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Oz

Bu ¢alismada dondurma 6rneklerine siikroz yerine stevia ilavesi yapilarak seker hastalarinin tiikketebilecegi ayrica diger tiiketicilerinde
damak zevklerine hitap edebilecek meyveli ve sade dondurma iiretimi yapilarak stevianin siikroz yerine tatlandirici olarak kullanilip
kullanilamayacagiin tespit edilmesi amaglanmigtir. Dondurma o6rnekleri 3 farkli meyve (kivi, greyfurt ve portakal) ve 2 farkli
tatlandirict kaynagi kullanilarak {iretilmis olup 1 ve 15. giinlik muhafaza siirelerinde analizlere tabi tutularak elde edilen sonuglar
degerlendirilmistir. Dondurma 6rneklerinin kuru madde oran1 % 29,42 ile %34,32 arasinda, kiil oran1 da %0,82 ile %1,55 arasinda
degismistir. Dondurma &rneklerinin pH degeri 5,07 ile 6,45 arasinda degismis ,meyve katilmis 6rneklerin pH degeri sade dondurma
orneklerinden daha diigiikk bulunmustur.15 giinliik muhafaza periyodunda taze (1.giin) drneklere gore pH degeri azalirken % asitlik
orani artmistir. Dondurma 6rneklerinin ilk damlama siiresi 2,47 dakika ile 87,65 dakika arasinda, tam erime siiresi ise 34,18 dakika
ile 75,20 dakika arasinda degisiklik gOstermistir. En yiiksek L renk degeri siikrozlu sade ,en disiik L degeri ise, steviali kivili
orneklerde saptanmistir. Dondurma 6rneklerinde hacim artis orami 14,82 i1€%27,97 arasinda degismistir. Stevia ile tatlandirilan
dondurmalarda vizkozite degerleri siikroz katilmig 6rneklerden genellikle daha yiiksek bulunmus ve Orneklerin muhafaza siiresi
arttikca vizkozite degerleri de artmustir. Panelistler genel kabul edilebilirlik ve lezzet agisindan siikrozlu kivili dondurma 6rneklerini
en yiiksek diizeyde begenmislerdir.

Anahtar Kelimeler: Dondurma, Siikroz, Stevia, Kivi, Portakal, Greyfurt.

The Quality of Fruit Ice Cream Sweetened with Stevia

Abstract

In this study, it was aimed to determine whether stevia can be used as a sweetener instead of sucrose by producing fruit and plain ice
cream that can be consumed by diabetics and appealing to the tastes of other consumers by adding stevia instead of sucrose to ice
cream samples. Ice cream samples were produced using 3 different fruits (kiwi, grapefruit and orange) and 2 different sweetener
sources(sucrose and stevia) and the results were evaluated by analyzing them at 1 and 15 days of storage. The dry matter ratio of ice
cream samples varied between 29.42% and 34.32%, and the ash ratio varied between 0.82% and 1.55%. The pH value of the ice
cream samples varied between 5.07 and 6.45, and the pH value of the samples was lower than the plain ice cream samples. During
the 15-day storage period, the pH value decreased compared to the fresh (1st day) samples, while the acidity ratio increased. The first
dripping time of ice cream samples varied between 2.47 minutes and 87.65 minutes, and the full melting time varied between 34.18
minutes and 75.20 minutes. The highest L* color value was found in plain sucrose samples and the lowest L* value in kiwi with
stevia. The volume increase rate in ice cream samples varied between 14.82 and 27.97%. The viscosity values of the ice creams
sweetened with stevia were generally higher than that of samples added sucrose, and the viscosity values of the samples increased as
the storage time of the samples increased. As a result of sensory evaluation, plain sucrose ice cream samples were the most liked by
the panelists in terms of color and appearance. The panelists liked the sucrose kiwi ice cream samples at the highest level in terms of
overall acceptability and taste.
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1. Introduction

For the continuity of our health, we need to take adequate and regular nutrients. With the increasing importance given to
human health, the interest of many people in functional foods is increasing (Turgut and Cakmakg1, 2009). Ice cream is a dairy product
with a very complex structure, which is produced by freezing the mixture formed by adding milk, sugar, oil, salep, emulsifier and in
some cases, color and flavoring substances (Karaman 2009). Ice cream is a food that appeals to the taste of consumers with its high
nutritional value and variety of flavors. It is a dairy product that appeals to the senses of people with the color and aroma substances it
contains and that people enjoy most when consuming . Ice cream containing ingredients is a food that human sense organs can enjoy
at the highest level (Akin 2009). Since there is a very close relationship between human health and the foods consumed, research on
these issues is increasing day by day.

Although there is no definite information about who and how ice cream was first produced, there is a lot of information about
its making. It is said that the first production of ice cream was in Italy at the beginning of the 16th century, but according to some
sources, ice cream began to be produced in England with the discovery of ice. In our country, ice cream was first produced in Istanbul
and Kahramanmaras in 1900. Today, the ice cream industry has become one of the areas in the food industry and dairy technology.
The most important reason for the rapid development of ice cream production in our country is that the variety of raw materials is
abundant and cheap (Digrak et al., 2000).

The ice cream industry constitutes has a large part of dairy technology in the USA and European countries. Ice cream
production occurs mostly in the USA, where the annual consumption per capita reaches almost 25 liters. Ice cream production and
consumption are increasing in our country and it is generally consumed more in hot seasons. In developed countries, ice cream is seen
as a dessert with milk, and because it is consumed in all seasons, the amount of consumption reaches the desired level (Milci and
Common 2003). Ice cream production for the whole world is a new concept compared to other dairy products and has progressed
rapidly in a short period (Sahan and Kagar 2004). Today, to meet the increasing demand, ice cream production has been produced in
larger facilities by going beyond the traditional production methods, and as a result, it has become consumed all the time, not only in
the summer season (Bostan and Akin 2002).

Fruit ice creams produced using various fruit and fruit sauces attract the attention and appreciation of consumers. There is a
wide variety of flavored ice creams on the market today. Fruit ice creams are also one of the prominent groups. In ice creams to which
hard-shelled fruits are added, the fruit ratio should constitute at least 5% of the ice cream weight. In fruit ice cream, the fruit ratio
should be 15% of the total weight of the ice cream (Anonymous 2016). According to the Ice Cream Communiqué, fruit ice cream; is
called the type of ice cream produced by adding fruit, fruit juice, fruit concentrate, fruit puree and fruit paste to the ice cream mixture
(Anonymous 2005). Fruits, fruit purees, fruit juices, nuts, etc. are added to the ice cream during the making of ice cream. increases the
nutritional value of ice cream even more (Badem 2006).

Today, people are turning to sweeteners that are more natural for our health. Stevia is also an important sweetener, especially
for diabetic patients, and studies on stevia are increasing day by day. Various studies conducted today have proven that stevia does not
have any carcinogenic effect (Lemus-Mondaca et al. 2012). Ozdemir et al. (2015) used stevia as a sweetener in making plain ice
cream and found that the viscosity (7.25Pa.s) of the samples with stevia was lower than the samples with the addition of sucrose
(13.95Pa.s). In addition, the researchers determined the initial melting time of the samples between 1400s and 3460s, the final melting
time between 8700s and 9440s, the pH level between 6.50 and 6.62, the dry matter ratio between 30.77% and 35.39%, and the volume
increase rate of 8%. They found it between 54 and 10.17%. The researchers found that the dry matter and volume increase rates of the
plain samples added to stevia were lower than the samples added to the sucrose, but the initial dripping and final melting times were
longer.

To worldwide interest in the stevia plant, which is in the group of plants with high economic value, the production of the plant
in Turkey

2. Material and Method
2.1. Material

Full-fat cow's milk, salep, emulsifier, cream, granulated sugar, powdered stevia and powdered milk, and fruits (Kiwi,
grapefruit, orange) used in the production of ice cream samples, whose composition and sensory properties are suitable, were obtained
from the Erzurum market. Ice cream production was carried out in the laboratory of Atatiirk University, Faculty of Agriculture,
Department of Food Engineering.

2.1.1. Methods

2.1.1.1.Production of Ice Cream Samples

Plain ice cream mixes were prepared by adding 100 g skimmed milk powder, 50 g cream (50% fat), 10 g salep, 5 g emulsifier
and 200 g sucrose or 5 g stevia to 1 liter of full-fat cow's milk (3.1%). In addition, 8 plain and fruit ice cream mixes were prepared by
adding 200g fruit pulp (kiwi, orange and grapefruit) to the mixes with the same composition at 30°C after pasteurization. The mixes
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were matured in the refrigerator for 12 hours. It was then converted into ice cream in an ice cream machine and stored in a deep
freezer at -18 °C. This experiment was repeated 2 times.

2.1.1.2.Sampling and Preparation of Samples for Analysis

On the 1st and 15th days of the storage period, one glass jar was opened and samples were taken from each type of ice cream
stored in glass jars in the deep freezer. One day after the production, 8 packages were opened for each parallel for the physical and
chemical properties of the ice creams kept in the deep freezer. For sensory evaluations, 5 ice cream samples from each type of ice
cream, which were kept in the deep freezer in plastic containers, were used separately.

2.1.1.3.Physical and Chemical Analysis

The pH values of the mixtures of ice cream samples were determined at 20+1°C with a pH meter (Thermo Scientific Orion 4-
Star Benchtop pH/Conductivity Meters brand) adjusted with the help of buffer solutions (pH 4.0 or 7.0). (Oner and Aloglu 2018). The
titration acidity value was made according to the alkali titration method in milk and ice cream, and the data was written by converting
it to SH (Soxhlet Henkel) (Anonymous 1983). In the dry matter analysis, approximately 10 grams of samples were weighed precisely
into the previously cleaned, dried and tared dry matter containers and left to cool after drying in an oven at 100+5°C for 3 hours.
When the samples reached a constant weight, the drying process was terminated (Kurt et al. 2012). Porcelain crucibles were placed in
a muffle furnace at 550°C for the determination of ash content in ice cream samples. The crucibles were taken to the desiccator after 6
hours of burning, and after cooling, they were weighed and put back into the muffle furnace. The process was terminated as soon as
the last weighing of the crucible and the previous weighing were equalized. (Kurt et al. 2012).

In the determination of volume increase, ice cream was filled up to a certain volume in a measured cylinder, the tare of which
was determined, and weighed. The same ice cream sample was placed in a beaker and melted in a water bath. The melted mixture was
transferred to the same volume in the cleaned measuring cylinder and weighed again (Jimenez-Florez et al. 1993). The volume
increase rates were determined according to the formula below. Volume increase rate (%) = [ (Volume of Ice Cream - Volume of
Melted Ice Cream) / Volume of Melted Ice Cream] x 100. In determining the first dripping time, 10 g of ice cream sample was placed
in a wire strainer on tared containers and left to melt at 24°C. The time during which the ice creams begin to melt and the first drops
fall has been determined (Cotrell et al. 1979). In determining the full melting time, the hardened ice cream samples were left to melt
on a 0.2 cm wire mesh screen on top of a beaker at 20°C and the time (min) after the ice creams were completely melted ratio was
recorded (Guven and Karaca 2002). The viscosity of samples was determined using a digital Brookfield viscometer (Model DV-II)
after keeping the ice cream mixture at 4°C for 24 hours (Brookfield Engineering Laboratories, USA) (Soukoulis et al. 2014). Head no
6 was used for viscosity measurements and measurements were carried out at 20 and 50 rpm shear speeds. Hunter color values (L, a*
and b*) were determined by measuring from the surface using a color measuring device. Before making color readings, it was
calibrated with the standard calibration plate of the device (L*= 97.79, a*= -0.44 and b*= +2.04) (Mc Guire 1992).

2.1.1.4.Sensory Analysis

Ice cream samples were evaluated by 5 trained panelists. Ice cream samples were presented to the panelists at approximately -
10 degrees. Sensory evaluations were made over 9 points (Bodyfelt et al. 1988).

2.1.1.5.Statistical Analysis

The research was established and carried out according to the Full Chance Experimental Plan in factorial arrangement (8x2)
with 8 different fruit, sucrose and stevia ratios and 2 replications in 2 different storage periods. The obtained data were subjected to
variance analysis using the SPSS 20 package program (SPSS 20 for Windows, SPSS Inc., USA) and the average values of the major
sources of variation were analyzed with the Duncan multiple comparison test.

Table 1. Some analysis results of milk, cream, milk powder and fruits used in making ice cream samples

Analysis  Milk Cream Dry Milk Kiwi Orange  Grapefruit
pH 6.63 6.72 - 3.27 3.48 3.38
Acidity  6.73 20.93 -
(SH)
Dry Matter 12.78 64.70 96.00 16.38 1258 12.04
(%)
Fat (%) 3.1 62.36 1.34 - - -
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Table 2. Physical and chemical analysis averages of ice cream samples and Duncan test results

Ice Cream  DM(%) Ash pH Acidity(SH)  First Drip. Full  Melt Owerrune

Samples (%) Time (min.)  Time(min.) (%)
Sucrose 33.30° 0.95° 6.249 10.387 16.33° 36.12° 27.97¢
plain

Stevia 30.82%® 1.649 6.41° 13.98° 84.65° 180.37¢ 16.70%
Plain

Sucrose 31.80° 1.04¢ 543> 21.97¢ 6.40° 34.18° 19.72°
orange

Stevia 29.777 0.66 5.80¢ 15.58° 2.478 75.20° 16.99%
orange

Sucrose 30.20? 0.84° 5.63° 20.97% 7.84° 74.20° 14.822
Kiwi

Stevia 34.12¢ 1.55¢ 554° 25.66° 6.03° 73.76° 16.47%
Kiwi

Sucrose 34.32¢ 135" 5.36° 19.57 15.32¢ 74.32° 17.99%
Grapefruit

Stevia 29.422 0.82° 5.07* 1558° 21.01¢ 43.62° 15.35°
Grapefruit

Table 3. Viscosity and color measurement averages of ice cream samples and Duncan multiple comparison test results

Ice Cream Samples Color (L*) Color (a") Color (b") Viscosity Viscosity
20 rpm 50 rpm
Sucrose Plain 91.90°¢ -3.582 11.432 4873.75¢ 5257.25¢
Stevia Plain 84.48" -3.15? 14.97% 9091.50¢ 6494.00¢
Sucrose orange 85.61 -3.472 20.61°¢ 3315.758 2210.752
Stevia orange 86.98" -3.242 15.06% 3771.25° 2940.00°
Sucrose Kiwi 83.92"¢ -4.662 12.822 8970.25¢ 4314.50¢
Stevia Kiwi 71.36° -2.692 18.26% 12211.50¢ 5282.25¢
Sucrose Grapefruit 85.55% -2.54b 12.452 10543.50¢ 5477.00°
Stevia Grapefruit 82.79° -5.92¢ 10.362 11961.25¢ 5990.25

Table 4. Sensory Analysis Means of Ice Cream Samples and Duncan Multiple Comparison Test Results

Ice Cream Color and Texture Gummy Flavor Degree of  General
Samples Appearanc Swee Admiss
e tness ibility

Sucrose Plain 8.10° 6.80° 6.30° 6.60° 5.90° 6.702
Stevia Plain 6.70° 7.20° 6.60° 6.60° 8.20¢ 6.80°
Sucrose Orange 6.80? 7.50% 6.50P 7.40¢ 7.70° 7.60P
Stevial Orange 6.60? 6.70° 5.20? 5.40° 6.30% 6.40°
Sucrose Kiwi 7.60° 7.60% 6.60° 8.30° 7.70° 7.80°
Stevia Kiwi 6.60° 5.20° 5.30° 5.60° 6.80¢ 6.40°
Sucrose Grapefruit 6.90° 7.80° 6.30P 6.40° 5.20b 6.80°
Stevia Grapefruit 7.70% 6.70° 6.20P 4,302 4.40a 6.80°

3. Conclusion and Discussion

As a result of the analysis of variance on the dry matter and ash ratios of the ice cream samples, the difference between the
samples was found to be significant at the p<0.01 level. According to the Duncan multiple comparison test results, the ice cream
sample with the lowest dry matter ratio was grapefruit with stevia, while the highest dry matter ratio was found in the ice cream
sample with added stevia kiwi, and sucrose grapefruit. An example of ice cream is grapefruit with sucrose. Ozcan and Kurdal (1997),
in their study on cherry, strawberry and lemon ice cream in Bursa, concluded that fruit type and amount changed the dry matter ratio.
These results show a parallel with our study. Ozdemir (2023) found the dry matter ratio between 29.82% and 33.13% and the ash
ratio between 0.72% and 0.97% in their study by adding oleogel and different emulsifiers. According to the Duncan multiple
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comparison test results, the ice cream sample with the lowest ash content was the orange sample with stevia, while the ice cream
sample with the highest ash content was the plain ice cream sample with stevia. The reason why the ash ratio is high in sucrose ice
cream samples can be thought of as the fact that the sucrose we use is refined and the stevia we use contains mineral substances. Agu
(2014) determined that the ash ratios of ice cream samples with improved functional properties were between 1.13% and 1.26%.
Yesilsu (2010) reported that the amount of ash in the trial samples could be between 0.76% and 1.02%. Our findings are generally
similar to the results determined in this study.

As a result of the variance analysis of the pH values of the ice cream samples, the difference between the samples was found to
be significant at the p<0.01 level. The difference between storage times was found to be significant at the p<0.01 level. As a result of
Duncan’s multiple comparison test, the lowest pH value was determined in the grapefruit ice cream samples with stevia, and the
highest pH value was determined in plain ice cream with stevia. As a result of the Duncan test regarding the storage times; It was
determined that the pH values of the ice cream samples decreased with the increase of storage time. This is due to the high acidity
value of the fruits we use. Turgut (2006), in his study on probiotic and cream-enriched ice creams at different rates, stated that the pH
values of the mixes varied between 5.71 and 6.30. Kiigiikgetin et al. (2009) found pH values in the range of 5.51-7.16 in a study on
probiotic ice cream. These results show parallelism with the findings obtained in this study. It has been reported that the pH change in
fruit-added ice creams may be caused by processes such as the acidity of the fruit, the interactions between polyphenols and milk
proteins, and pasteurization applied to milk (Sun-Waterhouse et al. 2013). It was found significant at the 01 level. While the titration
acidity value of the grapefruit and orange ice cream samples with stevia added was lower than the samples with the addition of
sucrose, the addition of stevia increased the acidity value in the other samples. As a result of Duncan's multiple comparison tests, the
lowest titration acidity value was observed in sucrose plain ice cream samples, and the highest titration acidity value was determined
in Kiwi fruit ice cream samples with stevia. In fruit ice creams, acidity; varies according to the amount of acid contained in the fruit
varieties used in the production of the mix. The main factors affecting this are the maturity of the fruit used and the amount of fruit
added to the mix. In the study conducted by Erkaya et al. (2012), it was determined that the acidity values of ice creams with golden
strawberries added were between 9.72 to 14.66 SH and that SH values increased with the addition of fruit. The findings of Erkaya et
al. (2012) showed parallelism with the results of this study. Yesilsu (2010) found the acidity values of ice creams between 0.22% and
0.43% lactic acid in his study named the effect of some molasses varieties on the physical, chemical and sensory properties of ice
cream. It was determined that these results were generally similar to the findings of our study.

As a result of the analysis of variance on the first dripping times of the ice cream samples, the difference between the samples
was found to be significant at the p<0.01 level. The difference between storage times is insignificant (p>0.05). According to Duncan’s
multiple comparison test results, it was determined that the earliest dripping ice cream sample was orange with stevia, and the latest
dripping was seen in plain stevia ice cream. Aslaner and Salik (2017) found the average first dripping time of ice cream samples to be
344 s (5.7 minutes). Aliyev (2006), in his study on kefir and blueberry ice creams, determined that the first dripping time was between
12.54-53.26 minutes. The results of these studies generally show parallelism with the findings of our study. As a result of the analysis
of variance regarding the melting times of the ice cream samples, it was found to be significant at the p<0.01 level. The difference
between storage times is insignificant (p>0.05). As a result of Duncan’s multiple comparison test; The earliest full melting time was
determined in the sucrose plain ice cream samples and the latest full melting time was determined in the stevia plain ice cream
samples. With the addition of fruit in the stevia ice cream samples, it was observed that the full melting time was shortened compared
to the plain stevia ice cream samples. Akin et al (2006), in their study on ice cream containing probiotic bacteria in free and
encapsulated form, determined the full melting times between 1464 and 7600 s, respectively. These findings were in parallel with the
results of this study. As a result of the variance analysis of the volume increase rates of the ice cream samples, the difference between
the samples was determined to be significant at the p<0.01 level. The difference between storage times is insignificant (p>0.05). As a
result of the Duncan multiple comparison test, the highest volume increase rate was observed in sucrose plain ice cream samples, and
the lowest volume increase rate was determined in sucrose kiwi ice cream samples. Generally, the addition of stevia to ice creams
significantly decreased the volume increase rate of the samples compared to the samples with sucrose. Tekingen and Tekingen (2008)
stated that the volume increase in high-quality ice creams should generally be between 15% and 50%. Ice cream samples obtained in
this study can be classified as quality ice cream in terms of volume increase rates.

According to the variance analysis results, it was determined that all three color values of the ice cream samples were
statistically significant at the p<0.01 level. The difference between the storage times is insignificant (p>0.05). As can be seen from the
Duncan multiple comparison test result (Table 3), the highest L* value was determined in sucrose plain ice cream samples, and the
lowest L* value was determined in kiwi ice cream samples with stevia. In ice creams, this value was found to be lower due to the
different colors of the fruits. On the Hunter color scale, positive (+) values of a* color value indicate redness, and negative (-) values
indicate green. The positive (+) values of the b* color value indicate yellowness and the negative (-) values indicate blue (Uren 1999).
According to Duncan’s multiple comparison test results, the highest a* value was determined in grapefruit ice cream samples with
stevia, and the lowest a* value was determined in sucrose grapefruit ice cream samples. The highest b* value was determined in
sucrose orange ice cream samples and the lowest b* value was determined in grapefruit ice cream samples with stevia. Since no blue
fruit was used in our ice cream samples, b* values were positive (+). The a* value of ice cream samples with grapefruit is also
positive (+), indicating that the ice cream is red due to the color of the grapefruit. In the kiwi ice cream samples, the negative (-) color
value of a* shows the color of the ice cream as green due to the color of the kiwi fruit. Positive (+) values of b* indicate yellowness
and b* (+) values were determined in orange ice cream samples due to the orange color of orange. As a result of the Duncan multiple
comparison test, the lowest viscosity value was determined in sucrose orange ice cream samples at 20 and 50 rpm shear speed, and the
highest viscosity value was determined in Kiwi ice cream samples with stevia at 20 rpm. The highest viscosity value was determined
in the sucrose plain ice cream mix samples at 50 rpm shear speed. More viscosity values were determined in the ice cream mix
samples sweetened with stevia than in the samples with added sucrose. However, Ozdemir et al (2015) found that the addition of
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stevia to ice cream samples decreased the viscosity compared to the addition of sucrose. Akin et al (2006), in their study on
encapsulated ice cream, determined that the viscosity values of ice cream samples containing probiotic bacteria in free and
encapsulated form varied in the range of 3960-42400 cP. These results generally show parallelism with the findings of our study.

As a result of Duncan’s multiple comparison test, it was determined that the highest flavor score of ice cream samples was in
sucrose Kiwi ice cream samples and the lowest flavor score was found in grapefruit ice cream samples with stevia. In this study, it was
determined that the flavor of ice creams sweetened with sucrose was generally more appreciated than ice creams sweetened with
stevia. This situation was also detected in the study conducted by Ozdemir et al. (2015). This is because stevia leaves a slightly bitter
taste in the mouth (Alizadeh et al. 2014). As a result of Duncan's multiple comparison test, it was determined that the highest score in
the general acceptability was obtained by the kiwi ice cream sample with sucrose, and the lowest score was obtained by the kiwi with
stevia and orange ice cream with stevia. While it was seen that the general acceptability did not change in grapefruit ice creams, in
other ice cream samples, the general acceptability of those with sucrose was higher than those with stevia (Table 3).

4. General Conclusion and Recommendations

This research, it was aimed to produce a healthy, delicious and functional product by using stevia instead of sucrose in ice
cream production and to determine the sensory properties of the ice cream samples produced. A total of 8 ice cream samples were
produced, including 1 plain with sucrose and 3 with sucrose (orange, kiwi, grapefruit), 1 plain with stevia and 3 with stevia (orange,
kiwi, grapefruit) and stored for 15 days at -18°C. has been done. During storage, samples were analyzed on the 1st and 15th days. In
the evaluation of the analysis results, the data from the sucrose ice cream samples were taken as a reference. In this study, it was
observed that there was no ice cream sample rejected in general acceptability according to the sensory test result. It will be beneficial
to carry out new studies and to produce functional ice creams by using stevia as a sweetener in ice creams produced using plain and
various fruits.
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