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THE USE OF LACTOSE IN CHOCOLATE CRUMB AND BLOCK MILK

Summary of the Study

The objective of this project was to determine the effect of the presence of lactose as a partial
substitute for skim milk powder (SMP) on the processability and sensory quality of chocolate
crumb, block milk and chocolates made from them  The storage stability of the samples was
subsequently determined over a six-month period at 20°C  Chocolate crumb and block milk
samples were preduced in which the skim milk powdcr (SMP) was substituted with lactose at
levels of 10%, 20% and 30%. The 20% level was tested in triplicate to assess repeatability. The
chocolate crumb and block milk samples were then subsequently used to produce milk chocolate
and white chocolate, respectively  The samples were produced using pilot-scale equipment

No significant changes in processability were observed as a result of adding lactose as a part-
substitute for skimmed milk powder in chocolate crumb and block milk, or in the chocolates
produced from these

For chocolate crumb. the presence of lactose secmed to promote crystallisation of the sugar,
giving the product a rougher texture and increasing its melting characteristics  This effect was
seen over each level of lactose evaluated and was mare pronounced after the three-month storage
After six months, the melt-down rates of the sampies containing lactose remained high, but not as
high as that found for the control

The presence of lactose affected the flavour profile of chocolate crumb samples  Following initial

manufacture, the sample in which 10% of SMP had been replaced with lactose was found to give

the most acceptable flavour However, following storage for up to six months, samples in which
20% of SMP was replaced with lactose were preferred. owing to the presence of high levels of
caramel note  The intensity of flavour found in chocolate crumb samplcs was affected during
storage  All samples showed a loss of flavour after six months” storage, but the control sample

and samplc 6 containing the highest level of lactose (substitution of 30% SMP with lactose) were

most affected  Off-flavour development was noticeable in the control sample and in the sample in

which 10% of SMP was replaced with lactose, after six months” storage

The addition of lactose to milk chocolate resulted in firmer products  However, after six months,
the samples containing lactose were found to be significantly softer on initial bite, although no
clear trend was seen between hardness and level of lactose  The milk chocolate samples
contaiing lactosc in gencral had a slower mclting profile than the control - Afier three months,
the melting behaviour had slowed further, and the resulting mouthcoating cffects, although giving
a shighthy fatty perception. were most acceptable when 209% of SMP was replaced with lactose.
After six months. this cffect was still noticcable in samples in which up to 20% of SMP was
replaced with lactose  The intensity of all the flavour attributes. and in particular the caramel
notes i milk chocolate, were found to increase owing to the presence of lactose. The profiles of
the products in which 20% of SMP was replaced with lactose were preferred both initially and

following storage for up to six months
Cont/...
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The presence of lactose in block milk formulation at SMP replacement levels between 10 and
30% gave the product a slightly rougher texture but improved its melting characteristics, which
was still noticeable after six months’ storage. A replacement level of 10% of SMP with lactose
was initially considered to give the most acceptable flavour characteristics in block milk, as at

higher levels, the intensity of the sweetness overpowered the other flavour attributes and upset the
flavour balance However, after three and six months, a replacement level of 20% SMP was
most preferred.  Off-flavour development was noticeable in block milk samples containing lactose
stored for six months - the sample in which 30% of SMP was replaced with lactose being the
worst in terms of staleness This indicates that the presence of lactose accelerates staling of the
block milk

White chocolates prepared from block milk samples containing lactose in general had a smoother
mouthfeel than the control after manufacture and thirteen months’ storage. Although, after six
months, a clear trend could not be seen, the sample made from block milk in which 10% of SMP
was replaced with lactose was found to have a considerably smoother texture than the control
sample and other samples containing lactose

The sweetness and caramclisation of the white chocolate were significantly mcreased with higher

levels of lactose: substitution of 10-20% of SMP with lactose was initially preferred However,

as these flavours became less intense during storage, SMP replacement levels of up to 30% were

considered to be acceptable. However, after six months” storage, the most preferred sample was
one in which 10% of SMP was replaced with lactose, owing to high levels of flavour and a
desirable texture After six months, the development of stale flavours, and loss of desirable
flavours was also noticeable in samples madc from block milk in which 20% of SMP was

replaced with lactose

Some variations were found amongst the results of triplicate batches  Variations in the
processing operation of the chocolate crumb and block milk ingredients were thought to be the
most likely causc of differences in the quality attributes  Although some variations in the
intensity of flavours were detected, the overall flavour profile remained the same amongst the
triplicate samples




Findings

The effects of substituting lactose for skim milk powder (SMP) at levels of 10%, 20% and 30%
of SMP in chocolate crumb, block milk and chocolates made from these were determined. The
presence of lactose up to 30% level of substitution did not significantly affect processability
compared with the control samples containing no lactose. However, the texture and sensory
characteristics of the samples was altered by the presence of lactose.

The presence of lactose gave rise to a rougher texture in crumb samples overall. The 20% level
of substitution was found overall to give the best chocolate crumb and milk chocolate samples
Substitution of lactose for SMP at 20% and 30% were found to give highly acceptable samples of
block milk and white chocolate products after six months’s storage
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INTRODUCTION

The presence of lactose can affect a number of process characteristics, e.g. rheologicai
characteristics, which can have implications on the processability of the system, and
product characteristics such as flavour, mouthfeel, texture, colour and stability.

In reality, the extent of the changes observed is a function of:
a) concentration, type and physical characteristics of the lactose used;
b) functional and physical characteristics of the ingredient that is substituted by
lactose; and
¢) processing parameters employed in the products manufacture.

In general, the most recognised impact of the presence of lactose is that manifested in the
changes of perceived sweetness, since the sweetening power of Jactose 1s, On average,
25% of that provided by sucrose (on w/w basis), but the actual sweetening power will
depend on lactose concentration and product composition. However, this effect alone can
lead to numerous changes in other flavour attributes whereby some attributes can be
intensified and others masked, which in turn can affect the overall flavour balance.

Other physical properties of the lactose (e.g. low solubility, particle size, extent of
amorphous versus crysialline structures formed) can have significant effects on textural
characteristics of the final product, which in turn could affect both sensory characteristics
and product stability.

At a chemical level, reactivity of lactose as a reducing sugar needs also to be taken into
account, since in the presence of amino acids (e.g. milk proteins), Maillard reactions will
take place, resulting in the production of numerous colour compounds, which has obvious
implications on both the colour and the flavour profile of products.

The addition of lactose has been shown to affect both the flavour and the texture of
confectionery products. The substitution of sucrose by lactose in block milk and chocolate
crumb could have a significant effect, improving the flavour characteristics of such
products, and this issue was investigated earlier in project A3448 carried out by the

I eatherhead Food RA. Here it was concluded that the subsitution of 10% sucrose by
lactose improved the cocoa flavour of the chocolate crumb product and highlighted the
milky notes of the block milk. Subsequent to this study, the Association of Lactose
Manufactrers has requested the Leatherhead Food RA to carry out investigations into the
use of lactose as a partial substitute for skimmed milk powder in chocolate crumb and
block milk and to evaluate their performance in milk chocolate and white chocolate,

respectively.
OBJECTIVE
To establish the effect of the presence of lactose as a partial substitute for skimed milk

powder on the processability and sensory quality of chocolate crumb and block milk, and
on the chocolate made from them



MATERIALS AND METHODS

Ingredients

The lactose used for this project was supplied by Borculo Whey Products. The remaining
ingredients were supplied by the Leatherhead Food RA from standard sources. The list of
ingredients used and their suppliers is given in the Appendix.

Preparation of Chocolate Crumb and Block Milk

Six batches each of chocolate crumb and block milk were made - control (without lactose)
and five tets batches containing lactose. In the test batches 2 and 6, 10% and 30% of the
skim milk powder (SMP) was replaced respectively on a weight basis by lactose.
Triplicate batches (3- %0 were made in which 20% of the SMP was replaced with lactose,
to determine the reproducibility of batches.

Chocolate crumb

The formulations used for the preparation of the chocolate crumb samples are given in
Table I.

TABLE

Formulations for milk chocolate crumb sampies (weight in grams)

Ingredient Sample 1 Sample 2 Samples 3-3 Sample 6
(Control) (10% Lactose} (20% Lactose) (30% Lactose)

Sugar (sucrose) 2675.0 2675.0 2675 0 2675.0
Skimmed milk 1192.0 1073.0 053.5 834.5
powder

Butterfat 408.0 408.0 408.0 408.0
Cocoa liquor 675.0 675.0 675.0 675.0
{actose - 119.0 238.5 357.5
Water 2164.0 2164.0 2164.0 2164.0
Toral 7114.0 7114.0 7114.0 7114.0

The samples were prepared by mixing the sucrose. lactose (if present in the tormulation) and

skimmed milk powder together The water was heated to 55°C and added 1o the dry powders. The
huttertat was melted and then added to the mass. The resulting mass was then homogenised with a
Siiverson mixer for {5 min



The homogenised mixture was left to stand for 30 min. before being placed in a pre-heated
Winkworth Z-Blade mixer Following the addition of cocoa liguor the mass was mixed for 45 min
under a vacuum of 153"Hg The temperature was maintained at 75°C using steam pressure at 10
psi  Where excessive foaming occurred, the vacuum was turned down stightly uril the foaming

subsided

The resulting product was then placed into shallow metal trays. The trays were placed in a pre-
heated vacuum oven at 90°C (17 psi steam pressure). The samples were dried to a constant weight
rapproximately 1.5 h). The dried samples were milled using a Christy Hunt 8" hammer mill.

Block Milk

The formulations used for the preparation of the block milk samples are given in Tabie IL

TABLE II

Formulation for block milk (weight in grams)

Ingredient Sample 1 Sample 2 Samples 3-5 Sample 6
(Control) (10% Lactose) | (20% Lactose) | (30% Lactose)

Sugar (sucrose) 3100.0 3100.0 3100.0 3100.0
Skimmed milk 1378.5 1240.5 1103.0 965.0
powder

Butterfat 471.5 471.5 471.5 471.5
Lactose - 138.0 275.3 413.5
Water 1919.0 1919.0 1919.0 1919.0
Total 6869.0 6869.0 6869.0 6869.0

The processing of the block milk foliowed similar stages to those used in the production of
chocolate crumb Al dry ingredients were mixed together prior to the addition of water at 35°C
The melted butterfat was then added and the resulting mass was homogenised with a Silverson

mixer tfor 15 min.

The homogenised mixture was left to stand for 30 min. before being placed in a pre-heated
Winkworth Z-Blade mixer. The mass was mixed for 2 h under a vacuum of 15" Hg. The
temperature was maintained at 75°C using steam at 10 psi. Where excessive foaming occurred,
the vacuum was turned down slightly until the foaming subsided.

The resulting product was then placed into shallow metal trays The trays were placed in a pre-
heated vacuum oven at 90°C (17 psi steam pressure) The samples were dried to a constant weight
(approximately 2.5 h) The dried samples were miiled using a Christy Hunt 8" hammer mill




Chocolate Manufacture

Six hatches of milk and white chocolate were made using the chocolate crumb and block milk
samples The formulations used are given in Tables IIl and IV. respectively

TABLE II1

Formulation of milk chocolate (weight in grams)

Ingredient Sample 1 Sample 2 Samples 3-5 Sample 6

(Control) (10% Lactose) (20% Lactose) (30% Lactose)
Chocolate crumb 468.0 468.0 468.0 468.0
Cocoa butter 141.0 141.0 141.0 141.0
Icing sugar 377 37.7 37.7 37.7
Lecithin 3.3 33 3.3 33
Vaniilin 0.5 0.3 0.5 0.5
Total 650.5 650.5 650.5 650.5

TABLE 1V
Formulation of white chocolate (weight in grams)

Ingredient Sample 1 Sample 2 Samples 3-5 Sample 6

(Control) (10% Lactose) | (20% Lactose) | (30% Lactose)
Block milk 1200.0 1200.0 1200.0 1200.0
Cocoa butter 397.0 397.0 397.0 397.0
Lecithin 7.79 7.79 7.79 7.79
Vanillin 1.25 1.25 1.25 1.25
Total 1606.04 1606.04 1606.04 1606.04




Mixing

The milled sample and. in the case of chocolate crumb, the icing sugar were mixed with haltf the
cocoa butter using a MagiMix 3500 food processor and then warmed before refining.

Refining

All batches were refined on a Biihler roller-refiner model type SDY. at the standard setting used
by the Food RA to give a particle size of <25 microns. The rollers were cooled by circulating

water at a temperature of 15°C

Conching

All batches were conched on a Friwessa mini-conche of 2-kg capacity, oscillating at 69 rev/min,
and set at a temperature of 50°C  The remaining cocoa butter, together with half of the lecithin,
were added at the beginning of conching After 1 h, the remaining lecithin was added 1o the
batch. Vanillin crystals were added 5 min before the end of conching

Tempering

Tempering of each batch was carried out using the Food RA standard small-scale tempering
kettle. The chocolate was tempered by heating to 50°C to melt out the fat crystais, then cooling to
27°C, followed by reheating to 30°C The characteristics of the chocolate mass. such as viscosity

during the tempering process. were recorded

Cooling

After moulding into 50-g bar moulds. the chocolate was cooled in a purpose-built cooling tunnel
using an air velocity of 4 m/s using the standard Leatherhead Food RA chocolate cooling cycle:

i) Held at 18°C for 10 min

ii} Cooled to 13°C at 2°C/min
i) Held at 13°C for 10 min

iv) Increased to 18°C at 2°C/min
v) Held at 18°C for 3 min

Total time taken for the cooling cyele was 30 min.

The cooled bars were assessed for demoulding characteristics.



Assessments of Chocolate Crumb, Milk Chocolate, Block Milk and White Chocolate
Organolepric assessment

Organoleptic assessment was carried out by an informal panel of experienced assessors. who
evaluated the samples in terms of their texture, flavour and colour characteristics

Line scales were used for this assessment, and details of the sensory atiributes scored are given in
Table V.

TABLE V

Sensory attributes and anchor terms

Attribute 0 Anchor 10
Hardness Sott Hard
Meltdown Slow Fast
Mouthfeei Rough Smooth
Miikiness None Milky
Sweetness Not sweet Very sweet
Caramel note No caramel Very caramel
Cocoa flavour (for milk chocolate and crumb) No cocod Very strong cocoa

Milled samples of chocolate crumb and block milk as well as chocolate samples made from the
chocolate crumb and block milk, respectively, were assessed for organoleptic quality after an
intial equilibrated period ot 2 weeks. after 3 months and after 6 months of storage. Samples were
stored at 20°C.

This report covers the results obtained up to the assessment carried out tollowing the 3 months’
storage. The results of the 6-month storage will be supplied as an addendum 1o the repoit
tfollowing the assessment.

Gloss and snap
The gloss and snap of the chocolate bars were assessed subjectively 2 weeks after manutacture,
The gloss of the bars was assessed by comparing the bars with a series of graded standard gloss

tiles at an angle ot 45°, The snap was assessed on a scale of 1 - 10 as shown below:

4 5 6 7 8 9 10

1 2

Tl

Bud Poor Moderate Medium Good Excellent

Scores ot 4 to 6 would be expected tor milk chocolate




Moisture content

Moisture content of the chocolate was analysed by Karl Fischer turbo-titrator using methanol as
the solvent. Measurements were made in duplicate.

RESULTS AND DiSCUSSION

Chocolate Crumb

Processabiliry

No problems were encountered during the manufacture of the crumb samples The samples
required approximately 40 min in the Z-blade before reaching a paste-like consistency. The
viscosity of the mixes appeared to be lower with increasing levels of lactose. The pH of the mixes
before heating in the Z-blade are given in Table VI. The sample-to-sampie variation in pH

(samples 3-5) was found to be minimal and substitution of mitk powder with lactose in the
formulations did not significantly change the pH of the mix.

TABLE VI

Processability of chocolate crumb

Sampie No. Sample 1 Sample 2 Sample 3 Sample 4 | Sample 5 Sample 6
- 1 Control 10% 0% 20% 20% 30%
Parameter Lactose Lactose-1 Lactose-2 Lactose-3 Lactose
pH 370 5.61 586 5.63 565 3 85
Drying time {h) 15 1.5 2 1.5 1.5 1.5
Moisture { %) 1.1 I.6 106 0.9 09 1.2

All sampies, with the exception ot sampie 3. dried to a constant weight after 1.3 h in the vacuum
oven Sample 3 reached a constant weight after 2 h (Table VI)

The moisture conient of the dried samples was very similar. apart from batch 2 (10% lactose).
which had a higher moisture content. However, this higher tigure is still within the accepted
specification for milk crumb.



Initial orpanolepric results

Table VII gives the results of the initial organoleptic asssment of the chocolate crumb.

TABLE VII

Organoleptic quality of chocolate crumb after manufacture

Sample No Sampie 1 Sample 2 Sample 3 Sample 4 | Sample 5 Sample 6
-------------------- Control 10 % 20% 20% 20% 30%
Attribute Lactose Lactose-1 Lactose-2 Lactose-3 Lactose
Meltdown 5 5 4 4 3 4
Mouthfeel 5 4 3 4 3 4
Milkiness 4 6 4 3 6 4
Sweetness 5 6 6.5 7 7 8
Caramel note 6 6.5 6.3 6.5 5 6
Cocoa flavour 3 7 4 7 4 5
Colour 5 3 5 5 5 5
Other comments Good Stronger Lass Improved Pleasant but | Quite
balance of flavour: intense flavour lacked sweet,
flavours rounded flavour; balance flavour lacked
profile flavour over 2; intensity; other
balance pleasant sandy flavour
lost; cocod mouthfeel attributes;
rough flavour rough
mouthfes| mouthfeel

The subsitution of skimmed miik powder with lactose resulted in changes in both the texture and
flavour characieristics of the chocolate crumb products.

In terms of the textural changes. the presence of the factose seemed to delay the meltdown of the
products in the mouth and also contributed a more gritty and rough mouthfeel to the crumb.

However. the values scored for these auributes did not vary significantly as the level of

substituition was ncreased from 10% - 30%

The most apparent effect ot the presence of tactese on the flavour profile of the samples was in
terms 0f the more intense sweetness that resulted.  All samples containing lactose were found to

be more sweet than the control with the level of sweetness increasing as the degree ot substitution
increased.

Variations in the milky flavours of the crumb samples were also tound. with most samples scoring
higher values than the control  The milky note of batch 6 (30% lactose) may have been disguised
by the more intense sweetness ot this sample and therefore is reflected by the low figure scored.



