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Abstract 
Lactobionic acid is a sugar acid. It is a disaccharide formed from gluconic acid and galactose. It can be 
formed by oxidation of lactose. The carboxylate anion of lactobionic acid is known as lactobionate. 
Lactobionate (LBA) is a bionic acid that occurs naturally in foods. As an antioxidant, chelator, and 
moisturiser, the compound has a long list of established benefits. As a result, this study discusses 
existing LBA production processes, general applications and regulations, potential prospects, and an 
overview of the difficulties the food industry faces in incorporating the acid into their products. 
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Introduction 
Lactobionic acid (LBA) is an aldobionic acid with nine free hydroxyl groups that is made up 
of gluconic acid bonded to galactose. This configuration confers antioxidant, antimicrobial, 
moisturising, and chelating properties to the LBA (Alonso, Rendueles, & Daz, 2013; Illanes 
et al., 2016; Saha, Sasmal, Alam, & Das, 2014) [1, 2, 3]. Among these, the antioxidant and 
humectants potentials were tested in cosmetic studies (Tasic-Kostov et al., 2012) [4], 
however, no literature has been found on these properties in pure LBA. 
The oxidation of lactose with specific enzymes or microorganisms as biocatalysts is used in 
the biocatalytic processing of LBA. The general reaction mechanism (Nakano, Kiryu, Kiso, 
& Murakami, 2010) [5] involves the formation of lactobionic-lactone as an intermediate 
product, which is then hydrolyzed to lactobionic acid. 
Because of its antioxidant, chelating, and humectant properties, LBA (4-Ob-D-
galactopyranosyl-D-gluconic acid; C;FW 358.30 Da; pKa3.8) has a lot of potential as a food 
and pharmaceutical ingredient (Playne & Crittenden, 2009) [6]. 
LBA has also been reported as an acidulant in dairy gels (Ribeiro et al., 2016) [34]; it can 
inhibit the growth of L. monocytogenes when combined with nisin and thymol (Chen & 
Zhong, 2017) [7]; and it can act as a cryoprotectant of proteins (Ribeiro et al., 2016) [34]. 
(Misugi et al., 2017). Furthermore, its chelating property was confirmed by titration with 
copper ions and UV–VIS changes in the LBA-iron (III) complex (Isaacson, Salem, 
Shepherd, & Van Thiel, 1989) [8]. 
In this context, the current review discusses recent advances in lactobionate bio-production 
through enzymatic or microbial biosynthesis, electrochemical oxidation, and current new 
trends in lactobionate application in the food industry. 
 
Production method of Lactobionate  
The oxidation of the free aldehyde group of glucose to the carboxylic group on the lactose 
molecule is needed for the preferential conversion of lactose to lactobionate. For the 
production of lactobionic acid, many processes have been studied, including biocatalytic, 
electrochemical, and heterogeneous catalytic oxidations. 
Lactose is oxidised by particular enzymes or by using microorganisms as biocatalysts in the 
biocatalytic processing of lactobionic acid. The general reaction mechanism includes the 
formation of lactobionic-d-lactone, which is hydrolyzed to lactobionic acid as an 
intermediate product (Nakano et al., 2010) [5].  
Lactobionic acid is produced by Pseudomonas species through the lactose oxidation 
pathway, in which a membrane bound dehydrogenase enzyme first catalyses the oxidation of 
lactose to a lactone intermediate (lactobionic-d-lactone), which is then hydrolyzed (its 
carbonyl group) by a lactonase to produce lactobionic acid (Alonso et al 2012; Nishizuka 
and Hayaishi, 1962) [11, 10]. 
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Enzymatic catalysis produces more lactobionic acid, yields, 
and productivities than microbial fermentation, but enzymes 
are more susceptible to degradation in the enzymatic 
development method (Nordkvist et al., 2007) [12].  
Lactose oxidising enzymes such as glucose fructose 
dehydrogenase, cellobiose dehydrogenase (Van Hecke et 
al., 2009) [13], and carbohydrate oxidase (Gutiérrez et al., 
2012) [22] have been used to produce lactobionic acid, but 
technical challenges include coenzyme regeneration and 
enzyme inactivation, which is primarily caused by the 
formation of H2O, which must to be reduced, by the 
addition of catalase (Hua et al., 2007) [15]. 
Other bacteria, such as Pseudomonas mucidolens, 
Pseudomonas myxogenes, and Pseudomonas fluorescens, 
were also capable of producing bionic acids from lactose, as 
well as maltose and isomaltose as carbon sources, indicating 
that LBA development has a bright future (Alonso, 
Rendueles, & Diaz, 2011; Goderska, Szwengiel, & 
Czarnecki, 2014; Sternberg & Lockwood, 1969) [11, 18, 17]. 
The importance of Pseudomonas species as the key bionic 
producer microorganisms was highlighted in research 
studies by Kluyver et al. (1951) [19] and Stodola and 
Lockwood (1947) [20]. P. mucidolens, P. myxogenes, and P. 
fluorescens strains have been found to be capable of directly 
oxidising lactose without the need for prior hydrolysis or 
phosphorolysis. Pseudomonas taetrolens (formerly known 
as P. graveolens) displayed the highest oxidative abilty, with 
a yield of 75% in shake-flask culture after 165 h (Stodola 
and Lockwood, 1947) [20].  
In addition, a red algae has been discovered to be capable of 
oxidising a variety of carbohydrates at an optimum pH of 
5.0 (Murakami et al., 2003; Alonso et al., 2011) [21, 18].  
Electrolytic oxidation processes have also been used to 
make lactobionic acid. Gutiérrez et al. (2012) [50] found that 
electro-catalytic oxidation of lactose on noble metal 
electrodes (platinum, platinum-modified, and gold 
electrodes) in alkaline media would produce high yields 
(>90%) and selectivities (100%) against lactobionic acid. 
Electrolytic oxidation methods have also been used to make 
LBA. Isbell (1934) [24] used graphite electrodes to 
electrochemically oxidise lactose in the presence of bromine 
and calcium carbonate to create calcium lactobionate. 
Magariello and Islip (1956) [23] improved this process by 
patenting a method for producing large amounts of LBA 
(yield w98%) by electrolytic oxidation of lactose with 
graphite electrodes, iodine or bromine as catalysts, and an 
alkaline solution to keep the pH above 5.2. Since then, there 
has been little research into the electrochemical processing 
of LBA, and only a few papers have been written (Aoun et 
al., 2003; Dutta & Basu, 1979; Kokoh & Alonso-Vante, 
2006) [27, 26, 25]. 
Hendriks et al. (1990) [28] were the first to successfully 
produce lactobionic acid by heterogeneous catalytic 
oxidation of lactose on palladium and bismuth-palladium 
supported catalysts. Funded gold nanoparticles have shown 
exceptional activity and selectivity in the oxidation of 
carbohydrates (Belkacemi et al., 2007; Murzina et al., 2008; 
Gutiérrez et al., 2012) [29, 30, 50]. Gold catalysts have shown 
strong stability against over oxidation. 
  
Lactobionate is a substance which is used in the food 
industry 
The food industry has great interest or attention to the use of 
lactobionic acid as a food additive in the last years as 

calcium carrier, acidifier agent, antioxidant. The dairy field 
has been currently involved in the implementation and 
development of new production methods inclusive 
lactobionic acid as one of the main compounds in new dairy 
gaining technologies (Merrill & Singh, 2011).  
As a natural source of LBA, we can mention the Caspian 
Sea Yogurt, which has similar characteristics to a Kefir and 
is highly consumed in Japan. The daily consumption of 
around 100 g of this yogurt by individuals would indicate a 
consumption of approximately 1g/person/year of LBA 
Kiryu et al., 2009 [32]. 
Lactobionic acid provides extra functional properties and 
sensory attributes through the reduction of undesirable 
Maillard browning in cooking products (Merrill and Singh, 
2011), and also used as a flavor enhancer for foods or 
beverages (Walter and Begli, 2011). 
Rheological properties, effects on the mobility of sodium, 
and odor characteristics of dairy gels acidified with LBA 
were attributes investigated by Ribeiro et al. (2016) [34]. 
LBA showed to be an efficient acidifier in dairy products 
that need a gelation step. The results were compared to 
those obtained using glucono delta-lactone (GDL), an 
acidulant regularly applied in dairy foods. 
A study of the combined antimicrobial effect of LBA, nisin, 
and thymol in tryptic soy broth, 2% reduced-fat milk and 
whole  milk (Chen & Zhong, 2017) [35] pointed out that the 
acid increases the synergistic effect between nisin and 
thymol against L. monocytogenes but cannot achieve the 
same result with Escherichia coli as antimicrobial (Chen & 
Zhong, 2017) [35].  
In cheese and yogurt production LBA presents potential in 
the reduction of souring time and preservation of aroma, 
including the power to mask off-flavors (Kiryu et al., 2009; 
Ribeiro et al., 2016) [32, 34]. Kiryu et al. (2009) [36] fermented 
cow’s milk to “Caspian Sea yogurt” with A. orientalis cells. 
These exhibited lactose-oxidizing activity, suggesting that 
this bacterium was primarily responsible for the LBA 
production in the yogurt. 
Equally important in novel nondairy beverages, milk-based 
beverages and cheeses containing calcium lactobionate have 
been recently developed to provide a valuable approach for 
calcium supplementation (Nielsen, 2007; Nielsen and 
Hoeier, 2009) [38, 37].  
Lactobionic acid containing functional milk, which may 
help to combat calcium deficiency, has been launched into 
the food market by ‘Megmilk Snow’, a well-known 
Japanese dairy company (Megmilk Snow, 2012) [39]. 
As a cosmetic ingredient, lactobionic acid offers multiple 
benefits for the therapeutic treatment of dermatological 
pathologies such as atopic dermatitis and rosacea (Briden 
and Green, 2006) [40] or can even be employed in antiacne 
treatments (Decker and Graber, 2012). 
In addition to lactobionic acid antioxidant role, it also 
exhibits strong moisturizing, exfoliate and humectant, 
showing antiaging effects, including skin plumping and 
smoothing of surface topography with diminished 
appearance of fine lines and wrinkles (Green et al., 2006; 
Tasic-Kostov et al., 2010) [41, 42]. 
The use of lactobionic acid as a food additive has also 
received growing attention from the food industry in recent 
years. Lactobionic acid can serve as an antioxidant, 
stabilizer or gelling agent in dessert products (FDA, 2011) 

[43], an acidifier agent in fermented milk products 
(Faergemand et al., 2012) [44], an aging inhibitor for bread 
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(Oe and Kimura, 2011). Additionally, lactobionic acid has 
been proposed as a technological feed additive for laying 
hens to improve egg shell qualities by boosting calcium 
absorption (Kimura, 2006) [45]. 
Baldwin et al., (2004) [47] have also devised an antioxidant 
composition containing lactobionic acid and siderophores as 
key elements for retarding lipid oxidation in food products. 
Lactobionic acid act as a water holding capacity agent in 
meat products submitted to thawing and/or cooking 
processes has been recently reported for the first time, 
resulting in higher industrial product yields and water 
content after treating meat products with lactobionic acid 
(Nielsen, 2009) [37]. 
Lactobionic acid is used in the chemical industry as a sugar 
based surfactant in biodegradable detergents. Its iron 
chelating and emulsifying properties have suggested its 
potential use in many industrial operations, use as an 
important starting chemical for manufacturing detergents 
(Bize et al., 2010) [48].  
Numbers of lactobionic acid based surfactants has been 
currently developed as biodegradable surfactants with 
improved surface and performance properties (Oskarsson et 
al., 2007) [49]. 
It does not have a specific colour, flavour or aroma, besides 
product has primarily antibacterial functions at small doses. 
Food and Drug Administration (FDA) has already approved 
the usage of calcium lactobionate as food additive, but the 
agreement by the European Food Safety Authority (EFSA) 
is still unsolved, because of the deficiency of the long term 
influence assessment of lactobionic acid on human health 
(Gutiérrez, Hamoudi, & Belkacemi, 2012) [50]. 
In addition, this compound as a feed additive has been 
suggested for laying hens, promoting the absorption of 
calcium and raising the quality of egg shell (Kimura, 2006) 

[45]. An antioxidant mixture containing lactobionic acid has 
been invented for reducing lipid oxidation in products 
(Baldwin et al., 2004) [47].  
 
Conclusion 
Lactobionate is a lactose oxidation compound with 
antioxidant, chelating, humectant, and emulsifying 
properties that could be useful in the food and chemical 
industries. Lactobionate can play an important role in 
functional and nutraceutical foods in the coming year. One 
of the most promising contributions to milk by-products was 
the invention of transformation processes to generate high-
value lactose derivatives. 
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