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ABSTRACT:

Chocolw formulated as a functional food via enrichment with probiotics. However,

the added ics must overcome the challenges of processing and storage conditions and

the harsh gastrointestinal environment. The study aimed to overcome these challenges using
[ h

two diffe ulations of cocoa powder as alternative encapsulants along with Na-

1

alginate (Al}) andfiNa-alginate & fructooligosaccharides (A;). Seven different probiotic strains
were encmd individually using the new formulations and viabilities of these
encapsulatéd probiotics were assessed prior to and after they were added to chocolates. The

highest achieved encapsulation efficiencies were 93.40% for formulation A; (with

t

Lactobaci i) and 95.36% for formulation A, (with Lactobacillus acidophilus La5).

N

The encapsulated probiotics with the new formulations maintained higher viability than the

recomme

d

apeutic level (10’ CFU/g) for up to 180 and 120 days of storage at 4 °C
and 25 spectively. The tested encapsulants improved probiotics survival when subjected

to the ess and maintained about 9.0 Logs CFU/g at 60 °C. Additionally, the viable

M

numbers of probiotics in fortified chocolates showed higher than 7 Logs CFU/g after 90 days

[

of storage . Both formulations exhibited significantly (P < 0.05) high survivability of

probiotics ogs CFU/g) during the in vitro gastrointestinal digestion. This study

demonstr cocoa powder along with Na-alginate and FOS has the potential to be used

N

as ap apsulating material, and chocolates could be an excellent carrier for the

{

U

developm althy probiotic chocolate products.

Practical Application

The in n of cocoa powder as an effective encapsulating agent to deliver probiotics

A

could help the chocolate industry to develop healthy and attractive functional snacks for

health-conscious consumers.

This article is protected by copyright. All rights reserved.
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Keywords: Chocolates, cocoa powder, encapsulation, fructooligosaccharides, gastrointestinal

digestion, Na-alginate, probiotics

Abbrev

CFU -golopydorming unit, FOS - fructooligosaccharides, FAO - Food and Agriculture

Organizatho - World Health Organization, MRS - DeMan, Rogosa and Sharpe, VIC -

C

Victoria, NSW - New South Wales, Al - cocoa powder: Na-alginate at 10:1 ratio, A2 - cocoa

powder: te: FOS at 10:1:2 ratio , CA1 - cocoa powder: Na-alginate at 10:1 ratio in
chocolate - cocoa powder: Na-alginate: FOS at 10:1:2 ratio in chocolates, EE -
encapsulati iency, FE-EPMA - Field Emission Electron Probe Microanalyzer, SSF -

simulated@alivary fluid, SGF - simulated gastric fluid, SIF - simulated intestinal fluid,

N

ANOVA - is of variance, HSD - honest significant difference, SEM - Scanning

a

electronic i ope, FC - free culture, a, - water activity, USDA - United States

Depart griculture

M

Author

1 Introduction

This article is protected by copyright. All rights reserved.
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Probiotics are ‘live microorganisms which, when administered in adequate numbers, confer a
health benefit on the host (FAO/WHO, 2002). The International Dairy Federation
recomm#adequate number of live probiotics (10°-10’ CFU/mL or g of food) at the
time of CQ to exhibit the health benefits (Dong et al., 2013; Frakolaki, Giannou,
Kekos,-& m20). There is a growing interest in the industry to maintain recommended
probiotic @abiligy in popular food products through various food innovations (Granato et al.,
2020; Rarpa, Naumovski, & Ajlouni, 2018). The consumption of sufficient amounts of
probioticsWd formulations can assist in maintaining a healthy gut due to the positive
effects of probigtics on gut microbiota (Hill et al., 2014; Sharifi-Rad et al., 2020). The
intestinal h icrobiota is estimated at nearly 100 trillion and they have a symbiotic
relationsh&n‘:heir host (Sommer & Béckhed, 2013). Different dairy products are
considered1d w arriers for the delivery of probiotic bacteria into the human gastrointestinal
tract (B, 2020; Pourjafar, Noori, Gandomi, Basti, & Ansari, 2020), while there is a
growing de or non-dairy food matrixes for probiotic delivery as well. However, the
delivery of probiotics via oral administration is challenging due to harsh gastrointestinal
conditioniuch as stomach acid, bile and various digestive enzymes (Frakolaki et al., 2020;
Vaziri, Al@, Vossoughi, & Khorasani, 2018) as well as during processing and storage

(Mani-LopeZ;¥Palou, & Lopez-Malo, 2014).

To exh#survivability and shelf life of probiotics under stressful conditions,

microencapsulati@n is considered an excellent technique (Braber et al., 2020; Tolve et al.,
2020). The magfity of previous studies concluded that the encapsulating matrixes preserve
probiot&rocessing, storage and permit their release into a metabolically active state
in the human intestine (Peng et al., 2020; Pourjafar et al., 2020). Several physical and

chemical approaches have been investigated for the microencapsulation of probiotics (Pech-

This article is protected by copyright. All rights reserved.
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Canul, Ortega, Garcia-Triana, & Gonzalez-Silva, 2020). The basic encapsulating materials
include protein (gelatin and whey protein), (Braber et al., 2020), polysaccharides (chitosan,

alginates ﬂ (Zhang, Lin, & Zhong, 2015) and fructooligosaccharides (FOS) (Nami,

Lornezha bdullah, & Haghshenas, 2020), or a combination of various types of

N . ) . .
these b1olslymers to further improve the protection of microorganisms (Ragavan & Das,

2018; Yas@ed, Pasha, & Zia, 2019).

It is well-kao hat the selection of encapsulant matrixes and applying a suitable technique
is essentiamessful microencapsulation (Frakolaki et al., 2020). Various techniques have
been succ@ used for probiotics microencapsulation including spray drying, spray
chilling agg, freeze-drying (lyophilization), fluidized bed drying, emulsification and

extrusion (Frakolaki et al., 2020; Pourjafar et al., 2020). Freeze-drying could be considered as
the best method for probiotic microencapsulation because this technique removes
moistu sublimation under vacuum without exposing the microorganisms to heat stress
(Tolve % 2020; Chavez & Ledeboer, 2007), although it is more expensive than other
methods. Nevertheless, considering the fact that viable cell numbers in the final encapsulated
products higniﬁcan‘c role in its functionality, freeze-drying can be considered as a
suitable guarantee the maximum viable number, where the extra cost of this
technique ecovered by the best quality of the final encapsulated probiotics (Pech-

Canul ”

As the dew probiotic food products from both dairy and non-dairy sources continue to

grow, chocolateggone of the most appealing products among the consumers, is anticipated to

be an ¢ “3@ t probiotics carrier. Chocolate possesses a wide range of potent antioxidants
and other nutrients that can positively benefit human health. In addition, chocolate may serve

as a suitable carrier for probiotic delivery to the human gut (Hossain, Ranadheera, Fang, &

This article is protected by copyright. All rights reserved.
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Ajlouni, 2020). Cocoa powder, one of the major ingredients in chocolate production, contains

a complex structure of proteins, polysaccharides and lipids (Oracz, Nebesny, Zyzelewicz,

1

Budryn ak, 2020; Sorrenti et al., 2020) which could form a good encapsulating

admixture ith alginate or FOS. In this study, the probiotics encapsulated with cocoa

[
powder were used in chocolate preparation at the laboratory scale and the viability of

probiotics durimg the in vitro gastrointestinal digestion was examined. As cocoa powder has

C

not been p sly used as an encapsulating material, it is anticipated that these tested novel

encapsula echniques could be helpful to the chocolate industry.

Uus

2 Materials and Methods

2.1 Mate

df)

Seven different strains of probiotic bacteria were used in this study: Lactobacillus
acidophilus , L. rhamnosus (LGG), L. sanfranciscensis, L. plantarum, L. casei 431,
Bifido nimalis subspp. lactis (Bb12) and Streptococcus thermophilus. The L.
rhamnosuf (LGG), B. animalis subspp. lactis (Bb12) and L. casei probiotics were kindly
provided Hansen, Bayswater, VIC, Australia and all other probiotics were obtained
from the Qture collections in the Food Chemistry & Microbiology Laboratory at the
Universit&f Melbourne. FOS, Na-alginate, skim milk powder, hi-maize resistant starch and
enzyme“ a-amylase, porcine pepsin, pancreatin), HCI, acetone, acetic acid were
bought fr@a Aldrich (Castle Hill, NSW, Australia). Whey protein concentrate was
kindly provi by Murray Goulburn Co-operative Co. Limited (Melbourne, VIC,
Australt selective media DeMan, Rogosa and Sharpe (MRS), nutrient agar & broth,

AnaeroGen sachets, yeast extract, beef extract, protease peptone, n-hexadecane, L-cysteine

hydrochloride, bile salts, and trichloroacetic acid were bought from Thermo Fisher (Thermo

This article is protected by copyright. All rights reserved.
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Fisher Scientific Pty Ltd, Melbourne, VIC, Australia). NaOH, phosphate-buffered saline,

CaClz, dextrose, KQHPO4, (NH4)2SO4, MgSO4‘7H20, NaCl, KC], NaHCO3, MgClz(HQO)G,

the Chem
]

(NH4)2C: 53:ﬁssium persulfate, potassium acetate, aluminum chloride were bought from

Ltd. (Melbourne, VIC, Australia).
—

2.2.1 Prep n of formulation blends

2.2 Meth

EncapsulaWterials were selected based on preliminary work to identify the best

combinations offthe encapsulants. The selected encapsulation formulations included cocoa

powder: N&ate at 10:1 ratio (A;) and cocoa powder: Na-alginate: FOS at 10:1:2 ratio

(A).

2.2.2 itation and inoculum preparation
The freeze-dri robiotic strains were resuscitated and inoculated individually in a selective
medium ml) and incubated anaerobically using a BB-16 incubator (Heraeus Instruments,

Hanau, Géfmany) at 37 °C for 22 + 2 h. The probiotics were harvested by centrifugation in a

refrigeratﬁgﬁ‘ge (Allegra X-12R, Beckman Coulter, NSW, Australia) at 5000xg, 4 °C

for 15 min. probiotics were washed twice with 0.85% saline solution and mixed with the

q

new encap8ulating formulations (de Aratjo Etchepare et al., 2020). When these encapsulated
probiotiHided to the chocolate, the chocolate probiotic samples were designated as

CA; and CA,

U

2.2.3 Enca on of probiotics using a freeze-drying technique

A

The pro ains were encapsulated with two types of encapsulation formulations (A; and
A;) that were mentioned in section 2.2.1 using emulsion based freeze-dried technique. The

formulation ingredients were dissolved in Milli-Q water followed by homogenization for 15

This article is protected by copyright. All rights reserved.
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min at 10000 rpm using a homogenizer (IKA T25 digital Ultraturrax, Germany) and the
mixture was then kept at room temperature for 2 h for complete hydration. The formulations
admixture asteurized at 75 °C for 30 min in a water bath and cooled to 42 °C (Gebara et
al., 2013)&&% cell pellets (approximately 12 Logs CFU/g) were suspended in the

N —— _ . .
relevant flﬁulatlons and homogenized using a homogenizer. It was then left for 1 h at room

temperatuuw the interaction between encapsulants biopolymers and the probiotics (de

Aratjo Etc et al., 2020). The suspended admixture was distributed into 50 ml sterile
falcon tu Smil each) and frozen at -20 °C overnight. The frozen samples were freeze-
dried at - ing a benchtop freeze dryer (Dynavac Engineering FD3, NSW, Australia).

The freeze-&ncapsulated probiotics were stored at 4 °C until used.

2.24 Viamencapsulated probiotics

bility was assessed prior to and after encapsulation. The encapsulated

probiotic po were aseptically transferred into sterile falcon tubes and stored at 4 °C and
ays. Samples were tested for cell viability on day 1 to 180 days of storage.
Samples ( were serially diluted using 0.1% sterile peptone water, plated on MRS selective

medium aQated anaerobically at 37 °C  for 48 h. Results were reported as Log CFU/g

(Favaro-Tri1 ¢ & Grosso, 2002).

uth

A

2.2.5 Enc tion efficiency

This article is protected by copyright. All rights reserved.
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The encapsulation efficiency indicated the survival rate of the probiotic strains after the
freeze-drying (de Araujo Etchepare et al., 2020; Doherty et al., 2011). The percentage

encapsulail iciency (% EE) was calculated as the following:

% EE = —
= A —

where A ihnber of viable cultures (Log CFU/g) released after encapsulation, and AO is

the numb@l free cultures (Log CFU/g) before encapsulation.

2.3 Scannin e;ectron microscopy of the encapsulated probiotics before and after mixing

with cho

U

Encapsul . rhamnosus LGG was used as a representative sample for scanning electron

£

MIiCrOSCOP Yl is study. Briefly, the morphology of the encapsulated probiotics, both in
powder amolate forms, were analyzed using a Field Emission Electron Probe
Microa (FE-EPMA) (Hyperprobe JXA-8530F, JEOL Ltd., Tokyo, Japan) and a
double old coat (30 nm) to assist with removal of heat over the imaged area. The

samples were gently spread out over the carbon tape on a glass slide and very gently tapped
down int e using a spatula. The prepared slide was then gold coated in an Emitec
K550X sp @ ater to a thickness of 30 nm. Using very low accelerating voltages (5-7kV)

under a hi@*¥a€tum helped in the preparation of extremely small spot size and enabled the

instrumen ze submicron areas with ease (Zhang et al., 2014).

2.4 Thermal toletant of encapsulated probiotics
The thermal tolerance of the encapsulated probiotics during chocolate processing was tested

according to the methods reported by Kemsawasd, Chaikham, & Rattanasena (2016) and

9
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Silva et al. (2017). The various encapsulated probiotic cultures were added to the 70% dark

and 45% white chocolates (100 g each) at 1% freeze-dried powder and mixed at 40 °C, 50 °C

and 60 °C. iable counts of the encapsulated cultures per gram in the chocolate mix were
estimated d plate technique (Favaro-Trindade & Grosso, 2002).
N

L

2.5 Prepamf chocolate enriched with encapsulated probiotic

Chocolate ation and processing were conducted following the method of Erdem et al.

(2014). I‘Wpsulated probiotics were added to chocolate at the best pre-determined

temperature C) to reach the recommended number of probiotic counts of at least 10’
CFU/g in ﬁl products (Dong et al., 2013). The freeze-dried probiotic cultures were
added int % and 70% commercial chocolates (500 g each) at 1% concentration

followingmedures of Lalicic-Petronijevic et al. (2015). The probiotics were added to

the ch temperature close to solidification conditions (Gadhiya, Shah, Patel, &

Prajapati, 20 emsawasd et al., 2016). Chocolate enriched with probiotics (probiotic
chocolate) and controls (no added probiotic) were stored at 25 °C and 4 °C under aseptic
conditionsgfor 90 days. Probiotic counts, major important physical and chemical properties of

the probi@colate and in vitro bioaccessibility of probiotic chocolate assays were

performed at¥;"30, 60 and 90 days.

2.6 Surviv robiotics during the in vitro gastrointestinal digestion of probiotic

chocolate

2.6.1 Preparation of gastrointestinal digestion fluids

10
This article is protected by copyright. All rights reserved.
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The in vitro gastrointestinal digestion was performed using salivary, gastric and intestinal

fluids. These fluids were prepared as described by Minekus et al. (2014). The stock digestion

I

fluids were ﬁared using a mixture of the electrolytes (K, Na*, CI', H,PO,4, HCO;, Mg*",

+ . .
NH" and erent concentrations.

L

2.6.2 Bas edium Preparation

The basalm was prepared following the methods of Zhang, Panozzo, Hall, & Ajlouni,
(2018). TWsition of basal medium was as follows: 5.0 g soluble starch, 5.0 g peptone,
5.0 g tryptone, A0 g yeast extract, 4.5 g NaCl, 4.5 g KCl, 2.0 g pectin, 2.0 g mucin, 3.0 g

casein, l.ﬁwa, 0.8 g L-cysteine HCI, 1.23 g MgSO,4-7H,0, 1.0 g guar gum, 0.5 g

KH,POy, POy, 0.4 g bile salts, 0.11g CaCl, and 1.0 mL tween 80 were dissolved in

1000 mL @f i-Q water and autoclaved at 121 °C  for 20 min (HANHSIN VD-3041

d

autocl ustralia) and pH was adjusted to 7.0.

2.6.3 In vitro gastrointestinal digestion and colonic fermentation
2.6.3.1 Instro gastrointestinal digestion
The probj unts during gastrointestinal digestion of probiotic-chocolate and free

cultures (co were assessed using an in vitro gastrointestinal digestion model (Minekus et

h

al., 2014)8I'he model consisted of three-steps involved sequentially simulated digestion in

the mo h and the small intestine as described by Minekus et al. (2014) with some

[

modification. Satiples were collected at each stage of digestion for the estimation of bacteria

Ll

and total ¢ » To avoid any destruction, triplicate samples were prepared for each

A

treatment. individual sample replicates were used for microbial colony counting.

11
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Mouth mastication: The chocolate samples (2.5 g) were mixed with 1.75 mL of simulated
salivary fluid (SSF), 0.25 mL of the salivary a-amylase solution of 1500 U mL™", 12.5 uL of
03M MSIS uL of Milli-Q water and vortexed for 2 mins at room temperature.
Gastric d&outh masticated samples were mixed with 3.75 mL of simulated gastric
fluid (S-Glgmm of porcine pepsin (3200-4500 U mg™), 2.5 uL of 0.3 M CaCl, and 0.375
mL of MillieQ wgter. The pH was adjusted to 3.0 using 1 M HCL and incubated in a shaking
incubator ucally for 2 hat 37 °C.

Intestinawn: The gastric digested samples were mixed with 5.5 mL of simulated
intestinal flui F), 2.5 mL of porcine pancreatin (800 U ml "), 1.25 mL fresh bile (160
mM), 20 EM CaCl, and 0.655 mL of Milli-Q water. The pH was adjusted to 7 using

NaOH (1

digested were centrifuged at 2500xg, 4 °C  for 5 min and the residues were

the samples were digested for 2 h at 37 °C in a shaking incubator. The
collect ue the colonic fermentation.

2.6.3.2 Colonic fermentation

The in vitw& fermentation was conducted with human feces, and ethical approval (ID:
1954660.Q0btained from the Human Ethics Advisory Group at the Faculty of
Veterinary gricultural Sciences, The University of Melbourne, Australia. Fresh feces
were colleeted from a healthy male donor (32yr old) who had not ingested antibiotics for the
last 3 Mal slurry preparation was performed as described by Tzounis et al. (2008)
and used @me day. The basal medium pH was adjusted to 7.0 using 1M HCI or IM
NaOH befo claving. The in vitro colonic fermentation was carried out by mixing the

gastrointe igested sample residue to the fecal slurry at 1:1 (v/v) ratio and incubated

anaerobically at 37 °C up to 72 h. Aerobic and anaerobic counts were enumerated

12
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308

immediately after mixing and every 24 h interval successively up to 72h of fermentation. The

control sample was prepared using 5 mL fecal slurry and 5 mL basal medium only.

2.7 Statis&is

All ex;erwwere carried out in triplicate with at least two measurements for each
parameter Resulis were subjected to one-way ANOVA using Minitab®19 statistical software
(2019, USQ means were separated using Tukey honest significant difference (HSD) at
95% conwvel. Final results were reported as means + standard deviations.

)
3 Results a iscussion
3.1 Perce capsulation efficiency of the probiotics
The micrlation of seven probiotic strains with two formulations A;: cocoa powder:
Na-algi 1) and Aj: cocoa powder: Na-alginate: FOS (10:1:2) resulted in a higher
encapsulatio iency (EE) that could potentially lead to maintaining and protecting the
bacterial cell (Table 1, supplementary). The formulation A; exhibited the highest

percentagé{ of EE (93.40% * 1.88) for L. casei and the lowest (82.15% + 1.77) for S.

thermophi itionally, formulation A, showed the highest EE 95.36% + 1.87 for L.
acidophilus nd the lowest 84.83% + 1.04 for L. rhamnosus LGG. Except for the two
lowest %% + 1.77 and 84.83 &+ 1.04) for S. thermophilus and L. rhamnosus LGG,
respectMormulations for all other probiotics showed higher than 85% EE. These %

EE results were 51211161' than the value (98.4%) reported by Nami et al. (2020) using alginate-
persian gu and inulin mixture with extrusion method. However, the results were in
agreement % EE (85.69 £ 4.82 ) reported by Xu, Gagné-Bourque, Dumont, & Jabaji
(2016) who used a similar freeze-drying technique when encapsulated L. casei in a pea

protein isolate-alginate hydrogel. Consequently, these tested encapsulants could be

13
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333

considered as successful formulations for probiotics encapsulation. The microencapsulation
efficiency depends on the content of carbohydrates biopolymers and protein in the materials
(Yasmiﬁl 9) which ensure enough protection to the core materials from the adverse
environma Table 1 (supplementary) also revealed a significant difference (P <
0.05) ‘t;tgme two tested formulations (A; & Aj;). Formulation A; exhibited good
encapsulati ciency for L. rhamnosus LGG, L. casei, L. acidophilus La5 and L.
plantarumgs formulation A, demonstrated better results for all the probiotics except L.
rhamnosuWBased on the high EE, it can be concluded that the two new formulations
[cocoa powder: Wa-alginate (10:1) and cocoa powder: Na-alginate: FOS (10:1:2)] could be

good mater] probiotic microencapsulation.

3.2 Scannwtronic microscopic images of encapsulated probiotics

SEM was u‘sed‘tg observe the structure and interaction between chocolate and probiotics. The
SEM i x0000) of the encapsulated probiotics L. rhamnosus LGG clearly showed the
probioti ¢ incorporated into the carrier chocolate (Fig 1A) and in the matrices of the
freeze-drying (Fig 1B). The rod shape probiotics were homogeneously distributed throughout
the blend*e the different types of encapsulation formulations, the morphology of
encapsularia was similar in all treated samples. These results were in disagreement
with some esearchers (Chen et al., 2017; de Aratjo Etchepare et al., 2020) who noted
that th&ing process caused the shrinkage of the probiotic cell due to water loss
during th . These SEM images in this study confirmed few morphological changes
hence en:ﬁn with cocoa powder and chocolate could be suitable probiotic carriers.
3.3 Viability of¥larious encapsulated probiotic strains

The viability of seven probiotic strains encapsulated with two encapsulant formulations A;

and A, were evaluated in two different storage temperatures 4 °C (Figure 2) and 25 °C

14
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(Figure 1, supplementary) for up to 180 days of storage. The results revealed that for both
encapsulation formulations, the viable count remained above 7.5 Logs CFU/g for the entire
180 days w. tored at 4 °C. Additionally, there were no significant differences (P > 0.05)
between an\ulations on each day of measurement. However, free culture (FC)
counts ﬁe@signiﬁcantly (P < 0.05) after 120 days at 4 °C (Figure 2) and reached
below the detedtgble level after 180 days of storage. These results showed that encapsulated
probiotichnore than 7.0 Logs CFU/g can satisfy the guideline proposed by the
Intematiow Federation (10" CFU/g or mL) to exhibit the health benefits (Dong et al.,
2013). On the ofwer hand, the viability of all the tested strains using both formulations and
stored at 25 ° intained the required viable number of > 7 logs CFU/g, but up to 120 days
only (Figﬁ

< 0.05) at 90 days of storage duration. Thus, it was obvious that storage

temper, ignificantly (P < 0.05) affect the viability of encapsulated probiotics. These

pplementary). For the non-encapsulated cell, the significant reduction (P

results were { reement with de Aratjo Etchepare et al. (2020) who indicated that whey
protein concentrate with alginate maintained probiotics counts of more than 9 Logs CFU/g
for up to %ays. Additionally, a similar study by Yasmin et al. (2019) showed more than
7.0 Logs @ability of probiotics encapsulated with whey protein concentrate.

The highes nt at the end of 180 days of storage at 4 °C for L. casei, S. thermophilus, L.
rhamn& and L. acidophilus La5 were 8.02+1.40, 7.92+1.66, 7.77£1.30 and
7.68+1 MFU/ g, respectively for the formulation of A;. For the formulation of A,, the
highest counts athl 80 days of storage at 4 °C for L. casei, L. rhamnosus LGG, L. plantarum
and S. qius were 8.27+1.30, 8.25+1.05, 8.12+1.35 and 7.87£1.67, respectively
(Figure 2). al counts in both formulations (A; and A,) were not significantly different
(P > 0.05) for the samples stored at 4 °C. Additionally, calculating the Log reduction in the

numbers of encapsulated probiotics during storage for 180 days revealed a significant decline
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(P < 0.05) at 25 °C (Figure 1, supplementary) compared to 4 °C (Figure 2). Similar
observations on the survival of encapsulated probiotics with dark chocolates were reported by
Lalicic-Pe!rﬁ“ vic et al. (2015). These findings could lead to the conclusion that cocoa

powder al ginate with or without FOS could be a good encapsulant admixture to

. H —— ,
probiotic s:ltures usually stored at room temperature (Gonzalez-Herrera, Bermudez-Quifiones,
Ochoa-Martinez, Rutiaga-Quinones, & Gallegos-Infante, 2020; Wu et al., 2015) but for a longer
shelf life Hlys) the encapsulated probiotics could be stored at refrigerated (4 °C)

condition.

3.4 Heat tolerance of various encapsulated strains

The thermo t capacity of encapsulated probiotics was tested to ensure that an adequate
number o iptics remain viable in chocolates throughout the processing steps. The
melting a ering temperatures of different chocolates had been reported to be dark
chocol = 48°C, milk chocolate at 40 - 45 °C and white chocolate at 37 - 43 °C

(Afoakwa, P n, & Fowler, 2007; Afoakwa, Paterson, Fowler, & Vieira, 2008). The
thermostability of the probiotics in dark chocolate containing 45% and 70% cocoa powder
was almo%ntical, hence only the data on 70% dark chocolates were presented here.
Chocolate@tion usually involves heating the mixture at a temperature > 45 °C for

melting an ing purposes (Klindt-Toldam et al., 2016; Silva et al., 2017). Data in Figure

h

3 revealed$hat the encapsulated cell counts were not affected at 37 °C and 40 °C (P > 0.05).

Similar psulated probiotics of all the strains resisted the heat

[

treatment at 50 BC and 60 °C during chocolate preparation. It was noted that for both

Gl

encapsulant lations, a sufficient number of encapsulated probiotics survived at 60 °C

A

whereas s nt cell reduction (P < 0.05) occurred in the controls (free culture) which was
8.93 Logs CFU/g (Figure 3). The maximum recovery of counts for encapsulated L.
rhamnosus LGG at 60 °C were 9.56+0.97 and 10.25+0.95 Logs CFU/g, in formulation Al
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and A2, respectively, whereas the L. casei and L. acidophilus La5 showed the second-highest
count for A; formulation which was not differed significantly (P > 0.05). These results

confirmed tﬁﬁcaoy of the applied encapsulants in protecting probiotics during chocolate

processin bservations related to the protective effects of encapsulants against heat
N . . .

treatment!were reported in previous studies (Rad et al.; 2016; Anekella & Orsat, 2013;

Jantzen, (‘"Q& Beermann, 2013) which indicated that the layer of encapsulating

formulatio ds around the probiotics was not damaged while mixing at 60 °C. Such

results ca egain that the encapsulated probiotic cells can tolerate the heat stress while

S

processing chocOfates at the temperature as high as 60 °C.

3.5 Surviva;l;ls of probiotics in chocolate during storage at two different temperatures

3.5.1 Cho ontaining 70% cocoa powder
The da’ igure 4 showed the viability of encapsulated and free probiotics in chocolate
containj o cocoa and stored at 4 °C and 25 °C for 90 days with 1% encapsulated

probiotics. The Results demonstrated the positive effects of encapsulation formulation on

the survivh)biotic culture in chocolate at 4 °C when compared with the free culture.

Chocolatng free culture probiotics showed a significant (P < 0.05) Log reduction

(5.0 Logs as compared with encapsulated probiotics with only 2.0 Logs reduction
under gndﬁions. At the end of 90 days of storage, more than 7.0 Logs CFU/g of
encapsula iotics survived in 70% cocoa containing chocolates in both formulations
(A1 & A, the seven probiotics. Additionally, no significant differences (P > 0.05) in
probioti s were observed between A; and A, formulations. These results confirmed the

fact that the appfed formulations were sufficient in protecting the probiotics and meeting the
recommendation of the International Dairy Federation for a healthy probiotic product (Dong

et al., 2013). The same chocolate-probiotic formulations were stored at 25 °C and showed
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similar results to those at 4 °C with some exceptions with a slightly higher cell number

reduction (Figure 2, supplementary). The highest cell counts were recorded for L.

acidophilus L. casei and Bbl12 were 8.08 £ 0.83, 7.94 + 0.69 and 7.97 + 0.99,

respective ulation Aj, and 7.80 + 0.48, 7.93 + 0.70, 7.65 + 0.93 Logs CFU/g in
N — . .

formula‘uc! A,. Consequently, it was concluded that the final counts in all tested chocolate

samples mh types of encapsulants formulation were able to maintain more than 7.0

Logs CF er 90 days of storage at both 4 °C (Figure 4) and 25 °C (Figure 2,

supplem

us

3.5.2 Choc ontaining 45% cocoa powder
The survi obiotics in chocolates with 45% cocoa powder (Figure 5) showed similar

trends to [gho 70% cocoa powder. The viable probiotic counts at 4 °C were slightly

afl

greater t 25 °C (Figure 3, Supplementary). The difference in final counts at 4 °C

and 25 °C 1.0 Log after 90 days of storage. Similar to the 70% cocoa containing

Vi

chocolates, at the end of 90 days of storage the L. casei and Bb12 probiotic cell survival rates

were the Wighest. It can be suggested that chocolates fortified with an encapsulated probiotic

[

can be sto ther temperature with

¢,

good prot f probiotic survival. Additionally, both types of chocolates (45% & 70%

h

{

cocoa aintained total probiotic counts above the recommended level (10’ CFU/g).

Such a pr ffect of chocolate with different cocoa powder contents could be attributed

U

to low w. vity (ay about 0.5) and high polyphenols content of chocolate (USDA,

2019). sults were very promising and clearly showed the good survival of probiotics

A

in fortified chocotate.
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3.6 Delivery of probiotics via chocolate during in vitro gastrointestinal digestion and
colonic fermentation

The in ﬁointestinal digestion and colonic fermentation were performed with dark
chocolatea 70% cocoa powder only since both types of chocolates (45% & 70%
cocoa) :h mmilar probiotic counts (section 3.5). The count in chocolate containing free
probiotic cadturgy(control) showed a significant (P < 0.05) reduction of 6.0 Logs CFU/g when
exposed tulted gastric juice for 2 h, whereas chocolate fortified with encapsulated
probiotic led on average only 2.5 Logs reduction during the gastrointestinal digestion
(Figure 6@ data in Figure 6A showed significantly (P < 0.05) less Log reduction in
encapsula&iotics in chocolate, indicating that encapsulating agents had a protective

effect on iotics during the in vitro digestion. Both encapsulation formulations of A;

and A, m promising results in protecting the probiotics under such adverse
gastroi 1 vironment. These results were in agreement with previous studies
(Brinques b, 2011; Sandoval-Castilla, Lobato-Calleros, Garcia-Galindo, Alvarez-
Ramirez, & Vernon-Carter, 2010) which reported similar protective effects of encapsulation
during gaSfric digestion. The significant decline in the counts of encapsulated probiotic in
chocolate 2-3 Logs after 2 h of exposure to the gastric digestion might be due to the
adverse ef f low pH (2-3) in the stomach environment (Khorasani & Shojaosadati,
2017). At intestinal digestion phase, the colony count was quite stable due to favorable
growthw compared to the gastric digestion phase, as the above 8.0 Logs CFU/g
count existE‘igure 6A) during intestinal digestion. Therefore, in the simulated
gastrointesti gestion, cocoa powder along with all tested formulations had a positive

effect on tection compared with free probiotics.

Data in Figure 6B presented the results of in vitro colonic fermentation. A gradual increase

of probiotics number at least 2-4 Logs were detected during the first 48 h of fermentation,
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followed by a decline in the probiotic counts between 48 and 72 h. The highest detected

counts for L. casei and L. rhamnosus LGG were 11.25+1.29, 11.08+1.48 and 11.00+1.52 and

10.891(# CFU/g for the formulation of A, and A, respectively. The probiotic counts

in both fi were significantly larger (P < 0.05) than the non-encapsulated count,
N . . :

whereas tls formulation types (A; and A,) did not show any significant difference (P > 0.05).

In the whuse of in vitro digestion, it was clear that the encapsulating formulations

protected t iotics in an adverse environment such as the very low acidity (pH 2-3) in

S

the gastri on. These findings were in agreement with those reported by Cielecka-

Piontek et al., 2020; Dala-Paula, Deus, Tavano, & Gloria, 2021 who demonstrated that dark

\

chocolate %_ cocoa) could protect probiotics from the adverse impact of the
gastrointesgi jgestion process. However, in the colonic condition (pH 7), the coated
probiotics nefited from such a favorable growth environment, thus rapidly increased

a

the nu r et al., 2020). However, the results from the present investigation revealed

that cocoa could be used as a good alternative for probiotics microencapsulation.

r M

4 Concl @

The present study has demonstrated that all the seven tested probiotic strains were

10

successfully encapsulated using cocoa powder along with Na-alginate or Na-alginate-FOS
and maintained sufficient viable count when added to chocolates. Both tested formulations
exhibited high encapsulation efficiency (EE). The highest EE rates for cocoa: Na-alginate and
cocoa: Na-alginate: FOS were 93.40% (L. casei) and 95.36% (L. acidophilus La5),
respectively. These encapsulated probiotics resisted thermal exposure at 60 °C, suggesting
they are suitable for chocolate processing at the melting stage of 45 °C. The encapsulated
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probiotics showed higher viable counts than the recommended level (10’ CFU/g) during the
entire storage period of 180 days at 4 °C. Similarly, encapsulated probiotics in chocolate
(probiotic-chocolate) maintained the recommended probiotic dose (10’ CFU/g) for 90 days
when chocolates were stored at both 4 °C and 25 °C. The tested two encapsulation
formulations significantly improved the probiotics tolerance against the adverse
gastrointestinal conditions in comparison with free probiotics. Encapsulated probiotics in
chocolate maintained the highest probiotic counts after the in vitro gastrointestinal digestion
and colonic fermentation, indicating high probiotics bioaccessibility. The probiotics
survivability was around 8.0 Logs CFU/g during the gastrointestinal digestion stage, and the
number was boosted up above 10.50 Logs CFU/g during the colonic fermentation. These
findings confirmed that cocoa powder with Na-alginate or Na-alginate-fructooligosaccharides
formulation could be a potential encapsulation admixture to develop functional probiotic

chocolates.
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