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Abstract Olive fruit is very rich in terms of phenolic

compounds. Antimicrobial activities of various phenolic

compounds against bacteria and fungi are well established;

however, their effects on yeasts have not been examined.

Aim of this study was to investigate the antimicrobial

effects induced by olive phenolic compounds, including

tyrosol, hydroxytyrosol, oleuropein, luteolin and apigenin

against two yeast species, Aureobasidium pullulans and

Saccharomyces cerevisiae. For this purpose, yeasts were

treated with various concentrations (12.5–1000 ppm) of

phenolic compounds and reduction in yeast population was

followed with optical density measurements with micro-

plate reader, yeast colony forming units and mid-infrared

spectroscopy. All phenolic compounds were effective on

both yeasts, especially 200 ppm and higher concentrations

have significant antimicrobial activity; however, effects of

lower levels depend on the type of phenolic compound.

According to mid-infrared spectral data, significant chan-

ges were observed in 1200–900 cm-1 range corresponding

to carbohydrates of yeast structure as a result of exposure

to all phenolic compounds except tyrosol. Spectra of tyr-

osol and luteolin treated yeasts also showed changes in

1750–1500 cm-1 related to amide section and

3600–3000 cm-1 fatty acid region. Since phenolic com-

pounds from olives were effective against yeasts, they

could be used in food applications where yeast growth

showed problem. In addition, FTIR spectroscopy could be

successfully used to monitor and characterize antimicrobial

activity of phenolic compounds on yeasts as complemen-

tary to conventional microbiological methods.
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Introduction

The phenolic fraction of olive fruit is very complex and can

vary both in quality and quantity depending on agronom-

ical practices and process parameters. One of the main

phenolic compounds responsible for bitterness in unripe

olives is oleuropein. This phenolic compound belongs to a

specific group of coumarin-like compounds, the secoiri-

doids, which are abundant in olives (Bendini et al. 2007).

Secoiridoids have been shown to inhibit or delay the rate of

growth of a range of bacteria and microfungi; therefore,

they were suggested to be used as alternative food additives

or as agents in integrated pest-management programs

(Bisignano et al. 1999). Other phenolic compounds,

hydroxytyrosol and tyrosol (p-hydroxyphenylethanol), are

the most abundant phenolic alcohols in olives (Jemai et al.

2009) and hydroxytyrosol is one of the principal degrada-

tion products of oleuropein. Flavonoids are also wide-

spread secondary plant metabolites in olives. During the

past decade, an increasing number of publications on the

beneficial health effects of flavonoids on cancer and

coronary heart diseases have been reported (Xiao et al.

2011; Shahidi and Ambigaipalan 2015; Mozaffarian and

Wu 2018). Luteolin and apigenin are the most common

flavonoids of olive oils and they may originate from rutin
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or luteolin-7-glucoside, and apigenin glucosides,

respectively.

As a mid-infrared spectroscopic technique, Fourier

transform infrared (FTIR) spectroscopy has been widely

applied to the assessment of the mechanisms of bacterial

inactivation by various food processing techniques and

antimicrobial compounds (Alvarez-Ordonez et al. 2011;

Zoumpopoulou et al. 2010; Schleicher et al. 2005), the

monitoring of membrane properties in changing environ-

ments (Ami et al. 2009), the detection of stress-injured

microorganisms in food-related environments (Al-Qadiri

et al. 2008a, b), the evaluation of dynamic changes in

bacterial populations (Ngo-Thi et al. 2003), the investiga-

tion of bacterial tolerance responses (Alvarez-Ordonez

et al. 2010) and the study of spore ecology in foodborne

pathogenic bacteria (Subramanian et al. 2007). These

studies have been particularly focused on the effects of

stress conditions on the cytoplasmic membrane composi-

tion and structure. This technique has been also used to

determine the presence and quantity of injured vegetative

cells in food products as a result of exposure to different

food processing treatments (Alvarez-Ordonez et al. 2011).

Besides bacteria, FTIR spectroscopy has also been used for

the assessment of stress response in yeasts, e.g. Saccha-

romyces cerevisiae. This yeast can be considered as a valid

model due to its eukaryotic nature, which allows extending

the bioassay results to other eukaryotes, including human

(Corte et al. 2010). Although there are many studies

monitoring the stress response of bacterial cells by FTIR

spectroscopy, only a few researches have been published

about yeasts (Corte et al. 2010, 2014; Saharan and Sharma

2011).

Phenolic compounds have well-documented antimicro-

bial activities against bacteria and fungi. However, their

effects on yeasts have not been investigated. In general,

conventional approaches such as microbial counting are

used to study the antimicrobial action of compounds that

are desired to be tested. However, untraditional methods

such as infrared (IR) spectroscopy have been also used to

investigate the antimicrobial action of several compounds

and technologies and may provide further information

regarding the effect of antimicrobial compounds. In this

study, two yeast species, Aureobasidium pullulans and

Saccharomyces cerevisiae were selected to investigate the

antimicrobial effects induced by olive phenolic com-

pounds, including tyrosol (T), hydroxytyrosol (HT), oleu-

ropein (O), luteolin (L) and apigenin (A) using FTIR

spectroscopy as well as optical density (OD) measurements

with microplate reader and yeast colony forming units.

This study would allow the evaluation of antimicrobial

activity of olive phenolic compounds on yeasts through the

use of various techniques. Therefore, in the long term, it

would be possible to control the growth of these yeasts

using natural antimicrobial compounds.

Materials and methods

Preparation of phenolic compounds

Phenolic compounds, tyrosol (Cat. No: 188255) (T),

oleuropein (Cat. No: 12247) (O), luteolin (Cat. No: L9283)

(L), apigenin (Cat. No: A3145) (A) were obtained from

Sigma (Germany) and hydroxytyrosol (Cat. No: 4999S)

(HT) was supplied by Extrasynthese (France). The solu-

tions of each phenolic compound were prepared in various

concentrations, while an extra concentration was tested for

hydroxytyrosol due to its high amounts in olives (Aktas

et al. 2014). Each compound was dissolved in ethanol

(96%) and then diluted with yeast extract peptone dextrose

(YEPD) (yeast extract 1%, peptone 2%, dextrose 2%) (BD

Difco, USA) broth to the target concentrations (400, 200,

100, 50, 25 and 12.5 ppm for each phenolic compound and

additionally 1000 ppm only for hydroxytyrosol). Ethanol

content of all solutions was decreased below 1% (v/v)

during dilutions. It was previously determined that ethanol

concentration below this level does not have antimicrobial

activity (Karaosmanoglu et al. 2010).

Construction of growth curves and determination

of antimicrobial activity by optical density (OD)

measurement

S. cerevisiae (NRRL Y-139, ATCC 2366, GenBank

accession no: FJ238322.1) (Sc) and A. pullulans (GenBank

accession no: KU240612) (Ap) as the most commonly

isolated strain from a naturally black olive type were used

for the characterization of antimicrobial activities of phe-

nolic compounds. Both microorganisms were sub-cultured

in YEPD agar medium (10 g/L yeast extract, 20 g/L pep-

tone, 20 g/L dextrose and 20 g/L agar, pH = 6.5) (BD

Difco, USA) at 28–30 �C for 48 h before construction of

growth curves. Fresh yeast colony suspensions were pre-

pared corresponding to McFarland 0.5, 1 and 2 using a

densitometer (HVD, Den1, Grant Instruments, England);

and growth curve of each yeast cell suspension was con-

structed using a microplate reader (Varioskan Flash Mul-

timode Reader, Thermo, USA). Besides absorbance

measurements at 600 nm in every hour during incubation

at 30 �C for 48 h without shaking, cultural cell counts were

also obtained during the growth of yeasts to monitor the

growth phases. A specific incubation time was determined

for further analysis representing early exponential growth

phase of these two yeasts as 6 h, when S. cerevisiae and A.
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pullulans could reach to 3.8 9 106 and 2.7 9 105 CFU/ml

at 30 �C, respectively.

Antimicrobial activities of phenolic compounds were

first determined spectrophotometrically with a microtiter

plate method (Dufour et al. 2003). 100 ll from each con-

centration of each phenolic compound was dispensed into a

well of flat bottom 96 well microtiter plate (TPP, Sigma,

Germany). Then, 100 ll of 1 9 104 CFU/ml yeast culture

in early exponential growth phase was added to each well.

OD measurements of each plate were obtained with 1 h

intervals at 600 nm during incubation at 30 �C for 48 h.

Viable cell count was also obtained at critical points (0, 18,

24, 48 h) on YEPD agar media using the same conditions.

Both OD measurements and cultural yeast counts were

performed with two replicates.

Determination of antimicrobial activity using FTIR

spectrophotometer

First, the growth curves of yeasts treated with various

concentrations of phenolic compounds were obtained with

UV–Vis spectrophotometric measurements, then concen-

trations as the most (400 and 200 ppm for all phenolics and

additionally 1000 ppm for hydroxytyrosol), moderately

(50 ppm) and the least effective (12.5 ppm) ones were

chosen for further investigation of their antimicrobial

effects on both yeasts using FTIR spectroscopy. Cell

growth for FTIR biological assay was performed as pre-

viously reported (Corte et al. 2014) with some modifica-

tions. Briefly, yeast suspensions and the same volume of

phenolic standards were placed into the same test tubes as

it was performed in OD measurements. Final yeast popu-

lations were also decreased to half to approximately 1.8x

104 CFU/ml for S. cerevisiae and * 1.2 9 104 CFU/ml

for A. pullulans. Each tube containing phenolic compounds

and control with only yeast suspension were centrifuged at

5300 g (7000 rpm) for 3 min (2–16 KC Sigma centrifuge,

Germany), washed twice with distilled sterile water and re-

suspended in the same amount of distilled water. Procedure

explained by Kümmerle et al. (1998) was used in the

preparation of a ZnSe plate for FTIR analysis and only the

yeast cells were extracted after the application of this

procedure. Briefly, 70 ll of each suspension was trans-

ferred to a ZnSe optical sample carrier and dried at

42 ± 2 �C for 20 min to yield transparent films. All

spectra were recorded through a horizontal attenuated total

reflectance (HATR) accessory of a FTIR spectrometer

(Perkin Elmer Spectrum 100, Wellesley, MA) with

deuterated triglycine sulfate (DTGS) detector within the

range of 4000–650 cm-1. The spectrum was obtained at

4 cm-1 resolution with 64 scans and 1 cm/s scan speed.

The sampling crystal was cleaned with ethanol and distilled

water after each measurement and dried under nitrogen

flow.

Results

Antimicrobial activities of phenolics

Effect of tyrosol on yeasts

The effects of various tyrosol concentrations

(12.5–400 ppm) on determined level of S. cerevisiae

(* 1.8 9 104 CFU/ml) and A. pullulans (1.2 9 104 CFU/

ml) as OD measurements, yeast colony forming units

(CFU/ml) and mid-IR spectroscopic data are shown in

Fig. 1. As it could be observed from Fig. 1a, 12.5 and

25 ppm tyrosol concentrations were the least effective

concentrations on S. cerevisiae, whereas 100, 200 and

400 ppm were the most effective and 50 ppm had moder-

ate effect. 200 and 400 ppm tyrosol caused almost 2 log

reduction of yeast count at 18 h, which corresponds to

exponential phase for S. cerevisiae (Fig. 1b). This reduc-

tion in number was 1 log in 24 h and the numbers were

almost the same for each tyrosol concentration at 48 h.

Except for 12.5 ppm, effect of tyrosol concentration on S.

cerevisiae until 18 h was similar, and these concentrations

caused almost 1 log reduction of the yeast count at 18 h.

Figure 1c shows infrared spectral differences between

yeast itself and yeast treated with various tyrosol concen-

trations. According to visual examination of FTIR spectral

data, it was observed that peak shoulder at

1700–1600 cm-1 in amide region became more visible for

treated samples. Peak at 3600–3000 cm-1 region (–OH

groups) was flattened and twin peaks at 900–800 cm-1

(DNA fingerprint) became clearer and separated.

Figure 1d shows that only the highest tyrosol concen-

tration (400 ppm) had a bactericidal activity on A. pullu-

lans; whereas the yeasts exposed to other concentrations

have similar growth curves as the control yeast itself. Same

conclusion could also be reached in terms of yeast count

(Fig. 1e) which indicates that 400 ppm tyrosol caused 4 log

decrease in the number of A. pullulans as CFU/ml. This

result showed that the same concentration of tyrosol was

more effective on this yeast than S. cerevisiae. According

to FTIR spectral data (Fig. 1f), it could also be observed

that peaks in DNA fingerprint region [900–700 cm-1] were

separated better, shoulder at 1622 cm-1 in amide region

[1750–1500 cm-1] became more obvious after tyrosol

treatment of A. pullulans.
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Effect of hydroxytyrosol on yeasts

Figure 2 shows the effects of various hydroxytyrosol con-

centrations (12.5–1000 ppm) on S. cerevisiae

(* 1.8 9 104 CFU/ml) and A. pullulans (1.2 9 104 CFU/

ml) as spectroscopic measurements, yeast colony forming

units (CFU/ml) and mid-IR spectroscopic measurements.

According to Fig. 2a, the strongest effect of hydroxytyrosol

was observed with 1000 and 400 ppm concentrations and

50 ppm of hydroxytyrosol still appeared to be effective on

the yeast S. cerevisiae. According to Fig. 2b, 200 ppm

hydroxytyrosol caused almost 3 log reduction of yeast

count at 18 h which corresponds to exponential phase for S.

cerevisiae. Figure 2c indicates that the major difference

between control and treated samples is the disappearance

of peaks at 1040 and 1000 cm-1 in carbohydrate region

[1200–900 cm-1] especially at concentrations above

12.5 ppm.

The growth of A. pullulans exposed to various concen-

trations of hydroxytyrosol showed an inhibition pattern

with increased concentration (Fig. 2d). Figure 2e shows

that both 1000 ppm and 400 ppm of hydroxytyrosol had

bactericidal activities against A. pullulans at 18 h; whereas

200 ppm had the same effect on this yeast after 24 h. Even

12.5 ppm of hydroxytyrosol caused 2 log reduction at 18 h

and 50 ppm of hydroxytyrosol resulted in 3 log reduction

on yeast count. The results of FTIR spectral data (Fig. 2f)

showed that the important changes in spectra caused by

hydroxytyrosol are in carbohydrate region, and this

observation is similar with S. cerevisiae results. Disap-

pearance of double peaks around 1050 cm-1 was again

observed for this yeast.

Effect of oleuropein on yeasts

Spectroscopic measurements, yeast colony forming units

(CFU/ml) and mid-IR spectroscopic measurements for S.

cerevisiae (* 1.8 9 104 CFU/ml) and A. pullulans

(1.2 9 104 CFU/ml) which are treated with oleuropein at

various concentrations (12.5–400 ppm) for 48 h are shown

in Fig. 3. As it could be observed from Fig. 3a, the most

effective concentrations of oleuropein on S. cerevisiae are

400, 200 and 100 ppm. In addition, 50 ppm of oleuropein

extends the lag phase of this yeast from 6 h to
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Fig. 1 Antimicrobial effects of tyrosol (T) (18 h treatment time) as spectroscopic measurements (a, d), yeast colony forming units (CFU/ml) (b,

e) and FTIR spectral data (c, f) at different concentrations on the growth of S. cerevisiae (Sc) and A. pullulans (Ap)
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approximately 40 h. At 18 h which corresponds to expo-

nential phase for S. cerevisiae, 200 and 400 ppm oleu-

ropein caused bactericidal effect and 50 ppm oleuropein

resulted in 2 log reduction in number (Fig. 3b). However,

this reduction in number was almost 1 log for the same

concentration at 24 h. Figure 3c shows that the most sig-

nificant change was the disappearance of the peaks in

1050–950 cm-1 region.

The growth of A. pullulans exposed to various concen-

trations of oleuropein also showed a decreasing pattern

with increased concentrations of oleuropein (Fig. 3d). As it

could be seen in this figure, even 100 ppm of oleuropein

still had significant antimicrobial effect against A. pullu-

lans as higher concentrations. Figure 3e shows that this

phenolic compound is effective on A. pullulans at both

18 h and 24 h with 4 log reduction on yeast count with

50 ppm concentration, and this result matched with OD

measurements results. According to FTIR spectra (Fig. 3f),

peaks around 1050 cm-1 region were not present after

treatment with oleuropein.

Effect of luteolin on yeasts

The effects of various luteolin concentrations

(12.5–400 ppm) on determined level of S. cerevisiae

(* 1.8 9 104 CFU/ml) and A. pullulans (1.2 9 104 CFU/

ml) as spectroscopic measurements, yeast colony forming

units (CFU/ml) and mid-IR spectroscopic measurements

are shown in Fig. 4. As it could be observed from Fig. 4a,

luteolin has the highest antimicrobial activity on S. cere-

visiae with the concentrations of 400, 200, 100 and

50 ppm. Even 12.5 ppm of luteolin extended the lag phase

of S. cerevisiae (104 CFU/ml) to 16 h. Figure 4b shows

that both 400 and 200 ppm of luteolin had the highest

activity that led to 4 log reduction of S. cerevisiae after

18 h. In addition, even 50 ppm luteolin concentration

decreased the yeast count 2 log after 18 h and 24 h. Sig-

nificant changes in FTIR spectra (Fig. 4c) were observed in

carbohydrate region with disappearance of two peaks

(1050–950 cm-1). In addition, broad peak corresponding

to –OH groups in 3600–3000 cm-1 fatty acid region

became triple peak with flattening trend. Shoulder of the
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peak at 1622 cm-1 in amide region were also separated

after treatment.

All of the luteolin concentrations have significant

antimicrobial activity on A. pullulans according to spec-

trophotometric measurements (Fig. 4d). When it was

compared with the yeast count graphics, it could be con-

cluded that 400 and 200 ppm luteolin had the highest

activity beginning from 18 h (Fig. 4e). The other two

concentrations showed 3 log reduction on the count of A.

pullulans at the same incubation time. Visually, FTIR

spectra (Fig. 4e) also show that the biggest changes are in

DNA fingerprint region [900–600 cm-1], carbohydrate

region [1200–900 cm-1] and –OH groups [3600 cm-1] of

A. pullulans.

Effect of apigenin on yeasts

The effects of various apigenin concentrations

(12.5–400 ppm) on S. cerevisiae (* 1.8 9 104 CFU/ml)

and A. pullulans (1.2 9 104 CFU/ml) as spectroscopic

measurements, yeast colony forming units (CFU/ml) and

mid-IR spectroscopic measurements are shown in Fig. 5.

Apigenin has the highest antimicrobial activity on S.

cerevisiae in the concentration range of 100–400 ppm

(Fig. 5a). As seen in Fig. 5b, 200 and 400 ppm of apigenin

had bactericidal activity at 18 h which corresponds to

exponential phase for S. cerevisiae. 50 ppm of apigenin

caused 1 log reduction in number at 18 h. FTIR spectra

(Fig. 5c) indicate that the most obvious change in FTIR

spectra was due to the disappearance of peaks in 1040 and

1000 cm-1.

The growth of A. pullulans exposed to various concen-

trations of apigenin showed a decreasing pattern with

increased concentration (Fig. 5d). In addition, 200 and

400 ppm of apigenin showed significant antimicrobial

effect against A. pullulans. According to Fig. 5e, 50 ppm

of apigenin resulted 3 log reduction at 18 h; and further

decrease in yeast count to 4 log was observed at 24 h. FTIR

spectra of the yeast (Fig. 5f) show that the changes due to

exposure to apigenin are similar with S. cerevisiae and

peaks around 1050 cm-1 in carbohydrate region were not

present after apigenin exposure.
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Discussion

There is not any study in the literature related with the

effects of phenolic compounds in olives on yeasts that

could be used as a reference to choose the types of phe-

nolics and their amounts; therefore, a previous chemical

characterization investigation (Aktas et al. 2014) was taken

as a reference to choose the typical concentrations of

phenolic compounds in olives in order to apply on yeasts.

The most common phenolic compounds found in olives

with the highest concentrations were used in the current

research and it was aimed to investigate the antimicrobial

effects of each type and class of phenols including tyrosol,

hydroxytyrosol, oleuropein, luteolin and apigenin on the

yeasts. While tyrosol and hydroxytyrosol belong to phe-

nolic alcohol group luteolin and apigenin are the flavonoids

found in the olives. Oleuropein, on the other hand, is

classified as a secoiridoid. Antimicrobial activities of five

phenolic compounds on two yeasts, S. cerevisiae and A.

pullulans, were investigated through conventional micro-

biological methods and mid-IR spectroscopy. A. pullulans

is a yeast from the natural microflora of the olive itself

while S. cerevisiae could be considered as a valid yeast

model having the advantage of eukaryotic nature. There-

fore, investigation of antimicrobial activity against these

two yeasts would allow comparison with respect to the

source of the yeast and activity of phenolics. In addition,

mid-IR spectroscopy would provide extra information with

regard to the type of effect of these phenolic compounds.

Results indicated that all three methods used to inves-

tigate the antimicrobial activity showed the same type of

trends regarding the effect of phenolic compounds on

yeasts. When bactericidal activity was observed in OD

measurements it was also confirmed by the yeast counts.

Changes that took place in the yeast structure due to

treatment of yeasts with phenolic compounds were

observed through the alterations in FTIR spectra.

As a result of application of several techniques to

investigate the effect of phenolic compounds, tyrosol,

hydroxytyrosol, oleuropein, luteolin, and apigenin on two

yeasts, S. cerevisiae and A. pullulans, it was found out that

all of these compounds have concentration dependent

antimicrobial activities against the tested yeasts. To com-

pare the antimicrobial activities of phenolic compounds
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only the concentrations causing bactericidal effect are

considered since ups and downs or re-growth in microbial

population was observed at concentrations below that level.

Oleuropein, luteolin and apigenin have lethal effect on

concentrations at and above 200 ppm. Phenolic alcohol,

hydroxytyrosol, had bactericidal activity at and above

200 ppm against A. pullulans; however, 400 ppm caused

bactericidal effect on S. cerevisiae. The other phenolic

alcohol, tyrosol, had a lethal effect on A. pullulans popu-

lation at 400 ppm while this concentration did not result in

bactericidal effect for S. cerevisiae. Hence, tyrosol was the

least effective of the phenolic compounds tested followed

by hydroxytyrosol for S. cerevisiae. Other three phenolic

compounds having flavonoid (luteolin and apigenin) and

secoiridioid (oleuropein) structure have similar antimicro-

bial activities against both yeasts. Chemical structure of

tyrosol is consisted of a phenolic ring which carries a –OH

group while hydroxytyrosol having the same chemical

structure differs from tyrosol by the presence of another –

OH group. Consequently, difference between antimicrobial

activities of tyrosol and hydroxytyrosol may originate from

this additional –OH group. It is known that increase in the

number of –OH groups result in increased biological

activity of phenolic compounds which confirms our

observations (Rice-Evans et al. 1996). Other tested phe-

nolic compounds used in this study, on the other hand,

carry multiple phenolic rings and multiple –OH groups in

their structure. Thus, their antimicrobial activities at lower

concentrations could be associated with these differences

in chemical structures explained above (Rice-Evans et al.

1996). In addition, A. pullulans is more sensitive to expo-

sure to phenolic alcohols, tyrosol and hydroxytyrosol,

compared to S. cerevisiae since lower concentrations of

these phenolic compounds caused death of this yeast. A.

pullulans is a yeast that comes from the natural flora of the

olive itself.

Main difference between FTIR spectra of both yeasts

which are untreated to and treated with hydroxytyrosol,

oleuropein, luteolin and apigenin is in the form of disap-

pearance of a major peak in 1050–1000 cm-1. Differences

in the spectra of yeasts in contact with tyrosol, on the other

hand, took place in 1700–1500, 3600–3000 and

(a) (d) 

(b) (e) 

(c) (f) 

0

0.5

1

1.5

0 6 12 18 24 30 36 42 48

O
D

 (a
t 6

00
 n

m
)

Time (h)

(Sc) A400

(Sc) A200

(Sc) A100

(Sc) A50

(Sc) A25

(Sc) A12.5

(Sc)

0.08

0.12

0.16

0.2

0.24

0 6 12 18 24 30 36 42 48

O
D

 (a
t 6

00
 n

m
)

Time (h)

(Ap) A400

(Ap) A200

(Ap) A100

(Ap) A50

(Ap) A25

(Ap) A12.5

(Ap)

1.0E+00

1.0E+02

1.0E+04

1.0E+06

1.0E+08

0

5000

10000

15000

20000

0 6 12 18 24 30 36 42 48 Y
ea

st
 c

ou
nt

 (l
og

 C
FU

/m
l)

Y
ea

st
 c

ou
nt

 (C
FU

/m
l)

Time (h)

(Sc) A400

(Sc) A200

(Sc) A50

(Sc) A12.5

(Sc) 1.0E+00

1.0E+02

1.0E+04

1.0E+06

1.0E+08

0
2000
4000
6000
8000

10000
12000
14000

0 6 12 18 24 30 36 42 48 Y
ea

st
 c

ou
nt

 (l
og

 C
FU

/m
l)

Y
ea

st
 c

ou
nt

 (C
FU

/m
l)

Time (h)

(Ap) A400

(Ap) A200

(Ap) A50

(Ap) A12.5

(Ap)

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
-0.031
-0.02
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.24
0.26
0.28
0.30
0.32
0.34

0.351

cm-1

A 

3353.12

2918.61

2849.77

1741.74

1621.80
1538.98

1465.14
1399.00

1040.06

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
-0.034

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.504

cm-1

A 
3361.26

2918.45

2849.51

1622.46
1539.20

1465.50
1398.52

1163.89

12.5ppm

50ppm

200ppm

400ppm

Ap

12.5ppm

50ppm

200ppm
400ppmSc

Fig. 5 Antimicrobial effects of apigenin (A) (18 h treatment time) as spectroscopic measurements (a, d), yeast colony forming units (CFU/ml) (b,

e) and FTIR spectral data (c, f) at different concentrations (400, 200, 100, 50, 25, 12.5 ppm) on the growth of S. cerevisiae (Sc) andA. pullulans (Ap)

156 J Food Sci Technol (January 2019) 56(1):149–158

123



900–700 cm-1 regions (Online Resource). Therefore, it is

likely that interaction between phenolic compounds and

yeasts resulted in a major change in yeast structure which

could be associated with a change in 1050–1000 cm-1.

Several authors have shown the use of FTIR spectroscopy

as a tool to determine the cellular target mechanism of

different antimicrobial compounds and food processing

technologies (Alvarez-Ordonez et al. 2011; Zoumpopoulou

et al. 2010; Schleicher et al. 2005). A correlation was

established between the chemical structures of the mole-

cules and IR band positions. In terms of wavenumbers; w1

is defined as the fatty acid region (3050–2800 cm-1),

where peaks correspond to the vibrations of the -CH2 and -

CH3 groups of fatty acids. w2 region is the amide part

(1750–1500 cm-1), where protein and peptide bands exist.

w3, which ranges from 1500 to 1200 cm-1, is a mixed

region including vibrations of fatty acids, proteins, and

polysaccharide. w4 (1200–900 cm-1) is dominated by the

peaks belonging to polysaccharides. 900–700 cm-1 region

(w5) is called as the fingerprint region. This part contains

bands which are the most characteristic at the species level

(Kümmerle et al. 1998). Similar to our study, the most

important differences were generally in w4 spectral region

(1200–900 cm-1) in previous researches, indicating that

some of the IR spectral changes were due to the damage or

conformational/compositional alterations in the compo-

nents of the cell wall and membrane. In other studies,

spectral variations observed between 1300 and 900 cm-1

were also linked to the damage of cell walls and mem-

branes (Alvarez-Ordonez et al. 2011). Although there are

many studies monitoring the stress response of bacterial

cells by FTIR spectroscopy, only a few researches have

been published about yeasts. In the study of Corte et al.

(2010), S. cerevisiae cells were exposed to different

chemical compounds at various concentrations in order to

analyze the effect of the stress induced by these substances

on the cells using FTIR analysis. The spectral areas in

which the more intense variations took place were identi-

fied in the aforementioned study. Region corresponding to

amides were found as the most reactive part. In addition,

the typing DNA fingerprint and the carbohydrate regions

were the significant parts of the spectra. The same research

group (Corte et al. 2014) conducted a more recent study

based on the measurement of metabolomic stress response

induced by a surfactant (N-alkyltropinium) on the yeasts S.

cerevisiae and C. albicans. In that study, FTIR spectro-

scopic analysis revealed that S. cerevisiae cells showed the

maximum stress response in the regions of amides (w2)

and fatty acids (w1); whereas C. albicans cells were most

affected in amides (w2) and mixed (w3) regions.

FTIR spectroscopy provides information regarding the

molecular structure of compounds with the peaks in the

spectra corresponding to frequencies of vibration between

the bonds of the atoms. Sample preparation method for

FTIR analysis of yeasts allow harvesting of only yeast cells

after their treatment with phenolic compounds. Harvesting

of cells in sample preparation is necessary to obtain a clear

spectra of yeasts since absorbance peaks in the spectra of

media in which the yeasts were grown could block the

peaks in the spectra belonging to yeast structure (Küm-

merle et al. 1998). As a result, any change in yeast cell

structure due to treatment with phenolic compounds could

be observed from obtained FTIR spectra. In this study, the

main differences between the spectra of yeast itself and

yeast treated with phenol solutions could be clearly

observed for each yeast in FTIR spectral data (Online

Resource). According to FTIR spectral data obtained in this

study, the significant changes were observed in w4 region

[1200–900 cm-1], corresponding to carbohydrates in the

yeast structure exposed to all phenolics except tyrosol.

However, w2 region [1750–1500 cm-1], corresponding to

amide section was also important for tyrosol and luteolin

treated yeasts. The changes in carbohydrate region were

associated with the changes in the cell wall or cell mem-

brane (Al-Qadiri et al. 2008a); whereas changes in amide

region were associated with the protein degradation

involving the cell wall (Corte et al. 2014; Saharan and

Sharma 2011). Changes in amide regions might be also

related with changes in secondary and tertiary structure of

proteins; however, this needs to be confirmed by further

analysis. Characteristic bands found in the infrared spectra

of proteins include the Amide I and Amide II due to the

amide bonds that link the amino acids. The absorption

related with the Amide I band leads to stretching vibrations

of the C=O bond of the amide, while absorption related

with the Amide II band leads to bending vibrations of the

N–H bond. The changes in carbohydrate region, which

involves disappearance of carbohydrate peaks, might be

due to the complex formation between phenolic com-

pounds and carbohydrates.

Conclusion

In this study, two yeast species, S. cerevisiae and A. pul-

lulans were used to investigate the antimicrobial effects

induced by olive phenolic compounds, including tyrosol,

hydroxytyrosol, oleuropein, luteolin and apigenin using

FTIR spectroscopy besides absorbance measurements with

microplate reader and yeast colony forming units. As a

result, all phenolic compounds were found effective on

both yeasts, especially 200 ppm and higher concentrations

have more significant effect; however, antimicrobial

activity at lower levels depends on the type of phenolic

compounds. When the two yeasts were compared, A. pul-

lulans was observed to be more sensitive to phenolic
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compounds than S. cerevisiae and tyrosol was the least

effective of tested phenolic compounds. Shifts in the

infrared spectra of the both yeasts treated with phenolic

compounds indicated possible changes in the cell wall and/

or membrane structures. Other analysis techniques such as

microscopic analysis could be used for better understand-

ing of the mechanism of interaction between phenolic

compounds and yeasts. It was concluded that FTIR spec-

troscopy could successfully be used to monitor and char-

acterize antimicrobial activity of phenolic compounds on

yeasts as complementary to microbiological methods.
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