter-sliced pieces took 3
days. The wrapped slices were characterized by less mould,
but had slimy surface under the wrapping. Half slices took 5
days, compared to 4 days for quarter slices to get spoilt. By
day 6 all the slices (wrapped and unwrapped) were
completely spoilt with fungal growth physically evident on
entire surfaces (Figure 2; Plates 3 and 4).
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Figure 1. Observable changes on whole fruit over storage time. Plate 1: Whole fruit storage at day I, Plate 2: 2" month; Plate 3: 6" month; Plate 4: 7"

month in storage.

Figure 2. Visual changes on fruit slices. Plate 1: % slices replicate 1 to 4 wrapped (W) day 1; Plate 2: Fruit % slices replicate 1 to 4 unwrapped (UW) day 1;
Plate 3: % slice UW day 1; Plate 4: %: slice W day 1; Plate 5: % slice UW day 3; Plate 6: % slice W day 3; Plate 7: ' slice UW day 3; Plate 8: % slice UW

day 6; Plate 9: ; slice W day 6; Plate 10: ' slice UW day 6.

Changes in weight loss of fruit slices showed that the
wrapped slices had the least rate of moisture loss, compared
to the unwrapped ones (Figure 3). Table 1 shows the weight
differences after every two days from day zero to day six.
The results revealed significant differences (P<0.0001) in
weight loss among the quarter and half slices up to the sixth
day post-slicing. The wrapped slices had much less total
weight loss compared to unwrapped slices. Table 2 shows
significant differences (P<0.0001) in the number of days it
took for whole fruit compared to sliced fruit to get spoilt. It
took a much longer (142 days) for whole fruit to get spoilt,
while spoilage among the fruit slices was not significantly
different. Of all the slices, half wrapped took the longest
(4.75 days) to get spoilt, while quarter unwrapped fruit slices
took the fewest days to get spoilt.
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Figure 3. Weight loss of sliced and wrapped or unwrapped fruit slices.

Table 1. Means of weight loss in days for various fruit slices.

Presentation format Day two Day four Day six
Quarter wrapped 5.01b* 4.12b 3.62b
Quarter unwrapped 73.12a 42.38a 34.51a
Half wrapped 6.20b 5.12b 4.33b
Half unwrapped 74.37a 44.59a 35.66a
P-value <0.0001 <0.0001 <0.0001
LSD s 2.899 2.533 3.037

*Means followed by the same letter within a column are not significantly
different at a=0.05.

Table 2. Days before spoilage of fruit slices.

Presentation format Days P-value LSDg s
Quarter wrapped 4.25b* <0.0001 26.129
Quarter unwrapped 3.00b

Half wrapped 4.75b

Half unwrapped 3.5b

Whole fruit 142.5a

*Means followed by the same letter within a column are not significantly
different at a=0.05.

3.2. Microbial Assessment of Sliced Fruit

Visual observations after 2 days of incubation showed
overgrowth of bacteria (uncountable), as well as presence of
many fungal colonies in all the fruit sample plates. The
bacteria from the fruit samples were identified as Gram
positive rods (bacilli) and cocci-bacilli (clostridium) (Figure
4; Plates 5 and 6).
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Figure 4. Fruit slices microbial growth at 48 hours. Plate 1: % slice W PCA 107 dilution; Plate 2: % W PDA 10°; Plate 3: % UW PDA 10”'; Plate 4: % W

PDA 107; Plate 5: Bacilli; Plate 6: Cocci-bacilli (Clostridium).
3.3. Pumpkin Flour Quality and Shelf-life

Results showed that moisture content (MC) ranged from
12.82% to 15.15%, of which ESD had the lowest (Table 3).
There was, however, no significant difference in the MC of
pumpkin flour for the three drying methods. There was a
significant difference (P<0.0001) in the extraction rate (ER)
of flour for the three drying methods. Enhanced solar drying
had the highest (88.95%) extraction rate (Table 3). Total
Viable Counts (TVC) in stored pumpkin flour of the three
drying methods showed that OED flour took the shortest
period of 6 months before exceeding safe microbial limit
(Table 4). There was a significant difference (P<0.0001) in
shelf-life of flour for the three drying methods, where ESD
flour had least moisture content and longest period of 11.5
months, while OED flour took 6.5 months. There were
significant differences (P<0.05) in the number of colony
forming units (cfu/g) for the flours. Microbial growth (Figure

5) for ESD and OED flours had white round colonies,
identified as Gram positive rods (bacilli), while OSD had
medium-raised round citrus coloured colonies, identified as
Gram positive cocci in chains (streptococci). Growth of fungi
appeared in OED flour at the 7™ month, while the other flours
did not show any. MacConkey tests were negative for all
samples, thus there was no enteric bacteria present.

Table 3. Pumpkin flour quality characteristics.

Method  Average MC (%)  Means of ER (%) ﬁi:*:'l‘jo‘;ft;ls‘;’“
ESD 12.82a* 88.95a* 11.50%

0SD 14.91a 77.40b 9.5b

OED 15.15a 71.85a 6.5¢

Pvalue 02552 <0.0001 <0.0001

LSDyos  3.1124 2392 0.4502

"Means followed by the same letter within a column are not significantly
different at a=0.05.

Table 4. Means of total viable counts in stored pumpkin flour.

Method 2 months 6 months 7 months 8 months 9 months 10 months 11 months 12 months
OSD 517 £35a* 8450 £750b 17050 £737b 66500 £3872a 79500 +8346a 116250 +13326a

ESD 302 £17¢c 1450 £208b 1725 £170b 2400 +£336b 7700 £1439b 15250 £5737b 59700 £24905 144000 16633
OED 417462b 76500 £10246a 525000 £77244a

LSDg 05 71.804 10016 72291 6582.6 14521 16485

P-value 0.0010 <0.0001 <0.0001 <0.0001 0.0006 0.0003

*Means followed by the same letter within a column are not significantly different at ¢=0.05

Figure 5. Observation of stored pumpkin fruit flour cultures. Plate 1: OSD flour PCA 107 at two months, Plate 2: ESD flour PCA 107 at 2 months, Plate 3:
OED flour PCA 107 at 2 months, Plate 4: OED flour PDA 10" at 7 months, Plate 5: OSD flour MAC sterile at 2 months, Plate 6: ESD flour MAC sterile at 2

months, Plate 7: OED flour MAC sterile at 2 months.

3.4. Shelf-life of Pumpkin-Blended Products

3.4.1. Moisture Content of Products

Moisture  content revealed significant differences
(P<0.0001). Moisture content in levels 2 and 5 cake was
higher, while moisture content in level 5 mandazi was lower
than that of other flour-blending levels. In bread and scones,
moisture levels increased with increase in pumpkin flour
levels (Table 5). Cookies did not show significant differences
(P=0.246), although they had the lowest 6.5% to 9.0%
moisture content in the five flour-blending levels.

3.4.2. Shelf-life of Cookies

The total viable counts (TVC) on day two ranged from 167
cfu/g in level 1 to 312 cfu/g in level 3 (Table 6), which
increased slowly every 48 hours. There were significant
differences (P<0.05) in the total viable counts among the
various flour-blending levels across all days, with level 5
having highest microbial levels from day 10 to the end. Level
1 remained safe up to day 64, while level 5 took 60 days
before getting spoilt. Cookies had irregular (amorphous) flat-
white colonies, which spread over the media. Identification
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revealed Gram positive long thick rods (bacilli) and clustered
cocci (staphylococci) bacteria. Gram positive budding rods

were observed in flour-blending level 4 on day 64 and in
flour-blending level 5 on day 62.

Table 5. Means of moisture content (%) of pumpkin products at five blending levels.

Level (% pumpkin flour) Cookies Cake Mandazi Bread Scones

1 (0%) 9.00a* 19.50d 26.00ab 32.75¢ 6.50d

2 (5%) 8.00ab 24.50c 23.75b 34.25b 14.00c

3 (20%) 7.25ab 20.00d 26.75a 33.25bc 12.50c

4 (50%) 8.00ab 29.00b 25.75ab 41.25a 19.00b

5(95%) 6.50b 33.00a 13.50c 41.75a 26.50a

LSDy.0s 2.302 0.974 2.298 1.378 2.532

P-value 0.246 <0.0001 <0.0001 <0.0001 <0.0001
*Means followed by the same letter within a column are not significantly different at a=0.05.

Table 6. Means of total viable counts in stored cookies.

Level Day 2 Day 10 Day 30 Day 60 Day 62 Day 64 Day 66

1 (0%) 00e* 207+9¢ 235+34b 700 +£81b 820+43¢ 937+35¢ 1450£191

2 (5%) 257+43b 425+95b 557+35a 775+50a 9224+49b 1275+250b

3 (20%) 312+15a 495+26ab 562+17a 757+40a 787+25¢ 1200+163b

4 (50%) 100+16d 227£21c¢c 262+17b 437+35b 957+20b 1500+£216a

5(95%) 212+18¢ 500+£21a 560+31a 860+29a 112+95a

LSDg s 38.077 74.067 38.95 91.73 71.975 183.55

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0006

*Means followed by the same letter within a column are not significantly different at a=0.05.

Figure 6. Appearance of PDA, PCA and MAC cultures of cookies. Plate 1: cookies level 2 PCA 10-3 dilution at 48 hrs, Plate 2: level 4 PCA 10-1 at 48 hrs,
Plate 3: level 1 PDA 10-1 sterile at day 66, Plate 4: level 4 PDA 10-1 day 64, Plate 5: level 5 PDA 10-1, Plate 6: levels 1 to 5 MAC sterile at 48 hrs.

3.4.3. Shelf-life of Cake

Total viable count for cake showed that levels 4 and 5
remained within safe bacterial counts up to day 6, while
levels 1, 2 and 3 remained safe up to day 10 (Table 7). On
days 2 and 4, significant differences occurred (P<0.0001) in
the number of cfu/g among levels 1, 2 and 5, while levels 3
and 4 were not significantly different. The number of cfu/g in
levels 1, 2 and 3 were significantly different (P<0.0001) on
day 10, with level 2 having the least cfu/g. On day 12, levels
1 and 2 were beyond safe microbial counts, and significant
differences existed (P=0.0065) in the cfu/g of the two levels.

Visual observation for fungal growth was evident in level
5 on day 4 and hence the product was rendered unsafe. In
levels 3 and 4, fungal growth was noted on day 8, while in
levels 1 and 2, it occurred on day 12. Observation of the PCA
plates of cake inoculants showed flat, irregular white
colonies which were mucoid to touch. These were identified
as Gram positive rods (bacilli) (Plate 2 Figure 7).
MacConkey showed negative results for enteric bacteria, as
was the case for cookies, while PDA tests showed growth on
different days. Growth on the PDA was identified as Gram
positive budding thick rods.

Table 7. Means of total viable counts in stored cake.

Level Day 2 Day 4 Day 6 Day 8 Day 10 Day 12

1 (0%) 97+17a* 127425a 427+25b 700+141c 817435b 1125£189b
2 (5%) 42+18b 77£12b 300+81ab 575+125¢ 715+19b 1450+100a
3 (20%) 10+8¢ 22+9¢ 275+12a 800+12¢ 800+170a

4 (50%) 12+5¢ 37+17¢ 417+17ab 1600+432b

5 (95%) 62+17b 75+12b 400+182ab 2225+386a

LSDy.0s 23.701 21.236 147.94 480.45 166.63 152.35
P-value <0.0001 <0.0001 0.1315 <0.0001 <0.0001 0.0065

*Means followed by the same letter within a column are not significantly different at ¢=0.05.
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Figure 7. Appearance of PDA, PCA and MAC cultures of cake. Plate 1: level 4 PCA 107 on day 8, Plate 2: Bacilli, Plate 3: level 3 PDA 10-1 day 8, Plate 4:
level 2 PDA 10-2 sterile at day 8, Plate 5: level 1 MAC sterile at day 8, Plate 6: level 2 MAC sterile at day 8.

3.4.4. Shelf-life of Mandazi

On day two, bacterial counts were lowest (50 cfu/g) for
level 4 and highest for level 3 (192 cfu/g). There were
significant differences (P<0.0001) in the number of cfu/g for
the various levels on day two. At spoilage (day six), the
products had up to 12,000 cfu/g. Safe bacterial levels in
mandazi were noted up to day four, after which the products
were rendered unsafe. Levels 4 and 5 were especially very
high in TVC after day four (Table 8).

Mandazi cultures showed medium raised, round citrus
coloured colonies (Plate 3, Figure 8), which were identified
as Gram positive cocci in clusters (staphylococci bacteria).
Selective culturing for enteric bacteria showed negative
results in all plates, hence the products were safe. On days 2

and 4, the PDA plates remained sterile, while day 6 was
characterized by Gram positive budding rods in all plates.

Table 8. Means of total viable counts in stored mandazi.

Level (% pumpkin flour) Day 2 Day 4 Day 6

1 (0%) 112+18b* 350+129b 10754£95¢

2 (5%) 0.00d 117£17¢c 2225+170d
3 (20%) 192+25a 325+25b 4425+386¢
4 (50%) 50+8¢ 750+129a 12000+816b
5 (95%) 112+9b 640+33a 21250+957a
LSDy s 26.425 128.01 1004.7
P-value <0.0001 <0.0001 <0.0001

*Means followed by the same letter within a column are not significantly
different at a=0.05.

Figure 8. Appearance of PDA, PCA and MAC cultures of Mandazi. Plate 1. level 3 PCA 107 at 48 hrs, Plate 2: level 4 PCA 107 at 48 hrs, Plate 3: level 5
PCA 107 on day 6, Plate 4: level 2 MAC sterile at 48 hrs, Plate 5: level 3 PDA 107 ! sterile at 48 hrs, Plate 6: level 1 PDA 107 on day 6.

3.4.5. Shelf-life of Bread

The TVC for bread samples were monitored and results
(Table 9) showed that levels 1, 2 and 3 had the longest shelf-
life of 6 days, while both levels 4 and 5 took four days before
bacterial levels were beyond safe limits. Significant
differences (P<0.05) in the number of cfu/g occurred for all
days, and levels 4 and 5 consistently had higher bacterial
counts. Observation of plates showed that PCA had creamy
white, raised rough edged colonies, which were mucoid to
touch, as well as round medium white colonies, which were
identified as Gram positive cocci and Gram positive rods.

There was no growth in MacConkey agar and hence the
bread was free of contamination by enteric bacteria (Plates 6
and 7, Figure 9). Plates with PDA showed no fungal growth
up to day 4 for levels 1, 2 and 3, while levels 4 and 5 already

had fungi growing by that time.

Table 9. Means of total viable counts in stored bread.

0,
II;E‘I::)I(dﬁ flour) Day 2 Day 4 Day 6 Day 8
1 (0%) 237+35a*  265+31b 412+15b 1275+221¢
2 (5%) 115£19b  272+15b 450+310b 1850+£208b
3 (20%) 92+9b 195+12¢ 317+17b 2150+129a
4 (50%) 222+12a  405+5a 4675+17a
5(95%) 100+8b 407+9a 6500+2645a
LSDy.05 26.047 24.319 1857.8 262.72
P-value <0.0001 <0.0001 <0.0001 0.0005

*Means followed by the same letter within a column are not significantly
different at a=0.05.

Figure 9. Appearance of PDA, PCA and MAC cultures of bread. Plate 1: Cocci, Plate 2: Bacilli, Plate 3: level 1 PCA 10-1 at 48 hrs, Plate 4: level 3 PDA 10-
1 sterile at 48 hrs, Plate 5: level 4 PDA 10-1 on day 4, Plate 6. level 2 MAC sterile at 48 hrs, Plate 7: level 4 MAC sterile at 48 hrs.

3.4.6. Shelf-life of Scones
Microbial assessment of scones showed variation in terms

of number of days each level of the product remained safe,
whereby level 3 had the longest shelf-life of 22 days,
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followed by level 1, while levels 4 and 5 had the shortest
period of 6 days. Microbial levels were higher in level 3 at
the beginning and the growth was noted to be slower
compared to the other levels (Table 10). Significant
differences (P<0.0001) occurred in the number of cfu/g for
the various flour-blending levels at days two and four, with
higher bacterial counts in levels 4 and 5. A significant
difference (P=0.0003) was also noted between levels 1 and 3

on day 20, with level 1 having much higher bacterial counts
than level 3. Assessment of samples using the three different
media revealed round, raised, white colonies, which were
identified as Gram positive rods (Bacilli) in PCA, while PDA
showed fungal growth, which occurred during the last days in
each of the 5 levels of scones. MAC showed negative results
hence no enteric bacteria were present in the pumpkin flour-
blended scones (Figure 10).

Table 10. Means of total viable counts in stored scones.

Level Day 2 Day 4 Day 6 Day 8 Day 18 Day 20 Day 22 Day 24

1 (0%) 1074+22d* 300+81d 317«17¢ 387+25a 902+68a 2025+125a

2 (5%) 200+81c 212+34e 300+81c 475+50a 107+62a

3 (20%) 302+5b 425+50¢ 525+52bc 575+50a 922+28a 950+21b 990+21 1200+163
4 (50%) 425+50a 550+57b 705+25b 172254+2372a

5(95%) 90+21d 907+25a 5000+432a

LSDy.0s 69.115 72.577 296.88 18963 68.749 171.63

P-value <0.0001 <0.0001 <0.0001 0.1853 0.4228 0.0003

*Means followed by the same letter within a column are not significantly different at 0=0.05.

.L} E —

Figure 10. Appearance of scones cultures. Plate 1- level 4 PCA 10-2 at 48 hrs, Plate 2- Bacilli, Plate 3- level 3 PDA 10-2 sterile at 48 hrs, Plate 4- level 3
PDA 10-1 on day 22, Plate 5- level 1 MAC sterile at 48 hrs, Plate 6- level 2 MAC sterile at 48 hrs.

3.4.7. Shelf-life of Chapatti

Results on microbial assessment of chapatti showed that
spoilage had already occurred by day two, with uncountable
cfu/g. Figure 11 shows overgrowth of bacteria (uncountable
colony forming units) in all the plates, which were observed
as tiny white raised round colonies. Identification revealed

Gram positive short chains cocci (streptococci). There were
also large raised white colonies identified as Gram positive
rods (bacilli). There was also extensive fungal growth in
PDA media, hence the products were discarded. There was
no growth in MAC, implying that there was no
contamination with enteric bacteria.

Figure 11. PDA, PCA and MAC cultures of chapatti at 48 hrs. Plate 1: level 1 PCA 10-2, Plate 2: level 3 PCA 10-2, Plate 3: level 2 PDA 10-1, Plate 4: level 4

PDA 10-1, Plate 5, level 1 MAC sterile, Plate 6: level 4 MAC sterile.

3.4.8. Shelf-life of Porridge

Results showed that on day two the bacteria had grown
beyond limit and were not countable colonies (Figure 12).
These were medium flat spreading, as well as round creamy

white-coloured microorganisms identified as Gram positive
rods (bacilli) and Gram positive cocco-bacilli. The PDA
plates had an overgrowth of fungi, which indicated that the
product was not fit for consumption by day two.

Figure 12. Appearance of PDA, PCA and MAC cultures of porridge at 48 hrs. Plate 1: level 1 PCA 10-3, Plate 2: level 3 PCA 10-2, Plate 3: level 4 PCA 10-3,

Plate 4: level 4 PDA 10-2, Plates 5 and 6: levels 1 and 2 MAC sterile.

3.4.9. Shelf-life of Irio
Total viable counts for /rio on day two showed overgrown

medium raised, white flat colonies in all the plates. These
were identified as Gram positive long rods (bacilli) and Gram
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positive budding, spore forming cocco-bacilli (clostridium).
PDA plates had extensive microbial growth identified as

Gram positive budding rods, indicating that the food was
already spoilt and not fit for consumption.

Figure 13. Appearance of PDA, PCA and MAC cultures of Irio at 48 hrs. Plate 1: level 2 PDA 10", Plate 2: level 3 PDA 107, Plate 3: level 1 PCA 107, Plate

4: Bacilli, Plate 5 and 6: levels 1 and 2 MAC sterile.

4. Discussion

Results of microbial growth indicated that there was fast
multiplication of microbes (both bacteria and fungi) in sliced
fruit samples, given that day two was characterized by
uncountable bacterial and fungal colonies in the plates.
Microbial limits for ready-to-eat fresh fruits and vegetables
have not been set [24]. It is clear that once pumpkin fruit is
sliced, the shelf-life is drastically reduced; in this case from 6
months for whole fruit down to 4 days for fruit slices. A
sliced fruit is therefore best consumed the same day since
deterioration begins immediately after slicing. Apart from
fungi which were abundant in sliced fruit and cause most of
the spoilage, bacilli and cocci-bacilli bacteria were also
present. Bacillus is present in most fruits and vegetables,
leading to soft-rotting spoilage [5]. The present study showed
that wrapping fruit slices played a role in preservation by
reducing moisture loss rate and creating anaerobic
environment that inhibited microbial growth.

Moisture content contributes a lot to food safety and shelf-
life. The higher the MC, the less the period in which a food
will keep before spoiling. Moisture-rich foods are susceptible
to attack by microbes, while low moisture levels slow down
microbial growth. Moisture levels of 14% and above promote
fungal growth, while lower moisture levels prevent spoilage
[7]. Oven-dried (OED) flour had the shortest shelf stable
period, compared to the ESD and OSD flour. The shorter
shelf-life of OED flour (7 months), compared to OSD flour
(10 months) was associated with high moisture content
(15.15%), although microbial load was highest in OSD flour.
This was due to the fact that the OSD samples were directly
exposed to the environment where they picked many
microbes during drying. It has been reported that open air-
drying, although cost-effective, is the poorest in terms of
protection against dust, insects, microbes and nutrient loss [8,
25, 26]. Microbial assessment of the flours showed negative
results for enteric bacteria, indicating that there was no
contamination with enteric bacteria which are an indicator of
fecal contamination, normally arising from unhygienic
handling and cross contamination of food. Bacilli and
streptococci bacteria were the microbes present in the flour;
bacillus is a common microbe in most fruit and vegetable
surfaces [5] from where it ends up in processed flour.

The results of the present study showed that ESD flour,
which also had lowest MC, was superior to the others in
terms of extraction rate. The extraction rate of flour has
significant effect on flour quality [8]. Flour with highest

extraction rate gives highest quality in terms of fibre and
other nutrients like protein [16], but might give poor quality
bread if used in high quantities during baking [27]. Azizi et
al., [28] reported that flour characteristics, among them
moisture, protein and crude fibre are all affected by flour
extraction rates, whereby MC reduces with increasing
extraction rate, while protein and crude fibre increases with
increasing extraction rate [16]. Moisture reduces due to the
presence of more fibre in the flour [29]. The increase of
protein and fibre content at higher extraction rate is important
for nutritional purposes and physiological effect of cellulose
on the digestive system [16]. However, flour with higher
extraction rate ends up having weaker bread baking quality
since coarser particles are obtained, which affect gluten
network of the dough, volume, texture and general quality of
bread [27]. It has also been observed that gluten strength
decreases with increasing extraction rate that reduce dough
quality [30].

There was much less MC in cookies (<10%), compared to
the other products, which most likely prolonged shelf-life.
Bread had the highest MC, ranging from 32%-41%, followed
by cake and mandazi. Highest MC was for level 5 (41.75%).
Increased level of fibre in pumpkin flour increases MC in
breads due to higher water absorption capacity of the fibre
[31]. Moisture content is an important determinant of quality
and stability of a processed food product. Microbial activity
of food is favoured by moisture availability, and moisture-
rich foods are susceptible to microbial attack, rotting and
damage. Low moisture-rich foods slow down growth of
microorganisms, and hence the need for analysis and control
of food moisture.

Cookies had a relatively longer shelf-life and were able to
stay safe for slightly over two months before getting spoilt.
This response was attributed to their low MC, which reduces
water activity in the product, thereby assuring microbial
stability in a product [32]. Cookies also had a desirable long
mould-free period. Microbes in cookies were identified as
bacilli and staphylococci. Bacillus cereus is common in most
farm produce [5] from where it finds its way into finished
products. Bacillus contamination mostly originates from raw
ingredients [23]. Bacillus cereus is a food-borne bacterial
pathogen, and when over 10* cfu/g, food is considered
unsatisfactory. Some strains of B. cereus may cause food
poisoning with an infective dose as low as 10°-10* cfu/g, and
hence a limit of 10° was used to indicate product safety.
Staphylococci bacteria are normally from food handlers since
they are present but not harmful on human skin, nasal
passage and throat. Nonetheless, they can cause food
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poisoning. Fortunately, they are normally destroyed by
normal cooking procedures. When not all are destroyed,
however, prolonged storage of products without refrigeration
allows them to grow and form toxins [24].

Cookies had a relatively long shelf-life and were able to
keep safe for slightly over two months before expiring due to
their low moisture content (less than 10%) which inhibited
microbial growth. Cookies have outstanding microbial
stability and are able to safely keep for slightly over two
months on the shelf. Cookies do not have a high
microbiological risk since the water activity levels are below
the minimum levels required for microbial growth. The shelf
stable pumpkin blended cookies should translate to great
economic importance to manufacturers since less wastage
will occur from production to consumption. The product is
likely to be profitable if adopted into local markets. Cakes
took relatively shorter time before getting spoilt compared to
cookies and this was attributed to the higher MC (19%-33%)
that favoured microbes. Bacilli bacteria are the existing
spoilage bacteria in cake, similar to cookies. They are present
in most uncooked foods and survive baking or cooking
temperatures and grow in finished product provided the
temperature remains above refrigeration level [32].

Mandazi had a short shelf-life of 4 days, which was
increased from 2 days by addition of lemon juice and zest
during product development. This short shelf-life was
attributed to slightly higher MC (26%, 23% and 26%,
compared to cake’s 19.5%, 24% and 20% at levels 1, 2 and 3,
respectively). The slight difference alone may not justify
such big difference in shelf-life, from 4 days for mandazi to
10 days for cake. Betts et al., [32] indicated that apart from
water activity in a food, ingredients such as fat and sugar in
cake bind water, thus inhibiting microbial growth.

Owing to high MC in bread, a shorter shelf-life of 6 days
resulted for levels 1, 2 and 3, and 4 days for levels 4 and 5.
Microbial growth largely depended on MC in the product.
Bacilli and cocci bacteria present in bread were reported in a
study by Satchanska et al. [33], who isolated and obtained
motile cocci, as well as short and long-sized rods, and
concluded that bacillus and micrococcus are among the
pathogens present in bread at spoilage stage. A similar study
using bread samples collected from different shops in the
local market of Jaffna reported fungal growth on bread
samples from day 4 [34].

Moisture content, especially level 3 in scones did not
affect microbial growth. This result was attributed to the fact
that water evaporates from food, hence affecting water
activity that contributes to control of microorganisms. Water
evaporation is not the only factor associated with microbial
food safety, but addition of ingredients such as fat, sugar and
salt play a major role in binding water in food [32, 35]. Thus
in the scones, despite increasing MC with increase in
pumpkin flour, level 3 might have had the added fats
(margarine and butter) and sugar control microbial growth.

Pumpkin flour levels in the three home-based products
(Chapatti, porridge and Irio) did not have any impact on
shelf-life in that all the 5 levels deteriorated before the first
microbial assessment could be done and were no longer safe
after 1-day post-production. Predominance of Bacillus

species in cooked food is associated with latent spores in raw
materials, which may survive cooking to multiply under
favourable conditions [5]. Porridge deteriorated in 1 day due
to its high moisture, and no components in the recipe were
able to bind the available water to inhibit growth of
microorganisms. Bacteria in porridge were the common
Bacilli, alongside lactobacilli which most likely originated
from milk in the recipe used.

5. Conclusions and Recommendations

Slicing pumpkin fruit drastically reduces its shelf-life and
the slices are only safe to consume within the first 3 to 4 days
after slicing. Preservation of pumpkin fruits by drying is a
superb way of preventing postharvest loss when there is a lot
to take care of either by selling or consuming before
spoilage. Pumpkin fruit only stores longer if completely free
of even the slightest bruise, which eventually cause rotting
within the first few weeks after harvest. This study
recommends creation of awareness among farmers on
importance of solar driers as a means of pumpkin fruit flour
preservation. Moisture content in market-targeted products
increases with increasing pumpkin flour levels. For cake,
flour levels 1, 2 and 3 remain safe for up to 10 days. Cake
that contains no commercial preservatives stands a good
chance of getting into the market, especially in fast food
context. The 6 days of shelf stable fortified bread is a
relatively workable period, especially when the product
turnover is high in the market. Adoption of pumpkin flour-
fortified bread into the local market and fast snack food
shops is recommended. The added fats and sugar in scones
contributes to their keeping quality and preservation. A
period of 8 days’ shelf stability is feasible for marketing
pumpkin flour-blended scones in local markets. The short
microbial stability of mandazi, which closely share MC with
cake that generally took 10 days, is as a result of the mandazi
components, which do not have a water binding effect as is
the case for cake. It is, therefore, recommended to consider
use of permitted food preservatives when adopting this
product for the market to assure product safety and reduce
economic losses to the producer. Chapatti has very low
microbial stability and only keeps safe on the first day of
production after which it is not be safe for consumption. The
desirable pumpkin blended chapatti is highly acceptable for
adoption at household or restaurant level, which ensures
same day consumption. Porridge is only able to keep fresh
and safe for consumption at day 1 of production, hence it
remains a desirable home-based food. Pumpkin blended Irio
is an appealing and nutritious food adoptable for household
consumption to improve nutrition and should be consumed
within the same day of preparation. Shelf-life of marketable
products reduces with increasing pumpkin flour levels. Too
much pumpkin flour does not produce consumer-acceptable
products hence medium level is recommended to balance
shelf-life and consumer acceptability. Fortification of bakery
products with up to 20% pumpkin flour produces longest
shelf-life. There is no contamination with enteric bacteria
during preparation and handling of all the products and hence
developed recipes have high feasibility of yielding consumer-



24

Jedidah Wanjiku Kiharason and Dorcas Khasungu Isutsa: Shelf-Life of Pumpkin Fruit Slices, Flour and Blended Products

safe products.
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