W F |Volume 7 No.3 20(
L L L I N E : AFRICAN JOURNAL OF FOOD AGRICULTURE

HUTRITION AND DEVELOPMENT

CHANGES IN BETA-CAROTENE, ASCORBIC ACID AND SENSORY
PROPERTIES IN FERMENTED, SOLAR-DRIED AND STORED COWPEA
LEAF VEGETABLES

Charity N. Muchoki"*, Jasper K. Imungi' and Peter O. Lamuka'

Charity Muchoki

* Corresponding author: 'Department of Food Technology and Nutrition, University
of Nairobi, P. O. Box 29053, Kabete, Kenya.

Published by Rural Outreach Program
KARI-NARL Complex, Westlands, off Walyaki Way
P.0. Box 29086-00625 TEL: +254-20-4444030 FAX: +254-20-4444030

MNairobi, KENYA
Email: onlango@iconnect.coke OR info@ajfand.net www.ropkenya.org




'_‘“ N Formerly AJFNS SSN 1684-5374
| l Volume 7 No.3 20(
L LI N E : AFRICAN JOURNAL DF FOOD AGRICULTURE

HUTRITION AND DEVELOPMENT

ABSTRACT

This study was conducted to determine the effect of fermentation, solar drying and
packaging on the nutritional, sensory and keeping properties of cowpea leaf
vegetables. The cowpea leaves were purchased from the local markets, sorted to
remove the blemished, leaves and foreign materials, washed in running tap water then
drained. The vegetables were divided into three batches of 16kg. One batch was heat-
treated in hot water for 3 minutes then cooled to ambient temperatures, drained and
solar-dried. The second portion was acidified to a pH of 3.8, heat-treated, and then
solar dried. The third portion was fermented for 21 days, heat-treated, and then solar
dried. The three batches of vegetables were spread at different times on drying trays at
the rate of 4kg/m2 and dried in a solar drier to approximate moisture content of 10%.
The dried vegetables were packaged in either polyethylene bags or Kraft company
paper bags and stored for three months at 18°C, 22°- 26°C or 32°C.

Fermentation, heat-treating and drying of vegetables retained substantial levels of the
vitamins: beta-carotene 91% and ascorbic acid 15%. Storage of the dried vegetables
led to loss in both vitamins. The retention of beta-carotene and ascorbic acid at the
end of storage, were 23% - 52% and 4% - 7% respectively, depending on storage
conditions. Samples stored at 32°C had the highest losses, while those stored at 18°C
had the lowest in both vitamins. Samples stored in Kraft paper bags had the highest
losses in both vitamins. The duration and temperature of storage and the packaging
material did not have significant effect on the sensory attributes of the dried
vegetables. Increased acceptability of the fermented-dried vegetables in rural
communities would assist in alleviating micronutrient malnutrition, help in dealing
with the issue of seasonality and increase food security especially during the dry
season.
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INTRODUCTION

Malnutrition due to nutritionally inadequate diets is one of the major concerns in
Kenya and many other developing countries [1]. The prevalence rates of
micronutrient malnutrition remain high, with devastating consequences for health and
productivity [2]. In Africa, people have always depended on traditional leafy
vegetables to meet their nutritional needs. The vegetables represent cheap but quality
nutrition for large segments of the populations in both urban and rural areas. The
vegetables are rich in vitamins especially A, B, and C, and minerals such as iron, zinc,
calcium and phosphorus [3].

The cowpea (Vigna unguiculata syn Vigna sinensis) is one of the most important
legumes in Kenya. It is cultivated all over Kenya mainly for seeds but the leaves are a
popular local vegetable. The main problem with traditional vegetables is the lack of
availability due to seasonality. However, in areas where seasonality is a critical factor
in limiting availability, promotion of home gardening and appropriate local
preservation technology can improve availability [4].

Fermentation of indigenous foods is considered to be an effective, inexpensive and
nutritionally beneficial household technology, especially in the developing world.
Likewise, sun drying has been a means of preserving food from earliest times [5]. The
main problem with the conventional solar-drying is huge nutritional losses. This study
aimed at reducing these nutritional losses by incorporating fermentation into solar-
drying. The study also considered the problem of food security, which is devastating
during the dry season. The beta-carotene, ascorbic acid and sensory properties of
fermented solar-dried cowpea leaf vegetables were assessed.

MATERIALS AND METHODS
Cowpea leaves

The fresh cowpea leaves were purchased from the local markets in the morning and
transported quickly to the laboratory of the University of Nairobi’s Department of
Food Technology and Nutrition. The vegetables were prepared for moisture content,
beta-carotene and ascorbic acid analyses. For the fermentation trials, the stalks,
withered and dried leaves, weeds, stones and other foreign materials were sorted out
from the rest of the vegetables. The vegetables were then thoroughly washed and well
drained. They were cut manually with a kitchen knife into slices of approximately
Smm thick.

Determination of optimal levels of salt and sugar for fermentation

To determine the optimal level for salt, the sorted cowpea leaves were divided into
equal seven (7) portions and were fermented in lots of 500g. Each lot was mixed
thoroughly with 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 or 5.0% concentration respectively of table
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salt, followed by tight packing in 4-litre plastic beakers. Fermentation was carried out
at ambient temperatures (22° — 26°C). To determine the optimal level for sugar, each
sample was mixed with 3% salt (determined as the optimal level of salt for
fermentation) and varying percentages of glucose and sugar i.e. 2.5%, 3.0% and 3.5%.
The fermentation was carried out for 16 days and replicated two times. Sensory
analyses were performed on the fermented vegetables to determine the effect of added
sugar on acceptability of the fermented vegetables.

Product manufacture

The fermented-dried vegetables were prepared in comparative trials with control and
acidified samples as follows: Procurement and preparation of the raw materials was
similar to that carried out during the determination of optimal levels of salt and sugar
for fermentation. The amount of the cowpea leaves used was larger. The vegetables
were sliced then divided into three equal portions each of 16 kg.

One portion, was thoroughly mixed with 3% salt and allowed to stand for two hours,
then heat-treated. This was treated as control sample. The second portion was
thoroughly mixed with 3% salt and citric acid (EFF Chemicals Ltd, Kenya) to a final
pH of 3.8 and allowed to stand overnight, then heat-treated. This was treated as an
acidified sample. The third portion was thoroughly mixed with 3% salt and 3%
sucrose, which were then tightly packed well in a 60-litre plastic bucket. The salted
and sugared vegetable sample was allowed to stand for 10 minutes before a
polyethylene bag full of water was placed inside the bucket as a weight to ensure that
the vegetables were immersed under the brine and fermented for 21 days. After
fermentation, the sample was heat-treated.

Dehydration and Storage

The fermented, acidified and control vegetable samples were heat-treated by boiling
in their own liquor at 90° — 95°C for 3 minutes. Each vegetable sample was cooled
and drained immediately after heat-treating and loaded onto a solar drier with shade
provision [6]. The vegetables were spread on trays at the rate of 4kg/m2 and the trays
inserted into the drier. They were then dried until the weight was constant, which took
on average 5 days. Samples were taken for beta-carotene, ascorbic acid and sensory
analyses.

The fermented-dried vegetables were packaged in either kraft or polyethylene paper.
Each package contained 50g of the fermented-dried vegetables. The packaged
products were stored at: 32°C, ambient temperatures (22° — 26°C) and 18°C in
enclosed dry places for three (3) months.

From each batch, one polyethylene and one kraft paper bags were opened each month
and the vegetables analyzed for ascorbic acid and beta-carotene. Two bags were used
every month for sensory evaluation. The fermented-dried vegetables were prepared in
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comparative trials with control and acidified samples as shown in Figure 1. The

experiments were replicated twice.
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Figure 1. Product manufacture flow diagram.

Vitamins Analyses

NO PROCESS

Control

Moisture content of fresh vegetables was determined by accurately weighing 5g of the
sample and drying in an air oven at 105°C to constant weight [7]. The loss in weight
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of the sample was calculated as moisture content. Vitamin A was determined as beta-
carotene by the following method:

One gram of the sample was ground in a mortar and pestle in admixture with some
acid-washed sand and then extracted completely with acetone. The volume of the
combined extracts was raised to 50ml by adding acetone, then dewatered with
anhydrous sodium sulphate. Twenty-five millilitres of this extract were evaporated to
near dryness in a rotary vacuum evaporator. The separation was carried out in a
chromatographic column packed with silica gel. The evaporated sample was dissolved
in 2mls of petroleum spirit (40° — 60°C), then quantitatively spotted into the column,
and eluted with petroleum spirit. The first yellow eluate was collected in a 25ml flask
and made to the mark with the petroleum spirit.

The optical densities of the beta-carotene fraction was measured at 450nm using a CE
440 UV/Vis Double Beam Scanning Spectrophotometer, that had been calibrated with
standard solutions of pure beta-carotene in petroleum spirit. The results were
calculated as beta-carotene equivalents [9]. Ascorbic acid was determined by titration
with 2, 6-dichlorophenolindophenol dye [7]. Ten gram of the sample were extracted
in 30ml of 5% oxalic acid in a mortar and pestle, and then filtered. Standard
indophenol  solution was prepared by dissolving 0.05¢ of 2, 6-
dichlorophenolindophenol in distilled water, diluted to 100ml and filtered.

Ascorbic acid standard solution was prepared by dissolving 0.05g of pure ascorbic
acid in a small volume of 5% oxalic acid solution and then diluted to 250ml with the
same oxalic acid solution. Ten millilitres of the ascorbic acid standard solution was
titrated with the Indophenol solution to a slight pink end point. Ten millilitres of
oxalic acid was titrated as a blank. The amount of ascorbic acid corresponding to 1ml
of Indophenol solution was then calculated. Ten millilitres of the filtered sample
extract was pipetted into a 50ml flask and made to the mark with the 5% oxalic acid
solution. It was filtered quickly through glasswool after the first few millilitres of the
filtrate were discarded. The standard Indophenol solution was used to titrate 10ml of
the filtrate. The vitamin C content was calculated as mg/100g sample.

Sensory Evaluation

Sensory evaluation was performed on the fermented vegetables during the second
preliminaries; and on dried fermented vegetable samples. Taste panelists, familiar
with the taste of cooked cowpea leaves, assessed organoleptic quality characteristics
such as appearance, colour, flavour, texture and overall acceptability. The test
compared dried cooked, acidified-dried cooked and fermented—dried cooked
vegetables. For presentation to panel members the dried vegetables were prepared as
follows: Ten grams of finely chopped onions were weighed into an aluminium pot
with 10g shortening.

The container was then heated on an electric plate at medium heat setting until the
onions turned golden brown in colour. 100g of the fermented-drained (for the
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preliminaries testing) or rehydrated leaves (for the dried samples) and 1g salt were
added. The ingredients were thoroughly mixed and 150ml of water added. The pot
was covered and heating continued for 10 minutes with occasional mixing of the
vegetables. The heating setting was changed to low and vegetables simmered for
another 10 minutes. The vegetables were then presented to the panelists as an
accompaniment for ugali (a maize meal paste) and as coded randomized duplicates
such that each taster had 6 samples, 3 products for testing. The panelists were asked to
score the sensory attributes of the samples on a seven point hedonic rating scale with
1 = dislike very much and 7 = like very much.

Data analysis

All the experiments were arranged in a completely randomized factorial design with
three main treatments of fermented vegetables, acidified vegetables and control
vegetables. The sub-treatments were: two types of packaging material: Kraft paper
and polyethylene, three different storage temperatures, i.e. 18°C, 22° — 26°C and 32°C
and three different lengths of storage, for one month, two months and three months.
The experiments were replicated twice. All data were then subjected to analysis of
variance (ANOVA) and means were separated by Duncan Multiple Range Test using
Genstat 6™ Edition and Costat Statistical Software Programmes.

RESULTS

The levels of beta-carotene and ascorbic acid for raw, fermented-, acidified- and
control-dried cowpea leaves are given in Table 1. The levels of ascorbic acid in the
fermented, acidified and control-dried samples were significantly different (P<0.05)
from those of the raw cowpea leaves. There was no significant difference between the
raw, the fermented-, the acidified- and the control-dried samples in beta-carotene
content, though the raw sample levels were slightly higher.

The retention of beta-carotene during storage of fermented-, acidified- and control-
dried cowpea leaves is presented in Figure 2. For the fermented-dried sample [Fig. 2
(a)], 100% represents 29.5mg of beta-carotene, the quantity present in 100g (dry
weight basis) of fermented-dried cowpea leaves before storage. Loss during the first
and second months of storage was higher than in the third month for samples stored in
Kraft-paper bags, whilst for samples stored in polyethylene bags, the loss was higher
during the first month and slight during the second and third months. The loss in beta-
carotene was highest for the samples stored at 32°C and decreased with decrease in
storage temperature. The higher the temperature of storage, the higher was the loss in
beta-carotene. At the end of three months storage, the retention ranged between 7.6mg
(sample stored at 32° C and packaged in Kraft- paper bag [32CK]) and 17.4mg/100g
on dry weight basis (sample stored at 18°C and packaged in polythene bag [18CP]).
At each storage temperature, the retention of beta-carotene was higher for samples
stored in polyethylene bags than in samples stored in Kraft-paper bags.
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Fig. 2 (b): Retention of beta-carotene in acidified-dried cowpea leaves during
storage for three months.

For acidified-dried sample, 100% represents 19.7mg/100g (dry weight basis) of beta-
carotene [Fig. 2 (b)]. Loss of beta-carotene during the first month of storage was
higher than in the second and third months. The loss in beta-carotene was highest for
samples stored at 32°C and the losses decreased with decrease in storage temperature.
At the end of the three months, the retention ranged between 0.5 for sample stored at
32°C and packaged in polyethylene bag and 1.4mg/100g (dry weight basis) for sample
stored at 18°C and packaged in polyethylene bag. For the control-dried sample, 100%
represents 18.9mg/100g (dry weight basis) beta-carotene [Fig. 2 (c)]. Percent loss of
beta-carotene was highest during the first month of storage but decreased as storage
period increased for all the samples. At each temperature of storage, the loss was
higher for samples packaged in polyethylene bags than for those packaged in kraft-
paper bags. At the end of the three months of storage, the retentions ranged between
1.5mg for sample stored at 32°C and packaged in polythene bag and 6.8mg/100g (dry
weight basis) for sample stored at 18°C and packaged in Kraft-paper bag.
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Fig. 2 (c): Retention of beta-carotene in control-dried cowpea leaves during
storage for three months.

The retention of ascorbic acid during storage of fermented-, acidified- and control-
dried cowpea leaves is presented in Figure 3. For fermented-dried sample, [Fig. 3 (a)]
100% represents 44.7mg ascorbic acid per 100g (dry weight basis) of fermented-dried
cowpea leaves before storage. The percent loss was highest during the first month of
storage, and was least during the third month for the samples. The total loss in
ascorbic acid was highest for samples stored at 32°C and decreased with decrease in
storage temperature. The samples stored in Kraft-paper bags had higher loss
compared to those stored in polyethylene bags at each storage temperature. At the end
of three months, the retentions ranged between 11.4mg for sample stored at 32°C and
packaged in Kraft-paper bag and 22mg/100g (dry weight basis) for sample stored at
18°C and packaged in polyethylene bag.
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Fig. 3 (a): Retention of ascorbic acid in fermented-dried cowpea leaves during
storage for 3 months.

For acidified-dried sample [Fig. 3 (b)] 100% represents 52.3mg/100g (dry weight
basis) ascorbic acid before storage. The highest percent loss was in the first month of
storage for all the samples. The total loss in ascorbic acid was highest for the samples
stored at 32°C and decreased with decrease in storage temperature. At the end of the
storage period, the retentions ranged between 12.1mg for sample stored at 32°C and
packaged in Kraft-paper bag and 22.7mg/100g (dry weight basis) for sample stored at
18°C and packaged in polyethylene bag.

For control-dried samples [Fig. 3 (c)] 100% represents 42.4mg/100g (dry weight
basis) ascorbic acid before storage. The control-dried sample had the highest percent
loss in ascorbic acid. Hence we can conclude that fermentation and acidification
resulted in better retention of ascorbic acid. In the first month of storage the samples
experienced the highest loss in ascorbic acid, and the third month showed least loss.
The loss in ascorbic acid was highest for samples stored at
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Fig. 3 (b): Retention of ascorbic acid in acidified-dried cowpea leaves during
storage for 3 months.

32°C and decreased with decrease in storage temperature. At the end of the third
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Fig. 3 (c): Retention of ascorbic acid in control-dried cowpea leaves during
storage for 3 months.
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month, the retention ranged between 13.6mg for sample stored at 32°C and packaged
in Kraft-paper bag and 18.2mg/100g (dry weight basis) for sample stored at 18°C and
packaged in polyethylene bag.

Sensory evaluation was carried out immediately after drying and after the third month
of storage The panelists’ mean scores for appearance, colour, flavour, texture and
overall acceptability of the fermented, acidified and control samples immediately after
drying are presented in Table 2. The acidified-dried sample had significantly higher
(P<0.05) scores for appearance, flavour and colour than the fermented-dried sample.
The scores for texture and overall acceptability were not significantly different.
However, all the scores were above neither like nor dislike category. Table 3 gives a
summary of sensory evaluation mean scores at the end of storage. The results showed
that packaging in either Kraft-paper bags or polyethylene bags does not have
significant effect on the sensory attributes. The temperature of storage also, had no
significant effect on the sensory attributes. Fermentation or acidification did not
significantly affect the sensory attributes of the samples.

DISCUSSION

The levels of beta-carotene and ascorbic acid for raw cowpea leaves in this study were
comparable to values reported by other researchers [10-12]. These results indicate that
heat-treating and sun drying of cowpea leaves under shade provision can result in
significant reduction in levels of ascorbic acid. Such losses in ascorbic acid during
drying have been reported for other vegetables [13]. It is generally recognized that
dehydration of leafy vegetables results in losses of vitamins, the extent of loss
depending on the type of vegetable [14-15]. There was significant destruction of both
beta-carotene and ascorbic acid during heat-treatment and drying. The loss in beta-
carotene, during processing, could have resulted from the heat-treatment. It has been
reported that at high temperatures, the long chain polyunsaturated carbons undergo
isomerization from the trans to the cis form, leading to loss of the vitamin activity
[19]. The loss in ascorbic acid could have resulted from leaching during heat-treating,
effects of the processing temperatures or due to enzymatic and chemical degradation
especially in the presence of traces of heavy metal ions [20- 22, 14]. Nevertheless, the
destruction would have been more pronounced if the drying were done without shade
provision [16-18].

The Recommended Dietary Allowance (RDA) of ascorbic acid for adults is 30mg/day
and 20mg/day for children. Therefore, consumption of 10g of fermented-dried
cowpea per day can provide approximately 15% and 22.5% of RDA of ascorbic acid
for adult and children respectively. Consumption of 10g of fermented-dried cowpea
leaves per day would also provide more than 100% of RDA of beta-carotene for adult
and children, as the group needing the highest levels require 750pg/day.

The high levels of beta-carotene loss during the first month of storage could have
resulted from oxidation by the oxygen retained in the package which was obviously
more during the first month than in the other months. Losses of beta-carotene in
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stored dehydrated vegetables are usually due to oxidation mainly by the oxygen
retained in the package and catalyzed by light [15]. It has been reported that losses of
beta-carotene in stored dehydrated vegetables are usually due to oxidation. Hence,
Kraft-paper being permeable to air, could have contributed to the higher losses in
samples stored in Kraft paper compared to those packaged in polyethylene-paper
which is impermeable.

The loss of beta-carotene during storage in the acidified sample was higher than that
of the fermented sample. We can conclude that fermentation had a positive effect on
the retention of the beta-carotene. Among the three samples, the control sample had
the greatest loss in beta-carotene during storage. It can be concluded that both
acidification and fermentation had a positive effect on the retention of beta-carotene.
It has been reported that light and oxidants catalyze the oxidation of beta-carotene in
stored dehydrated vegetables causing great losses [15]. This fact could have
contributed to the higher losses in polyethylene-paper packaged samples compared to
the Kraft paper packaged samples. Kraft-paper being opaque whereas polyethylene-
paper is transparent could have contributed to these differences. Similar losses of
beta-carotene in dried leaf vegetables have been reported by other researchers [17]. It
is therefore recommended that dehydrated vegetables be stored away from direct
sunlight.

The high rate of ascorbic acid loss during the first month of storage as compared to
the second and the third months was probably due to the effect of the residual oxygen
retained in the packaging material during the initial packaging [13]. As storage
progressed, the residual oxygen in the package decreased and therefore the rate of
oxidation of ascorbic acid also decreased. Such trends in the loss of ascorbic acid
during storage of fruits and vegetables have been reported by other researchers [23;
24]. One researcher observed that the ascorbic acid content of stored products
generally decreases more rapidly at higher storage temperatures [25]. He concluded
that conservative processing and low storage temperature are critical for ascorbic acid
retention. The fact that samples stored in Kraft-paper bags had higher loss compared
to those stored in polyethylene bags at each storage temperature, was probably due to
gas permeability of the Kraft-paper, leading to more oxidation of the ascorbic acid
compared to the polyethylene bags. These results leads one to the conclusion that,
fermentation and acidification resulted in better retention of ascorbic acid because the
control-dried samples had the highest percent loss in ascorbic acid. Also that,
acidification led to better retention of ascorbic acid than fermentation.
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The sensory evaluation scores indicated that the consumers could easily accept the
fermented product, as its sensory attributes do not significantly differ from those of
the control sample. The storage of the dried cowpea leaves did not significantly affect
their sensory attributes either, considering the results obtained for freshly dried
cowpea leaves (Table 2). Thus, storage for three or so months would not lower the
sensory attributes of the dried vegetables, but would ensure they are available for
consumption for longer periods. This could help in reducing seasonality of the
vegetables and increasing food security. It is recommended that:

1.

A microbiological study should be carried out to ascertain which specific
species of microorganisms are involved in fermentation of cowpea leaf
vegetables to give a uniform product and for large-scale production.

A study should be carried out on the storage of the dried vegetables in other
types of packaging material, especially those that are conventionally used by
communities to store dry foods and on other popular traditional vegetables.
Storage of the dried vegetables should be carried out for longer periods than
the three months in this study.

Lastly, this technology being cheap and effective should be transferred to the
local communities and women groups for preservation of seasonal vegetables
like cowpeas. Together with it, the promotion for increased acceptability and
consumption of the fermented and dehydrated vegetables should be done
among the rural communities, where the deficiency of vitamin A and iron is
likely to be rampant during the period of drought.
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TABLE 1
Beta-carotene and ascorbic acid contents of raw, fermented- acidified- and control-
dried cowpea leaves expressed in mg/100g edible portion on dry matter basis

Sample Ascorbic acid Beta-carotene
Raw 308 + 14° 33 £12°
Fermented-dried 45+ 9° 30 + 4.5°
Acidified-dried 52 + 6.8° 20 + 1.5°
Control-dried 42 + 7.6° 19 + 1.5°
L. s. d. 163.3 17.12

Mean + Standard Deviation (n =4)
Means within columns superscripted by the same letter are not significantly different
at (P<0.05).

TABLE 2
Mean scores for sensory attributes for freshly processed cowpea leaves.
Sensory Fermented- Acidified-dried | Fresh-dried L. s.d
attributes dried sample sample sample
Appearance 4.7° 5.3* 5.2% 0.54
Colour 4.7° 5.3° 5.3° 0.49
Flavour 4.3° 5.2° 5.1% 0.74
Texture 4.6 4.4° 4.7 0.80
(Mouth feel)
Acceptability 4.8° 5.3 5.3% 0.58

Means within rows superscripted by the same letter are not significantly different at
(P<0.05)
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TABLE 3
Mean scores for sensory attributes after three months of storage

Attribute Storage condition = Fermented-dried  Acidified-dried
Control-dried

sample sample
sample
Appeargngcg) 18°C (Kr) 434 4.8
(L.s.d. 0.92) 18°C (Po) 4.8 5,300 6.1°
< g 25°C (Kr) 4.6% 5.0%d
5'3abcd 25°C (Po) 5,30 5.pebed
5'3abcd 32°C (Kr) 5.5%¢ 5.6
5'8ab 32°C (Po) 4.9 5.6"
Flavour 18°C (Kr) 3.6° 3.7%
(L.s.d. i:(zg’)cd 18°C (Po) 4 5%0cde 4.3%%
5'6ab 25°C (Kr) 5.1 4.6
4'3bcde 25°C (Po) 5.37%c 5.0%°
4'9abc 32°C (Kr) 5.5%¢ 5.50¢
©32°C (Po) 5.1 53¢ 5.7
Texture 18°C (Kr) 4.7%¢ 3.9
(Mouthge'ggc 18°C (Po) 4.3 3.5
(L.s.d. i.'(;gb)c 25°C (Kr) 4.8% 4.3%°
3'9bc 25°C (Po) 4.9 4.8%
4'3abc 32°C (Kr) 5.5 4.9%
5'3ab 32°C (Po) 5.0 4.1
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Overall 18°C (Kr) 4.6°% 4.2°
5.3%
Acceptability 18°C (Po) 4.7%% 4.8%%
5.5abc
(L.s.d. 0.82) 25°C (Kr) 5.7 4.9Pcde 5.9°
) 25°C (Po) 5.47%° 5.3%°
4.3%
32°C (Kr) 5.8% 5.47%°
4.9bcde
32°C (Po) 5.]%bcde 5.3%¢ 5.9%

Means for an attribute superscripted by the same letter are not significantly different
at P<0.05

Key: Kr: Kraft-paper bags Po: Polyethylene bags
ABBREVIATIONS

In all the graphs the following abbreviations apply:

18CK - Sample stored at 18°C and packaged in Kraft paper bag.
25CK - Sample stored at 25°C and packaged in Kraft paper bag.
32CK - Sample stored at 32°C and packaged in Kraft paper bag.
18CP - Sample stored at 18°C and packaged in polyethylene bag.
25CP - Sample stored at 25°C and packaged in polyethylene bag.
32CP - Sample stored at 32°C and packaged in polyethylene bag.
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