. . Mayis/May 2024, 21(3
. Journal of Tekirdag Agricultural Faculty Basvurj;’lfecefvi " 04/12,(2;
Jo a Tekirdag Ziraat Fakdiltesi Dergisi Kabul/Accepted: 19/03/24

DOI: 10.33462/jotaf.1399931

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Investigation of the Bioaccessibility of Functional Ice Cream with Blueberry Enriched
with Whey Protein Gel

Peynir Alt1 Suyu Protein Jeli ile Zenginlestirilmis Yaban Mersinli Fonksiyonel Dondurmanin
Biyoerisilebilirliginin Arastirilmasi

Halime PEHLIVANOGLUY", Zeynep SUNAL? Mustafa YAMANS3, Asli AKSOY*
Abstract

Ice cream is a complex product obtained by blowing air through special equipment and then freezing a
physicochemical mixture consisting of milk, sugar, emulsifier, stabilizer, oil, color and flavoring substances.
Recently, especially with the pandemic experienced all over the world, consumers have begun to turn to functional
foods that have high nutritional value and are important for health. Functional foods, in addition to its nutritional
effects, are defined as foods that have health protective, corrective and/or disease risk reducing effects, depending
on one or more effective ingredients, and these effects are scientifically and clinically proven. In order for a product
to have functional properties, it must contain bioactive ingredients, probiotic microorganisms and also have a
prebiotic effect. For this reason, our study aimed to provide functional properties to ice cream with blueberries,
which are rich in phenolic compounds, and to examine the phenolic substance bioaccessibility of this functional
ice cream under mouth, stomach and small intestine conditions simulated with the in vitro gastrointestinal digestion
model system. In this context, functional ice cream was produced by trapping the phenolic rich blueberry fruit in
six different concentrations of whey protein gel, and the amount of phenolic substance and protein amount were
determined after in vitro digestion. While the phenolic substance content of protein gel ice cream in the small
intestine environment was between 261-485 ug/100 g and an average of 114 ug/100 g in the control sample, in the
oral environment these values were determined as 85-251 pug/100 g in protein gel ice cream and 291 pg/100 g in
the control sample. As a result of our study, it was determined that the amount of gallic acid phenolic substance
and bioaccessibility of ice cream samples produced with protein gel increased from the oral environment to the
small intestine. In the control sample (blueberry ice cream without protein gel), it was observed that the amount
of phenolic substance was highest in the oral environment and decreased as it went to the small intestine
environment. According to the FAO Guidelines for Use of Nutrition Claims, samples with a whey protein gel ratio
of 16%, 18% and 20% can be considered as "protein sources”. Thus, in this study, functionalized in terms of
protein content and phenolic substance, increased bioaccessibility and high protein ice cream production was
carried out.
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Oz

Dondurma siit, seker, emiilgatdr, stabilizator, yag, renk ve aroma maddelerinden olusan fizikokimyasal karigimin,
ozel ekipmanlar araciligiyla hava verilmesi ve ardindan dondurulmasi ile elde edilen kompleks bir tiriindiir. Son
zamanlarda 6zellikle tiim Diinyada yasanan pandemi ile birlikte tiiketiciler, besin degeri yiiksek ve saglik agisindan
onem arz eden fonksiyonel gidalara yonelmeye baslamislardir. Fonksiyonel gida, besleyici etkilerinin yani sira bir
ya da daha fazla etkili bilesene bagli olarak sagligi koruyucu, diizeltici ve/veya hastalik riskini azaltici etkiye sahip
olup, bu etkileri bilimsel ve klinik olarak ispatlanmis gidalar olarak tanimlanmaktadir. Bir {iriinlin fonksiyonel
ozellige sahip olabilmesi i¢in, biyoaktif bilesenler, probiyotik mikroorganizmalar icermesi ve bununla birlikte
prebiyotik etkiye sahip olmasi gerekmektedir. Bu nedenle ¢alismamizda fenolik bilesiklerce zengin yaban mersini
ile dondurmaya fonksiyonel 6zellik kazandirilmasi ve bu fonksiyonel dondurmanin in vitro gastrointestinal
sindirim model sistemi ile simiile edilen agiz, mide ve ince bagirsak kosullarinda fenolik madde
biyoerisilebilirliginin incelenmesi amaglanmistir. Bu kapsamda fenolik madde agisindan zengin yaban mersini
meyvesi 6 farkli konsantrasyondaki peynir alt1 suyu tozu protein jeli igerisine hapsedilerek fonksiyonel dondurma
tiretimi gergeklestirilmis ve in vitro sindirim sonras1 fenolik madde miktar1 ve protein miktar1 belirlenmistir.
Protein jelli dondurmanin fenolik madde miktart ince bagirsak ortaminda 261-485 ng/100 g arasinda ve kontrol
numunesinde ortalama 114 pg/100 g iken, agiz ortaminda bu degerler protein jelli dondurmalarda 85-251 pg/100
g ve kontrol 6rneginde 291 pg/100 g tespit edilmistir. Caligmamiz sonucunda, protein jeli ile tiretilen dondurma
orneklerinin, agiz ortamindan ince bagirsaga dogru gidildikce gallik asit cinsinden fenolik madde miktarinin ve
biyoerisilebilirliginin arttigi tespit edilmistir. Kontrol numunesinde (protein jeli igermeyen yaban mersinli
dondurma) ise fenolik madde miktarinin en fazla agiz ortaminda bulundugu, ince bagirsak ortamma gidildikce
azaldig1 gozlenmistir. FAO Guidelines for Use of Nutrition Claims’e gore peynir alti suyu tozu protein jeli
orani %16, %18 ve %20 olan numuneler “protein kaynagi” olarak nitelendirilebilmektedir. Béylece bu ¢alismada
protein igerigi ve fenolik madde bakimindan fonksiyonellestirilmis, biyoerisilebilirligi arttirilmis dondurma
tiretimi gergeklestirilmistir.

Anahtar Kelimeler: Dondurma, Fenolik, /n vitro, Sindirim, Yaban mersini, Peynir alt: suyu, Protein jel
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1. Introduction

Balanced nutrition is important for maintaining health and sustaining life. Therefore, the nutrients the body
needs should be consumed daily in appropriate proportions. Milk and dairy products, which have an important
place in daily nutrients, are a good source of calcium, phosphorus, protein, vitamin By, and vitamin B, (Engindeniz
et al., 2021). Milk is an essential nutrient source that is secreted after birth in mammals and is important in terms
of carbohydrates, proteins, fats, vitamins and minerals. It contains all the nutrients necessary for living things to
develop and continue their lives. However, due to the high amount of water in the composition of milk, its rapid
deterioration and the difficulty of transportation and storage conditions have made it necessary to transform milk
into a more durable product. Food manufacturers have turned to products such as cheese, yoghurt and ice cream,
which are easier to evaluate instead of milk. In this context, ice cream, which is a dairy product, that composition
can be changed easily stands out as a delicious and generally preferred alternative by consumers of all ages
(Fedakar and Turgay, 2020).

Ice cream is a product that is frequently consumed by people, giving energy, easy to digest and has a high
nutritional value. Ice cream was first produced by the Chinese, and the first commercial ice cream production took
place in Baltimore in 1851 and in Istanbul and Kahramanmaras in the 1900s in Turkey (Badilli, 2020). The
composition of ice cream generally varies according to the ingredients in its composition and the demands of the
market. Depending on the content of the mixture, ice cream contains 3-4 times more fat, carbohydrates and
approximately 12-16% more protein compared to milk. The presence of additives such as nuts and fruit increases
the nutritional value of ice cream. A standard ice cream contains 8-20% fat, 13-20% sugar, 36-43% total dry matter,
0-0.7% stabilizer and emulsifier (Legassa, 2020).

Functional foods are foods that have positive effects on human health due to the bioactive substances they
contain such as phytochemicals, antioxidants, prebiotics, probiotics, proteins, dietary fibers, cholines and
oligosaccharides (Mehmetoglu and Tarakg1, 2023). Today, consumers who are conscious about healthy living have
turned to functional foods. With the increase in this demand, the concept of functional food has become very
important. When the most consumed functional food types are examined, it is seen that milk and dairy products
take the first place (Urkek et al., 2021).

It is reported that the blueberry fruit used in the production of ice cream has antimutagenic, anticarcinogenic,
antibacterial and antioxidant effects and the ice cream produced positively affects human health (Salihler, 2020;
Arslan, 2021). However, the fact that foods have functional properties is not enough on its own in terms of benefits
for human health. In a food containing a high amount of phenolic substances, losses are observed in the amount
of phenolic substances after digestion. For this reason, the important thing is the amount of phenolic substance
remaining in the body after digestion. This refers to bioaccessibility. Bioaccessibility is defined as the amount of
nutrients in the food that can be removed from the food matrix and ready for absorption in the small intestine after
the food is digested (Ince and Cagindi, 2020).

Protein ratio of products can be increased in order to add functional properties to foods. Whey protein is
commonly added to products to increase the amount of protein, which is one of the most important types of
macromolecules. Whey is a very valuable product containing approximately 20% of milk proteins and has a high
nutritional feature. B-Lactoglobulin (B-Lg), a-Lactalbumin (aLa), Immunoglobulin (Ig) contained in whey protein
support immunity. In addition, lactoferrin is known to have antifungal, antiviral and antibacterial properties. Also
vitamins (riboflavin, folic acid and cobalamin) and minerals (calcium and phosphorus) in whey are also important
for health (Yerlikaya et al., 2010).

Since in vivo studies are faced with problems such as ethics, time, and cost, studies on bioaccessibility of
nutrients are generally examined using in vitro systems (Lee et al., 2016; Minekus et al., 2014; Sopade and Gidley,
2009). Structural changes, absorption and digestion of foods can be studied using simulated mouth, stomach and
small intestine model systems (Menard et al., 2014).

The primary purpose of this study is to produce ice cream by trapping the phenolic rich blueberry fruit in six
different concentrations of whey protein gel: 10%, 12%, 14%, 16%, 18% and 20%. The second aim was to examine
the bioaccessibility of these ice creams after in vitro digestion.
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The pandemic experienced all over the world since 2020 has provided a better understanding of the importance
of functional products. In this respect, functional ice cream developed in our study is thought to be important in
terms of healthy nutrition. It is thought that the method used in product development will shed light on different
studies.

2. Materials and Methods
2.1. Material

Cow's milk, cream, sugar and blueberries used in the production of functional ice cream were supplied from the
markets in the Istanbul market. Guar gum, soy lecithin, carboxy methyl cellulose (CMC), sodium chloride (NaCl),
pancreatin, sodium hydroxide (NaOH), hydrochloric acid (HCI), potassium chloride (KCI), calcium chloride (CaCly),
lipase, serum albumin etc. digestive solutions were obtained from Sigma (Sigma, St. Louis, MO, USA).

2.2. Preparation of whey protein gel

Studies were designed on optimum concentrations by conducting preliminary experiments at concentrations
between 2-20%. 10-12-14-16-18% and 20% whey protein gels were prepared with water, respectively. Freeze dried
10% blueberry in a lyophilizer was added to the protein gel (the ratio of blueberries was kept constant in all whey
protein gels). The whey protein gel mixture was mixed first in a magnetic stirrer and then in an ultrasonic stirrer for
about 15 min. It was kept in a water bath at 85 °C for 30 min and then cooled to 4 °C.

2.3. Drying

Blueberries supplied frozen were freeze dried in a laboratory scale lyophilizer (Martin Christ, Beta 1-8 LSC plus,
Germany) at -60 °C and 1 hPa pressure for 36 h (lower than 2% moisture content on dry basis).

2.4. Production of ice cream

In this study, protein gel was used as a carrier. An ultrasonic mixer (SELECTA® (Spain), 5 min) was used for
homogenization using the batch system procedure specified in the study of Goff (2006). For the production of
functional ice cream, stabilizer (guar gum, CMC), emulsifier (soy lecithin), sugar, cream and fat were weighed and
added to the pasteurized milk sample. The mixture was then mixed until a homogeneous appearance was obtained.
This prepared mixture was pasteurized by heating at 85 °C for 5 min. After pasteurization, cooling was carried out at
4 °C and the mixture was left to mature for 2 h at 18 °C. After ripening, protein gel was added to the mixture with
vanilla flavor and the mixture was mixed in the ice cream maker (Wiirttembergische Metallwaren Fabrik, Germany)
for 15 min. The final product obtained was shaped by pouring into molds and then stored at -20 °C.

2.5. Invitro digestion analysis

The total amount of phenolic substance in functional ice cream was calculated in gallic acid before digestion and
after in vitro digestion. The method suggested by Yaman et al., (2019) was used in the in vitro digestion method. The
preparation of digestive solutions is shown in Figure 1.

580 mg o-amylase 5 g pepsin 18 g panreatin+3 g lipase

68 mL NaHCO;

7 NaC 6.5 Cl(37¢g 6.4 C
1.7 mL NaCl mL HCI (37 g/L) mL KCI (84.7g/L)

(1753 ¢/L) 18 mL CaCl,.2H,0 (89.6¢/L)

8 mL urea (25 g/L) (22.2gL) 9 mL CaCl, 2H,0

(22.2g/L)

10 mL CaCl,.2H,0
(22.2g/L)

15 mg uric acid 1 g bovine serum :
§ AT lot 18 g bovine serum
5 albu g bovine seru :
50 mg mucin umin 2 ine serum e
2 . alb

3 g mucin Aot :
5 (\()g bile

Figure 1. Preparation of digestion solutions
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2.6. Digestion simulations

In vitro mouth digestion: 5 g of ice cream sample was weighed in a 100 mL beaker, 10 mL of distilled water was
added along with 5 mL of mouth solution, and it was mixed for 30 seconds to make it homogeneous. Homogeneous
solutions were incubated in a shaking water bath at 37 °C for 5 min (Yaman et al., 2019).

In vitro gastric digestion: After oral digestion, 10 mL of gastric solution was added and mixed for 30 seconds to
make it homogeneous. Homogeneous solutions were incubated in a shaking water bath at 37°C for 2 h.

In vitro intestinal digestion: After gastric environment, 2 mL of 70% NaHCO3; was added to the solution and the
pH was maintained to be 7.0. Then, 10 mL of small intestine solution + 5 mL of bile solution were added and the pH
was maintained to be 8.0 with 0.1 M HCl and 1 M NaOH. Finally, the samples were mixed in a shaking water bath at
37 °C for 2 h (Yaman et al., 2019).

After digestion, the final volume was diluted to 50 mL with deionized water and centrifuged at 8000 rpm for 5 min
at 25 °C and filtered through a 0.45 um filter (ChromXpert® (CA)) and total phenolic substance was determined by
using HPLC.

2.7. Total phenolic substance analysis

Total phenolic substance in blueberry fruit and ice cream samples was extracted with 99.99 purity methanol using
ultrasonic extraction method. Then, the amount was determined by HPLC (Bujor et al., 2016).

Extracts were stored at 4 °C until analysis. The extracted samples were mixed in an ultrasonic mixer (Selecta
ultrasounds HD) at 4 °C for 15 min. The mixed samples were transferred to 50 mL falcon tubes, centrifuged at 25 °C,
8000 rpm for 5 min and filtered through a 0.45 pum cellulose acetate filter (ChromXpert® (CA)).

The filtrate was injected into the HPL.C device using the ultraviolet (UV) detector. The device was adjusted to have
a column temperature of 40 °C, a wavelength of 280 nm, an injection volume of 20 uL, and a flow rate of 1 mL/min.
The amount of phenolic substances in gallic acid was calculated with the help of the calculation of the peak areas
obtained as a result of the analysis (Yaman et al., 2019).

2.8. Protein analysis and energy calculation

Protein determination was made according to AOAC (Anonymous, 1994), energy calculation was made according
to FAO (Anonymous, 2003). An evaluation was made regarding the protein and energy amounts of the developed ice
creams using the FAO (Food and Agriculture Organisation) Guidelines for Use of Nutrition Claims. Accordingly, the
product is defined as a "protein source™ if it meets 5% of the nutritional reference value (50 g for protein) per 100 kcal
(Anonymous, 2023).

2.9. Statistical analysis

Analyzes were performed in two replications and two parallels. It was evaluated statistically at the 0.05 significance
level by applying the Kruskal Wallis Test (p<0.05).

3. Results and Discussion
3.1. The effect of whey protein gel on the amount of phenolic substances in ice cream in in vitro environment

Total phenolic content (ug/100g) of functional ice creams prepared with blueberry and different whey protein
concentrations are given in Table 1. The total amount of phenolic substances for blueberries was determined as 12311

ug/100g.

As seen in Table 1 and Figure 2, the phenolic substance amount of ice cream samples in the oral environment after
in-vitro digestion was detected as the lowest in 20% protein gel ice cream as 85 pg/100gr and the highest in the control
ice cream sample as 291 pg/100g. In the stomach environment, the lowest value was determined as 117 pg/100g in the
protein gel ice cream sample prepared with 20% whey protein, and the highest was 293 pg/100g in the protein gel ice
cream sample prepared with 10% whey protein. In the small intestine, the lowest was determined as 114 pg/100g in
the control ice cream sample, and the highest was 485 1g/100g in the protein gel ice cream sample prepared with 20%
whey protein.
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When the results were evaluated statistically, the increase in protein concentration caused a significant decrease in
the amount of phenolic substances in the oral environment and a significant increase in the small intestine environment
(p<0.05). It is thought that these values are due to the fact that the increased protein gel concentration makes the gel
structure more stable and stronger, and the gel acts as a carrier by keeping the phenolic substances in the oral
environment and transporting them to the small intestine.

Table 1. Phenolic substance amounts of protein gel ice cream prepared with whey protein at different
concentrations in in vitro digestion (ug/100g)

Phenolic Substance Amounts (ug/100g)

Type of Ice Cream

Control 10% 12% 14% 16% 18% 20%
Mouth Digestion 291+172 251+12b 256+9P 248+15b 176+8¢ 96+6¢ 85+6¢
Gastric Digestion 2866 293+6% 283+£1%® 270+4° 192+4¢ 132+10¢ 117+54
Small Intestine Digestion 114478 261+49 369+14¢ 442+420P 436+10P 432+15P 485+142

10%: Sample with protein gel prepared with 10% whey protein, 12%: Sample with protein gel prepared with 12% whey protein, 14%: Sample
with protein gel prepared with 14% whey protein, 16%: Sample with protein gel prepared with 16% whey protein, 18%: Sample with protein
gel prepared with 18% whey protein, 20%: Sample with protein gel prepared with 20% whey protein.

500 ~ ®Meuth 485
=y Gastric
80 450 432
8 Eimallintestine
lg'h 400
=2
= 350
5 291786
2z
o 300 261256
O
o 250
(=]
=
£ 200
E
v 150 o 132 117
=
E 100 85
2 [
£ so |
Control %10 %12 %14 %16 %18 %20

Protein Concentration

Figure 2. Relationship between protein concentration and phenolic substance content in different digestion
stages

Texture analysis was not performed instrumentally, but was interpreted according to the evaluation of the texture
parameter in the sensory analysis in the study conducted by Sunal et al., (2022). In the protein gel formation process,
it was observed that gelling was better after 20% protein concentration. Because whey protein is-whey-pewderprotein;
it is resistant to hydrolysis and when it reaches the small intestine, the digestion of proteins takes place. Whey proteins
are also known as ‘fast' proteins because they empty rapidly from the stomach and are delivered intact to the small
intestine (Boirie et al., 1997). For this reason, phenolic substances trapped in the whey protein gel in our samples
became free in the small intestine with the controlled release of the gel. In this context, protein gel caused a significant
increase in the amount of phenolic substance from the oral environment to the small intestine environment in the in
vitro system (p<0.05) (Figure 3). As the gelling power increases, phenolic substances are better kept in the mouth and
stomach environment, and due to the gel structure formed, phenolic substances are protected from external factors such
as gastric fluid, temperature, pH, enzymes.
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Figure 3. Amount of phenolic substance in in vitro small intestine digestion

Yaman et al., (2019) found that the bioaccessibility of folic acid added to infant formula was affected by gastric
pH. The protein gel in our study prevented phenolic substances from being affected by gastric pH. It can be thought
that the protein gel retains especially phenolic substances throughout the digestive system and protects them against
oxidation.

3.2. Effect of whey protein gel on bioaccessibility

The % bioaccessibility values of the functional ice creams produced in our study were 9.3 for control, 21.2 for
10%, 30.0 for 12%, 35.9 for 14%, 35.4 for 16%, 35.1 for 18% and 39.3 for 20%. Bioaccessibility values were
calculated based on the values obtained before and after the initial digestion. Bioaccessibility was determined by
dividing the value after digestion by the value obtained before digestion. When these values were compared
statistically, it was determined that protein gel had a significant positive effect on % bioaccessibility (p<0.05).
When the effect of protein concentration on bioaccessibility is examined, the ideal protein concentration can be
considered to be 20%. Proteins, as biological macromolecules, are reported to be good carriers for bioactive
components (Ju et al., 2020). In our study, it was determined that the increased protein concentration provides
bioaccessibility by keeping the phenolic substance better in the mouth and stomach environment and delivering it
to the small intestine. The protein gel in this study acted as a kind of microencapsulation, so that phenolic
substances were transported with an easier method. In a study by Betz et al., (2012), anthocyanin rich blueberry
extract (BE) was microencapsulated using whey protein gels and it was determined that the loss of BE compounds
of the capsules prepared by the emulsion method reduced TEAC. In another study, it is stated that filamentous gels
support intracellular iron absorption and these results show promise for filamentous gels to transport iron and
increase its absorption, and therefore should receive great attention in the development of innovative functional
foods (Remondetto et al., 2004).

Inceday1 (2021) investigated the bioaccessibility of pomegranate syrup and pomegranate sauce after
gastrointestinal digestion, and as a result of the study, it was found that the total amount of phenolic substances
decreased in these samples after in vitro digestion, and the bioaccessibility was 74% for pomegranate molasses
and 81% for pomegranate sour sauce. As a result of our study, it was determined that phenolic substances in the
gastrointestinal system were adversely affected by pH, enzyme, temperature, etc. and were damaged before it
reaches the small intestine. When Table 2 is examined, it can be seen that the protein gel protects the phenolic
substances during in vitro digestion and has a positive effect on bioaccessibility. Both our study and the study by
Inceday1 (2021) show that phenolic substances are adversely affected during in vitro digestion.

In a study by Hatamipour et al. (2019), curcumin, bisdemethoxycurcumin, and desmethoxycurcumin were
found to decrease in the bioaccessibility values of 89%, 87%, and 87%, respectively, in the small intestine after in
vitro digestion. It was determined that these rates increased significantly after nanoencapsulation, and
encapsulation with nanomicelles increased bioaccessibility as in protein gel (p<0.05).
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In another study, it was determined that the release of unencapsulated raw propolis in the small intestine
environment was quite low under in vitro digestion conditions, and more than 95% of propolis encapsulated with
alginate biopolymer was released at pH 7.4. In addition, it was determined that propolis capsules coated with
alginate completely dispersed in the simulated small intestine environment after 2 hours, releasing all of the active
ingredients in it, so that the alginate capsules released at the target point at a high rate as desired (Keskin, 2018).

All studies have shown that the stomach and intestinal environments negatively affect the stability of phenolic
substances and cause a decrease in the amount of phenolic substances, and the gelation or encapsulation process
applications have positive effects on the digestion of the active ingredients and their releases in the small intestine.

3.3. Effect of whey protein concentration and temperature on gelling

Whey protein is used in many food products due to its water binding, emulsion and gelling properties
(Damodaran, 1994).

In our study, it was determined that the gelation time decreased with increasing whey protein concentration.
As a result, it was determined that increasing protein concentration contributed positively to gelation, and the
shortest gelation time was at 20% protein concentration, and the longest gelation time was at 10% protein
concentration (p<0.05). Values were given in Table 2.

Table 2. Relationship between whey protein concentration and gelation time

Protein concentration Gelation time
10% 45 min
12% 40 min
14% 35 min
16% 30 min
18% 25 min
20% 20 min

Similarly, in a study by, it was found that the higher the protein concentration, the longer the gelation time in
whey proteins prepared at the rate of 12%, 15%, 18% by keeping the pH constant (pH: 10.0) was found to decrease.
The values in our study are consistent with the mentioned study (Gunasekaran, et al., 2007).

In another study by Opazo-Navarrete et al., (2018), it was emphasized that when the protein concentration is
high enough, aggregation causes a strong gel formation, while aggregation leads to precipitation of isolated
proteins when the protein concentration is low. When our study is compared with the previous studies, it can be
concluded that the results obtained are similar.

In order to determine the best gelling temperature, preliminary experiments were carried out at different
temperatures and it was determined that the best gel structure was formed at 85 °C. Since a strong gel structure
does not form at temperatures below 85 °C and the transport of phenolic substances to the small intestine was
detected at lower values, it was studied at 85 °C. Similarly, in a study it was determined that heating O/W emulsions
stabilized with whey protein isolate (WPI) up to 85°C prevents proteolysis by making whey protein isolate (WPI)
more resistant (Li et al., 2013).

3.4. Protein and energy amount of developed ice creams

The protein and energy content of the developed ice creams and the health claims that can be made according to
the FAO Guidelines for Use of Nutrition Claims are shown in Table 3. According to the FAO Guidelines for Use of
Nutrition Claims, if the product meets 5% (2.5 g) of the nutritional reference value (50 g for protein) per 100 kcal, the
product is defined as a "protein source", and if it provides 2 times the source value (5 g), the product is defined as "high
protein".

As seen in Table 3 the energy values and protein ratios of the ice cream samples increased depending on the
increased whey protein concentration. According to FAO, protein gel ice cream samples prepared with 16%, 18%
and 20% whey protein can be defined as protein sources.
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Table 3. Health claim that can be made with protein and energy ratios of ice cream samples

I(s:err:;)eIz;n Energy (kcal/100 g)  Protein (%0) Health claim

Control 215.01 2.12 -
10% 200.72 3.84 -
12% 202.83 432 -
14% 204.95 4.80 -
16% 207.07 5.28 protein source
18% 209.19 5.76 protein source
20% 211.31 6.24 protein source

4, Conclusions

In our study, which we have carried out starting from the concept of functional food, that has gained great
importance in line with consumer demands in recent years, ice cream, which is a healthy and delicious dairy product,
has been made a more beneficial product in terms of health by gaining functional properties and increasing its
bioaccessibility. Within the scope of this purpose, six functional ice creams were developed by trapping the functionally
rich blueberry fruit (10%) in the protein gel obtained with 10%, 12%, 14%, 16%, 18% and 20% whey protein. Thus,
the functionality of the samples in terms of protein amount and their bioaccessibility in terms of phenolic substances
were determined in mouth, stomach and small intestine conditions simulated with the in vitro gastrointestinal digestion
model system.

In the blueberry ice cream (control) sample that does not contain whey protein gel, the amount of phenolic substance
is at least 114 pg/100g in the small intestine and at most 291 pg/100g in the oral environment. In the protein gel ice
cream samples prepared with whey protein, it was determined that the amount of phenolic substance was at least 85
pg/100g in the oral environment, and the maximum was 485 ng/100g in the small intestine.

It is thought that the protein gel protects against oxidation, especially by keeping phenolic substances throughout the
digestive tract, thus increasing bioaccessibility. In addition, proteins can be used in functional product formulations
due to their gelling properties. Therefore, if this study is supported by in vivo and other in vitro studies, that it can guide
functional product development studies.

The increase in protein concentration caused a significant decrease in the amount of phenolic substances in the oral
environment and a significant increase in the small intestine environment (p<0.05). It has been determined that
increasing protein concentration makes the gel structure more stable and stronger, and plays a carrier role in terms of
phenolic substances in the gastrointestinal tract. As the protein gel concentration and temperature increased, the
gelation time and capacity increased, and the optimum temperature for gel formation was determined to be 85 °C.

In addition, protein ratios and energy values of the control ice cream sample and the developed ice cream samples
were determined. Depending on the increased whey protein concentration, the energy values and protein ratios of the
products have also increased. According to FAO, protein gel ice cream samples prepared with 16%, 18% and 20%
whey protein can be considered as protein sources.

The protein gel ice cream sample, prepared with 20% whey protein, is the ice cream type with the highest gelation,
bioaccessibility and protein content. Therefore, it is thought that this sample, which is the strongest in terms of
functionality, can be preferred for industrial production.
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