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Abstract 

The effect of acylglycerols on the thermal inactivation of lactic acid bacteria used in the production of fermented 
products was studied. The starting point was the observation of an increase in thermal sensitivity in the presence 
of an emulsifier based on mono‑ and diacylglycerols in the culture medium. Analysis of the emulsifier showed that 
monoacylglycerols were the compounds responsible for this effect, with monopalmitin being the main contribu‑
tor. Monostearin, on the other hand, showed significantly less potentiating effect. Interestingly, monoacylglycerols 
showed a greater bactericidal effect when used individually than when used in combination. On the other hand, the 
rate of thermal inactivation observed in reconstituted skim milk emulsions was lower than in peptone water emul‑
sions, showing that the presence of proteins and colloidal particles increased the resistance of bacteria to heat treat‑
ment. With respect to pH values, a reduction in pH from 6.6 to 5.5 promoted an increase in the rate of thermal death. 
However, at pH = 5.5, the enhancing bactericidal effect was only detectable when the heat treatment was performed 
at low temperatures but not at high temperatures. This finding is of interest, since it will allow the design of moder‑
ate heat treatments, combining the use of temperature with the addition of acylglycerols, to prolong the shelf life 
of products fermented with lactic acid bacteria, and minimizing the destruction of desirable compounds that were 
obtained by the fermentation process.
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Introduction
The effect of lipids on the thermal inactivation of bacte-
ria and spores has been widely reported in non-aqueous 
heating media [1, 2]. Under these conditions, lipids have 
been observed to increase the resistance of bacteria to 
heat, which has led to the generally accepted belief that 
lipids can protect bacterial cells and spores from possi-
ble damage caused by heat treatment. However, not all 

lipids appear to have the same protective effect. Such is 
the case of monoacylglycerols, which show bactericidal 
activity, so they have been studied for the inactivation 
of pathogenic organisms, either Gram-positive such as 
S. aureus and L. monocytogenes, or Gram-negative such 
as S. typhimurium [3–6]. However, very few studies have 
been conducted to determine the use of monoacylglyc-
erols in conjunction with possible heat treatment. In 
addition, research has focused on the use of monolaurin 
(C12:0-MG), considered the monoacylglycerol with the 
highest bactericidal activity [7].

The application of monolaurin in food systems has 
focused on its incorporation into the final product, 
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but its use throughout the manufacturing process has 
not been considered [8]. This is because, if monolaurin 
were to be used in a product whose process includes 
heat treatment, its hydrolysis could occur and conse-
quently the production of undesirable flavours [9, 10]. 
Therefore, it is of interest to consider the use of other 
monoacylglycerols in addition to monolaurin, but little 
information is available on these compounds.

The use of monoacylglycerols with apparently lower 
bactericidal activity than monolaurin could have cer-
tain advantages, for example, in the manufacture of 
long-life fermented products. In these products, a 
post-fermentation heat treatment is used to prolong 
the shelf life by inactivating lactic acid bacteria, their 
enzymes, and other possible microorganisms such as 
yeasts and moulds. However, conventional heat treat-
ment causes losses of nutrients and colours, in addi-
tion to altering flavour and texture properties [11, 12]. 
In this context, the combination of monoacylglycerols 
together with heat treatment could lead to less severe, 
but more efficient thermal processes, obtaining higher 
quality products. For example, heat treatments could 
be optimized to preserve the activity of the enzyme 
α-D-galactosidase, whose presence in fermented dairy 
products is particularly desirable for consumers defi-
cient in that enzyme [13, 14].

Materials and methods
Strains and materials
Standard strains of Streptococcus thermophilus, L. lac-
tis subsp. lactis var. diacetylactis, Lacticaseibacillus 
rhamnosus [15] and Lactobacillus delbrueckii subsp. 
bulgaricus were obtained from Unipath Ltd. All cul-
ture media were obtained from Unipath Ltd. Lactose 
was obtained from Difcon Laboratories.

Preparation of emulsions
Reconstituted skim milk emulsions (RSM) were prepared 
according to Table 1. Corn oil (MO), palm oil (PO), anhy-
drous milk fat (AMF) or hydrogenated palm kernel oil 
(HPKO) were incorporated as fat source. RECODAN™ 
(Danisco A/S, Denmark) was used as the emulsifying 
agent (C.E.). Emulsification of the ingredients was per-
formed at 70—75 °C using a Rannie single-stage homog-
enizer at a homogenizing pressure of 100  bar [16]. Fat 
particle size was standardized to a mode between 1.23 μm 
and 1.58  μm in all prepared emulsions using a Malvern 
particle and droplet size sizer, 2600c series (Malvern 
Instruments, Malvern). All emulsions were sterilized at 
121 °C for 15 min. Emulsions containing pure mono- and 
diacylglycerols, instead of the emulsifying agent, were 
also prepared using a Silverson model L2R high-shear 
homogenizer instead of the Rannie single-stage homog-
enizer. To identify the effect of the presence or absence 
of proteins in the medium, emulsions were prepared with 
peptone water (PW) according to Table 1, to evaluate the 
heat treatments and compare them with those developed 
in RSM emulsions.

Inoculation of emulsions
Microbial suspensions of each bacterium containing  109 
to  1010  CFU   mL−1 were prepared by the addition of a 
DVI-type starter culture to 10 mL of reconstituted skim 
milk at 25 °C [17]. The suspension was allowed to reacti-
vate for 1 h at 37 °C. After that time, 1 mL of the micro-
bial suspension was taken and added to 99  mL of each 
emulsion previously prepared and sterilized according to 
Table 1, now considered as heating medium.

Determination of thermal death parameters of lactic acid 
bacteria (LAB)
Decimal reduction times (D-values) and the number of 
degrees the temperature must be increased to achieve 

Table 1 Composition of different emulsions for thermal treatment trials (% weight)

Skim milk Emulsifier Fat Peptone Lactose Pure

Emulsion powder (C.E.) (4 types) Water Water

Reconstituted skim milk (RSM) 8.5 91.5

RSM + C.E 8.5 0.2 91.3

RSM + C.E. + fat 8.5 0.2 4 87.3

RSM + fat 8.5 4 87.5

Peptone water (PW) 100

PW + C.E 0.2 99.8

PW + lactose 95.9 4.1

PW + C.E. + lactose 0.2 95.7 4.1

PW + C.E. + lactose + fat 0.2 4, 15, 30 91.7, 80.7, 65.7 4.1
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a tenfold reduction in D-value (Z-values) were deter-
mined according to Reveron et  al. [18] and Shearer 
et al. [19].

Heat treatments were performed at 62.5  °C for all 
strains, using RSM and RSM + C.E. as the heating 
medium. Then the lactic acid bacterium showing the 
highest thermal resistance (S. thermophilus) was used 
to perform subsequent heat treatments at 60 °C, 65 
°C and 68 °C varying the source of fat (Corn oil (MO), 
palm oil (PO), anhydrous milk fat (AMF) or hydrogen-
ated palm kernel oil (HPKO). Two different strains of 
S. thermophilus were used, codes TA054 and TA060, in 
order to know if the bacterial strain had an influence on 
the D values during heat treatments in RSM emulsions,

TA060 S. thermophilus strain was used to study 
the effect of several concentrations of monomyris-
tin (C14:0), monopalmitin (C16:0) and monostearin 
(C18:0), as it showed the highest thermal resistance. 
The presence of protein and the effect of pH on the 
synergistic bactericidal effect of monoacylglycerols 
with heat treatments were assessed varying the heating 
media composition according to Table 1. All tests were 
performed in quadruplicate and both the mean and 
standard deviation were calculated. ANOVA test was 
carried out at p < 0.05.

Enumeration of survivors
Number of survivors to heat treatment was determined 
by surface plating using the spiral plating technique [20]. 
For S. thermophilus, plating was performed on M17 
medium, followed by aerobic incubation at 37 °C for 48 h. 
For L. lactis subsp. lactis var. diacetylactis, plating was 
also performed in M17 medium, but followed by aerobic 
incubation at 30 °C for 48 h. On the other hand, acidified 
MRS medium was used for L. delbrueckii subsp. bulgari-
cus, followed by anaerobic incubation at 37 °C for 72 h, 
and finally, L. rhamnosus used acidified MRS medium 
followed by incubation at 45 °C for 72 h. Colony counting 
was performed using an automatic laser colony counter 
(Spiral System Instruments Inc.).

Results and discussion
Thermal death parameters of LAB species in RSM 
emulsions
Number of survivors during heat treatment at 62.5  °C, 
in RSM emulsions and RSM emulsions + 0.2% E.C., for 
S. thermophilus, L. lactis subsp. lactis var. diacetylactis, 
L. rhamnosus and L. delbrueckii subsp. bulgaricus, are 
shown in Fig. 1. Decimal reduction times (D values) are 
shown in Table 2. S. thermophilus presented the highest 
thermal resistance and allowed a better observation of 

Fig. 1 Thermal death curves at 62.5 °C of LAB species in RSM emulsions and RMS + 0.2% C.E. emulsions. A S. Thermophilus and L. delbrueckii subsp. 
bulgaricus; B L. lactis subsp. lactis var. diacetylactis, and L. rhamnosus (mean of quadruplicate essays)

Table 2 D values (decimal reduction times) in seconds at 62.5 °C for the four species of LAB in RSM and RSM + 0.2% C.E. Average of 4 
determinations. RSM: Reconstituted milk emulsions, C.E.: Commercial emulsifier

LAB species RSM Std. Dev RSM +  0.2% C.E Std. Dev

S. thermophilus 3546  ± 60.89 1104  ± 77.4

L. lactis subsp. lactis var. diacetylactis 31  ± 4.2 7  ± 0.2

L. rhamnosus 68  ± 1.1 6  ± ‑

L. delbrueckii subsp. bulgaricus 138  ± 8.4 84  ± 4.2
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the changes due to the presence of E.C., so further tests 
were focused on this species.

Thermal death parameters of S. thermophilus at different 
temperatures
D and Z values for S. thermophilus thermal death curves 
at 62.5 °C, 65 °C, and 68 °C for various emulsions are 
shown in Table  3. It was found that thermal resistance 
of bacterial cells decreased in the absence of fat and in 
the presence of E.C. For emulsions prepared with some 
type of fat, bactericidal effect of the emulsifier decreased, 
regardless of the type of fat used. Furthermore, the addi-
tion of emulsifier also modified the shape of the thermal 
death curve, resulting in a combination of two straight 
lines represented by I (the linear section closest to time 
zero) and II, respectively. Analysis of variance showed 
that D values obtained for RSM emulsions were the 
highest; there was no significant difference between the 
D and Z values obtained for RSM + 0.02% E.C. + any fat 
emulsions; and there was a significant difference in the 
D values, but not in the Z values for RSM + 0.02% E.C. 
emulsions.

Influence of the bacterial strain used for the thermal 
experiments
Table  4 shows the D values obtained during heat treat-
ment at 62.5  °C and 65  °C in RSM emulsions for two 
different strains of S. thermophilus, codes TA054 and 
TA060. Analysis of variance showed that an increase in 

2.5  °C resulted in a significant reduction in D values for 
both strains. None significant difference in D values was 
obtained for the same bacterial strain in different emul-
sions. However, strain TA060 presented a higher thermal 
resistance than strain TA054.

The results highlighted the fact that the D values are 
specific to the bacterial strain used. Therefore, strain 
TA060 was used for the rest of the experiments.

Emulsions containing different monoacylglycerol 
concentration
Figure 2A shows the thermal death curves of S. thermo-
philus at 62.5 °C in RSM emulsions containing mono-
myristin (C14:0), monopalmitin (C16:0) and monostearin 
(C18:0) at the same concentration as found in C.E. All 
monoacylglycerol fractions affected the bacterial ther-
mal resistance to some extent. For the concentration of 
monomyristin present in C.E. (0.0057%), only a slight 
bactericidal effect additional to that of temperature could 
be observed. Monopalmitin showed the highest contri-
bution to thermal inactivation, demonstrating that at a 
concentration as low as 0.079% in RSM emulsions, it was 
able to reduce the D value at 62.5 °C from 59.1  min to 
0.3 min. Monostearin also showed a bactericidal effect in 
combination with temperature, although it was signifi-
cantly lower than that achieved by monopalmitin.

The combined effect of monoacylglycerols on the ther-
mal inactivation of S. thermophilus is shown in Fig.  2B. 
The combination of monoacylglycerols did not increase 

Table 3 D values at different temperatures for S. thermophilus in RSM emulsions with different lipid composition, pH 6.6. RSM (mean of 
quadruplicate essays)

Temp (°C) Linear RSM RSM + CE RSM + CE RSM + CE RSM + CE RSM + CE

region  + PO  + MO  + AMF HPKO

60 I 327.6 111.7 300.2 343.1 312.8 329.4

62.5 I 59.1 4 47.5 47.6 49.2 47.8

II 28.6

65 I 11.1 1.8 8.7 8.1 8.4 9

II 6.5

68 I 1.4 0.4 0.9 0.7 0.8 0.8

Z values 3.4 3.4 3.2 2.9 3.1 3.2

Table 4 D values for S. thermophilus strains TA054 and TA060 (mean of quadruplicate essays; s.d. = standard deviation)

Strain Temp (°C) SMP + CE + PO s.d SMP + CE + MO s.d SMP + CE + AMF s.d SMP + CE + HPKO s.d

TA054 62.5 11.1 ± 0.46 12.2 ± 0.93 11.5 ± 0.29 11.2 ± 0.36

TA054 65 3.8 ± 0.49 3.1 ± 0.27 3.2 ± 0.14 3.4 ± 0.10

TA060 62.5 47.5 ± 1.90 47.6 ± 2.22 49.2 ± 1.13 47.8 ± 1.01

TA060 65 8.7 ± 0.15 8.1 ± 0.30 8.4 ± 0.20 9.0 ± 0.21
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the lethality of the process. On the contrary, the bacte-
ricidal effect was greater for pure monopalmitin than 
for the mixtures, indicating a possible competition in 
their mode of action. Thermal death curves for differ-
ent concentrations of monomyristin, monopalmitin and 
monostearin are shown in Fig.  3. The amount of each 
monoacylglycerol required to promote a significant 
change in the thermal resistance of the culture was much 

lower for monomyristin than for monopalmitin or mon-
ostearin. The lethality curves indicated that a concentra-
tion as low as 0.013% monomyristin could increase the 
lethality of heat treatment by a factor of 2.

For monopalmitin, a concentration higher than 0.02% 
was necessary to achieve a similar effect. In the case of 
monostearin, a smaller increase in heat lethality was 
observed at a concentration of 0.02%. On the other hand, 

Fig. 2 A Thermal death curves at 62.5 °C for S. thermophilus in RSM emulsions containing pure monoacylglycerols in the same concentrations as 
in the commercial emulsifier. pH 6.6. B Combined effect of onoacylglycerols in the thermal inactivation of S. thermophilus. (Mean of quadruplicate 
essays)

Fig. 3 Thermal death curves at 62.5 °C for S. thermophilus in RMS emulsions containing different concentration of monoacylglycerols 
A monomyristin; B monopalmitin, C monoestearin. pH 6.6. (Mean of quadruplicate essays)
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analysis of variance showed that the presence of mono-
myristin increased heat lethality significantly at concen-
trations below 0.02%. Higher concentrations increased 
the bactericidal effect to the point where no survivors 
could be detected at any time. In the case of monopal-
mitin, concentrations below 0.04% increased lethality 
progressively, and maximum lethality was achieved at a 
concentration of 0.04%. At higher concentrations, no fur-
ther changes were observed. Finally, monostearin showed 
a much smaller effect on the heat lethality. Concentra-
tions below 0.04% increased lethality faster than concen-
trations above this value.

Results confirmed that the shorter the monoacylglyc-
erol chain, the better the bactericidal effect in combina-
tion with heat treatment. Undoubtedly, the bactericidal 
effect originally observed by the presence of C.E. and 
attributed to monopalmitin, was due to the higher 
amount of this acylglycerol in C.E.

Effect of the presence of protein on the bactericidal action 
of monoacylglycerols
To determine whether the bactericidal effect of mono-
acylglycerols in combination with heat treatment was 
affected by the presence of proteins, thermal death curves 
of S. thermophilus in peptone water emulsions (PW) were 
obtained. The relationship between D values at 62.5 °C 
and monoacylglycerol concentrations in PW emulsions is 
shown in Fig.  4. It was observed that the required con-
centration of monoacylglycerols to produce a bactericidal 
synergistic effect with heat treatment was much lower in 
PW emulsions than in RSM emulsions. Trace amounts 

of monomyristin (i.e., 0.001%) reduced the D value from 
19.8  min to almost zero. For monopalmitin, the maxi-
mum effect was reached at a concentration of 0.005%. 
Concentrations above this level did not increase the 
lethality of the heat treatment significantly. With respect 
to monostearin, the maximum bactericidal effect was 
reached at a concentration of 0.02% and any subsequent 
addition of this monoacylglycerol did not increase the 
lethality of the heat treatment. These results confirmed 
the lower synergistic bactericidal effect of monostearin 
with respect to the other monoacylglycerols.

According with these observations, the concentration 
of monoacylglycerols required to increase the heat treat-
ment lethality was higher in RSM emulsions than in PW 
emulsions. These differences are attributed to the pres-
ence of milk proteins, which probably reduced the inter-
actions of monoacylglycerols with bacterial cells [21]. 
These findings contrast with those reported for monolau-
rin by Zhang et al. [22], who found that the antibacterial 
activity of monolaurin remained unchanged in the pres-
ence of protein.

Effect of pH on the synergistic effect of monoacylglycerols 
with temperature
Determination of thermal death parameters in PW 
emulsions was extremely useful because pH values 
could be adjusted to a level that was not possible to 
achieve in RSM emulsions due to casein precipitation. 
Thus, thermal death curves of S. thermophilus in PW 
emulsions at pH 6.6 and 5.5 were obtained for two dif-
ferent temperatures.

Fig. 4 Relationship between D values al 62.5 °C for S. thermophilus at different monoacylglycerols concentrations in PW emulsions, pH 6.6. (Mean of 
quadruplicate essays)
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The relationship between D values, pH and tempera-
ture is shown in Table  5. Analysis of variance showed 
that lower D values were achieved at lower pH values. 
In addition, a significant difference in D values for each 
temperature was observed.

Above results showed the synergistic effect of mono-
acylglycerols (monopalmitin, monostearin, and mono-
myristin) in combination with heat treatment. On 
the other hand, once the exact E.C. composition was 
known, it was corroborated that there were no changes 
in the heat lethality as a result of the presence of diacyl-
glycerols or fatty acids.

Addition of anhydrous milk fat or any vegetable fat 
reduced the bactericidal effect of monoacylglycerols. 
At concentrations of 15% and 30% fat content, bacte-
rial heat resistance increased significantly, which agrees 
with the protective effect of fats observed by other 
authors [1]. All studied fats had the same protective 
effect in RSM emulsions.

Observations in RSM emulsions indicated that the 
synergistic bactericidal effect was greater for pure mon-
oacylglycerols than for mixtures, indicating a possible 
competition in their mechanism of action. However, 
the monomyristin-monopalmitin-monostearin mixture 
did show a significant inhibitory effect in combination 
with heat treatment in RSM emulsions at concentra-
tions as low as 0.01% monomyristin, 0.02% monopalmi-
tin and 0.04% monostearin. These findings agree with 
those reported by Zhang et al. [7] for the combination 
of monomyristin and monolaurin, which caused cell 
lysis at high doses as a result of their combined action. 
Garcia et al. [3] also reported the bactericidal action of 
monocaprylin in combination with acetic acid, for the 
inactivation of Listeria monocytogenes.

From these results, it could be argued that the enhanc-
ing effect on the thermal inactivation of bacteria was not 
caused by a heat-enhanced heat injury of bacterial cells, 
but by a heat-enhanced chemical inactivation. That is, 
chemical inactivation by potentiation of the interaction 
of monoacylglycerols with the bacterial cell wall and 
cell membrane seems to be the most likely mechanism. 
This seems to agree with that reported by Yoon et al. [4], 
who pointed out that the lytic behavior of fatty acids and 
monoacylglycerols on the membrane derived from their 
amphipathic properties, which can lead to membrane 
destabilization and pore formation, with consequent 
inhibition of bacterial cell growth (bacteriostatic action) 
or cell death (bactericidal action).

S. thermpilus cell wall is mainly composed by C14:0 
(1.62%), C16:0 (33.68%), C16:1 (3.53%), C18:0 (12.33%), 
C18:1–9 (5.72%), C18:1–11 (24.83%), ΔC19:0 (1.34%), 
C20:0 (1.8%), C20:1 (15.13%) [23]. These researchers 
reported that the presence of oleic acid in the growth 
medium caused an increase of this fatty acid in the cell 
membrane. It can be inferred that this lactic acid bacte-
rium uses the available fatty acids to incorporate them 
into the membrane. Furthermore, Min et al. [24] demon-
strated that S. thermophylus changed the cell membrane 
fatty acid composition to adapt it and survive to heat 
treatment. Taking into account these findings, together 
with the results obtained in the present work, it could 
be argued that the bacterial effort to incorporate mono-
acylglycerols instead of free fatty acids into the cell mem-
brane could lead to a defective structure, resulting in an 
increased microbial sensitivity with the consequent death 
derived from the thermal treatment. Regarding C14 
greater effect compared with C16 and C18, this could be 
attributed to the shorter chain length, showing a higher 
reactivity as a consequence of an increased polarization 

Table 5 D values at different pH values for S. thermophilus in PW emulsions with different lipid composition, temperatures 60 °C and 
65 °C (mean of quadruplicate essays)

pH Temp (°C) PW PW + CE PW + CE + PO PW + CE + MO PW + CE + AMF PW + CE + HPKO

60 75.8 26.6 60.4 46.9 62.4 58.0

6.6 62.5 23.8 4.8 11.5 8.8 11.2 11.8

65 4.1 1.5 2.6 2.3 2.8 2.9

68 0.5 0.3 0.4 0.4 0.4 0.4

Z value 3.6 4.2 3.7 3.9 3.7 3.7

R2 0.999 0.996 1.000 0.999 0.999 0.999

60 37.1 15.8 21.7 17.3 25.6 26.2

5.5 62.5 10.4 4.7 5.3 5.4 6.0 6.9

65 1.6 1.6 1.7 1.7 1.7 1.8

68 0.7 0.4 0.4 0.5 0.5 0.5

Z value 4.8 5.1 4.9 5.3 5.1 4.7

R2 0.926 1.000 0.999 0.998 1.000 1.000
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derived from the proximity between the acid protons and 
the hydrophobic chain.

In addition, fatty acids have the potential to disrupt the 
electron transport chain by binding to electron trans-
porters or altering membrane integrity, as well as inter-
fering with oxidative phosphorylation by decreasing the 
membrane potential and proton gradient [25].

Another possible mechanism is that the fatty acids 
that are part of monoacylglycerols can directly inhibit 
enzymes present in the membrane such as glucosyltrans-
ferase, presumably because their molecular structure is 
similar to that of fatty acids, so they could also associate 
with other proteins that are part of the membrane [26]. 
Finally, an additional mechanism derives from the fact 
that monoacylglycerols are surfactant compounds. In this 
regard, Furukawa et al. [27] reported that the addition of 
a surfactant to bacterial suspensions prevents the forma-
tion of microbial clumps formed during heat treatment 
and increases the inactivation rate.

Regarding the potential application of these results in 
the food industry, it is worthy to mention that heat treat-
ments are widely used to increase the shelf life of food 
products since spoilage microorganisms are tempera-
ture sensitive and can be destroyed by the application 
of heat [28]. Technological advances in the design and 
operation of heat exchangers allow thermal processes to 
be controlled quite precisely with minimal energy loss 
[29]. However, most of the nutrients present in foods are 
affected by the application of heat, so it is common for 
nutritional deterioration to occur in thermally treated 
products. In the case of fermented dairy products, heat 
treatment aims to eliminate to a greater or lesser extent 
lactic acid bacteria, as well as yeasts and molds that are 
present as contaminants, avoiding post-acidification and 
proteolysis as a result of the metabolism of microorgan-
isms during the storage period in their shelf life [30].

Heat resistance of lactic acid bacteria is highly depend-
ent on the pH value of the medium. For example, it was 
observed that in yogurt at pH 4.55, 97.6% of thermophilic 
lactic acid bacteria were able to survive heat treatment at 
65  °C for 22  s, whereas at pH 3.82, 99.99% of the same 
bacteria were killed at the same temperature/time ratio 
[31]. However, the acidity values at which this inactiva-
tion was achieved are very low and may cause syneresis 
of the product, as well as reduce consumer acceptance 
due to taste and appearance of the product. In addition, 
given that nutrients of protein nature and water-soluble 
vitamins are affected by heat treatment [30], it is of inter-
est to consider other options that allow reducing heat 
exposure times, without the need to reach a high acidity 
content in the product.

Results obtained in this research could guide the 
answer to this problem. The enhanced effect of heat 

treatment in combination with medium and long chain 
monoacylglycerols does not require extreme reductions 
in the pH value of the product. It was shown that values 
close to neutrality (pH = 6.6) or slightly acidic (pH = 5.5) 
are sufficient to achieve a significant bactericidal effect. 
In this way, process parameters for the thermal treat-
ments could be modified as a new hurdle technology. 
Redesigning thermal processes, applied to low-fat fer-
mented products, would result in less severe treatments, 
ensuring the preservation of organoleptic characteristics 
and the decrease of nutritional deterioration. Conse-
quently, heat exchangers with smaller heat transfer areas 
and shorter holding times would be required, with a con-
siderable reduction in the costs associated to the thermal 
treatment stage of the product.

Conclusions
The enhancing effect of heat treatment with medium- 
and long-chain monoacylglycerols could be exploited 
in more than one way for the preservation of processed 
foods. Their combined use could modify the control 
parameters of heat treatments, designing them as a new 
barrier preservation technology. In this way, the results 
obtained with lactic acid bacteria could guide the rede-
sign of less severe thermal processes that would also 
extend the shelf life of low-fat fermented products, while 
helping to preserve their organoleptic characteristics and 
nutritional benefits, and reducing the costs associated 
with the heat treatment stage of the product.

Acknowledgements
The authors thank the Instituto Politécnico Nacional for providing the facilities 
to carry out this research.

Code availability
Not applicable.

Authors’ contributions
Conceptualization, L.H.‑G.; Supervision, S.L.‑S.; Writing—review & editing, 
L.H.‑G. S.L.‑S., and F.L.‑V.; Formal analysis, F.L.‑V.; Writing—original draft, L.H.‑G. 
and S.L.‑S.; Investigation, L.H.‑G.; Methodology, F.L.‑V.; Resources, S.L.‑S.; Valida‑
tion, F.L.‑V. All authors have read and agreed to the published version of the 
manuscript.

Funding
The authors thank the Secretaría de Investigación y Posgrado del Instituto 
Politécnico Nacional for the financial support number 20221164, which was 
used to purchase all consumables and materials, and the Springer Nature 
waivers team for granting the APC exemption.

Availability of data and materials
The datasets used and/or analysed during this study are also available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.



Page 9 of 9Huerta‑González et al. BMC Microbiology          (2022) 22:283  

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 3 June 2022   Accepted: 7 November 2022

References
 1. Yang R, Guan J, Sun S, Sablani SS, Tang J. Understanding water activity 

change in oil with temperature. Current Research in Food Science. 
2020;3:158–65. https:// doi. org/ 10. 1016/j. crfs. 2020. 04. 001.

 2. Aldrete‑Tapia JA, Torres JA. Enhancing the Inactivation of bacterial spores 
during pressure‑assisted thermal processing. Food Engineering Reviews. 
2020. https:// doi. org/ 10. 1007/ s12393‑ 020‑ 09252‑x.

 3. Garcia M, Amalaradjou MAR, Nair MKM, Annamalai T, Surendranath S, Lee 
S, Hoagland T, Dzurec D, Faustman C, Venkitanarayanan K. Inactivation 
of Listeria monocytogenes on frankfurters by monocaprylin alone or in 
combination with acetic acid. J Food Prot. 2007;70(7):1594–9. https:// doi. 
org/ 10. 4315/ 0362‑ 028X‑ 70.7. 1594.

 4. Yoon BK, Jackman JA, Valle‑González ER, Cho NJ. Antibacterial free fatty 
acids and monoglycerides: biological activities, experimental testing, and 
therapeutic applications. Int J Mol Sci. 2018;19(4):1114. https:// doi. org/ 10. 
3390/ ijms1 90411 14.

 5. Kozak, S.M., Brown, S.R., Bobak, Y., & D’Amico, D.J. (2018). Control of Listeria 
monocytogenes in whole milk using antimicrobials applied individually 
and in combination. Journal of Dairy Science. 2018; 101(3), 1889–1900. 
doi: https:// doi. org/ 10. 3168/ jds. 2017‑ 13648

 6. Yosief HO, Hussain SA, Sarker MI, Annous BA. Efficacy of fatty acid 
amide derivatives against listeria monocytogenes. ChemistrySelect. 
2020;5(39):12261–5. https:// doi. org/ 10. 1002/ slct. 20200 3501.

 7. Zhang, S., Xiong, J., Lou, W., Ning, Z., Zhang, D., & Yang, J. The key lethal 
effect existed in the antibacterial behavior of short, medium, and long 
chain fatty acid monoglycerides on Escherichia coli. bioRxiv. 2018; DOI: 
https:// doi. org/ 10. 1101/ 339309

 8. Sadiq S, Imran M, Habib H, Shabbir S, Ihsan A, Zafar Y, Hafeez FY. Potential 
of monolaurin based food‑grade nano‑micelles loaded with nisin Z for 
synergistic antimicrobial action against Staphylococcus aureus. LWT‑Food 
Science and Technology. 2016;71:227–33. https:// doi. org/ 10. 1016/j. lwt. 
2016. 03. 045.

 9. Deeth, H.C. Lipases from milk and other sources. In: Kelly A.L., Larsen L.B. 
(eds) Agents of Change. Food Engineering Series. Springer, Cham. 2021; 
p. 8–10; doi:https:// doi. org/ 10. 1007/ 978‑3‑ 030‑ 55482‑8_ 10

 10. García‑Cano I, Rocha‑Mendoza D, Ortega‑Anaya J, Wang K, Kosmerl E, 
Jiménez‑Flores R. Lactic acid bacteria isolated from dairy products as 
potential producers of lipolytic, proteolytic and antibacterial proteins. 
Appl Microbiol Biotechnol. 2019;103(13):5243–57. https:// doi. org/ 10. 
1007/ s00253‑ 019‑ 09844‑6.

 11. Lewis, M.J., & Deeth, H.C. Heat treatment of milk. In: Milk Processing and 
Quality Management. Edit. by Adrian Y. Tamine. Society of Dairy Technol‑
ogy series. Blackwell Publishing, Ltd. United Kingdom. 2009.

 12. Tamime, A.Y., & Robinson, R. K. Tamime and Robinson’s Yoghurt, Science 
and Technology. 3er ed. Woodhead Publishing. Series in Food Science, 
Technology and Nutrition. Washington, DC. 2007.

 13. Nagendra PS. Yogurt in Health and Disease Prevention. Elsevier, London, 
United Kingdom: Academic Press; 2017.

 14. Voidarou C, Antoniadou Μ, Rozos G, Tzora A, Skoufos I, Varzakas T, Lagiou 
A, Bezirtzoglou E. Fermentative foods: microbiology, biochemistry, poten‑
tial human health benefits and public health issues. Foods. 2021;10(1):69. 
https:// doi. org/ 10. 3390/ foods 10010 069.

 15. Zheng J, Wittouck S, Salvetti E, et al. A taxonomic note on the genus Lac‑
tobacillus: Description of 23 novel genera, emended description of the 
genus Lactobacillus Beijerink 1901, and union of Lactobacillaceae and 
Leuconostocaceae. International Journal of Systematic Evolution Microbi‑
ology. 2020;70(4):2782–858. https:// doi. org/ 10. 1099/ ijsem.0. 004107.

 16. Schultz S, Wagner G, Urban K, Ulrich J. High‑pressure homogenization 
as a process for emulsion formation. Chemical Engineering Technology. 
2004;27(4):361–8. https:// doi. org/ 10. 1002/ ceat. 20040 6111.

 17. Robinson, R.K., Tamine, A.Y., & Wszolek, M. Microbiology of fermented 
milks. In: Dairy Microbiology Handbook: The Microbiology of Milk and 
Milk Products. John Wiley and Sons, Inc. New York. 2002.

 18. Reveron IM, Barreiro JA, Sandoval AJ. Thermal death characteristics of 
Lactobacillus paracasei and Aspergillus niger in Pilsen beer. J Food Eng. 
2005;66:239–43.

 19. Shearer AEH, Mazzotta AS, Chuyate R, Gombas DE. Heat resistance of 
juice spoilage microorganisms. J Food Prot. 2002;65(8):1271–5. https:// 
doi. org/ 10. 4315/ 0362‑ 028x‑ 65.8. 1271.

 20. Alonso‑Calleja C, Carballo J, Capita R, Bernardo A, García‑López ML. Evalu‑
ation of the spiral plating method for the enumeration of microorgan‑
isms throughout the manufacturing and ripening of a raw goat´s milk 
cheese. J Food Prot. 2002;65(2):339–44. https:// doi. org/ 10. 4315/ 0362‑ 
028X‑ 65.2. 339.

 21. Glass KA, Johnson EA. Antagonistic effect of fat on the antibotulinal activ‑
ity of food preservatives and fatty acids. Food Microbiol. 2004;21(6):675–
82. https:// doi. org/ 10. 1016/j. fm. 2004. 03. 002.

 22. Zhang H, Wei H, Cui Y, Zhao G, Feng F. Antibacterial Interactions of Mon‑
olaurin with Commonly Used Antimicrobials and Food Components. J 
Food Sci. 2009;74(7):M418–21. https:// doi. org/ 10. 1111/j. 1750‑ 3841. 2009. 
01300.

 23. Beal C, Fonseca F, Corrieu G. Resistance to freezing and frozen storage of 
Streptococcus thermophilus is related to membrane fatty acid composi‑
tion. J Dairy Sci. 2001;84(11):2347–56.

 24. Min B, Kim K, Li V, Cho S, Kim H. Changes in cell membrane fatty acid 
composition of Streptococcus thermophilus in response to gradually 
increasing heat temperature. J Microbiol Biotechnol. 2020;30(5):739–48.

 25. Garrett, R.H., & Grisham, C.M. Biochemistry, 6th Edition. CENCAGE Learn‑
ing, Boston, U.S.A. 2021. https:// www. bioch emist rynot es. com. ng/ 2021/ 
09/ bioch emist ry‑ sixth‑ editi on‑ regin ald‑h. html

 26. Desbois AP, Smith VJ. Antibacterial free fatty acids: activities, mecha‑
nisms of action and biotechnological potential. Applied Microbiol‑
ogy Biotechnology. 2010;2010(85):1629–42. https:// doi. org/ 10. 1007/ 
s00253‑ 009‑ 2355‑3.

 27. Furukawa S, Narisawa N, Watanabe T, Kawarai T, Myozen K, Okazaki S, 
Ogihara H, Yamasaki M. Formation of the spore clumps during heat 
treatment increases the heat resistance of bacterial spores. Int J Food 
Microbiol. 2005;102(1):107–11. https:// doi. org/ 10. 1016/j. ijfoo dmicro. 2004. 
12. 004.

 28. Assefa, B. The effect of different heat treatment on the nutritional value of 
milk and milk products and shelf‑life of milk products. A review. Dairy and 
Veterinary Sciences Journal. 2019; 11(5): 555822. doi: https:// doi. org/ 10. 
19080/ JDVS. 2019. 11. 555822

 29. Gillelanden, C., Sudberg, M.E., Birlouet, B. & Svane, C. Process for produc‑
ing a heat‑treated fermented milk product. World Intellectual Property 
Organization. 2018. International Publication Number: WO2018/041869 
A1.

 30. Kayanush JA, Olson DW. A 100‑Year Review: Yogurt and other cultured 
dairy products. J Dairy Sci. 2017;100:9987–10013. https:// doi. org/ 10. 3168/ 
jds. 2017‑ 12981.

 31. Puhan, Z. Heat treatment of cultured dairy products. Journal of Food 
Protection. 1979; Vol. 42, No. II, Pages 890–894.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.crfs.2020.04.001
https://doi.org/10.1007/s12393-020-09252-x
https://doi.org/10.4315/0362-028X-70.7.1594
https://doi.org/10.4315/0362-028X-70.7.1594
https://doi.org/10.3390/ijms19041114
https://doi.org/10.3390/ijms19041114
https://doi.org/10.3168/jds.2017-13648
https://doi.org/10.1002/slct.202003501
https://doi.org/10.1101/339309
https://doi.org/10.1016/j.lwt.2016.03.045
https://doi.org/10.1016/j.lwt.2016.03.045
https://doi.org/10.1007/978-3-030-55482-8_10
https://doi.org/10.1007/s00253-019-09844-6
https://doi.org/10.1007/s00253-019-09844-6
https://doi.org/10.3390/foods10010069
https://doi.org/10.1099/ijsem.0.004107
https://doi.org/10.1002/ceat.200406111
https://doi.org/10.4315/0362-028x-65.8.1271
https://doi.org/10.4315/0362-028x-65.8.1271
https://doi.org/10.4315/0362-028X-65.2.339
https://doi.org/10.4315/0362-028X-65.2.339
https://doi.org/10.1016/j.fm.2004.03.002
https://doi.org/10.1111/j.1750-3841.2009.01300
https://doi.org/10.1111/j.1750-3841.2009.01300
https://www.biochemistrynotes.com.ng/2021/09/biochemistry-sixth-edition-reginald-h.html
https://www.biochemistrynotes.com.ng/2021/09/biochemistry-sixth-edition-reginald-h.html
https://doi.org/10.1007/s00253-009-2355-3
https://doi.org/10.1007/s00253-009-2355-3
https://doi.org/10.1016/j.ijfoodmicro.2004.12.004
https://doi.org/10.1016/j.ijfoodmicro.2004.12.004
https://doi.org/10.19080/JDVS.2019.11.555822
https://doi.org/10.19080/JDVS.2019.11.555822
https://doi.org/10.3168/jds.2017-12981
https://doi.org/10.3168/jds.2017-12981

	The potential use of acylglycerols on the thermal inactivation of lactic acid bacteria for the manufacture of long-life fermented products
	Abstract 
	Introduction
	Materials and methods
	Strains and materials
	Preparation of emulsions
	Inoculation of emulsions
	Determination of thermal death parameters of lactic acid bacteria (LAB)
	Enumeration of survivors

	Results and discussion
	Thermal death parameters of LAB species in RSM emulsions
	Thermal death parameters of S. thermophilus at different temperatures
	Influence of the bacterial strain used for the thermal experiments
	Emulsions containing different monoacylglycerol concentration
	Effect of the presence of protein on the bactericidal action of monoacylglycerols
	Effect of pH on the synergistic effect of monoacylglycerols with temperature

	Conclusions
	Acknowledgements
	References


