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1 Introduction
Probiotics is defined as “[…] live microorganisms that, 

when administered in adequate amounts, confer a health benefit 
on the host […]” (Hill  et  al., 2014). Today, numerous dairy 
products with probiotic additives are produced at the industrial 
level (Markowiak & Śliżewska, 2017). Lactobacillus acidophilus, 
Lactobacillus paracasei and Bifidobacterium species isolated 
from human and animal intestinal tract are the most common 
bacteria used as probiotics. The use of probiotic preparations 
including these bacteria in industrial food production systems 
have become increasingly widespread in accordance with 
consumer demands (Kechagia et al., 2013).

Dairy products are the most probiotic food carrier 
(Champagne  et  al., 2018) with several benefits to consumer 
health (Sarfraz et al., 2019; Shafi et al., 2019; Vasconcelos et al., 
2019) and technological parameters (Guimarães et al., 2020). 
Non bovine dairy foods present relevance as probiotic carrier 
(Ranadheera  et  al., 2018) and in particular ice cream is a 
probiotic dairy food with several examples (Ayar et al., 2018; 
Balthazar et al., 2018; Kalicka et al., 2019).

Prebiotics are nutrients that can directly pass to the large 
intestine without being digested in the small intestine and increase 
the activity of probiotics, thus, increasing the beneficial effects of 
probiotics in the bowel system (O’Bryan et al., 2013). Products 
created by the combined use of probiotics and prebiotics are called 

synbiotics. With synbiotic application, the life span of probiotic 
bacteria is prolonged and these bacteria can better colonize in 
the colon. In vitro studies show that synbiotic administration is 
more advantageous than the sole uses of prebiotics or probiotics 
(Pandey et al., 2015; Krumbeck et al., 2016).

Today, interest in probiotics, prebiotics and functional foods 
is constantly increasing. These subjects have become increasingly 
more popular in the academic studies and scientific studies 
on the benefits of probiotics to human health are added to the 
literature every day (Markowiak & Śliżewska, 2017). Although 
yogurt and fermented dairy products are the main carriers of 
probiotic bacteria, products such as milk-based desserts, baby 
formulas, ice cream, butter, cheese types, capsules and powders 
dissolving in cold beverages and plant-origin fermented foods 
have become available in the international market in recent 
years (Heller, 2001; Shiby & Mishra, 2013).

Ice cream, which is used as a probiotic carrier, is a dairy 
product obtained by processing milk and dairy products, 
sweeteners, stabilizers, emulsifiers, color and aroma substances by 
churning to have air spaces in the mixture (Marshall & Arbuckle, 
1996). There are many studies on synbiotic ice creams and their 
properties, where probiotics and prebiotics are used separately or 
in combination. Ice cream could present interesting properties, 
such as better melting features and desirable texture, if prepared 
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with goat milk. When use of goat’s milk in ice cream production, 
the color of ice cream becomes whiter. It also becomes rich in 
terms of total amount of dry matter (Homayouni et al., 2008, 
2012; Ranadheera et al., 2019). Goat milk is also important for 
human health since it has high digestibility, low allergen effect 
properties, and contains functional compounds and proteins. 
In addition, the ice cream produced using goat milk has been 
shown to have better quality criteria and sensory properties 
(Paz et al., 2014; Zenebe et al., 2014; Lad et al., 2017). The aim of 
this research was to determine the viability of probiotic cultures, 
viscosity, hardness properties and sensorial quality of synbiotic 
goat’s ice cream having improved functional properties.

2 Materials and methods
2.1 Materials

The raw goat’s milk and skimmed milk powder were 
obtained from local dairy plants located in Bornova-Izmir 
while powdered sahlep (produced from the wild orchid plant) 
were provided from a local food market. Tagatose, Litesse 
Ultra™ and polydextrose were provided from commercial 
manufacturers. Frozen raspberry fruit (Superfresh, Turkey), 
raspberry and blackberry purees (Aromsa, Turkey) were melted 
at room temperature and made ready for use. Probiotic lactic 
cultures (Lactobacillus paracasei subsp. paracasei Lafti L-26, 
Bifidobacterium longum + Bifidobacterium bifidum Lafti B-94) 
were obtained from DSM Food Specialties USA, Inc.

2.2 Methods

Functional ice cream production

Two replicate productions were carried out in the study 
with two duplicates. Sample codes and ice cream production 
stages of synbiotic ice cream samples are given in Figure  1. 

The mixture consisted of skimmilk powder, tagatose (5%), Litesse 
ultra (0.67%), polydextrose (1%) and sahlep. These ingredients 
were added to the raw milk and a subsequent pasteurization 
procedure was carried out at 90-95 °C for 5-10 minutes. Then the 
mixtures were cooled to 37-40 °C and probiotic starter culture 
was inoculated in accordance with the commercial company’s 
recommendations (108-109 Log cfu/g). The inoculated mixtures 
were left to incubate at 37 °C. The incubation was carried out 
until the pH values reached 4.8-4.9 and ice cream samples stored 
at +4 °C for 24 hours for ageing. The mixtures were divided into 
four groups and three of the groups were fortified with 10% 
frozen fruit or fruit purees. No fruit puree was added to the 
control group. Freezing procedure was carried out in a batch 
type ice cream machine and then the samples were packaged. 
The samples were analyzed for probiotic viability, viscosity, hardness 
values and sensory properties on the 1st, 15th, 30th, 60th, 90th, 
and 120th days of the storage. All of the samples were produced 
in the pilot dairy plant located in Ege University, Izmir. For the 
production of raspberry puree, the raspberries were thawed, 
and then grounded and stirred on the stove.

Probiotic bacteria counts in synbiotic goat’s ice creams

MRS-Vancomycin media for L. paracasei subsp. paracasei; 
MRS-NNLP (nalidixic acid, neomycin sulfate, lithium chloride, 
paromomycin sulfate) media for Bifidobacterium spp. was used. 
Petri plates were incubated at 37 °C for 72 h using Anaerocult 
A (Merck, Darmstadt, Germany) in anaoerobic jars (Merck, 
Darmstadt, Germany). 0.03 g nalidixic acid; 0.2 g neomycin 
sulfate, 6 g lithium chloride and 0.2 g paromomycin sulfate 
were added to the 1000 mL MRS Agar media by using 0.22 µm 
diameter microfilter. 0.05% L-cysteine was added to medium. 
At the end of the incubation, dark white, high centered colonies 
with diameter of 1-1.5 mm were evaluated (Dave & Shah 1996; 
Tharmaraj & Shah, 2003; Donkor et al., 2006).

Figure 1. Flow diagram of synbiotic ice cream with fruit puree.
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Viscosity and textural analyses in synbiotic goat’s ice creams

Viscosity analysis were performed by using Brookfield viscometer 
DV-II model at 60 rpm for mixtures, and at 120 rpm for ice cream 
samples at 8-10 °C using 63=LV3 spindle. The measurements were 
saved and the results were obtained using Rheocalc application 
(Brookfield Engineering Laboratories Inc., ABD) software.

Textural properties (hardness) of synbiotic goat’s ice cream 
samples were determined with Brookfield CT-3 model texture 
analyzer. Texture readings were conducted between -6 °C to -2 °C and 
texture application software (Brookfield Engineering Laboratories 
Inc., ABD) was utilized in the calculation of the results. 
TA 15/1000 conical probe was used for the analysis. Test speed 
was 2 mm/s, distance was 15 mm, trigger load was 6.8 g, the 
length was 40 mm and the diameter were 60 mm.

Sensory analysis

Scoring test (Uysal et al., 2004) was utilized for the sensory 
evaluation of plain and fruit puree flavored synbiotic ice cream 
samples. The evaluation of sensory properties was conducted according 
to the sensory evaluation principles set forth in TS 4265 and each 
sample was evaluated accordingly. Sensory analyses of the synbiotic 
ice cream samples were carried out by trained and semi-trained 
panelists from Ege University, Faculty of Agriculture, Department 
of Dairy Technology. Accordingly, for scoring, evaluation card 
by Bodyfelt et al. (1988) was used with modifications. Ice cream 
samples were evaluated with the highest 5 points [very good (5), 
good (4) less defective (3) defective (2)] in terms of color-appearance, 
structure-consistency, odor and taste criteria. Sensory analyses 
were conducted on 1st, 15th, 30th, 60th, 90th and 120th days of the 
storage for each sample.

Statistical analyses

SPSS software package v15.00 (SPSS Inc. Chicago, Illinois) 
was used for the statistical analyses in the study. The significant 
differences were analyzed according to the Duncan multiple 

comparison test (P < 0.05). This analysis was made to assess the 
effects of prebiotics and different types of fruit purees on probiotic 
viability, rheology and sensorial properties of the samples.

3 Results and discussion
3.1 Probiotic viability in synbiotic goat’s ice creams

It is undeniable that the viability of probiotic cultures during 
the shelf life decreased in the low storage temperature conditions 
and high acidity increases. Fluctuations in storage temperatures 
in ice cream technology can cause crystallization and therefore 
viability may decrease by cell fractionation (Ranadheera et al., 
2012). In Table  1,  2, provides the viable count of probiotic 
cultures in symbiotic ice cream samples during the storage. 
It was found that B sample on day 1 of the storage period had 
the highest L. paracasei subsp. paracasei count (9.32 log cfu/g) 
and A sample day 1 of the storage period had the lowest count 
(7.70 log cfu/g). Furthermore, it was shown that B sample on 
day 1 of the storage period had the highest Bifidobacterium spp. 
count (9.15 log cfu/g), and A sample on day 1 of the storage 
period had the lowest count (7.69 log cfu/g).

It was detected that fruit purees and prebiotics had significant 
effect on L. paracasei subsp. paracasei and Bifidobacterium spp. 
counts (P < 0.05). While Bifidobacterium spp. count did not 
change significantly (P > 0.05); it was seen that L. paracasei subsp. 
paracasei count changed only 1st day of storage significantly. 
Tokuc  et  al. (2008) stated that Lactobacillus spp. remained 
stable as 7 log during 6 months storage period in probiotic ice 
cream production. Ranadheera et al. (2012) indicated that levels 
of Lactobacillus acidophilus La-5 and B. animalis subsp. lactis 
BB-12 were protected 56.14% and 66.46%, respectively in probiotic 
ice cream samples produced with goat milk. In compatible with 
the researchers’ findings during 120 days of storage period 
probiotic bacteria count of synbiotic ice cream samples did not 
fall below 7.0; therefore, it could be said that ice cream samples 
maintained its probiotic characteristics. Probiotic foods are 

Table 1. L. paracasei subsp. paracasei counts of synbiotic ice creams produced from goat’s milk (log cfu/g).

Samples 1st day 15th day 30th day 60th day 90th day 120th day
C 8.13 ± 0.16x 8.12 ± 0.05 8.02 ± 0.18 8.63 ± 0.01 8.44 ± 0.08 8.19 ± 0.09
F 8.37 ± 0.39x 8.02 ± 0.10 7.88 ± 0.19 8.47 ± 0.10 8.31 ± 0.07 8.03 ± 0.14
A 7.70 ± 0.12x 8.16 ± 0.14 8.06 ± 0.38 8.38 ± 0.01 8.23 ± 0.14 7.99 ± 0.16
B 9.32 ± 0.02Cy 8.34 ± 0.13AB 8.06 ± 0.20A 8.49 ± 0.02B 8.43 ± 0.02AB 8.17 ± 0.14AB

x, y: Values with the different letters in the same column differ significantly (P < 0.05); A,B,C: Values with the different letters in the same row differ significantly (P < 0.05); C: Sample 
produced from freezing the fermented mixture no adding fruit puree, F: Sample produced from addition of frozen raspberries to the fermented mixture, A: Sample produced from 
addition of commercial raspberry puree to the fermented mixture, B: Sample produced from addition of commercial blackberry puree to the fermented mixture.

Table 2. Bifidobacterium spp. counts of synbiotic ice creams produced from goat’s milk (log cfu/g).

Samples 1st day 15th day 30th day 60th day 90th day 120th day
C 8.03 ± 0.41 8.13 ± 0.02 7.91 ± 0.23 8.55 ± 0.05 8.41 ± 0.14 8.15 ± 0.02
F 8.53 ± 0.31 8.04 ± 0.10 7.91 ± 0.15 8.34 ± 0.23 8.34 ± 0.05 8.07 ± 0.04
A 7.69 ± 0.22 7.93 ± 0.16 7.75 ± 0.60 8.27 ± 0.00 8.31 ± 0.15 7.73 ± 0.24
B 9.15 ± 0.07B 8.19 ± 0.17A 8.12 ± 0.11A 8.41 ± 0.03A 8.40 ± 0.04A 8.07 ± 0.12A

A,B: Values with the different letters in the same row differ significantly (P < 0.05); C: Sample produced from freezing the fermented mixture no adding fruit puree, F: Sample produced 
from addition of frozen raspberries to the fermented mixture, A: Sample produced from addition of commercial raspberry puree to the fermented mixture, B: Sample produced from 
addition of commercial blackberry puree to the  fermented mixture.
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required to carry a specific live microorganism at a level of at 
least 106-107 cfu/g during the storage period.

3.2 Viscosity and hardness properties in synbiotic goat’s ice 
creams

Viscosity and hardness values of synbiotic goat’s ice cream 
samples are presented in Table 3. As is seen in the results, viscosity 
values varied between 613.75-979.25 cP. The highest viscosity 
during storage period was determined in F sample at the 30th 
day (979.25 cP), and the lowest values was found in C sample 
at the 1st day (613.75 cP). The most challenging measurements 
were performed in raspberry puree ice creams. B sample could 
not be measured at 120 rpm at the 60th day. This may be due 
to the different viscosity of prebiotic supplement and different 
fruit purees. Generally speaking, viscosity values increased at 
the beginning of the storage and showed a decline at the further 
days. In general, it is normal for control sample to have lower 
values. Many ingredients adding the food composition can 
increase the viscosity values of the products. It could be said that 
addition of fruit purees and prebiotics increased the viscosity. 
Although fat content and viscosity are directly proportional, 
this relation was not as proportional in ice cream samples as is 
in the mixtures. However, this can be associated with the seed 
particles in the ice cream samples.

In all ice cream samples changes caused by storage and 
ingredients were significant (P < 0.05) whereas prebiotics and 
fruit puree use did not cause a significant difference between 
the samples only at the 30th day of the storage (P > 0.05). Guven 
& Karaca (2002), in their study on fruit ice cream containing 
sugar and strawberry at different ratios and vanilla yogurt ice 
creams, reported that viscosity increased parallel to the increase 
in sugar and fruit content. Muse & Hartel (2004), in their study 
on ice cream production by using different emulsifiers and 
sweeteners, found the viscosity values between 621-935 cP. Akin 
(2005), reported the viscosity of probiotic yogurt ice cream 
samples between 842-1312 cP. Kesenkas et al. (2013) found the 

lowest viscosity during storage in ice cream samples produced 
from cow’s milk while the highest viscosity was found in ice 
cream samples produced from the mixture prepared with the 
addition of kefir at 50% to the mixture produced with soy 
milk. Carbohydrate based ice cream mixtures containing fat 
substitutes which exhibiting a viscous behavior due to their 
water absorption capacity increase the viscosity of the system 
(Cottrell et al., 1979; Schmidt et al., 1993).

In the study, hardness values varied between 521.75-
2127.25 g. The highest texture value during storage period was 
determined in C sample at the 90th day, while the lowest value 
was found in B sample at the 30th day. In a general evaluation 
texture values, there were irregular fluctuations. Texture readings 
were performed with multi parallels and calculations were done 
based on the closest values.

Changes only in C samples in all ice cream groups were 
significant (P < 0.05), while the effect of prebiotics and fruit 
purees were statistically significant only at the 90th day of the 
storage (P < 0.05). El-Nagar et al. (2002), in their study on the 
effect of inulin in yogurt ice creams, reported that inulin addition 
increased the hardness values of ice cream samples. Some 
researchers have also reported that low fat ice cream samples 
decreased the gumminess values during storage. Akalin et al. 
(2008) in their study on fat reduced and low fat ice creams, 
reported that fat ratio had a significant effect on the hardness 
values of ice cream samples (P < 0.05). Kesenkas et al. (2013) 
have reported that the texture values of the ice creams varied 
between 1237.7 and 4270.5. Lower results obtained in our study 
can be associated with the soft structure of ice cream samples.

3.3 Sensory properties in synbiotic goat’s ice creams

Compared to classic ice cream products, flavor profiles of 
probiotic ice cream can substantially vary. Inulin and oligofructose 
improve the sensory properties including smoother feeling in 
the mouth, prolonged flavor with lower aftertaste and mild 

Table 3. Viscosity and hardness values of synbiotic ice creams produced from goat’s milk.

Synbiotic Ice Cream Samples
Days C F A B

Viscosity (cP) 1 613.75 ± 24.25Ax 857.50 ± 55.00By 777.75 ± 35.75By 725.50 ± 20.50Axy

15 690.75 ± 36.25Bx 969.75 ± 12.75Cy 687.75 ± 30.25Ax 971.00 ± 13.00By

30 907.25 ± 7.25D 979.25 ± 1.75C 973.50 ± 8.00C 924.25 ± 50.25B

60 812.25 ± 14.25Cx 844.00 ± 8.50Bx 784.00 ± 2.50Bx *ND
90 626.50 ± 6.50ABx 663.25 ± 26.25Ax 775.50 ± 14.50By 779.25 ± 22.25Ay

120 654.25 ± 8.25ABx 635.25 ± 30.75Ax 768.25 ± 22.25By 928.25 ± 18.25Bz

Hardness (g) 1 1510.00 ± 236.25ABC 1709.00 ± 560.75 667.50 ± 104.25 656.25 ± 95.75
15 766.25 ± 82.25A 1022.62 ± 257.12 1123.12 ± 336.12 927.00 ± 357.75
30 1210.00 ± 229.50AB 1156.75 ± 271.00 1192.12 ± 180.12 521.75 ± 111.50
60 1994.87 ± 450.87BC 1359.37 ± 238.62 1468.12 ± 282.87 246.37 ± 198.37
90 2127.25 ± 67.00Cy 1065.75 ± 210.25x 993.37 ± 337.12x 765.87 ± 203.62x

120 1019.25 ± 72.50A 885.50 ± 96.25 1587.37 ± 345.87 871.50 ± 141.50
*: Viscosity values could not be measured at 120 rpm; ND: not determined at 120 rpm; x, y, z: Values with the different letters in the same row differ significantly (P < 0.05); A, B, C, D: Values 
with the different letters in the same column differ significantly (P < 0.05); C: Sample produced from freezing the fermented mixture no adding fruit puree, F: Sample produced from 
addition of frozen raspberries to the fermented mixture, A: Sample produced from addition of commercial raspberry puree to the fermented mixture, B: Sample produced from addition 
of commercial blackberry puree to the fermented mixture.
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sweetness. These properties were associated with high sensory 
scores in some studies (Di Criscio et al., 2010). Sensory properties 
of a product are the most important features that determine 
the appreciation of consumers. In this manner, the sensory 
evaluation of color and appearance, structure and consistency, 
smell and taste properties of ice cream samples by the panelists 
were given in Table 4. Data showed that the addition of berry 
like fruit purees and probiotics in ice cream had effect on the 
sensory properties of ice cream. The overall acceptability of 
samples in storage period were in the range of 3.81-4.87. Texture 
and taste evaluations yielded good results and no off-flavor was 
reported. These results were consistent with those reported 
by Di Criscio  et  al. (2010) who observed a synbiotic effect 
of prebiotics that helps in the survival of probiotic bacteria. 
Include the need of performing additional sensory studies as 
projective methods (Pinto  et  al., 2018), innovative methods 
based in consumer perception (Torres et al., 2017) and sensory 
properties (Mituniewicz-Małek et al., 2019)

4 Conclusions
As a result, it was determined that enrichment with fruit 

puree had a significant effect on Lactobacillus paracasei subsp. 
paracasei and Bifidobacterium spp. viability and color, appearance, 
flavor, taste and overall sensory scores of the ice cream samples. 
It was determined that the samples maintained their probiotic 

properties during storage and generally received good sensory 
scores. The effects of reducing the fat ratio and using sweeteners, in 
addition to natural sugars, on glycemic index can be investigated 
in the future studies.
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