[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

1398 £ 416 092 4920)(&@3 L5..:.'.,\5« GL.A 9 r)lﬁ

65 9380 v gy i Y Aaww g3 OV oSt Suigu g 33 e T A g
o 5lud gu! (o gl a5y g 0.9 LM (v gl i5'Y

" Sl a5 L salizel Lo ydames

Q\ﬂ\ ‘[_};’}_}5 g;,.u_}.g .X>|j dnﬁw\ JUT JKisls g&...l&ﬁ E) @L...p kg RS g&UE« @L...p} C}L& :j_)f g.k..ij QML;.;)[S 4:>}AI dﬁ.}':‘l
Ol e3¢ oodlal ST o8ty (s 33 oy (Sl 5 oo rdign S ol bl 5 poke dign 03 8 lslinl =2
(98/07/20 : % s &b 97 112124 sy s & ,5b)

s AS>

3 Pl sl iV Sa s bl sSTY oS Sl Sen a3 el b Sgms el A5 Ol R ol 3 S
oy Dl 5 Ld il 3 ke S g oS 15 s 110G CRUIMI) T L s O e ol (5155 sl pobonsd e skl 28
0335 S ot 5 g 003 BT (slos 3 035y 4 e 053 S b W e s ol S e Shs el S L
e AT b odalds (Slaal aly S SIE s 3 ge MaLE Wgad b aslie 3 (s 535 (slos 3 (glania ez (551
0533 S tin 53 LaeedlSly Koo sl il il e ) S 26 1D spie el a S lapdlS ol S Sl
e (Mg 0555 OLL U3 el cpl Lo LI 1) 2alS gy G ees0s UL B 0T 51 e s il e MBI 5 e
5\ as sy (log cfu/ml) 8/8 5 8/5 816 50 5 5 & s 5 ol ¢ Sards sl sSTY (S5l & 500t S Ul 515 Koo
L3 5 el esle 1alS  andenl Gl PH 2 L (eSS 5 s 0p0 ol i Sgms 2 ME sbaes sl 3 51l 5 5e 55 l0ku
58 (PO/05) (g ls fme g 40 (6 ol Gl Sadish om S8 S5 (oM Olo3 SI331 b e 5 e )53 51 o 230 ol IS
O ol e ol il oy wblie j3 Sgnsn Sladsel o edd edalie Slaoili (b de b T OBAS U ae U555
Carpllas Olsoe 3 (PSO/05) Sl me Ml 3 305 b Sy 2 slas a5 . (P>0/05) s satalie (5510685 0553 OLL L3 Wil IS 500 e
5 pbend Sosd o s 85 s Lk S il L T-6 o JS ik esed (MK 055 DL 53 cdald sad Laglie 53 s
Tl g S s Olgie Ol o o So3m Wga e o ok odaliie S slS a3 b e a el Son Slasdis iman 5 o

el A0Sl (g 50l b g0 o gt s 2 35 50 el 5 S a2 b S 2

s pibsl sl 53Y o g bl 33Y (S 55 e phonsle 315V ¢ i (S 10 Sy S

fa.abdolmaleki@gmail.com :cuis. gy ”

37


https://fsct.modares.ac.ir/article-7-31336-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

o el Y sy 0 S S e o 5

‘}_{L«J‘J& 4.:‘)].9 E) 6:&29‘ Lé).lw

e Mo g Sl baesen ] il e S
Ay Gl eele e a3 OS5 Sl Loy
3 s 35 [6] wsl e S sla S Se
il alge 51 VU e O35 Ll OB s 4
Sae 5 dGasS 58 Gdae 3lse bl s O e lagdis
S sl Gl Shy cmes 5 (GlSI AT
Al o los g il s slaos S 2V s
Slresnl W5 (6l el b so Sla 230 08 6 [3]
O] wol S L8] LS T 7] s T 5 s
el 8 o 5 [11] 538 o ST 10] Ui,

Slr g S J S Ui g WS o
Sloge o 253 38 550 Spnsp slaese Sl 45
e S Us BB ) sl 5 s e b len
O R R P e T A S L
SLl bl esdle @ idas o olanstl st w0 | Ol
R T B v (NOIIG) JUL R LY P
2] il s 3 o edes oS WS esler
slye 5 I bS5 & el dapd ) e e
[IB] il Sid 5 S e corely Jod Sl ke
S Llosls ol b s ARalT Cilite gla e
L LUl s e s JB Slos SOl STL 5
sbasle W G doands il bagslen 51
v e O Sl (S s el (B em S
[14] aest o s, 5

Sgman Sless Ol ol gl b e
Aalpt 3 g ge SN pame ol AP e 53 5 2N
ole G 4 Sgms g Olsie OBl sl o8 5550 S o
PSews pae Oly 53 Ll K 55 Jpame (ol
GlaplS ol S 51 (505 p 5 ) S 10°-10" 5
G s Lo el (sl PH L[15] il s
S S a gl s pals s by Sleeds sl
St 4 Sgman 2l osle 551 sl 3y 5l
opam e Law 6 e« [16] wi
S el o Ll 2 Sosmsn SlpdlSols Sn
w3 oS b A b (S b b bl e
5K sk 7] e Jab 6
Shasm oL 8 dmes Sopusn gbsst gl
Ssmsn Slrose 5 Sl ol A5 s n T il

38

dodie =1

S s S aS daes glodiy slaneilS 1y oo aS s
oreadl Dl sl 530 (L pd D pae pasiia I
Olse & Ssmsn oo o) 5[] o dals Oljee 5o
03 51 S baeelSls Son sl (M Sl sl o
b oS s Sissn Slaeedll Se gl
FL S Sbaper il Glaase Bl s
RO e S O NI U NV N
PSSt FasSiSatd e KL
Sl > bSsmsn [2] wibe o s 7L°fﬁf'5‘uégjjg
GS P b aS ul o 035, oo slaeanslS 15 S Oles
S o e 1) 55 Olgee Sl e plal A3
w3gy Zishe Sl Calles b SSsnsn oS S48 e xS
F o s pdS lye GBSl e 3500
Gl S (SB Al 5 el B bl
Son Bl s LS 028 s G5 e sl (S
0355 Olb s ahax Sl 55 Ol 52 Lisben 31 ok
w5 S W s S (B e o slasolen (S
b S b sl Sde Vb Gas [3] Wi s
033 o bl o3 8 Iy Ll Cud 4 et glaass
T IR IR TSNP TI WP RV P
4] spie SU ks slagslon 31 (ol S50 Slotines
e SFLA KIS o (S n gl B rae )
sy O Js w5 o3 2 S Moo sl W

035 3l ded3 QLS ae el
S Jpame a5l i O 51 Jeol slaes 515 5 oo
B s s S SVsame Ml R0
3 ol 53 e 55N Jamd pde bl bkl S
w Sl o b mmen 5 VL 2 il L
G SV pams gt 0 1 O Easn b LaonSs
wils 1y Sogmsn sl S Gl ¢l S0
Clir sl Sl S S e o [B]

e oV anes sl A leesysl

. Bifidobacterium

. Lactobacillus
Enterococcus

. Saccharomyces

. Streptococcus

. Pediococcus

. Propionibacterium

~NoUAWN R


https://fsct.modares.ac.ir/article-7-31336-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

1398 £ 416 092 ‘920)L;..i

48 24 |olp js 5 als IS alne S s S LS
Sleeky 5 oledss gl Shy bl 5l wcsle 72
Sl ki S 13 s 3550 S Gl sl S
Gl 4 eld s Gl wged alS (05l SO sl 72
53 S b s L Jame (e 55 4)
(bt S5 ol Bl 5l atin s (slain 4 (IS
i) 250 (S SlaailS il Koo Sleskis 5 e
18] ws 3 1

LS gmsn () Skl (g S 03Ikl 2-2-2

Lo 55 pasllal Sl B Loy lad sl S oLed
G35 ol o dolows L aasad s s MRS s
.25 MRS Agar «.is Lo 55 (1070 -107%) oz
Loy s sl o5, a3l 2ds S 100 ¢ s .50 o3l
48 e a5 s iy S b Sy il S
bl i s el a3 BT gles 53 csle
J19] was polks S SIS bw g edd jasiie gls IS
st S5 a0 5051 ~3-2-2

Juzes e PH ooy 5l eslinad L PH (6805100
(s 3w osiS ol dmetrohm cs,: 691 Ju)
- TE IR VSIS RV NN W Rt W RCSE YN PR Cp oo
ol Ol e sl Jeallystns b Gollao 5 O g 25
Jolows IS el 5lse (5,8 65100 . [20] s (s 805101 1634
FagSI s e Aoy o O glaiise (S5 0)
250 plondl (0015 528 ol MC s 5 2081 Jue)
Sho 218lnd Jorll gt SIS b o O Sidis IS
Jol b b 53 a Ll bl 45 2685 o)Lt 4 Ol
sogmn kSl gl by B 3 A Sl 55
[20] a2 8ol il o 23 B G e 0T L

o 1 4222

loped 9 Sigda 2 b S iy o 3 O
330 53 sd3iisel o 100 Lol 68 S Al
ol Gaige S il s b g slasull
Sheslinad 5y50 e 2L 2ok Sl 8l o) se
(2) el Sl (1) sllaol eslaliGs s 513
Clls 6 (4) Csllaal i e« (8) sl s
b (6) slles iz Cope o (D) gl 6
[22] (9) ke o3Wll 55 5 (8) o shas sl (7) o sllas

39

Saa gy opl Sl ety SU 4 Csllas sl Sns L
Gty 51 Fr Jely o Seon o)
Sl skolsSY dar S bl
slz srwwyﬁ sl 5 % st bl Y
oo e Sus b Sosmay cew ol iy s

AL o

"AUZJJ K b‘y —2

3l 40 -1-2

Red ) b 53 o v o of 48 Gy
(it 5l e oee L 51 eds 4 (delicious
S S gl ois S b5 (G502 5 S S
Olo (ilrs dals 3o (g5laldlr g L 5 Lk (5,00
2 e Sl plam S dd i slao el L
b ey i35 e e gk a3 80 clos
GG o godan 453 4 (slos 53 s bl ool OLa3
&l MRS i85 bses (1395 (01,180 5 (g5la3) s
osbelsSY Sy kel sSY L SE s
SIS s el ekl sl
(Soll) ils i S 0S8 31 s sl ]
IKIT amps 5l plewd slge ple dd ol =
L 4 (OWT) S e S 0 50 503 o5

b by, -2-2

505 Golwaslel 5 b SL cis -1-2-2
el Jols sl Sy 8L e e
skl s skl sl sSY S
MRS Lo 5> cole 24 Ste 37°C slos s oo lodl
Sl calsl 3 Las i8S )b ol sk 4 Sl
A el Dk epsiel ol 52 Le 100
sy 5 oodd Jame ful laded Glag ke 4wyl
ke 53) S eas 155 el 107 L e s,
LS il edd b Samsn s St S) (6
T2 e (65U 0o iped) Aol 5 o il (glaed sl

KOs ol ks s 37 C sl 5 sl

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).
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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 9+0.16aA 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 7.8+0.7abAB 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+0.6cB 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 7.9+0.31bA 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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