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Abstract

Background and Objective: Colorants from the fruit Basella spp., which are safer than synthetic substances, can be used in food
colouring. This study investigated how Basella spp. fruit powder (BFP) affected the quality of goat milk yoghurt.
Material and Methods: Goat milk yoghurt was fortified with 0-3% BFP. Differences in physicochemical, sensory and microbial properties
were analyzed during storage for 21 days at 41 1°C. Results: Compared to the control, yoghurt fortified with BFP exhibited no statistical
differences in pH, lactic acid, ash, fibre, protein, or fat content (p>0.05). Compared to the control, yoghurt supplemented with 3% BFP
had higher syneresis, viscosity, carbohydrate and a* colour values, but lower moisture, L* and b* values (p<0.05). The colour, goat and
yoghurt odour, sour flavours and overall acceptance of goat milk yoghurt with 2.5% BFP were slightly lower as compared to the control.
Both the yoghurt with 2.5% BFP and the control showed significantly lower pH values (p<0.05) during the storage period, whereas, the
lactic acid content slightly increased. The colour change was greater in yoghurt with 2.5% BFP had more lactic acid bacterial than the
control, whereas, the total bacterial count was similar. Throughout the storage period, no yeast, mould, coliform bacteria and
Escherichia coli were found. Conclusion: Adding BFP to goat milk yoghurt affects its good texture and nutritional value, including survival
of lactic acid bacteria during storage. Therefore, BFP could be used as a natural colour substance in goat milk yoghurt, representing a new
healthy food product for consumers.
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INTRODUCTION

Goat milk is highly nutritious milk that contains easily
digested and absorbed proteins and fats. It has less allergenic
properties than cow milk? and has high levels of iron, zinc,
magnesium, calcium, phosphorus and vitamins A and B.
Consequently, goat milk is considered to have a nutritional
value similar to that of milk from a human mother®#. Goat milk
is also used for patients with food absorption problems,
including malabsorption and malfunctioning of the small
intestine>”. However, goat milk has a specific “goaty” smell.
Consequently, some groups of consumers dislike goat milk.
However, when goat milk is processed into fermented milk or
yoghurt, the smell disappears and its nutritive value is
enhanced’. Yoghurtis afermented milk product generated by
Streptococcus thermophilus and Lactobacillus bulgaricus,
with lactose being converted to lactic acid during the
fermentation process®. Yoghurt is a popular product because
it is a healthy food able to digest and absorb nutrients. It is
suitable for patients suffering from lactose intolerance or
gastrointestinal disorders, such as inflammatory and irritable
bowel diseases. Yoghurt also reduces cholesterol, increases
immune function, controls weight and prevents colon cancer
and Helicobacter pylori infection®'". The quality of yoghurt
depends onits physicochemical, microbiological and sensory
properties'?. Compared to cow’s milk yoghurt, goat milk
yoghurt has a smaller fat globule size and lower as1-casein
quantity (leading to a different texture), along with lower
viscosity and higher syneresis. Goat milk yoghurt products
have been developed that improve texture, nutrition and
health benefits, making them more attractive to consumers,
by adding various ingredients, such as strawberry, cupuassu,
oat-maltodextrin, inulin and butterfly pea'> ™.

Basella spp. belongs to the Basellaceae family. Its
common names include Malabar spinach, Indian spinach,
Ceylon spinach and vine spinach™. It originates from South
Asia and is found in Malaysia, the Philippines, Africa and
Thailand. Basella spp. is a vegetable that is rich in high-value
nutrients, containing essential amino acids, such as arginine,
isoleucine, leucine, lysine, threonine and tryptophan. It also
contains vitamin A, vitamin C, vitamin B9 (folic acid), thiamine,
riboflavin and niacin, as well as calcium, magnesium, iron and
several vital antioxidants's. Basella sp. fruit and juice are
purple-black when ripe and the pulp is soft. The main
substances contained in the fruit are betalains, which are
water-soluble and include gomphrenin-l, beanidin dihexose,
betalains and isobetanidin dihexose. These compounds have
antioxidant and anti-inflammatory effects'. The colourants
obtained from Basella sp. fruit are not toxic. In addition, the
pigments in Basella sp. fruit are resistant to pH 3-7, light,
temperature, reducing agents and citric acid'®. Ripe
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Basella sp. fruit has been used in ice cream products to
enhance their visual appeal and nutritive value without
impacting the taste or sensory properties'. The colourants in
Basella sp. fruit could be used to substitute synthetic colours
and increase the nutritive value when developing functional
foods. However, the use of Basella sp. fruit pigments to
enhance the nutritive value of goat milk yoghurt products has
not been investigated. This study investigated the effect of
Basella sp. fruit colour powder on the physical, chemical,
sensory and microbiological qualities of goat milk yoghurt.

MATERIALS AND METHODS

Studyarea: This study was carried out at the Laboratory of the
Faculty of Science and Technology, Rajamangala University of
Technology Tawan-ok, Thailand, from November, 2020 to
March, 2021.

Materials: Raw goat milk was obtained from a goat on a farm
in Chachoengsao Province, Thailand. Commercial yoghurt,
consisting of Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus, was used in yoghurt production.
Basella spp.fruit powder was obtained from the laboratory of
Food Science and Technology, Rajamangala University of
Technology Tawan-ok, Thailand.

Production of goat milk yoghurt: Goat milk yoghurt
production was adapted from the methods of
Damunupola et a/* and Bruzantin et a/*. Goat milk were
pasteurized at 85°C for 5 min and then, the temperature was
reduced to 10°C. Pasteurized goat milk was heated to 80°C,
then 6% sugar (w/v) and 3% isolate whey protein (w/v) were
added and the temperature was maintained for 5 min. Goat
milk was cooled to 40°C and inoculated with 4% w/v starter
culture commercial yoghurt. Goat milk was separated into six
equal portions; one for the control and the other five for the
experiments. Basella spp. fruit powder (BFP) was added to the
experimental goat milk at 1.0, 1.5, 2, 2.5 and 3% (w/v) and
incubated at 42°C for 6 hrs. Goat milk yoghurt samples were
stored in a refrigerator at 4°C until analysis.

Physiochemical analysis

pH and titratable acidity analysis: The pH of the goat
milk yoghurt samples was measured with a pH meter
(Consort €830, Belgium). Lactic acid content was adapted
from the method of Anuyahong et a/!'. Goat milk yoghurt
samples were diluted with distilled water at a ratio of 1:9 and
titrated with 0.01 N NaOH using 0.1% phenolphthalein as an
indicator. Theamount of acid produced from the yoghurt was
expressed as g lactic acid/100 g yoghurt.
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Colour analysis: The colour of the goat milk yoghurt samples
was evaluated with a colorimeter (Konica Minolta CM-3500d,
Japan). The instrument processed the measured data using
SpectraMagic software version NX. The results were expressed
as CIE L*, a* and b* colour values, where L* is the lightness
value, a* is the redness (+) to greenness (-) and b* is the
yellowness (+) to blueness (-) of the yoghurt?'.

Viscosity analysis: The apparent viscosity of 300 mL goat milk
yoghurt samples was measured at 5°C using a Brookfield
concentric cylinder viscometer (Brookfield Model RVDV-III,
USA). Viscosity analysis was performed according to the
method described by Madora et a/°.

Syneresis analysis: Syneresis of goat milk yoghurt was
determined using a centrifugation procedure adapted from
Mani-Lopez et a/? Ten grams of goat milk yoghurt were
weighed and centrifuged at 5000 g and 4°C for 20 min using
a centrifuge (Hermle Labortechnik Z 36 HK, Germany). The
separated liquid was weighed. Syneresis was calculated using
the following equation:
o W (100)
Syneresis (%) = —w

t

where, W is the weight of the supernatant after centrifugation
and W, is the weight of the total yoghurt sample in the tube.

Proximate analysis: Goat milk yoghurt was analyzed for fibre,
moisture, ash, protein, fat and carbohydrate according to the
method of Pires et a/?.

Sensory analysis: One hundred and twenty untrained
panellists the sensory acceptability of goat milk yoghurt after
1 day of refrigerated storage. The panellists had an age
between 20-75 years, regularly consume yoghurt and were
not allergic to milk. Sensory attributes included colour, goaty
odour, yoghurt odour, texture, sour flavour, sweet flavour and
overall acceptance. A9-point hedonic scale was used that was
adapted from Moreno-Montoro et a/** Specifically: 9: Like
extremely 8:Like very much, 7: Like moderately, 6: Like slightly,
5: Neither like nor dislike, 4: Dislike slightly, 3: Dislike
moderately, 2: Dislike very much, 1: Dislike extremely.

Microbiological analysis: The microbial composition of goat
milk yoghurt was analyzed for the total bacterial count, lactic
acid bacteria, £scherichia colj yeast and mould. The analyses
were adapted from the methods of Damunupola et a/* and
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Salih et a/®. Twenty-five grams of yoghurt sample were added
to 225 mL of 0.1% peptone water, which was homogenized
using a Stomacher for 2 min, after which the sample was
serially diluted. The total bacterial count was determined
using plate count agar (PCA). Lactic acid bacteria were
determined using De Man, Rogosa and Sharpe (MRS).
Escherichia coli were detected using eosin methylene blue
agar (EMB) after incubation at 37°C for 48 hrs. Yeast and
mould were determined using sabouraud dextrose agar (SDA)
andincubated at 25°Cfor 5 days. The results were reported as
log10 colony-forming units (CFU/g). The coliform test followed
the method described by da Costa et a/°.

Changes to goat milk yoghurt during storage: Changes to
goat milk yoghurt supplemented with BFP were compared
with the control during storage at 4+1°C for 21 days.
Physicochemical and microbiological properties were
evaluated on days 1,7, 14 and 21 based on methods adapted
from Damunupola et a/*.

Statistical analysis: Statistical analysis was performed using
acompletely randomized design (CRD). The results are shown
as Mean=xStandard Deviation (Mean=®=SD). The mean
difference was tested with one-way ANOVA and Duncan's
Multiple Range Test (DMRT) at the 95% confidence level
using SPSS version 11.5, based on three iterations of
experimental data.

RESULTS AND DISCUSSION

Physicochemical analysis milk yoghurt:
Comparison of 1-3% BFP goat milk yoghurt with the control
revealed no statistical difference in pH and lactic acid
(p>0.05, pH: 4.29-4.31 BFP yoghurt, 4.32 control, lactic acid:
0.82-0.90 BFP yoghurt, Table 1). Acid bacteria (producing a
starter culture) cause yoghurt pH to decline, converting
lactose to organic acids, especially lacticacid?'*?¢, The BFP did
not affect the growth of lactic acid bacteria during the
fermentation of goat milk yoghurt. Madora et a/° reported
that yoghurt with 1, 2 and 3% of added carrot powder had a
pH of 4.27-432 and lactic acid content of 0.94-1.01.
Damunupola et al* reported that goat milk yoghurt with
beetroot juice had a pH of 4.45 and a lactic acid content of
0.85. However, the amount of lactic acid affects the sourness
and flavour of yoghurt products and hence, consumer
preferences. A pH of 4.2 could affect the stability of the
structural network of yoghurt?.

of goat
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Control 1% BFP 1.5% BFP 2% BFP 2.5% BFP 3% BFP
Fig. 1: Goat milk yoghurt fortified with BFP
Table 1: Physicochemical analysis of goat milk yoghurt fortified with BFP

Colour

Treatments pH" Acidic™ (%) Syneresis (%) Viscosity (cP) L* a* b*
Control 4.32+0.06 0.90%0.00 14.661+0.26° 3257.671+10.02 81.791+0.05° -1.724+0.03° 5.671+0.08°
1% BFP 431%0.07 0.86+0.06 9.94+1.65° 3299.20+159.48% 76.29+0.25° 446+0.22° 1.34%0.20°
1.5% BFP 4.30+0.07 0.821+0.06 9.4912.98° 3418.001+92.88* 70.91£0.30¢ 10.27+0.23¢ -2.641+0.18°
2% BFP 4.30%0.06 0.84%0.06 8.70+1.95° 3781.20%£71.25¢ 68.69+0.244 12.42+0.214 -3.92+0.06¢
2.5% BFP 4.29+0.02 0.821+0.12 8.281+0.66° 4175.80+67.12¢ 66.79%0.35¢ 14.03+0.23¢ -4.781+0.09¢
3% BFP 4.29%0.03 0.80£0.00 8.23+0.23° 4492.80+236.81¢ 65.09+0.42f 15.45+0.38f -5.51£0.06f

Datarepresent the average of 3 replicates, ==SD: Mean = Standard deviation, Differentletters in columns indicate significant differences (p<0.05) and ns: Non-significant

(p>0.05)

The syneresis of 1-3% BFP goat milk yoghurt was
8.23-14.66%, which was significantly different from the control
(p<0.05). The viscosity effect of 1-3% BFP goat milk yoghurt
was 3257.67-4492.80 cP. Goat milk yoghurt fortified with 3%
BFP had the highest viscosity (4492.80 cP) and was
significantly different to that with 1-2.5% BFP and the control
(p<0.05). The control had the lowest viscosity (3257.67 cP), it
did not differ from yoghurt with 1 and 1.5% BFP (p>0.05), but
did differ from yoghurt with 2, 2.5 and 3% BFP (p<0.05)
(Table 1). The percentage of syneresis and viscosity was
correlated to food quality and consumer acceptance.
Consumers do not accept yoghurt that is too liquid, too
viscous or contains layers. When more BFP was added in our
experiment, syneresis of the yoghurt decreased, whereas
viscosity increased because BFP contains maltodextrin to
encapsulate the colour of Basella spp. fruit. Maltodextrin is a
polysaccharide carbohydrate that is obtained by digesting
starch molecules to short glucose chains. The addition of
0,0.125,0.25 and 0.5% Riceberry Rice Extract (RBE) to yoghurt
yielded 14.13, 12.0, 8.45 and 8.14%, syneresis, respectively.
The addition of 1, 2 and 3% carrot powder to yoghurt yielded
a viscosity of 3092, 3407 and 3494 cP, respectively®. Thus,
the percentage of syneresis and viscosity increased with
increasing proportions of RBE and carrot powder. Combining
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maltodextrin  with modified starch in non-fat yoghurt
production generates a smooth, fine creamy texture and good
feeling when consumed?. The highest viscosity is obtained in
yoghurt with low acidity and high pH3'.

Yoghurt viscosity is affected by the number and strength
of the bonds between casein micelles. Casein aggregates from
at an isoelectric pH <4.9, with a maximum gel stiffness
occurring at pH 4.6. A higher viscosity is directly proportional
tothe production of exopolysaccharides by lactic acid bacteria
during yoghurt fermentation®'.

Colour analysis of 1-3% BFP yoghurt showed statistically
significant differences in L* a* and b* values (p<0.05)
(Table 1).L* measures brightness, while positive and negative
a* values correspond to reddish and greenish colours,
respectively and those of b* correspond to yellowish and
bluish colours, respectively. The control had the highest
L* and b* values (81.79 and 5.67, respectively) and the
lowest a* value (-1.72). The 3% BFP treatment had the lowest
L* and b* values (65.09 and -5.51, respectively) and the
highest a* value (15.45). The red colour of goat milk yoghurt
increased with the percentage of added BFP. Thus, pigment
concentration increased due to the dark pink colour of BFP
(Fig. 1). Food colour reflects the degree of preference by
consumers3234,
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—=— Control
1.0% BFP
1.5% BFP
2.0% BFP

—— 2.5% BFP

—— 3.0% BFP

Overall

Color

Goaty odor

Sweet flavor Yogurt odor

Sour flavor Texture
Fig. 2: Consumer acceptance scores for goat milk yoghurt
Table 2: Nutritional composition of goat milk yoghurt fortified with BFP

Nutritional composition (%)

Treatments Moisture Ashrs Fiberm Protein" Fat" Carbohydrate
Control 78.35+0.36° 0.81+0.29 0.05%+0.03 451+1.13 1.92+0.03 14.07£1.00
1% BFP 78.15£0.412 0.87£0.49 0.04%0.03 4.22+0.05 1.90+0.11 14.81%+0.782
1.5% BFP 77.40%0.28° 0.97+0.49 0.03+0.02 4.72£0.40 1.88£0.09 15.001+0.402
2% BFP 77.11%£0.74° 0.96+0.54 0.06+0.09 4.92+0.01 1.89£0.06 15.05%£1.19°
2.5% BFP 77.05%+0.73° 0.86+0.29 0.05%+0.00 4.7710.03 1.8410.17 15.42+0.89°
3% BFP 76.64£0.33¢ 0.97+£0.47 0.03%£0.02 437%0.38 1.80%+0.11 16.201+0.69°

Data represent the average of 3replicates, =SD: Mean®Standard deviation, different letters in columns indicate significant differences (p<0.05) and ns:Non-

significant (p>0.05)

Proximate analysis of goat milk yoghurt: The percentages of
ash, fibre, protein and fat did not significantly differ between
BFP yoghurt and the control (p>0.05). Yoghurt with 3% BFP
had the lowest moisture and the highest carbohydrates
contents (p<0.05, Table 2). Because maltodextrin is an
encapsulate additive, it affects the nutrients in food. For
example, goat milk yoghurt with BR juice has moisture, fat,
protein, ash and total solid contents of 79.08, 2.46, 4.59, 0.93
and 20.42%, respectively®. Goat milk yoghurt with cupuassu
(which is a native fruit of the Amazon forest zone) and
skimmed or skim milk, has protein, fat and moisture contents
of 2.23-6.84, 0.23-2.75 and 85.33-90.36%, respectively?'.

Sensory analysis of goat milk yoghurt: The control had
higher hedonic scores for colour, goaty odour, yoghurt odour,
texture, sour flavour and overall acceptability as compared to
the BFP treatments (p<0.05), except for sweet flavour. The
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likely scores for 3% BFP yoghurt were significantly different
(p<0.05). Yoghurt with 2.5% BFP had only slightly lower
preference scores for colour, goaty odour, yoghurt odour, sour
flavour and overall acceptability than the control (Fig. 2).
Anuyahong et a/'" obtained higher scores for colour, odour,
flavour, texture, appearance and overall acceptability in the
control as compared to yoghurt with 0.125-0.5% RBE.
However, 0.25% RBE treated yoghurt had only slightly lower
consumer acceptability than the control.

Flavour and texture are the most important qualities of
yoghurt for consumer acceptance. Many factors affect the
flavour and texture of yoghurt, such as starter culture,
incubation temperature, process conditions and various
components of milk used in production®. Therefore, goat milk
yoghurt fortified with 2.5% BFP had the highest acceptability
after the control. Thus, only 2.5% BFP yoghurt was used in the
subsequent analyses.
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Fig. 3(a-b): Changes to (a) pH and (b) Acid content of BFP and
control goat milkyoghurt over the 21 days storage

period
*Significant difference (p<0.05)

Table 3:Changes to the colour values of goat milk yoghurt fortified with BFP over
a 21 days storage period

Treatments Storage Time (days) L* a¥ b*

Control 1 90.23+£0.29° -1.74%£0.03* 10.07£0.122
7 90.16+0.05* -1.85%£0.04* 10.16%0.25°
14 90.14£0.09° -2.02%+0.06° 10.23£0.10°
21 90.07£0.05* -1.92%0.11* 10.38+0.10?

2.5% BFP 1 66.831£0.51° 20.73%£0.34° -5.94+£0.06°
7 67.24+0.24* 20.12+0.23° -5.20%0.18°
14 68.94+0.06° 17.95+0.12¢ -3.98+0.03¢
21 69.131+0.04° 17.56+0.06° -3.38%0.07¢

Data represent the average of 3 replicates, =SD: Mean=Standard deviation,
different letters in columns indicate significant differences (p < 0.05)

Changes to the physicochemical and microbiological
properties of goat milk yoghurt during storage: The pH of
both 2.5% BFP yoghurt and the control significantly declined
on days 7, 14 and 21 (p<0.05) and were not statistically
different (p>0.05). In contrast, the lactic acid content of 2.5%
BFP yoghurt slightly increased from day 1, which was,
however, not statistically significant (p>0.05). The lactic acid
contentin the control was slightly but significantly lower than
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that of the 2.5% BFP from day 1 (p<0.05) (Fig. 3a-b). During
storage at low temperatures, yoghurt pH gradually declines
until the end of its shelf life, due to the slowing metabolic
activity of the starter culture. Furthermore, a lower pH limits
the growth of germs and causes the lactose fermentation
process to slow3>3,

Over the 21 days shelf life, L* (lightness) and b*
(yellowness) were lower in 2.5% BFP yoghurt than the control,
whereas a* (redness) was higher. The control showed a slight
decrease in L* and b*, with a* values changing significantly
over time (p<0.05). In contrast, L*, a* and b* values
significantly changed in 2.5% BFP yoghurt over time (p<0.05).
In particular, a* (red) decreased from day 1 (initial value: 20.73)
and significantly decreased on days 7, 14 and 21 (p<0.05,
Table 3). Because BFP is a naturally occurring pigment, it
decomposes quickly when exposed to light or heat®”*%, When
a* decreased, L* (brightness) and b* (yellowness) increased
with increasing shelflife. This phenomenon was also recorded
by Oztiirk et a/'°, who found that the brightness (L*) and
yellow colour (b*) of yoghurt supplemented with lavender
powder and stored at 4°C for 14 days were not significantly
different to the control yoghurt over the shelf life, however,
the red colour (a*) of yoghurt changed significantly.
Anuyahong et a/'' showed that yoghurt with RBE had lower
L* and b* values than the control, but higher a* values over
the 21 days shelf life. The colour value of yoghurt with RBE
remained unchanged until the end of storage, except for the
a* value. Yellow colouration increased over time due to an
oxidation reaction, in which anthocyanins deteriorated*.

Goatmilkyoghurtfortified with 2.5% BFP contained more
lactic bacteria than the control over the shelf life. The number
of lactic acid bacteria rose from day 1 (7.94 log CFU g~)
to day 7 and 14 (8.09 and 9.40 log CFU g~"), respectively. The
number of lactic acid bacteria on day 14 was the highest and
significantly different from that on days 1 and 7 (p<0.05).
On day 21, the number of lactic acid bacteria declined
(to 7.93 log CFU g7"). A similar trend was detected in the
control, the number of lactic acid bacteria rose from day 1-14
and decreased on day 21, but there was no significant
difference (p>0.05, Fig. 4a). Anuyahong et a/' found that the
number of lactic acid bacteria decreased on day 14 in
low-temperature storage. This phenomenon could be
attributed to ingredients, the amount of oxygen, moisture,
water activity, storage temperature, pH, acid amount and
packaging®. The number of lactic acid bacteria in yoghurt
filled with BFP met the Ministry of Public Health’s
recommendation on sourness, as 7 log CFU g™ of
microorganisms remained in the non-sterile curd after
fermentation.
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Fig. 4(a-b): Changes to the (a) Lactic acid bacteria count and
(b) Total bacteria count of control and 2.5% BFP

goat milk yoghurt
*Significant difference (p<0.05)

Both the control and 2.5% BFP had similar total bacterial
counts, which significantly increased from day 1 to the end of
shelf life (p<0.05, Fig. 4b). Yeast, mould, coliform bacteria
and Escherichia coli were not detected over the 21 days
(data not shown). Damunupola et a/* reported that the total
bacterial count of the control and yoghurt with BR juice were
not different on days 1 and 21, however, total bacterial
numbers increased significantly on day 14 and decreased on
day 21 of storage. The decrease in the total number of bacteria
was attributed to acid production. While no coliform bacteria
were found, 1-2 colonies of yeast and mould were found
during the post-storage period. El-Kholy et a/3¢ did not detect
fungi or yeast in probiotic-fortified yoghurt samples, either
initially or during the storage period. These results were
obtained because yoghurt was produced under hygienic
conditions, with good preparation and storage. Yeast is the
main parameter spoiling yoghurt and fermented milk
products. An increase in acid and decrease in oxygen during
the fermentation process generate optimal conditions for
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yeastgrowth. Yoghurt produced under good manufacturing
practices must not exceed 108 yeast cells and should have a
shelf life of 3-4 weeks at 5°C. However, yoghurt with yeast cell
counts >100 CFU g~ tends to spoil more quickly®. Moreover,
coliform bacteria are used as an indicator of hygiene in
production and packaging processes. If food is contaminated
with coliform, it is an obvious indicator of unsanitary
processing and faecal pollution, which is a public health
concern®,

CONCLUSION

This study showed that in general goat milk yoghurt
fortified with BFP retained a similar pH and lactic acid, ash,
fibre, protein and fat contents to the control. Only 3% BFP had
a higher viscosity, redness and carbohydrate content and
lower moisture content than the control. Goat milk yoghurt
fortified with 2.5% BFP had the second-highest overall liking
score. The colour of goat milk yoghurt fortified with BFP
declined with storage time, especially the red value, however,
the count of lactic acid bacteria rose. Therefore, BFP could be
used as anatural pigment when developing goat milk yoghurt
as a healthy food product. Future studies on other bioactive
parameters (such as an antioxidant activity) involved in
in vitro gastrointestinal digestion are required, along with
studies on how to develop BFP that is stable throughout the
required shelf life.

SIGNIFICANCE STATEMENTS

This study discovers that Basella sp. fruit powder could be
used as a natural additive to goat milk yoghurt, without
reducing product quality or shortening shelf life. These
findings are important and timely due to the increasing
awareness of consumers and food quality boards for the need
to improve the quality of foods while reducing the use of
synthetic additives in healthy food products. We further
demonstrate the viability of natural products for enhancing
the shelf life and the consumer preferences for perishable
foods, which will help design novel healthy food products.
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