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Abstract
Lactose is a unique disaccharide that exists in mammal’s milk, being synthesized from galactose and glucose in the mammary
gland. It presents in three anomeric forms: monohydrate α-lactose, anhydrous β-lactose, and amorphous lactose. Lactoseis
used as a source for many lactose derivatives like lactulose, lactitol, galacto-oligosacchrides and lactobionic acid. Lactose
derivatives can be obtained through different processes including isomerization, oxidation,electrochemical and
biotechnological (biocatalytic–microbial and enzymatic) processes. Lactose derivatives can be applied in a wide range of
dairy, non-dairy as a stabilizer, gelling agent, antioxidant, aging inhibitor and emulsifier. Pharmaceuticals applications for
many health disorders such as hepatic encephalopathy, constipation, diabetes, hepatic malignancy and obesity have been
reported. In this review, we will focus on lactose derivatives, their properties, method of preparation and applications in the
food and pharmaceutical industries.
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1. Introduction
Before the 17th century, milk was stated to be
composed of three components, curd, fat and whey.
In 1633, lactose was discovered in milk, and isolated
as “essential salt without nitrogen” from whey. In
1688, it was isolated from evaporated whey and
purified by recrystallization [1]. During the 18th
century, lactose became a commercial commodity.
However, during early 20th century, the basis for
current information about lactose was laid,
particularly concerning the chemistry and molecular
structure for understanding of the properties and
utility of this unique sugar [2]. Lactose can be found
in dairy products in two crystalline forms, α-hydrate
and β-anhydride, and non-crystalline "glass" mixture
of α- and β-forms in the same ratio. Lactose solutions
can be highly supersaturated before spontaneous
crystallization develops. Finally, Lactose can simply
be extracted from milk or whey in pure form, and

utilized as an ingredient in nutrition, food and
pharmaceutical applications [3].
Lactose can have an important effect on a variety
of dairy products; for example, it is important in
fermentation by lactic acid bacteria in the preparation
of yoghurt and many other dairy products coagulated
with acid, as well as in many types of cheese [4].
Also, it can be applied in a wide range of dairy and
non-dairy foods, as well as non-food products.
Lactose is also used as a source for many lactose
derivatives, including lactulose, lactitol, galactooligosacchrides, and lactobionic acid [2]. Moreover,
as lactose is a reducing carbohydrate, it can take part
in the Maillard reaction (hot dairy products)
especially when heated under aseptic conditions [5].
In this review, we will focus on the properties of
lactose and its derivatives, the properties and methods
of preparing these derivatives and their applications
in the food and pharmaceutical industries.
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2. Characteristics of lactose
2.1 Occurrence and properties
Lactose is a unique disaccharide exists in
mammal’s milk; its concentration varies from 0.0 to
10.0%, as shown in Table 1. The lactose level in
fermented cows’ milk is lower than that in milk with
one-third, due to its transformation by lactic acid
bacteria [6]. Through the manufacture of cheese,
whole lactose in milk is expelled with whey;
therefore hard cheese doesn'tcontain lactose [3].
Lactose is composed of D-galactose and D-glucose
subunits; it has a molecular formula C12H22O11 and
chemical formula 4-O-β-D-galactopyranosyl-α-Dglucopyranose (Fig. 1). It presents in two anomeric
types: α- and β-lactose, which are different only in
the relative location of the H2and the OH group at the
C1 atom of the pyranosidic glucose-part. In general,
α- and β-form are stable solids, but in solution, they
rapidly equilibrate [7]. Lactose always crystallizes in
monohydrate α-lactose form (with melting point
201.6ºC) at a moderate rate below 93.5ºC, while
anhydrous β-form can only be obtained by
crystallization at temperatures above 93.5ºC (with a
melting point 252.2ºC); the β-anhydride crystals are
sweeter and significantly more soluble than the αhydrate [2]. The hygroscopic amorphous lactose
(non-crystalline glass) can be gotten by rapid drying
process, during this operation, its viscosity rises up,
and consequently crystallization didn’t happen.
Lactose glass is stable if protected from moisture;
however, it rapidly absorbs moisture from the air and
becomes sticky [5, 6].
Table1.
Concentration of lactose in milk of some mammals' species
Species
Lactose (%)
Sea lion
0.0
Goat
4.1
Camel
4.4
Cow
4.8
Buffalo
4.8
Sheep
4.8
Human
7.0
Donkey
7.4
Green monkey
10.2

Fig. 1.Molecular and chemical structures of α-lactose and βlactose
[8].

2.2 Mutarotation and equilibrium
In water solution, lactose is composed of 61.5% βpyranose and 38.5% α-pyranose, the balance between
both forms exhibited by mutarotation; this
equilibrium ratio is changed slightly by the
differences in temperature, didn’t by pH differences
[8]. Unlike the ratio, the speed of mutarotation is
greatly disturbed by change of temperature and pH;
the rate is slow at low temperatures but increases 2.8
times with every 10ºC rise in temperature, becoming
almost maximum at about 75ºC; also mutarotation
rate is minimum at around pH 5.0 and elevating with
divisions on either side of this value [9].
2.3 Solubility and sweetness
In comparison with other disaccharides, lactose
has the lowest solubility that is pronouncedly affected
by temperature. At 15°C, the solubility of the -form
is smaller (7g/100g) than that of the -form
(50g/100g). In the environmental conditions, the
solubility of β-lactose is high, but that of α-lactose
increases over 93.5ºC. The sweetness of lactose is
about 20-30% that of sucrose at ambient conditions
(Table 2) which is why lactose is a suitable
carbohydrate in infant formulas [10].
Table 2.
Solubility and relative sweetness of lactose
Solubility (g/100g)
Type of
Relative
sugar
Sweetness
10°C
30°C
Sucrose
100
66
69
Lactose
16
13
20
D-glucose
74
48
54
D-galactose
32
28
36

Shendurse and Khedkar [6]
Schaafsma [10]
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2.4 Lactose utilization
The advantages of lactose are its use as a food
ingredient in infant formula and a compound for the
manufacture of pharmaceutical tablets, as well as a
raw material for lactose derivatives [11]. Due to its
ability to carry flavors and colors, it can use in many
food products such as sachet wafers, seasonings, and
a range of baked goods. Also, it provides unique
properties for bread making as it increases the
browning of the crust, depending on the reduction of
the nature of lactose. Because of its ability to delay
crystallization, it is used widely in confectioneries
[12]. Moreover, it acts as substrates in the production
of materials (penicillin), as seed material in the
manufacture of dairy products (sweetened condensed
milk), as a raw material for the production of lactose
hydrolyzed products and fermented products [13].

3% in the crystalline and approximately 30% in the
liquid form [14]. Dry lactulose is a white, odorless
crystal, with a melting point of 168.5–170.0ºC. It is
soluble in water, giving yellowish and odorless with a
sweet taste solution, while poorly soluble in methyl
alcohol and insoluble in ether. The solubility of
lactulose in water is 76.4% (w/w) at 30ºC, which
increases to 86% at 90ºC. Its sweetness is 0.48–0.62
of sucrose and 1.5 of lactose [6]. Its acidic
hydrolysis gives galactose and fructose. Unlike
lactose, lactulose isn't hydrolyzed by human intestinal
enzymes, but it can be fermented by some colon
bacteria and act as a prebiotic. Lactulose is stable and
slightly decomposed when heated to 130ºC for 10
min at low pH, which makes it a suitable ingredient
for food processing [6].
3.1.2 Preparation

3. Lactose derivatives
Like other sugars, lactose possesses reactive
functional groups and can be transformed into many
wealthy food-grade derivatives, the most common
ones
are
lactulose,
lactitol,
β-Galactooligosaccharides, lactosucrose, lactobionic acid,
tagatose, epilactose. These derivatives are great for
industrial applications as they perform positive health
benefits. The main basis of their preparation is
illustrated in Fig. 2.

Fig. 2. Main basis of lactose derivatives preparations [2]

3.1 Lactulose
3.1.1 Properties
Lactulose is available in two formulations: Crystals
(powder to be dissolved in water) and liquid syrup
(solution). Carbohydrate impurities are found up to
________________________________________________
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Lactulose (4-O-β-D-galactopyranosyl-D-fructose,
C12H22O11) is a synthetic sugar, which doesn’t find
naturally and can be obtained by isomerization in
basic media using various catalysts[15]. Chemically,
around30% of lactulose was obtained after heating of
lactose solution in an alkaline medium (calcium
hydroxide) at 35°C for 36 hr. Later, carbonates (K &
Na), hydroxides (k, Na &Ca), magnesium oxide,
sodium aluminates, tertiary amines and borates have
been used as alkali catalysts for synthesis of lactulose
[16]. At presents of these catalysts at 70-100°C,
Schuster-Wolff-Bühring et al. [17] obtained
approximate 20–33% of lactulose through a few hrs,
after that the level of lactulose decreased markedly
because it's breakdown into galactose and other
unfavorable secondary resultants as formic and isosaccharinicacids, which reduced the pH of the
isomerization media. Lactulose was also produced
enzymatically using β-galactosidases from different
sources with great technological interests depending
on their low commercial values [18]. The lactose is
hydrolyzed to the galactose and glucose by the effect
of the β-galactosidase enzyme giving a galactosyl-βgalactosidase complex associated with a transfer the
galactosyl moiety to acceptor (fructose) and
producing lactulose (Fig. 3) [19]. Lactulose isn’t
detectable in raw milk but it exists in milk and its
products post heating, therefore it can differentiate
between both raw and heated milk [20]. The salt
system of milk (chlorides, citrates, carbonates,
phosphates, and bicarbonates of K, Ca, Na and Mg)
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is a favorable buffer for the formation of lactulose
from lactose during heat treatment of milk [21].

Fig. 3. Enzymatic trans-galactosylation mechanism in lactulose
synthesis [19]

3.1.3 Food applications
Lactulose was incorporated into some food
products (cake, cookies, chocolate, confectionary,
chewing gum, yoghurt, and ice cream) to improve
their sensory, browning and sweetness features [22].
The incorporation effect of lactulose increases
probiotic counts, acidifying rate and consequently
milk acidity. At the end of cold storage, pH value
was lowered in lactulose including samples [23].
Also, lactulose exhibits a protecting effect on the
Lactobacillus strains against bile acids severe
conditions in gastrointestinal tract, as well as during
products refrigeration period [24]. Depending on the
ability of lactulose to improve texturizing, color
(browning), flavor, solubility, stabilizing behaviors
and viscosity close to the sucrose solution and
sweetness close to 0.62 of sucrose, it can be used as a
sucrose replacement in confectionary products [25].
Concerning infant formula, addition of 0.5%
lactulose is sufficient to improve bifidobacteria flora
up to the level noticed observed in babies with
lactating babies [26].
3.1.4 Pharmaceutical Applications
3.1.4.1 Anti-constipation and anti-encephalopathy
Lactulose belongs to valuable compounds with
therapeutic potentials [17]. In humans, lactulose has
been used in curing chronic constipation and
prevention of portal systemic encephalopathy; brain
toxicity resulting from liver failure to change
________________________________________________
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ammonia into urea [27].Beynen et al. [28]illustrated
that lactulose stimulates bacterial growth in the colon
which in turn enhances faecal nitrogen excretion and
lowers the entry of colonic ammonia into the
bloodstream, leading to a lesser workload for the
liver and less urinary nitrogen excretion. Due to its
indigestible property, as a prebiotic, lactulose can
pass through the upper area of the digestive tract
without degradation (existence of non-hydrolysable
β-glycosidic bond) to the colon where it is
metabolized by bacteria producing carbon dioxide
gas, acetic, lactic, and formic acids that lead to stool
softening, as well as, increasing peristalsis.
Therefore, it can be applied as a laxative agent [18].
Recently, lactulose may decrease the risk of
Clostridium related diarrhea in hospitalized adult
patients having antibiotics, as lactulose might involve
the influences on bacterial colonization, toxin
production, and/or toxin activity [29].
3.1.4.2 Anti-gallstone and anti-tumor activity
A marked decrease in lithogenic marker was
performed by lactulose, which consequently
minimized the risk of gallstones development. The
major cause for the anti-colorectal carcinogenesis of
lactulose can be mechanized via shifting the bacterial
composition and their metabolisms resulting in a
minimal amount of bile acids factor (7-αdehydroxylase) [25]. Lactulose decreases effectively
toxic bacterial enzymes and other carcinogens. It
possesses DNA-protecting efficiency and can
regulate the immunologic mechanism, consequently
exhibits tumor-preventing potential [30]. More
lactulose can provide useful tools for managing
metastatic prostate cancer from spreading to the
skeletal bones through β-galactosidase-mediated
interactions [31].
3.1.4.3 Anti-tooth decay
Like all non-digestible and fermentable
carbohydrates, lactulose enhances the intestinal
absorption of calcium and magnesium, therefore, they
didn’t cause tooth decay [3]. Beynen et al. [28]
reported that lactulose consumption was also found to
produce a dose-dependent increase in the apparent
absorption of calcium and magnesium, but not
phosphorus. Indigestible disaccharides (e.g., maltitol
and fructose anhydride and lactulose) directly
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increase the intestinal permeability of Ca in the
absence of fermentation by activating the paracellular
transport pathway through tight junctions [32]. The
intestinal
bacteria
ferment
indigestible
oligosaccharides in the large intestine and thereby
produce organic acids including short-chain fatty
acids, lactic acid, and succinic acid). The
acidification of the large intestine makes the Ca and
Mg salts soluble, and the resulting increase in the ion
concentrations of these minerals increases their
absorption in the large intestine.

Fig 4. Preparation of LBA from lactose through oxidation

3.2 Lactobionic Acid

3.2.2.1 The electrolytic method

3.2.1 Properties

LBA has been also prepared by electrolytic
oxidation processes. Isbell [39] produced calcium
lactobionate by electrochemical oxidation of lactose
in the presence of bromine and calcium carbonate,
using graphite electrodes. In the 90s, platinum and
gold electrodes were used, and gave higher LBA
yields (90-100%) [40, 41]; gold electrodes were the
best catalyst for the oxidation process [32]. This
electrolytic method is expensive, requires a large
amount of energy and is environmentally harmful
[42].

Lactobionic acid (LDA) is a white powder, high
dissolve in water and poorly dissolve in organic
solvents (glacial acetic acid, ethyl alcohol and methyl
alcohol) [33], with a molecular weight of 358.3 Da
and melting point of 128-130ºC [34]. It has a sweet
taste and pH-lowering efficiency. It has strong
mineral-complexing
characteristics.
LBA
is
indigestible and fermented by the intestinal flora,
probably exerting prebiotic effects. Thus its energy
value is estimated at 2 kcal/g [3]. It can be subjected
to dehydration and given lactone. LDA is
hygroscopic in nature (gives a gel with 14% moisture
from the air) so, it is valuable for cosmetics industry
[35]. Its mineral salts are commercially prepared for
medical, industrial and research purposes [36].
3.2.2 Preparation
LBA (4-O-β-galactopyranosyl-D-gluconic acid) is
built of galactose linked with gluconic acid by etherlike linkage; where several hydroxyls are evidenced
and responsible for the intermolecular forces; the
transformation of lactose to LBA comes through
oxidation of the free aldehyde group of its glucose to
the carboxylic group (Fig. 4). Classically, LBA was
obtained by a chemical electrolysis of lactose.
Further, new methods became targets of next studies
[32], as several methods such as electrochemical
process, biotechnological process (biocatalytic–
microbial and enzymatic method), catalytic
hydrogenation and heterogeneous catalytic oxidation
were included [37, 38].

________________________________________________
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3.2.2.2 Biotechnological method
Biotechnological processes (microbial enzymatic
routes) are conducted to obtain LBA; these processes
are greatly promising ways regarding the costs and
benefits. However, these methods still need to be
improved [42]. The bio-catalytic production of LBA
was first tested with species of Pseudomonas, more
precisely, Pseudomonas taetrolens that obtained 75%
of yield [43]. However, other microorganisms have
also been included. The production yield of LBA
with filamentous fungi is close to 50% post 120 hr;
this evidences the existence of residues of lactose
oxidase activity [44]. Oxidizability of lactose was
also found in red algae at an optimum pH of 5 [45].
Acetobacterorientalis was found able to give 9799% at rest-cell conditions in nutrient rich media
[46]; acetic acid bacteria (Gluconobactercerinus)
performed the highest lactose oxidizing capacity
among microorganisms [47]. The enzymatic
oxidation method of transforming lactose to LBA
needs oxygen, and gives hydrogen peroxide (byproduct) which is changed spontaneously into oxygen
[48]. The enzymes used in production of LBA are

344
_____________________________________________________________________________________________________________

lactose-oxidases (oxidase, cellobiose-dehydrogenase
and glucose/fructose-dehydrogenase) [32]; next a mix
of enzymes (LactoYIELDTM) was produced [49], to
use whey (rich in lactose) as substrate for LBA
production. The enzymatic bio-catalytic process gives
higher yields in compare to the microbial process
[50]. The enzyme within this method can be
inactivated by the liberation of hydrogen peroxide,
and can be inversed by the addition of catalase [36].
3.2.2.3 Catalytic hydrogenation and oxidation
This method is uncommon compared to other
methods of LBA production because LBA is the
main product. For this concern, the reaction must be
done at atmospheric pressure, pH 8.0-9.0 and
temperature (50-70°C), utilizing air or oxygen ecofriendly oxidizing agents [51]. Hydrogenation and
oxidation of the lactose to LBA, as well as other byproducts, may be attained in a reactor, batch wise,
using high pressures (20-70 bar) and temperatures
(110-130°C). Few quantities of noble metal catalysts
are required in this process [38].
3.2.3 Food Applications
LBA presents potential of supplementation in food
products [52]. As a food additive, LBA can act as
stabilizer or gelling agent and an antioxidant (dessert
products) [53], an acidifier agent (fermented milk
products) [54] and an aging inhibitor (bread) [55]. As
a technological feed additive, LBA has been reported
to improve egg shell qualities through rising calcium
absorption [56]. For providing a valuable approach
for calcium supplementation, non-dairy and milkbased beverages, and cheese containing Calactobionate have been processed [57, 58]. García et
al. [59] investigate the role of dairy whey permeate to
obtain LBA by L. taetrolensand the subsequent
fermentation of the acid by Lactobacillus casei to
convert lactose into a prebiotic LBA. Also, they
stated that L. caseiwas capable to consider LBA as a
secondary source of carbon, and LBA concentration
also diminished and lactic acid production increased
in the media; so the end product composed LBA
(prebiotic) and L. caseistrain (probiotic) as a
symbiotic product. LBA was incorporated in the
preparation of 14 different cheese formulations via
the replacement of milk fat (~ 25%) by LBA; this
leads to a slight rise in firmness and slightly
________________________________________________
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minimizes melting [60]. In the case of cheese and
yogurt manufacture, LBA performs a crucial role
indecrement souring time and preservation of aroma
[61]. LBA is also known as a chelating agent, in
which the antimicrobial properties of some
compounds (nisin mixture + thymol mixture) can be
improved by adding chelating agents like LBA [62].
In meat products, LBA acts as a water holding
capacity agent, giving higher yields and water content
after treatment of meat products [58]. Furthermore,
LBA has been suggested to be an effective waterretaining agent in meat-based industries [63], as
samples containing LBA showed the lowest drip loss.
Additionally, LBA inhibited structural damage
(delete of the secondary structure of the protein due
to freeze-thaw operation), minimizing the tendency
of water loss in meat and its derivatives post-heat
changes; so, LBA can be considered as an alternate
for frozen cured meat and its products. LBA can also
be used in bread formulations. LBA to flour values
(0.005% to 3% LBA) were proved as inhibitor aging
of bread, being added randomly in a bread production
process [64]. In cooking products, LBA provides
functional properties and sensory attributes via the
decrease of unfavorable Maillard browning [65].
Also, it is used to improve the flavor of beverages
and foods [66]. LBA was stated to a crucial role in
retarding lipid oxidation in food products reflecting
antioxidant property [67].
3.2.4 Pharmaceutical applications
A previous study on 18 healthy men reported that
ingestion of LBA 24g/day resulted in occurrence of
fermentation in the human colon and signs of
flatulence. Receiving high doses caused lactose
intolerance-similar symptoms; however, correct
doses assist in the intestinal functions and flow [68].
Unfavorably, crude LBA may irritate to the mucous
membranes however none studies investigated its
toxicology as its use was established for research
only [69]. LBA is approved as an antioxidant chelator
because of its capability to prevent the production of
hydroxyl radicals by formation of metal complexes
with Cu+2, Fe+3and Fe+2 [70]. It is a potent
pharmacological compound because of its high
affinity with endocytotic receptor in human hepatic
malignancy; recently it is suggested against tissue
rejection in fields of medicine [71, 72]. In an
experimental study, Mukherjee and Yun [73]
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suggested the anti-obesity efficiency of LBA (oral or
ip) as it significantly reduced the lipogenic capacity,
also it is recorded for managing of the body weight
and improving metabolism; this property is due to
indigestibility of LBA by digestive enzymes.
Otherwise, LBA take a part in the digestion of
lactose, possibly due to a competition for binding
with the β-galactosidase released in the intestine [3].
3.3 Lactitol
3.3.1 Properties
Lactitol is non-hygroscopic white, sweet, odorless,
crystalline solid disaccharide with 30-40% sucrose
sweetness. It can exist in different crystalline forms
with varies melting points: XRD and IR-spectra
declared three hydrate forms (mono-, di-, and trihydrate), two anhydrate (A & B), and one amorphous
form. Monohydrate is the most common form.
Depending on the grinding and drying, monohydrate
form melts within the range of 93-100°C [74]. It is
very soluble in water, isstable under humid and heat
conditions, and does not take part in the Maillard
reaction. At low pH, it slowly hydrolyzes
to sorbitol and galactose. It is very resistant to
microbiological breakdown and fermentation [75].
3.3.2 Preparation
Lactitol [4-O-β-D-Galactopyranosyl-D-glucitol]
monohydrate is a disaccharide analog of
lactulose or another valuable derivate from lactose.
Lactitol is not found in nature; industrially and it was
reported to be obtained by the catalytic (Ni, Pd, or
Ru) hydrogenation of the carbonyl group of lactose
(Fig. 5). The products are highly dependent on the
catalyst type, reaction temperature (110-150°C), and
pressure of hydrogen (20-70 bars) [76]. The primary
product is lactitol with a yield of over 90%, besides
1.7-1.9% lactulitol. Lactitol probably hydrolyzed
then hydrogenated and produced galactitol and
sorbitol[77].
3.3.3 Food applications
Lactitol is alcoholic sugar that is used as a
sweetener. It is approved (the American FDA) as a
food additive. Lactitol can be utilized not only as a
low caloric sweetener but also as a bulking agent
(assist food formulation), dryo-protectant, humectant,
________________________________________________
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and prebiotic source. It has been used for the
synthesis of emulsifiers, surfactants, polymers, and
hydrogels. Large numbers of patents were stated in
varied applications (low‐calorie confectionery and
chocolate, sugar‐free chewing gum, surfactant,
cleaning products, and animal feed [77]. Lactitol also
has prebiotic capacity in dairy products (yoghurts, ice
cream, etc.), as it stimulates the growth of probiotic
microorganisms (several genera of lactic acid
bacteria) [78, 79].Lactitol gives a glassy matrix that
immobilizes the protein system and inhibits
unfolding. It is also able to form hydrogen links with
the protein structure, therefore assisting in keeping
the enzyme's activity. Favorably, pathways are
possibly accepted for drying protein preparations.
Santana et al. [80] concluded that adding (5%) of
lactitol not only inhibited protein denaturation
through freeze-drying, but also showed a dryoprotectant effect when compared with other agents
(sorbitol
and
maltodextrin)
concerning
physiochemical measurements (whiteness, gel
formation, and foaming). Lactitol was used as a sugar
replacer in cake formulations; this gave a batter of
comparable flow index and temperature of starch
gelatinization; moreover, the sensory evaluation
didn’t differ from the batter formulated with sugar
[81]. The effect of lactitol, as a sucrose replacer, on
the texture profile of cookie dough was investigated;
the results suggested that lactitol gave medium values
of hardness and consistency, and relatively great
values of cohesiveness and adhesiveness; these
texture attributes are parallel to those of obtained
from
sucrose-formulated
cookie
dough
[82]. Gurditta et al. [83] reported that application of
lactitol, as replacing sugar, in Chhana-murki (dairy
dessert from India) yielded a desirable color,
appearance, sweetness, and overall acceptance. A
50% decrease in the caloric content was gotten by a
combination of Splenda and lactitol; however, the
viscosity and the capability to incorporate air were
negatively influenced [84]. Clearly stated, an addition
of lactitol 5% led to prolonged stability of the
isoenzyme glutathione transferase activity [85]. With
respect
to
the
stabilizer
agent
of
lactitol, Klewicki [86] reported that only 3% of the
oligosaccharides were subjected to hydrolysis by the
existence of lactitol. Also, lactitol showed a
protective effect on α-amylase activity during heating
(87).
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show valuable moisture retention abilities. Their
energy value is close to 1.0-2.0 kcal/g [93]. Their
chemical formula is (galactose) n - glucose, where
“n” ranges between 1 and 4. The galactose-galactose
bonding is a β-(1-3), β-(1-4), β-(1-6), with the β-(1-4)
being predominant, while the galactose-glucose
bonding is essentially β-(1-4). Some disaccharides
are also found in GOS such as galactobiose and
allolactose [94].
Fig. 5. Hydrogenation of the carbonyl group of lactose to produce
lactitol

3.3.4 Pharmaceutical applications
Lactitol has been used spreadly in the treatment of
hepatic encephalopathy and constipation as it is a
potent laxative. In humans, its metabolism doesn’t
dependent on insulin. Lactitol is applied as a noncaloric sweetener in calorie-reduced and diabetic
foods; also, lactitol did not disturb glucose or lactate
homeostasis as it is weakly absorbed in the
gastrointestinal tract in healthy subjects and cirrhoticpatients [88]. As lactulose alternate lactitol is used in
the improvement of hepatic encephalopathy [89].
Lactitol behaves as a prebiotic; it can regulate the
amount of the beneficial bacteria and downregulate
the number of putrefactive bacteria, drop the pH of
the small intestine, and reduce the formation and
absorption of ammonia. Lactitol markedly
elevates Bifidobacterium and Lactobacillus [90].
Animal studies did not record any embryo-toxic or
teratogenic effects of lactitol [91] as it is minimally
absorbed and gives a hypoglycemic response. As it is
catabolized into energy with a negligible amount of
insulin as it contains 2 kcal/g calories with a
sweetness of 30-40% sucrose [92].
3.4 Galactooligosaccharides
3.4.1 Properties
Galactooligosaccharides (GOS) are human milk
constituents and different foods (banana, onions,
garlic, chicory, and soybeans); however, their amount
in these foods is not enough to display any potential
influence. Therefore, their best route could be via
supplementation of diets or inclusion in foods. The
GOS is highly soluble and has a relative sweetness
(35% of sucrose). Their viscosity is higher than that
of corn syrups with a high-fructose concentration;
they reduce the water activity and freezing point and
________________________________________________
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3.4.2 Preparation
GOS are belonging to the non-digestible
oligosaccharides group, mainly produced by the
trans-galactosylation reaction of lactose with βgalactosidase enzymes, as illustrated in Fig. 6[95].
Commercially, GOS is obtained by using fungal βgalactosidases; in this reaction, β-galactosidases
hydrolyze lactose to glucose and galactose and
catalyze lactose trans-galactosylation to GOS [96].
Based on the source of the enzymes, the produced
oligosaccharides are β(1-4) and/or β(1-6). βgalactosidase
of K.
lactis produces
β-(1-6)
oligosaccharides,
β-galactosidase
of S.
elviae produces 4-galactosyl-lactose, β-galactosidase
of B. circulans produces β-(1-2), β-(1-3), β-(1-4) or
β-(1-6) linkages, consequently giving a large variety
of oligosaccharides [97]. Similarly, mannose,
glucose, fructose, galactose, N-acetylneuraminic acid,
maltodextrins, glucuronic acid, and a number of
aromatic compounds were displayed to act as
galactose acceptors for β-galactosidases, giving
practically infinite forms of oligosaccharides [98, 99].
The use of lactic acid bacteria as sources of βgalactosidases offers actual potential for the
formation of GOS. Their trans-galactosylation is
enhanced at high lactose concentration and low water
content; the process is greatly influenced by βgalactosidase-source and the reaction conditions
(time, temperature, pH, and enzyme-substrate ratio)
[100]. Whey protein (WP) is considered a promising
source for Galacto-oligosaccharides production; it is
an inexpensive by-product from cheese production,
comprising mainly lactose and salts[101].
3.4.3 Food Applications
It has been extensively reported that GOS-food
applications are well known [102,103]. Galactooligosaccharides are beneficial ingredients to be
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applied in a large scale of food products due to their
stability against pH and temperature, high acceptable
taste, relatively low sweetness and caloric index; they
were common used as food ingredients in some
countries many years ago [95]. Because of their acid
and temperature stability, high solubility, small
glycemic index, and negligible carcinogenic effects,
they are suitable for the confection industry (with
reduced sugar), hard-candies (with reduced-calorie)
[104]. GOS are mainly used in fermented yoghurt
and milk, nutrition bars, health drinks, beverages,
breakfast cereals, bakery products, meat products,
mineral supplements, weight loss products, green
foods, soups and sauces, pet food, and infant food.
Their prebiotic characteristics made them suitable for
nutritional and functional usage; they were used for
texture modification, fat replacement, and moisture
retention [102,105]; that is why their participation in
a large scale of foods (chewing gum, confectionery,
yoghurt, ice cream, and bakery infant formulas) is in
a progressive increase. GOS has versatile
pharmacological applications. Because of their
resemblance to human milk oligosaccharides, they
are used in growing-up milk and infant formula (2.4
g/L) to activate the growth of bifidobacteria and
lactobacilli in the intestine of the infant. They are
used in the development of specialized foods for the
elderly and hospitalized people [103].

investigated [106]. GOS have evidenced great health
benefits such as activities against pathogen, treating
capability for gastrointestinal disturbances, valuable
effects on absorption of mineral and enhancement of
immune system [107,108]. Depending on the osmotic
effects (carry water into the large bowel) of
oligosaccharides and their high fermentation rate &
production of gases, the consumption of excessive
doses of GOS may led to unfavorable symptoms such
as intestinal discomfort, flatulence or even diarrhea
[109].
3.5 D-tagatose
3.5.1 Properties
The D-tagatose or tagatose (white crystal or
powder) is a keto-hexose isomer of galactose a
stereoisomer of fructose with a molecular weight of
180.16 Da and a melting point of 133–135ºC [110].
D-tagatose, a unique rare sugar, has been used as a
novel functional sweetener in the nutritional
supplement market. It was classified as a generally
recognized as safe (GRAS) substance due to its
remarkable health benefits. It provides a slightly less
sweet sucrose-like taste (90–92%) and < 50% of its
calories (1.5 kcal/g). It is more soluble and stable at
pH 2–7 [111]. It has physical and sensory properties
that resemble sugar and is recommended as a replacer
for it [112].
3.5.2 Preparation
Basically, tagatose was prepared from whey,
lactose or galactose by alkaline isomerization, but
nowadays it is manufactured by an enzymatic route
from lactose. Schematic diagram of the industrial Dtagatose production process by chemical and
biological methods, selectively using lactose or whey
as the starting material, as shown in Fig 7 [113].
3.5.2.1 Chemical process

Fig. 6.Production of GOS by trans-galactosylation reaction of
lactose [94]

3.4.4 Pharmaceutical Applications
Because of the prebiotic characteristics of
oligosaccharides towards bacteria of skin, some
cosmetic formulation for this objective has been
________________________________________________
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Utilizing calcium catalyst and strong acid, the
mass-production of D-tagatose was first applied into
practical application through chemical catalysis, but
this method has disadvantages like by-products
formation, hard purification steps and chemical waste
residues
[113].
To
avoid
these
disadvantages,biological production using several
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biocatalyst sources have been included greatly
next[114].
3.5.3 Food applications
3.5.2.2 Biological process
In 1984, bacterial tagatose was first produced
using several microorganisms by oxidation of
galactitol. Another way to transfer D-galactose to Dtagatose is recommended using lactic acid bacteria
[115]. Enterobacteragglomerans also manufactures
D-tagatose from D-galactose when grown on an Larabinose pre-induced medium [116]. L-arabinose
isomerase (AI) was found to be the most efficient
enzyme for isomerizing D-galactose into D-tagatose
[6]. AIs from various prokaryotic microbes have been
identified, including those from mesophilic,
thermophilic, and hyperthermophilic bacteria [113].
Particularly, the thermo-AIs which exhibited
optimum temperatures at 60–70°C were approved to
be extremely suitable for industrialization of Dtagatose. Under this circumstance, the highest yield
of Dtagatose was reported to be 370 g/l with a
conversion rate of 74% (w/w) from Dgalactose by
isomerization of a purified thermo-AI. However,
purified enzymes have certain limitations that need to
be taken into account when it comes to industrial
production, such as complicated purification steps
and poor stability in operation [117].

Fig. 7. Chemical and biological methods of tagatose production
[113]

________________________________________________
Egypt. J. Chem. 65 No. 6. (2022)

Due to its low-calorie sweetener, D-tagatose can
be used in various beverages, foods, health products,
and dietary supplements. Also, it can be used in the
manufacture of low carbohydrate diets, cereals,
bakery, health bars, confectionery, candy, chocolate,
chewing gum, yoghurt, milk-based drink, and soft
drink [118]. In 2005, Europe approved tagatose as a
food ingredient; as it is indigestible and fermented in
the colon, it exerts prebiotic effects [119]. Torrico et
al. [120] recommended that strawberry yogurts with
tagatose (80%) instead of sucrose were highly
acceptable. Because tagatose elicits sweetness
without any unwanted quality trait in aqueous
solutions, Fujimaru et al. [121] declared that the
technological and sensory activities of tagatose on
yogurt products are still weakly investigated. Indeed,
FDA in the United States approved tagatose for use
in food products [122].
3.5.4 Pharmaceutical applications
As a low-calorie sweetener, tagatose was
approved for non-chronic drugs, toothpaste, and
mouth wash. Because of its ameliorating efficiencies
against diabetes, obesity, blood metabolite
disturbance, anti-aging, anti-oxidant, and prebiotic,
tagatose attracts attention [118]. Moreover, tagatose
possesses numerous health benefits like promotion of
weight loss [123], anti-plaque, non-cariogenic, antihalitosis, prebiotic, and anti-biofilm properties [124],
organ transplantation [125], enhancement of
pregnancy, fetal development, anemia, and
hemophilia [126]. It is also important during the
synthesis of other physically active compounds, and
as an additional in detergent and cosmetics [127]. DTagatose can restore cell damages caused by free
radicals. Despite its weak iron-chelating potential,
tagatose inhibits the iron-induced cytotoxicity via
reducing the leakage of iron-induced free radicals
from membrane lipid peroxidation and protein
carbonyl production [125]; also, tagatose gives
protection against the hepatic damage resulting from
pro-oxidant drugs, evidencing its antioxidant
property [126]. Due to its flavor-enhancing
properties, it is a perfect and probable agent for the
mask the unpleasant taste of medicines [118].
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the amount was less than that obtained via
transfructosylation of lactose [129].
3.6 Lactosucrose
3.6.3 Food applications
3.6.1 Properties
Lactosucrose (O-β-D-galactopyranosyl-(1,4)-O-αDglucopyranosyl-(1,2)-β-D-fructofuranoside) is a
functional trisaccharide obtained from sucrose and
lactose under the catalysis of β-fructofuranosidase (βD-fructofuranosidefructohydrolase, EC 3.2.1.26)
[127]. It is a very hygroscopic white solid with bland
taste with a molecular weight of 504.44Da; its
melting point is around 181°C [128]. Its solubility in
water is higher than that of lactose. Relative to
sucrose, lactosucrose sweetness is 0.3; its powder
form is stable for one hour 120ºC and pH 4.5; it has
high moisture-retaining capacity [35].
3.6.2 Preparation
First lactosucrose production was reported in 1957
by enzymatic synthesis, where β-fructofuranosidase
catalyzes the transfer of fructosyl residue from
sucrose to lactose. Three different enzymes can be
used as biocatalysts in the enzymatic synthesis;
Levansucrase and β -fructofuranosidase are the
highest studied, while β-galactosidase has also been
reported later [129]. Lactosucrose production by
levansucrase of different sources was reported using
lactose as acceptor and sucrose as fructosyl donor as
fructosyl residue transfers from sucrose to the C-l
location of the glucose in the lactose [130].
Lactosucrose is industrially produced by means of
another
fructosyltransferase
derived
from
Arthrobacter. Chen et al. [131] proved a thermostable
enzyme (β-fructofuranosidase) from Arthrobacter
sp., which was closely correlate with the industrial
requirements; the maximal trend of lactosucrose was
109 g/L post-incubation of the pure enzyme (40
μg/mL) with 150 g/L sucrose and lactose for 10 min
(50°C, pH 6.0). Generally, this study supplies a better
enzyme candidate for the synthesis of lactosucrose at
higher temperature; the performance of the
biocatalyst may be improved by enzyme engineering
in the future (Fig 8). Lactosucrose can be produced
form lactose post enzymatic hydrolysis with
existence of sucrose catalyzed by the enzyme βgalactosidase; the liberated galactosyl-chain can be
joined to the C4 of the glucose-moiety of sucrose,
leading to generation of lactosucrose [132]; however,
________________________________________________
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Lactosucrose has been used, on a large scale, in
the manufacture of functional foods; it was reported
as a sweetener for beverages, confectionaries,
desserts, sweets, bakery products, and yogurts
[34]. For the food processing industry, due to its
ability of lactosucrose to raise water-holding
capacity, it can decrease syneresis or serum
separation along with product storage; due to this
property, lactosucrose can be used as a fat replacer to
decrease syneresis and enhance some particular
characters such as consistency and texture [133]. Due
to its low-digestive and low-cariogenic sweetener,
lactosucrose was included in bakery products [134],
yogurts [135], ice creams, infant formula, snacks,
cookies, desserts, candies, chocolates, chewing gum,
instant juice, instant soup, and mineral water [136].
Furthermore, lactosucrose was added to fish feed to
increase nutrient absorption and decrease selfcontamination [137].

Fig

8.

The biosynthesis of lactosucrose using
fructofuranosidase from Arthrobacter sp. [131]

the

β-

3.6.4 Pharmaceutical applications
The bifidogenic action of lactosucrose has been
known since it is fermented by bifidobacteria in the
colon [138]. Ingestion of large amounts of
lactosucrose, may lead to an elevation in the osmotic
pressure of the stomach and intestine and induce
diarrhea. However, its consumption inhibits the
growth
of
colonic
clostridia
[139].
In
women, Teramoto et al [140] determined that
lactosucrose ingestion reduces fecal pH, ammonia,
and putrefactive compounds. The assays suggested
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that lactosucrose performs some protective activities
on indomethacin-induced enteropathy; this activity is
attributed to the maintenance of intestinal
microbiota[141]. It possesses anti-obesity properties
as long-term ingestion of 5% lactosucrose for 8
weeks succeeded to reduce abdominal adipose tissue
weight [142]. Also, it improved calcium and
phosphorous absorption in rats [140]. Lactosucrose
exhibits a higher laxative potential than other lactosebased prebiotics, therefore it has anti-diarrhea against
prebiotic intake [143]. Lactosucrose performs a
water-holding capacity, which fasts the bowel
peristalsis movement and facilitates fecal formation
and excretion [144]. Itsconsumption inhibited 2mono-oleoyl-glycerol absorption that resulted in
decrement of plasma triacylglycerol levels [145].
Lactosucrose was suggested as an anti-inflammatory
agent for bowel disease [146], enhancer of
immunoglobulin-A level [147], and preventive agent
against IgE-mediated allergic diseases [148]. Its
consumption has no effect on serum glucose or
insulin [149]. It wassuggested in pharmaceutical and
cosmetic products as it acts as excipient [150],
nutritive support and microflora regulator [151], or as
a preventive agent against some skin diseases [152].
3.7 Epilactose
3.7.1 Properties
Epilactose is non-digestible bioactive lactose
derivative that has a molecular weight 342.3 g/mol
and molecular formula of C12H22O11as in Fig 9 [153].
It is found in extremely little amounts in heat-treated
bovine milk, and it can’t be synthesized chemically
[154]

produced in little quantities through lactose
catalyzed-isomerization, but it can be synthesized in
large quantities by enzymatic epimerization of lactose
using different microbial cellobiose 2-epimerase
[153] which catalyzes a hydroxyl stereoisomerism at
the C-2 site of the glucose moiety of lactose. In a 5step process and using cellobiose 2-epimerase of R.
albus, Epilactose was obtained (91.1% pure and
11.3% yield): 1) epimerization, 2) crystallization
recovery, 3) enzymatic-hydrolysis, 4) eliminating
monosaccharides via yeast, and 5) purification using
column chromatography [155].
3.7.3 Pharmaceutical applications
Similar to various oligosaccharides, epilactose
performs a prebiotic behavior [156] and enhances
mineral absorption [157]. It enhances postgastrectomy osteopenia and anemia through
increasing Ca and Fe absorption [158]. It has
prebiotic properties as it is a non-digestible
disaccharide that could induce proliferation of the
beneficial microorganisms in the intestine [153,
156]. It had potential preventive ability against colon
cancer as it did not elevate blood glucose and could
prevent the transformation of primary bile acids to
secondary ones [156]. In addition, epilactose has antiarteriosclerosis as it was found able to increase blood
short-chain fatty acids and other organic acids levels,
and decrease blood total- and low-density
lipoprotein-cholesterols levels; also it increased the
weight of cecum-wall [157].
3.8 Uncommon derivatives
Ultimately, other uncommon types of lactose
derivatives were found such as lactosides,
lactosylhalides, anhydro derivatives, cyclic acetal
derivatives, halogenated, esters derivatives, nitrogencontaining derivatives, deoxy derivatives and
unsaturated derivatives. [159-161].
4. Conclusion

Fig.9. Molecular configuration of epilactose [153]

3.7.2 Preparation
Another disaccharide isomer of lactose is
epilactose (4-o-β-D-galactosyl-D-mannose) which is
________________________________________________
Egypt. J. Chem. 65 No. 6. (2022)

Lactose is a unique abundant disaccharide, with
low nutritional value, present in exists in milk, being
synthesized from galactose and glucose in the
mammary gland. It exists in three anomeric forms:
monohydrate α-lactose, anhydrous β-lactose, and
amorphous lactose. Recently, lactose is widely
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accepted that lactose intolerance in lactase deficient
individuals should not be a cause to discourage milk
consumption. In moderate doses, and distributed over
meals, lactose may even act as a prebiotic in these
populations; it is used as the main source for many
lactose-derivatives like lactulose, lactitol, galactooligosaccharides, and lactobionic acid, lactosucrose,
epilactose, D-tagatose….etc. Lactose-derivatives can
be obtained through different processes including
isomerization, oxidation, electrochemical, and
biotechnological
(biocatalytic–microbial
and
enzymatic) processes. Lactose derivatives can be
used in a wide range of dairy and non-dairy
applications such as stabilizers, gelling agents,
antioxidants, aging inhibitors, and emulsifiers... etc.
Due to their promising variable characteristics,
lactose derivatives have been incorporated in many
nutria-pharmaceutical applications for managing
many health
disorders
such
as
hepatic
encephalopathy and malignancy, constipation,
diabetes, and obesity.
4. References
[1] Rebollar, M.C. (2004). alvo La ciencia y la
tecnología de los alimentos. Algunas notas sobre
su desarrollo histórico, Alimentaria, 4, 19–34.
[2] Gänzle, M.G., Haase G. and Jelen P. (2008).
Lactose: Crystallization, hydrolysis and valueadded derivatives. Int. Dairy J., 18, 685-694.
[3] Schaafsma, G. (2008). Lactose and lactose
derivatives as bioactive ingredients in human
nutrition. Int. Dairy J., 18, 458–465.
[4] Walstra, P., Wouters J.T. and Geurts T.J. (2005).
Dairy Science and Technology (2nded), CRC
Press, Boca Raton, FL.
[5] Huppertz, T. and Gazi, I. (2016). Lactose in dairy
ingredients: Effect on processing and storage
stability. J. Dairy Sci., 99, 6842-6851.
[6] Shendurse, A.M. and Khedkar, C.D.(2016).
Lactose. Encyclopedia of Food and Health, 509516.
[7] Morrissey, P.A. (1985). Developments in Dairy
Chemistry, in P.F. Fox (ed.): vol. 3, Elsevier
Applied Science Publishers, London–New York,
Chap. 1.
[8] Nickerson, T. A. (1962). Lactose crystallization
in ice cream. IV. Factors responsible for reduced
incidence of sandiness. J. Dairy Sci., 45, 354–
359.
[9] Patel, K.N. and Nickerson, T.A. (1970). Influence
of sucrose on the mutarotation velocity of lactose.
J. Dairy Sci., 53, 1654–1958.
[10] Schaafsma, G. (2002). Nutritional significance of
lactose and lactose derivatives. In H. Roginsky, J.
W. Fuquay, & P. F. Fox (Eds.), Encyclopedia of
dairy sciences, pp. 1529 –1533, London, UK:
Academic Press.
________________________________________________
Egypt. J. Chem. 65, No. 6 (2022)

[11] Yang, S.T. and Silva, E.M. (1995). Novel
products and new technologies for use of a
familiar carbohydrate milk lactose. J. Dairy Sci.,
78, 2541-2562.
[12] Smart, J., Haylock, S. and Gordon, M. (1991).
Lactose, an underutilized food ingredient. Food
Australia, 43: 386-388.
[13] Zadow, J.G. (1991). Lactose utilization. Food
Research Quarterly, 51, 99-106.
[14] Steudle, J., Schön, C., Wargenau, M., Pauly, L.,
Schwejda-Güttes, S., Gaigg, B., Kuchinka-Koch,
A. and Stover, J. F. (2018). Blood glucose
response after oral intake of lactulose in healthy
volunteers: A randomized, controlled, cross-over
study. World J. Gastrointest Pharmacol Ther.,
9(3), 22–30.
[15] Schumann, C. (2002). Medical, nutritional and
technological properties of lactulose. An update.
European J. Nutri., 41(1), 17-25.
[16] Montilla, A., Del Castillo, M. D., Sanz, M. L.
and Olano, A. (2005). Egg shell as catalyst of
lactose isomerisation to lactulose. Food Chem.,
90, 883-890.
[17] Schuster-Wolff-Bühring, R., Fischer, L. and
Hinrichs, J. (2010). Production and physiological
action of the disaccharide lactulose. Int. Dairy J.,
20, 731-741.
[18] Panesar, P.S. and Kumari, S. (2011). Lactulose:
Production,
purification
and
potential
applications. Biotechnology Advances. 29, 940–
948.
[19] Wang, H., Yang, R., Hua, X., Zhao, W. and
Zhang, W. (2013). Enzymatic production of
lactulose and 1-lactulose: current state and
perspectives.
Applied
Microbiology
and
Biotechnology, 97, 6167-6180.
[20] Elliott, A.J., Datta, N., Amenu, B. and Deeth,
H.C. (2005). Heat-induced and other chemical
changes in commercial UHT milks. J. Dairy Res.,
72, 1–5.
[21] Lόpez-Fandiño, R., Villamiel, M., Corzo, N. and
Olano, A. (1996). Assessment of the thermal
treatment of milk during continuous microwave
and conventional heating. J Food Prot., 59, 889–
892.
[22] Scholz-Ahrens, K.E., Schaafsma, G., van den
Heuvel, E.G. and Schrezenmeir, J. (2001).
Effects of prebiotics on mineral metabolism.
American Journal of Clinical Nutrition, 73,
S459–S464.
[23] Awad, R.A., Hagrass, A.E., Salama, W.M.,
Elmalek, F.A. and Eldardiry, A.I. (2014).
Lactulose production from milk permeate and its
performance in healthy functional frozen yoghurt.
World Journal of Dairy & Food Sciences, 9, 1-9.
[24] Hernandez-Hernandez, O., Muthaiyan, A.,
Moreno, F.J., Montilla, A., Sanz, M.L. and Ricke,
S.C. (2012). Effect of prebiotic carbohydrates on
the growth and tolerance of Lactobacillus. Food
Microbiology, 30, 355-361.
[25] Schumann, C. (2002). Medical, nutritional and
technological properties of lactulose. An update.
European Journal of Nutrition, 41, 17-25.
[26] Nagendra, R., Viswanatha, S., Kumar, S.A.,
Murthy, B.K. and Rao, S.V. (1995). Effect of
feeding milk formula containing lactulose to

352
_____________________________________________________________________________________________________________

infants on fecal bifidobacterial flora. Nutr Res.,
15, 15–24.
[27] Zokaee, F., Kaghazchi, T., Zare, A. and
Soleimani, M. (2002). Isomerization of lactose to
lactulose-study and comparison of three catalytic
systems. Process Biochemistry, 37, 629-635.
[28] Beynen, A.C., Kappert, H.J. and Yu, S. (2001).
Dietary lactulose decreases apparent nitrogen
absorption and increases apparent calcium and
magnesium absorption in healthy dogs. J. Anim.
Physiol. Anim. Nutr. (Berl), 85(3-4), 67-72.
[29] Maltz, C., Miskovitz, P.F. and Hajifathalian, K.
(2020).
Lactulose
may
reduce
Clostridiumdifficile-related
diarrheaamong
patients receiving antibiotics. Journal of
gastroenterology and hepatology, 1–3.
[30] Rowland, I.R., Bearne, C.A., Fischer, R. and
Pool‐Zobel, B.L. (1996). The effect of lactulose
on DNA damage induced by DMH in the colon
of human flora‐associated rats. Nutrition and
Cancer, 26, 37-47.
[31] Glinskii, O.V., Sud, S., Mossine, V.V.,
Mawhinney, T.P., Anthony, D.C., Glinsky, G.V.
and Glinsky, V.V. (2012). Inhibition of prostate
cancer bone metastasis by synthetic TF antigen
mimic/galectin-3 inhibitor lactulose-L-leucine.
Neoplasia, 14, 65-73.
[32] Amura, T.A., Shiomi, T., Shigematsu, N.,
Tomita, F. and Hara, H. (2003). Evidence
suggesting that difructose anhydride III is an
indigestible and low fermentable sugar during the
early stages after ingestion in humans. J Nutr Sci
Vitaminol., 49, 422–427.
[33] Gutiérrez, L.F., Hamoudi, S. and Belkacemi, K.
(2012). Effective gold catalyst supported on
mesoporous silica decorated by ceria for the
synthesis of high value lactobionic acid. Applied
Catalysis A: General, 4, 425-426.
[34] Alonso, S., Rendueles, M. and Díaz, M. (2013).
Bio-production of lactobionic acid: Current
status, applications and future prospects.
Biotechnology Advances, 31, 1275 –1291.
[35] Playne, M.J. and Crittenden, R.G. (2009).
Galacto-oligosaccharides and Other Products
Derived from Lactose. In: Advanced Dairy
Chemistry, Volume 3, Lactose, Water, Salts and
Minor Constituents. (eds, P.L.H. McSweeney &
P.F. Fox), pp. 121-201. Springer, New York.
[36] Nakano, H., Kiryu, T., Kiso, T. and Murakam,
H. (2010). Biocatalytic production of lactobionic
acid. In C. T. Hou & J.-F. Shaw (Eds.),
Biocatalysis and biomolecular engineering (Vol.
25, pp. 391–404). Osaka, Japan: John Wiley &
Sons.
[37] Kuusisto, J., Mikkola, J.P., Sparv, M., Wärnå,
J., Heikkilä, H., Perälä, R. and Salmi, T. (2006).
Hydrogenation of lactose over sponge nickel
catalysts kinetics and modeling. Industrial &
Engineering Chemistry Research, 45, 5900–5910.
[38] Kuusisto, J., Tokarev, A.V., Murzina, E.V.,
Roslund, M.U., Mikkola, J.P., Murzin, D.Y. and
Salmi, T. (2007). From renewable raw materials
to high value-added fine chemicals— Catalytic
hydrogenation and oxidation of d-lactose.
Catalysis Today, 121, 92–99.
________________________________________________
Egypt. J. Chem. 65 No. 6. (2022)

[39] Isbell, H.S. (1933). Preparation of calcium
lactobionate and lactobionic a-lactone. Bureau of
Standards Journal of Research, 11, 713–717.
[40] Druliolle, H., Kokoh, K.B. and Beden, B. (1994).
Electro-oxidation of lactose on platinum and on
modified platinum electrodes in alkaline medium.
Electrochimica Acta, 39, 2577–2584.
[41] Druliolle, H., Kokoh, K.B., Hahn, F., Lamy, C.
and Beden, B. (1997). On some mechanistic
aspects of the electrochemical oxidation of
lactose at platinum and gold electrodes in alkaline
medium. Journal of Electroanalytical Chemistry,
426, 103–115.
[42] Gupta, V.K., Treichel, H., Shapaval, V., Tuohy,
M.G. and Oliveira, L.A. (Ed.). (2017). Microbial
functional foods and nutraceuticals (1sted.).
Chichester, UK: Wiley-Blackwell.
[43] Stodola, F.H. and Lockwood, L.B. (1947). The
oxidation of lactose and maltose to bionic acids
by Pseudomonas. The Journal of Biological
Chemistry, 171, 213–221.
[44] Malvessi, E., Carra, S., Pasquali, F.C., Kern,
D.B., Da Silveira, M.M. and Ayub, M.A. (2013).
Production of organic acids by periplasmic
enzymes present in free and immobilized cells of
Zymomonas mobilis. Journal of Industrial
Microbiology and Biotechnology, 40, 1–10.
[45] Alonso, S., Rendueles, M. and Díaz, M. (2011).
Efficient lactobionic acid production from whey
by Pseudomonas taetrolens under pH-shift
conditions. Bioresource Technology, 102, 9730–
9736.
[46] Kiryu, T., Yamauchi, K., Masuyama, A., Ooe,
K., Kimura, T., Kiso, T. and Murakami, H.
(2012). Optimization of lactobionic acid
production by Acetobacter orientalis isolated
from Caucasian fermented milk, “Caspian Sea
yogurt”. Bioscience,
Biotechnology,
and
Biochemistry, 76, 361–363.
[47] Oe, K. and Kimura, T. (2008). Mineral
absorption promoter. Japan Patent Application
Pub. No.: JP2008303208.
[48] Budtz, P., Vindelov, J., Nielsen, P., Ashie, I. and
Nordkvist, M. (2005). US Patent n.
20070154595A1. Washington, DC: US. Patent
and Trademark Office.
[49] Novozymes. (2009). Danish biotech alliance
behind
enzyme
master
stroke.
https://www.novozymes.com/en/news/newsarchive/2009/02/45275
[50] Nordkvist, M., Nielsen, P.M. and Villadsen, J.
(2007). Oxidation of lactose to lactobionic acid
by a Microdochium nivale carbohydrate oxidase:
kinetics and operational stability. Biotechnol.
Bioeng., 97, 694-707.
[51] Gutiérrez, L.F., Hamoudi, S. and Belkacemi, K.
(2011). Selective production of lactobionic acid
by aerobic oxidation of lactose over gold
crystallites supported on mesoporous silica.
Applied Catalysis A: General, 402, 94-103.
[52] Sarenkova, I. and Ciprovica, I. (2018). The
current status and future perspectives of
lactobionic acid production: A review. Research
for Rural Development, 1, 233–239.

353
__________________________________________________________________________________________________________________

[53] FDA (2011). Code of Federal Regulations, Title
21, 21 CFR 172.720. US Food and Drug
Administration.
[54] Faergemand, M., Gilleladen, C. and Qvist, K.B.
(2012). Method for producing an acidified milk
product. United States Patent Application Pub.
No.: US 20120045546 A1.
[55] Oe, K. and Kimura, T. (2011). Aging inhibitor
for bread. Japan Patent Application Pub. No.:
JP2011177121.
[56] Kimura, T. (2006). Feed additive for laying hens
and feed containing the additive. European Patent
Application Pub. No: EP 1731042 A1.49
[57] Nielsen, P.M. (2007). Non-dairy beverage
product comprising calcium lactobionate. United
States Patent Application Pub. No.: US
2007/0281066 A1.
[58] Nielsen, P.M. (2009). Meat based food product
comprising lactobionic acid. United States Patent
Application Pub. No.: US 2009/0214752 A1.
[59] García, C., Rendueles, M. and Díaz, M. (2017).
Synbiotic fermentation for the co-production of
lactic and lactobionic acids from residual dairy
whey. Biotechnology Progress, 33, 1250–1256.
[60] Koka, R., Mehnert, D.W., Fritsch, R.J., Steffan,
W.,
Habermeier,
P.,
Bradbury,
A.G.,
Wolfschoon-Pombo, A., Rose, M., Lynglev, G.B.
and Heldt-Hansen, H.P. (2001). Process for
Manufacturing Cheeses and Other Dairy Products
and Products thereof. US. Patent No. 7329424
B2.
[61] Ribeiro, J.C., Granato, D., Masson, M.L.,
Andriot, I., Mosca, A.C., Salles, C. and Guichard,
E. (2016). Effect of lactobionic acid on the
acidification, rheological properties and aroma
release of dairy gels. Food Chemistry, 207, 101–
106.
[62] Chen, H. and Zhong, Q. (2017). Lactobionic acid
enhances the synergistic effect of nisin and
thymol against Listeria monocytogenes Scott A
in tryptic soy broth and milk. International
Journal of Food Nielsen, P.M. (2012). U.S. Patent
No. 20120308698 A1. Washington, DC: US.
Patent and Trademark Office. Microbiology,
260: 36–41.
[63] Kimura, T. and Oe, K. (2010). J.P. Patent No.
JP2011177121A. Japan.
[64] Merrill, R.K. and Singh, M. (2011). Food
ingredients and food products treated with an
oxidoreductase and methods for preparing such
food ingredients and food products. United States
Patent Application Pub. No.: US 8021704.
[65] Walter, T. and Begli, A.H. (2011). U.S.Patent
No. 20110244080 A1.Washington, DC: US.
Patent and Trademark Office
[66] Baldwin, C., Akashe, A., Dinwoodie, R., Koka,
R., West, L.G. and Kortum, O. (2004). Use of
siderophores and organic acid to retard lipid
oxidation. United States Patent Application Pub.
No.: US /0170728 A1
[67] Van Dokkum, W., Wezendonk, L.J., Van AkenSchneijder, P. and Kistemaker, I.C. (1994). The
tolerance of lactobionic acid in man. TNO
Nutrition and Food Research, 95, 1–22.
[68] Cayman. (2016). Safety data sheet-Lactobionic
acid
(pp.
1–5).
________________________________________________
Egypt. J. Chem. 65, No. 6 (2022)

https://www.caymanchem.com/msdss/18926m.pd
f
[69] Bouhsina, S., Decock, P., Kozlowski, H. and
Swiatek, J. (1991). Copper (II) complexes of
lactobionic acid. Lactone-acid equilibrium and
proton dissociation. Journal of Inorganic
Biochemistry, 42, 57–65.
[70] Escandar, G.M., Olivieri, A.C., González-Sierra,
M. and Sala, L.F. (1994). Iron (III) complexes of
lactobionic acid: Equilibrium and structural
studies in aqueous solution. Journal of the
Chemical Society, Dalton Transactions, 20,
1189–1192.
[71] Charloux, C., Paul, M., Loisance, D. and Astier,
A. (1995). Inhibition of hydroxyl radical
production by lactobionate, adenine, and tempol.
Free Radical Biology & Medicine, 19, 699–704.
[72] Wei, B., He, L., Wang, X., Yan, G.Q., Wang, J.
and Tang, R. (2017). Bromelain-decorated hybrid
nanoparticles based on lactobionic acidconjugated chitosan for in vitro anti-tumor study.
Journal of Biomaterials Applications, 32, 206–
218.
[73] Mukherjee, R. and Yun, J.W. (2015).
Lactobionic acid reduces body weight gain in
dietinduced obese rats by targeted inhibition of
galectin-1.
Biochemical
and Biophysical
Research Communications, 463, 1311–1316.
[74] Yajima, K., Okahira, A. and Hoshino, M. (1997).
Transformation of Lactitol Crystals and
Dehydration with Grinding. Chemical &
Pharmaceutical Bulletin, 45, 1677-1682.
[75] O'Neil, M.J. (Ed). The Merck Index An
Encyclopedia of Chemicals, Drugs, and
Biologicals. Whitehouse Station, NJ: Merck and
Co., Inc., 2006, p. 925.
[76] Schulz, P. and Rizvi, S.S.H. (2021). Hydrolysis
of Lactose in Milk: Current Status and Future
Products. Food Reviews International, 1-20.
[77] Cheng, S. and Martínez‐Monteagudo, S.I.
(2018). Hydrogenation of lactose for the
production of lactitol. Asia‐Pac J Chem Eng.
e2275. 1-18.
[78] Păcularu-Burada, B., Georgescu, L.A., Vasile,
M.A., Rocha, J.M. and Bah-rim, G.E. (2020).
Selection of wild lactic acid bacteria strains as
promoters of postbiotics in gluten-free sour
doughs. Microorganisms 8, 643.
[79] Bartkiene, E., Lele, V., Ruzauskas, M.,
Mayrhofer, S., Domig, K., Star-kute, V.,
Zavistanaviciute, P., Bartkevics, V., Pugajeva, I.,
Klupsaite, D., Juodeikiene, G., Mickiene, R. and
Rocha, J.M. (2020). Lactic acid bacteria isolation
from spontaneous sourdough and their
characterization including antimicrobial and
antifungal properties evaluation. Microorganisms
8, 64.
[80] Santana, P., Zilda, D.S. and Huda, N. (2017).
Physicochemical properties of surimi powder
made from threadfin bream (nemipterus
japonicus) with various dryoprotectants added.
Journal of Fundamental and Applied Sciences, 9,
866-844.
[81] Psimouli, V. and Oreopoulou, V. (2012). The
effect of alternative sweeteners on batter
rheology and cake properties. Journal of the
Science of Food and Agriculture, 92, 99-105.

354
_____________________________________________________________________________________________________________

[82] Zoulias, E.I., Oreopoulou, V. and Kounalaki, E.
(2002). Effect of fat and sugar replacement on
cookie properties. Journal of the Science of Food
and Agriculture, 82, 1637-1644.
[83] Gurditta, H., Patel, A.A. and Arora, S. (2014).
Optimisation of sweetener and bulking agent
levels for the preparation of functional Chhanamurki.
International
Journal
of
Dairy
Technology, 68, 190-197.
[84] Santos, G.G. and Silva, M.R. (2012). Mangaba
(Hancornia speciosa Gomez) ice cream prepared
with fat replacers and sugar substitutes. Food
Science and Technology, 32, 621-628.
[85] Karamitros, C.S. and Labrou, N.E. (2017).
Preserving enzymatic activity and enhancing
biochemical stability of glutathione transferase by
soluble additives under free and tethered
conditions.
Biotechnology
and
Applied
Biochemistry, 64, 754-764.
[86] Klewicki, R. (2007). The stability of gal-polyols
and oligosaccharides during pasteurization at a
low pH. LWT - Food Science and Technology,
40, 1259-1265.
[87] Samborska, K., Guiavarc'h, Y., Van Loey, A.
and Hendrickx, M. (2006). The thermal stability
of aspergillus oryzae alpha-amylase in presence
of sugars and polyols. Journal of Food Process
Engineering, 29, 287-303.
[88] Metzger, J., Chollet, C., Wermeille, M., Biollaz,
J., Llull, J.B. and Lauterburg, B.H. (1998).
Lactitol: Gastrointestinal absorption and effect on
blood lactate in healthy volunteers and patients
with cirrhosis. European Journal of Clinical
Pharmacology. 35, 97-99.
[89] Als-Nielsen, B., Gluud, L.L. and Gluud, C.
(2004). Non-absorbable disaccharides for hepatic
encephalopathy:
Systematic
review
of
randomized trials. British Medical Journal, 328,
1046–1050.
[90] Chen, C., Li, L., Wu, Z., Chen, H. and Fu, S.
(2007). Effects oflactitol on intestinal microflora
and plasma endotoxin in patients with chronic
viral hepatitis. J Infect. 54, 98-102.
[91] Koëter, H.B. and Bär, A. (1992). Embryotoxicity
and Teratogenicity Studies with Lactitol in Rats.
International Journal of Toxicology, 11, 249-257.
[92] Aurora, A.S. (2005). Sugars and Sweeteners in
Foods. Food Safety and Technology, FST-16.
[93] Schoterman,
H.C.
(2007).
Galactooligosaccharides: Properties and health aspects,
42, 494-502.
[94] Oku, T. (1996). Oligosaccharides with beneficial
health effects: A Japanese perspective. Nutr.
Rev., 54, s59-s66
[95] Tzortzis, G. and Vulevic, J. (2009). GalactoOligosaccharide
Prebiotics.
In
D.
Charalampopoulos & R. A. Rastall (Eds.),
Prebiotics and Probiotics Science and
Technology (pp. 207–244). New York, NY:
Springer.
[96] Matthews, B.W. (2005). The structure of E. coli
b-galactosidase. Comptes Rendus Biologies, 328,
549–556.
[97] Yanahira, S., Kobayashi, T., Suguri, T.,
Nakakoshi, M., Miura, S., Ishikawa, H.
andNakajima, I. (1995). Formation of
________________________________________________
Egypt. J. Chem. 65 No. 6. (2022)

oligosaccharides from lactose by Bacillus
circulans
β-galactosidase.
Bioscience,
Biotechnology and Biochemistry, 59, 1021–1026.
[98] Miyasato, M. and Ajisaka, K. (2004).
Regioselectivity in β-galactosidase-catalyzed
transglycosylation for the enzymatic assembly of
D-galactosyl-D-mannose.
Bioscience,
Biotechnology and Biochemistry, 68, 2086–2090.
[99] Bridiau, N., Taboubi, S., Marzouki, M., Legoy,
M.D. and Maugard, T. (2006). β-Galactosidase
catalyzed selective galactosylation of aromatic
compounds. Biotechnology Progress, 22, 326–
330.
[100] Martínez-Villaluenga, C., Cardelle-Cobas,
A., Corzo, N., Olano, A. and Villamiel, M.
(2008a). Optimization of conditions for
galactooligosaccharides synthesis during lactose
hydrolysis
by
β-galactosidase
from
Kluyveromyces lactis (Lactozym 3000 L HP G).
Food Chemistry, 107, 258-264.
[101] Adamczak, M., Charubin, D. and Bednarski,
W. (2009). Influence of reaction medium
compositium on enzymatic synthesis of
galactooligosaccharides and lactulose from
lactose concentrates prepared from whey
permeate. Chemical Papers, 63, 111-116.
[102] Sangwan, V., Tomar, S.K., Singh, R.R.,
Singh,
A.K.,
and
Ali.
B.
(2011).
Galactooligosaccharides: Novel components of
designer foods. J. Food Sci., 76, R103–R111.
[103] Lamsal, B.P. (2012). Production, health
aspects and potential food uses of dairy prebiotic
galactooligosaccharides. J. Sci. Food Agric., 92,
2020–2028.
[104] Grosová, Z., Rosenberg, M. and Rebroš, M.
(2008). Perspectives and applications of
immobilised β-galactosidase in food industry - A
review. Czech Journal of Food Sciences, 26, 1–
14.
[105] Figueroa-González,
I.,
Quijano,
G.,
Ramírez, G. and Cruz-Guerero, A. (2011).
Probiotics and prebiotics: perspectives and
challenges. Journal of the Science of Food and
Agriculture, 91, 1341-1348.
[106] Krutmann, J. (2009). Pre- and probiotics for
human skin. Journal of Dermatology Science, 54,
1-5.
[107] Schmidt, K., Cowen, P., Harmer, C.,
Tzortzis, G., Errington, S. and Burnet, P.J.
(2015). Prebiotic intake reduces the waking
cortisol response and alters emotional bias in
healthy volunteers. Psychopharmacology, 232,
1793–1801.
[108] Wilson, B., and Whelan, K. (2017).
Prebiotic
inulin-type
fructans
and
galactooligosaccharides: definition, specificity,
function, and application in gastrointestinal
disorders. Journal of Gastroenterology and
Hepatology, 32, 64-68.
[109] Roberfroid, M. (2007). Prebiotics: The
concept revisited. J. Nutr., 137, 830S –837S.
[110] Koh, J.H., Choi, S.H., Park, S.W., Choi,
N.J., Kim, Y. and Kim, S.H. (2013). Synbiotic
impact of tagatose on viability of Lactobacillus
rhamnosus strain GG mediated by the

355
__________________________________________________________________________________________________________________

phosphotransferase
system
(PTS).
Food
Microbiol., 36, 7–13.
[111] Muddada, S. (2012). Tagatose: The
multifunctional food ingredient and potential
drug. J. Pharm. Res., 5, 626–631.
[112] Taylor, T., Fasina, O. and Bell, L. (2008).
Physical properties and consumer liking of
cookies prepared by replacing sucrose with
tagatose. J. Food Sci., 73, S145–S151.
[113] Xu, Z., Li., S., Fu, F., Li, G., Feng, X., Xu,
H. and Ouyang, P. (2012). Production of Dtagatose, a functional sweetener, utilizing alginate
immobilized
lactobacillus
fermentum
CGMCC2921. Appl. Biochem. Biotechnol., 166,
961–973.
[114] Beadle, J.R., Saunder, J.P. and Wajada, T.J.
(1991). Process for manufacturing tagatose. US
patent 500261.
[115] Cheetham, P.S. and Wootton, A.N. (1993).
Bioconversion of D-galactose into D-tagatose.
Enzyme Microb Technol, 15, 105–108.
[116] Oh, D.K., Roh, H.J., Kim, S.Y. and Noh,
B.S. (1998). Optimization of culture conditions
for D-tagatose production from D-galactose by
Enterobacter agglomerans. Kor. J. Appl.
Microbiol. Biotechnol., 26, 250–256.
[117] Xu, Z., Qing, Y. J., Li, S., Feng, X. H., Xu,
H. and Ouyang, P.K. (2011). A novel L-arabinose
isomerase from Lactobacillus fermentum
CGMCC2921 for D-tagatose production: gene
cloning, purification and characterization. Journal
of Molecular Catalysis B: Enzymatic, 70, 1–7.
[118] Roy, S., Chikkerur, J., Roy S.C., Dhali, A.,
Kolte, A.P., Sridhar, M. and Samanta, A.K.
(2018). Tagatose as a Potential Nutraceutical:
Production, Properties, Biological Roles, and
Applications. Journal of Food Science, 0, 1-11.
[119] Venema, K., Vermunt, S.H. and Brink, E.J.
(2005). D-Tagatose increases butyrate production
by the colonic microbiota in healthy men and
women. Microbial Ecology in Health and
Disease, 17, 47–57.
[120] Torrico, D.D., Tam, J., Fuentes, S., Viejo,
C.G. and Dunshea, F.R. (2020). Consumer
rejection
threshold,
acceptability
rates,
physicochemical properties, and shelf-life of
strawberry-ﬂavored yogurts with reductions of
sugar. J. Sci. Food Agric., 100, 3024–3035.
[121] Fujimaru, T., Park, J.H. and Lim, J. (2012).
Sensory characteristics and relative sweetness of
tagatose and other sweeteners. J. Food Sci., 77,
S323–S328.
[122] Rouhi, M., Mohammadi, R., Mortazavian,
A. and Sarlak, Z. (2015). Combined effects of
replacement of sucrose with d-tagatose and
addition of different probiotic strains on quality
characteristics of chocolate milk. Dairy Sci.
Technol., 95, 115–133.
[123] Buemann, B., Toubro, S., Raben, A.,
Blundell, J. and Astrup, A. (2000). The acute
effect of D-tagatose on food intake in human
subjects. Br. J. Nutr., 84, 227–231.
[124] Lærke, H.N., Jensen, B.B. and Højsgaard, S.
(2000). In vitro fermentation pattern of Dtagatose is affected by adaptation of the
microbiota from the gastrointestinal tract of pigs.
J Nutr., 130, 1772–1779.
________________________________________________
Egypt. J. Chem. 65, No. 6 (2022)

[125] Levin, G.V. (2002). Tagatose, the new
GRAS sweetener and health product. J. Med.
Food, 5, 23–36.
[126] Ibrahim, O.O. and Spradlin, J.E. (2000).
Process for manufacturing Dtagatose. US Patent
6057135.
[127] Long, J., Pan, T., Xie, X., Xu, X. and Jin, Z.
(2019). Effective production of lactosucrose
using β-fructofuranosidase and glucose oxidase
co-immobilized by sol–gel encapsulation. Food
Sci. Nutr., 7: 3302–3316.
[128] Valeri, F., Boess, F., Wolf, A., Goldlin, C.
and Boelsterli, U.A. (1997). Fructose and
tagatose protect against oxidative cell injury by
iron chelation. Free Radic. Biol. Med., 22, 257–
268.
[129] Li, W., Xiang, X., Tang, S., Hu, B., Tian, L.,
Sun, Y., Ye, H. and Zeng, X. (2009). Effective
Enzymatic Synthesis of Lactosucrose and its
Analogues by β-D-Galactosidase from Bacillus
circulans. Journal of Agricultural and Food
Chemistry, 57, 3927–3933.
[130] Lee, J.H., Lim, J.S., Song, Y.S., Kang, S.W.,
Park, C. and Kim, S.W. (2007). Optimization of
culture medium for lactosucrose 4G-β-Dgalactosylsucrose
production
by
Sterigmatomyces elviae mutant using statistical
analysis. Journal of Microbiology and
Biotechnology, 17, 1996-2004.
[131] Chen, C., Deng, J., Lv, X., Li, J., Du, G., Li,
H. and Liu, L. (2020). Biocatalytic synthesis of
lactosucrose using a recombinant thermostable βfructofuranosidase from Arthrobacter sp. 10138.
Bioengineered, 11, 416–427.
[132] Farkas, E., Schmidt, U., Thiem, J.,
Kowalczyk, J., Kunz, M. and Vogel, M. (2003).
Regioselective synthesis of galactosylated tri- and
tetrasaccharides by use of β-galactosidase from
Bacillus circulans. Synthesis, 5, 699-706.
[133] Krasaekoopt, W., Bhandari, B. and Deeth,
H. (2003). Yogurt from UHT milk: A review.
Australian Journal of Dairy Technology, 58, 26–
29.
[134] Ueda, K., Beppu, H., Maruyama, M.,
Sakaki, T., Shirasuna, F., Inoue, T., Kawai, K.,
Tamai, I., Ikeda, H., Fujita, K. and Kuzuya, H.
(2000). Development of oligosaccharidecontaining croissant. Journal of the Japanese
Society for Food Science and Technology, 47,
836–843.
[135] Takumi, H., Ochi, H., Okada, S., Li, S.-T.,
Terada, A. and Mitsuoka, T. (2001). Effect of
ingesting frozen yoghurt in combination with
lactosucrose consumption on the fecal microbiota
and fecal metabolic activity in healthy adults.
Japanese Journal of Food Microbiology, 18, 49–
56.
[136] Okabe, H., Aga, H., Kubota, M. and
Miyabe, T. (2008). Lactosucrose high content
saccharide, its preparation and uses. US Patent
No. 20080027027.
[137] Kihara, M., Kiryu, K., Kakita, M., Ogata, S.,
Mino, R. and Takahashi, Y. (2001). Feed for fish.
Japanese Patent No. 3193770.
[138] Ohkusa, T., Ozaki, Y., Sato, C., Mikuni, K.
and Ikeda, H. (1995). Long-term ingestion of

356
_____________________________________________________________________________________________________________

lactosucrose increases Bifidobacterium sp. in
human fecal flora. Digestion, 56, 415–420.
[139] Ogata, Y., Fujita, K., Ishigami, H., Hara, K.,
Terada, A., Hara, H., Fujimori, I. and Misuoka,
T. (1993). Effect of a small amount ot 4G-β-Dgalactosylsucrose (lactosucrose) on fecal flora
and fecal properties. Journal of Japanese Society
of Nutrition and Food Science, 4, 317–323.
[140] Teramoto, F., Rokutan, K., Sugano, Y., Oku,
K., Kishino, E., Fujita, K., Hara, K., Kishi, K.,
Fukunaga, M. and Morita, T. (2006). Long-term
administration of 4G-β-D-galactosylsucrose
(lactosucrose) enhances intestinal calcium
absorption in young women: A randomized,
placebo-controlled 96-wk study. Journal of
Nutritional Science and Vitaminology, 52, 337346.
[141] Honda, K., Matsumoto, T., Kuroki, F., Iida,
M., Oka, M. and Sawatani, I. (1999). Protective
effect
of
lactosucrose
on
intracolonic
indomethacin-induced small-intestinal ulcers in
rats. Scandinavian Journal of Gastroenterology,
34, 264-269.
[142] Mizote, A., Taniguchi, Y., Takei, Y., KoyaMiyata, S., Kohno, K., Iwaki, K., Kurose, M.,
Oku, K., Chaen, H. and Fukuda, S. (2009).
Lactosucrose Inhibits Body Fat Accumulation in
Rats by Decreasing Intestinal Lipid Absorption.
Bioscience Biotechnology and Biochemistry, 73,
582-587.
[143] Vrese, M., and Marteau, P.R. (2007).
Probiotics and prebiotics: Effects on diarrhea.
Journal of Nutrition, 137, 803S–811S.
[144] Jie, Z., Bang-Yao, L., Ming-Jie, X., HaiWei, L., Zu-Kang, Z., Ting-Song,W. and Craig,
S. (2000). Studies on the effects of polydextrose
intake on physiologic functions in Chinesepeople.
The American Journal of Clinical Nutrition, 72,
1503– 1509.
[145] Han, L.K., Li, J., Sumiyoshi, M., Tsujita, T.,
Kimura, Y., Zheng, Y.N. and Okuda, H. (1999).
Reduction in fat storage during 4G-βDgalactosylsucrose (lactosucrose) treatment in
mice fed a highfat diet. Journal of Traditional
Medicines, 16, 66–71.
[146] Zhou, Y., Ruan, Z., Zhou, X., Huang, X., Li,
H.,Wang, L., Zhang, C., Deng, Z.,Wu, G. and
Yin, Y. (2015). Lactosucrose attenuates intestinal
inflammation by promoting Th2 cytokine
production and enhancing CD86 expression in
colitic rats. Bioscience, Biotechnology, and
Biochemistry, 79, 643–651.
[147] Hino, K., Kurose, M., Sakurai, T., Inoue, S.,
Oku, K., Chaen, H. and Fukuda, S. (2007). Effect
of
dietary
lactosucrose
(4G-βDgalactosylsucrose).
Journal
of
Applied
Glycoscience, 54, 169–172.
[148] Taniguchi, Y., Mizote, A., Kohno, K.,
Iwaki, K., Oku, K., Chaen, H. and Fukuda, S.
(2007). Effects of dietary lactosucrose (4G-βDgalactosylsucrose) on the IgE response in mice.
Bioscience, Biotechnology, and Biochemistry,
71, 2766–2773.
[149] Fujita, K., Hara, K., Sakai, S., Miyake, T.,
Yamashita, M., Tsunetomi, Y. and Mitsuoka, T.
(1991). Effect of 4G-β-Dgalactosylsucrose
________________________________________________
Egypt. J. Chem. 65 No. 6. (2022)

(lactosucrose) on intestinal flora and its
digestibility in human. Journal of the Japanese
Society of Starch Science, 38, 249–255.
[150] Bassarab, S., Bechtold-Peters, K., Fuhrherr,
R., Friess, W., Garidel, P. and SchultzFademrecht, T. (2005). Powder comprising new
compositions of oligosaccharides and methods
for their preparation. US Patent No.
20050250704.
[151] Garssen, J., van Tol, E.A., Jben, J.W. and
Verlaan, G. (2009). Nutritional supplement for
category of HIV patients. US Patent No.
20090082249.
[152] Nobuaki, I. (1998) Antiathlete’s foot
composition.WO Patent No. 1998057650.
[153] Ito, S., Taguchi, H., Hamada, S., Kawauchi,
S., Ito, H., Senoura, T., Watanabe, J.,
Nishimukai, M. and Matsui, H. (2008).
Enzymatic properties of cellobiose 2-epimerase
from Ruminococcus albus and the synthesis of
rare oligosaccharides by the enzyme. Appl.
Microbiol. Biotechnol., 79, 433–441.
[154] Moreno, F.J., Villamiel, M. and Olano, A.
(2003). Effect of high pressure onisomerization
and degradation of lactose in alkaline media. J.
Agric. Food Chem., 51, 1894–1896.
[155] Saburi, W., Yamamoto, T., Taguchi, H.,
Hamada, S. and Matsui, H. (2010). Practical
preparation of epilactose produced with
cellobiose 2-epimerase from Ruminococcus albus
NE1. Biosc.i Biotechnol. Biochem., 74, 1736–
1737.
[156] Watanabe, J., Nishimukai, M., Taguchi, H.,
Senoura, T., Hamada, S., Matsui, H., Yamamoto,
T., Wasaki, J., Hara, H. and Ito, S. (2008).
Prebiotic properties of epilactose. J. Dairy Sci.,
91, 4518–4526.
[157] Nishimukai, M., Watanabe, J., Taguchi, H.,
Senoura, T., Hamada, S., Matsui, H., Yamamoto,
T., Wasaki, J., Hara, H. and Ito, S. (2008). Effects
of epilactose on calcium absorption and serum
lipid metabolism in rats. J. Agric. Food Chem.,
56, 10340–10345.
[158] Suzuki T, Nishimukai M, Shinoki A,
Taguchi H, Fukiya S, Yokota A, Saburi, W.,
Yamamoto, T., Hara, H. and Matsui, H. (2010).
Ingestion of epilactose, a non-digestible
disaccharide,
improves
postgastrectomy
osteopenia and anemia in rats through the
promotion of intestinal calcium and iron
absorption. J. Agric. Food Chem., 58, 10787–
10792.
[159] Seki, N. and Saito, H. (2012). Lactose as a
source for lactulose and other functional lactose
derivatives. Int. Dairy J., 22, 110–115.
[160] Mollea, C., Marmo, L. and Bosco, F. (2013).
Valorisation of Cheese Whey, a By-Product from
the Dairy Industry. In: Muzzalupo I (ed) Food
industry. Intechopen, New York, pp 549–588.
[161] Banaszewska, A., Cruijssen, F., Claassen,
G.D. and van der Vorst, J.G. (2014). Effect and
key factors of byproducts valorization: the case of
dairy industry. J. Dairy Sci., 97, 1893–1908.

