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ABSTRACT

Sheep milk is considered an important nutritional and health-promoting food source due to its high
protein content and minerals. The current study aimed to ascertain the impact of probiotic bacteria
(Bifidobacterium longum) on the physicochemical properties, bacterial evaluation and sensory assessment of
stirred bio-yoghurt made from sheep milk. Stirred bio-yoghurt was prepared with various inoculation levels
of Bifi. longum (3, 6, 9 and 12% for T1, T2, T3 and T4; respectively). According to the study’s findings, the
moisture content of all treatments steadily declined with increasing of storage periods at 4+1°C up to 15 days.
The control samples had higher moisture than that of stirred bio-yoghurt made with various amounts of Bifi.
longum. While the fresh samples had lower moisture that that of other treatments. The fat content of stirred
bio-yoghurt as well as control samples found to decrease and significantly differences with increasing the
storage periods at refrigerator temperature up to 15 days. In addition, the incorporation of Bifi. longum
significantly raised protein and ash contents of stirred bio-yoghurt than that of control samples, and their
contents were increase and significantly differences with increasing the storage periods at refrigerator
temperature up to 15 days. There were astatically significant change in the syneresis of all moduli (treatment
and control sample). Stirred bio-yoghurt treatments and the control samples had no coliform as well as mould

and yeast levels in all treatments.
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INTRODUCTION

Recent research has demonstrated that, one of the
probiotics' most significant functions is immunomodulatory
activity. These investigations demonstrated that, certain
probiotics’ immunomodulatory effects may confer potential
antiviral action (Hansen, 2005). Probiotics are live organisms
that, when taken in sufficient amounts through food or
medication, have positive effects on health (Novik & Savich,
2020). There are numerous local effects of the gut microbiota
that help to maintain human health. These include the
metabolism of indigestible foods, immune system
stimulation, provision of colonisation resistance against
gastrointestinal tract infections and maintenance of the
intestinal barrier (Groves et al., 2020). In order to understand
how the gut microbiota influences immune responses in the
airways, most research on respiratory disease has
concentrated on this relationship (Hauptmann & Schaible,
2016). The gut metabolome and host immune function
changed in response to modifications in the composition of
the gut microbiota (Corréa-Oliveira et al., 2016). The
antibacterial and antiviral qualities of bacterial species of
lactic acid are well-established and have a crucial role in the
treatment of gastrointestinal disorders (Di Cerbo et al., 2016;
Sunmola et al., 2019). Numerous lactic acid bacterial species
secrete different metabolites that boost the body's defences
against viruses, including lactic acid, acetic acid, gamma-
aminobutyric acid, and Planta ricin (Anwar et al., 2021). The
human gastrointestinal system is thought to be home to about
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400 different kinds of bacteria, and the colon's predominant
anaerobic flora, Bifidobacterium spp. B. adolescentis, B.
bifidum, Bifi. longum subsp. infantis, B. breve and Bifi.
longum are the primary varieties found in the human colon
(Singh et al., 2017). Bifidobacteria and other probiotic
bacteria can be added to cultured dairy products to improve
their nutrient content, according to a growing body of
investigation as the functional food industry expands (Pulina
et al., 2018). Yoghurt can be additionally supplemented with
probiotic cultures of Lactobacillus acidophilus or
Bifidobacterium to enhance its nutritional value. When L.
acidophilus and Str. thermophilus were used to make yoghurt,
the quality was noticeably higher than when Lact. bulgaricus
and Str. thermophiles were used (Balthazar, Silva, et al.,
2017). Numerous factors have been identified as having an
impact on the probiotic culture in yoghurt's viability and
customers' acceptance of it (Temerbayeva et al., 2018).
Notably, not all probiotic strains can survive in challenging
processing environments and during their path through the
gastrointestinal system (Aryana & Olson, 2017). Sheep milk
has a greater nutritional content and more nutrient than goat
and cow milk due to its greater content of vital proteins, lipids,
minerals and vitamins for human health as well as its higher
caloric content (Balthazar, Pimentel, et al., 2017; Moatsou &
Sakkas, 2019). Chemical composition of fresh sheep milk's
fluctuates over time and between animals based on a few
factors including; the animal's age, nutrition, the stage of
lactation, parity, season, external temperature and udder
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infections. Because of the variations in the forage content of
animals raised on the range, changing seasons have a
significant impact on the fatty acid composition (Pecka-Kietb
et al., 2020). Therefore, the aim of the current study was to
ascertain the impact of probiotic bacteria Bifi. longum
treatment on the physicochemical characteristics, bacterial
evaluation and sensory assessment of stirred bio-yoghurt
made from sheep milk.

MATERIALS AND METHODS
Materials:

Fresh sheep milk (6.5% fat) was obtained from privet
farms, Quena Governorate. Starter strains: Bifi. longum
(ATCC 15707) was obtained from Cairo Microbiological
Resource Center (MIRCEN), Faculty of Agriculture, Ain
Shams University. DVS thermophilic yoghurt strains 1:1
Lact. bulgaricus and Str. thermophilus (commercial Yoflex
culture) were obtained from Copenhagen, Denmark's
Christian Hansen.

Methods;
Manufacture of stirred bio-yogurt:

A process described by (Tamime & Robinson, 1999)
was used to make probiotic-fermented sheep's milk, which
was modified by (Hashim et al., 2009), as follows: Fresh
sheep milk was heated to 45°C, 1.5% skim milk powder
(SMP) and 0.4% gelatine were added with well stirring,
continued heating to 85-90°C for 15 min, and then cooled to
42°C. Milk was inoculated with DVS thermophilic yoghurt
starter, and the milk was divided into five portions, followed
by the addition of Bifi. longum as follows:

Control (C) with no Bifi. longum.

T1 inoculated with 3% w/w of Bifi. longum.
T2 inoculated with 6% w/w of Bifi. longum.
T3 inoculated with 9%wi/w of Bifi. longum.
T4 inoculated with 12% wi/w Bifi. longum.

Milk was incubated at 42°C until full coagulation; the
probiotic yoghurt curd was refrigerated at 4°C overnight and
stirred using the mixer; then bottled and stored at 4+1°C for
15 days. Probiotic yoghurt samples that were stored for fresh,
5, 10 and 15 days were analysed for physicochemical,
rheological, microbiological, and sensory properties. The
experiment was repeated three times.

Chemical composition:
pH values:

The pH values of stirred bio-yoghurt samples were
measured according to the method of (Igbabul et al., 2014). In
brief, 100 ml of distilled water was mixed with 10 g of stirred
bio-yoghurt at room temperature; the mix was permitted to
equilibrate. A pH meter (HANNA, Italy) was then used to
figure out the values of pH.

Titratable acidity determination:

The procedure outlined by (Oladipo et al., 2014) was
used to determine titratable acidity. 10 g of the sample were
quickly mixed with 30 ml of distilled water. In the combined
solution, a few drops of phenolphthalein indicator were
administered. To ensure complete neutralisation, it was
titrated against a standard 0.1N sodium hydroxide solution
until a light pink colour persisted for between 10 and 15
seconds. The below equation was used to calculate the
titratable acidity of lactic acid:

Titratable acidity
_Vol.NaoH used (ml)x0.1N NaoH xmillieqivalent factorx100

mass of sample(g)x1000
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Moisture determination:

5 gram was weighted in a clean and dry crucible. The
specimen was dried in an oven set at 105°C until the dry
substance's weight remained constant (Htay et al., 2020). The

moisture content was calculated using the following equation:
Moisture (%) :Welght before drying- Oven dried welght>< 100

Wt.of sample
Ash determination:

The previous crucible, which was used to determine
the moisture content of the sample (5 g), was heated in the
furnace at 550°C until the residue evenly turned white. Then
cooled in the desiccator, it was weighed. Heating, chilling,
and weighing were repeated until a steady weight was reached
(Htay et al., 2020). The following equation was used to
calculate the ash percentages:

Ash (%) — wt of residue

Protein determination:
Protein was determined by Kjeldhal (Htay et al.,
2020).

Protein (%) =

w
Where: 0.014 = Milliequivalent weight of the nitrogen,
w = Weight (g) of the sample,
v =volume (ml) of NaOH solution used in test,
x = volume (ml) of NaOH solution used in blank
NA = Molarity of NaOH solution

Syneresis determination:

By pouring 100 ml of yoghurt specimen onto filter
paper (Whatman No. 1), it was possible to ascertain the
yoghurt sample's susceptibility to syneresis (STS). The
amount of whey that was gathered in the measuring cylinder
after 6 hours of emptying was stated by (Ibrahim & Khalifa,
2015) calculating using the subsequent equation:

STS (%) =[V1/ V2] x 100.
Where: V1: Whey volume collected, VV2: Yogurt volume.
Fat Determination:

Fat was determined following the Gerber method
(IDF, 1997).

Microbiological analysis:

Yoghurt samples were tested for microbiological
analysis during fresh, 5, 10, and 15 days of storage at 4°C.
MRS agar used to Bacilli, M17 used for Cocci, nutrient agar
used for total count bacteria, MRS agar with 0.05 g I cysteine
hydrochloride monohydrate and lactose as supplemental
materials used for Bifidobacteria, under anaerobic conditions
VERBA medium used for Coliform count for 24 h at 30°C,
YM medium used for Yeast and Mould at 25°C for 48 h
(Dave & Shah, 1996; Hansen, 2005; Moubasher et al., 2018;
Richardson, 1985; Tharmaraj & Shah, 2003). All
microbiological analysis were carried out three times.
Sensory evaluation:

With certain adjustments, the sensory assessment of
stirred bio-yoghurt was also determined according to Hamdy
etal. (Hamdy et al., 2021). Samples were given a total of 100
points after being scored based on their colour & appearance
(15 points), flavour (45 points), acidity (10 points) and body
& texture (30 points) at fresh and after 5, 10 and 15 days of
storage periods at 4+1°C.

Statistical analysis:

SAS software (version 913) was used to conduct the
statistical analyses. Analysis of variance (ANOVA) was used
for data analysis. At level < 0.05, Duncan's multiple
comparison test was used for evaluating mean differences.

100

wt of sample(g)

((x—v)NA x 0.014)x 100 %6.36
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RESULTS AND DISCUSSION

Chemical analysis:

The data presented in Table (1) shows the chemical
composition of stirred bio-yoghurt made with various
amounts of Bifi. longum at fresh and during storage periods at
4+1°C for 15 days.

Moisture content:

The obtained data observed that, the moisture content
of all treatments steadily declined with increasing of storage
periods at 4+1°C up to 15 days. This may be due to the
evaporation throughout storage (Mao et al., 2019). Moreover,
the control samples had higher moisture than that of stirred
bio-yoghurt made with various amounts of Bifi. longum. In
addition, the fresh samples had lower moisture that that of
other treatments. These results in agreement of those reported
by Hashmi et al. (2011) and El-Shobery et al. (2012) and
Salman et al. (2012), who stated that the control samples had
lower total solids than that of stirred probiotic yoghurt.

Fat content:

The obtained data observed that, the fat content of all
treatments steadily declined with increasing of storage
periods at 4+1°C up to 15 days. The fat content of stirred bio-
yoghurt as well as control samples found to decrease and
significantly differences with increasing the storage periods at
refrigerator temperature up to 15 days. This may be due to

hydrolysis of fat with increasing the storage. Similar results
were obtained by EI-Shobery et al. (2012), Salman et al.
(2012) and Amna et al. (2023). The largest proportions of fat
content were found in treatments T1 and the lower were
observed in T3. This may be due to the higher Bifi. longum in
T3 than that of T1.

Protein content:

The incorporation of Bifi. longum significantly raised
the protein content of stirred bio-yoghurt than that of control
samples. In addition, the protein content of fresh samples was
lower than that of other treatments. According to the current
study, the protein contents in the fresh stirred bio-yoghurt
treatments were 6.14, 6.18, 6.57 and 6.36% for T1, T2, T3
and T4, respectively.

The protein content of stirred bio-yoghurt as well as
control samples found to increase and significantly
differences with increasing the storage periods at refrigerator
temperature up to 15 days. The reason for this increase was
due to the ongoing decrease in the stirred yoghurt's moisture
content over the storage period. In this investigation, there
was a statistically considerable variation between the control
and treatment groups (p <0.05). These results are in
agreement with those reported by EI-Shobery et al. (2012). In
addition, there were increase of protein content in stirred bio-
yoghurt with the increasing of Bifi. longum up to 9%, and then
decrease at 12%.

Table 1. Chemical composition of stirred bio-yoghurt fortified with varying concentrations of Bifi. longum (mean + SD) at
fresh and after storage periods (5, 10 and 15 days).

Storage period (day)
Parameter Treatment Fresh 5 0 5
Control 83.92+0.02% 83.20+0.022 83.15+0.02% 82.56+0.015°
T1 82.83+0.03% 82.27+0.032 81.35+0.03° 80.65+0.01°¢
Moisture % T2 83.55+0.015% 81.26+0.03° 81.17+0.026° 80.65+0.026°
T3 83.32+0.015% 82.20+0.025° 80.82+0.025°¢ 79.92+0.025¢
T4 82.55+0.02% 81.73+0.035° 80.95+0.015°¢ 80.03+0.055°¢
Control 6.59+0.005% 6.58+0.112 6.57+0.062 6.51+0.0692
T1 6.58+0.064% 6.56+0.115% 6.54+0.005% 6.49+0.1152
Fat % T2 6.56+0.0572 6.54+0.022 6.53+0.0172 6.48+0.055%
T3 6.55+0.012 6.54+0.0512 6.52+0.005% 6.47+0.062
T4 6.54+0.055% 6.53+0.055° 6.50+0.032° 6.45+0.078°
Control 6.09+0.022 6.38+0.022 6.48+0.015% 6.77+0.0262
T1 6.14+0.015% 6.48+0.025° 6.57+0.025° 6.96+0.03¢
Protein % T2 6.18+0.025% 6.56+0.015% 6.78+0.02° 7.08+0.02°
T3 6.57+0.015% 6.83+0.015% 6.87+0.005% 6.90+0.0052
T4 6.36:+0.015% 6.45+0.06% 6.69+0.015% 6.78+0.022
Control 0.82+0.0232 0.87+0.015° 0.88+0.005¢ 0.90+0.0114
T1 0.84+0.022 0.87+0.005° 0.89+0.01°¢ 0.90+0.014
Ash % T2 0.84+0.012 0.88+0.01° 0.91+0.01°¢ 0.93+0.0154
T3 0.85+0.012 0.88+0.005° 0.92+0.011°¢ 0.94+0.014
T4 0.89+0.015% 0.90+0.01° 0.93+0.01° 0.95+0.01°¢

a-e Means with same superscripts across a row are not significantly different control=without Bifi. longum, T1=3% of Bifi. longum, T2=6% of Bifi.
longum, T3=9% of Bifi. longum and T4=12% of Bifi. longum, Data was expressed as (mean + standard deviation).

Ash:

Similarly, to the protein level, all stirred bio-yoghurt
treatments showed an elevation in ash level up to 15 days of
storage period was complete, with statistically considerable
variations (p <0.05).

The protein content of stirred bio-yoghurt as well as
control samples found to increase and significantly
differences with increasing the storage periods at refrigerator
temperature up to 15 days. The reason for this increase was
due to the ongoing decrease in the stirred bio-yoghurt's
moisture content over the storage period. When the amounts
of Bifi. longum rose correspondingly, the samples' amount of
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ash slightly rose. Comparing the stirred bio-yoghurt treatment
samples to the control, the incorporation of Bifi. longum
extracts has increased the amount of ash. In addition, there
were increase of ash content in stirred bio-yoghurt with the
increasing of Bifi. longum up to 9%, and then decrease at
12%.

pH:

After 15 days of preservation, the pH levels were low
for both stirred bio-yoghurt and the control samples. In
addition, the pH levels for the stirred bio-yoghurt were lower
than those for the control samples (Fig 1). Additionally (Joung
etal., 2016) discovered that all yoghurt treatments had a lower
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pH level during the 14 days of preservation, and that this pH
decline may have contributed to the change in lactose to lactic
acid during preservation (Singh et al., 2011). For instance, the
pH and lactic acid content of yoghurt produced with the
probiotic bacteria L. acidophilus, Bifidobacterium bifidum
BB12, and L. paracasei subsp. casei with Lact. delbrueckii
subsp. bulgaricus are significantly affected (Bonczar et al.,
2002; GULER-AKIN, 2005). Another study conducted by
Vianna et al. (2017), there was no variation (P > 0.05)
between the pH levels for probiotic yoghurts from 7t day of
storage up to 28" day. Moreover, (Badahdah et al., 2019)
stated that when the Bifi. longum BB536 strain was used in
the fermentation process, the pH values for all types of
beverages significantly (P<0.05) decreased when the
fermentation period increased to 24 h and the initial pH of
samples was 6.55, 5.52, 5.57 & 5.72 and decreased to 4.10,
3.57, 3.55 & 3.60 in fermented skim milk, Bukur, Balady and
Local 46; respectively.

When Bifi. longum BB536 ferments sugar, it produces
more acids during the fermentation process, including acetic
and lactic acids, which is why the pH falls. According to a
study by Hosseini et al. (2012), the pH range between 6.5 and
7.0 was ideal for Bifidobacterium growth. Whilst, Hosseini et
al. (2012) revealed that the pH of malted-roasted beverages
was higher (pH 4.01) than the pH of malt beverages made
from barley and oats.

4.50 —=— control

e T1
—A—T2

T3
—o-T4

4.45

4.40

4.35 4

PH

4.30 4

4.251

4.20 4

4.15

-2
Storage period (days)

Fig. 1. pH values of stirred bio-yoghurt inoculated with

varying levels of Bifi. longum (mean
+ SD) throughout storage time (Fresh, 5,10 and 15
days).

a-e. Means with same superscripts across a row are not significantly
different.

The pH of the yoghurt in relation to the Bifi. longum
fermentation period and inoculation concentration was
shown by (Son et al., 2023), who found that the overall
acidity rose as the amount of Bifi. longum in the mixture
grew and the length of the fermentation process. Before
fermentation, the total acidity was 0.10%, and eight h later,
the control was 0.59%. Total acidity rose from 0.65 to
0.76% as Bifi. longum inoculation concentrations increased
from 0.001 to 0.0015%.

The yogurt's pH dropped as fermenting time rose,
where before fermentation, the pH was 6.67, the control
group's pH was 4.69 eight hours later, and the pH values for
Bifi. longum inoculation concentrations of 0.001, 0.00125,
and 0.0015% were 4.54, 4.47 and 4.42; respectively.
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According to the concentration of Bifi. longum
inoculation and the length of fermentation, the pH of the
yoghurt decreased, and the overall acidity increased, in line
with the findings of Wolf et al. (2015). The trend for the lactic
acid content and total acidity was the same. The lactic acid
content rose as Bifi. longum concentrations increased, much
like the overall acidity did. Lactic acid concentration in
yoghurt produced by inoculating Bifi. longum is known to rise
with longer fermentation times (Hadadji & Bensoltane,
2006), and this study showed the same outcome. This
modification showed that, like the change in sugar, an
increase in Bifi. longum concentration could successfully
cause fermentation.

The titratable acidity levels in the treatment groups
gradually increased as their levels increased in comparison to
the control samples. No statistically significant changes
between the Bifi. longum treatment groups and the control
samples (p > 0.05) were found. It might be because Bifi.
longum contains antimicrobial compounds that improve the
likelihood of fermentation. Additionally, Bifi. longum
contains bioactive components and is used effectively
(Schopping et al., 2021). Similar to the present investigation,
Ali et al. (2021) found no statistically significant changes (p
> 0.05) between the treatment groups and the control group
for the titratable acidity level of Bifi. longum. The titration
acidity investigation revealed that, the control samples had
lower acidity than any of the treatment groupings of samples
(Fig 2). This could be the source of the complete or partial
inactivation of various microorganisms in the treatment
groups that contained varying quantities of bacteria extracts,
notably for Gram-positive bacteria, as a result of the bacteria
absorption extracts that influence the cell surface (Mazloomi
etal., 2011).

1.20

(—=&— control
—e—T1
a—T2
T3
——T4

11549

1.104

1.0549

1.00

Titratable acidity (%)

0.95

0.90

-2
Storage period (days)

Fig. 2. Titratable acidity % of stirred bio-yoghurt
inoculated with varying levels of Bifi. longum
(mean + SD) throughout storage time (Fresh, 5,
10, and 15 days).

a-e Means with same superscripts across a row are not significantly
different.

Syneresis:

The data presented in Fig 3 shows the syneresis of
stirred bio-yoghurt made with various amounts of Bifi.
longum at fresh and during storage periods at 4+1°C for 15
days. It’s obvious in the current study that, there is astatically
significant change in the syneresis of all moduli (treatment
and control sample), it’s found a highest level of spontaneous
syneresis (p<0.005) this conforms with (Vianna et al., 2017).
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Fig. 3. Syneresis (ml/100g samples) of stirred bio-yoghurt
inoculated with varying levels of Bifi. longum
(mean % SD) throughout storage time (Fresh, 5,
10, and 15 days).

a-e Means with same superscripts across a row are not significantly

different.

Microbiological analysis:

The data presented in Fig 4 shows the microbiological
analysis (total counts of bacteria, coliform bacteria, Bifi.
longum, Lactobacilli bacteria, Streptococci bacteria and
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yeasts & moulds) of stirred bio-yoghurt made with various
amounts of Bifi. longum at fresh and during storage periods at
4+1°C for 15 days.

For the control samples, in the current investigation
observed that the total bacterial count increased from
6.370.02 log cfu/g in fresh samples to 8.10+0.09 log cfu/g
after 15 days, whereas all of the control samples displayed a
greater total bacterial count than that of treated samples (Fig
4 A). Moreover, (Ali et al., 2021) stated that for control
samples, the total bacterial count increased from 6.18 CFU/g
yoghurt in fresh samples to 8.16 CFU/g yoghurt after 14 days.

Regarding the Bifi. longum counts, the dada in Fig 4
B showed that the inoculation levels had no significant effect
on among treatments. The counts of the starter culture bacteria
(Lactobacilli and Streptococci) were negatively impacted by
the inoculation size of the bacterial strain when stored (Figs C
& D). In addition, the probiotic strain and starter culture did
not exhibit identical stability.

Regarding the Streptococci counts, the dada in Fig 4
D showed that there were decreased in all treatments and
control samples during storage times. Where the fresh
samples in all treatments including control samples had the
highest counts of streptococci, and the samples at the end of
storage had the lowest counts of streptococci.
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Fig. 4. Microbiological analysis of stirred bio-yoghurt fortified with varying concentrations of Bifi. longum
(meanxSD) throughout preservation (0, 5, 10, and 15 days).

(A) Total bacterial count distribution among different treatments.
(C) Lactobacilli distribution among different treatments.

a-e Means with same superscripts across a row are not significantly different.

(B) Bifi. longum distribution among different treatments.
(D) Streptococci content among different treatments.

The current results revealed that, stirred bio-yoghurt  yeast and mould count in all treatments. However, neither

treatments and the control samples had no coliform as well as
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when fresh nor during periods of storage up to 15 days in any
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treatment, coliform bacteria could be found, which may be
related to how severely milk was heated and the protective
effects of lactic acid bacteria (Karam-Allah et al., 2022).
Moreover, Ali et al., (2021), shown that the inoculated strain
had a favourable impact on the total amounts of yeasts and
moulds because none of the tested samples underwent fungal
development throughout storage periods of fresh and 7 days.
Sensory evaluation:

The presented data in Table 2 shows the sensory
evaluation of stirred bio-yoghurt made with various amounts
of Bifi. longum at fresh and during storage periods at 4+1°C
for 15 days. The data showed that, the addition of the Bifi.
longum strain had an impact on the flavour, body & texture,
appearance, acidity and overall acceptance of the stirred bio-

yoghurt samples. Furthermore, all the stirred bio-yoghurt that
had been enriched with various inoculums size of the Bifi.
longum strain received favourable ratings for flavour, body,
texture and appearance.

The inoculation levels as well as the storage time had
a significant effect on flavour scores, where treatment 2 at 5
days of storage and treatment 3 at 10 days of storage gained
the highest score of flavour, while treatment 2 at 10 days
gained the lowest score of flavour. Treatment 1 at the end of
storage and treatment 4 at five days of storage gained the
highest score of body and texture. Regarding the overall
score, treatment 1, 2 and 3 stored at 15, 15 and 4 days gained
the highest score, while treatment 1 and control samples
stored at 10 and 5 days had the lowest score; respectively.

Table 2. Sensory evaluation of stirred bio-yoghurt inoculated with varying levels of Bifi. longum.

Characteristics Treatment Fresh 5 Days 10 Days 15 Days
Control 42.20+3.01° 39.60+1.26° 40.20+1.618 41.30+1.70?
Flavour T1 41.70+2.05% 40.80+3.55% 40.00+3.432 42.00+1.76°
(45) T2 42.50+3.172 42.90+1.66% 39.2043.29° 42.20£3.042
T3 42.30+2.457 42.00+1.827 42.90+1.66° 41.00£3.65%
T4 40.80+3.55% 42.00+1.76° 41.80+2.30° 42.00+1.76°
Control 28.10+1.85% 27.30+2.112 28.30+1.412 26.40+1.43°
Tl 27.30+£1.822 28.80+0.632 26.30+1.76° 29.50+1.432
Body and texture (30) T2 27.10+1.522 28.70+1.16° 28.30+1.41° 29.30+1.76°
T3 27.80+1.472 28.40+1.50° 28.70+1.16° 28.40+1.50°
T4 28.50+0.702 29.50+1.43° 28.40+0.69? 27.50£1.84°
Control 13.40+0.522 13.80+0.422 13.80+0.922 14.10+0.882
Appearance T1 14.00+£0.812 14.40J_r1.262 14.00i0.47z 14.30£0.672
(15) T2 13.80+0.632 14.80+0.42 14.00+£0.66 13.60+0.69?
T3 13.70+0.822 14.80+0.42° 14.80+0.42° 14.80+0.42°
T4 14.80+0.422 14.3040.67° 14.30+1.05% 14.70+0.482
Control 2.80+£1.932 4.20+£1.93° 3.00£1.70° 4.70+1.49°
Acidity T1 2.90+1.59% 3.30+1.05° 3.90+2.33" 4.20+0.78°
(10) T2 2.60+£1.072 3.50+0.70° 3.00+1.70° 4.90+0.56°
T3 3.10+2.022 2.70+1.05b 3.50+0.702 2.70+1.05°
T4 3.30+1.05% 4.20+0.78° 3.30+1.05% 4.20£1.93°
Control 86.5 84.9 85.3 86.5
T1 85.9 87.3 84.2 90.0
8‘6%33" acceptance T2 85.9 89.9 83.4 90.0
T3 86.9 87.9 89.9 86.9
T4 874 90.0 87.8 92.6
a-c Means with same superscripts across a row are not significantly different. Data was expressed as mean + standard deviation.
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