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Abstract: This study focused on applying a patented medium-chain fatty acids (MCFAs) mixture at
the end of alcoholic fermentation and monitoring its residues. MCFAs are a promising agent that has
the potential to increase the efficiency of sulfur dioxide and ultimately minimize its doses, which is
one of the important goals of wine research today. Detailed octanoic, decanoic, and dodecanoic acid
contents were observed during the experiment. The MCFA mixture was applied at doses of 0, 10, 20,
and 60 mg/L. GC–MS determined the content of individual fatty acids. The results showed that the
use of the investigated mixture of fatty acids at doses of 10 and 20 mg/L did not cause an increase
in the content of individual fatty acids residues. The octanoic acid content after application of the
20 mg/L MCFA mixture was 8.24 mg/L after 744 h, while the untreated control variant showed a
value of 7.71 mg/L. The performed sensory analysis also did not show a negative effect of MCFA
application on the sensory properties of wine. Therefore, applying an MCFA mixture at 10 and
20 mg/L can be recommended as a safe alternative following alcoholic fermentation. However, the
results obtained can also serve as a valuable basis for permitting the use of MCFA in the proceeding
OIV approval process. The research thus opens the possibility of expanding a new oenological agent
capable of reducing SO2 doses.

Keywords: medium-chain fatty acids; alcoholic fermentation; octanoic acid; decanoic acid

1. Introduction

Sulphur dioxide is one of the most common additives in wine technology. It is used to
terminate alcoholic fermentation and as an antioxidant effect during the ageing and storage
of wines. However, its presence harms human health and, at higher concentrations, causes
a burning headache. Minimizing SO2 doses is thus one of the main topics of today’s wine
society [1,2].

One alternative to the use of SO2 may be applying medium-chain fatty acids (MCFAs).
These are compounds naturally formed in wine during alcoholic fermentation [3]. The path
of their formation has been known for a relatively long time: it is an intermediate product of
lipid metabolism [4,5]. Examples of MCFAs in wines are hexanoic, octanoic. and decanoic
acid. Their negative effect on the fermentation of clear musts has also been known for a long
time. MCFAs reduce the resistance of microorganisms to alcohol [6,7] and SO2 by changing
the properties of cell membranes [3,8,9]. The presence of MCFA causes changes in plasma
membrane organization [10] and affects H+ transport and ATPase activity [11]. Ultimately,
the presence of octanoic acid and especially decanoic acid lowers the intracellular pH in
yeast cells and increases the permeability of the plasma membrane [12] to an effective
form of molecular SO2 [13]. However, this effect can be used to reduce SO2 doses at
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the end of alcoholic fermentation by a targeted application at the appropriate time [14].
MCFAs could also serve to prevent the re-fermentation of sweet wines [15]. In addition
to inhibitory effects on the activity of the yeast Saccharomyces cerevisiae, the inhibition of
bacteria, specifically Oenococcus oeni, has also been demonstrated [16].

The experimental process has shown the effectiveness of applying a mixture of C8,
C10, and C12 fatty acids following alcoholic fermentation [14]. Based on these results, a
mixture of C8:C10:C12 was patented in the ratio 2:7:1 [17]. This roughly corresponds to
the natural content of these MCFAs in wines [18], and decanoic acid also has the highest
proportion in the mixture, due to its highest inhibitory effects [19,20]. The undeniable
advantage of this method is the fact that MCFAs are naturally occurring compounds in
wine [3], unlike other alternatives to SO2 used today (DMDC, sorbic acid, etc.) [21]. In
addition, up to a 50% reduction in acetaldehyde and other carbonyl compounds content has
been demonstrated compared to other methods of terminating alcoholic fermentation [22].
Thus, the content of carbonyl compounds is closely related to the management of SO2 in
wines [23]. The patented mixture of MCFA [17] is now in the OIV approval process for use
as an additive in winemaking.

However, the application of MCFA may carry certain risks in the form of a negative
effect on the sensory properties of the wine. MCFAs are active sensory compounds; they can
cause rancid butter, soap, coconut oil, and metallic tones at higher concentrations [24,25].
However, MCFAs are partially esterified in wine [26,27] and these fatty acid esters, in turn,
can promote fruity aromas [28]. Above all, MCFAs are bound to the dead yeast bodies
and removed together during racking [9,14]. The ability to reduce MCFA by binding to
yeast bodies was described as early as 1984 [29]. This fact has also been reported in studies
dealing with the mixture we studied [30]. At the same time, MCFA residues were not
measured after application in this research. However, detailed data of residue observation
after application of the observed MCFA mixture have not yet been published. It is this
development that is the subject of this experiment.

2. Materials and Methods
2.1. Design of Experiment

Grapes used in this experiment were of the Hibernal variety harvested in 2020. The
pressed must was allowed to settle independently for 24 h without additives. After clari-
fication to a turbidity value of 100 NTU, the must was inoculated with active dry yeasts.
The alcoholic fermentation took place in a 600 L stainless-steel vessel at 14–16 ◦C. In phase
20–25 g/L of residual sugar, the fermenting must was divided into 8 (2 × 4) glass vessels
with a volume of 50 L. To the first 4 vessels, 20 mg/L SO2 (40% ammonium bisulfite) +
doses of 0, 10, 20, and 60 mg/L MCFA were applied. To the other 4 vessels, 40 mg/L SO2
(40% ammonium bisulfite) + doses of 0, 10, 20, and 60 mg/L MCFA were applied. Sampling
was performed at 0, 12, 24, 48, 168, and 744 h. Based on our experiences with the results of
previous unpublished experiments, we omitted the control variant, which never provided
relevant results for comparison. At the same time, we did not create duplicates of variants
but focused on precise analysis with triplicates just in time.

The samples were analyzed in the laboratories of Mendel University in Lednice.
Sensory analysis was performed at 24 and 744 h.

2.2. Sensory Analysis

A panel of 7 wine judges evaluated the intensity of fatty acid expression (rancid butter,
coconut, and cheese) in the submitted samples on a scale of 1–10 (least–most). The judging
was blind. The temperature of the evaluated wine was 12 ◦C. All judges held tasting tests
according to ČSN EN ISO 8586. The panel of judges was trained by a triangular test, where
a sample with the addition of 60 mg/L MCFA was known.
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2.3. Determination of the Fatty Acids by GC-MS

The concentration of individual volatile compounds in wine was determined according
to the unpublished extraction method with methyl-t-butyl ether (MTBE). An amount of
20 mL of wine was pipetted into a 25 mL volumetric flask together with 50 µL of 2-nonanol
ethanol solution and 5 mL of a saturated (NH4)2SO4 solution. 2-nonanol was used as an
internal standard (in a concentration of 400 mg/L). The flask content was thoroughly stirred,
and then a volume of 0.75 mL of the extraction solvent (MTBE with 1% of cyclohexane
added) was added. After another thorough stirring and separation of individual phases,
the upper organic layer (supernatant) was placed into a micro-test-tube with the produced
emulsion and centrifuged; the clear organic phase was dried with anhydrous magnesium
sulphate. Extract samples (adjusted in this way) were used for the GC–MS analysis.

Validation of this unpublished method was performed by the spiking of standard:
2-octanol and 2-pentylbyturate. The measurement accuracy was 97%.

Instruments: Shimadzu GC-17A, Autosampler: AOC-5000, Detector: QP-5050A, Soft-
ware: GC solution. (Shimadzu; Kyoto, Japan) Separation conditions: column: DB-WAX
30 m × 0.25 mm; 0.25 µm stationary phase (polyethylene glycol). (Merck KGaA; Darmstadt,
Germany) The voltage of the detector was 1.5 kV.

Separation conditions: Injection chamber temperature: 200 ◦C. The initial column
space temperature of 45 ◦C was maintained for 3.5 min, followed by the following tem-
perature gradient: up to 90 ◦C at 15 ◦C/min, up to 135 ◦C at 6 ◦C/min, up to 207 ◦C at
9 ◦C/min, and up to 252 ◦C at 15 ◦C/min. The final temperature was maintained for 5 min.
The total length of the analysis was 30 min. Individual substances were identified on the
basis of MS spectrum and retention time. Quantification was performed by comparing
the peak area of the sample and the external standard with the correction to the internal
standard.

All chemicals used were purchased from Merck KGaA; Darmstadt, Germany.

2.4. Determination of Glucose and Fructose Content

The glucose and fructose content was determined using the Alpha Bruker FTIR Ana-
lyzer (Bruker; Billerica, MA, USA), which determines a substance’s content by spectrometry.
This analysis used 1 mL of the clear sample. The application was performed using a syringe.
The content of each substance was automatically evaluated by the software, depending on
the calibration equations. All samples were measured in triplicate.

2.5. Preparation of the MCFA Mixture Solution

The mixture of MCFA was prepared according to European Patent No. 2681301. First,
a mixture of fatty acids at the desired weight ratio (C8:C10:C12—2:7:1) was prepared. An
amount of 100 g of a mixture of MCFA and 38 g of potassium hydroxide (KOH) were used
per 1 L of the solution. The appropriate procedure was to weigh the MCFA mixture in
a volumetric flask and gradually add the KOH solution, dissolved in two-thirds of the
required water. After the dissolution and temperature stabilization, the pH was optionally
adjusted to a value above 10, and the diluted KOH solution was regulated to the desired
volume. The resulting solution should have had an average density of 1.0128 kg/L.

2.6. Statistical Analysis

Statistical evaluation of the data was performed using software Statistica 12 (TIBCO
Software; Palo Alto, CA, USA). The data were subjected to ANOVA analysis followed by
Fisher’s LSD test. Graphs were also generated in this software.

3. Results and Discussion

The following section graphically shows the results of the samples taken. Detailed
results, including analysis of variance (ANOVA) and Fisher’s LSD test, are available in the
Appendix A (Table A1).
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3.1. Octanoic Acid

Figure 1 shows the development of the octanoic acid content (C8). The lowest values
during the whole measurement can be observed in the control variant. However, the
10 MCFA and 20 MCFA variants did not show a statistically significant increase com-
pared to the control. At 744 h, the values for these three variants were almost identical
(7.62–8.24 mg/L). In contrast, the content of octanoic acid in variant 60 MCFA was signifi-
cantly higher during the whole measurement, showing values about 50% higher (11.29 and
11.84 mg/L) than other variants in the last term. The effect of the application dose of SO2
was practically not observed. The results of the C8 content thus confirmed the hypothesis
that fatty acids are bound to yeast bodies [9,29], which is the explanation for the observed
decrease in all observed doses of MCFA. Similar results were obtained by Baron et al. [30],
who determined 4.62 mg/L in the variant without MCFA application and 4.3 mg/L in the
variant with MCFA application. In our case, the overall higher values can be explained by
the naturally higher MCFA content [3].

Fermentation 2022, 8, 105 4 of 11 
 

 

3. Results and Discussion 
The following section graphically shows the results of the samples taken. Detailed 

results, including analysis of variance (ANOVA) and Fisher’s LSD test, are available in 
the appendix (Table A1). 

3.1. Octanoic Acid 
Figure 1 shows the development of the octanoic acid content (C8). The lowest values 

during the whole measurement can be observed in the control variant. However, the 10 
MCFA and 20 MCFA variants did not show a statistically significant increase compared 
to the control. At 744 h, the values for these three variants were almost identical (7.62–8.24 
mg/L). In contrast, the content of octanoic acid in variant 60 MCFA was significantly 
higher during the whole measurement, showing values about 50% higher (11.29 and 11.84 
mg/L) than other variants in the last term. The effect of the application dose of SO2 was 
practically not observed. The results of the C8 content thus confirmed the hypothesis that 
fatty acids are bound to yeast bodies [9,29], which is the explanation for the observed de-
crease in all observed doses of MCFA. Similar results were obtained by Baron et al. [30], 
who determined 4.62 mg/L in the variant without MCFA application and 4.3 mg/L in the 
variant with MCFA application. In our case, the overall higher values can be explained by 
the naturally higher MCFA content [3]. 

 
Figure 1. Development of octanoic acid content (C8). 

Compared to the values published by some authors, the values of C8 content meas-
ured in all variants were higher. These authors [25,31] reported values in the range of 0.18–
6.61 mg/L. In contrast, much higher concentrations were reported by Li et al. [24] of 26 
mg/L and Lee and Noble [32] of 10.15–50.56 mg/L. Similar values to this experiment were 
measured in the experiment by Lukic et al. [33] of 6.07–10.93 mg/L. Based on a confronta-
tion with data from other authors, it can be stated that the measured values of all variants 
were in the normal range. 

Most authors [24,25,31,33] have reported the threshold for the perception of octanoic 
acid as 0.5 mg/L. However, this is a value obtained from a model solution of alcohol and 
ethanol with pH adjustment. Compared to this value, the C8 content was higher in all 
variants. In contrast, Shinohara [34] reported a perception threshold for octanoic acid of 

Figure 1. Development of octanoic acid content (C8).

Compared to the values published by some authors, the values of C8 content mea-
sured in all variants were higher. These authors [25,31] reported values in the range of
0.18–6.61 mg/L. In contrast, much higher concentrations were reported by Li et al. [24] of
26 mg/L and Lee and Noble [32] of 10.15–50.56 mg/L. Similar values to this experiment
were measured in the experiment by Lukic et al. [33] of 6.07–10.93 mg/L. Based on a
confrontation with data from other authors, it can be stated that the measured values of all
variants were in the normal range.

Most authors [24,25,31,33] have reported the threshold for the perception of octanoic
acid as 0.5 mg/L. However, this is a value obtained from a model solution of alcohol and
ethanol with pH adjustment. Compared to this value, the C8 content was higher in all
variants. In contrast, Shinohara [34] reported a perception threshold for octanoic acid of
10 mg/L, only exceeded by variant 60 MCFA. However, the overall sensory properties of
the wine are affected by the content of all active sensory compounds present, not by the
concentration of only one compound [31,35]. Therefore, the measured values in this exper-
iment cannot automatically be considered harmful from the perspective of organoleptic
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properties. A sensory test also ruled out the negative effect of MCFA application in variants
10 and 20 MCFA on sensory properties (Section 3.5).

3.2. Decanoic Acid

Figure 2 shows the decanoic acid (C10) content development, which was a crucial
monitored parameter, as it made up 70% of fatty acids in the examined preparation. Here,
we can observe a change similar to the development of the octanoic acid content. Control
variant 0 MCFA showed the lowest values throughout the experiment. For variants 10
and 20 MCFA, a similar content was observed, slightly higher than that of the control
variant. Approximately four-fold higher concentrations were measured in variant 60 MCFA
within 24 h than in the control variant, but the C10 content in this variant had a decreasing
trend during the experiment. In the final term (744 h), a significantly lower C10 content
was observed in variant 0 MCFA (2.28 and 2.3 mg/L), variants 10 and 20 MCFA showed
statistically identical values (2.93–3.28 mg/L), and the highest value was measured for
variant 60 MCFA (5.02 and 5.41 mg/L). The effect of the SO2 dose was again not observed.
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The C10 content of variants 0, 10, and 20 of MCFA showed values similar to those
published by some authors [24,33] of 1.75–3.59 mg/L. Lower values were recorded by
other authors [25,31,36] of 0.13–1.27 mg/L. Lee and Noble [32] published a wide range
of measured values as 0.55–14.15 mg/L. Thus, the C10 content values obtained in this
experiment can be considered normal, including variant 60 MCFA (5.02–5.41 mg/L).

Due to the sensory activity of C10, the measured content in all variants can be consid-
ered problematic. According to some authors [24,25,31,33], the threshold of perception is
1 mg/L. Again, this is the value obtained by the model solution test. On the contrary, other
authors [34,36] have stated values of the perception threshold of 6 mg/L and 15 mg/L,
respectively. Compared to these values, the C10 content was lower in all variants.

3.3. Dodecanoic Acid

The development of the dodecanoic acid (C12) content can be observed in Figure 3.
Based on the results, it can be stated that the development of the C12 content was very simi-
lar for all variants up to 168 h and showed a decreasing trend. However, a sharp increase in
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C12 content was recently observed in control variant 0 MCFA (189.99 and 208.30 µg/L). For
variants 10 and 20 MCFA, the content increased slightly (114.82–157.32 g/L). For variant
60 MCFA, the content remained stable and decreased slightly (68.79 and 79.20 g/L), re-
spectively. This result may be due to the esterification of C12 induced by an overall higher
MCFA content [37], combined with the fact that C12 makes up only 10% of the MCFA in
the preparation. Again, changes in C12 content due to different doses of SO2 were not
observed.
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The content of dodecanoic acid was not part of the research of many authors, probably
due to relatively lower concentrations compared to octanoic and decanoic acid. Li et al. [24]
indicated the measured value of 90 µg/L as the threshold of perception of 1000 µg/L. In
comparison, the concentrations measured for all variants appeared to be comparable and
without affecting the sensory properties of the wine.

3.4. Glucose + Fructose

The content of glucose and fructose (reducing carbohydrates) was monitored as an
indicator of yeast activity. Figure 4 shows the development of its content. The initial
value of the content of reducing sugars before MCFA application was 24.82 g/L. Stable
development can be observed for all variants with the addition of MCFA; at the end of the
experiment, they showed values in the range of 23.05–26.79 g/L. Inevitable fluctuations
in the measured values can be attributed to error. However, it can be stated that after the
application of MCFA in all doses, there was no fermentation of sugars by yeast [38].

Conversely, in control samples without the addition of MCFA, we can see a sharp
decrease in the content of reducing sugars throughout the experiment. The final value
of 11.86 g/L was measured for the variant with the addition of 20 mg/L SO2. The value
was 13.65 g/L for the 40 mg/L SO2 variant. Thus, in the control variants, the alcoholic
fermentation was not terminated at all. The results confirm the fact that MCFA is a
significant inhibitor of alcoholic fermentation [3,9,12]. At the same time, the hypothesis was
confirmed that with the help of MCFA, it is possible to terminate alcoholic fermentation
even at lower doses of SO2 [22,30].
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3.5. Sensory Analysis

The sensory analysis results (Table 1) showed that the highest measurements in evaluat-
ing fatty acid perception were achieved in variant 60 MCFA (4.50–6.83 g/L). The evaluation
of variants 10 MCFA and 20 mg/L MCFA ranged from 2.17 g/L to 5.00 g/L. However, the
control variant with 0 mg/L MCFA showed similar values (2.50–3.67 g/L). Statistically,
the control variant was placed at the level of the variants with 10 and 20 mg/L MCFA. In
general, the panel of experienced judges, who focused on the MCFA expression, could not
safely separate samples with the addition of 10 and 20 mg/L MCFA from samples without
the addition of MCFA. However, the addition of 60 mg/L MCFA already appeared to be
risky concerning the negative effect on the organoleptic properties of wines.

Table 1. Results of sensory analysis. The average values (n = 3) are supplemented by the contribution
into homogeneous groups (a, b) according to Fisher’s LSD (least significant difference) test (α = 0.05).

Dose Term

SO2 (mg/L) MCFA (mg/L) 24 h 744 h

20

0 3.50 ± 0.76 a 2.50 ± 0.56 a
10 4.33 ± 1.38 a,b 2.50 ± 0.34 a
20 2.67 ± 0.76 a 2.83 ± 0.48 a
60 6.83 ± 1.08 b 4.83 ± 0.54 b

p-value 0.01 p < 0.01

40

0 3.00 ± 0.86 a 3.67 ± 0.67 a,b
10 2.67 ± 0.49 a 2.67 ± 0.67 a
20 5.00 ± 0.82 a 2.17 ± 0.48 a
60 4.50 ± 1.06 a 5.33 ± 1.12 b

p-value 0.02 0.20
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4. Conclusions

Based on the results, it can be stated that the application of the investigated mixture of
MCFA at doses of 10 and 20 mg/L did not cause an increase in the content of individual
fatty acids in comparison with the control variant. The content of octanoic acid at 744 h after
application was statistically identical to the control variant in these variants. Similar results
were obtained when monitoring the concentration of decanoic acid. In contrast, adminis-
tration of a dose of 60 mg/L MCFA resulted in significantly higher octanoic and decanoic
acid content values than the control. In addition, the sensory analysis excluded a negative
effect on the organoleptic properties of wine by applying a dose of 10 and 20 mg/L MCFA.
At the same time, the positive effect of MCFA application on the termination of alcoholic
fermentation was confirmed. All observed application doses of MCFA, in conjunction with
doses of 20 and 40 mg/L SO2, led to the termination of alcoholic fermentation, in contrast
to the control variant without the addition of MCFA. In conclusion, it is recommended to
apply the MCFA mixture at a dose of 10–20 mg/L without the risk of adversely affecting
the sensory properties of wine.
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Appendix A

Table A1. Detailed results of octanoic acid, decanoic acid, dodecanoic acid, and fermentable sugars
content. Data normality was verified by the Shapiro–Wilk test, followed by ANOVA analysis (p-value).
The average values (n = 3) are supplemented by the contribution into homogeneous groups (a, b, c, d)
according to Fisher’s LSD (least significant difference) test (α = 0.05).

Octanoic Acid (mg/L)

Dose Term

SO2 (mg/L) MCFA (mg/L) 0 h 24 h 744 h

20

0 6.53 ± 0.12 a 6.99 ± 0.04 a 7.71 ± 0.25 a
10 6.53 ± 0.12 a 7.89 ± 0.30 b 8.18 ± 0.17 a
20 6.53 ± 0.12 a 9.16 ± 0.16 c 8.24 ± 0.08 a
60 6.53 ± 0.12 a 14.27 ± 0.59 d 11.29 ± 0.36 b

p-value 1.00 p < 0.01 p < 0.01

40

0 6.53 ± 0.12 a 6.53 ± 0.37 a 7.62 ± 0.14 a
10 6.53 ± 0.12 a 7.67 ± 0.11 b 7.81 ± 0.08 a,b
20 6.53 ± 0.12 a 8.26 ± 0.14 b 8.21 ± 0.03 b
60 6.53 ± 0.12 a 13.35 ± 0.39 c 11.84 ± 0.08 c

p-value 1.00 p < 0.01 p < 0.01
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Table A1. Cont.

Decanoic Acid (mg/L)

Dose Term

SO2 (mg/L) MCFA (mg/L) 0 h 24 h 744 h

20

0 1.61 ± 0.06 a 1.84 ± 0.02 a 2.30 ± 0.09 a
10 1.61 ± 0.06 a 2.64 ± 0.17 b 3.21 ± 0.10 b
20 1.61 ± 0.06 a 3.41 ± 0.08 c 3.28 ± 0.06 b
60 1.61 ± 0.06 a 8.73 ± 0.01 d 5.02 ± 0.32 c

p-value 1.00 p < 0.01 p < 0.01

40

0 1.61 ± 0.06 a 1.70 ± 0.11 a 2.28 ± 0.09 a
10 1.61 ± 0.06 a 2.53 ± 0.02 b 2.93 ± 0.03 b
20 1.61 ± 0.06 a 3.40 ± 0.04 c 3.17 ± 0.05 b
60 1.61 ± 0.06 a 8.95 ± 0.05 d 5.41 ± 0.10 c

p-value 1.00 p < 0.01 p < 0.01

Dodecanoic Acid (µg/L)

Dose Term

SO2 (mg/L) MCFA (mg/L) 0 h 24 h 744 h

20

0 176.08 ± 5.12 a 175.15 ± 1.58 b 208.30 ± 9.96 d
10 176.08 ± 5.12 a 123.14 ± 7.82 a 157.32 ± 5.94 c
20 176.08 ± 5.12 a 134.47 ± 5.24 a 114.82 ± 4.09 b
60 176.08 ± 5.12 a 128.73 ± 5.81 a 79.20 ± 5.17 a

p-value 1.00 p < 0.01 p < 0.01

40

0 176.08 ± 5.12 a 133.75 ± 7.86 a 189.99 ± 5.63 d
10 176.08 ± 5.12 a 138.27 ± 1.05 a 129.89 ± 1.91 c
20 176.08 ± 5.12 a 138.04 ± 4.23 a 97.77 ± 7.59 b
60 176.08 ± 5.12 a 128.92 ± 4.76 a 68.79 ± 2.93 a

p-value 1.00 0.55 p < 0.01

Fermentable Sugars (g/L)

Dose Term

SO2 (mg/L) MCFA (mg/L) 0 h 24 h 744 h

20

0 24.82 ± 0.13 a 24.02 ± 0.04 a 11.86 ± 0.09 a
10 24.82 ± 0.13 a 25.82 ± 0.13 b 23.05 ± 0.09 b
20 24.82 ± 0.13 a 26.29 ± 0.05 b 26.35 ± 0.07 d
60 24.82 ± 0.13 a 26.46 ± 0.31 c 25.26 ± 0.37 c

p-value 1.00 p < 0.01 p < 0.01

40

0 24.82 ± 0.13 a 21.17 ± 0.37 a 13.65 ± 0.35 a
10 24.82 ± 0.13 a 25.83 ± 0.29 c 25.09 ± 0.46 b
20 24.82 ± 0.13 a 24.85 ± 0.12 b 26.12 ± 0.48 c
60 24.82 ± 0.13 a 24.49 ± 0.17 b 26.79 ± 0.47 c

p-value 1.00 p < 0.01 p < 0.01
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