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Fig 1 pH changes of fermented milk enriched with
manganese sulfate and vitamin By, in the presence
of Lactobacillus bulgaricus subsp. Delbrooki (A)
and Lactobacillus acidophilus La-5 (B) during
storage
Different letters shows significant differences
between the treatments (P<0.05).
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Fig 2 Acidity changes of fermented milk enriched
with manganese sulfate and vitamin By, in the
presence of Lactobacillus bulgaricus subsp.
Delbrooki (A) and Lactobacillus acidophilus La-5
(B) during storage
Different letters shows significant differences
between the treatments (P<0.05).
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Fig 3 Syneresis amount of fermented milk enriched
with manganese sulfate and vitamin By, in the
presence of Lactobacillus bulgaricus subsp.
Delbrooki (A) and Lactobacillus acidophilus La-5
(B) during storage
Different letters shows significant differences
between the treatments (P<0.05).
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Fig 4 Correlation of syneresis versus pH (A) and
acidity (B) of fermented milk enriched with
manganese sulfate and vitamin By,
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Table 1 Color parameters of fermented milk with Lactobacillus bulgaricus subsp. Delbrooki enriched

with manganese sulfate and vitamin B,

Treatment tirsnt:lg)gaey) a* b* L*
Control 1 -4.3940.05¢ 12.46+0.27° 98.39+0.49°
21 -3.09+0.06° 8.86+0.49° 93.39+1.25°
1 ~4.67+0.09° 12.29+0.34° 98.72+0.62°
. .
0.006% Mn 21 13.3740.08° 8.26+0.51° 94.21%0.99"
1 -4.56+0.05° 12.69+0.25% 93.54+0.73°
0
0.03% Mn 21 -3.17+0.09 8.57+0.31°¢ 89.71+1.12¢
0.5 oom Vit B 1 -4.65+0.07° 13.2440.31® 97.96+0.69°
-~ PP 12 21 -3.2740.05" 10.09:0.39" 92.15+0.87°
. 1 ~4.61+0.08° 13.41£0.17° 98.02+0.52°
0.006% Mn+0.5ppm Vit By, 21 13,35+ 0.06° 9.97+0.474 92.9140.69"

Different letters shows significant differences between the treatments in rows (P<0.05).

Table 2 Color parameters of fermented milk with Lactobacillus acidophilus La-5 enriched with

manganese sulfate and vitamin B,

Treatment tirsr::l:ll)g:y) a* b* L*
Control 1 -4.12+0.06° 13.07+0.55% 97.57+0.37°
21 -2.94+0.05° 9.79+0.27° 94.31+0.42"
1 -4.42+0.04° 13.3840.64™° 98.21£0.97°
. .
0.006% Mn 21 -3.11+0.08" 10.25+0.41° 94.95+0.61%
1 ~4.39+0.08° 12.79+0.32° 93.9120.62°
0
0.03% Mn 21 -3.02+0.09% 9.42+0.62° 90.23+0.41¢
0.5 pom Vit B 1 -4.47+0.09° 13.9240.41® 98.01+0.72°
-~ PP 12 21 -3.16+0.06" 11.2120.54¢ 95.3140.65°
. 1 ~4.43+0.09° 14.06£0.27° 98.34+0.81°
. .
0.006% Mn+0.5ppm Vit By, 21 3.2140.07° 11.67+0.32 94.5140.52"

Different letters shows significant differences between the treatments in rows (P<0.05).
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Fig 5 Textural attributes of fermented milk
enriched with manganese sulfate and vitamin By, in
the presence of Lactobacillus bulgaricus subsp.
Delbrooki (A) and Lactobacillus acidophilus La-5
(B) during storage
Different letters shows significant differences
between the treatments (P<0.05).

6)‘5& 092 d"b)é OM&OMM
b‘y Cy ﬂS‘U QSN W L;& ‘_;\J CJYW e U"l}’;
.[\/\]CM»‘ Jy,a;r.a 4ol ab_g}él QL;SJ.T Q‘J:A B) L;v.la.a
o Sl b o o S e o Sl S
Sl skl sSY G pam 53 S Byslus s

RN

odd oo e e (oS 5 oled )3 4 Al Aald 4 e
@B Lokl caty 2l (P03 5 S e
5 VW) OLes 5 15858 -l Lo s ol 55158
Lol [Yest]esl cates (YA OLKen 5 slolyw
Coile gladisad 3L i Ol Lill &S W5 S U
o o GESls e 5 S eeelS ol Lo 5
e S 38 e n Cle lagtsn MGl L ele
St [T t]ewd sdd cule J5 skl 0as 5658
Sl 5 Birgmelus boodd 8 ol e 15 gk
s Laso sldsted sl sSY gl 55 55
an oY) 5 Ol g s a8 s ol B)-o YK s
P L - T e S I SERT P 1o
Aol gad b alie 53 (g FCdw 5 fodimr 3L 53S0
Bl S S 25 5 plmadl (oS5 Dlad 55 45 azil
S P 0)s sSelia SIS e edd e
dops /N gl Sl Bl gla Shs om s S b
23 bl g B Ol 5 el wsed 5 5K Sl e
(5,1365 Y 55, P> o/00)ais sdaline sejl 3,40 s
S50 0l 55 53 il i Jamle cinl S5 4 p\!
Sgod DL b 5 (S Ol A 1 (Sbe s
Jsb ol b S Sl 5 bty bodd o8 sy
(Yorv) Oan 5 Wl (P<e/v0)ss 135 o 53
55 (TVQ) OLa 5 Wus el 5 (Y)0) 58 5 SISl
Shl s ol 53 eel coty 28 L oalie m
S LS Ol (To0V) oL 5 Wl VALY YT s S
St s Son oh s il 055 5 50 a0
3 5Kes bl S G5k IS oSl s et ale U5
355 5 SB[ aas a5 1) a8l e il 5 S
OseVgo b 53 oo pelaes JLl331 L oS als OLas (Y4 e)
o S s 4 S il B Sl ke el
S slalas s eslil el pow Ol 28 5 Ly
S G e e SNy 2 res [0
SV 5 Ol lap boawlie 3 Jpame il

[DAlas £



b S5 By el 5 386 Sl s L6 s

Q])K&é}d})l{w}ﬁqﬁ)uw

3 ek Ml W 4 Sl e p 2o e St
2ol U 5 380 Oy e AL jenb s
5 BT (P> /0 0) il ek gas okd S5 gla Shs
5o (VW) O 5 15355 -0l 5 (Y20 V) O
5 D] padr 5 5K s ol Gl &S il Lgb!
(A cle OsNsa s V] Sy elS izeen
Gets Aald 4 Cod 5 G5 kgl o sla S5
b ae 5 Al ols e b 55 (615K Olej 5 sl
sV L el gilo b [TVl sl gl
G5 Gladpod (Sed 5 A5 e5e Sliel (Rl o e
S U R VRS PR VY S VAR VRGN

[Y]esis

A5 Lazo sbdstd okl sSY 5 (Sanls 655 05
wars bdledd 7oy S e by T ladsdr s LS
Sl Dbl e s e sladised aes mU
P SR 5 e bl R Sl Aot/
(1585 0555 V3o, P</00) ks g dals wsai b aclis
Gyes alin 38 Ol doat /0N L Slas e Ll
ormen (138K 6555 YN 5y P> e/00)as L5yl aals
bls 5 Biromelus plinig 70 Ghls (oS 5 slasles o5
JB ol bl 5l e K Sl dsys /0T
LK b Sl P> 0)amiln S L e s
SE b el e d o35 (6l 0pse sk Rl
g B eSS LlL(P< /0 0) il il Bl 38 5 by b

opam 3 edd g8 Gladigel oS sy pl lagn cpl 5o

Table 3 Sensory characteristics of fermented milk with Lactobacillus bulgaricus subsp. Delbrooki
enriched with manganese sulfate and vitamin B,

Treatment tirsnt:lg)gaey) Sour taste Off-odor Off-flavor
Control 1 4.31+0.39° 1.17+0.29* 1.50+0.59°
21 6.21+0.30¢ 1.25+0.32° 1.65+0.39°
1 3.02+0.49" 1.30+0.32° 1.69+£0.43 2

0
0.006% Mn 21 5.7440.38° 1.52+ 0.25% 1.8320.21°
1 6.31£0.51°C 1.21£0.47° 1.77+£0.37°

0,
0.03% Mn 21 8.81+0.55° 1.39+0.39° 1.91+0.23%
. 1 7.2240.62% 1.09+0.31° 1.45+0.31°
0.5 ppm Vit B, 21 9.0140.44° 1.20+ 0.31° 1.65+0.22°
. 1 7.96+0.23° 1.34+0.26° 1.32+0.57°

0

0.006% Mn+0.5ppm Vit By, 21 9.2540.29° 1,39+ 0.25° 1.5040.38°

Different letters shows significant differences between the treatments in rows (P<0.05).

Table 4 Sensory characteristics of fermented milk with Lactobacillus acidophilus La-5 enriched with
manganese sulfate and vitamin B,

Storage

Treatment time (Day) Sour taste Off-odor Off-flavor
Control 1 2.47+0.26° 1.24+0.31° 1.68+0.36"
21 4.08+0.26¢ 1.61+0.42% 1.79+ 0.29%
1 1.5440.327 1.41+0.46® 1.82+ 0.38%

. ;
0.006% Mn 21 3.85+0.31¢ 1.7240.39® 1.99+ 0.31°
1 4.5240.38 1.62+0.69® 1.74+ 0.41°

0,

0.03% Mn 21 6.97+0.53" 1.98+0.42° 2.03+ 0.54°
0.5 oom Vit B 1 5.03+0.47° 1.79+0.48% 1.96+ 0.40°
-~ PP 12 21 7.31£0.48% 1.89+0.25° 1.924 0.63°
. 1 4.83+0.35° 1.69+0.58% 2.01+0.49°

. ;
0.006% Mn+0.5ppm Vit By, 21 8.3240.66° 1.9240.29° 2.40+ 0.62°

Different letters shows significant differences between the treatments in rows (P<0.05).
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Dairy products fortified with minerals and vitamins play an important role in the
development of functional foods. Among lactic acid bacteria, yogurt starters have
a special role in the industry, and their health-promoting function has been
confirmed. The long duration of fermentation time by lactic acid bacteria in dairy
products, takes time and energy and leads to increased production costs.
Therefore, the identification of appropriate conditions and factors affecting the
growth of different strains are the basic necessities of production. Hence, in this
research, the effect of adding manganese sulfate (0, 0.006 and 0.03%) and vitamin
Bi, (0 and 0.5 ppm) alone as well as their combination on the physicochemical,
textural, and sensory properties of fermented milk produced in the presence of
Lactobacillus bulgaricus subsp. Delbrueckii and Lactobacillus acidophilus La-5
were investigated. The results showed a decrease in pH and an increase in acidity
during the storage period. The L* and b* index decreased and the values of a*
increased during the storage period (P<0.05). Also, textural characteristics and
syneresis rate in samples containing 0.006% manganese sulfate and 0.5 ppm of
vitamin B, alone and their combination treatment, containing 0.006% manganese
sulfate+0.5 ppm vitamin B, were significantly improved (P<0.05). As the storage
time proceeded, the sour taste of samples enriched with vitamin B;, and
manganese increased (P<0.05). While the off-odor and off-taste were not felt in
these samples. Also, storage time had no significant effect on these sensory
characteristics (P>0.05).




