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ABSTRACT

DEVELOPMENT OF FUNCTIONAL CHOCOLATE USING GAMMA-
AMINO BUTYRIC ACID PRODUCER PROBIOTIC: PROMINENT TO
ALLEVIATE ANXIETY DISORDER

The purpose of this study was screening of four probiotics to investigate for their
gamma-aminobutyric acid producing capabilities. Lactobacillus rhamnosus NRRL B-
442 strain has been selected for its maximum gamma-aminobutyric acid concentration.
In this study, a new chocolate product has been developed by incorporation of probiotic
cells; stability of the probiotics was improved by microencapsulation by water-in-oil

emulsion technique using whey-pullulan complex.

Survival rates of microencapsulated and free-cells of probiotic bacteria in
chocolate have been compared. Probiotic counts were found as 6.75 log CFU/g and 7.20
log CFU/g in chocolate, for encapsulated and free-cells, respectively, at the end of 60
days. High cell counts and increased cell resistances were remained at 4°C when
compared at 25°C, in chocolate samples. Furthermore, probiotics did not affect the
physical, chemical and sensory properties of chocolate, whereas the texture analysis
showed an increase in the hardness of free-cell in chocolate bacteria on the 0™ and 60™
day. Survival rate of microencapsulated bacteria in chocolate samples was observed at

higher percentage 87% than free-cell bacteria e.g. 75% during simulated in-vitro analysis.

Consequently, Lb. rhamnosus with the highest GABA producing capability may
provide insight for patients having an anxiety disorder, since this strain has been thought
as having a therapeutic effect. A new functional food model was developed for “Gut-
Brain Axis” phenomena since the chocolate could be accepted as a good carrier for

probiotics.



OZET

KAYGI BOZUKLUGUNU GIDERMEDE ONEMLI OLAN: GAMA-
AMINO BUTIRIK ASIT URETICISI PROBIYOTIK KULLANILARAK
FONKSIYONEL CiIKOLATA GELISTIRILMESI

Bu galigmanin amaci dort probiyotik bakterilerinin taranmasiyla gama-amino
biitirik asit tiretim kapasitelerini arastirmaktir. Lactobacillus rhamnosus NRRL B-442
susu en yiksek gama-amino biitirik asit konsantrasyonuna sahip olmasindan dolay1
secilmistir. Bu ¢alismada, probiyotik ilaveli yeni bir ¢ikolata gelistirilmistir. Pobiyotik
bakterinin stabilitesini arttrmak i¢in peynir alti suyu proteini-pullulan birlesigi
kullanilmistir. Probiyotik bakterinin  mikroenkapsiilasyonu emiilsiyon yontemi ile

gergeklestirilmistir.

Serbest ve enkapsiile probiyotik bakterilerinin ¢ikolatadaki canli kalma oranlar1
karsilagtirilmistir. 60 giinlik depolama kosullarmin sonunda, ¢ikolatadaki enkapsiile
probiyotik hiicre sayis1 6.75 log KOB/ g ve serbest hiicre sayis1 7.20 log KOB/ g olarak
bulundu. Cikolata drneklerinde probiyotiklerin canlilik ve hiicre dayanimlari, 25°C’ye

kiyasla 4°C'de daha yiiksek bulundu (P < 0.05).

Ayrica probiyotiklerin siitli ¢ikolataya eklenmesiyle, c¢ikolatanin fiziksel,
kimyasal ve duyusal 6zelliklerinin etkilemezken, 0. giin ve 60. giindeki tekstiir analizinde,
serbest hiicreli ¢ikolata 6rneklerinde sertlikte bir artis gézlemlenmistir. Yapay in-vitro
analizi boyunca, ¢ikolata 6rneklerinde bulunan mikroenkapsiil bakterinin yasama orani

serbest hiicreye gore yliksek oranda oldugu gozlemlenmistir.

Sonug olarak, en yiiksek GABA iiretim kabiliyetine sahip oldugu belirlenen Lb.
rhamnosus’un anksiyete bozuklugu olan bireylere terapotik bir etkisi olabilecegi
diisiiniilmiistiir. Bu calismada, “Bagirsak-Beyin Ekseni” kavrami agisindan 6nemli bir yer
tutabilecek olan yeni bir fonksiyonel gida modeli olarak, probiyotikliler i¢in iyi bir

tastyict olarak diisiliniilen ¢ikolata {iriinii gelistirildi.
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CHAPTER 1

INTRODUCTION

People start to be prone consuming functional foods that support a healthy
lifestyle with changing concept of nutrition and diet in. Today, functional food is defined
as foods having positive effects on biological functions, improved health status and/or
reducing the risk of existing diseases. Recently, food products incorporated with
probiotics have gained significant interest both in our country and worldwide. Therefore,
in many scientific studies, the positive and improvement effects of probiotics have been
revealed. Functional foods, which are supplemented with probiotics, have been confirmed
their beneficial effects in supporting intestinal health, preventing diseases in a number of
studies. These studies are related with effectiveness of intestinal microbiota on the
immune system, brain development, as well as behavior; therefore it is envisaged that
intestinal health is associated with brain and cognitive health. Furthermore, psychological
disturbances such as stress and emotional changes have significant negative effects on the
intestinal microbiota. Probiotics have positive effects on brain activity, brain development
and behavior; some research on this area have shown significant findings for
neurotransmitters having influences on anxiety disorder. There has been a lot of research
carried out probiotics to date, probiotic chocolate studies are also present in the literature,

but information on the gut-brain axis is lack.

The objective of this study is to develop a functional chocolate product,
supplemented with GABA producing probiotics prominent to alleviate anxiety disorders.
Therefore, the study covers information on GABA (so-called neurotransmitter)
production by four strains of lactic acid bacteria having probiotic properties.
Improvement of probiotic viability was achieved by microencapsulation with using
emulsion technique. Chocolate samples incorporated with probiotics were examined for
their shelf life, sensorial and structural characteristics, besides in-vitro digestion
experiments were conducted. The chocolate samples were evaluated as control chocolate
(C), chocolate with microencapsulation probiotic bacteria (M) and chocolate with free-

cell bacteria (F).



CHAPTER 2

PROBIOTICS

Probiotics are identified “live microorganisms having beneficial effects on host's
health when taken in sufficient quantities” as regards the World Health Organization and
Food and Agriculture Organization of the United Nations (FAO/WAO, 2001). In
addition, they are known as a microbial dietary supplement that are beneficial effects on
animal and people (Douglas & Sanders, 2008). Lactobacillus and Bifidobacterium strains
have been used most commonly probiotics because of seeing as dominant in the human
intestine (Boyle & Tang, 2006; Douglas & Sanders, 2008). In Table 2.1. mentions from

different probiotic species actively used.

Table 2. 1. Types of probiotics

Types of Probiotic species Reference

Probiotics

Lactobacillus Lb. rhamnosus, Lb. paracasei, Lb. reuteri, Lb. (Dixit, Wagle, &
casei, Lb. bulgaricus, Lb. acidophilus and Lb. Vakil, 2016).

plantarum

Bifidobacterium | B. bifidum, B. longum, B. breve, B. catenulatum, | (Westermann,

and B. animals Gleinser, Corr , &
Riedel, 2016).
Bacillus B. coagulans, B. laterosporus and B. subtilis (Nguyen, et al.,
2016).
Lactococcus Lb. rhamnosus, Lb. reuteri, Lb. lactis, Lb. casei, | (Eid, et al., 2016).

Lb. acidophilus, Lb. plantarum and Lb. curvatus

Enterococcus E. facium (Onyenweaku,
Obeagu, Ifediora, &
Nwandikor, 2016).

Streptococcus S.thermophilus, S. sanguis,, S. salivarius, S. (Arora, Singh, &

oralis, and S.mitis Sharma, 2013).

Saccharomyce S.boulardii (Chen, et al., 2013).




Probiotics have some properties;

» They are more resistant against gastric acid, bile salt than other bacteria. Thus,
they have to be stable under these negative environmental conditions to be
metabolized in gut systems.

» They must be safe. When humans or animals consume bacteria, they should not
have an adverse side effect.

» They should be resistant against antibiotics because of the fact that they are
effective on the gut flora.

» They should be held on the gut mucosa.

» When they are added to food, they should not decrease the food quality (Yilsay &
Kurdal, 2000; Fernandez, Boris, & Barbes , 2003; Patterson & Burkholder, 2003).

Consumption of probiotic products has a beneficial effect on the strengthening of
body health, immune system as well as they fight against other diseases and harmful
bacteria in the gut system (Lourens-Hattingh & Viljoen, 2001). Probiotics also contribute

to prevent from many diseases (Figure 2.1).

Many studies are reported that probiotic bacteria have a therapeutic effect on
healthy subjects such as prevention of hypercholesterolemia, prevention of diarrhea,
prevention of urogenital infection, protection against colon/bladder cancer, and
prevention of osteoporosis. They have also beneficial effect such as protecting normal
intestinal microflora toward pathogens, improving the immune system, and decreasing
blood pressure (Ranadheera, Baines, & Adams, 2010; Douglas & Sanders, 2008;
Lourens-Hattingh & Viljoen, 2001).

Lb. acidophilus and Lb. casei Shirota, both have been found to decrease
Helicobacter pylori infection but not completely eradicate (Cats, et al., 2003). Lb.
plantarum has been found effective decreasing inflammation in inflammatory bowel
disease (Schultz, et al., 2002). It was demonstrated in a clinical study that the early atopic
disease can be prevented by Lactobacillus GG (Kalliomrki, et al., 2001). It was observed
that hypertensive patients who consumed fermented milk containing Lactobacillus

helveticus experienced reductions in blood pressure (Hata, et al., 1996).

Probiotics may also be used therapeutically to reduce stress, anxiety disorder,
depression, and other mental disorders (Logan & Katzman, 2005; Bruce-Keller, et al.,
2015; Cryan & O’Mahony, 2011). For instance, it was found that Lactobacillus



rhamnosus has effective in reducing depressive behavior of mice (Bravo, et al., 2011) .
In addition, multispecies probiotic bacteria may be used to reduce sad mood, depression
as well (Steenbergen, Sellaro, van Hemert, Bosch, & Colzato, 2015). Lactobacillus,
Lactococcus and Bifidobacterium genera have been found effective in depressive
symptoms as well as anxious symptoms (Benton, Williams, & Brown, 2007; Yamamura,
et al., 2009; Desbonnet, et al., 2010; Bravo, et al., 2011; Messaoudi, et al., 2011; Rao, et
al., 2009).

Lower serum
cholesterol

_ Modify intestinal
Increase resistance to microbiota

< -~

infectious diseases
Consumption of

probiotic L Reduce
Prevention of gut inflammatory

diseases / \ reaction

Prevent pathogen

Prevent cancer colonization

Figure 2. 1. Beneficial effects of consumption of probiotics.

Attention to functional foods with probiotics has been increased because of their
overall contribution beneficial effect on human health. Therefore, there are a lot of new
commercial functional food products with probiotic bacteria and continue to be produced
(Burgain, Gaiani, Linder, & Scher, 2011). Fermented foods such as yogurt, ice cream,
kefir, and cheese are known as probiotic products for ancient times (Cross, Stevenson, &
Gill, 2001; Kopp-Hoolihan, 2001; Sengiin, 2011; Desmond, et al., 2005; Stanton,
Desmond, Fitzgerald, & Ross, 2003). Recently, various probiotic strains have been used

as commercial sources in industrial products (Table 2.2) (Kerry, et al., 2018).



Table 2. 2. Used probiotic bacteria in commercial products

Sold as ingredient

Probiotics supplement

Dairy products

Probiotics strain Source Probiotics strain Source Probiotics strain Source

Lb. acidophilus, B. lactis,  Danisco . Lb. casei Shirota

S. cerevisiae . . Yakult
Lb. rhamnosus .. Biocodex B. breve strain

boulardii

Yakult

Lb_.rham_nosus, Lb. Institut Rosell B.infantis 35,264  Procter and Gamble | B. animals Dannon
acidophilus

Streptococcus Oragenics Inc. Valio Dairy
Lb. paracaseli, Lb. GenMont Biotech oralis, Lb. rhamnosus
rhamnosus Streptococcus

uberis
Lb. aC|do_ph|Ius, L_b. Chr. Hansen Lb. rhamngsus, Bifodan Lb. casei, Lb. Danone
paracasei, B. lactis Lb. gasseri rhamnosus

Bacillus Ganeden Biotech Lb. johnsonii
Lb. rhamnosus, Lb. lactis Essum AB coagulans BC30 Inc. and Lb. Nestlé

acidophilus
Lb. salivarius . Lb. reuteri, Lb.
University College Cork rhamnosus Jarrow Formulas

B. longum Morinaga Milk Industry Co. Ltd.

Lb. acidophilus Lacteol Laboratory

Lactobacillus paracasei Medipharm
Lb. fermentum Probiomics
Lb. rhamnosus Probi AB

(Source: Kerry et al., 2018).




2.1. Encapsulation

Survival of bacteria is essential in the human gut due to their beneficial effects
(Anal & Singh, 2007). Therefore, probiotics content must include minimum 10°-10" CFU
per ml/per gram of viable probiotic bacteria (FAO/WAQO, 2001) as the standard. However,
there are many concrete factors affecting the viability of probiotics, for example, pH,
dissolved oxygen ingredients, hydrogen peroxide, species, storage condition and
concentration of bacteria (Dave & Shah, 1997; Lankaputhra, Shah, & Britz, 1996).
Encapsulation methods used for probiotics may overcome these problems (Gismodo,
Drago, & Lombardi, 1999). Microencapsulation is also effective for their survival under
gastrointestinal conditions and used to improve the viability of bacteria during storage to
resume their health-promoting effects. There are different types of microencapsulation
techniques shown in Figure 2.2. However, microencapsulation techniques such as
emulsion, spray drying, and extrusion are commonly preferred than many other
techniques since their effectiveness (Dubey , Shami , & Bhasker Rao , 2009; Unal &
Erginkaya, 2010).

Extrusion
technique
Freeze Drying Emulsion
technique
< ZEERN
Hybridisation Microencapsulation Sprav drvin
system Techniques pray arying
s ~ /\
Impinging aerosol Fluid bed

technology
Electrospinning

Figure 2. 2. Techniques for microencapsulation of probiotics (Source: Martin, Lara-
Villoslada, Ruiz, & Morales, 2015).



2.1.1. Emulsion Technique

This method depends on the cell-polymer suspension as the discontinuous phase
and a large volume of oil as a continuous phase. After the water-in-oil emulsion is formed,
hardening solution is added to the emulsion and the soluble polymer is insolubilized to
form microcapsules including bacteria into the oil phase (Heidebach, Forst, & Kulozik,
2012). Then, the beads are harvested by filtration. While this technique has high
microencapsulation efficiencies, it possesses poor survival rates through gastrointestinal
transit because of reduced microcapsule size (Winder , et al., 2003). There are various
polymers used such as carrageenan, sodium carboxymethyl cellulose, alginate, chitosan,
gelatin and pullulan for the method.

2.1.2. Spray Drying Technique

This method is the most widely used microencapsulation technique because it is
flexible and economical to make powders. Microencapsulation has been commonly used
not only for probiotics but also vitamins, fish oil, and flavor (Desai & Jin Park, 2005).
This method depends on mixing the probiotic bacteria with a polymer solution. This
mixing is homogenized with the oil phase to form emulsions and later this mixture is
directly spray-dried to obtain microcapsules. Formed emulsion/polymer mixture is

sprayed via a nozzle into a drying chamber circulating hot air.

The functionality of encapsulated materials and microcapsule size depends on
nozzle size, viscosity, inlet, and outlet temperatures, flow rate of solution and solid
concentration. The cell survival is based on outlet temperature of process. Using high
temperatures during spray drying leads to allow intracellular substances leak into the
cellular pores (Anekella & Orsat, 2013).

2.1.3. Extrusion Technique

This technique is the most widely used microencapsulation method because of its

simplicity, low-cost and it provides high cell viability (Krasaekoopt, Bhandari, & Deeth,



2006). This method depends on preparing a solution using different wall material such
as alginate, whey protein, pectin and milk, adding bacteria, and extruding the cell mixing
through a syringe needle at high pressure into a hardening solution (Heidebach, Forst, &
Kulozik, 2012) (Table 2.3). However, different microencapsulation techniques were used
to improve the viability of B. longum. The viability of bacteria microencapsulated with
spray-drying technique decreased 2 log CFU/g, whereas in extrusion technique viable
bacteria count was reduced 2.9 log CFU/g (Khan, Korber, Low, & Nickerson, 2013).

There are various cryoprotectants such as whey protein, maltodextrin, skim milk
powder, glucose, etc. in order to protect the viability of bacteria. There are different types
of encapsulating wall material such as pectin, gelatin, alginate, carrageenan, chitosan,
maltodextrins, whey protein and chickpea proteins (Martin, Lara-Villoslada, Ruiz, &
Morales, 2015).

Proteins are preferred for microencapsulation because of well emulsifying
characteristics, heat-sensitive bioactive materials. Besides, polysaccharides indicate good
solubility in water, good oxygen and, moisture barrier properties compared to the proteins
(Kagami, et al., 2003; Murano, 1998).

It was found that whey protein was more effective than pullulan in the stabilization
of bacteria. Whey protein is a commonly used protein for probiotic bacteria
microencapsulation since it is a good encapsulating agent (Table 2.3) (Heelan & Corrigan,
1998; Rosenberg & Lee, 2004). Moreover, many studies have indicated that a
combination of proteins with polysaccharides enhance the barrier properties of protein-
based encapsulate and emulsifying properties (Ducel, Richard, Saulnier, Popineau, &
Boury, 2004; Mendanha, et al., 2009; Pereira, et al., 2009; Yu, Wang, Yao, & Liu, 2007).

Aureobasidium pullulans produce pullulan, which is an extracellular
polysaccharide. In addition, various industrial wastes such as olive oil and potato peel
wastes can be used as a carbon source for the synthesis of pullulan (Barnett, Smith,
Scanlon, & Israilides, 1999; Singh, Saini, & Kennedy, 2008). Pullulan is used in the food
industry due to its properties e.g. water-soluble, tasteless, colorless, heat stable, odorless
and non-toxic (Wu & Imai, 2011). Based on the functional properties of protein-
polysaccharide complex, it is decided to explore both the potential of whey protein and

pullulan for microencapsulation of GABA-producer probiotic bacteria.



Table 2. 3. Microencapsulation techniques with wall materials

Microencapsulation

Lb. acidophilus

Probiotics Microencapsulatio References
techniques n matrix
Emulsification Lb. acidophilus | Alginate, CaCOs (Cai, Zhao, Fang,
CGMCCL1.2686 and Ca-EDTA Nishinan, &
Phillips, 2014).
Extrusion Lb acidophilus Inulin, , chitosan, (Krasaekoopt &
5, Lb. casei 01 alginate, Watcharapoka,
galactooligosacchar 2014).
ide
Spray chiller B. animalis and Cocoa butter (Pedroso, Dogenski,

Thomazini,
Heinemann, &
Favaro-Trindade,
2013).

Emulsification
/Spray-drying,

freeze-drying

Lb. acidophilus

Whey protein and
pullulan, Pectin

and whey protein

(Cabuk, 2014;
Gebara, et al., 2013).

Emulsification

Lb. delbrueckii

Alginate and gellan

(Rosas-Flores ,

Lb. acidophilus

spp lactis Lb. gum Ramos-Ramirez , &
helveticus Salazar-Montoya,
2013).
Spray drying Lb. reuteri Alginate and (Malmo, La Storia,
calcium chloride | & Mauriello, 2013).
Spray drying Lb. rhamnosus, Maltodextrin (Anekella & Orsat,

2013).

Spray drying, freeze-
dried, emulsification

method

Lb. rhamnosus
GG

Polydextrose, skim
milk, inulin, whey
protein isolate and
maltodextrin, whey
protein isolate and

inulin

(Ananta, Volkert, &
Knorr, 2005; Ying ,
et al., 2010; Burgain,
Gaiani, Cailliez-
Grimal, Jeandel, &

Scher, 2013).

(cont.on next page)



Table 2.3. (cont.)

freeze-drying

Lc. lactis ssp.

cremoris

Microencapsulat Probiotics Microencapsulatio References
ion techniques n matrix
Spray drying or Lb. acidophilus Vegetable oil, (Dianawati, Mishra, &

sodium caseinate,
mannitol,

fructooligasacchari

des and glucose

Shah, 2013).

B.lactis

Electrospinning Bifidobacterium Whey protein and (Lopez-Rubio,
animalis subsp. pullulan Sanchez,
lactis Wilkanowicz, Sanz, &
Lagaron, 2012).
Freeze drying/ Lb. plantarum Whey proteinand | (Rajam, Karthik,
spray drying alginate Parthasarathi, Joseph,
&
Anandharamakrishnan
, 2012).
Spray drying Lb. caseli, Lb. Skim milk (Paez, et al., 2012).
paracasei, Lb.
acidophilus, Lb.
plantarum
Spray drying Lb. rhamnosus Skim milk and (Corcoran, Ross,
Lb. rhamnosus polydextrose, Fitzgerald, & Stanton ,
GG inulin, skim milk. 2004).
Lb. salivairs
Spray drying B. longum Gelatin, starch, (Hsiao , Lian, & Chou,
B.infantis skim milk and 2004).
arabic gum
Emulsification/Sp B. breve Whey protein (Picot & Lacroix,
ray-drying B.longum isolate and milk fat 2003).
Spray drying Lb. acidophilus Cellulose Acetate (Favaro-Tindale &

pathalate

Grosso, 2002).
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Recently, encapsulation technique has been used to preserve product taste and to
maintain the stability of microorganisms in the products. Thus, the probiotics used in the
products can survive for a long time under environmental stress conditions. Lipid
fractions of cocoa butter in chocolate have also been shown to protect probiotics (Burgain,
Gaiani, Linder, & Scher, 2011; Lahtinen, Ouwehand, Salminen , Forssell, & Myllarinen,
2007). Nevertheless, the encapsulated probiotic content of foods may represent a negative
impact on the quality as well as sensory qualities of the products (Succi , et al., 2017).

Therefore, the encapsulation technique selected is quite important.

2.2. The Relationship between Nutrients, Diet and Mood

Nutrition is thought important for prevention and treatment not only obesity,
diabetes, cardiovascular disease, and cancer but also mental iliness and neuropsychiatric
disorders (Jacquelyn & Flaskerud , 2015). Brain function and hormones such as serotonin
(5-HT), dopamine (DA) and gamma-aminobutyric acid (GABA) can be affected by diet.
Serotonin hormone plays an essential role in increased positive mood. When many
people feel stressful (serotonin level is decreased), they generally want to eat the food
containing carbohydrate, because carbohydrate-rich food increases serotonin synthesis of
the brain (Prasad, 1998). The result of related studies appeared that individuals who live
depressive problems such as premenstrual tension and mood disorder associated with
season were changed their mood as a positive way with consuming some foods (Prasad,
1998; Ozenoglu, 2018).

Consumption of whole-grain, vegetable and fruits in women were diagnosed with
less anxiety disorder, depression and bipolar disorder (Gold , 2015). It was revealed that
undergraduate students increased their sense of energy and happiness by consuming more
fruits in one of the research (White, Horwath, & Conner, 2013). Lycium barbarum L.
(goji berry) fruits and juice reduce the level of anxiety disorder and depression in rats
(Karabas, Coskun, Saglam, & Bozat, 2016; Amagase & Nance, 2008). Presence of
omega-3 fatty acids at a low ratio in the body is able to cause mental illnesses such as
bipolar disorder and depressive disorder (Grosso, et al., 2014; Hennebelle , Champeil-
Potokar, Lavialle , Vancassel , & Denis , 2014; Sublette, Ellis, Geant, & Mann, 2011).

Nutrition elements like vitamin D, calcium, magnesium, zinc, iron, vitamin B12, and

11



unsaturated fatty acid are able to use as add-on-therapy to an antidepressant (Lakhan &
Vieira , 2008; Miki , et al., 2015). Moreover, two studies showed that consuming zinc
supplement by women decrease anger and can be used as an antidepressant for men and
women (Sawada & Yokoi, 2010; Vashum , et al., 2014). Prebiotics like apple, legume,
banana, jerusalem artichoke, oat, wheat-unrefined and persimmon fruit have been
supporting intestinal bacteria. The diet with low Mg content reduce bacterial variety,
anxiety and similar behaviors have been appearing, so nutrition can use as therapeutic for
psychiatric disorders (Oriach , Robertson , Stanton , Cryan , & Dinan , 2016; Cani &
Delzenne, 2011). A functional food can be identified as fortified nutritive values by usage
of special ingredients. Furthermore, it can be used to decrease the risk of some diseases
(Konar, et al., 2018). There are many functional foods that probiotics and prebiotics are
incorporated. There has been an increasing trend of that type of functional foods for well-

being and health concern (Ozer, Ozyurt, & Tellioglu, 2019).

Choosing food materials to be consumed are affected by our psychological
structure, which has an important influence on emotional interactions. For example,
exposing on stress causes excessive consumption of food because of increasing release
of cortisol in the body (Greeno & Wing, 1994; Gonzalez-Bono, Rohleder, Hellhammer,
Salvador, & Kirschbaum, 2002). In addition to this situation, stress leads to a lack of some
materials in the body. This results in lack of dopamine and serotonin such as iron,
magnesium, and copper (Benton & Donohoe, 1999; Greeno & Wing, 1994; Robbins &

Fray, 1980). Thus, foods can be important to prevent various psychiatric disorders.

2.3. Relationship of Gut-Brain

The intestine and the brain are closely related through the gut-brain axis, which
comprises bidirectional communication immune, endocrine, and neural pathways (Dinan
& Cryan, 2017; Mayer, Knight, Mazmanian, Cryan, & Tillisch, 2014). Many studies
reveal that intestinal health is directly related to the brain and cognitive functions (Mayer,
2011). The intestinal microbiota is able to produce short-chain fatty acids (SCFAS) such
as acetate, butyrate and propionate with the contribution of prebiotics and various
polysaccharides. SCFAs are also involved in regulatory effects on food-energy intake and

inflammatory processes (Petra, et al., 2015). As a result of this, SCFAs increase the
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feeling of satiety (Everard & Cani, 2013). The metabolites of probiotics such as SCFAs,
bile acids, bioactive lipids in the intestinal microbial have influences on different
hormones like dopamine (DA), gamma-aminobutyric acid (GABA), serotonin (5-HT)
and noradrenaline (NA) monoamines; therefore these are related closely with gut and

brain health (Cani, Everard, & Duparc, 2013).

Vagus nerve is directly connected with the brain and the gastrointestinal tract. The
neuronal and hormonal changing in the gastrointestinal tract are transmitted to the brain
vagus nerve (Borovikova , et al., 2000; Perez-Burgos , et al., 2013; Wang , et al., 2002).
The intestinal microbiota stimulates the central nervous system (CNS) and the immune
system; endocrine, immune (chemokines, cytokines), autonomic nervous system and

enteric nervous system with the sequence of microbiota-intestine-brain (Mayer, 2011).

Emotional changes and psychological stress adversely affect the intestinal
microbiota (Dinan & Cryan, 2012). The gut microbiota in the digestive tract may affect
the brain function in different ways (Figure 2.3). For instance, neurotransmitters produced
by microbiota have an important role in the nervous system and cognitive functions (Gill,

et al., 2006; Qin, et al., 2010; Yatsunenko, et al., 2012).

Stress
Blood- brain Hypothalamus
barrier Pituitary gland
Anti P
inflammatory | ' Adrenal gland
cytokines inflammatory
cytokines
LX)
| ° . GLP-1 =
%0 e £ .
' ' s Glucocorticoids
| T Bacterial
| Gut hormone - mlgratlon
\ release Enteric nervous
system

mmm o® [; ® |
> < .
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Figure 2. 3. Effect of probiotics to the gut-brain axis (Source: Sarkar, et al., 2016).
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Pink arrows show probiotic and prebiotic processes and effects, whereas red
arrows demonstrate processes associated with inflammation, leaky gut. It is known that
probiotics are introduced as beneficial bacteria into the gut and prebiotics affect the
growth of bacteria especially probiotics. In addition, not only prebiotics but also
probiotics can increase the production of SCFAs. They interact with enteroendocrine cells
and catalyze the gut hormones such as glucagon-like peptide 1 (GLP1), cholecystokinin
(CCK) and peptide tyrosine tyrosine (PYY). Both probiotics and prebiotics increase
neurotransmitter production in the gut such as 5-HT, DA, GABA and NA. The
neurotransmitters can modulate neurotransmission in the enteric nervous system. Under
stress, they stimulate the hypothalamus, pituitary gland, adrenal gland, and
glucocorticoids respectively and glucocorticoid level changes. It causes the migration of
bacteria with pro-inflammatory, which enhance inflammation as well as an increase in
pro-inflammatory cytokines. These cytokines permit access to inflammatory elements or
pathogenic elements blood-brain barrier. In addition, pro-inflammatory cytokines have
decreased the integrity of the gut barrier. However, consumption of probiotics and/or
prebiotics are effective on regulating the gut barrier, reduce concentrations of pro-
inflammatory cytokines glucocorticoids level. On the other hand, they increase
concentrations of the anti-inflammatory cytokines, increasing the integrity of the gut

barrier, the blood-brain barrier decreases inflammation (Sarkar, et al., 2016).

Social, environmental and psychological factors can change nutritional behavior.
In addition, changes in diet may result in the changes in microbiota composition and gut
hormones that are affected by stress level and mood (Ozenoglu, 2018). Consumption of
antibiotics, drug and experiencing behavior depends on stress, affect microbiota
negatively whereas consumption of probiotic, prebiotic, various beneficial diet, and

nutrition affect microbiota positively.

Probiotic is known as modulating neurotransmission in the synapses of the enteric
nervous system and increase the production of the neurotransmitters 5-HT, NA and
GABA. Thus, probiotics may be effective on anxiety disorder because they were tried
on a range of psychiatric disorder such as insomnia, and stress and shown to be effective.
For example, Lb. rhamnosus and Lb. helveticus consumption was found protective in
memory disorder of mice, having Citrobacter rodentium infection, when they were
exposured to stress (Mckernan, Fitzgerald, Dinan, & Cryan, 2010). While Lb. helveticus

NS8 has shown antidepressant effect, Lb. rhamnosus was found to reduce the risk of
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ADHD since they regulate 5-HT (Liang, et al., 2015; Partty, Kallioméki, Wacklin,
Salminen, & Isolauri, 2015; Pessi, Siitas, Hurme, & Isolauri, 2000). Furthermore,
fermented milk contains Lb. helveticus provided a healthy sleep to individuals, according
to randomized, double-blinded study (Benton, Williams, & Brown, 2007; Yamamura, et
al., 2009).

Researches conducted with B. longum and B. breve showed a therapeutic effect
in psychological disorders related to stress (Savignac, Tramullas, Kiely, Dinan, & Cryan,
2015). In addition, B. infantis was effective for preventing depression (Desbonnet,
Garrett, Clarke, Bienenstock, & Dinan, The probiotic Bifidobacteria infantis: An
assessment of potential antidepressant properties in the rat., 2008). Consumption of B.
bifidum, Lb. brevis, Lb. acidophilus, Lc. lactis, Lb. casei and B. lactis by healthy
individuals, depression were decreased (Steenbergen, Sellaro, van Hemert, Bosch, &
Colzato, 2015). When B. animalis subsp lactis, Lc. lactis and Streptococcus thermophilus
were consumed by healthy women, their mood was changed positively by probiotic
usage, especially during menstruation (Tillisch, et al., 2013). Lb. acidophilus and B.
longum have treated nausea caused by stress (Diop, Guillou, & Durand, 2008).
Consumption of B. lactis, Lb. fermentum and Lb. acidophilus was demonstrated to affect

brain functions positively (Davari, Talaei, Alaei, & Salami, 2013).

2.4.  Anxiety Disorder

Anxiety disorder is common mental health problem. There are many anxiety
disorder types such as generalized anxiety disorder, separation anxiety disorder,
obsessive-compulsive disorder, social anxiety disorder and posttraumatic stress disorder
(Brand, Wilhelm, Kossowsky, Holsboer-Trachsler, & Schneider, 2011; Rapp, Dodds,
Walkup, & Rynn, 2013; Hill, Waite, & Creswell, 2016). Anxiety disorder is common
during childhood, which occurs at age of seven (Herren, In-Albon, & Schneider, 2013;
Ozyurt, 2013). This disease is seen between 9% and 32% in young and adolescent
children. Having anxiety disorder in children and young people have a significant effect
in school performances, social, family functions, and in their daily lives, such as sleep
patterns (Hill, Waite, & Creswell, 2016). Anxiety disorders are thought to cause serious

mental health problems such as substance abuse and suicide risk (Lavallee , et al., 2011).

15



Main origination of anxiety disorder is the central nervous system. A subcortical structure
in the brain includes limbic system which is an essential zone in the brain responsible for
a change of mood and memory and it consists of neuroanatomic such as the thalamus,
hypothalamus, amygdala, and pituitary (Uzbay, 2002). In addition, Amygdala plays a
fundamental role in our emotional responses such as anxiety, pleasure, and fear (Davis,
Rainnie, & Casell, 1994). Amygdala and neuronal communicating with amygdala such
as lateral hypothalamus, ventral tegmental area, and locus seruleus are important
neuroanatomic structures in the anxiety formation (Carvey, 1998; Ninan, 1999). Many
types of research indicate that there are anxiety disorder is caused by the three main
central neurotransmitters, which includes less amount of GABA, 5-HT and NA (Cryan &
Kaupmann , 2005; Leonardo & Hen, 2008; Hill, Waite, & Creswell, 2016; Stein, Seedat,
& Gelernter, 2006).

The absence of GABA receptors especially GABA a receptors is correlated with
anxiety symptoms (Malizia , et al., 1998; Hasler , et al., 2008; Cryan & Kaupmann ,
2005). Since these receptors are anti-anxiety agents, they are significant in

pharmacological evaluations (Bravo, et al., 2011).

There are two ways of treatment for persons having anxiety disorder; which are
cognitive behavioral therapy and pharmacotherapy. Educated professionals select
cognitive behavioral therapy as the first treatment stage, especially on children. Selective
serotonin reuptake inhibitors and glutamatergic drugs like those that riluzole and
ketamine generally used, being on the first-line as pharmacotherapy (Hill, Waite, &
Creswell, 2016; Mohler, 2012). However, pharmacotherapy has an adverse effect such as
insomnia, sexual dysfunctions and nausea (Baldwin, et al., 2005; Nutt, 2000). In addition,
there are different antidepressants, which affect anxiety disorder and depression such as
Tricylic antidepressant, but all antidepressants show the similar side effects (Baldwin, et
al., 2005; Anderson, et al., 2008).

The relationship between diet and psychiatric disorder could be related not only
because of depression risk but also anxiety disorder (Logan & Jacka, 2014). Thus,
probiotics may be effective on anxiety disorder via neurochemicals they produce (Lyte,
2011). Probiotic bacteria, especially Lactobacillus and Bifidobacterium play a significant
role in depression and anxiety disorder (Barrett, Ross, O’Toole, Fitzgerald, & Stanton,

2012). In addition, consumption of probiotics can provide more 5-HT and NA synthesized
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in the body (Collins & Bercik, 2009). There are several studies on the effect of using

probiotic on anxiety disorder (Table 2.4).

Table 2. 4. Effect of probiotics on anxiety disorder
Probiotic Group Clinical Study | The conclusion Reference
Type
Lb. helveticus | In rats with | Morris  water | shows effect | (Luo, et al,
NS8 given water | maze, Elevated | therapeutic 2014).
plus maze
Lb. rhamnosus | In mice Elevated plus Reduced (Bravo, et
(JB-1) maze and stress- | depressionand | al., 2011)
induced anxiety-related
hyperthermia behavior, can
modulate the
GABAergic
system
Lb. helveticus | In mice Barnes maze | Can be modulated | (Ohland, et
ROO52 forced swim test mouse al., 2013).
physiological
function and
decreased anxiety
Lb. helveticus | In rats and | Randomize Taken in | (Messaoudi,
ROO52 and B. | human double-blind combination can | et al., 2011).
longum R0175 Hopkins prevent  anxiety
Symptom disorder in rat and
Checkilist, can be a beneficial
Hospital effect as
Depression and | psychological for
Anxiety Scale, | human
anxiety testing
for rats
Bifidobacterium | In mice Step-down test | It can be used as a | (Bercik, et
longum treatment for | al., 2011)
NCC30001 anxiety-like
behavior
Lb. casei strain | In human Beck  Anxiety | Increased in fecal | (Rao , et al.,
Shirota Inventory and | Lb. spp. and B. spp. | 2009).
the Beck | And also decrease
Depression in anxiety
Inventory symptoms

Consequently, probiotics have been revealed to have reducing the effect on anxiety

disorders.
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CHAPTER 3

CHOCOLATE

Chocolate; it has an aroma, unique taste, structure, bioactive compounds like
polyphenols. Cocoa has a very bitter taste since it contains high amounts of polyphenols.
Therefore, cocoa beans cannot be consumed directly, they are exposed to different
process to produce chocolate. Even though 90% of its polyphenol content is lost during
the process, phenolic compounds are still present in the final chocolate product (Andugjar,
Recio , Giner, & Rios, 2012). Cocoa includes a significant amount of catechin,
methylxanthines, proanthocyanidins, phenolic acids, and epicatechin (Meng, Mhd Jalil,
& Ismail, 2009). While dark chocolate illustrated the highest phenolic content, white and
milk chocolates exhibited lower total phenolic content (Grassi, Lippi, Necozione,
Desideri, & Ferri, 2005; Meng, Mhd Jalil, & Ismail, 2009; Andujar, Recio , Giner, &
Rios, 2012). The polyphenol content in chocolates is altered by various processing
techniques, such as alkalinization of cocoa and fermentation of cocoa beans. It is known
that chocolate has a positive impact on human health, especially on the cardiovascular
system thanks to the polyphenols it contains (Richelle , Tavazzi , & Offord , 2001,
Steinberg, Bearden, & Keen, 2003).

There are different types of chocolate such as white, milk and dark chocolate,

which depend on the raw material (Table 3.1).

Table 3. 1. Chocolate composition (Turkish food codex: Communication on cocoa and
chocolate products, No: 29)

Chocolate types | Totaldry | Fat-free | Cacao | Total Dry Milk fat

cocoa solid cocoa fatty fatty milk

dry solid solids
White chocolate >20 % >14% | 23.5%
Milk chocolate >25% >25% >25% | 214% | >3.5%

Dark chocolate >35% >14% | >18%
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3.1. Chocolate Manufacturing

There are 4 steps to produce chocolate process.

3.1.1. Mixing

Cocoa butter, sugar, cocoa liquor, skimmed milk powder and milk fat are the
components depending on the chocolate types. These ingredients are mixed for 12-15 min
at 40-50 °C to provide a constant density (Minifie, 1989).

3.1.2. Refining

Refining is an essential process so that the chocolate can gain a smooth structure
as required. In the refining process, two and five roll refiners are common to provide
particles size of fewer than 30 um (Beckett, 2000) (Beckett, 1999). The particular size of

the end product affects sensory properties and rheology structure.

3.1.3. Conching

Conching is the final phase in producing chocolate and it is an important stage to
develop final texture, flavor and viscosity of chocolate. The process contributes to volatile
acid, moisture removal, and flavor development. Furthermore, conching also aims to
decrease particle size, to remove big sized particle and to reduce viscosity from the
previous processes (Minifie, 1989).Conching temperature and time show alteration
according to chocolate types. For example, chocolate including milk powder is made
conching maximum for 16-24 hours at 60°C, whereas in dark chocolate is generally made
conching at 70°C and maximum 82°C (Awua, 2002). Figure 3.1 shows the chocolate

manufacture process.

19



Skimmed | go;:toa
Milk Powder AU

o
=

Mixing

(for 12-15 min.at 40-50 ° C)

\ g

Refining

(Size is less than 30um)

:> Conching

Dry conching

Lecitin

Cocoa butter

Pasty phase
Liquid conching
(for 16-24 hours at up to 60 ° C)

\ 4

Tempering

(Heating and cooling
process to stable form of

\ 4

Moulding
(at30°CQ)

\ 4

Packaging

Figure 3. 1. Milk chocolate manufacture process (Source: Afoakwa et al., 2007).
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3.1.4. Tempering

Chocolate fat has six polymorphic forms (Figure 3.2). Form V is the most
requested form in well-tempered chocolate because of providing good shap, glossy
appearance, and resistance to bloom (Beckett, 2000). Form I is an unstable form, which
has a melting point of 17 °C and is rapidly transformed into Form II. Furthermore, form
I converts more slowly into 111 and 1VV. Form V and VI of cocoa butter are the most

stable.

Polymorphic forms

of cocoa butter Melting point (°C) Chain packing
Form | B'a 16-18 Double

Form Il « 21-22 Double

Form lll Mixed 255 Double

Form IV B 27-29 Double

Form V B 32-34 Triple

Form VI [ 34-36 Triple

Figure 3. 2. Polymorphic forms of chocolate butter (Source: Afoakwa., 2010).

Tempering is essential for acceptable polymorphic form in the chocolate and this
step influences texture, color, shelf life and handling of chocolate. Tempering includes
pre-crystallization of small quantities of triglycerides. The tempering process has four
steps (Figure 3.3).

s \d
3z2°C

30°C
Chocolate Cool RW

27°c

Figure 3. 3. Tempering process in chocolate (Source: Afoakwa, 2010).

Chocolate melts until 50 °C to melt all of the fatties, and then get cooled 32°C to
crystallization point, 27°C for crystallization to obtain the correct form of stable crystals.

Finally, the chocolate is reheated at 29-31 °C to melt out unstable crystals (Talbot, 2008).
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However, the tempering process in milk chocolate is slightly different from dark
chocolate because of the effect the crystal formation of milk fat molecules. The tempering
process in milk chocolate is around 29.4 °C because of having a lower melting point.
Chocolate is poured for moulding at 29- 30 °C as a liquid for being well- shape (Afoakwa,
2010).

Well-tempered chocolate has some properties;
v Color
v" Well shape
v' Gloss
v’ Stable product-harder
v' Contraction from the mould
v' Longer shelf-life
v’ Heat resistant (during the packaging).

As it was given in the Introduction chapter, functional food products have been
developed for psychiatric disorders; dairy products were taken great interest at the initial
stage of functional food development; later other products such as fruits and vegetables,

cereals, bakery and snack food products have gained attention.

Consumption of certain amounts of chocolate may be beneficial to prevent these
psychiatric disorders (Parker & Crawford , 2007). Chocolate may interact with a range of
neurotransmitter systems that contribute to appetite, reward and mood regulation (Parker,
Parker, & Brotchie, Mood state effects of chocolate, 2006). There are two patents related
to chocolate products with probiotic content that prevent from high cholesterol and
gastrointestinal diseases. There have been two patents present regarding B. infantis 35624
and L. paracasei probiotics. These patents have demonstrated the cholesterol-lowering
effects of both probiotics in the chocolate, in separate studies, as well as their
gastrointestinal disease inhibitor effect (Patent No. 0330151, USA) (Patent No. 102206,
China). 10g chocolate enriched with 28 mg GABA was found to reducing stress
(Nakamura, Takishima, Kometani, & Yokogoshi, 2009). In the literature, various studies
have been carried out using different probiotic strains in milk chocolate, bitter chocolate,
and white chocolate (Table 3.2).
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Table 3. 2. Chocolate samples containing probiotics

Chocolate Probiotics Probiotic concentration Added Probiotics Viability rate of probiotics Reference
Types and form probiotics storage
White Lb. paracasei and Lb. | 9log CFU/25 g, freeze- After at 13-15°C Two strains are satisfied after the (Konar, et al., 2018).
chocolate acidophilus dried powder conching storage time.
Dark Lb. rhamnosus, 8-9 log CFU one dose in After at 18 £2 °C Lb. rhamnosus and Lb. paracasei (Succi, et al., 2017).
chocolate Lb. paracasei, Lb. 15 g chocolate melted gave better results during the shelf
casei and Lb. reuteri life
Milk and | Lb. acidophilus LH5, 9-8 log CFU/g After at4 °C and | B. breve is less durable than the other | (Lalicic- Petronijevic
dark Streptococcus 3.5 g/kg tempering 20°C probiotic bacteria. , Popov-Raljic,
chocolate thermophilus ST3, Lazic, Pezo, &
and B. breve BR2 Viktor, 2017).
Milk Lb. acidophilus At least 6-7 log CFU/g After at20°C Found 90 % types of Lactobacillus (Bulatovic, Zaric,
chocolate NCFM, B. lactis 2.5 DCU / kg, freeze milling Krunic, Boric, &
HNO019, and Lb. dried powder Rakin, 2016).
rhamnosus HN0O1
Milk and | B. lactis HNO19 and 8 log CFU After at15+2°C B.lactis strain live was slightly (Klindt-Toldam , et
dark Lb. acidophilus 1 g of freeze-dried powder | tempering | and 20-30 longer than Lb.acidophilus strain al., 2016).
chocolate NCFM °C
Dark B. indicus HU36 and | 6.08 log CFU/g , freeze- After at 18 °C Bacteria were found over 5-log (Erdem, et al., 2014).
chocolate dietary fibers dried powder melted CFU/qg at the end of storage.
Dark Lb. plantarum 8 log CFU/g After at4°C After the storage days, bacteria were | (Foong, Lee , Raml,
chocolate melted decreased 6.5 log CFU/g Tan, & Ayob , 2013)
Dark Lb. rhamnosus R0011 | 7 log CFU/g, freeze-dried nd at4 °C and There is a viability loss of (Raymond &
chocolate 20 °C approximately 0.2 log CFU per g Champagne , 2015).

(cont. on next page)
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Table 3.3 (cont.)

Chocolate Probiotics Probiotic concentration Added Probiotics Viability rate of probiotics Reference
Types and form probiotics storage
Dark Lb. rhamnosus and 8-10 log CFU/qg, freeze- After at4°C There is a viability loss of (Champagne,
chocolate B.longum dried and melted approximately 0.15 log CFU/g Raymond, Guertin,
microencapsulation by & Belanger, 2015).
spray-coating technology
Milk Lb. brevis subsp. 6 log CFU/q, freeze-dried After at4°C It was evaluated simulated digestion (Yonejima, et al.,
chocolate coagulans melted system 2015).
Milkand | Lb. rhamnosus IMC | 9 log CFU/qg, freeze-dried nd at room Milk chocolate is effective for (Coman M. M., et
dark 501® and Lb. temperature viability rate of the probiotics al., 2012).
chocolate | paracasei IMC 502®
Milk and Lb. acidophilus 8 log CFU/q, freeze-dried After nd Viability of Lb. acidophilus was (Lalicic- Petronijevic
dark NCFM® and B. lactis tempering found longer , etal.,, 2015).
chocolate HNO19
Milk Lb. casei NCDC 298 | 8 log CFU/qg, freeze-dried nd at7°C Viability of bacteria was found (Mandal, Hati,
chocolate acceptable during storage time Puniya , Singh, &
Singh, 2012)
Milk and Lb. helveticus and 9 log CFU, freeze-dried nd nd Milk chocolate is effective for (Possemiers,
dark B.longum powder, spry drying viability rate of the probiotics Marzorati,
chocolate technique Verstraete, & Van de
Wiele, 2010).
Dark Lb. rhamnosus RIUM | 8 log CFU / g, extrusion nd at4 °C and There is a viability loss of (Erginkaya,
Chocolate technique 20 °C encapsulated bacteria of Sarikodal, Ozkiitiik,

approximately 0.49 log CFU/g and
a viability loss of free-cell bacteria
about 0.21 log CFU/qg

Konuray, & Turhan,
2019)

nd: not define




In these studies, the bioavailability of probiotics throughout their shelf life, the
sensory and structural effects on the product and the effects on the GI system were
examined. These studies were also investigated to compare with survival rate of Lactic
acid bacteria and Bifidobacteria in chocolate products. In addition, they focused on
finding good storage condition and survival rate of bacteria for different non-dairy
products such as ice-cream, chocolate, salami and jam. Some important points can be
drawn from the result of these studies. These probiotics should be suitable for industrial
working conditions, able to sustain their long-term viability in storage conditions and to
remain stable (Patterson & Burkholder, Application of prebiotics and probiotics in poultry
production., 2003; Fernandez, Boris , & Barbes , 2003). Moreover, foods containing
probiotic bacteria may not be taken in sufficient quantities in the body when consumed.
Various factors such as storage state and product development also affect the survival of
probiotic bacteria; hence, the probiotic dose in the products is important (Coman M. M.,
et al., 2012; Douglas & Sanders , 2008; Kalliomaki , et al., 2010).
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CHAPTER 4

MATERIAL AND METHOD

4.1. Material

Reference cultures were provided from Northern Regional Research Laboratory
(NRLL) and Spanish Type Culture Collection (CECT) in this thesis (Table 4.1). Lactic
acid bacteria strains with probiotic properties were provided from the culture collection
of the Molecular Food Microbiology Laboratory (I'YTE-GMB-GMLKK) of Food
Engineering Department, izmir Institute of Technology. Probiotic cultures preserved in
glycerol stocks at  -80°C were inoculated on 1% to MRS broth, incubated at 37°C for 24

hours, and then were refreshed.

Table 4. 1. Used reference cultures

No References Bacteria References References
Code
1 | Lactobacillus helveticus | NRLL B- 4526 | Agricultural Research Service
Culture Collection

2 | Lactobacillus rhamnosus | NRRL B- 442 (Muyyarikkandy, Algahtani,
Mandoiu, & Amalaradjou, 2018).

3 | Lactobacillus delbrueckii | NRRL B- 548 (Muyyarikkandy, Algahtani,

subsp. bulgaricus Mandoiu, & Amalaradjou, 2018).
4 | Lactococcus lactis subsp. | CECT- 4432 Agricultural Research Service
lactis Culture Collection

All raw materials for chocolate were provided from ETI Food Industrials and
Commerce Inc, Eskisehir. Raw materials of milk chocolate is sugar, milk powder, cocoa

powder, cocoa oil, fat-free milk powder, lecithin, and vanillin.

4.2. Method

In this part of the thesis, methods are described to select GABA-producer

bacteria, microencapsulation and quality parameters of functional chocolate.
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4.2.1. Selection of GABA Producer Probiotic Bacteria

Three different methods were used to determine GABA producer bacteria by

using qualitative method for preselection and quantitative techniques.

4.2.1.1. Stock Cultures Refreshed

LAB which was preserved in glycerol stock at -80°C, were cultured two times at
30 or 37°C for 24 hours in MRS broth, and refreshed as inoculum in the fermentation

trials.

4.2.1.2. Complex pH Indicator Method

Complex pH indicator was used as a qualitative method to determine whether
GABA was produced by the bacteria. 0.1 g of methylene blue and 0.2 g of methyl red
were dissolved in 100 ml ethanol (100%). The two solutions were mixed together at 1:1
(v/v) ratio to prepare complex pH indicator and was found magenta color. Then the 0.1ml
of complex pH mixture was added to 4 ml of the reaction solution to observe the color
change (Figure 4.1). If color change observed from magenta to green, the bacteria was

glutamate decarboxylase (GAD) producing bacterium (Yang, et al., 2006).

Methyl Red Methylene Blue
+ ethanol * + ethanol

magenta color

Reaction Solution

at pH< 5.4 pH indicator color = purplish —red color

at pH > 5.4 pH indicator color = green color

Figure 4.1. Evaluation of complex pH indicator.
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4.2.1.3. Screening LAB for GABA Production Abilities Using High-
Performance Liquid Chromatography (HPLC) Method

GABA contents were determined using a Perkin 200 series HPLC system
(PerkinElmer 200 HPLC, Shelton, USA) as quantitatively. All information about the
specifications of HPLC system, analytical terms and mobile phase program is shown in
Table 4.2, Table 4.3 and Table 4.4 HPLC method for the measurement of GABA
concentration used in this thesis is the modification of the method described by (Tajabadi,
et al., 2015).

Table 4. 2. Specifications of HPLC system for determination of GABA producer LAB

System Specifications

System PerkinElmer 200 series
Detector Type Diode array detector (DAD)
Autosampler LR23329C
Column Type ACE 5 C18 (250%4.6 mm, 5 pm)

Table 4. 3. Analytical terms of HPLC system for determination of GABA producer
LAB

Analytical Conditions

Injection Volume 20 uL
Column Temperature 26°C
Flow Rate 1 uL / min
Wavelength 254 nm

Table 4. 4. HPLC mobile phase program profile for determination of GABA producer
LAB

Mobile Phase Program

Time (min) % Mobile Phase A % Mobile Phase B
0.5 98 2
15 93 7
19 90 10
32 67 13
33 0 100
37 0 100
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One hundred ml of bacterial samples were centrifuged at 5.000 g for 15 min at
4°C. Then pellets were washed in NaCl solution (0.85 %) three times. The pellets were
resuspended in 10 times 50 mM of L-glutamic acid (Sigma, G1251)(containing 0.1
mmol/L of Tween 80) and adjusted pH 4.7 by 0.5 mol/L HCI. The samples were incubated
at the incubator without shaking through at 37 °C for 24, 48, 90 and 60 h and the
supernatants were collected by centrifugation at 5.000 g for 15 min at 4°C to measure by
complex pH indicator and HPLC (Yang, et al., 2006). After the incubation 100-ul
supernatant was filtered through the 0.22 ul filter. The resulting filtrate was solved in 20
ul ethanol-water- triethylamine solution (2:2:1) and was evaporated using a vacuum
pump under 300 millitorr pressure. After evaporation, samples with added solution
ethanol-water-triethylamine —phenyl isothiocyanate (7:1:1:1), were incubated for 20 min.
at room temperature, so that phenyl isothiocyanate can lead to derivatization of GABA.
Samples were evaporated under 300 millitorr pressure again after the incubation.
Evaporated samples were diluted and were analyzed using C18 column (250 x 4.6 mm
internal diameter and 5 pm diameter) from HPLC. Two different mobile phases were
used for this analysis. Mobile phase A was a mix: 10 g sodium acetate three hydrates was
solved in 900 ml deionized water and were prepared to add 500-pul triethylamine. Phase's
pH was calibrated using acetic acid to 5.8. In addition, Mobile phase B consisted of

acetonitrile- deionized water (6:4).

4.2.1.4. Screening LAB for GABA Production Abilities Using Reverse-
Phase High-Performance Liquid Chromatography (RP-
HPLC) Method

GABA contents were determined using a Shimadzu LC-20AD series HPLC
system (Shimadzu LC-20AD HPLC, Japan) for quantitative measurements. All
information about the specifications of HPLC system, analytical terms and mobile phase
program are shown in Table 4.5, Table 4.6 and Table 4.7 GABA concentration was
measured by amino acid analysis using HPLC (Hayaloglu, Topgu, & Koca, 2011). Firstly,

samples were prepared with dissolving in 50 mM L-glutamic acid were incubated at the
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incubator without shaking. After adjusted pH to 5.0, the bacterial strains were incubated

through at 37 °C for 24, 48, 72 and 96h and supernatants were used to measure.

Table 4. 5. Specifications of RP-HPLC system for determination of GABA producer
LAB

System Specifications

System Shimadzu LC-20AD
Detector Type Diode array detector (DAD)
Autosampler Shimadzu SIL-20A HT
Column Type Pico. Tag Column (3.9 x 300 mm,4pm)
(WATERS)

Table 4. 6. Analytical terms of RP-HPLC system for determination of GABA producer
LAB

Analytical Conditions

Injection Volume 30 uL
Column Temperature 45°C
Flow Rate 1 mL/ min
Wavelength 254 nm

Table 4. 7. RP-HPLC mobile phase program profile for determination of GABA producer
LAB

Mobile Phase Program

Time (min) % Mobile Phase A % Mobile Phase B
0.01 95 5
10.00 60 40
15.00 0 100
19.00 0 100
19.01 95 5
20 Stop

After incubation, 1.0 ml culture were added in 10 ml 0.1 N HCI. This mixture was
homogenized and incubated in an ultrasonic bath at room temperature for 20 minutes.

The samples were centrifuged 3000 g for 10 min. at 4 + 1°C at the end of the incubation.
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1 ml of the supernatant of the samples were taken and 1 ml of 40 % (w/v) trichloroacetic
acid (TCA) solution was added. After the mix with vortex, it was kept in ice water at 4 +
1°C. The resulting suspension was centrifuged (Hettich 320R) at 20.000 g x 10 min. at 4
+ 1°C. Deproteinized supernatants of 25uL were placed in eppendorf tube and freeze-
dried under vacuum. 20 ul methanol 1 M sodium acetate - triethylamine solution (2:2:1)
was added to the dried sample and was freeze-dried using a vacuum pump. After the
process, samples with added solution methanol-deionized water-triethylamine—phenyl
isothiocyanate (7:1:1:1), were incubated for 20 min at room temperature, so that phenyl
isothiocyanate can lead to derivatization of GABA. Samples were dried under vacuum
again after the incubation. Dried samples were diluted and then analyzed using Waters
column (3.9 x 300 mm internal diameter) by HPLC. The derivatized samples were
dissolved with 10 mM sodium acetate buffer (pH 6.4 adjusted acetic acid) containing 5%

acetonitrile.

Two different mobile phases were used for this analysis. Mobile phase A mixture
contain: 70 mM sodium acetate, 2.5% acetonitrile dissolved in 900 ml ultra pure water;
and phase's pH was calibrated using acetic acid to 6.55. In addition, Mobile phase B
consisted of acetonitrile- ultra pure water- methanol (9:8:3, v/v/v). Both solvents were
prepared by adding 10 mg / L disodium ethylene diamine tetra acetic acid (Na.EDTA)).
GABA standards (Sigma) were used to identify GABA.

4.2.2. Microencapsulation of Probiotic Bacteria

Lb. rhamnosus NRRL B-442 probiotic bacteria were microencapsulated by using
the emulsion method (Cabuk & Harsa, 2015). During the first step of microencapsulation
by emulsion, probiotic bacteria were inoculated into 10 ml of MRS broth media with
0.1% ratio and incubated at 37 °C for 24 h under anaerobic conditions. The probiotic
bacteria were incubated by the second inoculation process into 10 ml of MRS broth at
37°C for 16-18 h. At the end of incubation, the cell pellets were harvested by
centrifugation at 5.000 rpm at 4 °C for 15 min. After the centrifugation, the precipitate

was separated from the supernatant.
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4.2.2.1. Preparation of Whey Protein Concentrate (WPC)-Pullulan

Microcapsules

WPC (9%, w/v) into distilled water was mixed at room temperature so that it could
completely dissolve. The protein solution was stirred using magnetic stirrer for almost 3
h to provide a proper dissolution and after hydration, the solution was denatured at 80 °C
for 30 min. The denatured solution was cooled. Pullulan (13%) was dissolved in water
and was mixed for 3 h in magnetic stirrer (Cabuk, Development of whey protein-pullulan
microcapsules for the encapsulation of Lactobacillus acidophilus NRRL-B 4495 as a
functional food ingredient, 2014). Denatured WPC solution was mixed with the pullulan
solution and final protein solution concentration was 9% (w/v). WPC-pullulan were

mixed with Lb. rhamnosus NRRL B-442 probiotic microorganisms (10** CFU/g).

After the formation of WPC-pullulan matrix, water-in-oil emulsions were
prepared 60% sunflower oil and 40% aqueous phase. The aqueous phase consisted of
WPC-pullulan mix containing microorganism into the oil phase including 1% soybean
lecithin. A homogenizer (IKA T25 D, Germany) at 3000 rpm for 5 min prepared the
emulsion. Then, the emulsion was continued homogenized in CaCl; solution (100 mM)
at 3400 rpm for 2 min and was continued to mix at 160 rpm for 30 min in orbital stirrer
(IKA 125 B, Germany) to harden the microcapsule. At the end of the process,

microcapsules were separated from oil phase using centrifuge at 1000 rpm for 1 h.

4.2.2.2. Freeze Drying

Microcapsules were frozen under -20 °C. Microencapsulated probiotics were
freeze-dried in a Lablanco freeze-dryer using a standard lyophilization program
(Freezone 18, Kansas, USA,) e.g. -55 °C and at 0.050 mbar vacuum for 48 hours. In

addition, they were kept at 4 °C in the screw-capped glass bottle for further experiments.
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4.2.2.3. Enumeration of Encapsulated Bacteria

Firstly, microcapsules should need to be separated for enumeration of
microencapsulated bacteria. Thus, diluted samples at 1/1 ratio was homogenized at
11.000 rpm for 5 min, then samples were inoculated into a petri plate and left for
incubation under anaerobic conditions at 37 °C for 48 h by the pour plate technique (Teoh,
Mirhosseini, Mustafa , Hussin , & Manap , 2011).

Lyophilized microcapsules diluted at 1/1 ratio, swelling was achieved at room
temperature for 5 min. After microcapsules were broken, the viable cell number was
evaluated under anaerobic condition by the pour plate technique. Viable cell number was
determined as colony forming units per gram (CFU/g) and microencapsulation yield can

be calculated by using following equation (4.1);

CFU/g after encapsulation (4.1)

Microencapsulation yield (%) = 100 x
CFU/g before encapsulation

4.2.2.4. Change in Bacterial Viability during Storage Time

Microencapsulated bacteria and free-cell bacteria in these samples were preserved
at 4°C to protect from any change in bacterial viability; and survival rates of both forms

of bacteria over 2-months storage period was observed.

4.2.2.5. Enumeration of Probiotics

Count of the bacteria was performed in duplicates and 2 repeat following the
standard plating methodology. Total counts of viable probiotic bacteria were identified
as log CFU/g.Survival rate of the bacteria after freeze-drying process was calculated

according to the formula (4.2);
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Degree of survival (%) =100 x (N/No) (4.2)

No: the number of bacteria in the milk chocolate before lyophilization - just produced
(initial time).

N: the number of bacteria in the milk chocolate after lyophilization (end of storage
time).

Where N and No present after freeze-drying process and initial viable count of bacteria,
respectively (Cabuk, 2014).

4.3. Chocolate Preparation

The chocolate contains 50.7 g carbohydrate, 8.3 g protein, 3.4 g dietary fiber and
34.5¢ fatty per 100 g (ETi Food Industrials and Commerce Inc). Three different chocolate
types were prepared, which were control (without probiotic) (C), chocolate including

microcapsule-probiotic (M) and chocolate containing free-cell probiotic (F).

Tempering process was carried out for three types of chocolate in order to improve
the unstable crystals structure of cocoa butter. The tempering was followed in four steps:
chocolate masses were heated at 45°C to melt all fats, slowly cooled at 25 °C with stirring
to stable crystals and then reheated at 29- 31 °C to melt out unstable crystals. After
tempering, chocolate was moulded in the forms of 11.67 + 0.5 g cubes and these samples
were cooled. Microencapsulated probiotic and cell-free microcapsules were added before
moulding. All chocolate samples were stored at room temperature and at the cooling
temperature of 4°C to determinate probiotic viability under various storage conditions
(Klindt-Toldam , et al., 2016). All of the chocolate samples were measured after 7 days
of storage time in order to attain the chocolate stabilization (Bulatovic, Zaric, Krunic,
Boric, & Rakin, 2016).

4.3.1. Chemical Analysis

Moisture and ash analysis of chocolate samples were evaluated as chemical analysis.
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4.3.1.1. Moisture Analysis

According to (AOAC , 1990), the moisture content of the chocolate was
determined gravimetrically by oven drying at 105+2 °C for 24 h to reach weight
equilibration. The moisture content (MC) was estimated by the equation (4.3). Mean

values from 2 repeat and duplicates measurements and standard errors were evaluated.

MC (%): [(Wwet 'Wdry)/Wwet]*loo (43)
Wuet: the weight of the wet chocolate samples

Wary: the weight of fully dry chocolate samples.

4.3.1.2 Ash Analysis

Ash content of dry sample chocolate was determined according to (AOAC , 1990).
5-10 g chocolate samples were weighed into 25-50 mm porcelain crucible, which was
cooled and was reached weight equilibration after it was warmed to 600°C. The crucible
was risen gradually to 600 °C and held for 4 h in a protherm furnace. Afterwards, the
crucible was cooled to a room temperature into a desiccator. The crucible containing
ashes was left for drying in the water bath (IKA HB 4 B, Germany) after 96% ethyl
alcohol was added into ashes. Ash samples were cooled in a desiccator and weight until
the equilibration was reached, total ashes content was estimated from the equation (4.4).
Mean values from 2 repeat and duplicate measurements and standard errors were

calculated according to the results.

Total Ashes Content (%) = 100* (M2-M1/M)  (g/100g) (4.4)

M,: Weight of empty crucible + ashes (g)

M:: Weight of empty crucible (g)

M: Weight of test sample (g)
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4.3.2. Microbiological Analysis

Yeast, Mold, total coliform and Salmonella counts were done in order to test
whether chocolate was produced under hygienic conditions. The viability of lactic acid

bacteria in chocolate products were determined.

4.3.2.1. Yeast and Mold Count

After dilutions were prepared for chocolate samples, these diluted samples were
added to Yeast Extract Glucose Chloramphenicol (YGC) agar medium by pour plate
methods and incubation result count was enumerated at 20-25 °C for 3-5 days (Unliitiirk
& Turantas, 2002).

4.3.2.2. Viability of LAB

Quantities of lactic acid bacteria in the chocolate samples were evaluated
immediately after the chocolate preparation (initial count) and 7, 14, 30 and 60 days of
storage at 4+2°C and room temperature. Total cell count of encapsulated bacteria was
also evaluated immediately after freeze-drying and 7, 14, 30 and 60 days of storage at 4+
2°C. Total lactic acid bacteria counts were determined using Man, Rogosa, and Sharpe
(MRS) agar medium. After serial dilutions were prepared for the samples, petri dishes
were sown and incubated at 37°C for 24-48 hours in anaerobic conditions. Counting was
enumerated on petri containing 30-300 colonies and the results were determined as colony
forming unit (CFU) / ml.
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4.3.2.3. Salmonella Count

Peptone water (225 ml) was prepared and 25 g sample was weighed to determine
the presence of Salmonella. Samples were homogenized with stomacher bag and were
incubated for 24 h at 37 + 1°C. Then, the medium was transferred to Rappaport and
Vassiliadis (RVS) Broth, a selective pre-enrichment medium, incubated at 35 + 1°C for
24 hours, then cultured on Brilliant Green Agar from developmental medium and
incubated for 24 hours at 35 £ 1 °C. The confirmation test for Salmonella presence was
conducted by sowing the sample on Triple Sugar Iron Agar (BAM , 1998) where
subjected brown, gray or black colonies would have been appeared in the case of

Salmonella contamination.

4.3.2.4. Total Coliform Count

For Coliform group microorganism identification, VRB agar was planted by
spread plate technique. For this, VRB agar was added 10 gr of 100 ml erlenmeyer flasks,
after physiological water addition, the mixture was mixed homogeneously. Then dilutions
of 1/10, 1/100 were made in these samples and then incubated for 24-48 h (BAM , 1998).

4.3.3. Physical Analysis

Color and texture profile analysis of chocolate samples were evaluated as physical

analysis.

4.3.3.1. Color Analysis

Color of the chocolate samples was measured with a Chroma Meter (Model CR-

400 Konica Minolta Sensing Inc., Japan). Chocolate samples, which were kept through 7
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days of period at room temperatures, and were measured after tempering process (Koca,
2011).

Color measurements were made at 20 °C to determine the L * (bright), a * (green
to red) and b * (blue to yellow) values of the chocolate samples. Mean values from 5

repeat and 2 replicates measurements and standard errors were utilized (Afoakwa, 2010).

4.3.3.2. Texture Profile Analysis

The hardness and fracturability of chocolate samples were measured by using the
Texture Analyzer Model (TA-XT PLUS, Stable Micro Systems, Godalming, UK) with a
load cell of 50 N. Hardness is the maximum penetrating force (g) necessary to for the
needle to penetrate into the chocolate samples (26x 20 mm and depth 20 mm ). The
hardness measurements of chocolate samples were done by needle probe at the
temperature value of 25 °C (Table 4.8). The samples were chosen as the same dimensions

and smooth surfaces.

Table 4. 8. Texture analyzer conditions

Methods Conditions Value
Test Mode Compression
Pre- test speed 1.0 mm/s
Test speed 2.0 mm/s
Post-test speed 10.0 mm/s
Rupture Distance 17 mm
Trigger Type Auto Force
Trigger Force 50¢g
Rupture Mode Close
Tare Mode Automatic
Advanced Options Open
Control Oven Disabled

The fracturability was reported as the maximum load (g) required for fracturing

tempered chocolate samples (26x 20 mm and depth 20 mm). Until the chocolate samples
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were broken, the probe descends at 10 mm/min. The one point bend test was made for
chocolate samples. These analyses were done with three replications as mean values. In
addition, standard errors were calculated for both analyses (Yiicekutlu, 2015). Mean

values from 5 repeat measurements and standard errors were calculated.

4.3.4. Sensory Analysis

Sensorial evaluation was performed and repeated twice for probiotic chocolate
samples; at least 20 panelists consisting of the faculty members and students of Izmir
Institute of Technology, Food Engineering Department (both experienced and

inexperienced) were present for evaluation (Erdem, et al., 2014).

Panelists were asked to define probiotic chocolate samples for their sweetness,
appearance, greasiness, color, odor, texture, taste/flavor and general liking. The scale was
given between 1-5 score which 1 is the lowest and 5 is the highest (Farzanmehr & Abbasi,
2009).

4.4, Static In-Vitro Simulated Digestion Method

First, the activity of the enzymes used in the simulated digestion system was
determined based on the methods described by Minekus et al. (2014). After determination

of enzyme activity, simulated digestion process was carried out.

4.4.1. Pancreatic Lipase Activity

The pancreatic lipase activity was determined using pH-stat titration method.
First, assay solution, titration solution and enzyme solution were prepared. 5 or 10 mg of

lipase enzyme powder was dissolved in 5 or 10 ml purified water and kept on ice,
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eventually concentration of the enzyme solution was 1 mg/ml which was tested. The
aqueous solution was prepared that 7.20 mg Tris-(hydroxymethyl)-amino methane, 1800
mg NaCl, 40 mg CaCl, and 420 mg sodium taurodeoxycholate (biliary salts) were
dissolved in 200 ml purified water. 2.0 g NaOH was dissolved in 500 ml purified water
(0.1 N NaOH) as titration solution. 14.5 ml of assay solution and 0.5 ml of tributyrin were
added in titration vessel on the mechanical stirrer at 37°C. Then, 10 to 100-pL pancreatic
lipase solution (8xUSP) (containing colipase) was prepared. NaOH addition is necessary
to maintain the pH of titrating solution at pH 8.0, 37°C. These processes provide
measuring linear kinetics of free fatty release for at least 5 minutes. Moreover, 15 ml of
the aqueous and 0.5 ml of tributyrin were added in the titration vessel to mix using

magnetic stirring at 37°C to prepare blank solution.
In addition, pancreatic lipase activity was calculated according to equation 4.4.

Units/mg powder = R (NaOH) x 1000
(4.4)

v X [E]

R(NaOH): rate of NaOH delivery in umole NaOH per min (umole free fatty acid

released per min.).
v: volume of the of prepared enzyme solution added in a pH-stat vessel

[E]: concentration of prepared enzyme solution (mg powder/ ml)

4.4.2. In-Vitro Simulated Digestion Process

The digestion procedure used to test bioaccessibility in chocolate samples,
according to Paz-Yepez C. et al. (2019) methods. Three digestion fluids were prepared,
which are salivary, gastric and intestinal. These fluids were used fresh from the stock
solution. There is also three-stage to evaluate in-vitro digestion; oral stage, gastric stage

and intestinal stage. Experimental condition was evaluated in triplicate.

Oral stage: simulated salivary fluids (SSF) were prepared for the stage containing
15.1 mmol/L, KCI, 3.7 mmol/ L KH2POa, 13.6 mmol/ L of NaHCO3, 0.15 mmol/ L of
MgCl2(H20)s, 0.06 mmol/ L of (NH4)2COsand 1.5 mmol/ L of CaCl.. The simulated
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fluid was adjusted to pH 8 at 37°C. Free-cell bacteria and chocolate samples (including
microencapsulated bacteria and free-cell bacteria) were mechanically broken down by a
mortar. 5ml salivary fluid and 5ml samples were homogenized and then incubated for 3
min at 37°C. a-Amylase was added as part of the saliva stock solution to achieve a

concentration in the saliva mixture of 75 Unit/ ml.

Gastric stage: simulated gastric fluid (SGF) were prepared containing 6.91 mmol/
L of KCI, 0.9 mmol/L of KH2PO4, 25 mmol/ L of NaHCO3, 47.2 mmol/ L of NaCl, 0.1
mmol/ L of MgCl2(H20)s, 0.5 mmol/ L of (NH4)>CO3 and 0.15 mmol/ L of CaCl, (pH
3.0). After the oral stage, this gastric solution was added including the oral bolus in a ratio
1:1 (v/w). Pepsin was added into the gastric fluid to achieve a concentration in gastric
mixture of 2000 Unit / ml and adjusted to pH 3.0 with HCI (1N). Each sample was flipped
from top to bottom at 55 rpm for 120 min at 37 °C and incubated.

Intestinal stage: Simulated intestinal fluid (SIF) were prepared including 6.8
mmol/ L of KCI, 0.8 of KH2PO4, 85 mmol/ L of NaHCOs3, 38.4 mmol/ L of NaCl, 0.33
mmol/ L of MgCl>(H20)s, 0.6 mmol/ L of CaCl. (pH 7.0) and also bile salts (1 mM) and
pancreatin (2000 LU/g of fat) . This solution and gastric chime were mixed in a ratio 1:1
(v/w) and adjust pH 7.0 with NaOH (1N). Each sample was flipped from top to bottom
at 55 rpm for 120 min at 37 °C. If the pH of the solution drops to 5.7, this may indicate
that the lipase is inactive. Therefore, the pH value was monitored through the digestion
process. Samples taken from the simulated fluids at the end of each stage were inoculated
on MRS agar. Thus, viability of bacteria in chocolate samples were evaluated at the end
of the static experiments to simulate the environment of mouth, stomach and intestines;
results were estimated by using equation 4.2. Mean values from dublicate measurements

and standard errors were calculated.

4.5. Morphology of Microcapsules

The morphology of chocolate samples with free-cell and microencapsulated
bacteria and its simulated gastric fluids were examined by using environmental scanning

electron microscopy (ESEM).

41



4.6. Statistical Analysis

The results of the analyses performed to identify the differences between the
chocolate produced. One-way analysis of variance (ANOVA) using the "Minitab 18
Statistical Software" program was applied to the microencapsulated and free-cell bacteria
with the control group among the chocolate produced. In addition, the differences
between the data averages of the application groups were compared by the Tukey test and
the data of the comparison groups were tested according to the a = 0.05 confidence

interval.
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CHAPTER 5

RESULTS AND DISCUSSION

5.1. Screening of Probiotic Bacteria for GABA Producing Abilities

The LAB strains were screened to determine their ability to produce GABA from
L-glutamic acid for the period of 24, 48, 72 and 96 h. These incubation times were
determined based on previous researches (Siragusa , et al., 2007; Li, Gao, Cao, & Xu,
2008; Di Cagno, et al., 2010; Komatsuzaki, Shima , Kawamotoa , Momosed , & Kimurab,
2005; Hayat, et al., 2015). Moreover, GABA- producing ability is effective between pH
4.0 and 5.0 (Barla, et al., 2016). Therefore, a total of 4 reference LAB strains were
incubated with L- glutamic acid pH 4.7 and 5.0 for 24, 48, 72 and 96 h to find the highest
GABA-producing ability in this thesis (Table 4.1). The strains screened in this study were
selected since their therapeutic effects for neuropsychiatric disorders were elaborated in
Chapter 2 Table 2.4.

Firstly, qualitative screening was carried out. An acidic condition is obtained to
activate the GAD enzyme by adjusting the pH to 4.7 in the pH indicator method. In the
case of S. salivarius ssp. thermophilus STX-2, rise of pH was seen after incubation at its
optimum growth conditions and consequently green color changes were observed based
on the acid-base analysis (Yang, et al., 2006). GABA was expected to be excreted into
the extracellular environment throughout GAD gene expression under these conditions.
Therefore, the color change was occurred because of alkalization conditioning of the
medium (Diana, Tres, Quilez, Llombart, & Rafecas, 2014). In this study, only green color
of GABA standard was observed, while the medium of bacteria showed the pink color.
According to the complex pH indicator analysis result, all bacterial cultures used in the
study were not produced GABA. Figure 5.1 shows the pH changes of bacteria after
incubation. For example, Lactobacillus rhamnosus NRRL B- 442 pH was 3.75 with a
pink color change; GABA producing ability cannot be confirmed according to this
qualitative method. However, the same strain were found to be GABA producer when
RP-HPLC method was conducted.
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In the literature, Lb. brevis NCL912, Lb. brevis DPC6108, Lb. brevis PM17, Lb.
brevis IFO 12005 have an optimum pH value of 5.0 for 48 h, pH 6.8 for 9h, pH 4.7 for
24h, pH 5.2 for 48h, respectively to produce GABA (Li, Gao, Cao, & Xu, 2008; Barrett,
Ross, O’Toole, Fitzgerald, & Stanton, 2012; Siragusa , et al., 2007; Yokoyama,
Hiramatsu, & Hayakawa, 2002). Lb. delbrueckii subsp. bulgaricus PR1 showed GABA
production at pH 4.7 for 24h and Lb. delbrueckii ssp. lactis produces at pH 4.0 for 24 h
(Siragusa , et al., 2007; Tsai, Chiu, Ho, Lin, & Wu, 2013). Lb. helveticus PR4, B26-W
and NDO1 strains have the optimum pH value for GABA production between 3.5- 4.6 for
30h and 120h, respectively (Nejati, et al., 2013; Sun T. , et al., 2009). It was found that
Lb. rhamnosus FC3-6 produced GABA at pH 4.7 for 120 h at the end of fermentation
period. Lc. lactis CECT-8184, DIBCA13, DIBCAZ2 and PUL strains isolated from cheese
generated GABA of high quantity at pH 4.7-6.8 for between 24h and 120h (Diana, Tres,
Quilez, Llombart, & Rafecas, 2014; Nejati, et al., 2013). Moreover, pH 4.0 and 24h were
found the best conditions for Lc. lactis subsp. lactis PU1 (Coda , Rizzello , & Gobbetti ,
2010; Rizzello, Cassone , Cagno , & Gobbetti, 2008). Therefore, it can be said that color
change is not a dependable criteria since every bacterial strain has its own optimum pH,

it is only the indication as the pH value of the medium changes.

In this thesis, not only the qualitative screening, HPLC and RP-HPLC methods
were used to determine GABA concentrations of probiotic bacteria for guantitative
measurements. The mean values of all samples were calculated from double repeated
measurements and standard errors. Sample preparation methods were different for each
HPLC methods as described in detail in Materials and Method 4.2.1. section, whereas

50mM L-glutamic acid (1.0 %) was used as a substrate at each for both.

Firstly, GABA production abilities of bacterial strains were measured using C18
column by HPLC method. In case of GABA standard, chromatogram pike of retention
time was found approximately 30 min. However, peaks of standard GABA were not
resolved well in the range of 500 ppm and lower, interferences were shown in between
the peaks, Gaussian type peaks were not seen to obtain quantitative data. Therefore,
chromatogram results showed that higher GABA peak were belong to Lactobacillus
rhamnosus NRRL- B442, fermented at pH 3.65 at 37°C for 90 h (Appendix A). Other
bacterial samples having different fermentation times were also measured by HPLC under

same parameters. Not all the probiotic bacteria produced GABA.
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There have been many research in literature to determine GABA concentration by
HPLC using C8 and C18 columns, that can be suitable for protein and peptides (Rosetti
& Lombard, 1996; Ko, Lin, & Tsai, 2013; Horanni & Engelhardt, 2013; Tajabadi, et al.,
2015). Successful resolutions for GABA were obtained according to these studies, e.g.
LiChrospher 100 RP-18 column (250 x 4.6 mm, Sum), Mightysil C18 column (250 x 4.6
mm, 5um), Hypersil ODS C18 reverse-phase column (250 x 4.6 mm, 5um), SB-C-8 (2.1
x 50 mm) and Kinetex C18 column (100 x 2.10 mm, 2.6pum).

Therefore, on the outset of this thesis, ACE C18 column (250 x 4.6 mm, 5um)
were used to identify GABA concentrations. It was decided to be used as highlighted that
ACE C18 column with hydrophobic characteristics is generally used for protein and
peptides, by above research studies. Nevertheless, this operation was not resulted with
success to extract quantitative data even though many pre-derivatization methods and

programs have been tried.

Afterwards different type of column, Pico.Tag column (3.9 x 300 mm, 4um),
based on silica- packing materials, was used in able to obtain quantitative data for GABA.
The Pico.Tag column is generally used the analysis for free-amino acids, amino acids of
peptides and protein hydrolysates. Pico.Tag column involves in following two steps for
analysis of food samples. These steps include the acid hydrolysis to release amino acids,
and pre-column derivatization of food samples to separate the phenylthiocarbamyl amino
acid derivatives by using HPLC. In this study, phenylisothiocyanate was used for pre-
column derivatization of GABA standard and bacteria samples. The amine group of
amino acid bonds to carbon group of phenylisothiocyanate and as a result of

phenytfhiocarbamyl amino acid is produced.

It was found that the separation of the phenytfhiocarbamyl derivatives of the
amino acids takes approximately 12 min. with the Pico.Tag method using sodium-based
buffers. Thus, it was supported that Pico.Tag column can be used as an alternative of the
ion-exchange analyzer (White, Hart, & Fry, 1996) since ion-exchange chromatography is

conventionally best separation method for amino acid analysis.

The derivatization method used for Pico.Tag method was also been tried for
comparing results obtained earlier by pH indication method. At the end of fermentation
time for each probiotic bacteria alteration of pH values were recorded. As seen from

Figure 5.1, optimum pH of all strains for GABA production was observed in the range of
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pH 3.65 and 4.88. Lactobacillus rhamnosus NRRL B-442 had the lowest pH optimum

throughout the fermentation period among four LAB strains.

The calibration curve was determined by Pico.Tag method using RP-HPLC for
five different concentrations 20, 50,100, 200, 500 mg/L of GABA standard as seen in
Appendix B. The regression coefficient (R?) was found greater than 0.99 for this curve.
GABA concentrations belong to four-probiotic bacteria were calculated according to
GABA calibration curve equation. Chromatogram pike of retention time of GABA
standard was found at 6.08 min (Appendix B).

4.8 -
4.4 =
o 4
> =
Tg 3.6
L 32
2.8
2.4
2
Lactobacillus helveticus Lactobacillus Lactobacillus Lactococcus lactis
NRLL B- 4526 rhamnosus NRRL B- delbrueckii subsp. subsp. lactis CECT
442 bulgaricus NRRL-B548 4432

Lactic acid bacteria

m24h m48h m72h m96h

Figure 5. 1. Qualitative pH indication method of LAB strains to estimate GABA
secretion.

Lactobacillus rhamnosus NRRL B- 442 produced the highest GABA
concentration to be approximately 58,800 mg/L at pH 4.07 at 37°C for 24 h at the end of
fermentation period, which had the highest GABA concentration among other LAB
strains (Table 5.1). The chromatograms obtained for four LAB strains at different
fermentation periods of 24h, 48h, 72h and 96h were given in Appendix B. Lb. helveticus
NRRL-4526 had similar GABA concentrations at 24h, 48h and 72h. However, GABA
was not detected by Lb. helveticus NRRL-4526 at the end of 96 h incubation time. GABA-
production ability of Lb. delbrueckii subsp. bulgaricus NRRL-B548 and Lc. lactis subsp.
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lactis CECT 4432 was not found at noticeable difference owing to their fermentation time
of 24 — 96 h. Lb.delbrueckii subsp. bulgaricus NRRL-B548 produce GABA between the
concentration values of 48,160+151 and 55,1474+263 mg/L.

In the literature, there have been many studies investigated GABA content of
LAB. For example, Lb. paracasei NFRI from isolated fermented fish had GABA content
of 31145.3 mg/kg (Komatsuzaki, Shima , Kawamotoa , Momosed , & Kimurab, 2005).
Lactobacillus subsp. OPK 2-59, Lactobacillus buchneri MS, Lactococcus lactis subsp.
lactis and Lactococcus lactis subsp. lactis B had GABA concentrations in between 180
and 25883.12 mg/kg (Lu , Xie , & Gu, 2009; Seok , et al., 2008; Lu , Xie , Gu, & Han,
2008). Lactobacillus paracasei PF6, Lactobacillus plantarum C48, Lactobacillus
delbrueckii subsp. bulgaricus PR1, Lactococcus lactic PUl and Lactobacillus brevis
PM17 produced GABA at the concentrations of 99.9 mg/kg, 16 mg/kg, 63.0 g/kg, 36.0
mg/kg and 15 mg/kg, respectively (Siragusa , et al., 2007; Coda , Rizzello , & Gobbetti,
2010). In another study, it was found that Lactobacillus brevis NCL912 consisted of
103719.1 mg/kg GABA (LI, Qiu , Gao , & Cao , 2010). In another study, Lactobacillus
plantarum Taj-Apis362 was isolated from honeybees produced 1.76 mM GABA
(Tajabadi, et al., 2015). In addition, Lactobacillus brevis strain synthesized 4599.2 mg/kg
GABA (Huang , Mei, Wu , & Lin, 2007). Lb. rhamnosus FC3-6, Lb. helveticus PR4,
Lb. helveticus B26-W, Lb.casei 2749 and Lc. lactis DIBCA13 produced GABA in the
concentration of 16.3 mg/kg, 10.3 mg/kg, 16.9 mg/kg, 24.7 mg/kg and 10.1 mg/kg
respectively at 37 °C (Nejati, et al., 2013). In another study, it was found that two different
Lb. helveticus strains of E2303 and NDO1 produced GABA between 56.44 and 113.35
mg/L (SunT. S., et al., 2009).

Table 5. 1. GABA concentration of probiotic bacteria

GABA (mg/ L)
Probiotic bacteria 24h 48 h 72 h 96 h

Lb helveticus NRLL B-4526 48,9934+286%  50,277+211*  50,680+258% -
Lb.rhamnosus NRRL B- 442 58,881+£985%  57,524+269% 54,893+837™  52,950+105°
Lb.delbrueckii subsp. 55,1474263%  48,160+151*  50,117+162* 51,288+414*
bulgaricus NRRL-B548

Lc. lactis subsp. lactis CECT 44,947+232%  48,082+320*  49,166+£162*  50,177+101%
4432

Means indicated with different small letters represent significant differences on the same line
(P<0.05).
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Lb. brevis strains of 12005, CECT 8183, CECT 8181 and CECT 8182 isolated
from 2 different cheese (goat and sheep cheese) generated GABA at high quantity 0.83,
0.96, 0.94 and 0.94 mM (Diana, Tres, Quilez, Llombart, & Rafecas, 2014). Lb. plantarum
DSM19463, which is another bacterium isolated from cheese, synthesized GABA of 0.89
mM (Di Cagno, et al., 2010). It was found that Lb. rhamnosus GG produced the highest
GABA concentration of 0.44 mg/ml at the end of 36 h between different fermenation
times (Song & Yu, 2018).

Recently, many clinical studies focused on consuming probiotic bacteria instead
of various drugs such as lorazepam and diazepam with pharmacological properties acts
on GABA receptors (Cryan & Kaupmann , 2005; Rudolph & Moéhler , 2004; Singewald,
Schmuckermair, Whittle, Holmes, & Ressler, 2015). Different probiotic bacteria have
been indicated to decrease anxiety symptoms (Pirbaglou , et al., 2016; Wallace & Milev,
2017). For example, it was supported in a clinical study that consumption of Lactobacillus
rhamnosus could decrease anxiety disorder because of the effect of GABA
neurotransmitter in CNS (Bravo, et al., 2011). In other words, clinical studies were
presented to support that Lb. rhamnosus regulate GABAergic system and emotional
behavior. It means that consumption of probiotic bacteria was effective on
neuropsychiatric disorders (Bravo, et al., 2011; Enticott, Rinehart, Tonge, Bradshaw, &
Fitzgerald, 2010).

5.2. Microencapsulated Probiotic Bacteria

It is known that factors like storage conditions of a product, food process
conditions, and the gastrointestinal system limits the viability of probiotic bacteria.
Therefore, microencapsulation is known as one of the effective method conserving

bacteria against these factors (Gadhiya, Patel, & Prajapati, 2015).

In this study, bacteria cultures were microencapsulated by using water-in-oil
emulsion technique as described in Figure 5.2, following step by hardening of the
microcapsules. Microencapsulation was carried out by choosing Lb. rhamnosus NRRL
B-442 strain as for the highest GABA-producer, it was incubated at 37 °C for 23 h,
according to its growth curve (Appendix C).
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Lb. rhamnosus NRRL- B442 was added at the concentration approximately
1.2x10'! CFU/mL into the emulsion. Immediately after the bacteria were
microencapsulated, freeze-drying was applied for the bacteria having the concentration
of 10° CFU/g and stored at 4°C for future experiments (Figure 5.3). During freeze-drying
process 2 log decrease in bacteria count was obtained; therefore microencapsulation

efficiency of Lb. rhamnosus probiotic bacteria were found to be as 81.81% .

Figure 5. 2. Microencapsulation of Lb. rhamnosus NRRL- B442 strain by emulsion
technique

(a): WPC+ pullulan + probiotic bacteria solution

(b): (a) + CaClz solution + oil emulsion

(c): Microencapsulated probiotic bacteria, after emulsion was separated
(d): Microencapsulated and freeze-dried bacteria

In Figure 5.3, microencapsulated bacteria were followed by a decline of viable
cell counts from 9.01 log CFU/g to 8.41 log CFU/g after 60 days of storage at 4°C. The
survival of freeze-drying Lb. rhamnosus NRRL- B442 was found as 93.34% for 8 weeks.
Same microencapsulation method was used by Cabuk (2014), where the survival rate of

Lactobacillus acidophilus was found as 92% for 4 weeks.

49



10
ab bc bc :|:

log CFU/g
~

0 7 14 30 60
Times (days)

Figure 5. 3. Survival of microencapsulated Lb. rhamnosus NRRL- B442 during storage.

5.3. Chocolate Preparation

The initial microencapsulated bacteria count was 10° CFU/ml in chocolate
formulation. After microencapsulated probiotic was added into the chocolate, its count
decreased approximately 2 log. Thus, final concentration in chocolate was found as 107
CFU/g. Ultimate count of microencapsulated Lb. rhamnosus NRRL-B442 viable cells in
chocolate samples were 10" CFU/g based on the dilution effect of 1.0 % that 1g
microencapsulated cells were added in 100 g chocolate sample. In addition, free-cells of
bacterial cell suspension were added at the concentration of 10° CFU/ml that should
resemble to 7 log CFU/g used for microencapsulated cells. Similar decrease in the cell
numbers were observed immediately after probiotic chocolate was produced (Bulatovic,
Zaric, Krunic, Boric, & Rakin, 2016; Erginkaya, Sarikodal, Ozkiitiik, Konuray, & Turhan,
2019; Coman M. M., et al., 2012; Lalicic- Petronijevic , Popov-Raljic, Lazic, Pezo, &
Viktor, 2017). These chocolates were stored both at 4°C and at room temperature for 2
months. The survival rate of Lb. rhamnosus after 60 days in milk chocolate at 25°C was
remarkably decreased for F and M chocolate samples. However, it was observed that the
degree of bacterial survival during storage was higher at 4°C. Therefore, keeping the F
and M samples at 4°C could be preferred since it is the best storage condition for
preserving the viability of the probiotic bacteria (Khanafari , Porgham, & Ebrahimi ,
2012; Konar, et al., 2018).
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In this thesis, F and M samples had almost the same survival rate of bacteria
during storage time. Moreover, M sample had a slightly lower degree of survival e.g. 79%
and F sample had a survival rate of 83% in the chocolate, results are shown in Figure 5.4.
It was also known that the degree of probiotic survival in different types of chocolate was
depended on a strain character. In the literature, the survival rate of Lactobacillus strains
in chocolate was found to be 90% for 6 months (Bulatovic, Zaric, Krunic, Boric, & Rakin,
2016). The survival rate of Lb. rhamnosus PTCC1637 cells were found high in the
chocolate at 4°C for 25 days (Khanafari , Porgham, & Ebrahimi , 2012). Viable cells of
B. indicus HU36 count was found in the range of 88-91% in the chocolate (Erdem, et al.,
2014).
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Figure 5. 4. Degree of survival (%) of Lb. rhamnosus NRRL B-442 during storage time.

In this study, F chocolate samples had slightly higher viable probiotic count than
M samples. Table 5.2 demonstrated information about the viability of Lactobacillus
rhamnosus NRRL B-442 in chocolate samples during storage. The number of
microencapsulated bacteria (M) in the chocolate was merely lower at the beginning of
storage (0™ day) than free-cells (F). It is shown that microencapsulation of cells develop
resistance to stress factors such as chocolate melting temperatures and food composition
(Ding & Shah, 2008; Konar, Toker, Oba, & Sagdic, 2016). Small differences in cell
counts of F and M samples have been found, it can be attributed to the harsh conditions

of chocolate production process; immediate mixing of chocolate at melting temperature.
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Table 5. 2.Viability of Lactobacillus rhamnosus NRRL B-442 free-cell and
microencapsulation in milk chocolate samples (log CFU/ 10g).

Sample Storage time Storage
Temperatures
0™ day 7™ days 14™ days 30" days 60™ days
F 7.457+0.07%"  7.318+0.09%® 7.132+0.14% 7.284+0.11%8 7.204+0.17% 4°C

7.457+0.07%  7.307+0.22% 7.288+0.22*A 7.252+0.10* 6.953+0.19% 25°C

M 7.076+0.13°4BC 7.096+0.12%8 6.795+0.11°8C 7.248+0.28%" 6.747+0.32°° 4°C

7.076+0.13"2  6.708+0.14" 6.706+0.16°" 6.677+0.13°A 5.879+0.655° 25°C

a, b: Means indicated with different small letters represent significant differences on the same column
(P <0.05).
A, B, C: Means indicated with different capital letters present significant differences on the same line
(P <0.05).

It was observed that viable cell counts in F and M chocolate samples increased
after 30 days, while after 7, 14 and 60 days viable cells count in the samples decreased
when stored at 4°C. The effect of coating materials during microencapsulation process on
cell viability was found statistically significant between days at 4°C (P<0.05). While
bacteria count had the highest survival at the end of 30th days, the count was the lowest
at 60th days under 4°C. However, the survival of bacteria in M sample at 25°C reduced
significantly at the end of 60 days. Moreover, microencapsulated bacteria and M samples
at 4°C were similarly increased and reduced in storage condition, but the viability of count

probiotic bacteria in M at 25°C reduced remarkably (Figure 5.5).

It was observed that microencapsulated bacteria and M sample had similar
changes among different days at 4°C. Dealing with F samples, the survival of free-cell
bacteria was found statistically different between storage days at 4°C (P<0.05). However,
it slowly decreased at 25 °C storage conditions. Moreover, F samples were not found
statistically different between at various storage temperature (P>0.05). Furthermore, F
and M samples was found statistically different from each other at storage conditions of
25 °C (P<0.05). However, they were found to be significantly different for 0 and 14 days
at 4°C, but it was found that there was no statistically significant difference between the
samples for 7, 30 and 60 days (P>0.05) (Figure 5.6). The viability of the M and F samples

during refrigerated storage were found to be the best condition. Other experimental
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studies also supported this finding (Khanafari , Porgham, & Ebrahimi, 2012; Erginkaya,
Sarikodal, Ozkiitiik, Konuray, & Turhan, 2019; Lalicic- Petronijevic , Popov-Raljic,
Lazic, Pezo, & Viktor, 2017; Lalicic- Petronijevic , et al., 2015).
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Figure 5. 5. The viable cell count of microencapsulated Lb. rhamnosus NRRL B-442

and M samples at 4 °C and 25°C.
The wvalue in columns represents the difference in content of the different samples of
microencapsulated probiotic in chocolate and without chocolate. Mean values in the group of columns,
labelled with the same letter are not statistically different (p < 0.05).

To illustrate, a study showed that the total number of Lactobacillus bacteria cells
in dark chocolate was found as 6-7 log CFU/g for 12 months at 4°C (Nebesny,
Zyzelewicz, Motyl, & Libudzisz, 2007). Lactic acid bacteria can be continued their
metabolic activities at mesophilic temperatures such as 27°C and 30°C and produced
various metabolites. Thus, the bacteria pass from the exponential phase to the death phase
and lose their vitality over time. Depending on this knowledge, products with probiotics
should be preferred stored at lower temperatures to prevent their metabolic activities
(Khanafari , Porgham, & Ebrahimi, 2012; Dharmasena, 2012).

In this study it was observed that free and encapsulated bacteria were added in
chocolate, the survival rate of the bacteria was gradually reduced. M samples at 4°C
reduced approximately 0.329 log CFU/g and F samples at 4°C decreased almost 0.253
log CFU/qg at the end of storage. The viability of freeze-dried form of Lb. acidophilus
NCFM and B. lactis HNO19 in chocolate samples were observed with the loss of 1.1-1.6
log CFU/g at the end of 14 months (Klindt-Toldam , et al., 2016). The combination of Lb.
brevis F19 and Lb.rhamnosus GG in dark chocolate were decreased approximately 1.0
and 0.4 log CFU per dose during 90 days (Succi, et al., 2017).
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Figure 5. 6. Survival of Lb.rhamnosus NRRL-B 422 in F and M samples during storage
(a) at 4°C and (b) 25°C.

The probiotic load is acceptable between 6-8 log CFU/g for dairy products
(Maragkoudakis, et al., 2006). Other studies are also supported this since the minimum
count of probiotics at the time of intake requires > 6 log CFU/g for having therapeutic
effects (Doleyres & Lacroix, 2005; Konar, et al., 2018). Hence, F and M chocolate sample
can be acceptable since they contain adequate amount probiotic cells (Table 5.2).
Moreover, probiotic microorganisms in chocolate can also be used without
microencapsulation because similar survival rates were obtained for F and M samples
during storage period. However, some studies supported that microencapsulation
technique was effective on the survival of bacteria during the GI tract (Possemiers,
Marzorati, Verstraete, & Van de Wiele, 2010; Yonejima, et al., 2015; Coman M. M., et
al., 2012; Champagne, Raymond, Guertin, & Belanger, 2015; Succi, et al., 2017; Klindt-
Toldam , et al., 2016).

It was known that chocolate has protective properties for bacteria because of its
lipid fraction of cocoa butter and high phenolic content (it is affected on reduced oxidative
stress) (Burgain, Gaiani, Linder, & Scher, 2011; Lahtinen, Ouwehand, Salminen |,
Forssell, & Myllarinen, 2007; Yonejima, et al., 2015; Pedroso, Dogenski , Thomazini,
Heinemann, & Favaro-Trindade, 2013). Thus, chocolate structure can represent a good

carrier properties for preserving bacteria.

Some studies investigated the survival of probiotics in different chocolate types

when tested in simulated Gl tract. As was shown earlier in Table 3.2, there have been
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many successful applications of probiotics, therefore “chocolate with probiotic” can be
thought as a novel approach. However, limited study has been focused on food products
containing probiotics to overcome neuropsychiatric disorders. For instance, in the double-
blind clinical study it was found that consuming a milky-drink including Lactobacillus
casei Shirota was effective on the treatment of depressed mood-like (Benton, Williams,
& Brown, 2007). Chocolate can be other hand preferred as a good food source because
studies reported that daily intake of chocolate has being add a positive effect on mood
state and this property can be enhanced by entegrating probiotic power (Parker, Parker,
& Brotchie, 2006; Pase , et al., 2013).

5.4. Moisture Analysis and Ash Analysis

While control chocolate (without bacteria) (C) and chocolate contains
microencapsulated bacteria (M) were not found significantly different between each other
(p>0.05), chocolate with free-cell probiotic bacteria (F) was determined slightly different

from the other chocolate samples (p<0.05) (Table 5.3).

Table 5. 3. Chemical analysis results of chocolate samples

Sample Moisture Count (%) Ash Count (%)
C 1.664+0.03" 3.766+1.396°
F 1.809+0.072 3.058+0.68?
M 1.678+0.03" 3.70+2.24°

Means indicated with different letters in the same column are different (p <0.05).

The result of the moisture analysis, C and M were found at similar moisture
content, whereas the moisture of chocolate, containing free bacteria cell, was found the
slightly at a higher value. According to the literature, moisture content is significant for

chocolate products since moisture content in the product leads to agglomeration and gritty
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structure by the sugar particles causing to increase viscosity. Molten chocolate has
generally moisture content value of 0.5-1.5% (Afoakwa, 2010). Moreover, it was found
that chocolate having moisture range at 3.0-4.0 % increase markedly yield value of
chocolate and viscosity (Chevalley, 1999). Moreover, low moisture food products contain
less amount of pathogens (Possemiers, Marzorati, Verstraete, & Van de Wiele, 2010).
According to these findings, it was detected that the moisture range of all chocolate

samples was not affected adversely other properties of chocolate.

Ash analysis results of chocolate samples were given in Table 5.3. These samples
were not found statistically different (P>0.05) from each other in terms of ash content. In
addition, it was found that the addition of probiotic bacteria, both encapsulated and free-
cell bacteria, into chocolate products were not effective in terms of ash and moisture

content.

5.5. Microbiological Properties of Chocolate

Table 5.4 presents the results of the count of yeast and mold, Salmonella and total
Coliform as microbiological analysis. Control chocolate, chocolate including free-cells of
bacteria (F) and chocolate including microencapsulated bacteria (M) were tested with

these analyses.

Table 5. 4. The result of microbiological analysis

Sample Yeast and Mold Salmonella Total Coliform
(CFUI/g) (CFU/ 25q) (CFU/g)
<10 - <10
F <10 - <10
M <10 - <10

At the end of the analysis, Coliform, Salmonella and mold — yeast were not be
detected. Moreover, it is known that Salmonella is a crucial criterion for chocolate
products in terms of Turkish Food Codex at Microbiological Criteria Regulation (Figure
5.7).
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Figure 5. 7. The result of Salmonella and total coliform analysis.

Result of the microbiological analysis indicates that chocolate samples were
produced under hygienic conditions.

5.6. Physical Analysis

Color and texture analysis of chocolate samples were evaluated for determining

the differences occurred during the processes.
5.6.1. Color Analysis

L*value (luminance) show between 0 (black) and (100 white) of the sample in
color. At the end of the statistical analysis, it was not found statistically significant
(p>0.05) to add free-cell bacteria (F) and microencapsulated bacteria to chocolate (M)
(Table 5.5). L* values were found not significant in all chocolate samples that contain

milky matrix. Therefore L* values were found as similar mean values for all the samples.
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a* values demonstrate the greenness or redness of a sample in color determination
and b* values illustrate the yellowness or blueness of the sample in color. As seen from
Table 5.5, F sample, control chocolate (C) and M sample ad respectively higher a* and
b* values. It means that F sample had higher red and yellow color, whereas the M sample
had lower red and yellow color. Overall, it was found that all of a* and b* values were
different from each other (p<0.05). However, AE (total color difference) was calculated
by using the color parameters for the corresponding two different chocolate samples and
control sample (without bacteria) as the reference. The existence of probiotic bacteria in

chocolate did not indicate a significant effect (p>0.05).

Table 5. 5. Color analysis conclusion of chocolate

Sample L* a* b* AE*
C 32.05+0.282 10.14+0.10°  11.51+0.17° *
F 31.69+0.982 10.86+0.41%  12.31+0.72%  2.329+0.96°
M 31.47+0.842 9.83+0.15°  11.07+0.29°  1.575+1.162

Means shown with different letters in the same column are different (p <0.05).

5.6.2. Texture Profile Analysis

In a study with milk chocolate having optimal hardness was demonstrated as a
good carrier to produce chocolate containing probiotics experimentally (Bulatovic, Zaric,
Krunic, Boric, & Rakin, 2016). In this thesis study, texture analysis was evaluated for
hardness and fracturability properties for 7 days after chocolate was prepared at the end
of storage time. F and M samples did not show noticeable significance in 7 days. Also,
there was no difference between chocolate with bacteria and control chocolate. Similar
results were observed in another studies (Konar, et al., 2018; Nebesny, Zyzelewicz,
Motyl, & Libudzisz, 2007).

In addition, all chocolate samples were not significantly different from each other
(P>0.05). However, M, F and C chocolate samples were significantly different after 60

days (P<0.05). Compared to C sample, F sample had higher hardness value and M sample
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was found slightly high (Figure 5.8). Hardness of M chocolate samples were slightly
reduced at the end of storage time, as it was in C samples. This case can be attributed to
the emulsion structure of microcapsules which can be easily integrated to chocolate fatty
structure. On the other hand, F sample was increased in hardness. It was shown that free-
cell bacteria are influenced on chocolate hardness because of migration of fat (Bulatovic,
Zaric, Krunic, Boric, & Rakin, 2016).
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Figure 5. 8. The result of texture analysis after 7 days and 60 days of storage.

Fracturability represents a low degree of cohesiveness and the high degree of the
hardness in the product. Therefore, it refers to force needed to compress product and
compress before it breaks between teeth (De Clercq, et al., 2012; Szczesniak, 2002).
While fracturability degree of F chocolate sample was found at the higher value, C
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chocolate sample had the lowest fracturability value. The three samples were statistically
notable different from each other (p<0.05). This property did not change significantly
during storage time for F and M samples. While F sample was remained unchanged with
higher fracturability, C and M samples kept the same fracturability value until the end of
storage time. Similar results were reported by Konar et al. (2018) and Nebensy et al.
(2007).

As a conclusion withdrawn from the texture analysis results, F samples having
free-cells of bacteria, a hydrophilic phase- difficult to interact with the hydrophobic
structure of chocolate- caused high fracturability and hardness. Since chocolate
fracturability can be related to hardness, correlations in between were evaluated using
Pearson correlation. Correlations were made between fracturability, hardness and
bacterial count; and a significant correlation (p<0.05) were deduced with a coefficient of
higher than 71%. Normally, obtaining sufficient correlation is difficult since chocolate
quality parameters were affected by various uncontrollable factors during production

therefore, standardization is challenging.

5.7. Sensory Analysis

The sensory analysis made after the microbiology analysis to be sure of chocolate
samples did not contain any pathogenic bacteria. Chocolate samples were introduced by
three different numbers to be evaluated by panelist (Figure 5.9). These chocolate samples,

except control, were consisted of 7.0 log CFU/g probiotic bacteria.

Figure 5. 9. Chocolate samples for sensory analysis.

It was found that color, texture, taste and general liking parameters were found
mostly similar for F and M samples as well as control chocolate samples. According to
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these properties of chocolate, it was no statistical difference between chocolate groups
(p>0.05). However, control chocolate was preferred as the best in terms of odor property
by the panelists. While C chocolate had the highest odor, F chocolate had less odor
property to C chocolate and M chocolate. Hence, there are statistical differences in

chocolate samples (p<0.05).

Table 5. 6. The result of sensory analysis

Sample  Color Odor Texture Taste General Liking
C 4.28+0.60% 4.28+0.682 4.10+£0.632 4.45+0.602 4.38+0.592
F 4.225+0.622 3.80+0.65%° 4.03+0.702 4.18+0.842 4.18+0.712
M 4.28+0.55 3.95+0.64° 3.98+0.73°  4.15+0.89°  4.15+0.70°

Means indicated with different letters in the same column are different (p <0.05).

In this study, 5 score is referred to the best. C chocolate liked in all sensory
parameters and F and M chocolate were close degrees to C chocolate. C chocolate had
generally 4.10 and over score (Figure 5.10). It was determined that odor and color features
of F chocolate had a lower score. M chocolate was slightly lower than C chocolate and C

chocolate had the highest score among the sensory characteristics.

Sensory Profile
Color
4.5

General Liking Odor

Taste Texture

Figure 5. 10. Spider charts at 7 days of storage.
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All in all, it was observed that probiotic bacteria usage in chocolate did not
generally change the sensory characteristics of chocolate except odor property. However,
the odor score can be ignored because of the lower score. In this study, general
acceptability of chocolate with probiotic bacteria obtained by sensory evaluation were
found as the same with control chocolate. It was found parallel that either free-cell
bacteria or encapsulated bacteria were not significant for chocolate sensory features
(Lalicic- Petronijevic , Popov-Raljic, Lazic, Pezo, & Viktor, 2017; Succi, et al., 2017;
Klindt-Toldam , et al., 2016). Appreciating the taste and odor property is a critical factor
for choosing the food product (Vermeir & Verbeke, 2006). According to sensory
preferences of consumers, all of the samples had high scores between 3.8 and 5.0.
Moreover, one of the most important quality parameters of chocolate is the particle size
of chocolate (Afoakwa, 2010). In this thesis, addition of microcapsules did not affect the
textural structure of the chocolate. As a result of sensory analysis, no difference has been
found between microencapsulated chocolate and control chocolate by panelists.
Therefore, integration of the emulsion matrix into the chocolate can be a suitable

technique.

5.8. Static In-vitro Simulated Digestion

2000 U/ml of pancreatic lipase enzyme activity is identified for the intestinal stage
to use SIF. The enzyme was fixed at 2000 LU/g of lipid. Thus, it was found that pancreatic
enzyme from porcine pancreas (8x USP specifications, Sigma) is equal to 3.3 mg
pancreatic powder. In this analysis, enzyme solution at 1.0 mg/ml concentration was
tested using pH-stat titration method. These enzymatic activities were measured as
triplicates and then calculated. Pepsin solution was prepared at a final concentration 3.0
mg/ml (Okuklu, 2014; Cabuk & Harsa, 2015).

After determination of enzymatic activities, M, F and C samples and free-cell
bacteria were tested in simulated digestion system as duplicates. M, F samples and Lb.
rhamnosus B-442 free-cell bacteria were tested in SSF, SGF and SIF to find the viability
of the bacteria under the stress condition of digestion (Figure 5.11, 5.12 and 5.13).
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Initially, free-cell bacteria were 9.0 log CFU/ml, while F and M samples were

approximately 7.0 log CFU/g.

The SSF was adjusted to pH 8.0 and free-cell bacteria was not affected from SSF.
Moreover, viability of bacteria in M and F samples were not statistically different (p>0.5),
whereas survival rate of bacteria in M and F samples were found statistically different in
SSF (p<0.5). The survival rate of bacteria was found as approximately 90% for M sample

and 83 % F sample.
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Figure 5. 11. Viable bacteria and survival rate of Lb. rhamnosus NRRL B-442 free, F
and M samples in simulated saliva fluid (SSF) at 37°C.

Probiotic bacteria e.g. Lb. brevis was integrated into different commercial
products such as chocolate, yogurt and beverages. Researches were reported that
chocolate had a protective effect against gastric condition and stress when compared to
other commercial products (Yonejima, et al., 2015; Klindt-Toldam , et al., 2016; Succi,
et al., 2017). This can be explained that chocolate butter has a protective effect for
bacteria under stress factors such as bile, digestive enzymes and acid (Lahtinen,
Ouwehand, Salminen , Forssell, & Myllarinen, 2007). Thus, determining the lipid
digestibility of chocolate products in simulated gastrointestinal systems is important (Paz-
Yepez, Peinado, Heredia , & Andres, 2019). There are some studies in the literature based
on probiotic viability; e.g. viable count of Lb. acidophilus in milk chocolate was
decreased 3.0 log during SGF experiment (Klindt-Toldam , et al., 2016). A study
investigated the stability Lb. acidophilus and B. animalis strains and observed 3.0 log
CFU/g, 0.6 log CFU/g declines, respectively after 180 min of SGF (Charteris, Kelly,
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Morelli L., & Collins, 1998). Higher protection of probiotic bacteria in milk chocolate
samples was observed under acidic conditions of SGF when compared to the ones in dark
chocolate (Klindt-Toldam, et al., 2016).

Figure 5. 12. shows the viability and survival rate of Lb. rhamnosus NRRL B-442
for free, F and M samples in simulated gastric fluid (SGF) at 37°C. All samples were
tested in simulated gastric fluid for 120 min after adjusting pH to the value of 3.0. The
survival rate of free-cells of Lb. rhamnosus NRRL B-442 remained constant over 90%
ratio. In addition, not only the survival rate of bacteria in M samples but also viable
bacteria of M samples was found at higher values than F samples, and all samples were
noticeably different. Probiotic bacteria generally have high mortality rates below pH 3.0
(Mainville, Arcand, & Farnworth , 2005). However, survival of Lb. rhamnosus NRRL B-
442 were found at high rates below pH 3.0 in this thesis study, therefore this strain is

stable at low pH values.
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Figure 5. 12. Viability and survival rate of Lb. rhamnosus NRRL B-442 for free, F and
M samples in simulated gastric fluid (SGF) at 37°C.

Figure 5.13 shows the viability and survival rate of Lb. rhamnosus NRRL B-442
for free, F and M samples in simulated intestinal fluid (SIF) at 37°C. As seen from this
figure, Lb. rhamnosus NRRL B-442 was decreased from 9.0 log CFU/ml to 8.0 log CFU/

ml. It means that Lb. rhamnosus NRRL B-442 is resistant to low pH and gastric stress
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conditions. Moreover, the survival rate of free-cell Lb. rhamnosus NRRL B-442 was
found as 92% during simulated digestion system. Simulated digestion system
experiments demonstrated that when this bacteria was added into chocolate as the forms
of free-cell and microencapsulated, the survival ratios were found to be as 74 and 87 %,
respectively.
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Figure 5. 13. Viable bacteria and survival rate of Lb. rhamnosus NRRL B-442 free, M
and F samples in simulated intestinal fluid (SIF) at 37°C.

Table 5.7 summarizes the results obtained from simulated in-vitro experiments.
As seen, significantly different decrease was estimated between initial and final counts of
F sample (P<0.5). Viability of probiotic bacteria in F samples were lost approximately 2
log CFU/mI during simulated in vitro analysis, whereas bacteria count in M samples
decreased about 1 log CFU/m.

Table 5. 7. Viability data of bacteria itself and in chocolate samples during sequential
stages of in-vitro simulation analysis

Samples Free-cell F sample M sample

In vitro (Lb.rhamnosus NRRL  (CFU/mI) (CFU/mI)
Stages B-442) (CFU/mI)

SSF 8.781+0.114% 6.111+0.228? 6.310+0.160?
SGF 8.203+0.161° 5.666+0.007° 6.184+0.064%
SIF 8.295+0.156° 5.540+0.072° 6.150+0.233?

Means indicated with different letters in the same column are different (p <0.05).
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Succi, et al., (2017) investigated probiotic integration into milk and dark
chocolates. Viability of lyophilized forms of Lb. paracasei and Lb. rhamnosus GG were
decreased about 5.5 log CFU/g and 6.0 log CFU/g under gastric conditions, respectively.
However, approximately 4.0 log CFU/g decrease were found for the same strains
integrated in dark chocolate at the end of SGF experiments. Besides, Lb. rhamnosus and
Lb. paracasei were increased between 1.0 log and 0.7 log CFU/g in SIF (Succi, et al.,
2017). In another study, survival rates of Lb. helveticus and B. longum in milk chocolate
were found 91% and 80% after the simulated intestinal conditions, respectively

(Possemiers, Marzorati, Verstraete, & Van de Wiele, 2010).

In this thesis study, M sample was found to be more stable during sequential
simulated digestion. The viability of bacteria in these samples were found over 6.0 CFU/
ml and this count is sufficient since it corresponds the desired levels of probiotic viability
for functional foods described in the legislation document in Turkey (Official gazette,
issue: 29960, 26/01/2017) (Appendix E).

5.9. Morphology of Microcapsules

The microstructure of free Lb. rhamnosus NRRL B-442 cell and chocolate
samples before and after subjected to gastric and intestinal fluids sequentially were
analyzed using environmental scanning electron microscopy (ESEM-Quanta 250 FEG,
FEI). After all samples were lyophilized, they were cut and attached to double-sided
carbon tapes without any pretreatment. The ESEM micrographs of free cell Lb.

rhamnosus NRRL B-442 in simulated intestinal fluid was indicated in Figure 5. 14.

378.7 nm

JJ]
(4
405:6 nm ‘70

2[‘
% 56.7 nm

Figure 5. 14. ESEM micrographs of Lb. rhamnosus NRRL B-442 cell in SIF (x20000).
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Free-cell bacteria of Lb. rhamnosus NRRL B-442 had dimensions between 256
and 400 nm in SIF. The ESEM micrographs of chocolate samples (Figure 5.15) and the
samples in simulated gastric and intestinal fluid were seen in Figure 5. 16 and Figure 5.

17, respectively.
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Figure 5. 15. ESEM micrographs of chocolate samples before in-vitro digestion (x2500).

According to ESEM images, the structure of chocolate samples shown in Figure
5.15 were not represent clear differences. This may be associated with buttery structure
of chocolate samples. Both free and microencapsulated Lb. rhamnosus NRRL B-442
were thought to be integrated and distributed evenly inside the milk chocolate structure.
The chocolate samples were evaluated in simulated gastric fluid (Figure 5.16) since
carbohydrate and protein digestion progress when they are subjected to gastric fluid

within the GI tract. Samples after SGF treatment were examined with ESEM.
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Figure 5. 16. ESEM micrographs of chocolate samples in simulated gastric fluid (x2500).

In Figure 5.16, topographical differences in size and shape can be seen for C, F
and M samples; dimensions of microencapsulated bacteria was found to be 37 - 43 pm.
Free bacteria in F samples had dimensions around 5 - 28 pm. Structure of C sample was

totally different than the two samples of F and M.

The differences in sample structures seen from Figure 5.15 and 5.16 were clear
and globular forms of bacteria could be observed. These structures become visible since
degradation of protein and carbohydrates occurred by the action of pepsin enzyme during
in-vitro digestion, and detaching and releasing of free and/or microencapsulated bacteria

from chocolate matrix might have been happened.

Digestion of fats is known to be broken down in the body with the help of bile
salts and pancreatic lipase enzyme (Golding & Wooster, 2010). Therefore, lipid digestion
of the samples in simulated intestinal fluid were also examined with ESEM as given in
Figure 5.17.
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Figure 5. 17. ESEM microraphs of cocolate samples in simuted intestinal fluid  (x5000).

Lb. rhamnosus NRRL B-442 strain in M and F samples had approximately 3.5
um of size in SIF. The bacteria size was found lower than SGF based on breaking down
chocolate fat. This can be attributed that fat globules were degraded during in-vitro

digestion experiments.

Figures 5.16 and 5.17 indicate the bare structural differences in between C, F and
M samples. Lysing of chocolate lipids occurred by the action of lyophilic pancreatic
enzyme as seen in Figure 5.17. It was observed that M samples happened to shrink from
40 um to 3 um. Same encapsulation matrix (WPC-pullulan) was used to encapsulate Lb.
acidophilus in the study by Cabuk (2015) observed that shrinkage occurred in
microcapsules, the dimension decreased from 70 um to 34 pm at the end of the SGF and
that these coating materials were spherical in shape; data belong to SIF was not presented
and the matrix does not contain chocolate. Therefore, most of the size reduction of

microcapsules were occurred during SIF.

Overall, when ESEM images were examined, it can be said that chocolate can create an
excellent barrier properties for probiotic cells during in-vitro SGF and SIF experiments.
This can be attributed to the fatty matrix of chocolate that protects bacteria against harsh

conditions.
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CHAPTER 6

CONCLUSION

In this study, different lactic acid bacteria strains were screened for their GABA-
producer abilities. GABA or glutamatergic effect on anxiety disorder is commonly used
in pharmacotherapy; probiotic research in terms of GABA synthesis has been found in
the literature, food products having GABA content is a novel concept yet. In literature,
therapeutic effects of certain probiotic strains were observed on neuropsychiatric
disorders in many clinical studies. Therefore, it was aimed to prepare functional milk
chocolate, by incorporating GABA-producer probiotic, having a prominent effect on

anxiety disorder.

Two different HPLC methods were used to determine GABA concentrations of
bacteria. These measurements of GABA demonstrated that more effective results were
obtained by RP-HPLC method using Pico.Tag column. Among the other four lactic acid
bacterial strains Lb. rhamnosus NRRL B-422 fermented at 37°C for 24h was produced
the highest GABA concentration as almost 59,000 mg/L. Hence, the functional chocolate

product was prepared by using Lb. rhamnosus NRRL B-422.

In this study, Lb. rhamnosus NRRL B-422 was microencapsulated by WPC-
pullulan water-in-oil emulsion technique. Survival rate of lyophilized microencapsulated
bacteria was found over 90% at the end of 60 days at 4 °C. Free-cells and lyophilized
microencapsulated forms of bacteria were incorporated into milk chocolate product.
Survival rates of Lb. rhamnosus NRRL-B 422 in F and M samples were closed to each

other as 83% and 79%, respectively at 4°C for 60 days.

Moisture, ash and color analysis were not found significantly different (p>0.05).
Sensory analysis was also shown similar result between the samples (C, F and M) by
panelists. However, C and M samples had similar hardness and fracturability of

chocolate, whereas hardness and fracturability of F samples had higher values.

Survival rate of Lb. rhamnosus NRRL B-442 was 90 % in simulated digestive

system. Viability of bacteria in M was found more stable as over 6.0 log CFU/ml during
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in-vitro conditions. While survival rate of bacteria in M sample was found as 87%,
survival rate of bacteria in F sample was less than 75%. Count of bacteria in M and F

samples was found statistically different (P<0.5).

Chocolate provided protective barrier to Lb. rhamnosus NRRL B-442 during
simulated gastric and intestinal fluids supported by ESEM images. Usage of emulsion
technique for microencapsulation of bacteria into chocolate was found suitable since the

nature of chocolate matrix compatible with emulsion, according to ESEM images.

Overall, microencapsulated bacteria provide better textural properties of
chocolate and higher survival rate of bacteria in chocolate during simulated digestion
system compared to free-cell. Moreover, chocolate products can be a good carrier to
protect the viability of bacteria against in-vitro stress condition depending on its fatty
matrix according to ESEM images. This study offers future opportunities to alleviate

anxiety disorder using GABA-producer bacteria in chocolate by clinical studies.

71



REFERENCES

Afoakwa, E. O. (2010). Chocolate Science and Technology. Chocolate Science and
Technology.

Amagase, H., & Nance, D. M. (2008). A randomized, double-blind, placebo-controlled,
clinical study of the general effects of a standardized Lycium barbarum (Goji)
juice, GoChiTM. Journal of Altern Complem Med, 14, 403-412.

Anal, A. K., & Singh, H. (2007). Recent advances in microencapsulation of probiotics
for industrial applications and targeted delivery. Trends in Food Science &
Technology, 18(5), 240-251.

Ananta, E., Volkert, M., & Knorr, D. (2005). Cellular injuries and storage stability of
spray-dried Lactobacillus rhamnosus GG. International Dairy Journal, 15(4),
399-409.

Anderson, I. M., Ferrier, I. N., Baldwin, R. C., Cowen, P. J., Howard, L., Lewis, C., . ..
Tylee , A. (2008). R.H., Peveler, R.C., Scott, J., Tylee, A., Evidence-based

guidelines for treating depressive disorders with antidepressants: a revis. Journal

of Psychopharmacology, 22(4), 343-396.

Anduyjar, L., Recio , M. C., Giner, R. M., & Rios, J. L. (2012). Cocoa polyphenols and
their potential benefits for human health. Oxidative Medicine and Cellular
Longevity, 1-23.

Anekella, K., & Orsat, V. (2013). Optimization of microencapsulation of probiotics in
raspberry juice by spray drying. Food Science and Technology, 50(1), 17-24.

AOAC . (1990). Official Methods of Analysis.Association of Official Analytical
Chemists . 15th edition. Washington, DC.

Arora, T., Singh, S., & Sharma, R. K. (2013). Probiotics: interaction with gut
microbiome and antiobesity potential. Nutrition, 29(4), 591-596.

Awua, P. K. (2002). Cocoa Processing and Chocolate Manufacture in Ghana. Essex,
UK.: David Jamieson and Associates Press Inc.

Baldwin, D. S., Anderson, I. M., Nutt, D. J., Bandelow , B., Bond , A., Davidson , J.
R., ... Wittchen, H. U. (2005). Evidence-based guidelines for the
pharmacological treatment of anxiety disorders: recommendations from the
British Association for Psychopharmacology. Journal of psychopharmacology,
19(6), 567-596.

BAM . (1998). Bacteriological Analytical Manual, US Food and Drug Administration,
(8th edition), AOAC International,. Gaithersburg, MD.

Barla, F., Koyanagi, T., Tokuda, N., Matsui, H., Katayama, T., Kumagai, H., . ..
Enomoto, T. (2016). The g-aminobutyric acid-producing ability under low pH
conditions of lactic acid bacteria isolated from traditional fermented foods
oflshikawa Prefecture, Japan, with a strong ability to produce ACE-inhibitory
peptides. Biotechnology Reports, 10, 105-110.

72



Barnett, C., Smith, A., Scanlon, B., & Israilides, C. J. (1999). Pullulan production by
Aureobasidium pullulans growing on hydrolysed potato starch waste.
Carbohydrate Polymers, 38(3), 203-209.

Barrett, E., Ross, R. P., O’Toole, P. W., Fitzgerald, G. F., & Stanton, C. (2012). Y-
Aminobutyric Acid Production by Culturable Bacteria From The Human
Intestine. Journal of Applied Microbiology, 113,411-417.

Beckett, S. T. (1999). Industrial Chocolate Manufacture and Use (Vol. 3). Oxford:
Blackwell Publishers Inc.

Beckett, S. T. (2000). The Science of Chocolate. London: Royal Society of Chemistry
Paperbacks.

Benton, D., & Donohoe, R. T. (1999). The effects of nutrients on mood. Public health
nutrition., 2(3A), 403-409.

Benton, D., Williams, C., & Brown, A. (2007). Impact of consuming a milk drink
containing a probiotic on mood and cognition. European Journal of Clinical
Nutrition, 61(3), 355-361.

Bercik, P., Park , A. J., Sinclair , D., Khoshdel , A., Lu, J., Huang , X., ... Verdu, E. F.
(2011). The anxiolytic effect of Bifidobacterium longum NCC3001 involves
vagal pathways for gut-brain communication. Neurogastroenterology and
Motility: the official journal of the European Gastroinsatsinal Motility Society,
23(12), 1132-1139.

Borovikova, L. V., Ivanova, S., Zhang , M., Yang , H., Botchkina , G. I., Watkins , L.
R., ... Tracey, K. J. (2000). Vagus nerve stimulation attenuates the systemic
inflammatory response to endotoxin. Nature, 405(6785), 458-462.

Botelho, P. B., Galasso, M., Dias, V., Mandrioli, M., Pereira, L. L., Rodriguez-Estrada,
M. T., & Castro, L. A. (2014). Oxidative stability of functional phytosterol-
enriched dark chocolate. Food Science and Technology, 55(2), 444-451.

Boyle, R. J., & Tang, M. L. (2006). The role of probiotics in the management of allergic
disease. Clinical & Experimental Allergy, 36(5), 568-576.

Brand, S., Wilhelm, F., Kossowsky, J., Holsboer-Trachsler, E., & Schneider, S. (2011).
Children suffering from separation anxiety disorder (SAD) show increased HPA
axis activity compared to healthy controls. Journal of Psychiatric Research,
45(4), 452-459.

Bravo, J., Forsythe, P., Chew, M. V., Escaravage, E., Savignac, H. M., Dinan, T. G., ...
Cryan , J. (2011). Ingestion of Lactobacillus strain regulates emotional behavior
and central GABA receptor expression in a mouse Vvia the vagus nerve.
Proceedings of The National Academy of Sciences of the United States of
America., 108(38), 16050-16055.

Bruce-Keller, A. J., Salbaum, J. M., Luo, M., Blanchard, I. E., Taylor, C. M., Welsh, D.
A., & Berthoud, H. R. (2015). Obese-type gut microbiota induce
neurobehavioral changes in the absence of obesity. Biological Psychiatry, 77(7),
607-615.

Bulatovic, M. L., Zaric, D. B., Krunic, T., Boric, M., & Rakin, M. B. (2016). Production
of the functional milk chocolate with probiotic bacteria in a ball mill. In E.

73



Baker, In: Chocolate: Production, Consumption and Health Benefits (pp. 77-
103). New York: Nova Science Publishers.

Burgain, J., Gaiani, C., Cailliez-Grimal, C., Jeandel, C., & Scher, J. (2013).
Encapsulation of Lactobacillus rhamnosus GG in microparticles: Influence of
casein to whey protein ratio on bacterial survival during digestion. Innovative
Food Science & Emerging Technologies, 19, 233-242.

Burgain, J., Gaiani, C., Linder, M., & Scher, J. (2011). Encapsulation of probiotic living
cells: From laboratory scale to industrial applications. Journal of Food
Engineering, 104(4), 467-483.

Cabuk, B., & Harsa, S. (2015). Protection of Lactobacillus acidophilus NRRL-B 4495
under in vitro gastrointestinal conditions with whey protein/pullulan
microcapsules. Journal of Bioscience and Bioengineering, 120(6), 650-656.

Cai, S., Zhao, M., Fang, Y., Nishinan, K., & Phillips, G. O. (2014). Microencapsulation
of Lactobacillus acidophilus CGMCC1.2686 via emulsification/internal gelation
of alginate using Ca-EDTA and CaCO3 as calcium sources. Food
Hydrocolloids, 39, 295-300.

Cani, P. D.,& Delzenne , N. M. (2011). The gut microbiome as therapeutic target.
Pharmacology and Therapeutics, 130, 202-212.

Cani, P., Everard, A., & Duparc, T. (2013). Gut microbiota, enteroendocrine functions
and metabolism. Current Opinion in Pharmacology., 13(6), 935-940.

Carvey, P. M. (1998). Drug Action in the Central Nervous System. New York: Oxford
University Press.

Cats, A., Kulpers, E. J., Bosschaert, M. A., Pot , R. G., VandenbrouckeGauls, C. M., &
Kusters, J. G. (2003). Effect of frequent consumption of a Lactobacillus casei-
containing milk drink in Helicobacter pylori-colonized subjects. Pharmacology

and Therapeutics, 17(3), 429-435.

Champagne, C. P., Raymond, Y., Guertin, N., & Belanger, G. (2015). Effect of storage
conditions, microencapsulation and inclusion in chocolate particles on the
stability of probiotic bacteria in ice cream. International Dairy Journal, 47, 109-
117.

Charteris, W. P., Kelly, P. M., Morelli L., & Collins, J. K. (1998). Development and
application of an in vitro methodology to determine the transit tolerance of
potentially probiotic Lactobacillus and Bifidobacterium species in the upper
human gastrointestinal tract. Journal of Applied Microbiology, 84, 759-768.

Chen, X,, Yang, G., Song, J. H., Xu, H., Li, D., Goldsmith, J., . . . Kelly, C. P. (2013).
Probiotic yeast inhibits VEGFR signaling and angiogenesis in intestinal
inflammation. PLos One, 8, 1-7.

Chevalley, J. (1999). Chocolate flow properties. In S. T. Beckett , Industrial Chocolate
Manufacture and Use (pp. 182-200). Oxford: Blackwell Science.

Chevalley, J. (2007). Rheology of chocolate. Journal of Texture Studies, 6(2), 177 -
196.

74



Coda, R., Rizzello, C. G., & Gobbetti, M. (2010). Use of sourdough fermentation and
pseudo-cereals and leguminous flours for the making of a functional bread
enriched of y-aminobutyric acid (GABA). International Journal of Food
Microbiology, 137(2-3), 236-245.

Collins, S. M., & Bercik, P. (2009). The relationship between microbiota and the central
nervous system in normal gastrointestinal function and disease. ,.
Gastroenterology, 136(6), 2003-2014.

Coman, M. M., Cecchini, C., Verdenelli, C., Silvi, S., Orpianesi, C., & Cresci, A.
(2012). Functional foods as carriers for SYNBIO®, a probiotic bacteria
combination. International journal of food microbiology, 157(3), 346-352.

Corcoran, B. M., Ross, R. P., Fitzgerald, G. F., & Stanton, C. (2004). Comparative
survival of probiotic lactobacilli spray-dried in the presence of prebiotic
substances. Journal of Applied Microbiology, 96(5), 1024-1039.

Cross, M. L., Stevenson, L. M., & Gill, H. S. (2001). Anti-allergy properties of
fermented foods: An important immunoregulatory mechanism of lactic acid
bacteria? International Immunopharmacology, 1(5), 891-901.

Cryan, J. F., & Kaupmann , K. (2005). Don't worry 'B' happy!: a role for GABA(B)
receptors in anxiety and depression. Trends in pharmacological sciences, 26(1),
36-43.

Cryan, J. F., & O’Mahony, S. M. (2011). The microbiome-gut-brain-axis: from bowel
to behavior. Neurogastroenterol, MotiL, 23(3), 187-192.

Cabuk, B. (2014). Development of whey protein-pullulan microcapsules for the
encapsulation of Lactobacillus acidophilus NRRL-B 4495 as a functional food
ingredient. izmir.: Doktora Tezi, Fen Bilimler Enstitiisii, Izmir Yiiksek
Teknoloji Enstitiisii,.

Davari, S., Talaei, S. A., Alaei, H., & Salami, M. (2013). Probiotics treatment improves
diabetes-induced impairment of synaptic activity and cognitive function:
behavioral and electrophysiological proofs for microbiome-gut-brain axis.
Neuroscience., 240, 287-296.

Dave, R. ., & Shah, N. P. (1997). Viability of yoghurt and probiotic bacteria in
yoghurts made from commercial starter cultures. International Dairy Journal,
7(1), 31-41.

Davis, M., Rainnie, D., & Casell, M. (1994). Neurotransmission in the rat amygdala
related to fear and anxiety. . Cell Press: Trends in Neurosciences, 17(5), 208-
214.

De Clercq, N., Moens, K., Depypere, F., Vila Ayala, J., Calliauw, G., De Greyt, W., &
Dewettinck, K. (2012). Influence of cocoa butter refining on the quality of milk
chocolate. Journal of Food Engineering, 111(2), 412-419.

Desai, K. G., & Jin Park, H. (2005). Recent developments in microencapsulation of
food ingredients. . Drying technology, 23(7), 1361-1394.

Desbonnet, L., Garrett, L., Clarke , G., Kiely, B., Cryan, J. F., & Dinan, T. G. (2010).
Effects of the probiotic Bifidobacterium infantis in the maternal separation
model of depression. Neuroscience, 170(4), 1179-1188.

75



Desbonnet, L., Garrett, L., Clarke, G., Bienenstock, J., & Dinan, T. G. (2008). The
probiotic Bifidobacteria infantis: An assessment of potential antidepressant
properties in the rat. Journal of Psychiatric Research., 43(2), 164-174.

Desmond, C. B., Corcoran, M., Coakley, M., Fitzgerald, G. F., Ross, P. P., & Stanton,
C. (2005). Development of dairy-based functional foods containing probiotics,
and prebiotics. Australian Journal of Dairy Technology, 60(2), 121-126.

Dharmasena, M. (2012). Assessment of Viability of Probiotic Bacteria in non Dairy
Food Matrices under Refrigeration Storage. Master Thesis, Food, Nutrition, and
Culinary Sciences, 91p.

Di Cagno, R., Mazzacane, F., Rizzello , C. G., De Angelis, M., Giuliani, G., Meloni,
M., ... Gobbetti, M. (2010). Synthesis of y-aminobutyric acid (GABA) by
Lactobacillus plantarum DSM19463: functional grape must beverage and
dermatological applications. Applied Microbial and Cell Physiology, 86, 731-
741.

Diana, M., Tres, A., Quilez, J., Llombart, M., & Rafecas, M. (2014). Spanish cheese
screening and selection of lactic acid bacteriawith high gamma-aminobutyric
acid production. Food Science and Technology, 56, 351-355.

Dianawati, D., Mishra, V., & Shah, N. P. (2013). Stability of microencapsulated
Lactobacillus acidophilus and Lactococcus lactis ssp. cremoris during storage at
room temperature at low aw. . Food Research International, 50(1), 259-265.

Dinan, T. G., & Cryan, J. F. (2012). Regulation of the stress response by the gut
microbiota: implications for psychoneuroendocrinology.
Psychoneuroendocrinology., 37(9), 1369-1378.

Dinan, T. G., & Cryan, J. F. (2017). Brain—gut—microbiota axis — mood, metabolism
and behaviour. Nature Reviews Gastroenterology & Hepatology, 14(2), 69-70.

Ding, W. K., & Shah, N. P. (2008). Survival of free and microencapsulated probiotic
bacteria in orange and apple juice. International Food Research Journal, 15(2),
219-232.

Diop, L., Guillou, S., & Durand, H. (2008). Probiotic food supplement reduces stress-
induced gastrointestinal symptoms in volunteers: a double-blind, placebo-
controlled, randomized trial. Nutrition Research., 28(1), 1-5.

Dixit, Y., Wagle, A., & Vakil, B. (2016). Patents in the field of probiotics, prebiotics,
symbiotic: a review. Journal of Food Microbiol Saf Hygiene, 1, 1-13.

Doleyres, Y., & Lacroix, C. (2005). Technologies with free and immobilised cells for
probiotic bifidobacteria production and protection. International Dairy Journal,
15(10), 973-988.

Douglas, C. L., & Sanders, M. E. (2008). Probiotics and prebiotics in dietetics practice.
Journal of The American Dietetic Association., 108(3), 510-521.

Dubey, R., Shami, T. C., & Bhasker Rao , K. U. (2009). Microencapsulation
Technology and Applications. Defence Materials & Stores Research &
Development, 59(1), 82-95.

76



Ducel, V., Richard, J., Saulnier, P., Popineau, Y., & Boury, F. (2004). Evidence and
characterization of complex coacervates containing plant proteins: Application
to the microencapsulation of oil droplets. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 232((2-3)), 239-247.

Diilger, D., & Sahan, Y. (2011). Diyet Lifin Ozellikleri ve Saglik Uzerindeki Etkileri.
U. U. Ziraat Fakiiltesi Dergisi, 25(2), 147-157.

Eid, R., Jakee, J. E., Rashidy, A., Asfour, H., Omara, S., Kandil, M. M., . .. Seida, A.
A. (2016). Potential antimicrobial activities of probiotic Lactobacillus strains
isolated from raw milk. Journal of Probiotics & Health, 4, 1-8.

Enticott, P. G., Rinehart, N. J., Tonge, B., Bradshaw, J. L., & Fitzgerald, P. B. (2010). A
preliminary transcranial magnetic stimulation study of cortical inhibition and
excitability in high-functioning autism and Asperger disorder. Developmental
Medicine and Child Neurology, 52(8), 179-183.

Erdem, O., Gultekin-Ozguven, M., Berktas, 1., Ersan, S., Tuna, H. E., Karadag, A, . ..
Cutting, S. M. (2014). Development of a novel synbiotic dark chocolate
enriched with Bacillus indicus HU36, maltodextrin and lemon fiber:
Optimization by response surface methodology. Food Science and Technology,
56(1), 187-193.

Erginkaya, Z., Sarikodal, E., Ozkiitiik, S. T., Konuray, G., & Turhan, E. U. (2019).
Probiyotik Bitter Cikolata Uretiminde Mikroenkapsiile Lactobacillus rhamnosus
Kullanimi. Gida, 44(2), 238-247.

Everard, A., & Cani, P. D. (2013). Diabetes, obesity and gut microbiota. Best Practice
& Research. Clinical Gastroenterology., 27(1), 73-83.

FAO/WADO. (2001). Health and nutritional properties of probiotics in foood including
powder milk with live lactic acid bacteria. Food and Agricultural Organization
of the United Nations and World Health Organization Expert Consultation
Report Ocak, 1-4, Cordoba, Argentina.

Farzanmehr, H., & Abbasi, S. (2009). Effects of iniilin and bulking agents on some
physicochemical, textural and sensory properties of milk chocolate. Department
of Food Science & Technology Faculty of Agriculture Tarbiat Modares
University PO Box, 14115-336.

Favaro-Tindale, C. S., & Grosso, C. R. (2002). Microencapsulation of L. acidophilus
(La-05) and B. lactis (Bb-12) and evaluation of their survival at the pH values of
the stomach and in bile. . Journal of microencapsulation, 19(4), 485-494.

Fernandez, M. F., Boris, S., & Barbes, C. (2003). Probiotic properties of human
lactobacilli strains to be used in the gastrointestinal tract. Journal of Applied
Microbiology, 94(3), 449-455.

Foong, Y. J., Lee, S. T., Ramli, N., Tan, Y. N., & Ayob , M. K. (2013). Incorporation
of Potential Probiotic Lactobacillus plantarum Isolated from Fermented Cocoa
Beans into Dark Chocolate: Bacterial Viability and Physicochemical Properties
Analysis. Journal of Food Quality, 36(3), 164-171.

77



Gadhiya, D., Patel, A., & Prajapati, J. (2015). Current trend and future prospective of
functional probiotic milk chocolates and related products. Czech Journal of
Food Science, 33(4), 295-301.

Gebara, C., Chaves, K. S., Ribeiro, M. C., Souza, F. N., Grosso, C. R., & Gigante, M. L.
(2013). Viability of Lactobacillus acidophilus La5 in pectin— whey protein
microparticles during exposure to simulated gastrointestinal conditions. Food
Research International, 51(2), 872-878.

Gibson, E. L. (2006). Emotional influences on food choice: sensory, physiological and
psychological pathways. Physiology & Behavior, 89(1), 53-61.

Gibson, G. R., Hutkins, R., Sanders , M. E., Prescott , S. L., Reimer, R. A., Salminen ,
S.J., ... Reid, G. (2017). Expert consensus document: The international
scientific association for probiotics and prebiotics(ISAPP) consensus statement
on the definition and scope of prebiotics. Nature reviews. Gastroenterology &
hepatology, 14(8), 491-502.

Gill, S. R., Pop, M., DeBoy, R. T., Eckburg, P. B., Turnbaugh, P. J., Samuel, B. S., . ..
Nelson, K. E. (2006). Metagenomic Analysis of the Human Distal Gut
Microbiome. Science., 312(5778), 1355-1359.

Gismodo, M. R., Drago, L., & Lombardi, A. (1999). Review of probiotics available to
modify gastrointestinal flora. International Journal of Antimicrobial Agents, 12,
287-292.

Gold, S. S. (2015). Eat your way happy. The mood boosting benefit of food. Retrieved
from Yoga Journal.

Golding, M., & Wooster, T. J. (2010). The influence of emulsion structure and stability
on lipid digestion. , . Current Opinion in Colloid & Interface Science, 15(1-2),
90-101.

Gonzalez-Bono, E., Rohleder, N., Hellhammer, D. H., Salvador, A., & Kirschbaum, C.
(2002). Glucose but Not Protein or Fat Load Amplifies the Cortisol Response to
Psychosocial Stress. Hormones and behavior, 41(3), 328-333.

Grassi, D., Lippi, C., Necozione, S., Desideri, G., & Ferri, C. (2005). Short-term
administration of dark chocolate is followed by a significant increase in insulin
sensitivity and a decrease in blood pressure in healthy persons. The American
Journal of Clinical Nutrition, 81(3), 611-614.

Greeno, C. G., & Wing, R. R. (1994). Stress-Induced Eating. Psychological Bulletin,
115, 444-464.

Grosso, G., Pajak, A., Marventano, S., Castellano, S., Galvano, F., BucoloC,, . ..
Caraci, F. (2014). Role of Omega-3 Fatty Acids in the Treatment of Depressive
Disorders: A Comprehensive Meta-Analysis of Randomized Clinical Trials.
PLoS One, 9(5), 1-18.

Hasler , G., Fromm, S., Carlson, P. J., Luckenbaugh , D. A., Waldeck , T., Geraci, M.,
... Drevets, W. C. (2008). Neural response to catecholamine depletion in
unmedicated subjects with major depressive disorder in remission and healthy
subjects. Archives of general pschiatry, 65(5), 521-531.

78



Hata, Y., Yamamoto, M., Ohni, M., Nakajima, K., Nakamura, Y., & Takano, T. (1996).
A placebo-controlled study of the effect of sour milk on blood pressure in
hypertensive subjects. The American Journal of Clinical Nutrition, 64(5), 767—
771.

Hayaloglu, A. A., Topeu, A., & Koca, N. (2011). Peynirlerde peptit profilinin RP-
HPLC ile belirlenmesi. In A. A. Hayaloglu , & B. Ozer, Peynir Bilimlerinin
Temelleri (pp. 532-558). Izmir: Sidas.

Hayat, A., Jahangir, T. M., Khuhawar, M. Y., Alamgir, M., Hussain, Z., Hag, F. U., &
Musharraf, S. G. (2015). HPLC determination of gamma amino butyric acid
(GABA) and some biogenic amines (BAs) in controlled, germinated, and
fermented brown rice by pre-column derivatization. Journal of Cereal Science,
64, 56-62.

Heelan, B., & Corrigan, O. (1998). Preparation and evaluation of microspheres prepared
from whey protein isolate. Journal of Microencapsulation, 15(1), 93-105.

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.

Hennebelle , M., Champeil-Potokar, G., Lavialle , M., Vancassel , S., & Denis, I.
(2014). Omega-3 polyunsaturated fatty acids and chronic stressinduced
modulations of glutamatergic neurotransmission in the hippocampus. Nutrition
Review, 72(2), 99-112.

Herren, C., In-Albon, T., & Schneider, S. (2013). Beliefs regarding child anxiety and
parenting competence in parents of children with separation anxiety disorder.
Journal of Behavior Therapy and Experimental Psychiatry, 44(1), 53-60.

Hill, C., Waite, P., & Creswell, C. (2016). Anxiety disorder in children and adolescents.
Paediatrics and Child Health, 26(12), 548-553.

Horanni, R., & Engelhardt, U. H. (2013). Determination of amino acids in white, green,
black, oolong, pu-erh teas and tea produts. Journal of Food Composition and
Analysis, 31, 94-100.

Hsiao , H. C., Lian, W. C., & Chou, C. C. (2004). Effect of packaging conditions and
temperature on viability of microencapsulated bifidobacteria during storage.
Journal of the Science of Food and Agriculture, 84(2), 134-1309.

Huang , J., Mei, L., Wu, H., & Lin, D. (2007). Biosynthesis of c-aminobutyric acid
(GABA) using immobilized whole cells of Lactobacillus brevis. World Journal
of Microbiology and Biotechnology, 23(6), 865-871.

Jacquelyn, H., & Flaskerud , H. (2015). Mood and Food. Issues in Mental Health
Nursing, 36(4), 307-310.

Kagami, Y., Sugimura, S., Fujishima, N., Matsuda, K., Kometani, T., & Matsumura, Y.
(2003). Oxidative stability, structure, and physical characteristics of
microcapsules formed by spray drying of fish oil with protein and dextrin wall
materials. Journal of Food Science, 68(7), 2248-2255.

Kalliomaki , M., Antoine , J. M., Herz , U., Rijkers, G. T., Wells , J. M., & Mercenier ,
A. (2010). Guidance for substantiating the evidence for beneficial effects of

79



probiotics: prevention and management of allergic diseases by probiotics. The
Journal of nutrition, 140(3), 713-721.

Kalliomrki, M., Salminen, S., Arvllommi , H., Kero, P., Koskinen, P., & Isolauri, E.
(2001). Probiotics in primary prevention of atopic disease: a randomised
placebo-controlled trial. The Lancet, 357(9262), 1076-1079.

Karabas, F. P., Coskun, H., Saglam, K., & Bozat, B. G. (2016). Lycium barbarum L.
(goji berry) fruits improve anxiety, depression-like behaviors, and learining
performance: the moderating role of sex. Turkish Journal of Biology, 40, 762-
771. Retrieved from 762-771

Kerry, R. G., Patra, J. K., Gouda, S., Park, Y., Shin, H. S., & Das, G. (2018).
Benefaction of probiotics for human health: A review. Journal of Food and
Drug Analysis(1-13).

Khan, N. H., Korber, D. R., Low, N. H., & Nickerson, M. T. (2013). Development of
extrusion-based legume protein isolate—alginate capsules for the protection and
delivery of the acid sensitive probiotic, Bifidobacterium adolescentis. Food
Research International, 54(1), 730-737.

Khanafari, A., Porgham, S. H., & Ebrahimi, M. T. (2012). Investigation of Probiotic
Chocolate Effect on Streptococcus mutans Growth Inhibition. Jundishapur
Journal of Microbiology, 5(4), 590-597.

Klindt-Toldam , S., Larsen , S. K., Sabby, L., Olsen, L. R., Svenstrup, G., Miillertz, A.,
... Zielinska, D. (2016). Survival of Lactobacillus acidophilus NCFM® and
Bifidobacterium lactis HNO19 encapsulated in chocolate during in vitro
simulated passage of the upper gastrointestinal tract. Food Science and
Technology, 74, 404-410.

Ko, C. Y., Lin, H., & Tsai, G. J. (2013). Gamma-aminobutyric acid production in blank
soybean milk by Lactobacillus brevis FPA 3709 and the antidepressant effect of
the fermented product on a forced swimming rat model. Process Biochemistry,
48, 559-568.

Koca, S. (2011). Bitter ¢ikolatanin fizikokimyasal 6zellikleri iizerine konglama
sartlarinin etkisi. Istanbul: yiliksek lisans tezi, Istanbul Teknik Universitesi, Fen
Bilimleri Enstitiisti.

Komatsuzaki, N., Shima , J., Kawamotoa , S., Momosed , H., & Kimurab, T. (2005).
Production of g-aminobutyric acid (GABA) by Lactobacillus paracasei isolated
from traditional fermented foods. Food Microbiology, 22(6), 497-504.

Konar, N., Palabiyik , I., Toker, O. S., Polat-Genc, D., Kelleci, E., Pirouzian, H., . . .
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.

Konar, N., Toker, O. S., Oba, S., & Sagdic, O. (2016). Improving functionality of
chocolate: A review on probiotic, prebiotic, and/or synbiotic characteristics.
Trends in Food Science & Technology, 49, 35-44.

Kopp-Hoolihan, L. (2001). Prophylactic and therapeutic uses of probiotics: a review.
Journal of American Dietetic Association, 101(2), 229-238.

80



Krasaekoopt, W., & Watcharapoka, S. (2014). Effect of addition of inulin and
galactooligosaccharide on the survival of microencapsulated probiotics in
alginate beads coated with chitosan in simulated digestive system, yogurt and
fruit juice. Food Science and Technology, 57, 761-766.

Krasaekoopt, W., Bhandari, B., & Deeth, H. C. (2006). Survival of probiotics
encapsulated in chitosancoated alginate beads in yoghurt from UHT- and
conventionally treated milk during storage. Food Science and Technology,
39(2), 177-183.

Lahtinen, S., Ouwehand, A., Salminen, S., Forssell, P., & Myllarinen, P. (2007). Effect
of starch- and lipid-based encapsulation on the culturability of two
Bifidobacterium longum strains. Letters in Applied Microbiology, 44(5), 500-
505.

Lakhan, S. E., & Vieira, K. F. (2008). Nutritional therapies for mental disorders.
Nutrition Journal, 7, 2.

Lalicic- Petronijevic , J., Popov-Raljic , J., Obradovic , D., Radulovic , Z., Paunovic ,
D., Petrusic , M., & Pez, L. (2015). Viability of probiotic strains Lactobacillus
acidophilus NCFM® and Bifidobacterium lactis HNO19 and their impact on
sensory and rheological properties of milk and dark chocolates during storage
for 180 days. Journal of Functional Foods, 15, 541-550.

Lalicic- Petronijevic , J., Popov-Raljic, J., Lazic, V., Pezo, L., & Viktor, N. (2017).
Synergistic effect of three encapsulated strains of probiotic bacteria on quality
parameters of chocolates with different composition. Journal of Functional
Foods, 38, 329-337.

Lankaputhra, W. V., Shah, N. P., & Britz, M. L. (1996). Survival of Bifidobacteria
during refrigerated storage in the presence of acid and hydrogen peroxide.
Milchwissenschaft, 51, 65-70.

Lavallee , K., Herren, C., Blatter-Meunier , J., Adornetto, C., In-Albon, T., &
Schneider , S. (2011). Early predictors of separation anxiety disorder: early
stranger anxiety, parental pathology and prenatal factors. Psychopathology,
44(6), 354-361.

Leonardo, E. D., & Hen, R. (2008). Anxiety as a developmental disorder.
Neuropsychopharmacology., 33(1), 134-140.

Li, H., Gao, D., Cao, Y., & Xu, H. (2008). A high y-aminobutyric acid-producing
Lactobacillus brevis isolated from Chinese traditionalpaocai. Annals of
Microbiology, 58(4), 649-653.

Li, H., Qiu, T., Gao, D., & Cao, Y. (2010). Medium optimization for production of
gamma-aminobutyric acid by Lactobacillus brevis NCL912. Amino Acids, 38(5),
1439-1445.

Liang, S., Wang, T., Hu, X., Luo, J., Li, W., Wu, X., ... Jin, F. (2015). Administration
of Lactobacillus helveticus NS8 improves behavioral, cognitive, and
biochemical aberrations caused by chronic restraint stress. Neuroscience., 310,
561-577.

81



Logan, A. C., & Jacka, F. N. (2014). Nutritional psychiatry research: an emerging
discipline and its intersection with global urbanization, environmental
challenges and the evolutionary mismatch. ; 33:22. Journal of Physiological
Anthropology, 33, 22.

Logan, A. C., & Katzman, M. (2005). Major depressive disorder: probiotics may be an
adjuvant therapy. Medical Hypotheses., 64(3), 533-538.

Lopez-Rubio, A., Sanchez, E., Wilkanowicz, S., Sanz, Y., & Lagaron, J. M. (2012).
Electrospinning as a useful technique for the encapsulation of living
bifidobacteria in food hydrocolloid. Food Hydrocolloids, 28(1), 159-167.

Lourens-Hattingh, A. L., & Viljoen, B. C. (2001). Yogurt as probiotic carrier food.
International Dairy Journal, 11(1-2), 1-17.

Lu, X., Xie, C., & Gu, Z. (2009). Optimisation of fermentative parameters for GABA
enrichment by Lactococcus lactis. Czech Journal of Food Science, 27(6), 433-
442.

Lu, X, Xie, C.,Gu, Z., & Han, Y. (2008). Isolation of y-aminobutyric acid-producing
bacteria and optimization of fermentative medium. Biochemical Engineering
Journal, 41(1), 48-52.

Luo, J., Wang, T., Shan, L., Xu, H., Wei, L., & Feng, J. (2014). Ingestion of
Lactobacillus strain reduces anxiety and improves cognitive function in the
hyperammonemia rat. Sciences CHINA Life Sciences, 57(3), 327-335.

Lyte, M. (2011). Probiotics function mechanistically as delivery vehicles for
neuroactive compounds: Microbial endocrinology in the design and use of
probiotics. Bioessays, 33, 574-581.

Mainville, I., Arcand, Y., & Farnworth , E. R. (2005). A dynamic model that simulates
the human upper gastrointestinal tract for the study of probiotics. International
Journal of Food Microbiology, 99, 287-296.

Malizia, A. L., Cunningham, V. J.,, Bell, C. J., Liddle , P. F., Jones, T., & Nutt, D. J.
(1998). Decreased brain GABA(A)-benzodiazepine receptor binding in panic
disorder: preliminary results from a quantitative PET study. Archives of general
psychiatry, 55(8), 715-720.

Malmo, C., La Storia, A., & Mauriello, G. (2013). Microencapsulation of Lactobacillus
reutieri DSM 17938 cell coated in alginate beads with chitosan by spray drying
o0 use as a probiotic cell in a chocolate soufflé. . Food and Bioprocess
technology, 6, 795-805.

Mandal, S., Hati, S., Puniya, A. K., Singh, R., & Singh, K. (2012). Development of
Synbiotic Milk Chocolate Using Encapsulated Lactobacillus casei NCDC 298.
Journal of Food Processing and Preservation, 37(5), 1031-1037.

Maragkoudakis, P. A., Miaris, C., Rojez, P., Manalis, N., Magkanari, F.,
Kalantzopoulos, G., & Tsakalidou, E. (2006). Production of traditional Greek
yoghurt using Lactobacillus strains with probiotic potential as starter adjuncts.
International Dairy Journal, 16(1), 52-60.

Martin, M. J., Lara-Villoslada, F., Ruiz, M. A., & Morales, M. E. (2015).
Microencapsulation of bacteria: A review of different technologies and their

82



impact on the probiotic effects. Innovative Food Science and Emerging
Technologies, 27, 15-25.

Mayer, E. A. (2011). Gut feelings: the emerging biology of gut-brain communication.
Nature Reviews. Neuroscience., 12(8), 453-466.

Mayer, E. A., Knight, R., Mazmanian, S. K., Cryan, J. F., & Tillisch, K. (2014). Gut
Microbes and the Brain: Paradigm Shift in Neuroscience. The Journal of
Neuroscience, 34(46), 15490-15496.

Mckernan, D. P., Fitzgerald, P., Dinan, T. G., & Cryan, J. F. (2010). The probiotic
Bifidobacterium infantis 35624 displays visceral antinociceptive effects in the
rat. Neurogastroenterol Motil, 22, 1029-1268.

Mendanha, D. V., Molina Ortiz, S. E., Favaro-Trindade, C. S., Mauri, A.,
MonterreyQuintero, E. S., & Thomazini, M. (2009). Microencapsulation of
casein hydrolysate by complex coacervation with SPI/pectin. Food Research
International, 42(8), 1099-1104.

Meng, C. C., Mhd Jalil, A. M., & Ismail, A. (2009). Phenolic and Theobromine
Contents of Commercial Dark, Milk and White Chocolates on the Malaysian
Market. Molecules, 14, 200-209.

Messaoudi, M., Lalonde, R., Violle, N., Javelot, H., Desor, D., Nejdi, A., . . . Cazaubiel,
J. M. (2011). Assessment of psychotropic-like properties of a probiotic
formulation (Lactobacillus helveticus R0052 and Bifidobacterium longum
R0175) in rats and human subjects. The British Journal of Nutrition., 105(5),
755-764.

Miki , T., Kochi, T., Eguchi, M., Kuwahara , K., Tsuruoka , H., Kurotani , K., . ..
Nanri, A. (2015). Dietary intake of minerals in relation to depressive symptoms
in Japanese employees: the Furukawa Nutrition and Health Study. Nutrition,
31(5), 686-690.

Minekus, M., Marle, A., Alvito , P. C., & Bohn, T. (2014). A standardised static in vitro
digestion method suitable for food—an international consensus. Food and
Function, 5, 1113-1124.

Minifie, B. W. (1989). Chocolate, cocoa, and confectionery (Vol. 3). New York: An A
VI Book.

Mohler, H. (2012). The GABA system in anxiety and depression, and its therapeutic
potential. Neuropharmacology., 62(1), 42-53.

Murano, E. (1998). Use of natural polysaccharides in the microencapsulation
techniques. Journal of Applied Ichthyology, 14(3-4), 245-249.

Muyyarikkandy, M. S., Algahtani, F. H., Mandoiu, 1., & Amalaradjou, M. A. (2018).
Draft Genome Sequence of Lactobacillus rhamnosus NRRL B-442, a Potential
Probiotic Strain. Genome Announcements, 6(7), €00046-18.

Nakamura, H., Takishima, T., Kometani, T., & Yokogoshi, H. (2009). Psychological
stress-reducing effect of chocolate enriched with y-aminobutyric acid (GABA)
in humans: assessment of stress using heart rate variability and salivary
chromogranin A. International Journal of Food Sciences and Nutrition, 60(S5),
106-113.

83



Nebesny, E., Zyzelewicz, D., Motyl, I., & Libudzisz, Z. (2007). Dark chocolates
supplemented with Lactobacillus strain. European Food Research and
Technology, 225(1), 33-42.

Nejati, F., Rizzello, C., Di Cagno, R., Sheikh-Zeinoddin, M., Diviccaro, A., Minervini,
F., & Gobetti, M. (2013). Manufacture of a functional fermented milk enriched
of angiotensin-I converting enzyme (ACE)-inhibitory peptides and gammaamino
butyric acid (gaBa). Food Science and Technology, 51(1), 183-189.

Nguyen, H. T., Truong, D. H., Kouhounde, S., Ly, S., Razafindralambo, H., & Delvigne
, F. (2016). Biochemical engineering approaches for increasing viability and
functionality of probiotic bacteria. International Journal of Moleculer Sciences,
17, 1-18.

Ninan, P. T. (1999). The functional anatomy, neurochemistry, and pharmacology of
anxiety. Journal of Clinical Psychiatry, 60(22), 12-17.

Nutt, D. (2000). Treatment of depression and concomitant anxiety. Europen
Neuropsychopharmacology, 10(4), 433-437.

Ohland, C. L., Kish, L., Bell, H., Thiesen, A., Hotte, N., Pankiv, E., & Madsen, K. L.
(2013). Effects of Lactobacillus helveticus on murine behavior are dependent on
diet and genotype and correlate with alterations in the gut microbiome.
Psychoneuroendocrinology, 38(9), 1738-1747.

Okuklu, B. (2014). Isolation, characterization, and screening probiotic properties of
artisanal yoghurt starter strains from Urla region. PhD Thesis, [zmir.

Onyenweaku, F., Obeagu, E. I., Ifediora, A. C., & Nwandikor, U. U. (2016). Health
benefits of probiotics. International Journal of Innovative and Applied
Research, 4(3), 21-30.

Oriach, C. S., Robertson , R. C., Stanton, C., Cryan, J. F., & Dinan, T. G. (2016).
Food for thought: The role of nutrition in the microbiota-gut-brain axis. Clinical
Nutrition Experimental, 6, 25-38.

Ozenoglu, A. (2018). Duygu durumu, Besin ve Beslenme iliskisi. Acibadem
Universitesi Saghk Bilimleri Dergisi, 9(4), 357-365.

Ozer, M., Ozyurt, G., & Tellioglu, H. S. (2019). Probiyotik ve Prebiyotiklerin Bagirsak-
Beyin Aksina Etkisi. Akademik Gida, 17(2), 269-280.

Ozyurt, G. (2013). Triple p olumlu anne babalik egitiminin anksiyete bozuklugu olan 8-
12 yas arasi cocuklarda ve ebeveynlerinde anksiyete diizeyi ve ruh sagligi
iizerine etkilerinin arastirildigi randomize kontrollii bir ¢calisma. Uzmanlik Tezi,
Dokuz Eyliil Universitesi Tip Fakiiltesi, Cocuk ve Ergen Ruh Saghigi ve
Hastaliklar1 Anabilim Dali,. lzmir.

Paez, R., Lavari, L., Vinderola, G., Audero, G., Cuatrin, A., Zaritzky, N., &
Reinheimer, J. (2012). Effect of heat treatment and spray drying on lactabacilli
viability and resistance ot simulated gastrointestinal digestion. . Food Research
International, 48(2), 784-754.

Parker , G., & Crawford , J. (2007). Chocolate craving when depressed: a personality
marker. The British Journal of Psychiatry : the journal of mental science.,
191(4), 351-352.

84



Parker, G., Parker, I., & Brotchie, H. (2006). Mood state effects of chocolate. Journal of
Affective Disorders, 92(2-3), 149-159.

Pértty, A., Kalliomiki, M., Wacklin, P., Salminen, S., & Isolauri, E. (2015). A possible
link between early probiotic intervention and the risk of neuropsychiatric
disorders later in childhood: a randomized trial. Pediatric Research, 77(6), 823-
828.

Pase , M. P., Scholey, A. B., Pipingas , A., Kras, M., Nolidin, K., Gibbs , A., . ..
Stough, C. (2013). Cocoa polyphenols enhance positive mood states but not
cognitive performance: a randomized, placebo-controlled trial. Journal of
Psychopharmacology, 27(5), 451-458.

Patterson , J. A., & Burkholder, K. M. (2003). Application of prebiotics and probiotics
in poultry production. Poultry Science, 82(4), 627-631.

Paz- Yepez, C., Peinado, I., Heredia , A., & Andres, A. (2019). Lipids digestibility and
polyphenols release under in vitro digestion of dark, milk and white chocolate.
Journal of Functional Foods, 52, 196-203.

Pedroso, D. L., Dogenski , M., Thomazini, M., Heinemann, R. J., & Favaro-Trindade,
C. S. (2013). Microencapsulation of Bifidobacterium animalis subsp. lactis and
Lactobacillus acidophilus in cocoa butter using spray chilling technology.
Brazilian Journal of Microbiology, 44(3), 777-783.

Pereira, H. V., Saraiva, K. P., Carvalho, L. M., Andrade, L. R., Pedrosa, C., & Pierucci,
A. P. (2009). Legumes seeds protein isolates in the production of ascorbic acid
microparticles. Food Research International, 42(1), 115-121.

Perez-Burgos, A., Wang, B., Mao, Y. K., Mistry, B., McVey Neufeld, K. R.,
Bienenstock, J., & Kunze, W. (2013). McVey Neufeld K. A., Bienenstock J.,
Psychoactive bacteria Lactobacillus rhamnosus (JB-1) elicits rapid frequency
facilitation in vagal afferents. American Journal of Physiology-Gastrointestinal
and Liver Physiology, 304(2), G211-G220.

Pessi, T., Siitas, Y., Hurme, M., & Isolauri, E. (2000). Interleukin-10 generation in
atopic children following oral Lactobacillus rhamnosus GG. Clinical and
Experimental Allergy., 30(12), 1804-1808.

Petra, A. |., Panagiotidou, S., Hatzaiagelaki, E., Stewart, J. M., Conti, P., &
Theoharides, T. C. (2015). Gut-Microbiota-Brain Axis and Its Effect on
Neuropsychiatric Disorders With Suspected Immune Dysregulation. Clinical
Therapeutics, 37(5), 984-995.

Picot , A., & Lacroix, C. (2003). Production of multiphase water-insoluble
microcapsules for cell microencapsulation using an emulsification/spray-drying
technology. . Journal of Food Science, 68(9), 2693-2700.

Pirbaglou , M., Katz , J., de Souza, R. J., Stearns , J. C., Motamed, M., & Ritvo , P.
(2016). Probiotic supplementation can positively affect anxiety and depressive
symptoms: a systematic review of randomized controlled trials. Nutrition
research, 36(9), 889-898.

85



Possemiers, S., Marzorati, M., Verstraete, W., & Van de Wiele, T. (2010). Bacteria and
chocolate: a successful combination for probiotic delivery. International Journal
of Food Microbiology, 141(1-2), 97-103.

Prasad, C. (1998). Food, mood and health: a neurobiological outlook. Brazilian Journal
of Medical and Biological Research, 31(12), 1517-1527.

Qin, J., Li, R., Raes, J., Arumugam, M., Burgdorf, K. S., Manichanh, C., ... Wang, J.
(2010). A human gut microbial gene catalogue established by metagenomic
sequencing. Nature, 464(7285), 59-65.

Rajam, R., Karthik, P., Parthasarathi, S., Joseph, G. S., & Anandharamakrishnan, C.
(2012). Effect of whey protein—alginate wall systems on survival of
microencapsulated Lactobacillus plantarum in simulated gastrointestinal
conditions. Journal of Functional Foods, 4(4), 891-898.

Ranadheera, R. D., Baines, S. K., & Adams, M. C. (2010). Importance of food in
probiotic efficacy. Food Research International, 43(1), 1-7.

Rao, A. V., Bested , A. C., Beaulne , T. M., Katzman , M. A, lorio , C., Berardi, J. M.,
& Logan, A. C. (2009). A randomized, double-blind, placebo-controlled pilot
study of a probiotic in emotional symptoms of chronic fatigue syndrome. Gut
Pathogens, 1, 1-6.

Rapp, A., Dodds, A., Walkup, J. T., & Rynn, M. (2013). Treatment of pediatric anxiety
disorders. Annals of the New York Academy of Sciences, 1304(1), 52-61.

Raymond, Y., & Champagne , C. P. (2015). The use of flow cytometry to accurately
ascertain total and viable counts of Lactobacillus rhamnosus in chocolate. Food
Microbiology, 46, 176-183.

Richelle , M., Tavazzi, I., & Offord , E. (2001). Comparison of the antioxidant activity
of commonly consumed polyphenolic beverages (coffee, cocoa, and tea)
prepared per cup serving. Journal of Agricultural and Food Chemistry, 49(7),
3438-3442.

Rizzello, C. G., Cassone , A., Cagno , R. D., & Gobbetti , M. (2008). Synthesis of
Angiotensin I-Converting Enzyme (ACE)-Inhibitory peptides and -
aminobutyric acid (GABA) during sourdough fermentation by selected lactic
acid bacteria. Journal of Agricultural and Food Chemistry, 56(16), 6936-6943.

Robbins, T. W., & Fray, P. J. (1980). Stress-induced eating: Fact, fiction or
misunderstanding? Appetite, 1(2), 103-133.

Rosas-Flores , W., Ramos-Ramirez , E. G., & Salazar-Montoya, J. A. (2013).
Microencapsulation of Lactobacillus helveticus and Lactobacillus delbrueckii
using alginate and gellan gum. Carbohydrate polymers, 98(1), 1011-1017.

Rosenberg, M., & Lee, S. (2004). Water-Insoluble, Whey Protein-based Microspheres
Prepared by an All-aqueous Process. Journal of Food Science, 69(1), FEP50—
FEP58.

Rosetti, V., & Lombard, A. (1996). Determination of glutamate decarboxylase by high-
performance liquid chromatography. Journal of Chromatography B, 681, 63-67.

86



Rudolph , U., & Mohler , H. (2004). Analysis of GABAA receptor function and
dissection of the pharmacology of benzodiazepines and general anesthetics
through mouse genetics. Annual review of pharmacology and toxicology., 44,
475-498.

Santivarangkna, C., Kulozik, U., & Foerst, P. (2007). Alternative drying processes for
the industrial preservation of lactic acid starter cultures. Biotechnoogy Progress,
23(2), 302-315.

Sarkar, A., Lehto, S. M., Harty, S., Dinan, T. G., Cryan, C. F., & Burnet, P. W. (2016).
Psychobiotics and the Manipulation of Bacteria—Gut—Brain Signals. . Trends in
Neurosciences, 39(11), 763-781.

Savignac, H. M., Couch, Y., Stratford, M., Bannerman, D. M., Tzortzis, G., Anthony,
D. C., & Burnet, P. J. (2016). Prebiotic administration normalizes
lipopolysaccharide (LPS)-induced anxiety and cortical 5-HT2A receptor and
IL1-B levels in male mice. Brain, Behavior, and Immunity, 52, 120-131.

Savignac, H. M., Tramullas, M., Kiely, B., Dinan, T. G., & Cryan, J. F. (2015).
Bifidobacteria modulate cognitive processes in an anxious mouse strain.
Behavioural Brain Research, 287, 59-72.

Sawada, T., & Yokoi, K. (2010). Effect of zinc supplementation on mood states in
young women: a pilot study. European Journal of Clinical Nutrition, 64(3), 331-
333.

Schultz, M., Veltkamp, C., Dieleman, L. A., Grenther, W. B., Wyrick, P. B.,
Tonkonogy, S. L., & Sartor, R. B. (2002). Lactobacillus plantarum 299V in the
Treatment and Prevention of Spontaneous Colitis in Interleukin-10-Deficient
Mice. Inflammatory Bowel Diseases, 8(1-2), 71-80.

Seok, J. H., Park , K. B., Kim, Y. H., Bae, M. O, Lee, M. K., & Oh, S. H. (2008).
Production and characterization of kimchi with enhanced levels of gamma-
aminobutyric acid. Food Science and Biotechnology, 17(5), 940-946.

Singewald, N., Schmuckermair, C., Whittle, N., Holmes, A., & Ressler, K. J. (2015).
Pharmacology of cognitive enhancers for exposure-based therapy of fear,
anxiety and trauma-related disorders. Pharmacology & Therapeutics, 149, 150-
190.

Singh, R. S., Saini, G. K., & Kennedy, J. F. (2008). Pullulan: Microbial sources,
production and applications. Carbohydrate Polymers, 73(4), 515-531.

Siragusa, S., Angelis , M., Cagno, R. D., Rizzello , C. G,, Coda, R., & Gobbetti, M.
(2007). Synthesis of y -aminobutyric acid by lactic acid bacteria isolated from a
variety of Italian cheeses. Applied Environmental Microbiology, 73(22), 7283-
7290.

Song, H. Y., & Yu, R. C. (2018). Optimization of culture conditions for gamma-
aminobutyric acid production in fermented adzuki bean milk. Journal of Food
and Drug Analysis, 26, 74-81.

Stanton, C., Desmond, C., Fitzgerald, G., & Ross, P. P. (2003). Probiotic health
benefits- reality or myth? Australian Journal of Dairy Technology, 58, 107-113.

87



Stanton, C., Gardiner, G., Meehan , H., Collins, K., Fitzgerald , G., Lynch, P. B., &
Ross, R. P. (2001). Market potential for probiotics. Am J Clin Nutr, 73, 476-483.

Steenbergen, L., Sellaro, R., van Hemert, S., Bosch, J. A., & Colzato, L. S. (2015). A
randomized controlled trial to test the effect of multispecies probiotics on
cognitive reactivity to sad mood. Brain, Behavior, and Immunity, 48, 258-264.

Stein, M. B., Seedat, S., & Gelernter, J. (2006). Serotonin transporter gene promoter
polymorphism predicts SSRI response in generalized social anxiety disorder.
Psychopharmacology, 187(1), 68-72.

Steinberg, F. M., Bearden, M. M., & Keen, C. L. (2003). Cocoa and chocolate
flavonoids: Implications for cardiovascular health. . Journal of the American
Dietetic Association, 130(2), 215-223.

Sublette, M. E., Ellis, S. P., Geant, A. L., & Mann, J. (2011). Meta-analysis of the
effects of eicosapentaenoic acid (EPA) in clinical trials in depression. Journal of
Clinical Psychiatry, 72(12), 1577-1584.

Succi, M., Tremonte, P., Pannella, G., Tipaldi, L., Cozzolino, A., Romaniello, R., . ..
Coppola, R. (2017). Pre-cultivation with Selected Prebiotics Enhances the
Survival and the Stress Response of Lactobacillus rhamnosus Strains in
Simulated Gastrointestinal Transit. Frontiers in Microbiology, 8, 1067.

Succi, M., Tremonte, P., Pannella, G., Tipaldi, L., Cozzolino, A., & Coppola, R. (2017).
Survival of commercial probiotic strains in dark chocolate with high cocoa and
phenols content during the storage and in a static in vitro digestion model.
Journal of Functional Foods, 35, 60-67.

Sun, T. S., Zhao, S. P., Wang, H., Cai, C., Chen, Y., & Zhang, H. (2009). ACE-
inhibitory activity and gamma-aminobutyric acid content of fermented skim
milk by Lactobacillus helveticus isolated from Xinjiang koumiss in China.
European Food Research and Technology, 228(4), 607-612.

Szczesniak , A. S. (1972). Instrumental methods of texture measurement. Food
Technology, 23, 50-56.

Szczesniak, A. S. (2002). Texture is a sensory property. Food Quality and Preference,
13, 215-225.

Sengiin, I. Y. (2011). Fermente gidalarin iiretiminde kullanilan laktik asit bakterileri.
Biological Diversity and Conservation, 4(1), 42-53.

Tajabadi, N., Ebrahimpour, A., Baradaran, A., Rahim, R. A., Mahyudin, N. A., Manap ,
M. Y.,...Saari, N. (2015). Optimization of y-aminobutyric acid production by
Lactobacillus plantarum Taj-Apis362 from honeybees. Molecules, 20(4), 6654-
6669.

Talbot, G. (2008). Chocolate Temper. In S. T. Beckett, & D. Phil, Industrial Chocolate
Manufacture and Use (pp. 261-275). Oxford: Blackwell Publishing.

Teoh, P. L., Mirhosseini, H., Mustafa , S., Hussin, A. S., & Manap , M. Y. (2011).
Recent Approaches in the Development of Encapsulated Delivery Systems for
Probiotics. Food Biotechnology, 25(1), 77-101.

88



Tillisch, K., Labus, J., Kilpatrick, L., Jiang, Z., Stains, J., Ebrat, B., . . . Mayer, E. A.
(2013). Consumption of fermented milk product with probiotic modulates brain
activity. Gastroenterology, 144(7), 1394-1401.

Tsai, C. C., Chiu, T. H., Ho, C. Y., Lin, P. P.,, & Wu, T. Y. (2013). Effects of anti-
hypertension and intestinal microflora of spontaneously hypertensive rats fed
gamma-aminobutyric acid-enriched Chingshey purple sweet potato fermented
milk by lactic acid bacteria. African Journal of Microbiology Research, 7(11),
932-940.

Uzbay, T. 1. (2002). Anksiyetenin Norobiyolojisi. Klinik Piskiyatri Dergisi, 1, 5-13.

Unal , E., & Erginkaya, Z. (2010). Probiyotik Mikroorganizmalarin
Mikroenkapsiilasyonu. Gida, 35(4), 297-304.

Unliitiirk, A., & Turantas, F. (2002). Gidalarm Mikrobiyolojik Analizi, 2nd edition.
Bornova-iZMIR.

Vashum, K. P., McEvoy, M., Milton, A. H., McElduff, P., Hure , A, Byles, J., &
Attia, J. (2014). Dietary zinc is associated with a lower incidence of depression:
findings from two Australian cohorts. Journal of affective disorders, 166, 249-
257.

Vermeir, I., & Verbeke, W. (2006). Sustainable Food Consumption: Exploring the
Consumer “Attitude — Behavioral Intention” Gap. Journal of Agricultural and
Environmental Ethics, 19(2), 169-194.

Wallace, C. J., & Milev, R. (2017). The effects of probiotics on depressive symptoms in
humans: a systematic review. Annals of General Psychiatry, 16(1), 2-10.

Wang, M. Y., Yu, Y. T., & Chang, T. M. (2005). New method for preparing more
stable microcapsules for the entrapment of genetically engineered cells. Artif
Cells Blood Substit Immobil Biotechnol, 33(3), 257-2609.

Wang , X., Wang, B. R., Zhang , X. J., Xu, Z., Ding, Y. Q., & Ju, G. (2002).
Evidences for vagus nerve in maintenance of immune balance and transmission
of immune information from gut to brain in STM-infected rats. World journal of
gastroenterology, 8(3), 540-545.

Wang, Q., Liu, X., Fu, J., Wang, S., Chen, Y., Chang, K., & Li, H. (2018). Substrate
sustained release-based high efficacy biosynthesis of GABA by Lactobacillus
brevis NCL912. Microbial Cell Factories, 17(1), 2-8.

Westermann, C., Gleinser, M., Corr , S. C., & Riedel, C. U. (2016). A Critical
Evaluation of Bifidobacterial Adhesion to the Host Tissue. Frontiers in
Microbiology, 7, 1-8.

White, B. A., Horwath, C. C., & Conner, T. S. (2013). Many apples a day keep the
blues away — Daily experiences of negative and positive affect and food
consumption in young adults. British Journal of Health Psychology, 18(4), 782-
798.

White, J. A., Hart, R. J., & Fry, J. C. (1996). An evaluation of the Waters Pico-Tag
system for the amino-acid analysis of food materials. Journal of Automatic
Chemistry, 8(4), 170-177.

89



Whitefield, R. (2005). Making Chocolates in the Factory. London: Kennedy’s
Publications.

Winder , R., Wheeler, J., Conder, N., Otvos, L., Nevill, R., & Duan, L. (2003).
Microencapsulation: a strategy for formulation of inoculum. . Biocontrol science
and technology, 13(2), 155-169.

Wau, P., & Imai, M. (2011). Food polymer pullulan-k-carrageenan composite membrane
performed smart function both on mass transfer and molecular size recognition.
Desalination and Water Treatment, 34((1-3)), 239-245.

Yamamura, S., Morishima, H., Kumano-go, T., Suganuma, N., Matsumoto, H., Adachi,
H., ... Takeda, M. (2009). The effect of Lactobacillus helveticus fermented
milk on sleep and health perception in elderly subjects. European Journal of
Clinical Nutrition, 63(1), 100-105.

Yang, S. Y., Ly, Z. X,, Li, F. X,, Bie, X. M., Sun, L., & Zeng, X. X. (2006). A siple
method for rapid screening of bacteria with glutamate decarboxylase activities.
Journal of Rapid Methods & Automation in Microbiology, 14(3), 291-298.

Yatsunenko, T., Rey, F. E., Manary , M. J., Trehan, I., Dominguez-Bello , M. G.,
Contreras, M., ... Gordon, J. I. (2012). Human gut microbiome viewed across
age and geography. Nature., 486(7402), 222-227.

Yilsay, T. O., & Kurdal, E. (2000). Probiyotik siit iiriinlerinin beslenme ve saglik
tizerinde etkisi. V1. Siit ve Siit Uriinleri Semposyumu (Siit Mikrobiyolojisi ve
katki maddeler), (pp. 279-286). Tekirdag.

Ying, D. Y., Phoon, M. C., Sanguansri, L., Weerakkody, R., Burgar, I., & Augustin, M.
A. (2010). Microencapsulated Lactobacillus rhamnosus GG powders:
Relationship of powder physical properties to probiotic survival during storage. .
Journal of Food Science, 75(9), E588-E595.

Yokoyama, S., Hiramatsu, J., & Hayakawa, K. (2002). Production of gamma-
aminobutyric acid from alcohol distillery lees by Lactobacillus brevis IFO-
12005. Journal of bioscience and bioengineering, 93(1), 95-7.

Yonejima, Y., Hisa, K., Kawaguchi, M., Ashitani, H., Koyama, T., Usamikrank, Y., ...
Ogawa, J. (2015). Lactic acid bacteria-containing chocolate as a practical
probiotic product with increased acid tolerance. Biocatalysis and Agricultural
Biotechnology, 4, 773-7717.

Yu, C., Wang, W., Yao, H., & Liu, H. (2007). Preparation of phospholipid microcapsule
by spray drying. . Drying technology, 25(4), 695-702.

Yiicekutlu, M. (2015). Effect of some intense sweeteners on rheological,textural and
sensory properties of chocolate. Ankara: the degree of master of science, food
engineering department , Middle East Technical University,.

90



APPENDIX A

THE HPLC CHROMATOGRAMS
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Figure A. 1. The HPLC chromatograms of GABA producer Lb. rhamnosus NRRL B-
442 for 24 h (a), 48 h (b), 90 (c), 96(d).



APPENDIX B

GABA CALIBRATION CURVE
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Figure B. 1. GABA calibration curve view
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Figure B. 2. The RP-HPLC chromatograms of GABA standard 20 mg/L (a) and 2000 mg/L(b).
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Figure B. 3. The RP-HPLC chromatograms of GABA producer bacteria for 24 h.
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Figure B. 4. The RP-HPLC chromatograms of GABA producer bacteria for 48 h.
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Figure B. 5. The RP-HPLC chromatograms of GABA producer bacteria for 72 h.
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Figure B. 6. The RP-HPLC chromatograms of GABA producer bacteria for 96 h.
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APPENDIX C

GROWTH CURVE
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Figure C. 1. Growth curve of Lb. rhamnosus NRRL B-422 at 37 °C for 48 h.
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APPENDIX D

CHOCOLATES SENSORY EVALUATION FORM

Panelist Number

Dear Panelist,
A total of three pieces of milk chocolate will be presented to you. Please, you check the chocolate

according to the presentation order. To tick up your thoughts about the properties of chocolate,
simply put a cross (X) in one of the boxes. Before you start tasting the chocolate samples and

taste the next chocolate, eat a bite of bread and drink some water.

Chocolate Number:

1. Tick your thinking about the Color of the chocolate

I [ ] L

The worst Dislike Liked and did not like Like The best
2. Tick your thinking about the Odor of the chocolate
The worst Dislike Liked and did not like Like The best

3. Tick the chocolate with your finger and tick your thinking about the Texture (structure)

I . [ ] I

The worst Dislike Liked and did not like Like The best

4. Tick your thinking about the Taste of the chocolate

I [ ] I

The worst Dislike Liked and did not like Like The best

5. Tick your thinking about your General Liking related to the chocolate.

I I [ ] I

The worst Dislike Liked and did not like Like The best

Figure D. 1. Sensory evaluation form
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APPENDIX E

HEALTH CLAIMS AND REGULATIONS

Ek-15

SAGLIK BEYANLARI VE BEYAN KOSULLARI

Besin dgesi / bilesen Saghk beyam

Beyan kosulu

Probiyotik
mikroorganizma

Bu gida probiyotik mikroorganizma
|_§cr1_r,_ Pro_t_nyot_lk_ mlllkroorgamzmalar Gidanmn en az 1.0x10° kob/g canli probiyotik
sindirim sistemini diizenlemeye ve . . - - .

) . .. mikroorganizma i¢ermesi gerekir.
bagisiklik sistemini desteklemeye
yardimet olur.

Figure E. 1. Health Claims about probiotics and functional foods of Turkish food codex

(Source: Official gazette, issue: 29960, 26/01/2017).
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