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Introduction:

Lactose (1,4-B-D-galactosyl-D-glucose) is the natural sugar present
in milk. It is generally hydrolysed by lactase (B-galactosidase) in the
small intestine, with absorption of the released D-galactose and
D-glucose. Humans lacking or deficient in this enzyme cannot digest
lactose, which therefore passes undigested to the colon where it
undergoes microbial fermentation, causing adverse gastrointestinal
symptoms associated with lactose intolerance, such as nausea,
cramps, gas and diarrhoea.

Lactose intolerance affects approximately 65% of the global human
population. The frequency of primary lactose intolerance varies
greatly between ethnic and racial populations, with approximately
5% of northern Europeans and greater than 90% of Southeast Asian
populations being affected.?

To address the prevalence of lactose intolerance, dairy manufacturers
have introduced low-lactose and lactose-free dairy products, the
production of which includes the addition of 3-galactosidase to
hydrolyse the naturally occuring lactose. The European Food Safety
Authority (EFSA) defines “low-lactose” as containing lessthan1g
lactose/100 g product while I en 10-100 mg
lactose/100 g prod -

It is well known that B-galactosidase catalyses a transglycosylation
process in which the released D-galactose is transferred to lactose, pre-
formed galacto-oligosaccharides (GOS) and even back to D-glucose
and D-galactose. In high concentrations of lactose, this reaction is
used industrially to produce GOS. However, this transglycosylation
also occurs to some extent during the hydrolysis of lactose (~ 40 mg/
mL) in milk in the production of low-lactose and lactose-free milk. In
this process, trace quantities of a range of 3-D-galactosyl-D-glucose
oligosaccharides are formed, of which 1,6-3-D- (allolactose) is the
predominant species, but that also include trace amounts of 1,3-
B-D- and 1,2-B-D-galactosyl-D-glucose, as well as trace amounts
of B-D-galactosyl-D-galactose disaccharides and GOS. While the
concentrations of the various 3-D-galactosyl-D-glucose disaccharides
are very low, they can occur at levels similar to, or greater than, that of
lactose in the low-lactose and lactose-free milk products. Allolactose
is usually the principal component of the transglycosylation products
with concentrations in the range of 0.05-0.5 mg/mL, but in certain
samples it can be present in much higher quantities.



Determination of lactose in low-lactose and lactose-free milk products
is difficult. HPLC with refractive index determination is insufficiently
sensitive, and accurate determination by ion chromatography is
variously challenged by the poor chromatographic baseline patterns
obtained with real milk samples.

The K-LACGAR lactose kit from Megazyme* overcomes the problem

of high background D-galactose in the sample by performing
borohydride reduction to convert all reducing sugars present to
their corresponding sugar alcohols. However, this also reduces
lactose to lactitol, and hydrolysis of this to D-galactose and
D-sorbitol requires the use of A. niger 3-galactosidase, which is
also effective in hydrolysing any lactose analogues or GOS in the
sample to D-galactose and D-sorbitol; thus giving overestimation

of lactose content. In standard dairy products this is not a problem,
but in lactose-free products it is. An alternative existing procedure to
measure lactose involves the measurement of D-glucose. Firstly free
D-glucose in the sample is removed by the combined action of glucose
oxidase and catalase in the presence of hydrogen peroxide.® After
removal of the bulk of free glucose samples of the reaction solution

are splitinto 2 aliq erremaining D-glucose
and the second is ’ |;'1ee D-glucose
concentration usin alact olyse lactose to

D-glucose and D- galactose ). Lactose (and lactose analogues) are
determined by measuring the difference between the 2 aliquots in an
assay procedure that is cumbersome by nature of the fact that two
separate incubations need to be performed for each sample.

The lactose test kit (K-LOLAC) introduced by Megazyme is unique
in offering a sequential assay procedure for measurement of free
D-glucose followed by lactose in the same reaction cuvette. The assay
format is simple, accurate and sensitive. Lactose in conventional
dairy products is also readily assayed with this procedure. The
method includes pre-incubation steps to clarify samples and also
to remove the high levels of free D-glucose in the samples, allowing
accurate measurement of lactose. Both free D-glucose and the
D-glucose component of lactose are measured in a single reaction
tube in a sequential enzymatic reaction. Free D-glucose is first
measured using a HK/G-6PDH/6-phosphogluconate dehydrogenase
(6-PGDH) based assay procedure, and then MZ104 3-galactosidase
is added to hydrolyse the lactose in the same reaction tube with
concurrent measurement of the released D-glucose. The MZ104


https://www.megazyme.com/lactose-galactose-assay-kit
https://www.megazyme.com/lactose-assay-kit

B-galactosidase is selective for lactose and the determined lactose
values are similar to those obtained by ion chromatography. Adding
6-PGDH to the HK/G-6PDH mixture doubles the sensitivity of the
assay. In a further variation of the assay, both diaphorase and
iodonitrotetrazolium chloride (INT) can be included, which yields a
further 2.5-fold sensitivity increase. Methodology containing INT/
diaphorase will be released at a later date. These extensions to the
traditional biochemistry employed in lactose measurement greatly
improve the limit of detection (LOD) and limit of quantitation (LOQ)
of the assay, which are both well within the EFSA recommended
levels for low-lactose and lactose free products.

Principle:
Pre-treatment (low-lactose and lactose-free products):

Free D-glucose is efficiently removed from the sample by conversion
to D-gluconic acid by the enzymes glucose oxidase and catalase in
the presence of oxygen (1) and (2).

(glucose oxidase)
(1) D-Glucose + O, + H,O ———> D-gluconic acid + H,0,

:I::I:

(catalase)

(2) 2H,0,

3

M -g ucose/la ctose in samples):

Assay (measuremen

Prior to lactose hydrolysis, any remaining free D-glucose is
phosphorylated by the enzyme hexokinase (HK), in the presence of
adenosine-5-triphosphate (ATP) to glucose-6-phosphate (G-6-P) with
the simultaneous formation of adenosine-5-diphosphate (ADP) (3).

(HK)
(3) D-Glucose + ATP ———— G-6-P + ADP

G-6-P is oxidised by the enzyme glucose-6-phosphate
dehydrogenase (G6P-DH) in the presence of nicotinamide-adenine
dinucleotide phosphate (NADP*) to gluconate-6-phosphate
(gluconate-6-P) with the formation of reduced nicotinamide-
adenine dinucleotide phosphate (NADPH) (4).

(G6P-DH)
-b-P + ————» gluconate-6-P + +
(4) G-6-P + NADP* gl 6-P + NADPH + H*

Gluconate-6-P is immediately converted to D-ribulose-5-phosphate
(R-5-P), carbon dioxide (CO,), and a further molecule of NADPH by
the enzyme 6-phosphogluconate dehydrogenase (6-PGDH) (5).



(6-PGDH)
(5) Gluconate-6-P + NADP* — R-5-P + CO, + NADPH + H"

Lactose is hydrolysed to D-galactose and D-glucose by 3-galactosidase

(6). Glucose released from lactose enters the series of reactions
catalysed by HK, G6P-DH, and 6-PGDH (3, 4 & 5).

(B-galactosidase)
(6) Lactose + H O —— D-galactose + D-glucose

The amount of NADPH formed is stoichiometric to twice the amount
of lactose as two molecules of NADPH are produced for each
D-glucose molecule originating from the lactose in the sample.

Specificity, Sensitivity, Linearity And Precision:

This kit, which employs MZ104 3-galactosidase, is specific for free
D-glucose and selective for D-glucose released from lactose. In
contrast, E. coli B-galactosidase, which is commonly employed in
these types of assays, readily hydrolyses lactose and all lactose
analogues (1,3-B-D-, 1,2-B-D and 1,6-3-D-galactosyl-D-glucose), and
thus is not selective for lactose. In fact, E. coli B-galactosidase can
be used in place of lactosidase,to catalyse hydrolysis of
lactose and all lact ;}, ﬁ qasrrement of these

componentsasag

The detection limit of the assay is 1.62 mg/L, which is derived from
an absorbance difference of 0.02 with a maximum sample volume of
0.40 mL. This corresponds to a lactose concentration of 8.75 mg/L in
the original low-lactose or lactose-free milk sample, processed using
the “Standard Assay Procedure”. The assay is linear over the range of
1to 50 pg of lactose (or 0.50 to 25 pg of D-glucose). This equates to

a lactose concentration range of 0.05 to 2.50 g/L in the original low-
lactose or lactose-free milk sample, processed using the “Standard
Assay Procedure” and using 0.10 mL of sample. In duplicate
determinations using one sample solution, an absorbance difference
of 0.005 to 0.010 may occur. With a sample volume of 0.10 mL, this
corresponds to a lactose concentration of approx. 8.70 to 17.50 mg/L
of sample solution. If, in sample preparation, the sample is weighed,
e.g. 10 g/L, a difference of 0.02 to 0.05 g/100 g can be expected.



Interference:

Interfering substances in the sample being analysed can be
identified by including lactose as an internal standard. Quantitative
recovery of this standard would be expected. Losses in sample
handling and extraction are identified by performing recovery
experiments, i.e. by adding lactose to the sample in the initial
extraction steps. If the conversion of the D-glucose liberated
from lactose has been completed within the time specified in
the assay, it can be generally concluded that no interference has
occurred. However, this can be further checked by adding lactose
(25 pgin 0.10 mL) to the cuvette on completion of the reaction. A
significant increase in the absorbance should be observed. MZ104
B-Galactosidase is inhibited at higher levels of free D-galactose, so
sample size in the assay is limited to 0.10-0.40 mL (see page 9).

Safety:
The general safety measures that apply to all chemical substances
should be adhered to. For more information regarding the safe
usage and handling of this product please refer to the associated
SDS that is available from the Megazyme website.

- bE:

Kit Content: 17
Kits suitable for pe 5 assﬁa availaile from Megazyme.

The kits contain the full assay method plus:

Bottle 1: Buffer A (8 mL, pH 8.0) plus sodium azide (0.02%
w/V) as a preservative.
Stable for > 2 years at 4°C.

Bottle 2: Glucose oxidase (GOX) and catalase, lyophilised
powder. Stable for > 2 years below -10°C.
Bottle 3: Buffer B (8 mL, pH 7.6) plus sodium azide

(0.02% w/v) as a preservative.
Stable for > 2 years at 4°C.

Bottle 4: NADP* plus ATP.
Stable for > 5 years below -10°C.

Bottle 5: Hexokinase plus glucose-6-phosphate
dehydrogenase plus 6-phosphogluconate
dehydrogenase suspension (1.4 mL).
Stable for > 2 years at 4°C.

Bottle 6: MZ104 3-galactosidase suspension (1.4 mL).
Stable for > 2 years at 4°C.



Bottle 7: Lactose standard solution (5 mL, 0.25 mg/mL in

0.02% w/v sodium azide)
Stable for > 2 years; store sealed at 4°C.

Preparation of reagent solutions/suspensions:

1.

5&6.

Use the contents of bottle 1 as supplied.
Stable for > 2 years at 4°C.

Dissolve the contents of bottle 2 in 14 mL of distilled
water. To avoid repetitive freeze/thaw cycles, divide into
appropriately sized aliquots and store in polypropylene
tubes below -10°C. Stable for > 2 years below -10°C.

Use the contents of bottle 3 as supplied.
Stable for > 2 years at 4°C.

Dissolve the contents of bottle 4 in 4 mL of distilled
water. Stable for ~ 4 weeks at 4°C or stable for > 2 years
below -10°C (to avoid repetitive freeze/thaw cycles,
divide into appropriately sized aliquots and store in
polypropylene tubes).

Use the contents of bottles 5 and 6 as supplied. Before

opening foRtAE ttles to remove
any enzy t a ‘the stopper.
Subsequent{i¥ore the infanswpright position.

Swirl the bottle to mix contents before use. Stable for > 2
years at 4°C.

Use the contents of bottle 7 as supplied.
Stable for > 2 years; store sealed at 4°C.

NOTE: The lactose standard solution (bottle 7) is only
assayed where there is some doubt about the accuracy of
the spectrophotometer being used or where it is suspected
that inhibition is being caused by substances in the sample.
Interferences in the assay can be tested by adding a known
amount of the lactose standard solution to the sample prior
to sample preparation and assessing the recovery of this.
The concentration of lactose is determined directly from the
extinction coefficient of NADPH (page 10).




Preparation of reagents (not supplied):

1.

Concentrated Carrez | solution: 200 mL

Dissolve 30 g of potassium hexacyanoferrate (Il) trihydrate

(K,[Fe(CN).].3H,0) (Sigma cat. no. 60279) in 200 mL of
distilled water. Stable for > 3 years room temperature.

Concentrated Carrez Il solution: 200 mL
Dissolve 60 g of zinc sulphate heptahydrate (ZnSO,.7H,0)

(Sigma cat. no. 31665) in 200 mL of distilled water. Stable for

> 3 years room temperature.

Hydrogen peroxide (~ 30% w/wj; Sigma cat. no. H1009)
Use as supplied. Stable for > 3 years at 4°C.

NOTE: Reagents 1 and 2 for the sample clarification procedure
using Carrez are available as a separate kit product K-CARREZ.

Equipment (recommended)'

1.

2. ' -f‘Jge tubes, e.g.
Sarstedt cat. r% 690 WWW sarstedt.com).

3. 13 mL polyproylene tubes, e.g. Sarstedt cat. no. 60.541.685.

4, Analytical balance.

5. Vortex mixer (e.g. Vortex-Genie® 2 mixer).

6. Boiling water bath (set at 100°C).

7. Microfuge (required speed 13000 rpm).

8. Disposable plastic micro-cuvettes (1 cm light path, 1.5 mL),
e.g. Plastibrand®, PMMA; Brand cat. no. 759115
(www.brand.de).

9. Micro-pipettors, e.g. Gilson Pipetman® (20 pL, 200 pL and 1 mL).

10. Spectrophotometer set at 340 nm, e.g. MegaQuant™ Wave

(Megazyme cat. no. D-MQWAVE).
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Standard assay procedure for low-lactose or lactose-free milk:

NOTE: Sample volumes in Section C must not exceed 0.4 mL

because at higher levels, free D-galactose in the sample inhibits the
B-galactosidase. For samples other than low-lactose or lactose-free
milk, refer to “Sample Preparation” sections on pages 14 and 15.

A. Sample preparation:

Pipette into a 1.5 mL polypropylene microfuge tube Volume

distilled water (at ~ 25°C) 0.90 mL
milk sample 0.50 mL
* concentrated Carrez Il solution 0.05 mL
* concentrated Carrez | solution 0.05 mL

Cap the tube, mix by vortex and then centrifuge at 13,000 rpm for
10 min. Carefully pipette the supernatant for use in section B.

NOTE: The kit for sample clarification K-CARREZ can be used to
carry out the sam n e assay protocol
for K-CARREZ av M e.

[ |

B. Glucose oxidase/catalase pre-treatment

Pipette into a 13 mL polypropylene tube Volume

distilled water (at ~ 25°C) 0.40 mL
clear supernatant (from section A) 1.00 mL
solution 1 (Buffer A) 0.10 mL
suspension 2 (GOX/catalase mixture) 0.20 mL
* hydrogen peroxide (30% w/w) 0.10 mL

Immediately cap the tubes, mix the contents on a vortex mixer
and incubate at room temperature (~ 22°C) for 15 min. After 15
min, slowly loosen the cap to release pressure and re-tighten.
Incubate in a 100°C boiling water bath for 5 min. Transfer the
solution to a 1.5 mL microfuge tube and centrifuge at 13,000 rpm
for 10 min. Carefully pipette 0.1 mL of the clear supernatant for
use as the “sample solution” in the “Enzymatic Determination
Reaction” (see section C, page 9).

* These components should be prepared as described on page 7.



NOTE: If the recommended centrifuge able to reach 13,000 rpm is
not available, filtration using Whatman Type | (or equivalent) filter
paper or using a syringe filter is also a possibility. Please refer to the
relevant FAQ on the Megazyme website (www.megazyme.com).

C. Enzymatic determination reaction:

Wavelength: 340 nm

Cuvette: 1 cm light path (glass or plastic; 1.5 mL
semi-micro)

Temperature: 25°C

Final volume: 1.17 mL (D-glucose); 1.19 mL (lactose)

Sample solution: 0.5-25 pg of D-glucose or 1-50 pg lactose

per cuvette (in 0.1-0.4 mL sample volume)

Read against air (without cuvette in the light path) or against water

NOTE: Only one “Blank” (Reagent Blank) assay required per batch
of samples.

Pipette into cuvettes Blank Sample
distilled water (a mL | 0.90 mL
sample solut|on 1 1 0.10 mL
solution 3 (Buffe mL | 0.10 mL
solution 4 ( NADP+/ATP 0.05 mL 0.05 mL

Mix*, read absorbances of the solutions (A1) after approx. 3 min
and start the reaction by addition of:

suspension 5 (HK/G-6-PDH/6-PGDH) | 0.02mL | 0.02mL
Mix* and read the absorbance of the solutions (A2) at the end of
the reaction (approx. 10 min). Then add:

suspension 6 (B-galactosidase) \ 0.02 mL \ 0.02 mL

Mix* and read the absorbance of the solutions (A3) at the end
of the reaction (15 min).

* for example with a plastic spatula or by gentle inversion after sealing
the cuvette with a cuvette cap or Parafilm’.

NOTE: For low-lactose and lactose-free samples, continue to
read the absorbance value exactly at 5 min intervals after the 15
min reaction. Take readings at exactly 20 min and 25 min after
the addition of suspension 6. Input the absorbance readings
into the “Creep Calculator” tab on the Megazyme Mega-Calc™,
downloadable from the Megazyme website. Using this calculator
allows more accurate measurement of just lactose and removes
some GOS interference.



http://(www.megazyme.com)

NOTE: For “low-lactose” and “lactose-free” samples, where a
sample has generated absorbance differences (A2-A1) > 0.300
or (A3-A2) > 1.500 refer to “Troubleshooting” on page 14.

Calculation:

Determine the absorbance difference (A.-A,) for both blank and
sample. Subtract the absorbance difference of the blank from the

absorbance difference of the sample, thereby obtaining AAD_glucose.

Determine the absorbance difference (A,-A,) for both blank and
sample. Subtract the absorbance difference of the blank from the

absorbance difference of the sample, thereby obtaining AA ..

Note: The value of AAlacmseshould, as arule, be at least ~ 0.05
absorbance units to achieve sufficiently accurate results. While the
assay is lineardowntoa AA ,  of 0.02, the degree of error in the

measurement becomes very significant below an absorbance of 0.05.

The concentration of D-glucose and lactose can be calculated

as follows: L )
c = v A [g/L]
£X

where:

Vv =final volume [mL]

MW = molecular weight of D-glucose or lactose [g/mol]

B = extinction coefficient of NADPH at 340 nm

=6300 [1 x mol-* x cm-1]

d = light path [cm]

v =sample volume [mL]

2 =2 moles of NADPH produced for each mole of
D-glucose or lactose

F =dilution factor

=5.4 [standard preparation for “Liquid Milk”]

It follows for D-glucose:

C = 1.17 x 180.16 x F x AAD_glucose [g/L]
6300x1.0x0.1x2.0

0.1673 x F x AA [g/L]

D-glucose



for Lactose:

C = 1.19x342.3 XF X DA, oo [g/L]
6300x1.0x0.1x2.0

0.3233x Fx AA [g/L]

If the sample has been diluted during preparation, the result must be
multiplied by the dilution factor (F). Following the standard
preparation for “Liquid Milk”, the dilution factor (F) is 5.4.

lactose

When analysing solid and semi-solid samples which are weighed out
for sample preparation, the content (g/100 g) is calculated from the
amount weighed as follows:

Content of D-glucose:

= Cp-glucose [8/L Sample solution]  x 100 [g/100 g]

weightsampie [8/L sample solution]

Content of Lactose:

= [g/L sample solution] x 100 [g/100 g]

clactose

weight_ F soﬁéﬁ
L

NOTE: These calculations can be simplified by using the Megazyme
Mega-Calc™, downloadable from where the product appears on the
Megazyme website (www.megazyme.com).




A. Troubleshooting:
Samples with (A-A)) above 0.300 or (A.-A,) above 1.500:

Recommendations for re-processing samples that have generated
absorbance differences (A,-A,) above 0.300 or (A,-A,) above 1.500
when processed using the Standard Assay Procedure (section A,
B and C, pages 8 and 9) are given in the table below. The suggested
recommendations are dependent upon the combination of the
two absorbance values generated:

(A-A) (A-A) Recommendation

21 32

Repeat the “Sample Preparation”
(section A, page 8) and increase the
second incubation of section B (glucose
oxidase/catalase) to 30 min. Thisis a
sufficient incubation for the removal
>0.300 <1.500 | ofupto90 mg/mL D-glucose from the
original “Milk” sample (section A, page
8). Alternatively, dilute the original
samiz with distilled water and repeat

t ” (section A,

i
Appropriately dilute the original sample
>0.300 >1.500 | with distilled water and repeat the
“Sample Preparation” (section A, page 8).

Appropriately dilute the sample after
glucose oxidase/catalase pre-treatment
(section B, page 8) with distilled water
<0.300 >1.500 | priorto the “Enzymatic Determination
Reaction” (section C, page 8) to obtain
an absorbance difference (A,-A) between
~0.05 to ~ 1.500.

B. Sample preparation:

1. Sample dilution.

Dilution Table

The amount of lactose present in the cuvette should range between

1 and 50 pg (or between 0.5 and 25 ug for D-glucose), i.e. in the

0.1 mL of sample being analysed. The sample solution must therefore
be diluted sufficiently to yield a lactose concentration between 0.01
and 0.50 g/L (or between 0.005 and 0.25 g/L for D-glucose).



Estimated concentration

of D-Glucose and/or Dilution with Dilution
water factor (F)
Lactose (g/L)
<0.5 No dilution required 1
0.5-5.0 1+9 10
5-50 1+99 100
>50 1+999 1000
If the value of AA and/or AA . istoo low (e.g. <0.05),

glucose
prepare a more concentrated sample solution. Alternatively, the

sample volume to be pipetted into the cuvette can be increased up
to 0.4 mL and the volume of distilled water be reduced accordingly
so that the final volume of the assay remains the same.

2. General considerations.

(a) Liquid samples: clear, slightly coloured and approximately neutral,
liquid samples can be used directly in the assay.

(b) Acidic samples: if > 0.1 mL of an acidic sample is to be used undiluted,
the pH of the solution should be increased to approx. 7.6 using 2 M NaOH,
and the solution incubated at room temperature for 30 min.

L
(c) Carbon dioxide p tai ant amount of
carbon dioxide sho se the pH to approx.
7.6 with 2 M NaOH and gentle stirring, or by stirring with a glass rod.

(d) Coloured samples: an additional sample blank, i.e. sample with
no 3-galactosidase, may be necessary in the case of coloured samples.

(e) Strongly coloured samples: if used undiluted, strongly
coloured samples should be treated by the addition of 0.2 g of
polyvinylpolypyrrolidone (PVPP)/10 mL of sample. Shake the tube
vigorously for 5 min and then filter through Whatman No. 1 filter paper.

(f) Solid samples: homogenise or crush solid samples in distilled
water and filter if necessary.



Sample preparation examples for low-lactose or lactose
-free samples:

(a) Determination of lactose in low-lactose or lactose-free cream
or yogurt.

Accurately weigh approx. 10 g of cream or yogurt into a 50 mL volumetric
flask. Add approx. 30 mL of distilled water, mix and store at 50-60°C for

15 min with occasional swirling. Add 0.5 mL of concentrated Carrez Il

solution and mix. Add 0.5 mL of concentrated Carrez | solution and mix.
Dilute to volume with distilled water and mix thoroughly. Filter an aliquot
of the solution through Whatman No. 1 filter paper. Discard the first few
mL of filtrate. Use 1.0 mL of the clear filtrate (sample solution) in the
“Glucose Oxidase/Catalase Pre-Treatment” step (section B, page 8).
Typically, for low-lactose or lactose-free milk, cream and yogurt, no dilution
is required and a sample volume of 0.4 mL is used. For calculation purposes
a dilution factor (F) of 1.8 is required (from the “Glucose Oxidase/Catalase
Pre-Treatment” step) and a solid sample concentration of 200 g/L. is used in

calculation, i.e. WeightsamIDIe [g/L sample solution].

(b) Determination of lactose in low-lactose or lactose-free cheese
and chocolate.

[ |
Accurately weigh a 1 ?r dr'!rated chocolate
to a 50 mL beaker. @eprox. 30 i ter and a stirrer

bar, and mix on a magnetic stirrer at 50-60°C for approx.

15 min. Add 0.5 mL of concentrated Carrez Il solution and mix. Add
0.5 mL of concentrated Carrez | solution and mix. Quantitatively
transfer the solution to a 50 mL volumetric flask and dilute to
volume with distilled water. Mix thoroughly and filter an aliquot of
the solution through Whatman No. 1 filter paper. Discard the first
few mL of filtrate. Use 1.0 mL of the clear filtrate (sample solution)
in the “Glucose Oxidase/Catalase Pre-Treatment” step (section B,
page 8). Typically, for low-lactose or lactose-free cheese or chocolate,
no dilution is required and a sample volume of 0.4 mL is used. For
calculation purposes a dilution factor (F) of 1.8 is required (from the
“Glucose Oxidase/Catalase Pre-Treatment” step) and a solid sample
concentration of 200 g/L. is used in calculation, i.e. WeightSample [g/L
sample solution].



Sample preparation examples for “regular” dairy samples
(non low-lactose)

(c) Determination of D-glucose and/or lactose in “regular” milk,
cream or yogurt

Accurately weigh approx. 1 g of milk, cream or yogurt into a 250 mL
volumetric flask, add approx. 150 mL of distilled water, mix and
store at 50-60°C for 15 min with occasional swirling. Add 2 mL of
concentrated Carrez Il solution and mix. Add 2 mL of concentrated
Carrez | solution and mix. Dilute to volume with distilled water and
mix thoroughly. Filter an aliquot of the solution through Whatman
No. 1 filter paper. Discard the first few mL of filtrate. Use the clear
filtrate (sample solution) in the assay. Typically, for “reqular” milk,
cream and yogurt, no dilution is required and a sample volume of

0.1 mL is used in the “Enzymatic Determination Reaction” step
(section C, page 9). For calculation purposes a dilution factor (F) of 1.0
is required and a solid sample concentration

of 4 g/L is used in calculation, i.e. weight [g/L sample solution].

sample
(d) Determination of D-glucose and/or lactose in “regular” cheese
and chocolate.

.
Accurately weigh a . ? qe"r 0.5 g of grated
chocolate to a 250 . Ad ] L of distilled

water and a stirrer bar and mix on a magnetic stirrer at 50-60°C
for approx. 15 min. Add 2 mL of concentrated Carrez Il solution
and mix. Add 2 mL of concentrated Carrez | solution and mix.
Quantitatively transfer the solution to a 250 mL volumetric flask
and dilute to volume with distilled water. Mix thoroughly and filter
an aliquot of the solution through Whatman No. 1 filter paper.
Discard the first few mL of filtrate. Use the clear filtrate (sample
solution) in the assay. Typically, for “regular” chocolate and most
cheeses no dilution is required and a sample volume of 0.1 mL is
used in the “Enzymatic Determination Reaction” step (section C,
page 9). For calculation purposes a dilution factor (F) of 1.0 is required
and a solid sample concentration of 40 g/L is used for cheese and 2 g/L is
used for chocolate in calculation, i.e. Weightwmple [g/L sample solution].
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Figure 1. Increase in absorbance at 340 nm on incubation of 25
or 50 pg of lactose and of 25 or 50 pg of allolactose with MZ104
B-galactosidase included in the K-LOLAC assay kit (current
sequential assay format).

NOTE: The selectivity of the MZ104 (3-galactosidase is greater
for lactose over allolactose. The linear absorbance increase
(i.e. creep) linked to allolactose hydrolysis can be accounted for
using the creep calculator. This allows for the removal of any
lactose overestimation linked to the presence of allolactose in
the sample (see Figure 3).
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Figure 2. Increase in absorbance at 340 nm on incubation of 25
or 50 pg of lactose and of 25 or 50 pg of allolactose with the enzyme
E. coli B-galactosidase present in competitor assay kits for lactose
measurement (current sequential assay format).

Note that E. coli B-galactosidase actually hydrolyses allolactose more
rapidly than lactose which is likely to cause lactose over-estimation.
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Figure 3. Excel® based “creep calculator” to facilitate calculation of
actual lactose content in a sample by identifying the contribution
that hydrolysis of allolactose makes to released D-glucose. This
sample contains 20 pg lactose and 20 pg allolactose. Hydrolysis
of lactose is complete in 15 min. Slow hydrolysis of allolactose
continues over the following 30 min. Measuring absorbance at
15,20 and 25 min and extrapolating back to zero time (time of
addition of 3-galactosidase to the reaction mixture) allows accurate
measurement of the actual lactose content of the sample.
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