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Table 1. Peptide content in the fermented milk samples after fermentation and 7 days storage

S Slsee SIRRIS
) pH ) Code
Peptide Content (mg/ml) Time (day)
4.8 4.6 0 3]
6.34%® 4.4 7
2.9 4.6 0
3.41¢f% 4.3 7 S2
6.5 4.6 0
3.45¢f 4.4 7 S3
4.1 4.6 0
3.67¢ 4.4 7 S12
4.04 4.6 0
5.6 44 7 S13
5.05¢ 4.6 0
3.61¢ 4.3 7 523
6.62*° 4.6 0
4.419 4.3 7 S123
2411 4.6 0
2411 4.6 7 cAM
1.8h 4.6 0
1.8" 4.6 7 L

el 0 anlome (I n 2 p S o) Ot 5 sl s sty (Sl siome

Peptide contents were calculated as tryptone (mg/ml) equivalents.

(P<e/00) el (gl pme sl SO G 53 S ie b by S Sl 0 by w0 o
For the results of peptide content, different letters in each column indicate a significant difference (P<0.05).
Y SESY 5 S sk SY SO 655 5 (Sls sbelsSY L edd s ladised skasils g5 S35 82 S
Lot o 6sa3 IS13 g 505 skl 5 SOy €55 05 Sals esbeelsSY b sl i Gas S12 b Y 65 05
5 SV 65 05 Y sSSsSY b ek o w503 823 oY &8 55 et S SSY 5 SO 65 25 Sy sl sSY
oSV ES 5 Y eSS 5 S skl SY S 655 05 (S50 skl sSY L e 1055 0508 S123 5 sl
S1, S2 and S3 represent the samples fermented with L. delbruekii subsp. bulgaricus, L. reuteri, and L. lactis subsp.
lactis, respectively. S12: 4353 fermented with L. delbruekii subsp. bulgaricus and L. reuteri, S13: fermented with L.

delbruekii subsp. bulgaricus and L. lactis subsp. lactis, S23: fermented with L. lactis subsp. lactis and L. reuteri,
S123: fermented with L. delbruekii subsp. bulgaricus, L. reuteri and L. lactis subsp. lactis.
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Table 2. Anti-mold activities of peptide extracts obtained from fermented milk

Mold s
el sl ] il b G ol G gad S
Aspergillus niger Penicillium expansum Time (Days) Sample code
MIC MFC MIC MFC
40 80 40 40 0 S1
40 40 20 40 7
80 80 40 40 0
S2
40 40 20 40 7
40 40 40 40 0 g3
40 40 40 40 7
40 80 40 80 0
S13
40 40 40 40 7
40 40 40 40 0
S12
40 40 40 40 7
20 40 20 20 0
S23
20 20 20 20 7
20 40 20 20 0
S123
20 20 20 40 7
- - - - 0 ol &5.1:...:\ J;.J:
] ] ] ] . Acidified milk
(AM)

chle il 5 Sas lee chle Blus sl 5 s MFC 5 MIC s e sl b pladl 5l e ol sl b (0650 Olay et

sl jades il ys el SiS

*The storage time for the fermented milk in the refrigerator. **: MIC and MFC show the minimum inhibitory
concentration and the minimum fungicide concentration of peptides against tested yeast.
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Table 3. The inhibitory activities of peptide extracts obtained from fermented milks against Candida albicans

(csl) 8wk S 0les e

Incubation time (h)

vy (o) Ol € gol S
el VY SEWR N -
- = = Time (days) Sample code
72 h 48 h 24 h
MIC MEFC MIC MEFC MIC MEFC
40 40 20 40 20 40 0 s1
20 40 20 20 20 20 7
40 40 20 40 20 40 0 9
20 40 20 40 20 20 7
40 40 40 40 40 40 0 3
20 40 20 20 20 20 7
40 40 40 40 40 40 0 si3
40 40 40 40 40 40 7
40 80 40 80 40 40 0 s
40 40 40 40 20 40 7
40 80 40 80 20 40 0
S23
40 80 40 40 40 40 7
40 80 20 40 20 20 0
S123
40 40 40 40 40 40 7
- - - - - - 0 ol &5.1:...:\ J;.J:
- R R _ R _ 7 Acidified milk
(AM)

chle Blas 5 Sas e cble Bl srasolis s 54 MFC 3 MIC s s Ayl b LN EIT S S G Olas ettt

sl jades il s el SiS

*The storage time for the fermented milk in the refrigerator. **: MIC and MFC show the minimum inhibitory
concentration and the minimum fungicide concentration of peptides against tested yeast.
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Abstract

Background and objectives: In recent years, the use of lactic acid bacteria has expanded as
protective cultures in the production of fermented products. A significant part of the antifungal
activity of lactic acid bacteria is related to the metabolites produced by them, in particular the
various organic acids. However, recently peptides and protein hydrolysates with antifungal
activity have been produced. The aim of this study was to investigate the activity of isolates of
proteolytic lactic acid bacteria in the production of fermented milk with antifungal properties.

Materials and methods: In this study, sterilized skim milk was inoculated with single and
combined cultures of Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus reuteri and
Lactococcus lactis subsp. lactis (2%, w/w) and fermented at 37 °C to reach the optimum pH
4.5-4.6. The peptide content and antifungal properties of fermented milk against Aspergillus
niger, Penicillium expansum and Candida albicans were evaluated after fermentation and 7
days of storage in the refrigerator.

Results: According to the results, Lactobacillus reuteri showed the least proteolytic activity in
milk and among all the samples, the highest peptide content was observed in the fermented
sample by combined cultures of all three isolates, resulting in the production of 62.6 mg peptide
per ml. Peptide-containing extract of fermented milk samples with combined cultures (S23 and
S123) had the highest anti-mold activity with a MIC of 20 mg/ml. After 7 days of storage, the
anti-mold property of sample S1 against Penicillium expansum and sample S2 against
Penicillium expansum and Aspergillus niger increased with a MIC of 20 and 40 mg/ml,
respectively. Also, all samples of fermented milk (zero time) retained anti-yeast properties after
72 h with a MIC of 40 mg/ml, which after 7 days of storage; this property was increased in
fermented milk with single culture.

Conclusion: During fermentation, the most proteolytic activity occurred in the sample
fermented by a combination of three lactic bacteria. Peptide-containing extract of all fermented
milk samples had anti-mold and anti-yeast properties, and most of the samples had a MIC of 40
mg per ml at zero time, although in some samples increased antifungal properties after 7 days of
storage. In this study, it is likely to be a part of the antifungal effect of fermented milks may be
due to their peptides generated during proteolysis.
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