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1.0 INTRODUCTION

Modern dairy industry in our country is dependent
upon buffalo milk constituting about 60% of the totzal
milk production which could be partly utilized during
flush season for the manufacture of milk pouders includ-
ing chocolate milk powder. Whereas skim milk and tonecd
milk could be diverted for milk powder making, the surolus
fat resulting from the separation of buffalo milk could
be profitably utilized for the manufacture of high fat

products like butter and ghee.

In advanced dairying countries, a considerable
quantity of market milk is presently used for the manu-
facture of flavoured milks, It readily finds preference
among those consumers who do not have taste or palztabi-
lity for market milk, Further, the flavoured milk
provides nutrients in adequate quantities for the growing
children and adults. Among the different flavours that
are used in the preparation of flavoured milks, cocoa
or chocolate flavour finds preference among children
and upto some extent in adults as well., The liquid
chocolate flavoured milk has certain drawback such as
lower keeping quality, a tendency to form sediment and

cream plug on storage. Also there are problems which



are inherent with the marketing and distribution of
chocolate milk because of the breakage of bottles,
spillage from single service containers and disposal

of returned chocolate milk.

To overcome the above drawbacks some commercial
milk factories in the Western countries have started
manufacturing chocolate milk in powder form, from cou
milk, which on reconstitution gives satisfactory accepta-
bility. At the same time, the dried product can be
stored and transported conveniently with satisfactory

keeping quality.

In India, especially in same of its big cities, the
sale of flavoured milk is catching up very fast. Although
the use of chocolate is no doubt expensive, yet due to
the superiority of its flavour to other synthetic and
natural flavours, its potential ig'boosting the sale
of chocolate milk powder merits further investigation,
Further, since refrigeration facilities are not availablsz
in most of our Indian houses, the longer keeping nuality
of chocolate milk powuder at atmospheric temperature will

substantially add to its popularity.

Regular chocolate milk powder is not well accepted
by the housewife for beverage purposes due to the

difficulty with which it reconstitutes in cold water,



Further, it has got a poor pouring characteristic and a
tendency to cake and dust, These drawbacks ef reqular
powder led to the advent of 'Instant' chocolate milk
powder, Scientific information on the manufacture of
instant chocolate milk powder is very scanty and is
mainly confined to that from cow milk, Buffalo milk
behaves in a different way as compared to cow milk owing
to its compositional differences and differences in its
physico-chemical properties, The present study is,
therefore, planned to standardise the mesthod of
manufacture of Instant chocolate milk powder from
buffalo milk., The various physico-chemical attributes
of the product will also be investigated. The infor-
mation gathered, it is hoped would provide the necesszry
impetus for dairy factories to diversify their activities
and products which in turn would bring profit to the

dandustry.
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2.0 REVIEW OF LITERATURE

Sufficient technological information on chocolzte

milk powder by spray dried method and also instant chocola

powder by single-pass instantization is not availablz in
literature, The information collected on chocolate milk
and dried milks has been reviewed under the following

headings:

3 | Different instantization methods for milk
powder.,
R.2 Physico-chemical characteristics of dried milk.

243 Chocolate milk and powder.

2,1 Different instantization methods for milk powder:

There are four broad categories under which most

of instantization method fall, They are:

2.1.,1 Rewetting method.
2.1,2 Single-pass method.

2.1.3 Surface active agents cum rewetting method.

2.1.4 Twin spray drying method,

2.1.1 Rewetting method:

David Peebles (1956) was the first to invent

instant milk powder. The process (called rewet method)

et
M



consisted of controlled moistening, agqglomeration and re-
drying of regular spray dried milk powder referred to as
the base pouwder. One of the earliest workers to dev=lop=
commercial methods of instantization of milk powder wzs
Corlson et al., (1956). The base pouder was agglomeratasd

in a horizontal chamber with moist air raising the moisture
content to 6-10 percent. The wetted pargéies pass to a
cyclone collector from which they fall into z moving

stream of air heated to 132-14906.

Lauder and Hodson (1958) got a patent for the
manufacture of instant milk powder, which was also re-
wetting by steam. The base powder was wetted with steam
to a moisture content not exceeding 9,0% and prefesrably
5.5, The resulting agjlomerated moist powder immediately
contacted a stream of hot air which quickly dried the
agglomerated moist powder and carried it horizontally
from the chamber. The instantized product contained
relatively high B-lactose and low o(-lactose fractions,.
This was thought to improve the dispersibility of pouder.
Bissel (1958) also got a patent on steam instantizing
process, The powder was fed on to a moving belt from
which it fell as a curtain into the path of steam jets.
The steam wetted the powder and simultaneously projected
it into a chamber through which second belt passes., It

was claimed that a substantial portion of lactose in milk
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powder present in B-anhydrous form was changsd to the

A, -hydrate form in the instantized product,

In the system used by Griffin (1959) the instantiz=r
was cone shaped and very compact. The base powder uzas
made to fall as a curtain between two steam jets, The
powder was instantly wetted approximately to 7% moistur=z
and fell into the top of the instantizer where it en-
countered heated turbulent air. The turbulent air caused
the powder particles to agglomerate into clusters zand
also removed the moisture previously picked up from the
steam jets. The instantized product fell on to a moving
belt which carried it away for cooling and packing. There

was an arrangement for the return of unagglomerated powder,

Scott (1959) obtained a patent for a method where
base powder was wetted in a hydration chambsr with a fine
spray of water or milk instead of steam to a moisture
content of 10-14%. This was a droplet agolomeration
instead of steam condensation. It then conveyed to a
hammer milk during which times (15 to 20 sec., the
wetted protein swelled and the milk sugar hydrated and
absorbed its water of crystallization., The purpose of
hammer mill was to break up the large uwetted chunks
of powder which may form in the conveyor coming from the
hydration vessel. Also, the blades in themill caused

the agglomeration of particles into clusters or granules



of the desired size, The powder was then re-dried on
porous belts which travel through drying ovens at
temperatures between 71 and 116°C. Shields (19%2) =zlso
got a patent where a spray dried skim milk powder was
moistened excessively with water to a moisture content
of about 15%, held for a sufficient period to convert

a substgntial portion of the lactose present into the

A ~hydrate form, dispersed in a stream of air and mixed
with normal skim milk powder particles in such proper-
tions that the added powder provides about 25% of the
total solids in final product. Th2 resulting clumps were
dried with hot air at a temperature rising from 82 to
127°C. The dried clumps had a moisture content of about

3.5% and were claimed to be highly soluble in cold water.

Boer (1972) obtained patent for a process in which
freely flowing milk powder particles fall into a hori-
zontal jet of moisting gas which forcibly deposits the
moistened particles on to a vertical belt moving in an
upward direction, The particles pass through a drying
zone and are then scrapped from the belt. The resulting
powder was claimed to be more soluble. Kleeman and
Rothmayr (1974) got a patentfor instantizing poudered
product of tea, coffee, drinking chocolate and other
beverages and foods by rewet method. Stream of powdered
material was contacted with a saturated steam at 100 to

140°C and a stwveam of inert gas (at 10 to 400C) such as



air, nitrogen or carbonic anhydride,
Jensen (1975) developed the rewet method ag-lo-
merates and prevent problems of dusting in edible

dye-stuff, by the use of granulastinn disc, sTanulating
disc unit has short cylindrical side and adjustable
scrappers to prevent product from accumulating on it.

The powder is cascaded on to the pan and moistened with
water from spray nozzle. The pan is inclined between 25
and 45 degrees to the vertical and rotated at 10 to 25 rpm,
These parameters along with feed rates of powder and

water determine particle size and §g§bility, Panchal
(1981 ) used the disc agglomerator to produce milk pouder

agglomerates in a laboratory scale experimental investi-

gation,

Lerst (1976) set up an Experimental Plant to
instantize 100 kg of SMP per hour. The process involved
wetting of SMP by steam to 8-10% moisture, pre-drying and
final drying to 4% in a fluidized bed type. The author
observed that the quality of instantized product depended
upon the quality of SMP and its manufacturing process., The
steam required at 102 to 104°C was 17 kg/100 kg of
product and the bulk density of final product was 0,15

to 0,25 g/ml.



Anhydro (1976 ) developed a fluidized bed instantizer
containing a distribution plate for the passage of
fluidization gas and three other sections for carryinn
out moistening, agglomeration, drying and cooling.

Dornyei et al. (1978) established the advantages of fluidized
bed over thepnematic conveying, They studied the opti-
mization for drying of skim milk agglomerated by rewetting.
The suggested optimal parameter were: temperaturz of dry-

ing air 110-130°C, air flou 0,65 to 0.6€ metre/sec., relative

vapour content of air before heating 0.7 to 0.8%, cscreen

+

loading 23 to 24 kg/sg.m, amplitude of vibration 2.4 to
4 mm, freqguency of vibration £3.3 to 25.4/sec., initial
moisture content 10 to 10,8%. Fformulae for calculating
the total drying time and also the average time spent by
agglomerated in the fluidized bed were arrived at. In
another patented method (Wahli, 1979) of agglomeration by
rewet system, stream of dried skim milk particles and a
moistening agent such as steam was projected on to a fixed
obstacle, usually in a conical shape, and discharging

the agglomerated product into a fluidized bed drier for

final drying.

Nakazto et al (1980) developed an apparatus,
suitable for producing readily soluble milk granules,

consisting of vertical outer and inner concentric tubes of
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different length and diameter, partly overlaping each
other with a circumferential gap betweesn them, The
powddered material released from a distributor travels
down through the gap under the action of a whirlinn

stream of compressed air,

2.1,2 Single-pass methods

Coulter and Touwnley (1859) had one of the earlier
patents in this kind of driers, They could obtain lzrge
particle instant powder by varying conditions of drving,
Agglomeration in single-pass was also brought about by
bringing into contact partially dried particles with wet
particles., Ammdson (1960) produced single-stage
egglomerates with his Experimental tower drier by
using five nozzles in certain arrangement, Four of the
nozzles were arranged at a certain level radiating out
30,48 cm from a common centre and 890 degreesqpart,

The fifth nozzle was placed 0,91 m. below the centre

of the other nozzle , This resulted in contact of mist
of relatively wet particles from the lower nozzle to a
mist of relatively dry particles from four upper nozzles,
Arrangement of this type resulted in a powder having €

to 7% moisture and thus further drying was necessary.

Sanna (1960) developed a uniqpe tower drier

which had heaft input at two or more pre-cetermined
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levels during drying., The falling milk particles pass
through at least two heating zones, the first being hz_ted
by electro-magnetic wave energy and the second by radiant

energy supplied by a series of infra-red lamps,

Alfa Laval (191) has patented the equipment
used in this method. 1In their system positioned centrzlly
above the pouder exit of the drying chamber is a suction
element which evacuates the fines, These fines zre then
passed through a cyclone where they are separated and
re-diverted into atomizer., The fines are dispersed through
the tangential openings situated above the normal 1liquid
discharge suction of the atomizer, The plant had a
provision for the introduction of vapour or mist into
the conduit through which the fines are returned into the

drying chamber,

O0f various methods in which fines can be re-
introduced into drying chamber, the one where the fines
are blown up undser the atomizer whe2l is the best (Masters,
1979). This gives a uniform contact between the uet
droplets and the fines and also prevents fines from coming
into contact with hot air, Fines do not have good re-
constitution properties, but once they are in the pre-
sence of relatively wet particles, form agglomerates and

show better re-constitution properties,
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Niro Atomizer (1961) patented an agglomerating
unit which can be coupled directly to the outlet of spray
drier, The pouwder containing at least 6% moisturzs i-s
agglomerated in the first section of 3-section tunnszl, by
moist air, The vibration preavents the fusion and zalso
crystallization of some constituents, causes the particlass
to lose the tendency to stick together, Drying is
completed in the third section. Fines are passed back
into drying plant, The powder produced had approximately
0.55 g/ml density and plant had a capacity of 300-2000

kg/hr°

Troesch and Wilk (1964) described a vertical
cylindrical spray drier having central drying air entry
and a peripheral spent air outlet, The product to be
dried was sprayed through a low pressure nozzle and the
finished product leaves the chamber at the pointed bottom
preferably falling out freely, An arrangement for sepa-
ration and return of fines was there, The equipmant was
claimed to produce powder particles of size 60-2008 um

in diameter and a bulk density of 0,7 g/ml,

Sanna (1964) patented a method of single-stage
process where concentrated skim milk having 50-75%
moisture is dried by air at 121-232°% and exposing the
dried particles to partial cooling to cause the re-transfer

of some of the moisture from the humid atmosphere,
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The moisture of the particles was raised to 2.5-3.5% which
promote formation of agglomerates, The partial cooling
was affeﬁted by introducing un-heated air at atmospheric
conditions into the spray-dried maxture by passing the

mixture through a heat exchange zone,

The re-wetting method described =zarlier under
2.1.1 involved base pouwder to be re-processed, This
re-processing of powder increases the cost of final
product and in some instances may have a detrimentzl

effect on flavour and solubility,

Sorensen (1973) reported that in the single-pass
method the particles in the initial drying itself are
obtained in larger particles by adjusting the spray
drying conditions, These conditions uvere viscosity of
feed, nozzle size, feed pressure and drying temperature
etc, To obtain larger particles, the viscosity of feed
to the atomizer should be increased either by increasing
total solids or by lowering the feed temperature,
Atomizer speed in the case of centrifugal atomizer or
pressures in the case of nozzles have to be low. As the
particle sizes were large and the rate of evaporation
sli@r, the residence time of the particles had to be
increased resulting in a design of tall drying chambers

called 'Tower dryers',
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Jensen (1975) reported that the returned fines in
a single-pass system may be introduced arcund the
rotating atomizer or through a centrzl pipe from belou
the atomizer, throwing the fines upwards against the
atomized particles, The latter arrangement was consicered
to be better as it prevented excessive exposure of fines

to hot air,

In the single-pass methods mentioned abovz, the
powder particles have got a high moisture so that there
could be agglomeration of the particles, 3ut one dis-
advantage was that the moisture was in the inner spaces,
while surface was dry, which was just the opposite of
what is needed for agglomeration. This was one reason
why single-pass method could not cause as good agglo-

meration as the re-wet method.

2.1.3. Surface active agents cum re-wetting method:

Peables (1959) patented a method in which skim
milk was first spray dried and then instantized by re-wet
method, and the warm powder was allowed to fall through a
chamber in which melted milk fat was finely atomized,

It resulted in absorption of fat into the porous

structure of the agglomerated skim milk powder,

Sjollema (1960) in his method has mixed warm

pouder with the liquid surface active agent such as



15

oleic acid or soyalecithin in an amount of &% by weichz
for about 5 min, and then cooled, The product uas
claimed to show good instant propertiess in cold water
even after one year of storazge provided the lactoze is
not allowed to crystallize and thereby de-emulsify the
milk fat, In a similar patented method Mcintire and
Loo (1964) opted for incorporation of lecithin in the
range of 0,2 to 1.,5% of the final product., The excess
moisture from the agglomerates was removed outside thszs
treating zone, The equipment could be used for manu-
facture of instantized and chocolate flzvoured malk&d

milk products,

Spilman and Nava (19¢4) in a method to manufacture
instantized powder had fed concentrated milk, liquid
lecithin and lactose seed crystals through centrifugal
atomizer into a drying chamber, The particles wvere
exposed to drying gas in such a way that they adhere to
each other while still in moist condition, The lecithin
in the final product ranged from 0,17 to 0,6%. Shields
and Kempf (1965)patented a process where whole milk
concentrate was seeded with lactose crystals and was
then spray dried to a moisture content of 7 to 12%. The
product was then held on a scroll conveyor, simultaneously
intermixing with lecithin dispersed in a suitable liquid
medium, and later dried in a shaker type drier to a

final moisture content of 1.5 to 3.0, The final

product was claimed to have instantized properties,




In a process developed by Mourey (1%5) the
importance of milk fat fractions was brought into light
and wettability of lower melting fraction of milk fat
was shown to be better than that of high melting fraction,
In their method, fractionation of fat was carried out
before drying of the milk concentrate and the high mestling
fraction was re-cycled tc the milk concentrate before
it was spray dried; the loumelting fraction being applied

as a coating on the dried powder,

Williams and Busch (1966) obtained instznt whcle
milk powder by homogenizing lecithinated milk fat with
skim milk concentrate and then spray drying. The dissol-
ving of lecithin inte milk fat was at the rate of 1.1%
and at a temperature at which milk fat is in a liquid
state, The mixing of milk fat and concentrated skim
milk was such that the fat was 6 to 48% in the final
mixture and lecithin about 0.05 to 4,0%. The drying
of moisture was either by conventional tower drier or by

horizontal spray drier.

Baldwin and Sanderson (1972) described a method
in which 0,6% lecithin (w/w) was applied in 2 straight
through system, They also found that along with the
quantity of lecithin added, the size of particles in the
final product was also critically important., They

proposed that particles less than 90 pm in size should
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be less than 15% of the total product so as to have better
instantization properties, Pisecky and Westernaard

(1972) also developed a similar systen which was uszd for

(V]

commercial production,

Baldwin and Sanderson (1973) studied various
types of surfaceants like glycerol monostearate 1:1
ratio of A,omos 300 and Tween 80, Span 80, centrol IP,
Centrolene S. and Centrolene H, The methods of co-drying
skim milk and cream mixed with surfactant, and mixing
of dried agglomerates with surfactant dissolved in a
solvent, were used for studying the above mentioned
surfactants. 1t was observed that use of watzsr as
carrier for surfactant involved a drying stage to remove
the moisture, in addition to requiring more concentration

of surfactant,

Piscky and Westergaard (1973) observed that for
best results lecithin should be added @ 1-3% of final
dried product and of 15-25% of free fat in liquid form
at ambient temperature. The minimum thickness of coating

should be 0.1 um.

Jensen (1975) described a system using two
vibro-fluidizers along with the process of lecithin
coating. The powder was fed to the first vibro-

fluidizer where hot air is blown through so as to make



the pouwder warm and to remove fines that are formed by
mechanical agitation during transport. Before the powder
is fed to the second vibro-fluidizer the agglomerates

are treated with lecithin delivered through a tuc

fluid nozzle, The second fluidizer equalises the lecithin
coating of all agglomerates. Sanderson (1978) was of <he
opinion that amongst the various methods used for mznu-
facture of instantized whole milk powder, re-wet method
Wwill not be suitable since it gives rise to higher leval
of free fat and makes the powder more sudsceptibl=s +o

emddation due to second drying.

Rewet and single-stage methods were successful in
agglomerating skim milk powder, but failed to get reason-
able amount of agglomeration with whole milk powder.

This was mainly because of hydrophobic nature of milk fat

and its distribution over the surface of the particles,

The difficulties in instantizing of fat-rich
products was solved, among other methods by the powder
particles with surface active agents, whose role is to
reduce the surface tension and permit the entry of uwater
more easily, and to spread on the surface of particle
to reduce the hydrophobic nature of the surface fat.
There are numerous variations in applying surface active
agents. 1t is applied along with wetting agent in reuwet

method, or mixed with skim milk concentrate before drying

or sprayed simultaneously in multi-nozzle single-stage

instant systems. Though single-pass method is suitable,
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a second stage drying should be involved instead of dryi
large particles in the first drying chamber itself, This
not only permits a lower outlet air temperature in main
drying chamber but also reduces damage to pouwder caucs=3 b\
case hardening and heat denaturation. Also fluidiced

bed driers are most suitable than pneumatic secondary
driers, Hensen et al., (1979) produced a process using
Niro-Atomizer Spray drier and Anhydro fluid-bed ecuipment
divided into three sections. The first section dried

the powder to 2,5% moisture with air at 80°C and in
second section 0,4% lecithin was added in the form of
45355 mixture with butter oil, at 45°C, The third
section had a stream of air at 45°C to distribute

lecithin over the surface of the particles.

Fitzapatrick and Lweis (1979) got a patent for the
production of instantized dried milk particularly milk
with greater than 10% fat. The process comprised of
wetting the dried milk to form a coating of @1-0.5%
lecithin (in relation to the wt. of agglomerates) by spraying
Wwith apueous solution and subsequent drying in a

fluidized bed drier.

2.,1,4 Twin spray drying methods

Bauer and Marks (1969) and Lipatov and Kheeitonov

(1972) have described the twin spray drying method,



In this method, two fluids of different propertiec are
Spray dried simultanecusly so as to get ﬁgrtain desired
properties. To get improved agqglomeration properties,
lactose crystals are seeded into the concentrates. 3ut
the technique of twin spray drying is being utilized
where lactose solution is spray dried simultaneously with
whole milk concentrate, In another combination skim milk

concentrate is simultaneously spray dried with cream

Q
=1

butter oil, WYith both cream and butter o0il, surfac:ants

were used,

In one of the other non-conventional systems,
agglomeration of powder was achieved by depesition on the
drier wall and the pouwder then being removed by zir jets

(Peebles et al, 1964).

2,2 Physico~chemical characteristics of dried milks

Physical characteristics of dried milk viz,
density, solubility, dispersibility, wettability,sinka-
bility and the chemical characteristics including moisture,

fat, free fatpand HMF are reviewed below:

o 2.1 Physical characteristics of dried milks:

2.2.,1.1, Densitys
Jebb and Hufanagel (1943) reported that with the

jncreasing degree of concentration of milk, the bulk
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density of milk pouder increases, These findings uwere

confirmed by Manus and Ashworth (1946).

5y0118ma (1963) distingquished between minimum znd
maximum bulk density, corresponding respectively to the

louest and denset packing of the powder. Lez

]
(-

v =

(1945), Lea and Game (1946) and Pallansch (19€3)
reported that particle density of milk powder ic influenced

principally by the amount of entrapped air., Ffree d:

(Y9)

nsity
referred to the air free solids. The values for true
density of non-fat dry milk were found to be 1.,44-1,45
g/ml, While for whole dry milk these wers 1.2¢-1.3%
g/ml,

Harper et al (1963) reported that maximum eass of
dispersion for whole milk powder was achieved at a bulk
density of about 0.36 g/ml and dispersibility decreased
slowly as this value increased to 0,58 g/ml and rapidly
beyond this value. Hall and Hedrick (1971) reported that th
density of dry milk had three distinguished groups -
bulk (apparent) density, particle density and the
density of dry solids. Bulk density referred to the
weight of dry solids, per unit volumes of the powder
expressed in grams per ml. It is further divided into
(1) packed and (ii) loose density., Packed density is

determined after the sample has been tapped or vibreted
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until the volume is relatively constant. Loose density

is determined prior to vibrating or tapping.

2.,2,1,2 Solubility:

First stage in the solubility of milk pouwder
after its initial contact with water, is the wetting
of particle surface (Mohr,1961; King, 1971)., This is
followed by water absorption and swelling of proteins
and soluble constituents (Mures and fHouse, 196%), 3ut,
the smooth progress of reconstitution process was mainlv
dependent upon manufacturing and stcrage conditions

which affected the nature of powder particles,

Abbot and Waite (1962) suggested that the
solubility test method should take into account all the
three characteristics of wettability, dispersibility
and solubility., However, a wettability test ccmplied
Jith a solubility measurement for day-to-day factory
control, both giving results quickly would provide useful

information (Sat Prakash, 196¢).

Mol and Jansen (1974) reported that the solubility
of dried whole milk depends on particle size, the state
of fat in dried milk and the drying temperature., For
improved solubility the authors suggested the stage

drying using fluidized bed in second stage.
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Jensen and Hensen (1974) found that in the case
of skim milk pouwder the solubility was influenced by the
degree of concentration. An increase in the total solids
of concentrate from 32.1 to 47.6% resulted in 2 detzrio-
ration of the solubility index from 0,02 to 0.32. ‘o
similar observation was found in the case of whole milk

powder as measured immediately after production,

Baldwin and UYoodham (13578) stated that the cause
of poor solubility of skim milk powder might be due to
increased protein content of dried skim milk, indirect

heating, louver whey protein nitrogen index, high -

=0

temperature holding of the concentrate prior to dryin

)

’

. . £ 4 c
decreased particle size, packing at more than 76°C

o)
!

combination of any of these factors.

2.2.1.3 Dispersibilitys

Although, larger particles of dry milk are generally
recoqnised as necessary for good dispersibility, exczptions
have been observed by konston et al (1965) o The very

large particles of foam spray dried whole milk have less

dispersibility than the small ones.

Damish et al (1966) reported that dried skim milk
with improved dispersibility, bulk desnity and flavour
properties could be obtained by coating the warm (lOO—léOOF
dried milk particles with 0.033-0.66 percent active



lecithin based on the weight of total solids preferably

in a vegetable o0il solution at 110-180°F. The product was

then agiglomeratzd by moistening and drying in an instanzizzr.

Tamsma et al (1967) described that high bulk density
powder (non-fat dried milk) with gjood dispersibility could
be obtained by adding surfactants to the concentrate and

spray drying under conditions producing particle agaregation.

Hall and Hedrick (1971) pointed out that for good
dispersibility an important consideration is the total heat
treatment of the casein during processing. As the degr=e
of heat application increases with perspective increase in
bke total solids, it brings about larger amounts of irrever-
sible denaturation, Under the prevailing normal conditions
of reconstitution procedures, this denatured casein does

not form a stable dispersion,

Baldwin et al (1978) described that the dis-
persibility was adversely aifectsd by the increased
protein content of dried skim milk, indirect heating,
louer whey protein nitrogen index, holding concentrates
at high temperature pefore drying, decreased particle
size, and packaging at more than 76°C., Combination of

any of these factors are likely to produce powders with

pooT solubility.
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Stone et al (1954y descri®d a mechanical louw
energy method for determining ease of dispersion of milk
powder which utilizes low energy mechanical stirring znd
permits measurement of ease of dispersion of both non-
fat and whole milk powders.

The ease of reconstitution on low energy mechznical

= o e
|

J
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stirring was measured by Stone et al (1354b) by trez

ct
o

52 g. of dried milk with 400 ml water in 2 mixer a -
rpm for 10, 20, 30 and 40 seconds, draining off the milk
through a 210 micron screen and determining the totzl

solids in aliquot. The total solids dispersed in grams

were tzken as dispersionfvalue,

Bergge and Buck Anderson (195¢) determined the
instancy of dried skim milk by stirring 5 g powder with
50 ml water for S seconds using a stirrer at 370 rpm
The solution was filtered through a weighed filter in a
Buckner funnel and the solids left undissolved were

detsrmined by weighing the filter paper after drying.

0.2.1.4 Wettability:

4all and Hedrick (1971) stated that wettability
is the rate et which a mass of milk powder is penetrated
by water. The tendency of dry milk to form lumps upon
addition to water indicates lack of wettability. 1In

general, large particles more irregular in shape provide
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MOTe space in the interstices for wetting rather than th

small particles of symmetrical shape which enhance clo

n

packing of particles and thus inhibit penstration of
water,

Coulter et al (1951) stzted that the amount znd
dispersion of fat affscted wettability. The authors
reported no differences in wettability of dry milk with fat
between 18-32%, Hibhs and Ashuorth (1251) added 0,05%
emulsifiers (Sorbitan monostearate, polyoxyethylene sorbitzn
monostearate and glycerol monostearate) to the milk

of whole

[

e
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before drying for achieving improved wettabi
milk pouder and to prevent churning of fat dpring re-
combination but only a little had been achieved in con-
trolling of the churning with a combination of 0,05%

sorbitan monostearate and 0,05% polyoxyethylen= sorbitan

monostearate,

Nelson and Winder (1261) described that the milk

dried with louw melting point fats have better wettability

and dispersibility.

Samhemmer (1966) in evaluating the properties of
instant dried whole milks showed that their wettability
was not greatly dependent on the amount of fat originally
present. The same author (Samhagmmer, 1972) in another
study on spray dried whole milk reported that the

addition of lecithin increases wettability but itself

4id not produce an instant type milk. For increasing the
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wettability, a mention was made by Sudding (19%6) for
adding surface active liquid agent like 0,2-4% olzic acid,

Soya lecithin, olive o0il etc., to the dried product.

Several methods for the determinaticn of wetta-
bility were developed, Ashuorth and Gunthardt (125¢)
sprinkled 2,5 g of dried milk into a disc of filter
paper covering the bottom of 250 or 400 ml besaker. 17.5 nl
water at 30°% was allowed to flow doun the wall of the
beaker and form a layer under the disc. The pouwder and
water were left in contact for 5 minutes after which the
liquid was strained through a Gooch crucible (allouing
10 seconds for emptying the beaker and 30 seconds for
filtration), Finally total solids uwere determined in the
filtrate using 5 ml aliquot. This value multiplied by a

factor gave the percentage of powder wetted during §

minutes.

Mures and House (1862) proposed a simple mesthod
for comparing the wettability of instant spray dried
skims., They reported that the wetting time varied from
a feu seconds for good instant powders to several minutes
for ordinary spray dried powders, The authors further

showed that particle size was the most important factor

controlling the ease of wettability.



R.2,1,5 3inkabilitys

Hall and Hedrick (1971) defined sinkability as the
rate at which dried milk sinks into quiescent water. It
depends upon the size of particle, its surface and zlso

particle density of the powder. The amount of occluded

air in the particles of spray dried milk powder has

()]

pronounced influence on sinkability and thus foam spray
¥

dried milks have very poor sinkability. The process c

=te
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agglomeration improves sinkability by increasing agare
weight and this effect is greater in non-fat dried milk

than in dried whole milk,

Nelson and Winder (1961) reported that as little

as 5% of the high melting point fats decreased the sinka-

-

claimed that
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bility of milk pouwder. Harper et al (19

F

the bulk density of dry milk for self dispersion should

g o)

not be above 0.4 g/ml despite the improved sinkability,

Bullock and Winder (1958) described a method to
improve the sinkability of dried whole milk and deviced
a simple test to estimate the percentage of milk powder
sample which gank after being placed on a gquiescent water

surface for a given period of time, usually 30 seccnds.

In the sinkability test of EBullock and Winder
(195@) the rate at which the dried milk sinks into quie-
scent water was determined. The powder (500 mg) was
sprinkled on the surface of water (50 ml at 25°C) in a

separating funnel. After a certain time (20 seconds to
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§ minutes), the portion of dried milk which sank was
quickly drawn off together with water. After complzte
dissolution of this powder, total sclids wers determired

in a 5 ml aliguot. The result was expressed as percentzjs

(O]

sinkability,

Samhamme?s (196€¢) photometric method for comparinng
the instancy of different types of pouders was based on
the rate of sinkability of pouder partiates. Neff and
Morris (1967) described a new method for determining the
"sinkability index" of powder where the time for a2ll the

powder to disappear from the quiescent surface wzs

measureg,

2.2.2 Chemical characteristics of dried milks

2.2.2.1 Moistures

Coulter et al (1951) reported that salts in
solution decreased the vapour pressure by an osmotic
effect, Milk fat was presumed to have no direct effect
on moisture retention of dry milk, The hygroscopicity
of the amorphous lactose probably has the greatest effect

on the moisture equilibrium of dry milk after its

manufacture,

Ashuorth et al (1954) indicated that an optimum
of‘s.si moisture in the dry milk gives maximum wettability,

Low moisture below 2% in dry whole milk might slightly
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accelerate oxidative changes compared to 3%, Ffurther, at

(-]

a moisture level below 2% the powders become less soluble

whdle above 4% a decrease in wettability and dispersirility

took plazce during stoage.

H&ll and Hedrick (1971) reported that the keeping
quality of powder was related to its moisture ccntent,
Higher the moisture content of theproduct, louer is
the keeping quality. Lactose and prot2in of milk solids
have the gr=atest effect on the moisture equilibrium,

Mol (1977) observed that the moisture content of

[€)]
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dried milk appeared to be influenced more by the visco

of concentrate than by its total solids contents.

2.2.2,2 Fat and free fat:

Tamsma et al (1959) and Berlin et al (1964) from
their studies on microscopic examination reported that
the fat in dried milk occurs as 3jlobules surroundsd by a
membrane covering of protein nature or as free fat. 1In
the free state, it is considered de-emulsified and no
longer protected by membrane with the result that the

globules are apt to flow together to form 'pools' of
fat.
Roelofsen and Salome (1961) reported that the size

of fat globules with the membrane in dried whole milk

depends upon the efficiency of homogenization,



Reinke et al (1961) has discussed severalfzactoes
for reducing the free fat in spray dried whole milk.,
Pisecky (196 ) reviewed the incidence of free fat in

dried milk, The author stated that the free fat portio

i

increased upto 70% as the dried whole milk passzd through

individual handling stage.

Vilder and Martens (1974) observed that the
homogenization of concentrated milk considerably decr=zasess
the free fat content of whole milk powder. Further, the
pouders with a lou free fat content were found to exhinit

a low permeability for gases.

The estimation of free fat in dry whole milk
consists in extracting the fat by petroleum ether and then
filtering the etherial layer followed by drying in a fat
dish as in the case of Mojompier method for fat testing

(Hall and Hedrick, 19871).

Joodham and Murry (1974) stated that because of
the variety of solvents and extraction conditions which
might be used, care must be taken in expressing free Tat
contents. For example, a free fat content of 10# is

excessive, if it referes to a pouder basis but is

acceptable if it referes to a total fat basis.



£.2.2,3 Hydroxymethyl furfural (H"f Js

Hodge (1953) presented a lucid integrated schzme
of some of the reactions knoun to play a role in Maillard

type of browning,

Patton (1955) reviewed the general signific:

W)
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of browning reaction in milk products, The most
important type of browning results from th2 complex
reactions followed by interaction of carbonyl zand zmino
compounds, The early stages of rcactions before visible
colour development were highly significant in predicting
and controlling the browning process, Potter and Patton
(1956) identified 5-hydroxymethyl furfural (HMF) zas
intermediate compound during the process of browning in

evaporated milk,

Gottschalk and Pqrtridge (1950) precposed an inte-
grated scheme for early reaction between reducing sugars
and amino compounds. Hydroxymethyl furfural (HMF) was
produced via l1-amino-1&4deoxy-2-ketoses and finally
broun colour and flavour compounds were producad. The

findings of Gottschalk and Partridge were supported by
Hodge and Rist (195%),
Keeney and Bassatte (1959) proposed a guantitative

method for determining 5-hydroxymethyl furfural by

spectrophotometric measurement of the 2-thiobarbituric
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acid (T8A) reaction product. Their msthod was sujjested

to be a sensitive detector of early symptoms of th

D

browning reactions in the milk pouders,

This method of Keeney and 3assestte was adopted
by Della Monica et al (1968) to determine HMF content
in whole milk powder. Walker (1972) also uszd the same
method and studied the flavour defects in edible cazein
and skim milk powder by estimating free and potentizl
HMF in the samples. Craig et al (19€0) modified the

Was
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method of keeny and 3assette and this modified meth
used by Zadow (1970) to determine HMF values in ultra-

heat treated skim milk from 98-1459C for 3 second.

2.3 Chocolate milk and powder:

Holland (1968) and Laglosis and Randolph (19€7)
stated that flavoured milk beverages have been promoted
frequently as a possible means of increasing the sales
Offluid milk. A variety of flavours have been tested
but the only one that has achieved a note-worthy success
has been chocolate. This flavour has almost a universal
acceptance. In United States of America, one in every
10 glasces of milk currently consumed is flavoured milk,
of which 50% is chocolate milk whereas the remaining

covers a wide variety of milks including honey, fruit

syrups etc.
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Keeping in view the modern trend to mest the
special requirement of industry and the consumer, flavoured
milk has been suitably dehydrated to reduce its volume,

to preserve and to readily reconstitute it in a form

1

useful in maintaining its freshness over a considerz-l
period, Consequently, at present a large market has
developed for chocolate and other non-fat flavoured powvders
When ddéssolved in a glass of whole milk they are said to
provide the reguired nourishment for an instant g brezkiast
(Webb and Whittier, 1970), Most of the information
available on chocolate milk pouder has been patented
(Thomson and Ziemba, 1957; Peebles and Clary, 195¢&;

Carlson et al, 1961; Shenkenberg, 196z and FaGQe, 1971,

1972, 1973).

281, Ingredients used in the chocolate milk:

Webb and Whitter (1970) reported that the basic
ingredients of chocolate milk are four in number. They
are milk, cocoa, sugar and stabilizer, Sometimes, vitamin
A, C, D and B-complex may 2also be added as well as copper,
iron, calcium and phosphorus iww permissible food grade

forms in required quantities (Webb and Whitter, 1870},

2.3.1.,1, Milks

—_—

Holland (1968) stated that the milk used for manu-
facture of chocolate beverage falls into two general

categories; those made from whole milk and those made from
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skim or reduced fat milks, From the stanc point of
manufacturer, the fet-free products are easiest to
manufacture because the fat separation problem is
eliminated, If products are fortified with the additicn
of milk solids-not-fat, it is probably more desirztle for
both children and adults under the present dzy conditicn
of fat consciousness, Skim milk, partially skimmed milk
or whole milk may be used in the manufacturs of chocolate
milk, Reconstitugted milk from low heat, non-fat dry solids,
cream and water or reconstituted milk from sweestened
condensed cream and water, together with non-fzt dry
milk solids are also used, Super-heated condznsad

milk shcould not be used for chocolate milk,

Langlois and Randolph (1967) on the basis of
survey made on the 'Manufacturing practices Tor chococlzte
milk and drinks in USA' reported that 64.6% of the plants
marketed chocolate milk containing over 3.25% milk fTat
while chocolate flavoured low-fat milk and chocolate

flavoured skimmed milk we=re sold by 6 and 7.2% of the

plants respectively,

Chocolate beverage from mixture of whey and milk
has been reported by South African Dairy scientists and
3% fat milk in whey or 3:1 mixture of whey and whole milk
vas used, The product made from 3:1 mixture of whey and

milk proved more acceptable to a taste panel than that

made from 100% whey.
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2.3,1,2 Cocoa/licuor chocolzates

-t

Holland (1968) reported that the concentration o
cocoa used for flavouring varies betuween 2,0 to 1.5%

of the finished product. In the case of liguor chocoliztse,
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the concentration ranges betwesen 1,25 and 2.25%. Cocoz=

chocolate are made from the beans or seeds of c=zcao tre

t0
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(Thepobroma cacaol) which grows on the countries nea
equator, The consumption of both products is hizh for
making beverages, They are also used in other Tood products

like ice cream, cake and confectionery,

Processing of cocoa beanss

Cosgrove (1868) observed that the fresh beazans

from the cocoa pod have a strong bitter taste and must

ds
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be treated to develop its flavour and colour, The se
are first fermented to decrease the bitter taste and then
dried. After drying, the cocoa beans are roasted and
kernels of the beans are separated from the shells,
Roasting develops flavour. The kernels are broken into
small pieces called 'nibs', These nibs are ground on
stone mills which force the fibrous material to shred and
cause a rupturing of the fat cells. The resulting viscous
material is called chocolate liguor., Th&s liquor contains
544 fat, known as cocoa butter. If some fat is removed
from the ﬁhuor and the end solid product is pulverized

:+ is called as cocoa powder, It contains an average
then it 1S



<0 to 26% fat., Some times during the initial

of the beans, an alkali may be added to the nibs

prior to roasting, This process is knouwn as ‘'dutchin ',

Dutching neutralizes the netural acidity presen% in zhe

beans and because the action tends to soften and break

up the fibres, a full release of flawour results,

Commercially, chocolate is sold as Dutch or Amercian,

Liquor which is not alkalized produces a powder

'Natural cocoa', The difference between thz n:z

cocoa and the Dutch processed cocoa is that the

less acid, less bitter, darker in colour and gives 1
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sedimentation on storzge. 1In general, the type of bezns,

fermentation, method of roastigg and alkalization of bulk

cocoa will largely control flavour and colour.

Constituents of coceoa:s

Merory (1960) reported that cocoa contains purine,

theobromine, caffeine, tannin and carbohydrates.

Theobro-

mine gives cocoa stimulating properties whiles tannin

determines extensively the colour and taste of cocoa,

Carbohydrates are present in fairly large amounts in the

form of starch and sugar., Houwever, the exact identity

of the flavour substances has not been established,.



Cocoa substitutes:

kenyon et al (1980) studied the =ffzct of cocoa
substitutes on flavcur and other characteristics of
chocolate milk, Six comma2rcial products are being added

to whole milk at 30, 50 or even 1J0% rsplacem=ni of
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cocoa, The acceptance of chocolate milk d
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level of substitute increased, WWith two
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heavy sediment resulted during storage of Ixperimentazal

samples containing 50-100% substitute levels,

BeBalyd Sueetener;

Holland (1968) reported that the various sueztznin

M
1)

agents used in the manufacture of chocolate milk are cazane
or beet sugar, corn syrup, invert sugar or honey., The
sugar content generally varies betuween § and &a.
According to Langlosis (1867) over 80% of the chocolate
milk manufacturers in USA were using cane or beet sugar
while a few were wusing either corn sweetener or 2

combination of corn and cane.

In the case of chocolate milk powder manufacture,
Hall and Hedrick (1971 ) recommended a part of the sugar
to be added in liquid mix and the remainder of sugar
to be blended into the dry product. It is also possible
to add total quantity of sugar before drying. The size

of sugar particles for dry blending is important to

(1]
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achieve a uniformity of appezrance and jo0d dispersibility

characteristics of the product,

Martin (1979) sugjestzd the economical us

(W)

high fructose maize syrups (HFMS) in chocolate milk as
sweetener., The three generally reccgnized types of hish
fructose maize syrups contain 42, 55 and 90% fructose
respectively, The corresponding sucrose squivalsnt swuszt-

ness are approximately 1.1, 1.2 and 1.5,

R sbala® Stabilizers

Holland (1968) reported that the settling cf
cocoa particles in chocolate milks generally occurs and
it is undesirable, A stabilizer is usually added to delay
or prevent settling of cocoa particles. It also helps
to prevent the rfising of cream, Sodium alginate or
tcocoloid Irish Moss carageenan and starch and some times
milk solids-not-fat are used as stabilizers, The rate of
addition varies with the stabilizer used:- 1% of starch
gelatinized by heating in milk at 190°F, 0.3% of gelatin,
addition of milk solids-not-fat as condensed skim milk,
0.2% of sodium alginate, and carageenan at a concentration
Ilhe presence of these substances increases the

Of 0.04%0

viscosity of chocolate milk. The process for stabilizing



Chocolate milk using a mixture of carageenan and zljinzte h:
has been patented,

Sonoeren et al (197¢) shouwed that the use of
K-caragesnan of low mol, wt., as stabilizer did not nrevent
sedimentation whereas K-carageenan of higher mol., uwt.
resulted in the formation of a net work of polysaccharides

S

and casein which prevents sedimentation, The effectivens

(O]

of stabilizer was found to be a function of its mol=cul-=r

weight and concentration,

2.3.2 Manufacture of chocolate milks

Anon (1970) has described 2 method for producing
pasteurised chocolate milk, The method involves preheating
of fat standardized milk to 70-75°C, homogenization at
175-200 kg/cemz, addition of 2% cocoa, 5% sugar and stabi-

lizer, pasteurization at 75°C for 30 minutes folloued by

rapid cooling to 8°C prior to filling into containers,

Another method for producing chocclate milk
(Holland, 1968) involves the addition of prepared syrup to
the base milk followed by pasteurization. 1In batch method
of pasteurization, temperatures of 71.1°C and above for 30
minutes are employed. InN H.,T.5.T., system of pasteurization,

temperatures of 76 .6 to 82.2°C are common and holding times

vary between 195 and 25 seconds,

w



Souza (1980) described a method which involved
the follouwing stages: Heating at 650C, homogenization at
180 kg/cmz, UMH.T, starilization for 4 seconds at 140°C,
cooling to SOPC, asceptic packaging in a tetra-pack rachine
directly connected to sterilizer., The addition of scdiunm
alginate was considered essential for improving the
viscosity and stability of chocolate milk. Homogenization
did not adequately reduce the size of cocoa particies and
at 180 kg/cm2 pressure, it had the unwanted effect of

increasing sedimentation, probably because of protein

instability,

Defects in chocolate milksg

Holland (1968) reported that chocolate milk is
subjected to most of defects common to fluid milk, together
with some that are unique in this produci. One eof the
chief problems in chocolate milk manufacture is creaming,
Cream layer in checcolate milk will contain enough of
cocoa particles to give it a darker colour than the main
body of the product. Homogenization prevents or delays
the ﬂésing of cream, Alternately, when chocolate milk
is processed at a temperature of 71.10C or above for 30
minutes, creaming is orevented, Addition of suspending
agents retards creaming. Another equally important
problem with chocolate milk is sedimentation, Numerous

methods have been tried for the elimination of settlina.
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They are (i) elimination of insoluble particles (ii)

incre

rl)

sed fineness of grinding cococa (iii) incre

the viscosity of the nroduct, and reducing the d:

ifference
in density between cocoa particles and the milk Sase. Finz
grinding of cocoa and the use of suspending asents to
increase the viscosity of milk have found the uides:t usc,
An excessive viscosity in chocolate milk is un-
desirable, High viscosity jives the product a rich appezr-
ance but leaves a filmy after taste in mouth, Air entrapped

is likely to be retained as bubbles in the upner part ar
bottle giving the product an appearance of having undergone

gassy fermentation,

Thickening or gelling may be caused by (i) excescsive
pasteurisation temperature (ii) too much stabilizer causing
over stabilization (iii) use of lime or magnesium neutralizer:

(iv) too high acid milk.

Product characteristics;

Hall and Hedrick (1971) reported shat a good cualityv
chocolate flavoured non-fat dry milk has a pleasing flavour
blend of milk solids, sugar and cocoa, It disperses
readily in hot/cold water, has minimum of cococa settling,

high density (preferably 0.5 g/ml) and good flowability

in dry form,



As per Holland (196&) a jood quality chocolate milk
should have the following characteristicsg (i) mild
pleasant chocolate flazvour (ii) little or no sedi-
mentation (iii) low to medium viscesity (iv) lijht to

medium colour (v) medium sweetness,
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3.0 SCOPE AND PLAYN OF WORK

3.1 Scope and importance of works

There is an increasing demand in the world for
instant breadkfast food. This holds good in our country
as well due to the rapidly improving economic conditicns,
This increased demand for various types of quality products
ispparticularly noticed in upper and high middle income

groups. Under these conditions Instant chocolzte milk

o
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pouder by virtue of its higher reconstitutaebility and
easy storage for a long time at room temperature provides

a promising national and international market. From the
precéﬁing revieu of literature, it is evident that not much
has been reported on the preparatiocn of instznt chocolate
milk powder. Whatever little work has been done in Yestzarn
countries pertains to cou milk only. But the organized dairy
sector in India handles mostly buffalo milk and when fat

rich products like ghee, butter etc. are produced, the

skim is left behind. The milk condenseries can, therefore,

divert this skim milk as well as low fat milk for the

manufacture of Instant chocolate milk powder which may bring

a higher profit to the Gﬁ&&kﬁk.TUQLUQWQ‘,

Keeping in vieuw the above points, it was considered

desirable to make possible improvement in the quality
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Characteristics of chocolate milk powder from buffa:
using a 'single-pass’ instantizing arrangement, Furths:
the physico-chemical characteristics of normal spray
dried chocolate buffalo milk pouder as affected by the

total solids pesrcentage in mix as well as instant chocol-tz

\

buffalo milk pouder will also be investigated.

3.2 Plan of works

Instant chocolzte milk pouder will be prepared hoth
from buffalo skim milk and buffalo double tonned milk as

follouss

Skim milk will be adjusted to 0,05-0,10 fat and the
double tonned milk to 1.,5% fat., The total solids contant
in the chocolate milk concantrate from both skim and double
tonned buffalo milks will be adjusted to 35, 40 and 453,
The drying conditions will be uniformly maintained by
keeping the atomizer speed at 25,000 + 1000 rpm 2and ths
inlet and outlet air temperatures at 190+ 10°C and g5+ 5°C
respectively. The chocolate powder will be prepared by
normal spray drying using all the three total solids
concentrations., The concentrate vielding the best quality

pouder as adjudged by physico-chemical characteristics

will be further utilized for the production of instant

chocolate milk powder.
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The best chosen mix concentrate will be held =%
5°C for 12 to 14 hours after the addition of seeding
material (i.e. fine grade lactose) with slow agitztiion
for the optimum crystalization of lactose, The instant

chocolate skim milk powder as well as instant chocolsate

double tonned milk powder will be prepared using the sanz

(
(G}
]
(1]
W]
L

operating conditions for the drying air except the
of atomizer which will be maintained at 10,000 , 15,9290

and 20,000 rpm,

The normal spray dried as well as the Instant
chocolate milk powder prepared from both buffalo skim
milk and double tonnaed milks will be examined for their
physico-chemical characteristics to evaluzts their

pose wil

H

guality. The chargcteristics studied for the pu
include moisture, fat, free fat, pH, TBA value,
wettability, sinkability, dispersibility, solubility
index, average particle density, bulk density, and
percent volume occupied by powder particles, However,
the tests of free fat, and TBA values will be performed

only on the powuder samples obtained from double tonn=ad

milke,
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FIGT FLOW ¢ HART FOR PRODUCTION OF CHOCOLATE MILK POWDER

Selection of buffalo milk

Standardisation

005- 010 fat skimmilk ' ]
1.5% fat double tonned milk

Preh‘eoh'ng

Condensing
[ 35-40% total solids ]

Homogenisation
Only for 1-5 % fat milk
2500psi - 15! stage

500psi - 2™ stage

Cocoa powder\
Mixing «—— Stabllizer
Sugar / 1

Pa steurization
( 711°C 'for 30 min.)

Coolri.ng Sproyvdrying
(20* C) l
Seeding with fine grade lactose Packaging of normal

spray dried chocolate
Holding for lactose crystalization milk powder
(5% for 12-14 hrs with slow agitation)

Spray drying with single stage instant
assembly

Packaging of instant chocolate
milk powder
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4,0 MATERIALS ANU MITHC

2,1 Production of chocolate milk powders

Chocolate milk pouder was prepared by normal
spray drying method as well as by singlz-pass instzni

method, The steps involved in th2 manufacturing nethods

are depicted in Fig, 1.

1) Selzsction of milks

Buffalo milk was obtained from the herd maintzine
at the Institute's farm, The processing of milk was car
out in the Experimental Dairy. About 500-¢00 litres of
buffalo milk ( skim or double tonned) was tzken and
sub jected to organoleptic evaluation 2nd chemiczl

viz,, acidity, fat content and cleot-on-boiling test.

2) Standardizations

In the case of skim milk, the fTat content was
maintained at 0,95 - .1 level by sepzration in the
De-Laval Tri-process machine, whereas for double tonned

milk, it was standardized to 1.5% Tat by mixing buffalo

skim and whole milks.

3) Pre-heating:

The milk was heated in a Silkeborg plate-heater



S

Q

(2500 15 per hour capacity) with esteam as heztin meciun
. C

A pre-heatine temoeraturs of 20 C wzzs emnoloy hout

holdinn

4¢) Condznsingg

Prz-heated milk was condensed in 2 vacuum

e
\l
3

w

/ & . .
(180 kg/hr water evaporation capacity) with st=2zm a
heating medium 2nd using a vacuum of 26" Hg., Concan-

tration of milk was periodiczlly checked by

(
L
|4
== )
Ud
(]

W
d.
(L
Hy

sample and testing it on "3ausch and Lonb" refrzcion
+ill the desired total solids of 35-40% were reached.
The steam was then stopped and the product taken out in

cans,

5) Homogenisations

Homogenisation was carried out in the case of
double tonnad milk only. A pressure of 2509 5si was used
in the first stage and 500 psi in the second stag=s in a

Gaulin double-stage homogenizer.

6) Mixings

The calculated amounts of sugar, cocoa powder
and stabilizer were added to concentrated milk and mixed.
The rate of addition of above ingredients was such that

the reconstituted chocolate milk will have 1.5% cocoa,



®NOVEsWwN ~

FIG.2. SPRAY DRIER FOR NORMAL CHOCOLATE MILK POWDER

INLET AMPERE OMT o&r ET
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[

(©F -
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Delivary fan

Atomizer "
Oil burner

Feed pump

Rotating sweep

Star wheel

Chocolate powder outlet



W
(\

2y - - % s . oW @
CA SUqgar and Des2% Stal)'!l:_z-.r. The stabilizzr ue 4 was

sodium 2ljinate and addad when mix attained z tznp-raturs

of 80C. After addition and stirring, the mix uas cir-

30 minutes,} and cooled,

7) Seeding and holding;

This step is involved only for the mix which is

meant for Instant chocolzte milk powder manufacturz. 7D.%5
fine grade lactose was used as seedinng meterial, The can
was kept in cold store and seeding material was added

when temperaturz reached to about 20°C. Then thz mix 2

was slowlv agitated by a stirrer and left overnight for

lactose crystellization,

8) Drving:

The mix obtained above was dried in an Anhydro-

spray drier as described belou:

a) Normal chocolate milk powder:

After the plant has been assembled as infFig. < and
the atomizer properly placed, the motors were started in

the following order: exhaust fan, delivery fan, oil burner,

rotary discharge valve and scraper., ‘



FIG.3. SPRAY DRIER FOR INSTANT CHOCOLATE MILK POWDER
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dhen the outlet air tempzraturs reached to ahout
0
Q - (aVa [}
95-100°C, the feed pump was started. The outlst air
temperaturs was maintained at 190+ 10°C

the atomizer was con<r

(@)

lled at 25,070+ 1,039, The miy was
divided into three portions of 45, 40 and 35% total solids
concentrations and dried., Samples of
total solids concentrations were collzced separately znd

packed in polythens bags,

Replicztions:- Three trails with huffzlo skim

[€Y)
'—l

milk and thres trails with Huffalo double tonn=2d milk with

the above total solids concentrations were taken,

9) Instant chocolate milk powder:

Except for the change in the dischzarge point
of milk powder and re-circulation of the fines recovered
from the escaping a2ir in the cyclone, as shoun in Fig, 3,
the operating procedure followed was the same as described
before. The percentage of total solids in the mix was
454+ 0.5 and it was held at 5°C for 12-14 hours, The rpm
of the atomizer was 10,000, 15,000 and 20,200 and was
maintained within a range of + 1,030 during the trials, The
samples obtained with the above atomizer speeds were

collected and packed in polythene bags,



Replicationss Three trizls with buffzale skin

milk 2nd three with buffalo double +“onned milk for the

above mentioned atomizer sne

M

de were taken,

o< Analvtical procedures;

4,2.1 Analysis of raw milks

Raw milk was tested for its initial quzlity as

given belouws

i) Organoleptic tests were performed as per the
procedure described in I.5, 1479 (Part I, 1993,
ii) Fat content was determined by Serber method using

the procedure described in I .S, 1225-1955,

iii) The acidity was determined by the methed as in

1.5, 1479 (Part-I) 1%€0.

4,2.2 Analysis of cocoa pouder:

i) Fat:- The fat contzant in cocoa pouder was

-

edamined according to Mojonnier method as described in

tLaboratory Manual - Mmethods of analysis of milk and its
products' 1959,

i) pH : - The pH of cocoa powder was determined as
per the procedure given in "Laboratory Manual - Meth

analysis of milk and its products® 1959,
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ii) Total ash; Total ash contsnt of cocoa powder w2s

de

M

determined according to thz method describsd in 15:11

Q)

iv) Moisture Test: - Moisture test of cococz powder

was determined as per the procedure given in I5:11€4-106¢C,

4,2.8 Analysis of chocolate milk mixs

d by Stromerts

W

i) Viscositvs - Viscosity was measur

viscometer as per the method described by Goyal (137%)-.
Mixes were well mixed in a beaker for 5 minutes zan-d the

: < . o
time taken for 100 revolutions of bladz at 20 C was not=d.

1t was expressed as seconds per 100 revolutions,

ji) Total solids;

Total solids of the mix were determined by the
gravimetric Mojonnier method as per the procedure
described in "Laboratory Manual-Methods of analysis of

mill and its products" 1959,

4,2.4 Analvsis of chocolate milk powders:

Chocolate milk powder samples were examined for

their physico-chemical characteristics to evaluate their

4,2,4,1 Physical characteristics of chocolate
dried milks

The samples of powder were edamined for their
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hysica : : i a "
physical characteristic , namely solubility indsx, bulk
density, average particle density, % vol. occusied
by powder particles, wettability, dismersibility and

sinkability as per the follouing detzils:

i) Solubility index:

w

Solubility index of chocolate milk pouder wa
determined by AD .M.I. method (1965). In thz case of
chocolate milk powder made from skim milk, 10 g wuwers
reconstituted in 100 ml of water at 23.9°C in a mixi
for 90 seconds whereas in the case of chocolate milk powdzsr
made from double-tonned milk, 13 g were reconstitutsd in 100
ml of water. After allowing to stand for a while thz foam
was removed and 50 ml of reconstituted chocolate milk uwere
centrifuged for & minutes in a conical graduated tube.

The supernetant was decanted off and the residue was
washed by dispersing it in water and centrifujing again
for 5 minutes. The volume of sediment in ml obtained at

the bottom of centrifuge tube was recorded and designated

as solubility index.

iji) Bulk densitys

Average particle density, bulk density, and

percent volume occupied by powder particles were determined

as follows:



cn
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Bulk density and av:crage particle density were
determined by the sam; test as described by Zack dt al
(19€2). A 100 ml graduated cylindsr was filled with
about 50 ml of hexane and stoppered. The volums of hz2x:-ne
(Vl) and the total weight Oﬂl) were recorded. Enough
pouwder was added through a funnesl te incresase the volunms
to about 49 ml. The cylindsr was placed cn a levzl,
vibration free surfzce. Aftsr one hour the volume of
the pouwder (Vs), the volume of powder and hexzane (Vg)
and the total ueight (Ué) were recorded., The volume of the

floating portions of the powder were added to \I,5 yhen

making calculations, Volume were estimated to 0,5 ml

)

and weinhed to 0,05 g, Estimate was made 2s follows:

) Wy, = Wy
Bulk density: " 3/m1
Vs

Average particle= dy - Wo ol
densit —— »

: U2 Vl
Percent vol, occu- V2 -V
pied by powder = x 100
particles: V3

jii) Wettability:

A very convenient and suitaeble method developed

by Muers and House (1962) for comparing the wettability

of Instant spray dried powders was employed with 2 slight



modification, The modification was necess rv dus %o the
lon-avzailability of satin drill spscified by them (2%5q/
sq.m having about 30 threads/cm in the warp and %0 in the
weft), The fabric used in present investization uas

satin drill of 221.6 g/sq, m. having zbout 28 thread/cm

in the wrap and 19 in the weft. The second modification
pertained to the dish, A4 tray of 21.2 x 1€.3 cm (l=n1th x
breadth) uas used instzad of the size 2J x15 cm uszd by

them. The method is as follous:

A piece of fabric (conforming to the above spaci-

fications) measuring about 10 x 10 cm was stretched over

n

diametsr and

m

one end of the body of a metallic can (¢,
4,5 cm haight), open at both ends and was held on with a
rubber band). Another open-end can (5 cm diametsr and

7 cm height) was placed as spacers to hold it in position
centrally on the cloth, The tray (21.% cm x 1€.3

cm) was marked at a depth of 2.5 cm from the botteom and
filled with distilled water to this point. A triangle of
0.4 cm thick glass rod with sides about & cm long uwas
placed in the dish and served to prevent close contact
of cloth with the bottom of the dish,

With twocans assembled and the cloth resting

clean on surface, 2.5 g of pouder was transferred to the

inner can and spread over the 5 cm circle of cloth as



o
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evenly as possible with soft hair brush. The innar czn yas

then removed and the outer c:n lowered into the dish on
to the glass triangle and held in place until thz uater

level in the can ceased to rise. A stop watch was started

=
[}

when the cloth touched the water and was stopped when

the pouder was completely wetted.

The temperature at which the test uas carried out

N2
[y

for skim milk chocolate powder was within the range of
to 23°C. For double tonned chocolate milk pouwder the
temperature uas 40+ 2°C because it should be above the
melting point of fat as suggested by Pyn2 and Coulter

(1960) and Bullock and Yinder (1960).

iv) Dispersibility;

The American Dry Milk Institute adopted the dis-
persibility method of Stone et al (1954) for testing
instant non-fat dry milk., The A.D.M.I. test adopted by

Rizvi (1970) was slightly modified and is as follous:

A brass bowl subsequently called mixer (dimension
cm height, 13 cm top diameter and R4 cm inner diameter)

fitted with an outlet of 1/2" diameter at the bottom uas

taken, To this uas attached 2 rubber tube fitted with a

pinch cock The 'mixer' was clamped using a laboratory
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clamp and stand in such a way that it could be raised or
lowered. 400 ml of water at 75°F was placed in the 'mixer!
and 5% g of pouder was transferred to the surfzce of uzter,
The stirrer which was earlier fixed in position in the
centre of the mixer was then turned on a2t 400 rpm z2nd th=z
stirring continued for 20 seconds. The pinch cock zt the
bottom outlet of the 'mixer'! was then opz2ned to relszase the
contents on to a 3.5, 72 mesh sizve, The Tluid from the
sieve was collected in a flask and diluted to507 ml.,

This was then tested for total solids content. Two 10 ml

m

portions of the diluted solution were transferred to weighead
aluminium dishes and evaporated to dryness by Majonnier
tester as per the method described in "Laboratory "anuzal -
Methods of Analysis of milk and its products" 1959 for
determination of total solids. The weight of solids

obtained multiplied by 50 gave the dispersibility in

grams,

v) Sinkability:

For measuring sinkability, Spectrophotometric
method described by Samhammer (1966) and Abbot and Waite

(1962) was used. The method is as follous:

5.5 ml of distilled water at 20°C was taken in

Spectrophotometric cell. 10 mg of pouder was then dusted



on the surface of water and percentags transmittance was

measured at 760 nm in a Beckman D .U, Spectrophotometzr.

The readings were recorded after 2, 4 and & mts,

Wy
' -—d
)
v

after giving 6 tappings each time on the sides of the c

d:8:48 .8 Chemical characteristics of chocolate
dried milks

The samples of pouder were examined fcor their

£ 4
I

chemical characteristics, namely, moisture, pH, Tz2t,

free fat and TBA values as per the following details:

i) Moistures

Moistur2 content of dried chocolate milk was
determined gravimetrically using Majonnier method zas
described in "Laboratory Manual - Methods of anzlysis

of milk and its pfoducts“ 1959,

Loss in weight x 100
Wt. of sample

percentage moisture =

ji) pH determinations

Ten gram of the pouder sample was weighed in 25 ml
beaker and made into a fine paste with a glass rod by

adding 10 ml distilled water., The readings were taken

in a Digital pH meter.



iii) Fat;

Fat percentage in dried chocolate milk was

e

(=

determined by Rose-Gottlieb method as modified hHy Mojonn

()]

and described in "[aboratory Manuzal - Methods of analysi

of milk and its products™ 1959,

iv) Frees fat:

For the estimation of free fat in double tonned
chocolate milk pouder solvent extraction method as
described by Hall and Hedrick (1971) was followed in

the present investigation,

The results for free fat were expressed as

percentaje of the total fat in the sample of pouwder.

v) Thiobarbituric acid value:

The method of Sidwell et al (1955) was used for
the determination of T3A value of chocolate milk powder,
15 g of the product was treated with 7.5 ml of HC1
(3 N) and 75 ml of water added, The powder was steam
distilled and 50 ml of distillate were collected in
exactly 10 minutes. 20 ml of the distillate was used
for TBA colour reaction, To this aliguot, 2.5 ml of TBA
(0,67% in glacial acetic acid) was added and the

reagent

mixture heated for 35 minutes., Then the colour readings



were taken at 530 mu and results reported as absorbancy.

The readings were then taken in duplicate.

4,2.5 Analysis of reconstituted chocolete milk:

i) Viscositys

Viscosity of reconstituted chocolzte milk was
measured in Ostwald Viscometer according to the procedure

given by Kank Bora (1981).

ii) Sediment:

Sediment of reconstituted chocolzte milk was
measured by filling reconstituted chocolate milk in
100 ml cylinder. The level was brought upto 1090 ml
mark and kept in refrigerator for overnight. The sediment

at the bottom was measured in ml,
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5.0 RESULTS AND DISCUSSION

For the production of a good quality chocolate
instant buffalo milk powder from skim as well as from
double tonned milk, the optimum concentration of total
solids in the mix has to be standardised, This was
achieved by taking three concentrations of the mix viz.

35, 40 and 45% total solids, A concentration of 50% total
solids in the concentrate was also tried, but it resulted
in choking of atomizer, and proper atomization of milk
particles did not take place, Therefore, the maximum
concentration of total solids in the concentrate maintained
during the trials was only upto 45%, The best guality
normal spray dried powder eobtained out of these three
concentrations was further subjected to the production

of instant chocolate powder, using three different speeds
of the atomizer viz,, 10,000, 15,000 and 20,000 rpn,
Therefore, the normal spray dried product was subjected

to physico-chemical evaluation to find out the best
quality. The instant pouder prepared from the concentrate
which gave the best quality was further examined for its
physico-chemical characteristics to evaluate its quality
with respect to the atomizer speed, The results in

the above sequence are presented in this chapter,
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5.1 §t?Q9?£dization of the optimum concentration

Three different concentrations of mix, namely,
35, 40 and 45% total solids were prepared by blending
buffalo skim or douhle tonned milk with 1.52 cocoa pouder,
6.0% sugar and 0,2 5 stabilizer. The fat content in skim
milk was standardized to 0,10 and in double tonned milk to
1.5%. The average composition of milk used in the pre-
paration of chocolate milk concentrate mix is presented

inTable-1,

Table-l_

Averaqe composition of milk used in the chocolate
milk mix preparation

Sample Jype of milk Organo- C.0.B. # aci- Fa< SNF
No. leptic dity ;A %
test (L 4 )

1, Buffalo skim Normal Negative 0,159 0,10 8,75

2, =do- Normal -do- 0,160 0,10 9,73
3, =-do- Normal ~do- 0,165 0,10 9,70
Average - = 0.161 0,10 9,72

4, Buffalo double Normal Negative 0,165 1.5 9,81

tonned

5, ~do- Normal -do- 0,160 1.5 9,80
6. ~do- Normal ~do- 0,165 . 9,81
- 0,163 9 9,80

Average -
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It can be observed from the table that on an
average the buffalo skim milk used in the trials contained
an acidity of 0,161 as percentage lactic acid, fat nercen-
tage of 0,10 and SNF 9,73%., The average values for lactic
acidity, fat and SNF in the case of buffalo double tonned
milk were 0,163%, 1,5% and 9.80% respectively,

The average composition of cocoa powder used in

the preparation of mix is shown in Table-2,.

Table-2

Average composition of cocoa pouder

S.No. Particulars Value
1. Moisture % by weight 8.5
2. Fat % 1408
Se Ash % 4,8
4, nH 5.4

The cocoa pouder sample was kept the same for all
manufacturing trials and it was analysed in duplicate to
determine its moisturz, fat and its ash content. The pH
value of powder was also examined. The values for moisture,
fat and ash were observed to be 3.5%, 14.8% and 4,8%
respectively. The results indicate that this particular

cocoa pouder sample contained a lou fat content and a

low pH value and was hence a natural cocoa,
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«l.1 Viscosity of concentrated mix before spray dryingsg

The mix was concantrated before normal spray
drying to obtain buffzlo skim as well as double tonned
‘chocolate milk powder, Three concentrations of total
solids viz,, 35, 40 and 45% were maintained, The values

on viscosity measured as seconds/100 revolutions are given

in Table 3,
Table-3
Total solids Viscosity (measured as seconds/100
concentration revolutions )
(%age) Buffalo skim Buffalo double
chocolate milk tonned chocolate mix
35 52 49
40 78 76
45 82 80

As expected, the values of viscosity increased

with the increase in total solids concentration.

production of normal spray dried chocolate

5.1.2 .
Buffalo milk pouwders

Three trials were conducted for each concentration
of buffalo skim chocolate milk concentrates as well as for
d chocolate milk concentrate. Spray drying

double tonne

wa s carried out by the normal method described under

materials and Methods (4.1).



Average physical properties of chocolate milk powder as affected
by 4 T.S. in the concentrate,

Sr,No, Particulars Skim chocolate milk pouder Double tonned chocolate milk powder
T-5 hagt i Conleck~ute T-% 72840 N Cencentvat e
35% 40 45% 35% 404 45%
1. Solubility Index (ml) 1.3 18 1.2 1.6 1.76
2. Bulk density(g/ml) 0,638 0.665 0,74 0.632 0.66 0,704
3. Particle density (g/ml) 1.114 1,167 1,208 1.082 1,1584 1,200
4, Volume occupied by 55,90 57,93 62,07 54,55 57 .15 60,63
particles (%)
5. \Wettability (Sec.) 161,0 125,85 101,0 50,33 4?2 .6 836.3
6. Dispersibility(q) 33,8 38,65 41,21 32 .36 54,97 39,45

T'a Sinkability
(%) transmittance)

After 2 mts, 13,7 13,5 14,8 16,9 16,9 15.3
After 4 mts, 11.8 11 .4 8.3 15,5 15,4 13.9
After 6 mts, 11,0 10,1 9,0 13.9 14,8 1849

99
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.1.3 Physical properties of normal chocolate milk
powders

The dried products obtained were analyzed for their
physical characteristics viz. solubility index, bulk density,
particle density, volume occupied by particles,?, wetta-
bility, dispersibility and sinkability, The results
showing the average values for three trials are nresentzd

in Table 4,

The individual values of trials have been shouwn
in Appendix I and IIf, These properties have been discussed
individuglly in relation to their statistical interpretztion

as under:

5.1.3.1 Solubility index:

The average values shown in Table-4 indicates that
the solubility index of chocolate milk powder increases with
the increase in the concentration of total solids in the mix,
The increase in solubility index is comparatively more in
case of double tonned chocolate milk powder than skim milk
chocolate powder. For example, the solubility index for
skim chocolate powder from 35% Total solids concentrate
increased from 1.2 ml to 1.5 ml for 45% total solid concen-
whereas it increased from 1,2 ml to 1,76 ml for the

tration,

corresponding total solids concentrations for double tonned

chocolate milk powder,

The statistical amalysis of data on solubility

index has been presented in Table 5.
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Table-5
ANOVA TABLE

Sources d.f. M55, F c2l,
Among Replicates 2 0,005 1,956 )
Among Types (T) 1 0,244 26 ,15942 #=
Among Total solidA 2 0,CR38 51,8565 &+«
{T.5.)

Interactions (TxT.S) 2 0,007¢6 3,115
Error 10

Notes ** Significant at 5% level,

The results show that there is a significant
variation in the solubility index of skim chocolate milk
pouder and double tonned chocolate milk powder at 5% level,
The same is also true for the various three concentrations
of total solids in the concentrate at 5% level., Some other
workers, namely, Rizvi (1970, have also reported similar

results, i.c., the solubility index increases with the

increase in total solids of milk concentrate. It can be
concluded that solubility of skim chocolate milk pouder is

greater than that of double tonned chocolate milk powder,
Further, it can be seen in genepal that the solubility of
chocolate milk pouders is comparatively lower than the

solubility of milk powders, The reason for higher solubi-

1ity index of chocolate milk powders is that the cocoa

particles also settled at the bottom along with heat de-

natured milk powder particles as a result of centrifuging

and thereby depositing a slightly higher sediment in the
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solubility index centrifuge tube.

5,1.3.2 Bulk densitys

Bulk density of variocus chocolate milk powder
samples has been presented in Table-4, The averange values
for skim chocolate powder prepared from 35, 40 and 45%
concentration of total solids are respsctively 0,638, 0,65
and 0,74 expressed as grams/ml, The cerresponding values
for chocolate milk powder prepared from double tonned milk
are 0,632, 0,66 and 0,704, It is evident from the values
that the pouder prepared from a higher degree of concen-
tration in total solids gives rise to higher value of bulk
density. This is true for both skim as well as double
tonned chocolate milk powder, Similar findings were
reported by Rizvi (1970} who concluded that the bulk
density of non-fat buffalo milk powder increased with
increase in total solids concentration. Synal (1980)

has alco reported similar results on bulk density in his

work on spray dried malted milk pouder.

Further, the values of bulk density for skim

milk chocolate pouder are slightly greater than those
obtained from double tonned chocolate milk pouder. Also

the values of bulk density obtained in the present investi-

gation are comparatively higher than from ordinary milk

pouder This is due to the presence of added sugar in

chocolate milk powder. Table € showus the results of

statistical analysis on the data for bulk density,
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Table-6,

ANOVA TA3LE

Sources d.f M5 5. F cal.
Among Replicates 2 0,000153 0,620
Among Types (T) 1 N,000938 3,803
Among Total solids(7.5)2 0,124 50,440 #=
Interaction(T x 7.5) 2 0,00056 37 R .46
Error 10

®* Significant at 5% level,

1t is observed from the table that there was a

highly significant difference among the three total solids

concentrations,

5.,1.3.3 Particle densitys

The values on particle density (gram/ml) have been
shown in Table-4 for skim as well as for double tonned
chocolate powders. It can be seen from the data that in
both the cases, the particle density increases with the
increase in total solids concentration in the concentrate
before dryinge. This ié due to the fact that a higher total
solids concentration in the concentrate gives a higher vis-

cosity and there by resulting in the formation of bigger

e size from atomizer, and finely a higher particle

particl
density Further the values for particle density are
slightly greater for skim chocolate powder as compared to

double tonned chocolate milk powder. for example, the

ticle density of skim and double tonned chocolate milk
par
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pouwders prepared from 35% total solids contents are respectively
1.114 and 1,082 9/ml. No work is available in literature on
this aspect of particle density, Table 7 pressnts the

statistical analysis of data on particle density,

Table-7
ANOVA TABLE

Sources - M 2D F cal.
Among Replicates 2 0,000132 0.424
Among Types (T) 1 0,60195 4,801
Among Total solids(T.5) 2 0,01517 58,3261 %%
Interaction (T x T.S) 2 0,00018 0,5787

Error 10

## Significant a; 5% level
The results revealed that the effect of total
solids in the concentrate on the particle density of pouwder
is highly significant.

Volume occupied by powder particles (%aqge )s

5.1.5.4

The data is again shoun in Table 4. The volume
occupied by the particles (%age) is found to increase with
the increase in the total solids in the concentrate, both

in the case of skim milk and double tonned chocolate milk

powders Further, the values are slightly higher in the

case of skim chocolate powder as compared to the values for
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double tonned chocolate milk powuder, This is true for all
the three concentrations viz, 35, 40 and 45% o7 total solid

in the concentrate,

The statistical analysis of data on volume

occupied by particles is given in Table 8,

Table-8
ANOVA TABLE

Sources d.f Mm.S,.S F cal
Among Replicates 2 0,0084 0,009
Among Types (T) 1 €.372 4,129
Among total solids(T.5) 2 57,4803 64 ,CE56 ==
Tnteraction(T x T.5) 2 0,1950 0,219
Error 10

## Significant at 5% level,

It is evident from the results that the effect of

total solids concentration in the concentrate on the

volume occupied by pouder particles is highly significant

at 5% level,

BuloBed Wettabilitys
The average values on wettability of chocolate

milk pouder samples have been shown in Table 4, The values

for wettability (in seconds) are found to be higher for the

pouder prepared from a lower concentration of total solids

in the concentrate as compared to that powder prepared

from higher total solids concentration. This is true



both for skim as wel] as double tonned chocolate milk pouders,
For example, the wettability of skim milk powder prepared
from 35% total solids concentration in the concentrate was
161.1 and that prepared from 45% total solids conceniration
was 101,09, Similar observations has been reported by Rizvi
(1970) and Ingle (1971) for their work on reqular spray
dried powders., Ffurther, the data indicates that the wetta-
bility times for chocolate milk powders prepared from skim
milk are very much higher than those prspared from double
tonned milk, This difference in wettability can evidentlvy
be due to a higher temperature used in the case of double
tonned chocolate pouder, during the course of measuremznt of
wettability as described under Materials and Methods(4,0).

The values on statistical analysis of data on wettability

are given in Table 9.

Table 9
ANOVA T;éLE
Sources def s MS.5., F cal.
Among Replicates P4 42,085 0,607
Among Types (T) 1 32767.99 473,14 #%
Among Total solids(T.5.)2 2088,22 50,152 #**#
Interaction (T x T.5.) 2 818,001 11.81132 ==

Error 10

%% Significant at 5% level,
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The results uere highly significant among the
types of powder and among total solids concentration,
However, the results were statistically significant among
the interaction between types of powder and totzl solids

concentration in the concentrate,

9.1:.3,6 Dispersibilitys

Table-4 showed the data on dispersibility (in
grams) of skim as well as double tonned chocolate buffalo
milk pouwders. It is evident from the values that as the
concentration of total solids in the concentrate increas=s,
the dispersibility of the powder obtained also increases,
Rizvi (1970) and Synal (1980) have also reported similar
findings that the dispersibility of milk powders was
found to increase with the increase in the concentration
of total solids in the concentrate. In the present investi-
gation this holds good both for skim and double tonned
chocolate milk powders, Howsver, the values on dispersi-
bility for skim chocolate pouders are slightly greater
than those for double tonned chocolate milk powders for
ve total solid concentration in the concen-

the respecti

trate To illustrate the skim and double tonned chocolate

milk powders obtained from the concentrated containing

45% total solids possed the values of 41,91 and 39,45

r dispersibility., Statistical

respectively for thei



analysis of data on the dispersibility of chocolate milk

powder samples is shown in Table 10,

Table-10
ANOVA TABLE
Sources d.f. M55, F cal

Among Replicates 2 0,1531 0,128
Among Types (T) 1 29,235 24,577 %=
Among Total solids(T.3) 2 85,896 72,210 &=
Interaction (T x T7.5) 2 1.781 1.510
Error 10

##% Sjignificant at 5% level

The analysis of variance on dispersibility shouws that
among the types of powders, there was a highly significant
difference, The effect of total solids in the concentrate

on the dispersibility was also statistically highly signi-

ficant.

5.1.3.7 Sinkabilitys

The average values of sinkability for skim milk

as well as double tonned chocolate milk powders have been

presented in Table 4, The data expressed as perceftage

transmittance indicate that the values for skim chocolate

powder are comparatively louer than those of double

tonned chocolate milk powder. Further as time increases

\\,\J e .s i
from 2 minutes to 6 maB4hs the values keep on decreasing



in all cases of total solid concentration and the types of
powder indicating thereby that the maximum opacity is

obtained after € minutes,

Comments on the quality of pouders

Based on the above observations on the physical
properties of various milk pouwder samples, it is concluded
that the quality of powder obtained from 45% total solids
concentration in concentrate is thes best. This is true both
in the case of skim milk as well as double tonned chocolate
milk powders. Hence this particular concentration of 45%
total solids will be utilized for manufacture of instant
chocolate milk pouder samples,

5.1.,4 Chemical properties of normal chocolate
milk powders

The chocolate milk powders obtained from skim and
double tonned buffalo milks (using different concentrations
viz 35, 40 and 45% total solids in the concentrate) were

examined for their chemical properties like moisture, pH,

fat, free fat and TBA value. The results indicating
’

their statistical analysis are presented below. The

erage values of above chemical characteristics are given
aver

in Table 11,



Average chemical properties of chocolate

pouder as affected
by # T.S. level in the concentrate
S.No, Particulars Skim chocolate powder Double tonned %gﬁgf"pouder
Total solids %aqge 1in conc, Total solids %aqe in conc,
35% 40% 457 35% 40% 45%
1. Moisture 3.17 3457 3.90 5.19 3,48 3.84
2. pH 6.90 6.91 6,91 690 6«91 6 .90
L I Fat 1.% 1,2 8,8 8,8 8,8
40 Free fat ] o - 8.9 9010 900
5, TBA wvalue - - - Nil Nil Nil,

24
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5.,1.4,1 Moistures
— 0 §

The average values of moisture content in the
chocolate milk pouder samples are given in Table 11, The

individual values have been shown in Appendix I and II,

It can be observed from data that the moisture
content in the skim chocolate powder samples was greater
when the percentage of total solids in the concentrate
before drying was higher., For example, the moisture content
in the pouwder prepared from 35% T3 concentration was 3.,17%
whereas the mog&sture content in the powder prepared from 453%
total solids concentration was 3,90, The same trend of
moisture content was noticed in the case of doublzs tonned
chocolate milk powder prepared from different total solids
concentration in the concentrate. The reason can be that
with increase in concentration of total solids, the particle
size increases and hence the bigger particles are also
able to retain more moisture in them during the course of
e so because the residence time in all cases

drying, mor

remains the same. Rizvi (1970) has also reported similar

findings in his studies on non-fat spray dried powder from

puffalo milk.

The results for statistical analysis of the data

on moisture content is given in Table 1%,



78

Table 12
ANOVA TABLE
Sources d.f Mm.5.5, F cal.

Apong Replicates 2 0,00051 0,002
Among Types (T) 1 00,2168 0,082
Among Total solids(T7.5.)2 0.69037 33,80 #=
Interaction(T x 7.5) 2 9,99127 0,006
Error 10

*¢ Significant at 5% level,

It is evident from the values that there is highly

significant difference among the total solids concentrztions

5.10402- Eﬂ:

The values for pH have been presented in Table 11,
1t is seen from the data that the pH values were the same
both for skim milk and double tonned chocolate buffalo

milk powders, Further, there was no difference in the pH

values for various milk powder samples obtained from three

different concentrations rations (35, 40 and 45%) of total
solids in the concentrate before drying., The average

values of pH varied betueen 6,90 and 6,91, However, no

information is traceable in literature on this particlday

aspect of StUdyf

5.1.4.3 ats

———

The average value of fat content for skim milk

hocolate powder was 1.2% whereas the value for double
cho

tonned chocolate pouder was 8,8% (Tablel1). It can be
0
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observed from the table that the concentration of tota
Solids in the concentrate before drying does not made any
difference in the fat content of dried product. It goe-
withbout saying that a higher value of fat content in +h-
double tonned chocolate milk powder is the outcome of a

higher original fat content in the initial milk,

5,1.,4.,4 Free fat and TBA valuess

The estimation of free fat and TBA value was
carried out in the case of double tonned chocolete milk
powders only. The data has been presented dn Table-11,
The free fat content in all the powder samples(prepared
from the different concentraticns of total solids in the
concentrate viz, 35, 40 and 45%) wgs almost the samz and
of the order of about 9% on the total fat basis, However,
the measurement of TBA value indicate that no 5-hydroxv
methyl furfural had been formed d@n all the milk pouder
samples, This is obvious because the pouder samples are
fresh and do not contain a higher fat content and thereby
no flavour changes have occurred in the samples, Although

many workers have estimated the TBA values of milk powders,

but no work has been done on chocolate milk powders.

5.2 Production of instant spray dried chocolate
buffalec milk powders

As we have standardized the concentration of total
solids in the concentrate to be 45% (described earlier),

this particular concentrate was subjected to instant drying
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as per the method described under Materials and Methods.
The instant pouders were prepared from three different
speeds of the atomizer (10,000, 15,000 and 20,000 rpm) to
find out as to which speed produces the best quality
product, The atomizer speed of less than 10,000 rpm was
also tried; but it resulted in improper atomization of
concentrated milk particles and choking of atomizer owing
to a higher viscosity of the concentrate,

Viscosity of the concentrate used for
instant spray drvings

The concentrate mix meant for instant spray
drying was seeded with fine grade lactose and was stored
for 12 to 14 hour at 5°C with slow agitation for lactose
crystalisation. The viscosity of the mix was measured
after storage by stormers viscometer. lhe values of visco-
sity was measured as seconds/100 revolutions. The average
time taken for double tonned mix was 142 sec/100 revolutions
and that of skim chocolate mix was 144 sec/100 revoluticns,.

It was possible to spray dry 2all the above mixes,.

The gualitative examination of concentrate under a

microscope showed the presence of lactose crystals formed

in the concentrate as result of seeding and storage at low

temperature.

5,3 Physico-chemical characteristics of instant
) chocolate milk powders:

The chocolate milk powder samples (from both

skim and double tonned chocolate buffalo milk ) prepared



Table 13

Average physical properties of instant chocolate powder as
affected by r.p.m of atomizer

ST, Particulars Skim chocolate instant Double tonned chocolate
No. powder instant powder
Atomizer speed Atomizer speed
10,000 15,000 20,000 10,000 15,000 0,000
1 Solubility Index(ml) 1.8 2.1 2.4 & 2.8 5.0
2. Bulk density(g/ml) 0.63 0.62 059" 0,60 0,58 0454
B e Particle density 12921 1.289 1,280 1,319 1.278 1,448
(g/m1)
4, Volume occupied by 55,09 53,41 50,20 55,11 584135 50,94
pouder particles (%)
5, Wettability (sec) 14 17 18 4 6 7
6. Dispersibility(qg) 49,21 48,26 47,7 48,81 47 .62 A7 .37
7. Sinkability
(4 transmittance )
After 2 mts, T8 8,4 D07 Tal 9,0 97
After 4 mts, 942 8.6 15,7 10 97 10,9
After 6 mts, 13,0 9,8 13,5 9,5 11,2 14,0

/83
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above were examined for their physico-chemical characteristics
to assess their quality and the results are oresented

belows

5.3.1 Physical properties of instant chocolate milk

pouders:

-t

The chocolate milk pguwder samples prepared from
45% total solids concentration in the concentrate using
three different speeds of atomizer (10,000, 15,000 and
20,000 rpm) were studied for their physical properties
viz, solubility index, bulk density, particle density,
percentage vol, occupied by powder particles, wettability,

dispersibility and sinkability. The average values of the

results are presented in Table 13,

I, B § Solubility indexs

The data on solubility index of chocolate milk
powders has been presented in Table 13 for the three
different speeds of the atomizer., It is evident from the
values that a highey speed of atomizer produced powder
samples with a higher solubility index. This is true
hoth for skim as well as double tonned chococlate milk

pouders. This is due to the fact that a higher speed

of atomizer produces comparatively smaller milk particles

as compared to a lower speed, The removal of moisture from

smaller milk particles is quicker and there by more heat

damage by the drying air. This in term brings about heat
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denaturation of the proteins and a lower solubility of the

powder, Similar observations have been reported by Rizvi

(v

- +
&

(1970) and Ingle (1971) in their studies on non-fat inst

buffalo milk pouder,

Iable-14

Statistical anglysis of data on solubility
index of instant chocolate powdery,

Sources dsf R F cal,
Amonq Replicates 2 0.04€€€ 1.1290
Among Types (T) 1 1,388 33,602 **
Amonq Speeds (%) 2 N.6060 14,67 =&
Interaction (T x S) 2 00,0155 0,376
Error 10

® §ignificant at 5% level,

Statistical analysis of data on solubility

index is shown in Table 14, It is seen from the data that
the difference in values was significant at 5% level among

types of powder and amonqg speeds of atomizer,

5.3.1.2 Bulk densitys

The results on the average values of bulk

density have been given in Table 13, The data reveals

that the bulk density of chocolate milk powder samples
decreases with the increase in speed of atomizer, This is

turein both the types of powder viz. skim milk and double
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tonned chocolate milk powder, Further, the values for

skim milk powders are Comparatively slightly higher than
those for double tonned milk powder, This is obviously due
to the difference in their fat contents, For example, for
a speed of 20,000 rpm of the atomizer, the values of bulk
density for skim and double tonned chocolate milk powuders
were respectively 0,59 and 0,54 expressed as g/ml. PRizvi
(1970) and Ingle (1971) in their work on instant buffale
skam milk pouders have also reported such differences

which resemble our findings,

Table 15—

Statistical analysis of data on bulk density
of instant chocolate pouder.

Sources defe i, B F cel,
Among Replidates 2 0,000038 0.66 )
Among Types (T) 1 0,008455 143,49 #=
Among Speed of 2 0,00335 56,28 ##*
Atomizer (S)
Tnteraction(T x S) 2 0.0000666 1.15207
Error 10

## Significant at 5% level,

The analysis of variance (Table 15) gives the

statistical interpretation of data on bulk density, It can

be seen that there is a signifidant difference at 5% level

among the types of pouder and among the speeds of atomizer,
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0,8.,1.58 Particle densitys;

Table-13 shows the observations recorded on
particle density of chocolate milk powders, It czn be
seen from the average values in the table that the particle
density of pouder decreases with the increase in speed of
atomizer. This holds good in both skim as well as double
tonned chocolate milk pouders, Further, the corresponding
values for particle density of skim milk pouder are very
slightly higher than those for double tonned chocolate
milk powder, Although, no worker has workasd on the chocolate
milk powder, but Rizvi (1970) and Ingle (1971) in their work

on instant non-fat buffalo milk pouder have reported similar

observations.

Table-1€

Statistical analysis of data on particle
density of instant chocolate powder).

Sources [ M.3.5. F cal,
Among Replicates P 0,000184 Q.52
Among Type (T) 1 0,000102 1.40
Among Atomizer 2 0.00711 97,12 #*=

Lapilie (s)
Interaction(T x S) 2 0,0000120 0.16
10

Error

e Significant at 5% level,
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Statistical analysis of the data on particle

density is given in Table-16, The results reveal that

o

amo : " N
Ng the atomizer speeds, there is significznt differ=nc

at 5% level,

5 4 t ied |
e3.1.4 Percent volume occupied by powder particles:

The average values have been reported in Table-13,
It can be seen from the data that the percent volume
occupied by the powder particle chous some decrease with thea
increase in the speed of atomizer. For example, in the
case of skim milk powder the value decreases from 55,09 to
50,20 when the speed of atomizer is increased from 10,000

to 20,000 rpm. A similar trend in the values is obeservad

(0]

for double tonned chocolate milk powders., However, there i

almost no difference between the values of skim and doubls
tonned milk pouders. Rizvi (1970) and Ingle (1971) have

reported similar findings during their investigation on

instant skim milk powders.

Table 17

Statistical analysis of data on volume
occupied by powder particles of instant
chocolate poudera,

- Sources : I M.5.S F cal,
Among Replicates 2 14,28 1,437
Among Types (T) 1 7.38 0,743
Among rpm of atomizer R 40,87 4,113 *

$s)
Interaction (T xS) 2 3.98 0,401
Error 10

® Significant at 1% level,
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The analysis of variance table 17 presents the

statistical interpretation of the data on the volums
occupied by powder particles, It is clear from the reozulte
that the diffécepmnee is significabt (at 1% level) only

among the atomizer speeds,

5.3.1.5 Uettabilitys

The ob=ervations on wettability have been shoun
in Table 13, It can be seen from the average values that
wettability time increases with the increase in atomizer
speed, This holds good in both the types of pouders
viz, skim and double tonned. Howsver, the values for
wettability times are comparatively much higher for skim
chocolate milk powders as compared to those double tonnad
chocolate milk pouders, This is due to fact that measurement
for skim milk powders have been made at 20°C whereas for
double tonned chocolate milk powders at 4OOC. The wetta-
bility time naturally goes down at an elevated temperatures,
Rizvi (1970) and Ingle (1971) have reported comparativelv

higher values of wettability times than our values in the

present investigation, The difference can be attributed

to the compositional difference in the powders and more so

presence of sugar in our product. Of course their work

was on instant skim buffalo milk powders,

Statistical analysis of the data on wettability

of powder samples is given in Table 18, It is observed
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Table 18

Stétistical analysis of data on wettability
of instant chocolate pouders

Sources < S m.5.5. F cal.,
Among Replicates 2 1,555 2,068
Among Types (T) - B 533,55 706,17 #*
Among Atomizer (S) 2 15,388 20,36 #=

rpm
Interaction(T x 3) 2 2.05 2,720

## Sjignificant at 5% level.

that there is significant difference (at 5% level) in
wetting times of the two types of powders and among the

atomizer speeds,

5050106 DiSperSibility:

The average values on dispersibility expressed in
grams have been showun in Table 13. It can be observed from
the data that the dispersibility values decrease slightly
with the increase in atomizer speed, both in the case of
skim as well as double tonned chocolate buffalo milk
powderso. For example, in the case of skim milk powder,
the value decreases from 49.21 to 47.70 when two atomizer
speed was jncreasad from 10,000 to 20,000 rpm., Between the
types of powders, it is observed that the dispersibility

values were comparatively slightly greater in the case of

skim milk power as compared to double tonned milk powder.
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Rizvi (1970) and Tnqle (1971) have also reported differences
on dispersibility values of instant powders as a result of
change in atomizer speed, Their findings resemble our

observations on instant chocolate milk powders,

Table-19

Statistical analysis of data on dispersibility
of instant chocolzate pouders

Sources def I P £al,
Among Replicates 2 0,05711 0,14879
Among types (T) 1 N0.9888 2.5762
Among R ,P.M, of (S5) 2 8,862 8,323 #=*

Atomizer
Interaction 2 0,9162 4,330
Error 10

#% Significant at 5% level,

Statistical analysis of data on dispersibility

of pouder is given in Table 19. The results indicate that
there is significant difference in dispersibility at 5%

level among the different speeds of atomizer.

5.5.,1.7 Sinkabilitys

The data shoun in Table 13 has presented the
average values for sinkability of the powder samples., It
is evident from the table that the values increases with
increase in measurement times in all the thre= speed of

atomizers. This is true in both the types of powders, i.e,
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skim as well as double tonned powders, Further, the values
are found to be increased yhen the speed of atomizer is
increased, Also it is observed that the values are com-
paratively lower in the case of skim milk pouder as
compared to those for double tonned pouders. Rizvi (1372)
and Ingle (1971) in their studies on non-fat instant
buffalo milk powders have reported similar trend of values,.
However, their values were somewhat higher than our values

and this can be attributed to the compositional differences

of the pouders,

Comments on quality of powders

The foregoing information on physical character-
istics of instant chocolate buffalo milk pouders indicates
that good quality skim as well as double tonned chocolate
milk powders can be prepared conforming to the desired
A.D.M.I specifications for instant powders with respect
to dispersibility. Further it can be concluded from the
results, that a lower speed of 10,000 rpm of the atomizer

produces a superior quality of powder possessing a higher

solubility, dispersibility and wettability characteristics.

Daded Chemical characteristics of instant
chocolate powders

Skim and double tonned instant chocolate milk

pouders were examined for their moisture, pH, fat, free

fat and T.B.A, values, The results are presented in Table-20,



Table R0

Average chemical properties of instant chocolate powder as
affected by speed of atomizer,

zr. Particulars Skim instant powder Double tonned instant powder
Oe g ~ -

3peed of atomizer in rpm “need af atamizer Jn rpm

10,000 15,000 20,000 10,000 15,000 20,000

1. Moisture 4,67 4,45 4,1 4.6 4,15 3,86
2. pH 609 609 6.9 609 609 609
. Fat 1.2 1.2 1.2 8,8 8,8 8,8
4, Free fat - - - 10,01 10,8 11.0
5, TBA value - - - Nil Nil N1l

16
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5,3.2,1 Moisture contentg

The average values of moisture content in skim
and double tonned instant pouwder Samples are presanted in
Table 20, The results indicate indicate that the powder
samples obtained with a higher speed of atomizer contained
comparatively lesser moisture content, The trend is
similar in both the types of powder. For example, skim
chocolate powder prepared with 20,000 and 10,000 atomizer
speeds possessed a moisture content 4.1 and 4.87 respectively
on an average, The reason for a lower moisture content
for a higher atomizer speed is due to the fact that the
milk particles will be smaller in size and a better drying
will result., Since the residence time is kept constant
therefore, the moisture content in bigger milk particles
(from &ow atomizer speed of 10,000 rpm) will be comparatively
more because of lesser efiiciency in drying., Similar
findings have been reported by Rizvi (1970) and Ingle(1971)
in their studies on instant buffalo milk powder.

Table-21

Statistical analysis of data on moisture content
of instant chocolate pouwders

Sources def M.S.S, F cal,
Among Replicates 2 0.0062 0.33166
Among Types (T) 1 0,250 13,4839 #&
Among r.p.m. Atomizer 2 0,563 30,139 #=

(<)
Interaction (T x S) 2 0,0292 1,544
Error 10

®® Sijignificant at 5% level,
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Statistical analysis of the data on moisture

content is shown in Table-21, It can be observed that the
effect of types of powder and the atomizer speed is highly

significant on the moisture content of the powder samples.

5030202 EHS

The average values of pH for the various milk
powder samples are given in Table-20, The results indicate
that there is no difference in the pH value of skim and
double tonned instant chocolate powders and zlso the
atomizer speed has no effect on the pH value of pouder
samples., 0n an average, the pH value for the samples was
observed to be 6.9, No information is available in

literature on pH value of instant chocolete buffalo milk

powders,

0e85.2.8 Fat, free fat and TBA values:

The results on fat and free fat contents of
instant chocolate powders are shown in Table 20, It can
be seen from the data that the fat content in skim and
double tonned chocolate powders was 1.2 and 8,8 respectively

on an average. Further, the atomizer speed does not make

any difference in the fat content of the product obtained.

Free-fat content was examined in the case of

douhle tonned chocolate powder onlv, The values indicate
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chat the amount of free-fat 4n the powder incrcases slinhtlvy
with an increase in atomizer speed, To illustrate, the

free fat content in the powder samples prepared with atomizer

speeds of 10,000 and 0,000 wyas respectively 10,1 and 11 .0

TBA values were estimated in the fresh double
tonned chocolate milk powder samples, No measureable
amount of 5-hydroxy-methyl furfural formed in the samples
could be observed.

5.4 Ruality of chocolate milk powder after
reconstitutiong

The best quality normal spray dried chocolate
milk powders as well as the best quality instant spray
dried chocolate milk pouders were evaluated for their
viscosity and sediment contents after reconstitution., The
reason being that these two properties are a measurement

of the quality of reconstituted product.

Table 22

Viscosity and sediment of reconstituted chocolate
milk from normal spray dried chocolate powder and
instant chocolate powder

iscosit Sediment
Types of pouwder KQ.Q& y o

1. Normal spray dried
chocolate powder
a) Skim 10,55
b) Double tonned 10,69

=N
L]
N O

2, Instant chocolate powder

a) Skim 10,59 10,2
b) Double tonned 10,91 10,6
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5.4,1 Viscosity of reconstituted chocolate milks

It is observed from the values reported in
Table-22 that there is almost no difference in ths vis-
cosity of reconstituted milks prepared from skim znd double
tonned instant chocolzte milk pouder. Further, no
differences were ,observed in the valuszs of viscosity
for the reconstituted milk prepared from regulzr spray
dried and instant spray dried pouders, The viscaosity values

for skim milk powders obtained by regqular and instant

)

)

C

spray drying methods were respectively 10,55 and 10,5

expressed in centipoise,

5,4.2 Sediment in reconstituted chocolate milk:

The average values for sediment obtained in
chocolate reconstituted milk samples, after a storage
of 12 to 14 hr in a refrigerator have been shown in
Table 2%, It is clear from the results that instant
reconstituted chocolate milk deposited more sediment as
compared to regular spray dried reconstituted chocolate
milk, For example, the reconstituted skim milks orepared
from instant dried and regular spray dried methods

possessed the sediment values (in ml) of 10,4 and 7.0

respectively,



A higher sediment from instant powders can be
attributed to a higher heat damage caused in single-
pass instantization as compared to normal spray drying.
The higher heat damage is the result of more time taken
during the drying process in the case of instantization

method, although the temperature of drying is the same,
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SUMMARY AND CONCLUSIONS

6.1 Significance of the present investigation and
1ts commercial importance have been brought out under

the chapter of 'Introduction’ (1.8)

st A critical revieuw of literature with special
refer=nce to instantization methods and physico-
chemical characteristics of instant milk powders has

been made under Chapter-2.

6.5 Buffalo milk samples were obtained from the herd
maintained at the Institute's Farm., Processing of milk
was carried out at the Experimental Dairy of the
Institute to prepare normal spray dried as well as
instant spray dried powders using both buffalo skim

milk and buffalo double tonned milk,

6.4 The concentration of milk was carried in the
vacuum pan and the additions of cocoa powder, sugar,
and :=stabilizer were made to achieve their 1.5, 6.0
and 0,2 percent concentrations respectively in the

final reconstituted chocolate milk.

6eb The samples of milk powders produced above

were examined for their quality evaluation with respect
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to physical properties like Solubility index, bulk
density, particile density, volume occupied pouwder
particles, wettability, dispersibility and sinkability,
The chemical Properties studied included moisture
content, pH, fat, free fat, and TBA values, The methods

used for the éstimation have been described under the

Chapter 4,0

6 «6 The best concentration of total solids in the
concentrates mix before dryvinng was selscted on the
basis of the qualitv of normal spray dried chocolsate
milk powder, For this purpose, three concentration

of total solfd, viz. 35, 40 and 45% uere tried, It was
observed that a concentration of 45% TS5 in the concen-

trate yielded the best results,

6.7 For the production of instant spray dried
chocolate milk pouders, the concentrated mix containing
45% total solids was seeded with fine grade lactose,
held for 12 to 14 hours at SOC and then subjected to
instant drying using three different speeds (10,000 ,

15,000 and 20,000 rpm) of the atomizer in a single-pass

instant assembly.

6.8 Atomizer speed of 190,000 rpm was found to

produce the best quality instant powder both from skim



({8
({a]

as well as double tonned chocolate buffalo milks, The
quality of the dried product was adjudged on the basis
of physical characteristics with special emphasis on

solubility, including wettability, dispersibility and

sinkability,

6e9 The samples prepared in the present investigation
were observed to conform to the A, 0.M.I, specifications
on instant grade powders pertaining to their dispersi-

bility and moisture content,

6.10 In the light of above, it is concluded that a

good quality instant chocolate milk powder can be

prepared from buffalo skim milk and buf¥alo double tcnned

milk using a single-pass instantization method,
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Appendix I

Details of effect of variation in percent dotal solids in
skim concentrate on quality of normal powder

Characteristics 35% 40% 45% 35% _40% 45% 35% 40% 45%
i 11 111

7. moisture (%) 3.24 3,521 4,1 3.3 5.7 3.9 3.1 3.5 5.7
2. pH 6.9 6.9 6.9 6.9 6.9 6.9 6.8 6.8 6.8
3., Fat %age 1.21 1.21 1.28 1,41 1.48 1.39 1,20 1.9 1.20
4, Solubility Index(ml) 1.3 1,8 1.5 1.8 1.5 145 1.3 1.4 1.5
5. Particle density(g/ml) 1.1132 1.1847 1.225 1,128 1,145 1,1921 1,101  1.1732 1,207
€. Bulk density(g/ml) 0,628 0,684 0,732 0,631 0,661 0.758 0.6121 0,652  0.7321
7. % Vol. occupied 55,281 57.911 62,52 57,12 58,21 61.21 55,31 57,62 61.50
8, Wettability 2 mt, 1 mt, 1 mt, 2 mt, 2 mt, 1 mt. 2 nt, 2 mt, 1 mt,

32 sec. 58 sec. 31 sec. 52 sec. 12 sec., 40 sec. 39 sec, 0 sec. 52 sec,
9, Sinkability (% transmittance)

After 2 mts. 14,0 13.8 12,5 135.7 18,5 14.8 14.1 13,9 118
After 4 mts, 161 11 .56 8.2 11,8 11 .4 8,4 11.:.8 11 &7 Be3
After 6 mts, 114..5 10,8 8D 11.0 195.1 9,0 11:1 10,1 8.6

10.Dispersibility (q) 34,21 38,72 42.12 33.21 37,51 41,21 34,21 39,21  92.%0




Appendix II

Details of effect of variation in percent total solids in
concentrates on quality of normal powder.

double tonned

—

Characteristics 35% 40% 45% 35% 20% 45% 35% 103 157
1 . TIT
1. Moisture (%) 3.12 3.41 3.81 3.20 3,35 3.79 3.21 3.68 5. 6
2. pH 6.920 6.91 6.91 6.82 €.83 6.62 6 .90 6.90 & .90
3. Fat %age 8.€3 8.64 8,61 9,12 9,21 9.01 8.14 8.64 5. 82
4, Free fat % 8,129 8,923 9,837 7,94 8,421 8,671 8,032 8,521 9.421
5. Solubility Index(ml) 1.2 1,5 1.8 1.4 1.6 1.7 1.2 1,8 1.8
6. Particle density(g/ml) 1.,0711 1,154 1.201 1,1081 1,1451  1.1741 1,068 11,1721 1,184
7. Bulk density (q/ml) 0,621 0,6407 0,7069 0.631 0.654 0.6892 0.6428 0.6821 0,7222
8, % Vol, occupied 54,212 56,12 61.90 58,12 57.12 69.64 54,32 58,23 60,317
9 Wettability (sec.) 52 48 44 49 47 33 50 33 32
10,5inkability (% trans-
mittance)
After 2 mts, 17.8 16.8 15,5 18,0 1741 15,3 16.9 16.8 15,0
After 4 mts, 15,2 16,1 14,1 16 .4 15.5 5.2 15,0 15,5 12.8
After 6 mts, 13,0 15,2 12,8 5.2 15.1 11,9 14,3 13.0 12,8
11.Dispersibility (q) 33,81 35,21 38,22  32.1 35,41 41.0 31,18 34.18 39,14




Appendix III

Details of variation in atomizer speed on quality of instant skim powder

Characteristcs pewd— 10,000 15,000 20,000[ 10,000 15,000 20,000 10,000 15,000 20,000
§ A i Tl
1, Moisture (%) 4,82 4,46 4,27 4,62 4,57 4.3 4,59 4,32 4,01
2. pH 6.9 6.9 6.9 6.9 6.9 6.9 €.6 € .8 6.8
3, Fat %aqge s W e | 1.21 1,81 1.41 1.41 .41 1283 1.90 1.90
4, Solubility Index(ml) 1,8 2.0 2.6 2.0 R o4 2.6 | 1.8 2.0 2.2
5. Particle density(g/ml) 1.302 1,76 1,247 |1.,342 1,291 1,252 } 1.321 1.283 1.251
€. Bulk density (g/ml) 0.630 0,62 0,60 0,64 0.62 0.59 f 0,60 0.6% 0.60
7. % vol, occupied 54,21 52,10 51,30 |[55,23 53,21 50,14 | 55.14 53,91 50,41
8, Yettability (sec.) 15 18 20 14 16 19 | 14 1€ 18
9, Sinkability !
After 2 mts, 8.0 9,1 10,8 7.1 8,2 9,4 | 8.0 9,9 S
After 4 mts, O 9,0 by 8o9 10,0 10,8 | 12,1 10.1 10,8
After € mts, ¥R 11,0 14,0 10,3 9,4 14,0 | 11.0 13,4 14,2
10.Dispersibility (a) 48,40 47,37 46,91 48,82 47,31 47.12; 49,21 48,20 48,91




Appendix IV

Details of variation in atomizer speed on quality of double tonned
instant powder,

/ "
characteristics 10,000 15,000 20,000T—10,000 15,000 20,000| 10,000 15,000 20,000
1 | T o
—
1. moisture (%) 4,18 4,21 3.90 4,59 4,12 3,81 4,80 4,12 3,87
D o pH 6.920 6.20 6,90 6 .82 6 .82 6.82 6.91 .91 €.91
3, Fat %age 6,65 8,64 8,64 9,14 9,12 9,13 8,74 8.64 8.71
4., Free fat (%) 10,23 11,10 10,31 9.23 10.10 11.32 [10.21 11.29 11.92
5, Solubility Index (ml) 2.0 2.8 3.2 2.4 2.8 3.0 ° .6 2.8 o8
6. Av, particle density 1,312 1.281 1.251 1.320 1.275 1.2553 1.310 1.280 1.240
(g/ml)

7. Bulk density (g/ml) 0.61 0,59 0.55 0,60 0,58 0,54 0,59 0.57 0,55
8., % vol., occupied 54,21 62,10 51,30 | 55,91 52,12 50.90 | 55,28 52,18 51,12
9, Wettability (sec) 4 ¢ 6 4 € 5 6 7 7
10.%5inkability

After 2 mts, o T 9,0 12 .8 8,0 8.1 8,2 7.0 8.2 8.1

After 4 mts, 860 8,2 14,1 9,5 847 15,8 10,2 9,0 15,8

After 6 mts, 10,8 11,3 1249 11 .4 9,0 12.8 10,8 041 15.0
-

Dispersibility (a) 49,1° 48,46 48,12 [u,15 48,91 46,7 49,38 47,28 48,0
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