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Acidophilic lactic acid bacteria (LAB) are the most commonly used low-pH microorganisms in the healthcare,
pharmaceutical, and food industries.
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| 1. Their Utilization in Fermentation Technology as Starter Cultures

The preservation of foods by fermentation is an ancient, widely practiced method. Fermentation increases the shelf life
and microbiological safety of a food [, Fermentation also yields new products.

The production of these foods in the past was traditional and secretive due to the long history of fermented foods. Today,
fermentation is carried out under controlled conditions with strains that have been carefully chosen [&. Traditionally,
fermentation was carried out by inoculation from the previous batch. However, at present, there are starter cultures for
fermentation, thus standardizing the process and product quality.

LAB play a role in the fermentation processes of milk, meat, grains and vegetables owing to their metabolic properties .
However, the optimum pH for the growth of most LAB is close to neutral. Therefore, it should be noted that most LAB are
neutrophilic. However, some bacterial species, such as Lactobacillus and Oenococcus, show more acidophilic behavior
[, | actobacilli are usually aciduric or acidophilic. These microorganisms are also strictly fermentative, oxygen-tolerant or
anaerobic and have complex nutritional requirements, including carbohydrates, amino acids, peptides, fatty acid esters,
salts, nucleic acid derivatives and vitamins 4.

LAB are also significant in animal foods. In the past, straw was used to store grass for use as animal feed. At present,
animal feed preserves more nutrients when converted into silage. This process was only made possible when the
fermentation of lactic acid bacteria was understood [, In this way, acidophilic LAB are used as a starter culture in the
production of food.

Lactobacillus delbrueckii subsp. Bulgaricus, used as a starter culture, is an important Lactobacilli. This microorganism is a
Gram-positive rod, non-motile, and does not form spores. It is considered either aciduric or acidophilic. It requires a low
pH (approximately 5.4-4.6) to grow effectively in the optimum temperature range from 43 to 46 °C . [actobacillus
delbrueckii subsp. bulgaricus is widely used together with Streptococcus thermophilus as a starter culture in yogurt
production €. However, studies have shown that a wide variety of LAB have been isolated. Aslam and Qazi (2010)
isolated Lactobacillus delbrueckii subsp. bulgaricus, Lacticaseibacillus casei, Lactobacillus acidophilus and
Ligilactobacillus salivarius from local yogurts in their study and reported that they have high acid tolerance properties .
Similarly, Latilactobacillus sakei is a species of microorganism from the same family, which is a facultative
heterofermentative that can produce alcohol or lactic acid from sugars. It is used as a starter culture in meat products &,
For instance, the genus Lactobacillus, which is frequently found in meat and processed food, as well as different
fermented food products, includes the species Lactiplantibacillus plantarum. Sauerkraut, pickles, pickled olives, Korean
kimchi, Nigerian ogis, sourdough and some cheeses, fermented sausages, and pickled olives contain Lactiplantibacillus
plantarum. A homofermentative genus of LAB is called Lactococcus. They can be modified by changing environmental
factors such as pH, glucose concentration, and nutrient limitations due to their homofermentative nature. They are a
Gram-positive, catalase-negative, dormant cocci in single, double or chain forms El. These organisms are widely used in
the dairy industry in the production of fermented milk products such as cheese. They can be used in starter cultures with
single strains or mixed strains with other LAB, such as Lactobacillus and Streptococcus. Lactococcus lactis and its
subspecies lactis and cremoris are important starter cultures in industrial dairy fermentation (&I,

Another LAB, the Weissella species, has been isolated from a wide range of habitats, including milk, vegetables, and
different fermented foods such as European sourdoughs and traditional Asian and African fermented foods [, Important



species of acidophilic and aciduric LAB, along with the food sources from which they were obtained, are shown in Table
1.

Table 1. Important species of acidophilic and aciduric LAB with the food sources (adapted from the references 191,

Microorganism Food in Which it is isolated/Used
Lactobacillus delbrueckii subsp. bulgaricus
Ligilactobacillus acidipiscis
Lactobacillus acidophilus
Lactobacillus delbrueckii subsp. lactis
Levilactobacillus brevis
Lacticaseibacillus casei
Lactiplantibacillus plantarum
Loigolactobacillus coryniformis subsp. coryniformis
Dairy products
Lactobacillus helveticus
Levilactobacillus parabrevis
Lacticaseibacillus paracasei subsp. paracasei
Lactiplantibacillus pentosus
Lactiplantibacillus plantarum subsp. plantarum
Weissella hellenica
Weisella paramesenteroides
Weisella confusa
Lactobacillus helveticus
Lacticaseibacillus casei
Probiotic Dairy Products
Lacticaseibacillus rhamnosus
Limosilactobacillus reuteri
Lactiplantibacillus plantarum Sauerkraut
Lactiplantibacillus plantarum
Companilactobacillus alimentarius
Latilactobacillus curvatus subps. curvatus
Lapidilactobacillus dextrinicus
Lacticaseibacillus paracasei subsp. paracasei
Lactiplantibacillus plantarum subsp. plantarum Meat, Meat Products
Latilactobacillus sakei subsp. sakei
Weisella hellenica
Weisella viridescens
Weisella paramesenteroides

Weisella confusa



Microorganism Food in Which it is isolated/Used
Lactobacillus acetotolerans

Levilactobacillus brevis

Lactobacillus acidophilus

Schileiferilactobacillus harbinensis

Lactobacillus helveticus

Companilactobacillus kimchii Vegetables
Lentilactobacillus kisonensis

Levilactobacillus parabrevis

Lactiplantibacillus plantarum subsp. plantarum

Weisella paramesenteroides

Weisella confusa

Levilactobacillus acidifarinae

Lactobacillus amylolyticus

Lactobacillus amylovorus

Lentilactobacillus parabuchneri

Lactobacillus crispatus

Limosilactobacillus fermentum

Companilactobacillus crustorum

Lactobacillus gasseri

Levilactobacillus hammesii Sourdough
Fructilactobacillus fructivorans

Lactobacillus jensenii

Lactobacillus johnsonii

Lacticaseibacillus manihotivorans

Companilactobacillus mindensis

Limosilactobacillus mucosae

Weisella cibaria

Weisella confusa

Ligilactobacillus acidipiscis

Companilactobacillus alimentarius

Fish
Companilactobacillus farciminis
Weisella thailandensis
Lentilactobacillus parabuchneri
Lentilactobacillus hilgardii
Wine

Liquorilactobacillus oeni

Lactiplantibacillus pentosus



Microorganism Food in Which it is isolated/Used
Liquorilactobacillus cacaonum

Lactiplantibacillus fabifermentans
Cocoa
Liquorilactobacillus ghanensis

Liquorilactobacillus nagelii
Secundilactobacillus collinoides

Liquorilactobacillus mali
Fruits
Lactiplantibacillus pentosus

Paucilactobacillus suebicus

Agrilactobacillus composti

Fructilactobacillus fructivorans

Liquorilactobacillus hordei Beverages
Latilactobacillus sakei subsp. sakeii

Liquorilactobacillus mali

Lentilactobacillus diolivorans
Cereals
Limosilactobacillus frumenti

Companilactobacillus farciminis Soy

| 2. Food Safety and Stability Issues

In traditional fermented food production, the food is produced by inoculating the fermented food that is produced
beforehand. However, this situation is mostly valid for home-type food production at present. One of the important steps to
ensure food safety and stabilization in large-scale, standard fermented food production is the use of starter cultures.
Acidophilic—aciduric microorganisms are also involved in various production processes for fermented foods. In this
situation, acidophilic LAB are used as a starter culture for several purposes. Producing fermented dairy products such as
meat, fish, fruit, vegetable, and cereal products is the major objective of the usage of acidophilic LAB. Another objective is
to enhance the nutritional value, flavor, and texture of fermented foods by producing flavor compounds. In this regard, the
maturation process is very significant. The most prevalent acidophilic LAB identified in ripened cheeses are Pediococcus
acidilactici and Pediococcus pentosaceus 12, Despite not being a starter, acidophilic LAB can be isolated from many
foods. For example, nonstarter Lacticaseibacillus casei, which has a wide pH and temperature range, can be found in ripe
cheddar cheese and Sicilian green olives &I

In addition, another purpose of the use of acidophilic LAB, which is used as a starter culture, is the support of food
hygiene. The majority of acidophilic LAB live independently of any host species, are not pathogenic, and produce no
products that are toxic or unpleasant to humans. Therefore, people can consume fermented foods formed by the growth
of acidophilic LAB. The reducing conditions provided by these bacteria and low-pH habitats with high concentrations of
fermented acids can inhibit the growth of many bacteria [2l13l. For example, they have been reported to inhibit the growth
of Listeria monocytogenes and Escherichia coli O157:H7 in the processed meat products from which Latilactobacillus
sakei is isolated (&,

It is clear that the fermentation process used by acidophilic LAB improves food flavor, aroma, and hygiene. It should be
noted that some acidophilic and aciduric microorganisms contribute to food spoilage. Bacillus coagulans, a
microaerophilic, slightly acidophilic, and heat-tolerant species, was isolated from spoiled canned milk and first described in
1915. This microorganism is highly suitable for development in acidic food due to its acidophilic nature. Moreover, it has
been isolated from this type of food and is usually identified as the cause of spoilage in dairy products, vegetables, and
fruits. High levels of lactic acid are produced as a result of this type of degradation 4. Bacillus coagulans is also a
thermophile, but differs from Geobacillus stearothermophilus (previously Bacillus stearothermophilus) as it can grow at pH
values below 4.0 8. During deterioration, it causes the product to become tasteless and sour. Generally speaking,
Bacillus coagulans has caused significant economic losses for the food industry due to flat-sour spoilage in canned foods
(18] similarly, Alicyclobacillus acidoterrestris is an obligate acidophilic that grows optimally at pH 3.5-4.0 and has a pH of



2.5-5.5 for growth. Alicyclobacillus is the only spore-producing acidophilic genus that has been described as a cause of
spoilage at these pH values to date B!, Alicyclobacillus acidoterrestris spores are generally more heat resistant than other
acidophilic spore formers and cause the spoilage of processed fruit and vegetable juices and concentrates LA18 Some
species in the genus Alicyclobacillus have greater perishability as they can produce large amounts of guaiacol, which
negatively affects the odor of the product 2. In addition, butyric anaerobes, Clostridium butyricum, Clostridium beijerinckii
and Clostridium pasteurianum, which cause spoilage in low-acid canned foods, are generally associated with the spoilage
of products with pH values between 3.9 and 4.5 [2],

In conclusion, acidophilic microorganisms can often result in losses, food deterioration, and changes in food stability.
These different acidophilic and aciduric microorganism states occupy different places on the benefit-harm axis. The
importance of using acidophilic LAB as a starter culture in the production of fermented foods, in the development of new
foods, and in the formation of the texture, taste, aroma and odor of products, is indisputable. Moreover, they improve food
hygiene by limiting other microbial species’ ability to reproduce by balancing the pH of the food. In acidic food production
lines, where production hygiene and processes are taken into consideration, the hazards produced by acidophilic LAB can
be minimized, ensuring that the negative impacts of these microorganisms on food safety and stability do not occur.

3. Effects of Acidophilic Lactic Acid Bacteria on the Nutritional Value of
Foods

It is known that acidophilic LAB are generally used in the production of fermented products. In this regard, the expected
benefits and effects of the fermentation process can often be evaluated as the benefits provided by acidophilic LAB.

The most important output of the fermentation process is the production of organic acids. These organic acids (lactic acid,
acetic acid, formic acid, propionic acid) are important food preservatives 9. The antagonistic activity of acidophilic LAB
against other microorganisms is due to the metabolites they produce, such as bacteriocin 29, Thus, acidophilic LAB
provide hygienic conditions by preventing and even eliminating food pathogens 111, since acidophilic LAB are used as
bioprotective cultures 21, Acidophilic LAB provide hygienic and organoleptic benefits, especially in fermented foods such
as yogurt, wine and cheese 22, |In addition to its known benefits, acidophilic LAB can bind heavy metals in the water and
environmental matrix. This is especially useful in the aquaculture industry 19,

Moreover, acidophilic LAB are used in the production of probiotic foods, which plays a critical role in maintaining human
health. Due to their potential benefits as probiotics, the acidophilic Lactobacillus species are the most commonly used
group of microorganisms within the LAB group 23!, Acidophilic LAB are also important because of the antimicrobial and
antifungal substances they produce. Thus, they also reduce the formation of mycotoxins. In addition, it is possible to
increase the bioavailability of grain-based products by fermentation with the fermentation activities of LAB 24, It is
possible to obtain healthier, more delicious and innovative products with the lactic acid fermentation of legumes 22, The
benefits of the fermented product produced by acidophilic LAB fermentation of soy milk, whose consumption has
increased in recent years, are also emphasized. Various enhanced health benefits of this fermented product have also
been reported, including bioactive compounds, enhanced nutritional values, and antihypertensive, antioxidant,
antidiabetic, anticancer, and hypocholesterolemic effects (28], It was also reported that the soluble dietary fiber, total
polyphenol content and organic acid levels of potatoes increased at the end of the fermentation process of sweet potatoes
using acidophilic LAB &, It is also known that many intestinal and urinary pathogenic bacteria are inhibited by the
antagonistic activity of these microorganisms . Furthermore, certain strains of the important acidophilus Lactobacillus
acidophilus have been found to absorb cholesterol in the intestines 231, It has also been reported that LAB’s dominance in
the gut microbiota may be one of the ways to treat obesity [28],

In general, acidophilic—aciduric microorganisms affect the nutritional value of foods, both by preserving the food and its
positive effects on human health. Specifically, with the use of acidophilic LAB as a starter culture in foods, it is stated that
aroma, taste, texture, odor, and beneficial microorganism growth increase, while preservatives, artificial sweeteners,
sucrose, lactose, oil and contaminants decrease in food 9. Although many food-preserving processes and substances
have been developed in advanced food production techniques, the conditions provided by fermentation are essential for
ensuring the shelf life and microbiological safety of products (. Figure 1 shows the effects of low-pH microorganisms on
the nutritional values and safety of foods.
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Figure 1. The effects of low-pH microorganisms on the nutritional value and safety of foods.
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