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1. Lactobacillus delbrueckii
2. Lactobacillus acidophilus
3. Lactobacillus plantarum
4. Aspergillus flavus
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Fig 1 Changes in bacterial counts of probiotic apple
juice samples. Different lowercase letters stand for
significant changes of a treatment during
fermentation and storage (p < 0.05). Different
uppercase letters represent significant differences
between treatments at the same time intervals (p <
0.05).
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Fig 2 Changes in pH of control and probiotic apple
juice samples. Different lowercase letters stand for
significant changes of a treatment during
fermentation and storage (p < 0.05). Different
uppercase letters represent significant differences
between treatments at the same time intervals

(p<0.05).
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Fig 3 Changes in acidity of control and probiotic
apple juice samples. Different lowercase letters
stand for significant changes of a treatment during
fermentation and storage (p < 0.05). Different
uppercase letters represent significant differences
between treatments at the same time intervals
(p <0.05).
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Fig 4 Changes in total sugar of control and
probiotic apple juice samples. Different lowercase
letters stand for significant changes of a treatment

during fermentation and storage (p < 0.05).

Different uppercase letters represent significant
differences between treatments at the same time
intervals (p <0.05).

Jsls S ol e3be Ol jois -4-3
Sl basised (S b o IS el eole i ()
3 e opsn b dald W b Al s s o
b ool o553 s Gy &S 3l 0l (B JS08) oIS
S aiged aen sl bl nl (PSO/05) s sme ials
Ssa3 Sl ol sl L2alS Wiy 3 ol en AaLE 4 g0 o
025 S5 shaie 53 53 Sl wslnlsSY b sddemidls
ol slawses sl (PSO05) 54 s pme 30 ass
DS A G skl b (Sl kS
5l Js (PSO/05) 550 Sl pne e 233 S5
L3l o (Lol Coanl B o 53 355 4 Sk e g S5
Sl Sk S50 s 0y OLL L (p>0/05)
5ol O 5 s an Sen S e
é@iﬂ v a s el S5 4 p'Y il e el sl
ol glakises 5 Llr ol S 0pss Gl
Sldsme s 4 ol sl 4 Cod ekl oSN
5 bl sk onl sl b s 35 S (p<0/05)
Shds Mg b Bl s a5 (1397) ohiKea
olitel b Sy bylse OF wl S

I 5 sk s e sl 1Y (Gla iS5 Sos S



1398 £ 416 092 492AJL;..:

sle @W}f}lﬁ

5 I sy skl sSY gy (6 s Sy
53 ALl gl 5l S e BB e 0 UL
op 5 ) b B e Opmen ey & b 0T s
sy o3 [10] sty e Spms s Glawisel sl
S e S S5 b Sl e Sl e 8 sl
55 B S Sl S sl e U
G325 U3 S S Jpame s BT n) s
i 3 ) s J sl L 55 e alB
3 e ol O S n el Sn s>
S8 (pmosm Sl L aS s S 55058 (2011) ol
1] b e oS OF (L) obids, 5586 5 bl sl
O dWs w5 b Sl Comer SIBI L &S spd 0 wiS
(e Sl Gl S sy Ll 0ad deleals
Coly ol men 503 S Iy ez (8L slacd sl
3 oot o 0 [2T] ssh e Sacss s il
5u§5i} Slyeas Ly 3 edalie glaosls (""Jdk’
e Sl pusbnlisSY Lokl e laaised e
2 3 e Sl o SIS oS s el o i
Olen sdly 53 &S 45 sdalin S 0535 Gl azin
5o 0D 5 e il e ol SL Camer S bl
st S o Dl oS R ke
Glain 4 oy5s casd wia 3 Ly ABDL skl SY
/ L3S edalie (g5l
Sl (e s OLL b3 e ST, e sk o
Sy e Gk sad e Gl Sy o Sl e
S o Wl e ot Js (p>0/05) ass edalis
ol b (PSO/05) i pme (5Ll Bl 51 Glo wblis
5 S S eatie 8 3 Ol ol Jl-
e S Pl b el UG s
SlS (2015) s Flagi e 55 A0l
el sSY W 6 s Sose] 52 S s S
magad sl 5 DL e D B b sk
e kS VG bls B esldsdn] 5= gl
Loy g SohS G ioml gbla N ol dised s
S5 g ) godete e S b g nl [31]
2 5 S Sl e A3 5 Sleeds (W
ol Jolse & Lol a5 lacdpbe  en

2. Lactobacillus paracasei
3. Espirito-Santo

Brix

1 Beforfermentation
1Day 1 offermentation
1Dy 2offermentation

Day 3of fermentation
= Week 1 of storage
, — 1 Week of storage:
B \Week 3of storage
‘- 1 Week 4 of storage:

| | |
Lactobacilus delbrueckiiLactobacilus plantarum Lactobacillus acidophius

Control

45

Fig 5 Changes in brix of control and probiotic apple
juice samples. Different lowercase letters stand for
significant changes of a treatment during
fermentation and storage (p < 0.05). Different
uppercase letters represent significant differences
between treatments at the same time intervals (p <
0.05).
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Table 1 Sensory scores of control and probiotic apple juice samples

Sensory Time Intervals Control Lactobacillus Lactobacillus Lactobacillus
attributes delbrueckii plantarum acidophilus
Taste Before fermentation 940.16aA 8.6+0.22aA 8.8+0.5aA 8.8+0.33aA
After fermentation 8.5+0.16bA 7.8+0.3bB 7.9+0.2bB 7.8+£0.34bB
Week 1 of storage 7.8+0.23cA 6.9+0.45¢cBC 6.3+0.25¢cC 7.1+0.28cB
Week 2 of storage 7.9+0.51cA 6.8+0.35cC 6.6+0.5cBC 7.3+0.27bcB
Week 3 of storage 7.5£0.31cdA 6.1+0.2dB 6.4+0.5cdB 6.3+0.36dB
Week 4 of storage 7.1+0.3dA 5.3+0.2eB 5.6+0.4dB 5.5+0.3eB
Odor Before fermentation 8.6+0.51abA 8.5+0.34aA 8.8+0.55aA 8.3+0.25aA
After fermentation 8.7£0.33aA 7.8+0.18bB 7.9+0.25bB 7.4+0.5bcB
Week 1 of storage 8.1+0.13bA 6.9+0.68bcB 8+0.4abAB 7.3£0.7bcAB
Week 2 of storage 8.1+0.13bA 6.8+0.16cB 7+0.4cB 7.5+0.6abcAB
Week 3 of storage 7.6+0.28cAB 7.2+0.23cB 7+0.45¢cB 8+0.25abA
Week 4 of storage 7.8£0.23bcA  7.1+0.51bcAB 6.5+0.35cB 6.6+0.5cB
Appearance  Before fermentation 8.4+0.3aA 8.6+0.2aA 8.8+0.6aA 8.8+0.1aA
After fermentation 8.5+0.4aA 7.8+0.8abAB 7.9+0.2bB 840.2bAB
Week 1 of storage 7.840.7abAB 7.6+0.04bB 7+0.2cA 7.1+0.4cdA
Week 2 of storage 7.940.6abA 6.8+0.1cB 6.6+0.2cB 7.3+0.3cA
Week 3 of storage 7.5+0.3bA 6.1+0.6¢cB 6.4+0.4cB 6.6+0.2dB
Week 4 of storage 7.6+0.5bA 6.7+0.2cB 6.5+0.4cB 6.4+0.5dB
Overall .
- Before fermentation 8.7£0.29aA 8.6+0.25aA 8.8+0.53aA 8.65+0.26aA
Acceptability
After fermentation 8.5+0.26aA 7.8+0.36bB 7.9+0.21bB 7.7+0.36bB
Week 1 of storage 7.8+0.29bA 7.£0.43bcB 6.9+0.28cB 7.1+0.43bcB
Week 2 of storage 7.940.31bA 6.8+0.24cC 6.7+0.41cdBC  7.3+0.37bcAB
Week 3 of storage 7.5+0.3bA 6.4+0.29cdB 6.5+0.46cdB 6.8+0.29cB
Week 4 of storage 7.4+0.32bA 6.1+0.29dB 6+0.38dB 6+0.40dB

Different lowercase letters stand for significant changes of a treatment during fermentation and storage (p <
0.05). Different uppercase letters represent significant differences between treatments at the same time intervals
(p<0.05).
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The objective of the present study was to develop probiotic apple juices fermented with Lactobacillus
delbrueckii, Lactobacillus plantarum and Lactobacillus acidophilus. To this end, the probiotic
microorganisms individually inoculated to the apple juice at 10” (log cfu/ml) and changes in bacterial
cell viability and physicochemical and organoleptic properties were investigated over a 3-day
fermentation period at 37 °C and then a 4-week storage period at 5 °C in comparison to the control
sample. The results showed that the probiotic beverages experienced an increase of about 1.5-2 (log
cfu/ml) in viable cell counts after the fermentation period. The first week of the storage period was
also concomitant with tremendous rise in lactobacilli counts but decreasing trend were observed for all
the three species until the end of the storage period. However, the viable cell counts for the beverages
fermented with L. delbrueckii, L. plantarum and L. acidophilus were found to be 8.6. 8.5 and 8.8 (log
cfu/ml), respectively, after 4 week storing, which are higher than the minimum requirements needed
for probiotic status. Both the fermentation and storage periods caused increase in acidity and decrease
in pH, total sugar content and brix. The sensory acceptance of the prebiotic beverages significantly
(p<0.05) reduced as the storage period prolonged. Despite differences observed in sensory attributes of
the probiotic beverages during storage period, they did not significantly (p>0.05) differ in terms of
total acceptability at the end of the shelf-life. All the three samples had significantly (p<0.05) lower
sensory acceptance compared to the control sample but at the end of storage period, they all received
total sensory scores between 6 and 7. Considering the cell viability, and physicochemical and
organoleptic properties, and despite all the differences observed between the samples, it could be
concluded that development of probiotic apple juices is satisfactorily possible with the three
microorganisms.

Keywords: Probiotic apple juice, L. delbrueckii, L. plantarum and L. acidophilus, Physicochemical
properties, Organoleptic properties
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