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ABSTRACT

An increasing interest in probiotic-fortified foods today can be attributed to factors such as the pandemic, climate
change, and modern lifestyles. In the process of incorporating probiotics into foods, several crucial factors must be
considered, including the selection of the appropriate strain, ensuring survival in the gut, production techniques, and
storage conditions. The sugar content of these products is equally important, as it can significantly affect the survival
and effectiveness of probiotics. Some products in the market may contain excessive amounts of sugar to make them
more appealing to consumers. This study aims to determine the specific strains and sugar content in commercially
available probiotic-fortified foods. Additionally, it seeks to investigate the impact of sugar on probiotics and evaluate
the sugar levels in these products based on recommended dietary guidelines. Literature review indicated that strain
selection and sugar content in probiotic-fortified foods could play a crucial role in the viability of probiotics and their
health effects. High sugar content could negatively impact gut microbiota balance and reduce probiotic survival,
emphasizing the necessity for consumers and food manufacturers to carefully assess total and added sugar levels.
Further investigation into the interactions between different probiotic strains and sugar types is highly recommended
for improving product formulations and ensuring the long-term health benefits of probiotics.
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Probiyotiklerle Desteklenmis Gidalardaki Suslar ve Seker igerikleri
0z

Gundmizde probiyotiklerle desteklenmis/gliglendirilmis gidalara olan ilginin artisi, pandemi, iklim degisikligi ve
modern yasam tarzi gibi faktorlere baglanabilir. Probiyotiklerin gidalara dahil edilmesi sirecinde, dogru susun
secilmesi, bagirsakta hayatta kalma yeteneg@inin saglanmasi, uretim teknikleri ve saklama kosullari gibi énemli
faktorler dikkate alinmalidir. Bu driinlerde bulunan seker miktari da esit derecede 6nemlidir, ¢lnkl probiyotiklerin
hayatta kalmasini ve etkinligini énemli 6lgiide etkileyebilir. Piyasadaki bazi drinler, tiketicilere daha cazip hale
gelmesi icin asin miktarda seker icerebilmektedir. Bu galisma, ticari olarak erisilebilir probiyotik ilaveli gidalardaki
spesifik sus cgesitlerini ve seker icerigini incelemeyi amaglamaktadir. Ayrica, sekerin probiyotikler Gzerindeki etkisini
arastirarak bu Urinlerdeki seker seviyelerini 6nerilen kilavuzlara gore degerlendirmeyi hedeflemektedir. Literatur
derlemesi, probiyotiklerle desteklenmis gidalarda sus secimi ve seker iceriginin, probiyotiklerin canlihgi ve saghk
Uzerindeki etkileri agisindan dnemli bir rol oynadigini ortaya koymaktadir. Yiksek seker igeridi, bagirsak mikrobiyota
dengesini olumsuz yonde etkileyebilir ve probiyotiklerin hayatta kalmasini azaltabilir, bu da tiketiciler ve gida
ureticileri icin toplam ve ilave seker seviyelerinin dikkatle degerlendiriimesi gerekliligini vurgulamaktadir. Farkli
probiyotik suslari ve seker tirleri arasindaki etkilesimin daha ayrintili incelenmesi, Uriin formulasyonlarinin
gelistiriimesi ve probiyotiklerin uzun vadeli saglik faydalarinin saglanmasi agisindan énerilmektedir.

Anahtar Kelimeler: Probiyotikli gida, Probiyotik, Seker, Canlilik, Saglik etkileri
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INTRODUCTION

The ecosystem of microorganisms living in a particular
environment is called the “microbiota”. Similar to the
human microbiota, the soil microbiota is the living
ecosystem of the earth and consists of a wide variety of
organisms. Environmental pollutants introduced in
modern life have a negative impact on soil microbiota. A
decline in the nutritional value of foods is a result of
these negative alterations in the soil. Macro and
micronutrient deficiencies are gradually increasing in
modern people who are fed low-nutritional-value foods
[1]. In addition, industrial toxins, a western-style diet,
and a sedentary lifestyle cause dysbiosis in which the
balance of the intestinal microbiota is disturbed [2]. In
the last century, the need for foods that provide benefits
beyond nutritional function has increased to modulate
nutritional deficiencies and impair gut microbiota. In
addition, consumer demand for high-quality meals and
awareness of healthy living have led to the development
of functional foods. Functional foods can be created by
changing the content of food using different engineering
and biotechnological methods or by adding bioactive
components, such as phenolic compounds, vitamins,
minerals, and fiber [3]. Probiotics, which are beneficial
bacteria, have also been used for this purpose.
Probiotics are known to strengthen the immune system
and improve overall health by regulating human gut
microbiota [4]. Food formulations containing probiotic
bacteria have an important place among functional
foods due to the numerous proven health benefits they
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provide in addition to their traditional nutritional functions

[51.

Owing to functional food technology, foods that are not
contain probiotic bacteria (such as tea, -coffee,
chocolate, and granola) are used as probiotic-fortified
products. However, the selected probiotic must be well
defined at the species and strain levels and be safe for
consumption. Additionally, probiotic strains must be
compatible with the food matrix, resistant to production
processes, and maintain their viability under storage
conditions. Active strains must survive until the end of
the product’s shelf life to provide the expected benefits
from probiotics. In addition, they must survive in the low
pH, bile salt, and enzymatic environment of the
gastrointestinal tract to reach and colonize the intestine
[6]. Therefore, not all probiotics are suitable for use in
food. When choosing which probiotics to use in food
formulations, the manufacturer should consider many
factors [7]. The most common microorganisms found in
probiotic foods are Lactobacillus and Bifidobacterium
spp. However, because of their tolerance to harsh
environments, spore-forming bacteria, such as Bacillus
coagulans and Bacillus subtilis, are becoming more
common in the food industry [8].

Sugar is added to food products to ensure the consumer
acceptability of food and to improve its sensory
properties [9]. Sugar is added to make nutrient-dense
foods, including probiotic foods, appropriate for general
consumption (Figure 1).
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Figure 1. The effect of sugar amount on viability in probiotic-fortified foods

Health authorities agree that people can consume some
sugar within their daily recommendations [10]. However,
it should be noted that the nutritional composition of
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probiotic foods and the added active strains interact [3].
Considering the addition of different types and amounts
of sugar sources to foods, the impact of the consumed
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sugar quantity on probiotic activity is often overlooked.
The sugar content in probiotic food products should be
evaluated to ensure their effective use in a healthy diet.
In our study, the compositions of probiotic-containing
food samples from almost every sector available on the
market were analyzed and assessed in terms of their
sugar content (Table 1 and Table 3). Given that studies
have shown a decline in the survival rates of probiotic
bacteria in dairy products produced using different sugar
sources or amounts [11], the potential risks of sugar’s
impact on the viability of probiotic bacteria in food are a
significant public health concern.

PROBIOTIC-FORTIFIED FOODS
Viability of Strains

Viability is a basic requirement for the mechanism of
action and functionality of probiotics. The viability of
probiotic microorganisms can be divided into two parts:
food and the human body [3]. Microorganisms must
survive primarily under food production and storage
conditions [7]. Processing parameters, such as the
strain selected during food production, fermentation
conditions, food matrix (sugar or salt content, aromatic
compounds, preservatives, pH, water activity), heat
treatment, incubation temperature, and microbiological
parameters (strain of probiotics employed, rate, and
proportion of inoculation) are among the factors affecting
probiotic viability. The packaging material used, and
packaging conditions should also be considered as they
affect the conditions of microorganisms during storage

[6].

The next step is to survive the passage through the
gastrointestinal tract. The acidic environment, bile salts,
enzymes, and peristaltic movements in the intestinal
tract are the major challenges for microorganisms [12].
Different encapsulation methods are used to protect
microorganisms from harsh conditions in the
gastrointestinal tract. However, there are a few
important factors: the capsules used should not affect
the sensory properties of the food; they should provide
cell release and be protective in the gastrointestinal
tract. Thus, probiotics can reach the intestine and show
the expected effects [13].

The type and concentration of sugar and/or sweetener
added to the product during food processing can affect
probiotic viability. In a study, the impact of varying sugar
and inulin levels on the viability of probiotic bacteria was
investigated. They utilized different formulations of
probiotic ice cream containing freeze-dried mixed
cultures of Streptococcus salivarius spp. thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus acidophilus La-14, and Bifidobacterium
lactis BL-01. This study focused on ice cream samples
prepared with three different sugar concentrations (15%,
18%, and 21%) and two levels of inulin (1% and 2%).
Over a 90-day storage period, the viability of probiotic
bacteria in these formulations was evaluated. The
results indicated that the viability of yoghurt and
probiotic bacteria was influenced by inulin and sugar
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levels. Inulin, which serves as a food source for probiotic
microorganisms, increases bacterial viability. lce cream
samples with 18% sugar concentration exhibited the
highest number of viable bacteria. Conversely, the
viability of the bacteria was lower at 15% and 21% sugar
concentrations. Furthermore, this study emphasized that
different bacterial strains react differently to the same
sugar and inulin levels. S. thermophilus demonstrated
the highest viability during storage, whereas L.
acidophilus and B. lactis showed a rapid decrease in
viability. In fact, at the end of the 90-day storage period,
the viable numbers of L. acidophilus and B. lactis (5 log
CFU/q) fell below acceptable levels ( =6 log CFU/g) [13].

Another study investigated the effects of low-calorie
sweeteners as substitutes for sugar on the bacterial
vitality in ice cream. Kalicka et al. [14], examined the
viability of Bifidobacterium animalis subsp. lactis BB-12
strain before and after storage in nine different ice
cream formulations containing various amounts of
polyols (maltitol, erythritol, xylitol) and sugar. The control
group was treated with an ice cream containing sucrose
(15%). After 28 days of storage, all samples had a live
cell count above 8 log CFU/g. The lowest vitality was
observed in the sample containing 7.5% sucrose and
8.38% erythritol, whereas the highest vitality was
consistently maintained in the control group. A sugar
ratio of 15% yielded good vitality. This study supports
the use of polyols in appropriate doses as a substitute
for sugar.

To maximize the benefits of probiotic-fortified foods, pH,
NaCl, sugar type/concentration, fat concentration, and
storage conditions should be considered. When
discussing the relationship between sugar and viability,
it is important to consider that higher sugar
concentrations can negatively impact both bacterial
viability and sensory characteristics. In addition, the
selection of specific probiotic bacterial strains plays a
vital role in determining their response to these factors.
Therefore, when determining the sugar levels in
probiotic-fortified product formulations, it is necessary to
consider the specific viability requirements of the chosen
bacterial strains to ensure optimal survival. This is
crucial for preserving the desired probiotic benefits in the
final product and providing functional food to consumers.
The number of bacteria (>7 log CFU/g) in probiotic-
fortified foods must be maintained throughout their shelf
life. Hence, the production process of probiotic foods
should be designed to preserve the viability of probiotic
microorganisms and maintain the specified bacterial
count until the end of the shelf life [15].

Strain Content of Probiotic-fortified Foods

The dynamics and stabilization of the human gut
microbiome during the first year of life are influenced by
the mother’s microbiota, diet, lifestyle, and genetics [16].
The diversity of the microbiota, which is affected by diet,
lifestyle, ethnicity, geography, and environmental factors
during the lifetime. Packaged probiotic- fortified products
and their strain content in the current food market are
listed in Table 1 as model products.
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Table 1. Probiotic- fortified products and strain contents (Products in the table were found by searching the word

“probiotic food” in the online database)

Probiotic Product

Brand Name

Active Strain Content

Grain And Grain Products

Bread The Grain Seed'licious
Cracker Kuna Pops
Chickpea Granola- Wholesome Effi Foods
Raspberry
Probiotic Oatmeal & Banana
Gerber
Baby Cereal
Special K® Probiotics Berries Kelloas
& Peaches Cereal 9
Muesli Sunsol
Bar Fropie
Oat Bar Nice & Natural

Gluten Free Pancake Waffle
Mix

Baking mix Gluten Free, Nut
Free, Vegan, Pizza Crust Mix

Enjoy Life

Enjoy Life

. coagulans
. coagulans
. coagulans

. lactis

B
B
B
B
B. lactis
B. coagulans
B. coagulans
B. coagulans
B. coagulans
B

. coagulans

Dairy Product

Milk Moringa Caldus Bifidobacterium longum ssp. longum BB536
Bifidobacterium lactis BB-12, L. acidophilus LA-5, L. rhamnosus LB-3, L. casei (2
Lowfat Yoghurt Nancy’s isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2 isolated
strains), B. lactis (2 isolated strains)
Yoghurt Activia B. lactis
Dairy Free Yoghurt Califia Farms Bifidobacterium BB-12, S. thermophilus, L. bulgaricus
Drinkable Yoghurt Danactive Lactobacillus casei CNCM 1-1518
B. lactis BB-12, L. acidophilus LA-5, L. rhamnosus LGG, L. rhamnosus LB-3, L.
Kefir Nancy’s casei (2 isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2
isolated strains), B. lactis (2 isolated strains)
Probiotic Drink Yakult L. casei Shirota
Probiotic Shot Activia L. bulgaricus, L. lactis, S. thermophilus
Sour Cream Good Culture L. acidophilus, B. lactis
Cottage Cheese Sek L. acidophilus, B. lactis

Products Containing Fruit and Vegetables

Organic Vegetable and Fruit
Mix

Garden of Life

L. gasseri, L. plantarum, L. casei, L. acidophilus

Non-Dairy Smoothie Love Grace Bacillus coagulans

Fruit Gel Welch’s B. subtilis

Juice Biola L. rhamnosus

Juice Tropicana B. lactis

Juice Valio Gafilus L. rhamnosus GG

Fruit Drink Danone Proviva L. plantarum

Sorghum Cauliflower Puffs Vegan Rob’s Bacillus coagulans

Fruit kombucha Humm Bacillus coagulans, B. subtilis
Soup Presserys Bacillus coagulans

Antioxidant Berry mix

Nature’s garden

L. rhamnosus GG

Sugar Product

Chocolate Healthy Delights Naturals B. coagulans

Lollipop Dr. John’s B. subtilis

Chocolate Shake Lyfe Fuel Lactobacillus acidophilus DDS, L. plantarum, L. rhamnosus, B. breve, B. longum
Sugar Sugar 2.0 B. coagulans

Herbal tea sweetened with B. animalis, B. lactis, L. acidophilus, L. casei, L. rhamnosus, Lactococcus lactis

Vita Biosa 10+

molasses ssp., Lactis biovar. Diacetylactis, L. pseudo mesenteroides, S. thermophilus
Drinks
Green tea Dogadan B. coagulans
Black tea Dogadan B. coagulans
Coffee Gut Power B. coagulans
Water Karma B. coagulans
Hot chocolate Cocosutra B. coagulans
Dairy free drinkable yogurt Califia farms Bifidobacterium lactis BB-12, S. thermophilus, L. bulgaricus
Choco cinnamon banana
. Vega B. coagulans
vegan protein powder
Pear digestion shot Goodbelly L. plantarum 299V
Mojita lime mint coconut Kevita B. coagulans

sparkling drink

Metabolism tea

Super organics

B. coagulans

Turmeric ginger shot

Welo

B. subtilis

Table 1 presents a compilation of commercially available
probiotic-fortified products categorized into grain-based
items, dairy and non-dairy products, fruit and vegetable-
containing foods, sugar products, and beverages. The
active probiotic strains identified in these products
include various species of Bacillus, Lactobacillus, and

63

Bifidobacterium, which are known for their potential
health benefits, particularly in gut microbiota modulation.
The products in Table 1 were selected as examples
from almost every category in the food and beverage
industry. When the strain content of the products was
examined, it was observed that Bacillus coagulans,



B. Bayer, N. Usta, O. Ustiin-Aytekin Akademik Gida 23(1) (2025) 60-71

Bacillus subtilis, Bifidobacterium lactis, and Lactobacillus
rhamnosus strains were frequently used in the food
market.

Characteristic of Strains

Bacillus coagulans, Bacillus subtilis, Bifidobacterium
lactis, and Lactobacillus rhamnosus are the probiotic
microorganisms most frequently employed in probiotic-
fortified products, as demonstrated in Table 1, and they
accepted GRAS status. The origins of these probiotic
microorganisms, their bacterial attributes, health
impacts, preferred food sources, and the benefits of their
utilization are comprehensively outlined in Table 2. The
strains, such as Bacillus coagulans, Bacillus subtilis,
Bifidobacterium lactis, and Lactobacillus rhamnosus,
demonstrate unique attributes such as resistance to
stomach acid and bile, spore formation, and lactic acid
production, which contribute to their viability in various
food matrices. These probiotics are associated with
significant health benefits, including gastrointestinal
health improvement, immunomodulation, and prevention
of infections, making them valuable components in both
dairy and non-dairy probiotic products. Although
probiotic strains generally promote gut health, specific
species also provide specific benefits [17]. However,
when it comes to a probiotic that provides benefits to
people in food and beverages, the characteristics of
probiotic bacteria might be variable [7].

Sugar in Probiotic- Fortified Products

According to WHO, the sugar naturally present in fruits
and vegetables is named ‘intrinsic sugars’ and "free
sugar" includes all monosaccharides and disaccharides
added to foods and sugars naturally found in honey,
molasses, and fruit juices [52]. Intrinsic sugars take
longer to enter the bloodstream and have less of an
impact on blood sugar than added sugar, owing to
beneficial components such as fiber and various
phytochemicals found in fruits and vegetables. In
addition, while sugar increases the energy content of the
diet, it also decreases the quality of the diet as it
decreases the nutrient density [9].

Sugar is an essential taste component of packaged
products. In a consumer report from FONA, a specific
subsidiary, it was found that 70% of consumers prioritize
taste over high sugar content in a product. Despite this,
50% of consumers aim to cut down on their sugar
intake. As a result, the market for new products with
reduced sugar has surged by 54% since 2017 [53].

Additional sugar consumption is influenced by factors
such as age, sex, ethnicity, and income. Men, young
adults, low-income individuals, and adolescents
consume more sugar than the average population.
However, in recent years, the importance of specifying
the sugar levels and sources in packaged foods has
increased considerably. According to the results of the
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survey studies, consumers want to know how much
sugar is in the product and what its source is, and taste
is still the most important parameter [54]. This indicates
that consumers’ choices are flavor-based rather than
health based. Consumer preferences for probiotic food
products are also similar. Probiotic- fortified products
containing added sugars have been preferred over
sugar-free products. This affects the ingredients of
packaged probiotic products containing added sugar [9].
However, excessive sugar (more than 5% of total daily
calories from added sugar, according to WHO)
consumption leads to many non-communicable
diseases such as obesity, diabetes, and heart disease
[10]. The negative effects of sugar on health and its
increasing prevalence have resulted in organizations
such as the WHO and NHS (National Health Service)
making consumption recommendations on sugar and
added sugar.

In this case, the content and nutritional values of
packaged foods (such as calories, total carbohydrates,
total fat, protein, salt, and sugar) should be known to
consumers. Consumers choose food according to the
nutrition labels written on the package. Therefore,
nutrition labels are of great importance in influencing
consumer behavior. Anastasiou, Miller, and Dickinson
[55] published a systematic review of the relationship
between food label use and dietary intake in adults. The
presence of health claims and use of nutrition labels
have been reported to result in healthier decisions. A
new FDA regulation requires added sugars to be listed
on the ‘nutrition facts label’ so that you can make
decisions based on your unique needs and preferences.
There is information such as added sugar and fiber
under the term carbohydrates on the label. The term
“total carbohydrates” on the labels refers to the total
amount of dietary fiber, sugars that are naturally found in
the foods they contain and added sugars. When
reviewing nutrition labels, the primary focus should be
on how many carbohydrates come from added sugar
[56].

According to the ftraffic light labelling, a product’s total
sugar content of 100 g should be less than 5 g for a low
level, between 5 and 22.5 g for a medium level, and
22.5 g or more for a high level. Products with low,
medium, and high total sugar are colored green, amber,
and red, respectively [57].

According to the WHO [58], "Sugar Intake for Adults and
Children" guidelines, added sugar from foods should be
below 5% of the daily energy requirements. In Table 3,
the percentage of added sugar is presented according to
the percentage of daily value (DV) in the Ilabel
information. Daily values are the reference amounts of
nutrients to be consumed or not exceeded each day.
From this point of view, as seen in Table 3, the sugar
contents of probiotic- fortified products available on the
market were given according to WHO guideline and
traffic light labelling.
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Table 3. Packaged probiotic-fortified products and sugar contents (Prepared using the product information of the

manufacturers.)

Servi Sugar Added Sugar Total S Level
Probiotic Product Product Siezr:I.frE:galnrie Amount Amount Total Sugar/100 g ('I?r:fficul_giﬁ'l:lt E:Eellin
(T.S/A.S) (WHO 5% Criteria) g €

g:'s':)"lf;ifra"”'a' Wholesome oo s 30g / 140 keal 4913 7% 13.3g Med Level
Probiotic Oatmeal & Banana Med Level
Baby Cereal Gerber 15g / 60 kcal 2g9/<ig <1% 13.3g
g::g::;‘f:;:r"’""s Berries & iog's 42g 1 160 keal 13g /12g 24% 3099 High Level
Muesli Sunsol 50g /196 kcal Tigiu u 15.4g Med Level
Cashew & Chia Prebiotic Bar Fropie 35q /138 kcal 13.7g / 0g 0% 3919 High Level
Oat Bar Nice & Natural 35g /153 keal Bg /U u 17.1g Med Level
Gluten Free Pancake Waffle Mix  Enjoy Life 40g /140 keal 5g/U 9] 12.5g9 Med Level
Lowfat Yogurt Blueberry Nanc'y 150g /120 keal 14g/7g 14% 9.3g Med Level

ogurt (plain ctivia g cal g/0g ] g ed Level
Yogurt (plain) Activi 100g /100 keal 1g1/0 0% 11 Med Level
H;'Lﬂ"" Probiotic Fruit & Archer Farms 359 160 keal 21g/19g 38% 60g High Level
R{i’:ﬁ:‘l"e Drinkable Yogurt Danone 93mL /80 keal 13g /10g 20% 14g Med Level
Kefir (plain) Nancy's 240mL /180 keal 8g/0g 0% 3.3g Low Level
Probietic Drink Yakult 80mL /50 keal 10g /9 18% 12.5g Med Level
Probiotic Daily Shot (plain) Activia 80mL /27 2 keal 37g10g 0% 469 Low Level
Peach & Tea Prebiotic Daily
Shot Activia 80mL / 45 kcal 69g/U u 8.6g9 Med Level

*(T.S: Total Sugar, A.S: Added Sugar, U: Unknown)

Table 3 lists probiotic-fortified products categorized by
low, medium, and high sugar levels. It does not provide
definitive information on how these sugar levels affect
the benefits of probiotics, but high sugar consumption is
known to reduce intestinal bacterial diversity, potentially
leading to microbiota dysbiosis. Consequently, selecting
probiotic products with low or medium sugar levels, as
indicated in Table 3, may support a healthier diet.
Furthermore, the traffic-light labeling for sugar levels is
determined based on total sugar content, making it
essential to consider the amount of added sugar in each
product. For instance, Table 3 shows that a low-fat
blueberry yogurt contains 9.3 grams of total sugar,
placing it in the medium sugar category, yet 14% of this
sugar comes from added sources, which should be
taken into account when making dietary choices.
Another example is a drinkable yoghurt, which contains
a total of 14 g of sugar and is considered a product with
medium sugar levels; however, 20% of this sugar is
added sugar. Both probiotic yoghurts exceeded the
WHO's sugar recommendations. This situation can be a
risk factor for a decrease in probiotic bacteria and
increase in pathogenic bacteria. Therefore, it is
important to consider both the total sugar content and
amount of added sugar in probiotic- fortified products. At
this point, the effect of sugar on the viability of probiotics
in the products and how this effect reflects the beneficial
effects of probiotics has become significant.

The impact of added sugar on the viability of probiotics
in functional foods varies depending on factors such as
the type and concentration of sugar, the specific
probiotic strains used, and the processing conditions of
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the food product. As a result, research studies have
been conducted using different sugar levels, various
strains, and diverse food matrices to investigate the
relationship between sugar and the viability of probiotics.
Table 4 presents the selected research studies
concerning the correlation between sugar and viability in
probiotic- fortified products.

As shown in Table 4, ice cream is frequently utilized in
probiotic studies due to its ability to support probiotic
viability. In such products, high sugar concentrations can
induce osmotic stress, potentially leading to cell damage
or death. Conversely, sugar may also exert a
cryoprotective  effect, mitigating freezing-induced
damage [59].

Shahsavan et al. [61] tested this issue using ice cream
formulations with different quantities of sugar (14%,
16%, and 18%) and fat (5%, 7.5%, and 10%). The study
found that the lowest number of L.casei cells was
observed in the sample with 14% sugar and 10% fat,
while the sample with 16% sugar and 5% fat had the
highest number of cells. As the amounts of sugar and fat
increased, the viability of L. casei was negatively
affected. Similarly, Akin et al. [13] also examined ice
cream formulations with varying sugar concentrations
(15%, 18%, and 21% w/w) and observed that a relatively
high sugar content could have a negative impact on
probiotic viability due to excessive osmotic pressure.
The best viability was observed in the sample with 18%
sugar. Both studies indicate that optimal L. casei viability
is achieved at moderate sugar concentrations.
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In addition to sugar, the impact of low-calorie
sweeteners on probiotic activity is also a subject of
interest. Therefore, sweeteners are commonly used in
studies that monitor probiotic viability in food products. A
study conducted on white chocolate investigated the
viability of Lactobacillus acidophilus and Lactobacillus
paracasei in sugar-containing and sugar-free (containing
maltitol) chocolates. The study found that L. acidophilus-
maintained cell counts above 7 log CFU/g during a 90-
day storage period. L. paracasei initially exhibited a
faster decline but stabilized at around 6.61-6.89 log
CFU/g. Throughout the study, although sucrose
provided better results, the cell counts in white chocolate
containing maltitol was still reported to be within the
therapeutic range (>6 log CFU/g) [62]. Similarly, Kalicka
et al. [60] investigated the effects of sweetener and
sugar on viable cell count in ice cream containing
Bifidobacterium animalis subsp. BB-12. In the study, the
highest number of viable cells was found in the control
sample containing 15% sucrose, while the lowest
numbers were found in the sample containing a
combination of erythritol and sucrose. At the end of the
28-day storage period, it was reported that the cell
counts of all ice cream samples indicated promising
results, with a consistent presence of 8 log CFU/g.
Gindogdu et al [66] reported 7.49 log CFU/g for the
same contidions for Bifidobacterium animalis subsp. BB-
12.

In summary, the varying sugar content of the products
determines the viability of probiotic bacteria and the
sensory properties of the product. However, higher
sugar concentrations do not always result in a lower
count of viable bacteria. It is the responsibility of food
manufacturers to find the right concentrations for both
the sensory and physical properties of the product, as
well as its probiotic activity. In fact, the inclusion of
higher sugar amounts in probiotic-fortified products
intended for health benefits is not deemed appropriate
when evaluated in the context of a healthy diet [67].

In contrast, a notable portion of individuals face
challenges in embracing sugar-free variants of probiotic-
fortified products. For such individuals, an advisable
approach might involve selecting the products featuring
sugar content below 5% during the initial phase of
acclimatization. The integration of these specific
probiotic items, known to enhance overall health, into
their dietary regimen could be deemed an advantageous
strategy.

CONCLUSION

In this review, we evaluated probiotic-fortified foods
across different categories available in the market based
on their strain composition and sugar content. The sugar
levels found in these foods often surpass the
recommended daily limits for added sugar and total
sugar intake as advised by the World Health
Organization (WHO) and the National Health Service
(NHS). According to the guidelines, opting for low-sugar
options can increase both consumption and the intake of
probiotics. However, the precise threshold at which
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excessive sugar consumption leads to dysbiosis and
inhibits probiotic activity remains uncertain.

The viability of a particular probiotic strain can vary
depending on factors such as the type of sugar, sugar
concentration, strain type, product formulation, and food
processing conditions. Conducting research that focuses
on specific strains would be invaluable in understanding
how different amounts of sugar impact viability — either
supporting or inhibiting it. Such strain-specific
investigations will shed light on the intricate interplay
between sugar content and probiotic viability, offering
critical insights for optimizing these foods' benefits.

REFERENCES

[1] Davis, D.R. (2009). Declining fruit and vegetable
nutrient composition: what is the evidence?
HortScience, 44(1), 15-19.

Tungland, B. (2018). Dysbiosis of the Microbiota:
Therapeutic Strategies Utilizing Dietary Modification,
Pro- and Prebiotics and Fecal Transplant Therapies
in Promoting Normal Balance and Local Gl
Functions. In Human Microbiota in Health and
Disease, Edited by B. Tungland, Academic Press,
Cambridge, USA, 381-419p.

Palanivelu, J., Thanigaivel, S., Vickram, S., Dey, N.,
Mihaylova, D., Desseva, |. (2022). Probiotics in

(2]

(3]

functional foods: survival assessment and
approaches for improved viability. Applied Sciences,
12(1), 455.

[4] Hill, C., Guarner, F., Reid, G., Gibson, G.R.,

Merenstein, D.J., Pot, B., Morelli, L., Canani, R.B.,
Flint, H.J., and Salminen S., Calder, P.C., Sanders,
M.E. (2014). The international scientific association
for probiotics and prebiotics consensus statement
on the scope and appropriate use of the term
probiotic. Nature Reviews Gastroenterology and
Hepatology, 11, 506-514.
Jones, P.J., Jew, S. (2007). Functional food
development: concept to reality. Trends in Food
Science and Technology, 18(7), 387-390.
Terpou, A., Papadaki, A., Lappa, LK,
Kachrimanidou, V., Bosnea, L.A., Kopsahelis, N.
(2019). Probiotics in food systems: significance and
emerging strategies towards improved viability and
delivery of enhanced beneficial value. Nutrients,
11(7), 1591.
Mortazavian, A.M., Mohammadi, R, Sohrabvandi, S.
(2012). Delivery of probiotic microorganisms into
gastrointestinal tract by food products. In New
Advances in the Basic and Clinical
Gastroenterology, Edited by T. Brzozowski, InTech,
Rijeka, Croatia, 121-146p.
Konuray, G., Erginkaya, Z. (2018). Potential use of
Bacillus coagulans in the food industry. Foods, 7(6),
92.
Acton, R.B., Vanderlee, L., Hobin, E.P., Hammond,
D. (2017). Added sugar in the packaged foods and
beverages available at a major Canadian retailer in
2015: a descriptive analysis. Canadian Medical
Association Open Access Journal, 5(1), E1-E6.
[10] Johnson, R.J., Segal, M.S., Sautin, Y., Nakagawa,
T., Feig, D.l.,, Kang, D.-H., Gersch, M.S., Benner,

(3]

(6]

(7]

(8]

(9]



B. Bayer, N. Usta, O. Ustiin-Aytekin Akademik Gida 23(1) (2025) 60-71

S., Sanchez-Lozada, L.G. (2007). Potential role of
sugar (fructose) in the epidemic of hypertension,
obesity and the metabolic syndrome, diabetes,
kidney disease, and cardiovascular disease. The
American Journal of Clinical Nutrition, 86(4), 899-
906.

[11] Akin, M., Akin, M., Kirmaci, Z. (2007). Effects of
inulin and sugar levels on the viability of yoghurt and
probiotic bacteria and the physical and sensory
characteristics in probiotic ice-cream. Food
Chemistry,104(1), 93-99.

[12] Blaiotta, G., La Gatta, B., Di Capua, M., Di Luccia,
A., Coppola, R., Aponte, M. (2013). Effect of
chestnut extract and chestnut fiber on viability of
potential probiotic Lactobacillus strains under
gastrointestinal tract conditions. Food Microbiology,
36(2), 161-169.

[13] Heidebach, T., Forst, P., Kulozik, U. (2012).
Microencapsulation of probiotic cells for food
applications. Critical Reviews in Food Science and
Nutrition, 52(4), 291-311.

[14] Kalicka, D., Znamirowska, A., Pawlos, M.,
Buniowska, M., Szajnar, K. (2019). Physical and
sensory characteristics and probiotic survival in ice
cream sweetened with various polyols. International
Journal of Dairy Technology, 72(3), 456-465.

[15] Francavilla, R., Piccolo, M., Francavilla, A.,
Polimeno, L., Semeraro, F., Cristofori, F.,
Castellaneta, S., Barone, M., Indrio, F., Gobbetti,
M., De Angelis, M. (2019). Clinical and

microbiological effect of a multispecies probiotic
supplementation in celiac patients with persistent
IBS-type symptoms: a randomized, double-blind,
placebo-controlled, multicenter trial. Journal of
Clinical Gastroenterology, 53(3), e117.

[16] Backhed, F., Roswall, J., Peng, Y., Feng, Q., Jia,
H., Kovatcheva-Datchary, P., Li, Y., Xia, Y., Xie, H.,
Zhong, H., Khan, M.T., Zhang, J., Li, J., Xiao, L., Al-
Aama, J., Zhang, D., Lee, Y.S., Kotowska, D.,
Colding, C., Tremaroli, V., Yin, Y., Bergman, S., Xu,
X., Madsen, L., Kristiansen, K., Dahlgren, J., Wang,
J. (2015). Dynamics and stabilization of the human
gut microbiome during the first year of life. Cell Host
Microbe, 17(5),690-703.

[17] Ciorba, M.A. (2012). A gastroenterologist's guide to
probiotics. Clinical Gastroenterology and
Hepatology, 10(9), 960-968.

[18] Altun, G.K., Erginkaya, Z. (2021). Identification and
characterization of Bacillus coagulans strains for
probiotic activity and safety. LWT, 151, 112233.

[19] Aminlari, L., Shekarforoush, S.S., Hosseinzadeh, S.,
Nazifi, S., Sajedianfard, J., Eskandari, M.H. (2019).
Effect of probiotics Bacillus coagulans and
Lactobacillus plantarum on lipid profile and feces
bacteria of rats fed cholesterol-enriched diet.
Probiotics and Antimicrobial Proteins, 11, 1163-
1171.

[20] Batra, N., Singh, J., Banerjee, U.C., Patnaik, P.R.,
Sobti, R.C. (2002). Production and characterization
of a thermostable (-galactosidase from Bacillus
coagulans RCS3. Biotechnology and Applied
Biochemistry, 36(1), 1-6.

[21]Kimmel, M., Keller, D., Farmer, S., Warrino, D.
(2010). A controlled clinical trial to evaluate the

69

effect of GanedenBC (30) on immunological
markers. Methods and Findings in Experimental and
Clinical Pharmacology, 32(2), 129-132.

[22] Kobus-Cisowska, J., Szymanowska, D.,
Maciejewska, P., Szczepaniak, O., Kmiecik, D.,
Gramza-Michatowska, A., Kulczynski, B., Cielecka-
Piontek, J. (2019). Enriching novel dark chocolate
with Bacillus coagulans as a way to provide
beneficial nutrients. Food and Function, 10(2), 997-
1006.

[23] Minamida, K., Nishimura, M., Miwa, K., Nishihira J.
(2015). Effects of dietary fiber with Bacillus
coagulans lilac-01 on bowel movement and fecal
properties of healthy volunteers with a tendency for
constipation.  Bioscience,  Biotechnology = and
Biochemistry, 79(2), 300-306.

[24] Ayala, F.R., Bauman, C., Cogliati, S., Lefini, C.,
Bartolini, M., Grau, R. (2017). Microbial flora,
probiotics, Bacillus subtilis and the search for a long
and healthy human longevity. Microbial Cell, 4(4),
133.

[25] Errington, J., Wu, L.J. (2017). Cell Cycle Machinery
in Bacillus subtilis. Subcellular Biochemistry, 84, 67-
101.

[26] Hong, H.A., Khaneja, R., Tam, N.M., Cazzato, A,
Tan, S., Urdaci, M., Brisson, A., Gasbarrini, Barnes,
A.l., Cutting, S.M. (2009). Bacillus subtilis isolated
from the human gastrointestinal tract. Research in
Microbiology, 160(2), 134-143.

[27] Jezewska-Frackowiak, J., Seroczynska, K.,
Banaszczyk, J., Jedrzejczak, G., Zylicz-Stachula,
A., Skowron, P.M. (2018). The promises and risks of
probiotic  Bacillus species. Acta Biochimica
Polonica, 65 (4), 509-519.

[28] Lefevre, M., Racedo, S.M., Denayrolles, M., Ripert,
G., Desfougeres, T., Lobach, A.R., Simon, R,
Pélerin, F., Justen, P., Urdaci, M.C. (2017). Safety
assessment of Bacillus subtilis CU1 for use as a
probiotic in humans. Regulatory Toxicology and
Pharmacology, 83, 54-65.

[29] Lei, K., Li, Y.L, Wang, Y., Wen, J., Wu, H.Z., Yu,
D.Y., Li.W. (2015). Effect of dietary supplementation
of Bacillus subtilis B10 on biochemical and
molecular parameters in the serum and liver of high-
fat diet-induced obese mice. Journal of Zhejiang
University. Science B, 16(6),487-495.

[30]Lu, Z., Guo, W., Liu, C. (2018). Isolation,
identification, and characterization of novel Bacillus
subtilis. Journal of Veterinary Medical Science,
80(3), 427-433.

[311Olmos, J., Paniagua-Michel. J. (2014). Bacillus
subtilis a potential probiotic bacterium to formulate
functional feeds for aquaculture. Journal of Microbial
and Biochemical Technology, 6(7) ,361-365.

[32] Piggot, P. (2009). Bacillus subtilis. In Encyclopedia
of Microbiology, Edited by M. Schaechter, Academic
Press, Oxford, UK, 45-56p.

[33]Su, Y., Liu, C., Fang, H., Zhang, D. (2020). Bacillus
subtilis: a universal cell factory for industry,
agriculture, biomaterials, and medicine. Microbial
Cell Factories, 19(1), 1-12.

[34] Tompkins, T., Xu, X., Ahmarani, J. (2010). A
comprehensive review of post-market clinical



B. Bayer, N. Usta, O. Ustiin-Aytekin Akademik Gida 23(1) (2025) 60-71

studies performed in adults with an Asian probiotic
formulation. Beneficial Microbes, 1(1), 93-106.

[35] Candela, M., Turroni, S., Centanni, M., Fiori, J.,
Bergmann, S., Hammerschmidt, S., Brigidi, P.
(2011). Relevance of Bifidobacterium animalis
subsp. lactis plasminogen binding activity in the
human gastrointestinal microenvironment. Applied
and Environmental Microbiology, 77(19), 7072-
7076.

[36]de Souza Oliveira, R.P., Perego, P., de Oliveira,
M.N., Converti, A. (2012). Growth, organic acids
profile and sugar metabolism of Bifidobacterium
lactis in co-culture with Streptococcus thermophilus:
The inulin effect. Food Research International,
48(1),21-27.

[37]Janer, C., Arigoni, F., Lee, B., Pelaez, C., Requena,
T. (2005). Enzymatic ability of Bifidobacterium
animalis subsp. lactis to hydrolyze milk proteins:
identification and characterization of endopeptidase
O. Applied and Environmental Microbiology, 71(12),
8460-8465.

[38]Jungersen, M., Wind, A., Johansen, E,,
Christensen, J.E., Stuer-Lauridsen, B., Eskesen, D.
(2014). The science behind the probiotic strain
Bifidobacterium animalis subsp. lactis BB-12®.
Microorganisms, 2(2), 92-110.

[39]Kim, N.Y., Ji., G.E. (2012). Effects of probiotics on
the prevention of atopic dermatitis. Korean Journal
of Pediatrics, 55(6), 193.

[40]Lépez, P., Gueimonde, M., Margolles, A., Suérez,
A. (2010). Distinct Bifidobacterium strains drive
different immune responses in vitro. International
Journal of Food Microbiology, 138(1-2), 157-165.

[41]Meile, L., Ludwig, W., Rueger, U., Gut, C,,
Kaufmann, P., Dasen, G., Wenger, S., Teuber, M.
(1997). Bifidobacterium lactis sp. nov., a moderately
oxygen tolerant species isolated from fermented
milk. Systematic and Applied Microbiology, 20(1),
57-64.

[42] Shah, N.P., Lankaputhra, W.E.V. (2002).
Bifidobacterium spp: Morphology and Physiology. In
Encyclopaedia of Dairy Sciences, Edited by H.
Roginski, Academic Press, USA, 141-146p.

[43] Solano-Aguilar, G., Dawson, H., Restrepo, M.,
Andrews, K., Vinyard, B., Urban Jr, J.F. (2008).
Detection of Bifidobacterium animalis subsp. lactis
(Bb12) in the intestine after feeding of sows and
their  piglets.  Applied and  Environmental
Microbiology, 74(20), 6338-6347.

[44]1Ku, S., Yang, S., Lee, H.H., Choe, D., Johnston,
TV, Ji, GE. Park, MS. (2020). Biosafety
assessment of Bifidobacterium animalis subsp.
lactis AD011 used for human consumption as a
probiotic microorganism. Food Control, 117,
106985.

[45] Gharbi Yahyaoui, A., Bouzaiene, T., Aouidi, F.,
Aydi, A., Hamdi, M. (2017). Traditional cereal food
as container of probiotic bacteria “Lb. rhamnosus

GG”: optimization by response surface
methodology. Journal of Food Quality, 1-12.
[46] Gorbach, S., Doron, S., Magro. F. (2017).

Lactobacillus rhamnosus GG. In The Microbiota in
Gastrointestinal Pathophysiology, Edited by M.H.

70

Floch, Y. Ringel, W.A. Walker, Academic Press,
San Diego, USA. 79-88p.

[47]Johnston, B.C., Goldenberg, J.Z., Parkin, P.C.
(2016). Probiotics and the prevention of antibiotic-
associated diarrhea in infants and children. Jama,
316(14), 1484-1485.

[48] Kim, S.W., Park, K.Y., Kim, B., Kim, E., Hyun, C.K.
(2013). Lactobacillus rhamnosus GG improves
insulin sensitivity and reduces adiposity in high-fat
diet-fed mice through enhancement of adiponectin
production. Biochemical and Biophysical Research
Communications, 431(2), 258-263.

[49]Lazzi, C., Turroni, S., Mancini, A., Sgarbi, E.,

Neviani, E., Brigidi, P., Gatti, M. (2014).
Transcriptomic clues to understand the growth of
Lactobacillus  rhamnosus in cheese. BMC

Microbiology, 14(1),1-14.

[50] Segers, M.E., Lebeer, S. (2014). Towards a better
understanding of Lactobacillus rhamnosus GG-host
interactions. Microbial Cell Factories, 13(1), 1-16.

[51] Zheng, J., Wittouck, S., Salvetti, E., Franz, C.M.A.P,
Harris, H.M.B., Mattarelli, P., O’toole, P.W., Pot, B.,
Vandamme, P., Walter, J., Watanabe, K., Wuyts, S.,
Felis, G.E., Ganzle, M.G., Lebeer, S. (2020). A
taxonomic note on the genus Lactobacillus:
Description of 23 novel genera, emended
description of the genus Lactobacillus beijerinck
1901, and wunion of Lactobacillaceae and
Leuconostocaceae.  International  Journal  of
Systematic and Evolutionary Microbiology, 70(4),
2782-2858.

[52] Mann, J. (2014). The science behind the sweetness
in our diets. World Health Organization. Bulletin of
the World Health Organization, 92(11), 780.

[53] FONA International (2021). Sugar: the voice of the
consumer. Accessed November 29, 2023.
https://www.fona.com/articles/2021/06/sugar-the-
voice-of-the-consumer.

[54] Sollid, K., Webster, A.D., Paipongna, M., Smith, K.
(2022). Food perceptions, beliefs, and behaviors
amid a global pandemic: results of the international
food information council 2021 food & health survey.
Nutrition Today, 57(1), 26-33.

[55] Anastasiou, K., Miller, M., Dickinson, K. (2019). The
relationship between food label use and dietary
intake in adults: A systematic review. Appetite, 138,
280-291.

[56] Food and Drug Administration (2023). Generally
recognized as safe (GRAS) determination for the
intended use of Bifidobacterium animalis ssp. lactis
BB-12®. Accessed July 18, 2023.
https://www.fda.gov/media/134330/download.

[571Kunz, S., Haasova, S., Riel3, J., Florack, A. (2020).
Beyond healthiness: the impact of traffic light labels
on taste expectations and purchase intentions.
Foods, 9(2), 134.

[58]World Health Organization (2015). In Guideline:
sugars intake for adults and children, WHO Press,
Geneva, Switzerland,14-26p.

[59] Mohammadi, R., Mortazavian, A.M., Khosrokhavar,
R., da Cruz, A.G. (2011). Probiotic ice cream:
viability of probiotic bacteria and sensory properties.
Annals of Microbiology, 61, 411-424.


https://www.fona.com/articles/2021/06/sugar-the-voice-of-the-consumer
https://www.fona.com/articles/2021/06/sugar-the-voice-of-the-consumer
https://www.fda.gov/media/134330/download

B. Bayer, N. Usta, O. Ustiin-Aytekin Akademik Gida 23(1) (2025) 60-71

[60] Kalicka, D., Znamirowska, A. Pawlos, M.,
Buniowska, M., Szajnar, K. (2019). Physical and
sensory characteristics and probiotic survival in ice
cream sweetened with various polyols. International
Journal of Dairy Technology, 72(3), 456-465.

[61] Shahsavan, A., Pourahmad, R., Rajaei, P. (2018).
Effect of different amounts of sugar and fat on the
viability of Lactobacillus casei, physical, chemical
and sensory properties of probiotic ice cream.
International Journal of Biology and Biotechnology,
15(1), 63-69.

[62] Konar, N., Palabiyik, I., Toker, O.S., Polat, D.G.,
Kelleci, E., Pirouzian, H.R., Akcicek, A., Sagdic, O.
(2018). Conventional and sugar-free probiotic white
chocolate: Effect of inulin DP on various quality
properties and viability of probiotics. Journal of
Functional Foods, 43, 206-213.

[63] dos Santos Filho, A.L., Freitas, H.V., Rodrigues, S.,
Abreu, V.K.G., de Oliveira Lemos, T., Gomes, W.F.,
Narain, N., Pereira, A.L.F. (2019). Production and
stability of probiotic cocoa juice with sucralose as
sugar substitute during refrigerated storage. LWT,
99, 371-378.

[64] Bontsidis, C., Mallouchos, A., Terpou, A., Nikolaou,
A., Batra, G., Mantzourani, I., Plessas, S. (2021).
Microbiological and chemical properties of
chokeberry juice fermented by novel lactic acid
bacteria with potential probiotic properties during
fermentation at 4°C for 4 weeks. Foods, 10(4),768.

[65] Hekmat, S., Mcmahon, D.J. (1992). Survival of
Lactobacillus  acidophilus and  Bifidobacterium
bifidum in ice cream for use as a probiotic food.
Journal of Dairy Science, 75(6), 1415-1422.

[66] GUndogdu, E., Ertem, H., Cakmakgi, S. (2022).
Effect of using green tea (Camellia sinensis L.)
powder and probiotic bacteria on probiotic shelf life
and quality properties of ice cream. Akademik Gida,
20(2), 138-144.

[67] Ashwin, D., Ke, V., Taranath, M., Ramagoni, N.K.,
Nara, A., Sarpangala, M. (2015). Effect of probiotic
containing ice-cream on salivary mutans
Streptococci (SMS) levels in children of 6-12 years
of age: a randomized controlled double-blind study
with six-months follow up. Journal of Clinical abd
Diognostic Research: JCDR, 9(2), ZC06-09.

71



	Akademik Gıda®
	ISSN Online: 2148-015X
	https://dergipark.org.tr/tr/pub/akademik-gida
	Akademik Gıda 23(1) (2025) 60-71, DOI: 10.24323/akademik-gida.1697268
	Review Paper / Derleme Makale
	ABSTRACT
	INTRODUCTION
	Figure 1. The effect of sugar amount on viability in probiotic-fortified foods
	Health authorities agree that people can consume some sugar within their daily recommendations [10]. However, it should be noted that the nutritional composition of probiotic foods and the added active strains interact [3]. Considering the addition of...
	PROBIOTIC-FORTIFIED FOODS
	Viability of Strains
	Strain Content of Probiotic-fortified Foods
	Characteristic of Strains


