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Abstract

Whey contains a lot of lactose, which can be easily hydrolysed by commercial enzymes. The aim of the present study was to identify
the optimal parameters for the enzymatic hydrolysis of acid whey permeate and glucose-galactose syrup production. Acid whey
permeate was hydrolysed using p-galactosidase preparate (NOLA™ Fit 5500, Chr. Hansen, Denmark) with activity 7200 BLU L. As
the enzyme is strongly inhibited at pH below 4.5, sodium bicarbonate was added to neutralize substrate pH till 6.0-6.3. The hydrolysis
was carried out at 40 °C 6 hours. pH and monosaccharides concentration were monitored during the process of hydrolysis. The
fermented substrate was concentrated in a vacuum evaporator at 40-60 °C, 4-8 kPa. Glucose-galactose syrup was obtained with
65 and 70% of total solids. Lactose and monosaccharides were determined by HPLC. Fermentation time influenced monosaccharides
composition and concentration. After 2 hours of fermentation lactose was completely hydrolysed. Continuing fermentation, the amount
of glucose was decreased due to formation of novel oligosaccharides. The study results revealed that the optimal time for acid whey
permeate hydrolysis was 2 hours. It should be noted that during the process of hydrolysis the pH of the product increased till 6.5 and
such changes are related to cellulase and glucoamylase activity incorporated in the enzyme preparate as well as permeate protein
residues hydrolysis. With the increase of syrup total solids, galactose concentration was changed due to galacto-oligosaccharides
formation. The degree of sweetness is key factor for the durability of lactose hydrolysis and final syrup concentration.
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Introduction dehydrated products are produced, as well as
Processing and rational application of whey is a topical fractionation of individual components (fats, lactose,
problem for all countries with a developing dairy whey proteins, amino acids and peptides) and
industry. Even in Tajikistan, the lack of cost-effective biological conversion of lactose in order to obtain
technologies for whey processing for a long time has glucose-galactose and lactulose syrups are practiced
been the reason that most of whey was considered as a (Paspuni, Snyapn, 2013).

waste stream and thrown into sewages (Kyxos, 2017; Nowadays, utilization of sweet whey has been
Bax, 2017). At the same time, this valuable raw material successfully ~ solved ~and sweet ~whey have
was lost, in addition to significant deterioration in the been developed into multiple food products
ecological situation. (Chandrapala et al., 2016); unfortunately, only a few
The disposal of whey remains a serious problem for the interesting solutions and scientific publications are
dairy industry. Whey contains between 5 to 6% of total available for successful processing of acid whey into
solids, including lactose, which can be recycled innovative and value-added food products. Acid whey
(Cote et al., 2004). has a low pH (4.5-4.7), sour taste, high mineral content,
In addition, there is a problem associated with the including lactates, less protein and lactose compared to
production of sugar, as well as import of this product is sweet whey (Prazeres et al., 2012; Chandrapala et al.,
expensive in Tajikistan. It is reasonable to hydrolyse 2016). Taking into account the composition of acid
lactose into glucose-galactose syrup production, which whey, it is an opportunity to use whey as araw material
meaningfully will help the national economics and apply for lactose hydrolysis with the aim to obtain glucose and
the new product as a sugar substitute. The study on galactose. ) )

glucose-galactose syrup production from acid whey will Whey hydrolysis can be carried out by two methods:
help to save food resources in multiply food industry enzymatic and acid hydrolysis (Das et al., 2015).
subsectors. Enzymatic hydrolysis is provided using the commercial
One of the key components of whey — lactose consists enzyme preparate — [-galactosidase which hydrolyses
of glucose and galactose (Cxsopuos et al., 2013). lactose into glucose and galactose. The enzyme is
Lactose presents in milk of all mammals and exists in widely distributed, but only a few enzymes have an
two isomeric forms, alpha and beta. The differences are optimum pH for the operation in acid whey. Enzymatic
the configuration of the hydroxyl-group. The lactose hydrolysis of lactose is a popular technology for
content in cow's milk varies in range of 4.4 to 5.2%, the production of glucose-galactose syrup, which is 3 times
average 4.8% (Ginzle et al., 2008; Schaafsma, 2008). sweeter than lactose (Ansari, Husain, 2010; Fox, 2011).
Today whey has been processed into beverages, also Generally, glucose-galactose syrup is produced from

sweet whey, in turn, it can be obtained also from acid
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whey. The production technology of glucose -galactose
syrup is important for many countries, including
Tajikistan, which allows to get an economically
substantial sugar substitute.

The aim of this study was to identify the optimal
parameters for the enzymatic hydrolysis of acid whey
permeate and glucose-galactose syrup production.

Materials and Methods
Chemicals and materials

Chemicals D-lactose monohydrate, D(+) glucose,
D (+) galactose (>98%, HPLC) were purchased from
Sigma-Aldrich (Riga, Latvia), as well as NaHCO3 from
Voldemars Ltd. (Latvia). The acid whey permeate was
gained from JSC Tukuma piens with the following
composition: fat — 0.00%, protein — 0.68+£0.01%,
lactose — 4.09+0.01%, total solids — 5.09+0.01%,
solids-no-fat — 4.87+0.01% measured with Milkoscan™
Mars (Foss, Denmark) and pH 4.49+0.30 measured by
pH Meter GPH 114 (Germany).

Commercial enzyme

Commercial NOLA ™ Fit5500 (Chr. Hansen,
Denmark) p-galactosidase was used in the study.
NOLA™ Fit 5500 is a highly purified enzyme gained
from Bacillus licheniformis. According to the
manufacturers' recommendations, the NOLA™ Fit 5500
enzyme is active under acidic conditions (optimum
pH 5.0-7.0, temperature 35-50 °C) and enzyme activity
is 5500 BLU (bifido lactase units) L' (NOLA™
Fit 5500 Product Information, 2017).

Technology for glucose-galactose syrup production

pH of the permeate was adjusted to 6.0-6.3 with 10% of
NaHCOs solution. After neutralization of substrate, the
acid whey permeate was pasteurized at 80+5 °C 3+1 min
for microorganism inactivation. The enzyme with an
activity of 7200 BLU was added to L of acid whey
permeate. After the enzyme addition, permeate was
mixed 2 minutes and placed into incubator IN55
(Memmert, Germany), samples were fermented within
6 h. pH was determined every hour.

To obtain glucose-galactose syrup, the fermented
solution was evaporated into vacuum-evaporator
Heidolph  Laborota 4000 efficient (Heidolph
Instruments GmbH & Co KG, Germany). The process
was conducted at a pressure of 4-8 kPa and temperature
at 51+9 °C. The total solids of syrup were adjusted to
65+2% and 70+2%. Concentration of the solids was
determined with a refractometer DR301-95 (KRUSS,
Germany).

Determination of lactose, glucose and galactose

The changes of lactose, glucose and galactose
concentration during fermentation were determined
every hour using high performance liquid
chromatography (HPLC) LC 20 Prominence
(Shimadzu, LC-20, Torrance, CA, USA). The following
parameters were set: detector — the index of refraction
RID-10A; column — Alltech YMC, 4.6x250.0 mm,
5 um; temperature 35 °C; isocratic elution mode, mobile
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phase — A - acetonitrile, B — deionized water
(A80: B20); the volume of the injection sample was
10 pL; total time for analysis — up to 25 minutes; flow
rate 1.0 mL min?. The obtained data was processed
using Shimadzu LabSolutions software (LC Solution
Version 1.21 SP1) (Zolnere et al., 2018).
Monosaccharide composition and concentration was
analysed in syrup with different solids content.

Statistical analysis

The experiments were carried out in three replications.
Significant differences among the study results were
identified using t-test at the significance level p<0.05.
Statistical analysis was performed using Windows and
Excel programs, version 10.0.

Results and Discussion

The effect of different parameters, such as fermentation
time and pH, was studied and results are shown in
Figure 1. The recommended medium pH for NOLA™
Fit 5500 enzyme was 5.0-7.0, therefore the acid whey
permeate pH was adjusted in the range of 6.23+0.03.
During the fermentation time, there was observed the
significant increase (p<0.05) of substrate pH from 6.23
to 6.37. pH changes can be attributed to the activity of
cellulase and glucoamylase, which are incorporated in
the enzyme preparate and permeate protein residues
hydrolysis (Palmer et al., 2007). Roy and Gupta (2003)
concluded that an increase of pH helps to maintain
enzyme activity during fermentation as well as at the end
of fermentation pH changes become slower.
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Figure 1. The effect of fermentation process on the
monosaccharide concentration and composition,
and substrate pH

Analysis of the monosaccharide concentration showed
that the optimal fermentation time for the lactose
hydrolysis was 2 hours. The duration of the fermentation
process affects the concentration of glucose and
galactose (Msuro et al., 2013). It should be noted that the
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final concentration of glucose and galactose is unequal
in substrate at the end of fermentation, which contradicts
to the theoretical yield of these monosaccharides.
Adding lower amount of the enzyme preparate, the ratio
of glucose and galactose increased in towards glucose,
whereas with an increased enzyme addition the
differences in the monosaccharide concentration
decreased. It should be noted that conversion
coefficient, which  characterizes the lactose
transformation into glucose and galactose, ranged from
1.05 to 1.11 (Octpoymos, 'aepunos, 2013). Continuing
fermentation, the glucose concentration decreased
due to the formation of novel oligosaccharides
(Cezar et al., 2018).

As shown by several researchers (Bojan et al., 2011,
Goderska et al., 2008; Warmerdam et al., 2013), lactose
hydrolysis with Bifidobacterium bifidum
B-galactosidase showed high activity significantly
reducing initial lactose amount in substrates. It
influences the final monosaccharides concentration,
especially higher glucose yield.

Table 1
Comparative analysis of the carbohydrate
composition of glucose - galactose syrup

Experimental

Commercial
syrup* .
Carbohydrates, o o syrup* with
gLt 65%0f 709 0f  goorof total
total total A
. . solids
solids solids
Glucose 45+2 43+3 25
Galactose 2043 2412 22
Lactose - — 12

* Syrups contain at least 1-2% protein.
** Somov et al., 2015

Before vacuum evaporation, heat treatment of substrate
was not carried out in order to inactivate the enzyme.
The temperature during evaporation process was
adjusted at 51+9 °C, under these conditions the enzyme
was able to operate.

The glucose-galactose syrup was obtained with total
solids concentration of 65+2% and 70+2%. Based on
chromatographic analysis, syrups contain 43-45% of
glucose and 20-24% of galactose (Table 1). The high
concentration of glucose compared to galactose could be
explained by its inversion under the action of
B-galactosidase in the process of evaporation. With the
increase of total solids in syrup, the concentration of
glucose decreases and that of galactose increases.
Glucose and galactose concentration in experimental
syrups was higher compared to commercial syrup
obtained by commercial Ha-Lactase 5200
B-galactosidase (Chr. Hansen, Denmark), as well as
remaining lactose was found in the commercial syrup
(Table 1) (Comog, 2013). Monosaccharide analysis
showed that NOLA™ Fit 5500 B-galactosidase was able
completely hydrolyse lactose into glucose and galactose
in acid whey (Table 1), as well as provide a higher
degree of syrup sweetness.
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Conclusions

The study results showed that the optimal time for
lactose hydrolysis was 2 hours. Extension of the
fermentation process results in decrease of glucose
concentration.

As the degree of syrup sweetness is a key factor with
regards to syrup quality, it is recommended to
concentrate syrup up to 65% total solids.
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