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10. Fat Bloom
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. Cocoa Butter (CB)
. Mixing

. Refining

. Conching

. Tempering

. Molding

. Cooling

. Demolding

. Packaging
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8. Women's Uterine Diseases

9. Digestion

10 . Inflammatory Bowel Disease (IBD)

11 . Lactic acid Bacteria (LAB)

12. Lactobacillus bacteria

13. Lactobacillus acidophilus

14. Streptococcus sativarius subsp. thermophilus
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1. Oleic acid

2. Stearic acid

3. Palmitic acid

4. Palmitoyl-Oleoyl-Palmitoyl (POP)
5. Palmitoyl-Oleoyl-Stearoyl (POS)
6. Stearoyl-Oleoyl-Stearoyl (SOS)

7. Cardiovascular Discase
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2. Encapsulation procedure
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1. Bifidobacterium animalis subsp. Lactis
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5. Tempering Machin
6. Polycarbonate chocolate mold
7. Low-density polyethylene (LDPE)
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Table 1 The abbreviations, the percentage and the ingredients of samples .

Lactobacillus . . Streptococcus Salt, vanilla,
: : Bifidobacterium, ; Cocoa Cocoa Sugar - .
_r acidophilus, ™ thermophilus, Lecithin Sodium
Abbreviation ® UABla-12 ® Powder Butter (Wt.
DDS-1 (Wt. %) TH-4 (Wt. %) (Wt %) %) (Wt. %) Carbonate
(Wt. %) 70 (Wt. %) 70 70 ? (Wt. %)
PDC-L.a 1 0 0 21 34 40 0.3 3.7
PDC-B.U 0 1 0 21 34 40 0.3 3.7
PDC-S.t 0 0 1 21 34 40 0.3 3.7
DC 0 0 0 21 35 40 0.3 3.7
" Probiotic Dark Chocolate- Lactobacillus acidophilus (PDC-L.a), Probiotic Dark Chocolate- Bifidobacterium
(PDC-B.U),

Probiotic Dark Chocolate- Streptococcus thermophilus (PDC-S.t), Dark Chocolate (DC)
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Table 2 Values of the moisture parameter of the dark chocolates with and without probiotics during
storage of 180 days at 4 °C and 25 °C in percent™*.

. Time
specimens 0 7 30 90 120 150 130
Paco'CL)'a 031£0.04° 039:0.06° 036:0.03° 0344005 032£0.06° 0040£0.03* 042+0.08°
PDC-L.a a a a a a a a
(250, 030:005' 038003 035004 033001 033002 0314008  033:007
PDC-B.U . . . . . . .
Gocy 030:006° 036:003°  037:04°  037:0.04°  032:004°  0394006° 043:0.08
ng;%)U 03140.06' 033+0.06' 035£001°  036+0.07° 033£0.04°  039+0.04°  039+0.05°
Paco'cs)'t 029+0.04° 034+0.01°  040£002°  038+0.03° 036£0.06° 041£0.04°  040+0.06"
IzzDSC;(S:')t 0334007 033+0.04°  035£001°  0.34+001° 039005  040£0.06°  039+0.05°
(focc) 034004 035:0.04°  034£007° 038:0.06° 039+0.02°  039+0.04°  044+0.01°
(gcoc) 0314005 033+0.05° 032008  035:001° 035£0.04°  039£0.01°  039+0.05°

*Means within each column with the same letter are not significantly different (P<0.05)
"Data are means + SD.
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Table 3 Values of the Acidity parameter of the dark chocolates with and without probiotics during
storage of 180 days at 4 °C and 25 °C in percent ™.

specimens Time
P 0 7 30 90 120 150 180
Paco'CL)'a 130£0.01°  131£0.02°  1312003*  130£001°  130£005° 1314007  132+£001°
PDC-L.a a a a a a a a
(b5oCy  130:005' 1312008 133004 1334005 1355007 1334003 133:004
P]()f;g)'U 130£0.06° 130£0.02°  13140.8°  133£004°  132£005°  130£0.05°  13320.08°
P(gg'fc";j 130£004° 13120.07° 1324005 1362005  1332002°  130£0.06°  136+0.07°
cho'cs)'t 131£0.07°  13240.01° 130008  130£0.05°  136:0.04°  131£0.04°  135:0.05°
IzzDSC; g)t 1324001°  130£0.04° 133003  1324001°  135:001°  130£0.01°  134+0.03°
(fo% 12940050 13240.06° 1324007 131004  133:004°  132£0.06°  134+0.04°
(;;SC) 130£0.05° 13240.04° 133008 1324006  132:003°  132£005  133+0.07°

“Means within each column with the same letter are not significantly different (P<0.05)
"Data are means + SD.
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Table 4 — Values of the Water activity parameter of the dark chocolates with and without probiotics
during storage of 180 days at 4 °C and 25 °C in percent *,

imen Time
specimens 0 7 30 90 120 150 180
PECO'CL)"" 02140.04°  02240.02°  02240.03°  0234001°  023£005°  024+0.06°  024+0.02°
PDC-L.a a a a a a a a
(250, 0208005 0213002 0213002 0214003 0224001  023:001'  023:002
PDC-B.U . . . . . . .
o0y, 020£001' 020:001° 022503 0224004 0234005  024:005' 0242002
PDC-B.U . . . . . . .
Q5oc) O020:001° 021001 0224001 022001 0214001 0234004 0242001
P(]zco'cs)'t 0214001° 021£0.01°  023+40.02°  02340.05°  02340.04°  025+0.01°  025+0.02°
IzzDSC;g')t 020£001°  020£0.01°  02120.01°  022+001°  0234001°  024+0.01*°  025+0.01°
(fo%) 020£0.01°  020£0.01°  02040.02°  021£0.04*  02040.02°  022+0.06°  0.22+0.04°
(fo%) 020£001°  021£0.02°  02140.01°  0224001*°  0224001°  022£0.02°  022+0.01°

*Means within each column with the same letter are not significantly different (P<0.05)
"Data are means + SD.
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Table 5 Values of the Physical and flow parameters of the dark chocolates with and without probiotics
during storage of 30 days at 4 °C and 25 °C in percent *.

Time (180)
specimens PSD (um) Hardness Breaking Yield value Viscosity (Pa.s) Correlation
K (N) Point (mm) (Pa) Plastic Apparent coefficient (1)
Paco'CL)'a 1527£0.02° 8.59+40.01° 345£0.01°  19.65:0.01°  557£0.01° 9.21:£0.02° 0.99895
P(gSC;(L:')a 154120.01° 857£0.01°  346£0.02°  19.63£0.02°  5.58:0.01° 9.23+0.02" 0.99831
PDC-B.U . . . . . .
o0y, 1SATH001 861002 345:002° 19645002  557:002 9.2540.01 0.99279
ng;%)U 153940.01° 8.61£0.01° 3.53:0.02°  19.67+0.01°  5.55:0.01° 9.22+0.02° 0.99768
P(]zco'cs)'t 15.4720.02° 8.63£0.02° 349£0.01°  19.68:0.02°  5.56+0.02° 9.22:40.01° 0.99801
IzzDSC;(S:')t 15.5120.02° 8.59+0.02° 348+0.02°  19.69:0.01°  557£0.01° 9.21:£0.01° 0.99809
(fo%) 15.5020.01° 8.60£0.01° 3.51£0.01°  19.65:0.01°  5.58+0.02° 9.24+0.01° 0.99904
(2]53§C) 15.16£0.02° 8.59+40.01° 3.5240.01°  19.66£0.01°  5.56+0.02° 9.21:£0.01° 0.99982

*Means within each column with the same letter are not significantly different (P<0.05)
"Data are means + SD.
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Table 6 Values of the Physical and flow parameters of the dark chocolates with and without probiotics
during storage of 30-90 days at 4 °C and 25 °C in percent *.

Time (30-90)

specimens PSD (um) Hardness B}reaking Yield value ' Viscosity (Pa.s) Corre!ation
(N) Point (mm) (Pa) Plastic Apparent coefficient (1)
Paco'CL)'a 15.65:0.01° 827+0.02° 295:0.01°  798£0.01°  237+001°  6.81£0.02° 0.99141
I;];SC;(L:';‘ 15.67£0.01° 829+40.02° 296:0.01°  7.95:0.02°  238+0.02° 6.82:£0.02° 0.99844
P]()f;g)'U 15.66£0.01° 826+0.01° 2.94:0.01°  7.94:001°  239+0.02° 6.81:0.02° 0.99849
ng;%)U 15.6500.02° 829+40.01° 295:0.02°  797£0.02°  235:0.01° 6.8240.01° 0.99729
cho'cs)'t 15.64+001° 826£0.02° 297+0.01°  798£0.01°  239+0.01°  6.82+0.01° 0.99879
IzzDSC;g; 15.60+0.02° 828+0.02° 295:0.02°  7.99+0.02°  238:0.01°  6.81+£0.02° 0.998
(fo%) 15.68+0.02° 820+0.01° 295:0.01°  7.96+0.02°  238:0.02°  6.80+£0.01° 0.9994
(;ijc) 15.68+0.02° 828+0.01° 296:0.01°  797+0.01°  238:001°  6.81+£0.02° 099735

“Means within each column with the same letter are not significantly different (P<0.05)
"Data are means £ SD.

Table 7 Values of the Physical and flow parameters of the dark chocolates with and without probiotics
during storage of 90-180 days at 4 °C and 25 °C in percent *,

Time (90-180)

specimens PSD (um) Hardness B}reaking Yield value ' Viscosity (Pa.s) Corre!ation
(N) Point (mm) (Pa) Plastic Apparent coefficient (1)
Paco'CL)'a 15.58£0.01° 739£0.02° 2.82+0.02°  7.88£001°  1.71£0.01° 3.590.02° 099172
Igscgé')a 15.5940.02° 737£0.02° 285:0.01°  7.85:0.02°  1.73+0.01° 3.6240.01° 0.99862
P]()f;g)'U 15.5940.01° 736£0.01° 2.84+0.01°  7.88£0.01°  1.73+0.02° 3.61£0.02° 0.99927
ng;%)U 15556001 7.3940.02° 2.83+0.02°  7.86+0.02°  1.71+0.02° 3.58£0.02° 099937
P(]zco'cs)'t 15.5740.02° 736£0.02° 2.82+0.01°  7.87£0.02°  1.72+0.02° 3.62+0.01° 0.99879
IgzDSC;(S:; 15.5940.01° 736£0.01° 2.83£0.02°  7.86£001°  1.71+0.02° 3.61£0.01° 099978
(f(%) 15.58£0.01° 739£0.02° 2.84+0.02°  7.89£0.02°  1.73£0.01° 3.60£0.01° 0.99798
(2]53§C) 15.58£0.01° 738+0.01° 2.83£0.02°  7.86£0.02°  1.71+0.02° 3.61£0.01° 0.99739

“Means within each column with the same letter are not significantly different (P<0.05)
"Data are means +SD
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Table 5 Values of the Physical and flow parameters of the dark chocolates with and without probiotics
during storage of 30 days at 4 °C and 25 °C in percent *,

Time (180)

specimens Lonc Appc bepe AE

PaCO'CL)a 2456£0.01° 136£001° 345:001°  1.65£0.01°
P(];ché')a 2455002 133£002° 346£002°  1.68+0.02°
P]()f;cB)'U 2461£0.02° 133£001° 345:002°  1.64£0.02°
PBS;%)U 2450£0.02° 132£0.02° 3.53£0.02°  1.70+0.01°
ngg)-t 2457:0.01° 135:0.01° 3.49:001°  1.68+0.02°
IzzDSC;g; 2259+0.01° 131x0.01° 3.48:0.02°  1.69+0.01°
(EO%) 1550£0.01° 8.60£001°  3.5120.01°  19.65£0.01°
(2]5)%) 15.16£0.02° 8.59£001°  3.52:001°  19.66:001°

*Means within each column with the same letter are not significantly different (P<0.05)
"Data are means £ SD.
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influencing rheological and textural qualities in
chocolate — a review. Trends in Food Science
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Dark chocolate as a best-selling product worldwide with the main health-oriented
ingredients such as cocoa powder and butter, along with a high level of consumer
awareness of maintaining and enhancing health, reinforces the idea of enriching all
types of chocolate with probiotic strains. The aim of this study was to investigate the
effects of the presence of microencapsulated bacteria Lactobacillus acidophilus,
Streptococcus thermophilus and Bifidobacterium using sodium alginate and resistant
corn starch on physicochemical properties including moisture, acidity, water activity,
particle size distribution and texture, the plastic and apparent viscosity of probiotic dark
chocolate were investigated during storage for 180 days at 4 ° C and 25 ° C to determine
the storage temperature. In order to analyze the data obtained from the research,
factorial experiment in the form of a completely randomized design was used and the
comparison of means was performed by Duncan's multiple range test at the probability
level (o = 1%). According to the results, in days 0, 7, 30, 90, 150 and 180
physicochemical, chocolate and rheological properties at two storage temperatures and
also between different treatments of probiotic dark chocolate obtained from the strains,
no significant difference (P <0.05) was observed. Thus, all three products as probiotic
dark chocolate have suitable characteristics in terms of the mentioned characteristics to
be present in the consumer market.
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