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1 • 0 I NT R 0 DUCT I tl 

Modern d a iry industr y i n ou r c ou n t r y i s dep e nd ent 

upon buffalo milk constitu t in abou+ 6 0% of t h e t o tc l 

milk prod uction whi ch c o ul d b e pa rtl y utili zed du -i ~ 

flu s h sea s on for th e ma nufac tu r e of mi l k powder s i nc ud ­

ing chocol ate milk po wder. Whe r eas sk i m mi l k a nd to n d 

milk could be diverte d for mi l po wd er makin g , t he surplus 

fat resulting from the s ep a r ati on of b uff alo mil k co u d 

be profit ably utilized f or th e ma nu fa c t ur e o f hi gh f a t 

pro d ucts like butter and gh ee. 

In advanced dairyin g countr i e s , a c on s i de rabl e 

quantity of market milk is pr e sently us ed f o r t h e man u­

f acture of flav o ured milks. It read ily fin d s pr e fer ence 

among those consum e r s who do not hav e t ast e o r pa a t a ' i -

lity for market mil k . Fu r th e r, th e fl a vour e d mil 

provides nutrients in adeq u a t e q uantit ies for th e g r owing 

children an d adult s . Amon g th e diffe r e n t f l a vou rs t h a t 

are used in th e pr e p a r at ion of fl a vo ur e d mil s , c o c oa 

or chocol a te fl a vour find s prefer e nce amon g c hi l dren 

and upto some ext ent in a dul ts a s well. Th e liq ui d 

chocolate flavour e d milk ha s certa i n dr a wb ack such a s 

lower keepin g quality, a t e nd e ncy to form s edime nt and 

cream plug on stor ag e. Also there are pro b l e ms wh i ch 
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are inh e rent with th e mar ke t in g and d i st r ibut i on of 

chocolate milk b e caus e of th e breaka ge of bott l es , 

spillag e from singl e service contai n Ers a nd d ispo sa l 

of returned chocol a te milk. 

To overcome th e above draw ba cks som e com e rc ial 

milk factories in the Wes t er n coun tr i es ha ve st a rted 

manufacturing chocola t e milk i n po wder form , f ro m cow 

milk, whi ch on reconstitution g ive s satisfactory ac cepta ­

bility. At the sam e time, the dr ied pr oduc t ca n b e 

stored and transported conv en i ently with sati s f a c~ o r y 

keeping quality. 

In India, especi al ly in some of it s big c·tie s , t h e 

sale of flavoured milk is catchin g up ve ry fa s t. lth oug h 

th e u s e of chocol a te is no doub t e xpensive , y et due to 

the superiority of its flavour to other synthetic and 

natural flavour s , its pote nti al i ~ boostin g th e s a le 

of chocolate milk powder merits further inv estig a tion . 

Further, since refrigeration f acilities a r e no t av il abl3 

in mo st of our In d i an hous e s , the long er keeping n uality 

of chocolat e mil k po wde r at atm ospheric t emp er at ur e will 

substantially add t o its popularity. 

Regular chocol a te milk po wder i s not wel l ac c e pt ed 

by the housewi fe for beverage purpos es due to the 

dif f iculty with which it reconstitutes in col d water. 
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Further, it has got a poor po ur in g ch ar ac t eris t ic a nd a 

tendency to ca ke an d dus t . Th e s e drawb a c ks o f r e ul ~ r 

powder l ed t o the adv e nt of 'Inst ant' c h o c o late mil k 

powder. Scien t ific i n for ~a t i o n on th e manuf a ctu r e of 

instant chocolate mil k po wde r i s v ery sc a n ty a n d is 

mainly confined t o tha t fr om c ow mil k 0 Buf f a o mil k 

behaves in a different way as comp a re d t o c ow mil k ouing 

to its compositional differe nces a nd di f f e r e nc e s i n its 

physico-chemical properti e so The p r es e n t stud y is , 

therefore, planne d to stand a r d ise t he met ho d of 

manufacture of Inst~nt cho col a te mi l k powd er f r om 

buffalo milk. The various ph y si co- c herni cal a t t ri bu te s 

of t h e product will also be investi gat ed . The inf ~ r ­

mation gathered, it is hop ed would pr ovid e th e ne cess 3ry 

impetus for dairy factories to d i versi ty t he ir ac t iv ities 

and products which in turn woul d bring prof it to the 

dndustry. 
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2.0 REV I EW OF LITERATURE 

Suffici ent techn olo gica l infor mat i on on choco_~~e 

milk powder by sp ray dried method an d also i nsta n t cho=o l te 

powder by sing l e - pass in stan~ iz at io n i s not av a i lab 2 in 

lite rature. The infor mat ion co l lecte d on ch oco late mil k 

an d dried milks has been revi ewed un der the follo wing 

headings: 

2 0 1 Different instant i z at ion methods for mil k 

powder. 

2.2 Physico-che mical ch a ra cte r isti c s of dried m: l k . 

2o3 Chocolate milk and po wder. 

2.1 Different instantiz at ion methods for milk po wder : 

Th er e are f our broad categories und er which mo s t 

of instantization me thod f a ll. Th ey are: 

2.1.1 Rewetting method. 

2.1.2 Single-pas s method. 

2.1.3 Surface ~ctive agents cum r ewe t ting meth od. 

2.1.4 Twin spray dryin g method. 

2.1.1 Rewetting me thod: 

David Peebles (1956) was the first to invent 

instant milk powder. The process (c a lled rewet me t hod) 
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cons is ted of controlled mo is t en ing , ag lom eration an d r e ­

drying of re gu l ar spray dried milk po wder re fe r re t~ s 

t he base po wder . One of th e ear l i es t war er s to d ev : ~o 2 

c om er cial me th ods of i n s t ant i z a ti on of mil powde r was 

Ca r l s on e t al. (1956) . Th e base powder wa s a g j l o ~ e rate d 

in a horizont a l ch am ber with moist a ir rais in t h e oi s~u re 

content to 6-10 percent. The wet t ed par~'l e s pa s s t J a 

cyclon e collector fr om which th ey f a l l · nto - m ovi~ 

stream of a ir heated to 132-14 9°C . 

Lauder and Hodson (1 95 8 ) got a pa tent f or th e 

manuf a cture of instant milk powder , which was al s o re­

wetting by steam. The base powder wa s wet ted with steam 

to a moistore content not exceeding 9 o0% an d pr e f e rably 

5.5%. The resultin g ag lom erated mois t powder im ~ e di ate y 

contacted a stream o f hot air which q u ick l y d rie d the 

ag g lomerated moist powd e r an d ca rri ed it horizontall y 

from the ch amber. The instan tized prod uct cont ained 

r e latively hi gh 8-lacto se an d low o(-l actose fractions . 

This was thou ght to improv e t he d isp ersibility of pow der . 

Bissel (1958) also got a patent on ste am i nstant izi ng 

process. The powd e r wa s f ed on t o a moving belt from 

which it fell as a curtain into th e path of steam jets . 

The steam wetted the powder and simu ltane ou s ly proj e c t ed 

it into a ch a mber through which second belt pas s es. It 

wa s cl a imed that a substanti a l porti on of lactos e in milk 
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powder present i n 8 - anhydrous f orm wa s ch ng ~ d t o t he 

cJ.-.. -hydrate form in th e i nstan tiz ed product. 

In the sys tem used by r if f i n (1 959) t he i ns t3~ tiz ~ r 

wa s cone shaped an d very comp acto The base powder wa s 

ma de to f a ll a s a curt a in b etween t wo steam jet s 0 Th e 

powder was instantly wetted approxim a te l y to 7 ~ mo istur2 

and fell in t o th e top of the instant i zer where it en ­

countered heated turbulent a ir. The turbulent air c a us e d 

the powder particles to a g g lom erate into clusters a nd 

also removed the moisture previously pic ked up f _om th e 

steam jets. The instantize d p rodu ct f e ll o n t o a movin g 

belt which c a rried it away for coolin g and packin • The r e 

was an arrangement for the re turn of una lom e r ated po~de r . 

Scott (195 9 ) obtained a pa tent for a metho wh er e 

b as e powder was wetted in a hy dration ch a mb e r wi th a fin e 

spray of water or milk inst e ad of steam to a moistu r e 

content of 10-14 %. This was a dro pl e t ag glo mer ation 

instead of steam condensation. It th e n conv eyed t o a 

hammer milk durin g which times {15 to 20 sec. ) th e 

wetted protein swelled an d th e milk s u gar hy d r a t ed and 

absorbed its water of crystalliza ion. The purpo se of 

hamm er mill was to brea k up the l a rge wet t ed c hunks 

of powder which may form in the conveyor coming from the 

hydration ves s el. Also, the blades in thernill ca u sed 

th e agglom eration of parti cl es into cluster or g ranul e s 
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o f th e de s ired size . The pow der was th 8n r e - r ied on 

porou s b elt s whic h tr a vel thr o ugh dry ing ov e ns at 

te mp era tu res b etw ee n 71 and 116°C . Shi e l ds 1 6~) also 

got a pat e n t where a s pr ay dried s i m mi lk pow der ~as 

moi stened exc es s i ve l y with water t o a oi sture c ontent 

of abo ut 15%, he l d for a suff ici e nt period to co nver 

a s u b st~n tia l po r tion o f th lac t o se p r e s e n t i n t o t he 

r;\-h y d ra te f o rm, d isper sed i n a st r eam of air an d i xe 

with no r mal s k i m milk powder parti c les in s uch pr ope r­

t ion s t hat t he a dd ed powder pr ov i d es a bout 25% of th e 

tot a l so lid s i n fin a l p r od uct . Th e res ulti ng clu ps were 

drie d with hot a ir at a t emp e ra t ur e rising f ro m 82 to 

127°C. The dri e d c lump s h a d a mo ~st ur e co ~ent of abou~ 

3.5% and wer e cl a im e d to be hi ghl y sol ubl e in co l d w ~ ter . 

Bo e r (1972) obtain ed p aten t f o r a proces s ~n whi ch 

freely flowin g milk powde r pa r t i c l es f a l l into a hori ­

xontal jet of moistin g ga s wh ic h f orcib l y deposits th e 

moistened particles on to a ve rtic a l be lt movi ng in a n 

upward direction. The parti c les pa ss thro ugh a d r ying 

zone an d are th e n scr a pped f r om th e b el t. The r esult ing 

powder was cl a imed to be more solu b l eo l e eman and 

Rothm ayr (1974) got a p atent f or in s t a ntizin g po wde r e d 

product of tea, coffee, dr inkin g c ho col a te a n d o t her 

b e verages and foods by r ewet metho d . Str eam o f powder e d 

materi a l was con tacted wi th a satur a t e d ste a m a t 100 to 

140°C and a st¥ eam of in e rt ga s (at 1 0 to _ooc) such as 
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ai r, nitroge n or carbon i c anhydr . d e . 

Jen se n (1 875) d e velop e d th e r ewet ~e thod aj-lo­

mer at es an d pr e ve nt prob lems of d u st i n~ i n e d i b l e 

dy e-stuf f, by th e u s e of g r a nul a tin ~ disc . Sr anul2tin1 

disc unit has short cylindric a l side and adju st b le 

scrappers to pre ve nt pr oduct from ac c u ul a tinj on i t . 

The powder is casc aded on to th e pan an d moiste ne d with 

water from spray nozzle. Th e pan is inclin e d betwe e n 25 

and 45 deg rees to th e vertic al an d ro tated at 10 to ~ 5 pm. 

These parameters along with feed rate s of po wde r an d 

water determine partic le size and s~ ility o Panch a l 

(1981) used the d is c ag lomerator t o produc e milk po ud er 

ag lom erates in a labo ra tor y sc a l e expE r i men tal i nvest i -

g a tiono 

Lerst (1976) set up a n Exp er im e ntal Plant to 

instantize 100 kg of S~ P per hour. Th e proces s i nvo lv e d 

wettin g o f SMP by steam to 8-10% moisture, pre-drying and 

final drying to 4% in a fluidize d bed ty pe. The author 

ob s erved that the q ua l ity of ins t ant i z e d pro duct depen d e d 

upon the quality of SMP an d its manufacturing proces s . The 

steam required a t 102 to 1 0 4°C wa s 17 kg /10 k of 

product and the bulk density of final produc t was 0 . 15 

to o.2s g/ml. 
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Anh y d r o ( 1 ';j 7 ) d e v e 1 op e d a f 1 u i d i zed b e d i r1 s t an -c. i z er 

containing a dis tribu t i on pl ate fo r the pa s s ag e of 

f lui d ization gas an d thr e e oth e r s e ctions for carr y i n ~ 

out moi ste nin g , ag lom e r a tion, ryin g an d coolin • 

Dorny g i et al. (1 78) established th e ad va n ta ges of f l u : dized 

bed over th ep n emat ic c onv ey in g . Th ey stud ied t ~e opti­

miza tion for drying of skim mil k a g_ lom erat e by r e~ettin1 . 

The sug ested optimal pa ram eter we r e : te per a ture of dr y-

ing air 11 0-130°C, ai r flo w 0.65 to 0.66 met r e /se c ., r s l a ~i ve 

vapour content of air befor e heat ing Oo7 to o. ep , s cr e e n 

loading 23 to 24 kg / sq.m, amplitu de o c v ibr a t i on 2 . 4 to 

4 mm, frequency of vibra t ion 23. 3 to ~ 3 .4 /sec ., i it·a _ 

moi sture content 10 to 1 0 .5%. formul a e f or c a lcu ati ng 

the total drying time an d als o th e av e r age time sp e nt by 

ag glom e rated in the fluidized bed were a rrive d at . In 

another patented me thod (Wa hli, 197 9 ) of ag glome rati on by 

rewet system, stream of dried s k im mil k par tic e s and a 

moistening agent such as ste a m was projected on to a fixed 

obstacle, usually in a conical sh a pe , and disch ar in g 

th e ag glomerated product into a fluidized b ed drier f o r 

final drying. 

Nakazto et al (1980 dev elo ped an a ppa r a t u s , 

suitable for producing re adily soluble mil k granul e s , 

consistin o f ~ertic a l out e r an inner conc e n t ri c tubes of 



differ e nt l e ngth an d i ame t e r , par t l y ov erl p 3 eac~ 

oth er with a circ umf e rential g p b et - e e t hen . Th e 

po1J dered materi al r e l e a se d fr om a dist r ibu t or t r avels 

dow n t h rou gh th e ap under th e act i on of a wh i r lin 1 

strea m o f com pr essed ai r. 

2.1 0 2 Single-pas s met od: 

Coulter an d Town l ey (1 5 9 ) had one of t he ea r li e r 

paten ts in t h is ki n d of dri er s . The y coulj obtain = r~ e 

p a rticle instant po wd er by va r y in g con d itions of dr yi~ o 

Ag glom erat ion i n single-p a s s was also brou ght abo ut by 

bringin g into contact parti a lly dri e d p rti c l e s with e ~ 

particl e s. Ammdson (1960) pr od uced singl e - sta g e 

egglomerates with hi s Expe r imental tow e r d r ier b y 

using f i ve nozzl es in certain arrangement . Four o f the 

nozzl es were arrange d at a c e rt ai n lev el r a d ia ti n g ou t 

30048 cm from a common centre a nd 90 degrees qp art . 

The fifth nozzle was placed 0.91 m. be lo w the centre 

of the oth er n ozz le • This r esul te d in contact o f mis t 

of relat i vely wet particles from the lowe r no z zle to a 

mist of relatively dry particles from four upp er nozzl es . 

Arrangement of this type resulted in a powder ha v ing 6 

to 7% moisture and thus further drying was neces sar y . 

Sanna (1960) developed a uni~ue tower drier 

which had heay t input at two or more pre- d 0 t e rmi n ed 
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l e v e l s duri ng drying . Th e f a l li ng mi l k pa rt ic l e s pa ss 

t h r o ugh at l e a s t two h eating zones , t h e f irst be~ng h 2 - ~ed 

by el ectro- mag n e t i c wav e e ner gy a n d t he s ec ond by ra d ~ 3 n~ 

energy sup pl ied by a s e ri e s o f infra- re d 1 mps . 

Alf a Lav al (1 961) ha s pa t ente d th e eq u i pmen t 

u sed in thi s met hod. In t h e i r s y s t em pos i t i o ns c entrall y 

above the powder exit o f t he d r y ing cham ber i s a suct i o 

element whi c h evacuates t h e f i nes . Th e se f i nes a re t hen 

passed throu gh a cyclon e whe r e t h ey a r e separa t ed a nd 

re-diverted into atomiz er. The f in e s a r e d i s pe rsed t hro u h 

th e tan gential openin gs si t ua t e d a bo ve t h e no r ~ al liquid 

discharge suction o f t he at omizer . The plan t ha d a 

provision for the intr odu c ti on of vapou r or mis t into 

the conduit throu gh wh ich t he fi ne s a r e re turn e d i nt o the 

dryin g ch a mber. 

Of v a rious methods in wh ich f ine s c an be r e ­

introdu c ed into drying c hamb e r, the one wh er e th e fi n es 

are blown up under t h e atomizer wh e e l is t he best Ma ste rs , 

1979). This gives a uniform contact between the wet 

droplets and the fi n es a nd al so pr ev en t s fi nes f rom c omi ng 

into conta ct with hot a i r. Fine s do no t h av e good r e ­

constitution propert i e s , but once th ey are in the pre­

sence of rel ativel y wet pa rt i cl es , form a ggl om e r a te s an d 

show better re-constitu t ion prop erti es o 
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i ro t omi z e r (1 96 1 ) p a t e nte d a n g l omerat..:.ng 

un i t wh i c h c a n be c oupled d i rectly to the o u t l et of s ray 

drie r . Th e po wde r co ntain in g at l e a s t 6% moist ur 9 i ~ 

ag glo mer ated i n th e fi rs t sect i on of 3- s ect i on t un nel , by 

moist ai ro Th e vib r at i on p r e vent s the f u s ion an d al s o 

crystalliz at ion of some co ns i t ue n t s , c a us es t h e p a rt ic es 

to los e t h e ten d e n c y t o st i ck tog e t er 0 Dr y i n g · s 

completed in t he third s e c t io n . Fi n e s a r e ~ a sse d ba c k 

into dryin g planto Th e powder produc e d had a pproxim ate l y 

0.55 g /ml de n si ty a n d p l a nt h ad a c a pa c ity of 3 00- 20 O 

k / hr o 

T r o e s ch an d W i l k ( 1 96 4 ) d e s c r i b e d a v e r t ic a l 

c y lind r ica l s pray dri er havin g cent r al dryi ng a ir ent r y 

and a peripheral spen t air ou t l et . The pro a u c t to be 

dried was s prayed t hrou gh a low pre ssu r e noz z l e a n d t he 

finished product l eaves the c h ambe r at the po inte d bott om 

prefe rab ly falli n g out free ly 0 An a rrange men t f o r s ep a­

r at ion a n d retur n o f fi nes was there . The eq uip me t was 

cl aime d to pro d uc e powde r par ticle s o f size 6 0- 20 0~ g m 

i n diameter and a b ulk de nsit y o f Oo 7 g / ml 0 

Sann a (196 4) pa t e n t ed a me t hod of si ng l e - sta ge 

process where concentr a ted skim mil k hav ing 50-7 5% 

moisture is dried by a ir at 121-252°c a n d ex pos i n g the 

dried parti c les to partial cooling t o c a use t h e r e-tr a nsfer 

of some of the moisture fro m the humi d atmo sp h e r e . 
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The moisture of the part ic l es was r a i sed t o 2.5- 3.5% wh i ch 

promote formation of ag glo me ra t es . The part ial c ool in3 

was affe~ted by i ntroducing un-h eat e d air at at mosph er ic 

conditions in t o t h e s pray-d r ied mmxtu r e by pa s sing th e 

mixture throu gh a heat exch an ge zon e. 

The re-wettin g meth o d desc r ibed earli e r under 

2ol.1 involved base po wder to be r e - pro ce s sed . This 

re-processing of powder incre a se s the c ost of f in a 

product and in some i ns t ances may have a detr imental 

effect on flavour an d solub i l i t y . 

Sorensen (1973) report e d t hat in the si ngl e- pass 

me thod the p arti c les in the i n it i a l d r y i ng it se lf a r e 

obtained in l a rg e r parti c les by adjusting t h e sp r ay 

dryin g conditions. These cond i t io n s we re v i sc os i t y o f 

feed, nozzle size, feed pre ss ur e a n d d ry i ng tem pe r a tu re 

etc. To obtain l arg e r particl es, th e v iscosity of f ee d 

to the atomiz er shoul d be increas e d e i th e r by i n cre a s i n g 

total solids or by lowerin g the f e ed t em pe r at ure . 

Atomizer speed in the c as e of ce ntrifug a l at omi zer or 

pres s ures in the c a se of nozzles h a ve to be low. As the 

particle size s wer e l a rge a n d th e r a te o f e v a po r a t ion 

slo~r, the residence time of th e pa r t i c l es h ad to b e 

increased res ulting in a de s i gn o f t a ll dry i ng chamber s 

c a lled 'Tower drye r s•. 
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Jensen (1 975) reporte d th a t th e re ~ u rn e d f ines i n 

a single-pass system may be in t ro duced a r ou n d th e 

rotating atomiz e r or throu gh a c ent r al pip e f rom be~ow 

the atomizer, throwin g th e fines upwards a gai nst the 

atomized particles. The l a tter arrangement wa s con s i dered 

to be better as it prevented exce ss ive expo sure of fi ne s 

to hot airo 

In the single-pass meth ods mentioned abo v e , th e 

powder particles have got a h igh moistu re so t hat t he re 

could be agglomeration of th e part icles . But one dis ­

advantage was th a t the moisture was in t he i nn er spaces , 

while surface was dry, which was juct the o ppo s it e of 

what is needed for ag glom erat ion. This was on e r ea son 

why single-pass method could not c a use as good ag glo­

meration as the re-wet method. 

2o1.3. 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 - uet 

method, and the warm powder was allow ed to fall throu gh a 

chamber in which melted milk fat was finely atomizedo 

It resulted in absorption of fa t into the porous 

structure of the ag glomerated skim milk powder. 

Sjollema (196 0) in his method has mixed warm 

powder with the liquid surface active age n t such as 
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oleic ac i d or soy a l e c j th in i n an amo un t o 2% by ~ eich~ 

for about 5 min 0 a n d t h en coo l e d . Th e p ro u c t wa= 

cl a imed to s ho w good i nst an t prop er ti es in co l c wat s 

even a f ter one ye a r of s t or a e pro vi ded th e lac t ose is 

not allow e d to crysta llize a nd th e reby d e- e _s i f the 

milk fat. In a similar pat e nte d me t hod cin ~i r e and 

Loo (1964) opted for in corpor a tion of l e c~ th i n i n the 

range of 0.2 to 1.5% of th e f inal pro duct . The ex c ess 

moisture from the ag glom e r ate s was r em oved ou ts i e t he 

treating zone. The equipm e nt coul d be use d f o r man u­

facture of instantized and chocol a te fl 2vo ure d ma l~ d 

milk products. 

Spilman and Nava (1964) in a me t ho d to manuf a cture 

instantized powder had fed co n cen t r at ed mil k , liq u id 

lecithin and lactose seed cryst a l s throu gh c en t r if uga 

atomizer into a drying ch amber. The particl es we r e 

exposed to drying gas in suc h a way th a t th e adher e t o 

each other while stil l in moi s t c on d i ti on. The l ec ith in 

in the final produ c t ranged from Oo17 to 0. 6% . Sh i e l ds 

and Kempf {1965)p a tented a process where wh ol e mi l k 

concentrate was seeded with lac t os e cry s tal s an d was 

then spray dried to a moisture content of 7 to 12 %. The 

product was then held on a scroll conv eyor, simult aneo usly 

intermixing with lecithin dispersed in a suitable liqui d 

medium, and later dried in a shaker typ e r ·er to a 

final moisture content of 1.5 to 5.0%. The final 

product was claimed to have instantized properties o 
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In a process developed by Maur ey 1 86 5) th e 

importance of milk fat fra ctions wa s brou t i n to i ~t 

and wettability of low e r meltin g f ra c tion of milk f at 

was shown to be bett e r t ha n t hat o f h i gh el ting fr ac ~i on 0 

In their me tho d , fr act ionation of f a t was c a r ried out 

before drying of th e mil k co n c ent r a te an d th e high e tl ing 

fraction wa s re-cycled to t he milk conc entrat e befo e 

it was spray dried; th e low~elt in g f r act io n being a p "ed 

as a coatin g on the dri ed powd er . 

Williams and Busch (1966 ) obt ained inst a nt hc l e 

milk powder by homo geni zin g l ecithinated mil f a t it h 

skim milk concentrate and the n s pr ay dryingo The dis s ol ­

ving of lecithin into milk fa t was at th e r at e of 1 .1 % 

and at a temperature at which mil k fat is in a li uid 

state 0 The mixing of milk fat and co n cen tr a t ed skim 

milk was such th a t th e f a t was 6 to 48 M i n th e f inal 

mixture an d lecithin abou t 0.05 to 4 . 0%. The dry i ng 

of moi s ture was e ither by convention al tow e r drier o r by 

horizontal spray drier. 

Baldw i n and Sanderson 1972) described a meth o d 

in which 006% lecithin (w/w) was pplied in a s tr ai ht 

throu gh sy s temo They also found th at along with the 

quantity of lecithin added, the size of particles in the 

final product was also critically important. They 

proposed that particles less th a n 90 ~m in si ze shoul d 
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b e l ess t han 15% of t he t ot a l pro du ct so as t o have be ter 

in s t ant i z a t i on pr o p e r~ieso P i s ecky an d Wester~aa r 

(1 972) als o d e v e lo ped a s i mil a r syst e ~ which was u ~e~ fo r 

comm e rci a l pr odu c tio n o 

Ba l dwin and Sander s on 1 7 3 ) s tudied va rious 

ty pe s of s urfac t a n t s li ke gl y cer o l monostear t e l ; l 

r a tio of A+ omo s 300 a nd Tw e en 80 , Span BO , c entral IP , 

Ce nt rol e ne s . and Cen t r o l e ne H. The methods of c o- drying 

sk im mil k a nd cre a m mixed w ith s urfac tant , e nd mixi1g 

of dr ie d ag ~ lo m e r ates with su r f a c t a n t d i s s olv ed i n a 

s olvent, were u s ed f o r s tudyi ng the a b ove mentio ned 

s ur facta n t s . It was obser ve d th a t use of wat e r a s 

c a rr ie r f o r surf a c t ant in vol ve d a d r yin g sta e to r emove 

the moisture, in a ddi tion to r eq ui ri ng more c oncentr a tion 

of surfact a nto 

Pi scky a nd Wes t e r g a a r d 1 73 

best r esu lt s lec i th i n s ho uld be added 

ob s erv e that f or 

1- 3% of fina l 

dried product a nd of 15-25% o f f re e fa t in liq u id f o r 1 

a t am b i e nt tem peratu r e . The mini mum thic kness o f c oating 

should be 0 .1 um. 

J en s en 1 975) de s cr i b e d a s yst em usin g t wo 

vib ro-fluidizers a lon g wi t h th e pro c es s o f lecith in 

co at i ng . The powder was fed to t he first v ib r o­

fluidizer wh e re hot air is blown throu gh so as t o make 



the powde r warm a nd to r emove fin e s th a t ar e f ~ rmed b y 

mech a nical agi tation durin tran s po rt. Befor e t he powde r 

is f ed t o t he s econd vibro-f lu idiz e r t he a g g lo me r a te s 

a re tre a ted with l ecit h in deliver e d t h r o ugh t • o 

flui d noz zle . The second flu idiz e r eq uali ses t he 1 2 i hi1 

c o ati ng of a ll a gl om2rat e s o Sander s on ( 78) was o f -he 

opinio n that am ongst th e va rious me t hod s u se d f o r 2 u­

facture of instantized whole mil k po wde r , r e - we t met ho d 

wi ll not be su i t able s in c e it ~ves ri s e t o hi her l e ve l 

o f free f a t a nd ma kes th e pow der more su s c e p tible tQ 

eaidat i on due to second dr ying . 

Rewet a nd si ng l e - st a ge ethod s wer e suc c e s sfu l i n 

agg lo meratin g s im mil k powde r , but f a il ed ~o get re son ­

ab le amount of a g lom e ration wi th whol e mil powder . 

This wa s ma i nl y bec a u s e o f hy drophobic natu re o f m~ l k f3t 

and it s distribution ov e r the su rf ace of th e pa r ti c l es 0 

Th e difficulties in inst antizin g o f f a t-ri ch 

produ c t s wa s sol ved , amo n other me t hods by t he powder 

particles with sur f a ce act ive agents, who s e role i t o 

re duce th e su rf a ce tension and permit t he ent r y of wa t e r 

more easily , and to spread on th e s urf a ce of particl e 

to reduce t h e hydrophobic na ture of the surface f at . 

There are num erous v a riations in app l y in g s urf ace a c t iv e 

age nts . lt is applied along with wetting agent in rewe t 

met hod , or mixed with skim milk concentrat e before drying 

or sprayed simultaneou s ly in multi-nozzle singl e- stage 

instant systems. Thou gh s in g le-p ass me th od is su i t ab 1 e , 
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a second s t age dr y ing s hou l d be i n vo lv ed · ns ead of dry·ng 

l a rg e pa rti c le s in th e fi r s t dry i ng c ha b e r i t se l f . h"s 

not only per mi ts a lowe r ou t l e t air tem pe r atu r e in ma~ n 

dryin g ch amber but als o red uces d amag e to pow der c au s~j b y 

ca s e ha rd eni n g and heat denaturation . Al so f l u i d ise 

bad dri e r s a re most su itable t han pn e um a tic s econd r y 

dr i er s . Hen se n e t a l . 1 979) pr od uced a p r o c e ss us·ng 

iro- tomi z er Sp r ay dr i er a n d An hy r o f lu i d- bed e u"pme n t 

divid ed i nt o t hre e s e ctio ns . Th e f ir s t s ec t i n ~ r ied 

t h e powde r to 2 .5% moi s tu r e with a i r a t so0 c a nd i 1 

s e con d se ct i on Oo 4% l e c i thi n wa s a dded i n t h e f o r ~ of 

0 
45:55 mi xture wi t h butter oil, at 45 C. Th e th i r d 

s ectio n ha d a s tre am of air a t 45°C t o d i strib ut e 

lecith in ov e r the s urface of t h e pa rti cles. 

Fitz apa tric k an d Lwei s (1979) got a p a tent f o r t h e 

production of inst antized dried mi l k p arti c ul a r ly il k 

with greater t ha n 10% fat. The proces s com pri s e d o f 

wettin g the drie d milk to form a co a tin g of vJi.l -Oo5 % 

lecithin(in rel ation to th e wt. of agg lo mer a te s ) by sp r ay i g 

with a o ueous soluti on and subsequent drying in a 

fluidized bed dri r. 

2 1 4 Twin spray drying meth~: 
• 0 - - -

Ba uer an d Mar s 1 9 9 ) and Lip a tov an d he e iton ov 

(197 2) have described the twin spray drying me thod 0 
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In th' s method , two fluid s o f diff e r e n t properti es a r e 

spray dried s imultaneou sly so as to ge t ~er •a i n de si re d 

properties . To get i mpro ved ag J lom e rat ion prop e rtie s , 

l a cto se cryst l s a r e seede d into t he co nc entr dtes . 3 t 

the t echn i que of twin spray dryin g i s bei ng ut i liz ed 

wher l acto se s olut i on is s pray d r ied si u tan e ou ~ ly i t . 

whol e mi l k con c entra t e . In anoth e r co mb i nat io n sk i I il ~ 

concentr ate i s sim ultaneou s l y sp ray d r ied with cre a or 

butte r oil . '.Jith b o th cr eam an d butter 0 ·1 , sur f actants 

were us e d o 

In one of th e other non- c o n v entio ~a syste s , 

ag lom e r at i on of powder was a chi e ve d by depositio n on t e 

dri e r wa l l a nd t he pow de r th en being re moved by ai r jets 

(Peeb l es et a l, 1 964) . 

2 .2 Phy sioo-c hemic a l ch r ct eristics f dri e d 

Physic a l ch r a c t e r is t ic s of d r i ed mil vi z. 

density , so l ub i l i ty , dispersibil i t y , wettabiJi t y , sin a ­

bility a nd t he chemic a l ch a r a ct e r istic s inc l udin mois t ur e , 

a t, fre e fat ~ a nd HMF a re r e v iew ed below : 

2 Q 1 Physic l ch a r ac t eris ti cs of d r i ed mi l ks : . "'. -

2 n 1 1 Densi ty : . i:::.o • o -

Webb a nd Hufana ge l (1 943) re ported that with th e 

51.ng degr e e of co ncentr a tion of milk, the bulk incr ea 
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dens i ty of mi l k powder i ncrease s . Th e s e fin d i ng s were 

c onfirm ed by ~ anus and Ashworth 194 8 ) . 

SJ oll ema (196 3) di s tingu i s hed be t wee n minim un ~ n d 

ma xi mum bulk den s ity , c orr e sponding r es pect i v el y to t 9 

lowest a nd den set pa ck i ng of th e po wde r . Le a e ~ 1 

(1945), Lea and ~am e (1 946 ) a nd Pa ll an s ch 1 963) 

r eported th a t part i cle density of mil k powder i c in flu e r ce d 

pri nci pall y by t he am ount of entr apped air . F r e e d en s i t y 

ref e rr ed to the ai r f ree solids . Th e va lues f or t r ue 

den sity of non-fat dr y milk we r e found t o be 1 . 4 4-1. 4d 

g /ml. While for whole dry mil k t hese we _e 1. 2E- 1 . 3 

g /m l . 

Harper et a l (1 963) r epor t ed t hat ax i mum e se o f 

di s persion for who l e mil k po wder was ach i e ve d at a ~ u 

dens i ty of about 0.36 g/m l and disp er sibil ity d e c r e a se d 

slowly as this va lue incre a s e d to o.58 g/ml and r a p idly 

beyond this val ue o Hall an d Hedrick 1 971) r e p rte d t ha t th 

density of dry mi l k ha d three distin u ish ed group s -

bulk (app a r ent) dens ity, part icl e density a n d th e 

density of dry so lids . Bul k d ensi ty referre d to the 

wei ght of dry solids, p e r unit vol umes of th e pow d e r 

expressed in grams per ml. It i s furt her divi d ed i n to 

(l) pa c ked a nd ii) loose de nsity . Pac ked den s ity is 

determined after the sample has be e n t a p ped or v i brate d 
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un t il th e volume i s rela tive l y consta n ~ L o s d · t 1.. . o e ens1 .y 

i s de te rm i ne d prior to v ib r at in g or t app i n g . 

S ol ubi li t~: 

First sta e in th e solubility of milk po wd e r 

after it s initial contac t with water , is th e we t tin J 

of particle surface (Mohr,1961; Kin g , 1971). hi s L _, 

followed by wa ter absorption a nd s we ll ing of p ro ~ ein s 

a nd soluble constituent s ( ures an d House , 1962 L 3 ut , 

the smoo t h progress of r e con s t i tu t ion proc e ss u a s m::ii l _· 

dep endent upon ma nuf c cturin g a nd sto r a e co d ~t ·o n s 

which aff e c ted the nat ur e of powder p a r ticles . 

b b o t a n d lJ a i t e ( 1 96 2 ) s u g e s t e d th a t th e 

s olubi lity test me thod should ta e i n to account a 1 ~ e 

three characteristics of wetta b ility, di sper s i i l ity 

and solubility. However, a wettabil ity t es t c ompli ed 

with a solubility measurement for da y-to-d cy f a ctory 

control, both giving results quickly would provide us ef ul 

in for m a t ion ( Sat P r a k a sh , 1 96 9 ) • 

Mol and Jansen 1974) report ed that the so l ub i lity 

of dried whole milk depend s on p rticl e si ze , the st a te 

of f a t in dried milk and the drying tem peratur e . Fo r 

improved s olubility the authors sug es ted the s tage 

drying usin g fluidized bed in second stage . 
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Jensen an d Hen s en 187 4 f oun d t h a t ~n the c ~ se 

of sk im mil k po wder the s olu b ili t y was i nflu e n ced by the 

de gr ee of concen tr a ti on . n increas e i n t e total scl "js 

of con ce ntr ate fr o 32 . 1 to 47 . 6 i re sulted i a je~ ~rio -

r atio n of t he s ol ub ili ty i ndex fro m 0 0 02 t o 0 0 32 . 

similar ob s erv a tion was foun d in t he c as e of who e m1~v 

powder a s mea s ure d im e d ia tely aft e r pro ducti on . 

aldw in a nd Uoodham (1 97 C:! ) s t a ted t h a t t he C3l.1Se 

of poor solubili t y of skim milk po wder mi gh t be due t o 

inc reased pr otein content of dr ied skim mil k , i n d~r ec~ 

heati n , 1 wer wh ey pro tein ni tr og en · nde x , h i;i 

temper a ture ho l d~ n of t h- c on c e ntra t e p r io r to -~~1g , 

de crea s ed partic le size , pac ki n at mo r e th an c
0 c ~ r 

combi na tion of any of th e s e f a c tors . 

2 . 2 . 1 . 3 Dispersibility : 

Al though , 1a r e r par t icles of dr y il k a r e e~ _a_lv 

reco ni s e d as nec essa r y for goo d dispers ib ility , exc2pti ns 

hav e be en ob s er ve d by Konston e t al 6 5) o Th e v -:i ry 

l a rge particles of fo am spray dried who l e mil k a v e less 

dispe rs ibility th a n the sm a ll ones. 

oa~i s h et a l (1966 ) reported t at dried s k im mil k 

with improv ed dispersibility , bulk des n ity an d fl avo ur 
0 

100- 40 F prop erties could be obtained by co a ting t he war m 

dried mi l k pa rticles with 0 . 033- 0 . 66 percent ac t iv e 
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l ec i t hin ba sed on th e weig h t o f t o tal s ol ids pref erably 

in a veget able oil solution a t 110-1 80° F . The p ro du c t w3s 

then ag 1lome r a t2 d by moisteni n g and dr y in . i n a n i nst21 . iz=:r . 

T am s m a e t a 1 ( 1 96 7 ) d e s c r i b e d th a t h i J h b u 1 j e 'l s i t y 

powd er (non - fat dri e d milk) wi t h g o od d: spe r s i bi l it y coulj 

be obtai ned by addin g surfact ants to th e co nce n~ r ate and 

spray drying un der conditions produci ng pa rt icle ag ~ r ega ion . 

Ha l l a nd Hedrick (1971) poi nted out that o r J OOd 

d isp ersib ili t y an imp ort a nt co n si d er a ~ion is t . e t ot a l he l-

treatment of the case in durin g proc ess in g . s t h e de r ee 

of heat app lic a t io n increa ses w:th pers pe c t ive increas e : n 

hae total s ol ids , it brings a bo ut l a r g er amount s o f i r rev e r ­

s i ble dena tur a tion . Un de r th e pr e va ilin nor a c ondi ti on s 

of rec onst i tution procedures , t h is de na t ur e d c asei n does 

not form a s t a b l e d i spersio n. 

Ba l dwin et a l ( 1 978) described th a t th e d i s ­

persibil i ty was adv e rsely affected by the increase d 

protein conten t o f dried skim mil k , in d irect heat i n g , 

low er whey prot e in nitrogen index , holjin concen tr a te s 

at hi gh temp er a ture gef ore drying, de creased pa r ticle 

s ize , and pac kag in g at more than 76°C . Com b i nat io n of 

any of these f actors are li kel y to pro duce powde r s wi th 

poor solu bility. 



2 5 

Ston e et al 1 9 54;?} desc riCe d a echan · ::i::ll l ow 

en e rgy meth od for d etermining ease of isper io n f il 

powd 9r which utiliz e s low en e rgy mechanical sti rr i ng j n 

per it s meas urement of eas e of di spers ion of bot h c1 -

fat an d who l e mil k powders . 

The ease of reconstitution on low en e r jy mec~ 3 ic~ 

stir r in g t.J as rri ea sured by St on e et a 1 ( 1 8 5 4 b ) by tr e c: t .;_ 1q 

52 g . o f dried milk ~ith 400 ml water in a i e at 5~ 

rpm for 10 , 20 , 30 a nd 40 sec onds , dr a i nin g o f f t ~e mi l. 

throu h a 210 micron scre en a nd dete rmi n i ng t e tJt3 

soli ds in a liq uot . The to t al so l i d s disp er sed in ~r3ms 

were t ake n as disper s ion f value . 

iiO 
Be r~T_re and Bu ck ,, nd e rs on (1 5,... ) det e rrni nej the 

inst a ncy of dried sk im mil k by stirring 5 g po wde r wit ' 

50 ml water fo r 5 seco nds using a stirrer at 57 rp 

The so lu t ion was f ilt ered t h rou gh a we i ghed filter i n 

Buckn er funnel and the so lids left undissolve d we re 

determined by wei hin g the f i lter pap e r aft e r dryi n . 

ilit~: 

Hall and Hedrick (1 71) state t hat wettab i l ity 

i s the rate at which a mass of milk powder i s penetrated 

by wate r . Th e tendency of dr y milk to fo r m lum ps upon 

addition to water indicat es lac k of wettability . In 

general , l a rge particles more irre gul a r in sha p e provide 
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mor e sp ce in the i nterstic es fo r we tt:ng r t~ e r t h3 n t ~ e 

sm a ll par t icles o f sym o etrica l sh aoe w i ch en ance c 

pac kin g of pa r t icles a nd thu s i nh i~ i t pe net r tio of 

wat e r. 

~ Se 

Coulter e t al (1 951) st a t ed that the amoun~ ~1j 

di s pers i on of f a t a f f ect ed we ttabil ity . The a t hors 

repo rted no d:ff erences in wett abil i ty of dry mi l wit h f 3t 

be t ween 18- 32 %. H ib~ s an s hwor th 1 51) added Oo s; 

em ul sif i ers (Sorb it an rn on o ste a r a te , po l y oxyeth 21e soro · t ~ n 

mono s t eara te and glycero l rnono s t ear t e to the mil k 

befor e dr yin for ac hievi ng i mpr ov ed wet t abi lit 1 of uh ~ l e 

milk pow der and t o pr event churning of f a t dar ing re­

comb inat i on but on ly a littl e had been achie v ed i n con ­

trolli ng o f t he churning with a com bination of 0 . 05% 

sorbit an monos te a r a te and 0 . 05 polyoxyet hy l ene so r itan 

monostearate . 

Nelson and Wi nde r 196 1) desc rib ed that the mil k 

dried with low meltin g point fats hav e bett e r wettab: lity 

and dispersib i lity . 

Samhemrner (1966) in evaluating the properti es o f 

instan t dried whole milks sh owed that the i r wettab ility 

was not greatly dependent on the amoun t of fat ori g in al l y 

present . The s a me author (Samh~mm e r , 1972) in another 

study on s pr ay dried whole milk reporte d that th e 

addition of lecithin increases wettability b ut it s e lf 

did not produce an instant type milko For incre a sing the 
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we t t abi li ty , a ~ e ntion wa s mad e by 9 ud i ng ( 1 9c6 ) fo r 

a d d i ng s ur f a ce act iv e liq uid a gent l i k e 0 0 2- 4 % o l eic a ci~ , 

s oya l ec i t i n , oliv e oi l etc . to th e d r i ed p r odu ~ 

S ever a l me thod s for t h e d ete r i natio n o f uet a -

bili ty we r e de ve lope d . shwo rth a nd Gun tha r dt ( 1 85~) 

s pr i nkl e d 2 . 5 g of d r ie d mil k i nto a d i sc of f il t e r 

pa pe r cover i ng t he b o ttom of 250 or 4 0 0 ml b s a ke . 17 . 5 ~ 

wate r at 30°c wa s a l l owe d t o flo w down t h e wa l l of t he 

bea ke r and form a l cy e r un der t he d is c . The powder and 

water wer e l e ft in con t a ct f o r 5 in ute s af t e r h~ ch t h e 

l iqui d wa s st r ain ed t h rou gh a Goo ch c r uc i b l e \al owi ng 

10 s e con ds f or empty i ng th e b e ak er a nd 30 s ec onds fo r 

fi ltrat i on) 0 F inally tota l so l ids we re de t e~ ine in t h e 

f iltrat e us · ng 5 ml a l i q uot . Th is va lue m ult~ p l ied ~y a 

f a c tor a ve t he p er c en tag e of po der we~ ted durin 5 

minu tes . 

Mur e s and Ho us e 1 96 ) pr opo se d a s i p l e ethod 

fo r c omp a r i ng th e wett a b ility of inst~nt spray dr i e d 

s kim s . Th ey r ep orte d th a t t h e wett:n g time va r ie d fr o 

a f ew se conds f o r goo d i n s tant po wder s to s e v e ra l min ute s 

for or di nar y spr ay dri e d powder s . The a ut hors f urthe r 

s how ed th a t pa rt ic le si z e wa s t he most impo r ta n t f ac t o r 

controlling the ease of wettability . 
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2 .2. 1 . 5 Sin kab ili ty : 

Hall and He dr ick (1 971 ) defined sin kab i lity a ~ th ~ 

r ate at whi ch dr i ed milk s i nks in ~o quiescent wa t er . t 

de pends upon the si z e of part~cle , i ts su r f a ce a nd 3l so 

P rti cle de nsity of t he pow de r. The a ount of oc c ~ jej 

air in the parti cles of spray dried mil k po w er has a 

pron ounced influence on sinkabi li ty and thus f o2~ spr~y 

dried mi l ks have v e r y po or sinkabili ty . The pr o c ess cf 

agg lo me r ation improves sinkabil i ty by i nc r e a sing ag · r 9 ~ ::: t e 

wei ght an d th is effec t is great e r ~n non -f a t dri e d mi"k 

tha n i n dried wh ole mi lko 

. ~ e 1 so n an d in de r ( 1 96 1 ) r e p o r t e d t h a t a s 1 i -;: t 1 e 

as 5% of th e hi h melting point fa ts e creased th e s i n ~ a ­

b i 1 i t y o f m i 1 k p ow d e r • H a r p e r e t a 1 ( 1 9E 3 ) c _ a ; m e d t h 3 t 

t he bul k density of dr y mi l for se l f d isp ersion ho uld 

not be above 0.4 g/ml despite the i mprove d s· kab il ity . 

Bulloc k and \.Jin de r (1 9 5 8 ) describ e d a method to 

improv e the sinkabili t y of drie d who l e mil k a nd de vi se d 

a simple test to estimate th e perc entag e of milk powder 

sample which 5 ank a fter being pl aced on a ~ uie s c e nt wate r 

surface for a given period of time , usu a lly 30 sec on s . 

In the sinkability test of Bullo ck an d i nder 

(l 9 59 ) the rate at which the dried mil k sinks into quie ­

scent water was determined . The powder 50 0 mg) was 

sprinkled on the surf ace of water 50 ml at 2 s0 c) in a 

sep arating funnel. After a certain time (20 seconds to 
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5 minu t e s ), th e portion of dri e d milk whi c h san k wa s 

qui ck ly drawn off tog e ther with w~te r. ft e r comp l et e 

dis s olu t ion of this powder, tot a l solids wer e det er , i r e d 

in a 5 ml aliq uot. Th e r e s ul t wa s e xp res sed as per c e n ~ ~ ~= 

sink abili ty 0 

S am h am m et s ( 1 96 c ) p h o t om e tr i c m e th o d f o r c o 11 p a r i r. q 

the i ns t ancy of different typ e s of powde rs wa s b a s ed o 

the r at e o f s i n kability of po u de r p a r ti~~ e s. Jef f a nd 

Morr is (1 96 7 ) described a new e t h o d f o r de te r ini j ~h e 

"sinkabil ity inde x ~ of powder wh ere th e time f r all t he 

powder to disappea r from the quiesc e n t s ur f a c e w2s 

measur e rt 

2 . 2 . 2 Chemical characteristics of dr i ed mil k : 

Caul ter et al (1951) reported t h a t s a l ts i n 

solution decreased the vapour pressure by a n o mo t i c 

effect. Mil k f at wa s presum e d t o have no d ir ec t ef fect 

on moisture ret ention of dry mil k . Th e hy r os c opic ity 

of the amorphous la c tose prob a bly has th e greate s t effect 

on the moisture equilibrium of dry milk after it s 

manufacture. 

Ashworth et al (1954) in d icated that an optimum 

of 30 5% moisture in the dry milk gives maximum wettabi lity 0 

Low moisture below 2 in dry whole milk rnig t sli htly 



30 

a ccel e r a te o xidative changes comp a red t o 3% . Further , ~t 

a moisture l ev e l :ie low 2% th e po 1..i1 ders bec o e less sol ·~ 12 

whi l e above 4X a decr ease in wett abi lity and d is e ~s~ ~1 li ty 

to o k pl cc e dur i ng stoage . 

Hall nd Hedrick (1971) r e porte th t t e l<eepi ·'J 

quali ty of powder was r e l a te d t o it ~ oistu r e cc nt2 nt 0 

Hig h e r th e mois ture content of th ep ro ~ uct , l oue r is 

the kee pin g q ua l ity . Lacto se n ~rote~n of mi _k so 

have th e reate s t ef fect on t e moi st ur e equi l ibr~ 0 m . 

Mal (1977) ob served th a t th e mois tur e c o n ~ent r 

dried m:lk appeared t o be in flue nc ed more by t he vi s~os~ty 

of c oncentr3te than by it s totol solids con~ents . 

2 2 2 2 Fa t a nd free fat ·. 
• 0 • 

Tamsm a e t al (195 9 ) and Be rlin e t al (1 .) fr om 

their s tudies on mic roscopi c e a minat ion r eporte d that 

the fat in dried mi l k oc c urs as _lo b ul es surr ou nde d by a 

membra n e coverin of protein n ature or as fr ee f at . In 

th e free stat e , it is conside r ed de-emulsifi ed an d no 

lon ger prot e ct d b membrane with th e r es ult t hat the 

glob ul e s re apt to flow to ge ther t o for ' po ols ' o f 

f at . 

Ro e lofs en and Salome 1 6 1) r epor ted th t t he size 

of f a t globules with the membrane in dried wh ole mil k 

dep e nd s upon the efficiency of homogenization. 
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Rein ke et al (1 96 1) has d:..scu s ed sev e r ::d f a c to z;: s 

for r educing the free f at i n sp ray d r ied who l e : il k . 

Pis ecky (196 6 ) reviewe d th e i nci dence of f r e e f a t in 

dried milk . The autho r st a ted th at th e fr ee f at po~~iJn 

increased upto 7oi as the dried whole mil k pa s se d t h r ough 

individua l h andling sta e. 

Vilde r and Mart en s (1 74) ob s er ved th a t the 

homo g en i z a tion of conc en tr a te d mil k co n side r a b l y dec r e a s e s 

the fr ee f a t c ontent of wh ol e mil k powd e r . Fur th e r , t he 

powd e r s with a low free f a t c ontent were foun d to e xhi~ it 

a lo w permeabi lity for gases . 

The estimation of fre e f a t i n dry who le m~l k 

consi s t s in extractin g th e fat by petr oleum et h er and t~ en 

f i lt ering t he etherial l aye r follow ed by dryin in a f a t 

dish as in th e c a se of r1 ojo~ i er method for f a t te s ti ng 

(Hall and Hedrick , 1971). 

Wo odh am and Murry l1 974) stat ed that becau se of 

the variety of solvents and extr action con diti ons which 

might be us ed , ca r e must be taken in ex pressi ng f r ee f at 

contents. For example, a free fat content o f 10% i s 

excessive, if it ref e r es to a po w e r b a sis but is 

acceptabl e if it r e f eres to a tota l fa t b a sis. 
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2 . 2 . 2 o3 t;Jyd r oxyme th yl ur f ur 1 (H r;' F : 

Hodg~ (195 3 ) pre sented a l uc i d i n t e rat=d 3c hsne 

of some of t he r eac t i ons kno u n to pl ay a r o l 3 i ~ ~a~ ~ -3r~ 

type of br own i n o 

Patt on (1955 revi ewed t he en e ra l si ni f i c 3nce 

of br owning re action in mi l k pro du c t s 0 Th e ~ os t 

import ant t yp e of browning r es ult s fr om t h 3 c on pl ex 

r eactions f ollow ed y interaction o f car ~ onyl a n : ~n:no 

com poun ds . Th e early s t ages of r 2a ction s be f _re visi le 

co l our de velo pme nt wer e hi h y si ni f ic 3nt i n 

a n d cont r ol li ng t he bro wning p r oces s . Pott er an~ 3t~on 

( 1 56 ) i d en t i f i e d 5- h y d r o x y me th~' 1 fur fur 1 ( H f'I F ) a s 

int erm ediat e compound d ur ing t he pr oces of b r o un i 1 ~ in 

ev apora t ed milko 

Gottsch a l k and Pctrtridge 1 9 50) p r opose d a n i 1 te -

g r at ed scheme for early re a ction betwee n re du c i ng sug ars 

a nd amino com pounds. Hydroxy me t hyl f ur fural ~~ F ) wa s 

produc ed v ia 1- amino-14d eoxy -2- ke tos e s and f i nal l y 

b ro wn colour an d flavour c ompounds wer e ~ r oduc2d . The 

findings of Gott scha l k a nd Partridge wer e supported b y 

Hod ge and Rist 1 5~}. 

Keen ey and Ba s sa t te (1 59) proposed a ua ntit a t i ve 

me thod for determ ining 5-hy droxymethy l furfural gy 

spectropho tome tric measur em ent of t he 2-thiobarbitu ric 
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aci (T9A) r e act i on p rodu c t . Th e ir m ~ th o d uas S U] ]9 S ~e~ 

t o ~e a se ns i tive d e tector of ea r l y s y mpto ms ~ f t e 

brown i ng r e ac ti ons i n th e mil k powj ers . 

This me th od of e en ey a nd 3 a ss et ~ e wa s a op te · 

by De lla Monica et al 1 68) to d e te rm i n e ~ ~ F co n ~e nt 

in who l e mil k powde r . al ker (1 7 ) a l s o use t he Sc!il e 

method an stu d ied the flav our de f ec ts i n edi le c a3e i ~ 

an d skim milk powde r by estimatin g fr e e an d p o ten~i a l 

HM F i n th e s am p 1 e s • C r a i g ~_!: a 1 1 ,. 6 0 ) mo d i f i e d th e 

met hod of ke eny an d Bas sette and t h is modi f i ed n et h~j u3s 

use d by Zadow (1970) to determine H F va l ues i n u _tr a ­

heat t reat ed s im milk from 98- 145° fo r 3 se c on d . 

2 .3 Chocol a t e milk and po wd er: 

Holland (1 968 ) and La g lo si s and Randolp h (19"' ? ) 

stat ed th a t flavoured milk bever a ge s have b en pr o ot ed 

frequ ently as a possible me a ns of increasin g the sa les 

of f luid milk. variety of flavours have been test e d 

but t he only one that has achieved a note - worthy suc cess 

has been chocolate. This fl a vour has almo s t a univer s a l 

acceptance. In United States of America, one i n every 

10 glas - es of milk currently co ns umed is fla v oured milk , 

of which 50~ is choco l a te milk wherea s th e r emai n in g 

covers a wide vari e ty of milks including honey, fr u i t 

syrups etc. 
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eepin in view th e mo er n tr e nd to me_t t ,e 

special requirem ent of indu~try nd the con s u er , fl avcu r ~ 

mil has b een sui t ab l y de y dr ted t o red uce its vo l u c, 

to preserve and to readily r econsti t u t e ~ t in a f o r 

useful in ma i ntai nin g it s f reshness over a c o ns~derz~ l e 

pe rio d . Consequ ently , at p r esent a l a r e a Le ...... ha 

de v e lo ped for chocol ate a n d ot er no n- f a t fl avou r ed owde : 

When dis s olved i n a lass of whol e il th e, ar e sa:i_d to 

pr ov ide t he r equ i re d nourish ment for an i ns t a nt ~ b r 2k: - ~ 

(\J ebb and Whi t t i er , 1 970) . f'l o s t of t he: i nfo 'l a ... ion 

ava il able on choco l a t e mil k powde r has b een p t ented 

Thomson and Ziemba , 1 957; Peeb les and Clar y , 1 c Sb : 

Ceylson et al , 1 6 1; Shen e nbe r g , 1 '"on d F\a~ , 1 ' 7_ , 

1 72, 1 7 3 0 

. 3 .1 . I ngr edient s used i n the chocol a te milk : 

Webb and Whi tte r 1 70) r ep orted th a t t he b s ic 

ingred ient s of ch oco l a te mil k are four i n num be r . The 

a r e mil k , coc oa , s ugar an d s t abi l iz e r . So meti es , vito~ in 

c O and B- c omp l e x may a l so be a dded as well as copp er , , , 
iron , c a lcium and phosphorus i 'f\ permissib l e f od gr ad e 

forms in re ui red uantities Web and Wh itter , 1 7 0 • 

2 . 3 .1.1. Mil : 

Holl a nd (1 68) state d th a t the mil u sed for man u-

facture of chocol ate bever a e falls into two gen era l 

categories ; those made from whole mil and t ose made from 
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sk i m or r .duce d f a t mil ks 0 Fr ori t h e s t anc pain-'- of 

ma nuf a c t ur e r , th e f ct - fr e e p r o du ct: a r e e as:est t 

ma nu fa ctu r e be c a u ~ e t he f a t se a rat i on p r ob _en i s 

elimin ate d o I f pro duct s ar e f o r ti fi e j with the d~·ti c ~ 

of milk s olid s -no -'- - f a t , it i s p ro bab l y more d e s · r cs_r fo : 

both children an ad ul t s und e r t he p r esen t dey c o dit: c ~ 

of f a t c onscio usn ess . Skim milk , pa rti a y skimm ed ~i lk 

or who l e mi l k ma y b e u s ed i n th e manuf actur e of chocol~ t e 

mil k . . ec ns t itu t ed milk fr om low h e a .... , n ail - fa t jr_· so lj ds ; 

cre am and water o r reconst~tute d · 1 k fro m s ee E~ej 

c ond ense d cream a nd water , t oge th e r with non - f ~t 

mil k so l i ds a r e a lso used . Sup e r - he ate d cond~nsed 

mil k houl d not b e u se d fo r c ho co l a te n · _k . 

La n l o is and Rand olph 1 9 7) on t h e ba s is ~f 

s urv ey ma de on th e 1 Ma nuf ctur i g pra c ti ces f e r cho o l :te 

mil k and drin 1 S i n LJ5 n I r eported th a t r 4 . of t e pL:.n t 

ma r keted chocol LJt e milk containin g ov e r 3 . 5% mi k f a t 

whil e choco l a te fl a vo ur e d low -f ~ t mil k an d chocolat e 

flavoured skim me d milk we~re sold by 6 an d 7o2~ of t e 

pl an ts re spe ctively o 

Chocol at e be verag e from mi xture o f whey an d milk 

has been r epo rted by South fri c an Dai ry sc ~ nt i sts an d 

3% f a t milk in whey o r 3: 1 mi ·ture of whey and wh o le i l k 

was us e d
0 

The product made from 3:1 mixture of whey a nd 

milk proved more acceptable t o a taste pan e l th a n th at 

made from 100% whey. 
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2 . 3o l.2 Cocoa /li uor chocolcte : 

Hollan d (19cg) r eport e d th t t h e c oncentr 2 t ion c f 

co co a us ed f or fl a vouring vari e ~ be t ween t. o t c . 5h 

of t he f inished product . I n th e ca s e of lio uor C horri-o.-o . _ _, _ ,_ , 

t he concentr a tion range s betwe e n 1 . 25 a nd 2 . 25 %. 0~0 2 ~nj 

chocol a te a re made fr om the beans or s eeds of c 2c a o tre2 

(The f obroma c aca o) which gr ows on t e co un tr i es ~ea r t h2 

equator. The consumption of b oth o ro duct s i s hi Jh f r . ~ 

ma kin g b e v e r a ~es . They are also us e d in ot e r f o od p ~ O~ L c · s 

li ke ic e cream , c a ke and confect io ne ry . 

Pro cessin of cocoa be ans : 

Cosg r ove (1968) ob se rv ed th a t th e f r e s h be ::: ns 

from the coco a pod have a strong b itt e r t as te an d ~ u 5 t 

be tr ea t e d t o de v elop its fl a v ou r and colour. The se2ds 

are f i rst f erm ent ed to dec re ase t he bitte r t as t e a nd t h en 

dried . After drying , th e cocoa beans are ro a ste d a nd 

kernels of the b ea ns are se pa r ated fro m t he shells . 

Roas ti n de v e lops f l avouro The kern el s ar e br oke n i n to 

s ma ll pie ces c a lle d 'n ibs '. These n i bs are groun d on 

stone mills which fo rc e t he fibrous ma t eria l to s h r ed a n d 

c a use a rupturin g of the f at eel s . Th e re su l t i ng vi sco u s 

ma terial is c a ll e d chocol a te liquo r . Th$s liq uor co n t ai ns 

54 % f at , known as cocoa bu t t e r . If some f at is r e o v ed 

from the l~uor and the end solid produ ct is pulv e r iz e d 

then it i s c a lled as cocoa powder . It co n ains a n a ve r ag e 
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2 0 to 26,i f a t . Some t imes during th e ini tial prc c~:sin,J 

of th e beans , a n a lkali ma y be added to th 

pr ior t o r oas ti n This pr ocess i s knoun 2s ' dutchi ~ 1 

utch ing neut r a lizes th e nat u r a l cid"ty r sen~ i n ~~e 

be a n s a nd be c a use th e action tends to s o t en a n br ea~ 

up th e fi b re s , a full r eleas e o f fl a oo ur r esults . 

Commerci a lly , chocol at e is s old s ~u tch o r ~ erci3n . 

Li q uo r which is no t a l ka liz e d pr o uce s a pow de c2 12d 2s 

' Natur l c ocoa '. The d i f fer en ce b e t ween t h2 n Jtur2l 

coco a an the JUt ch process ed coc o a is th at th e -~~t e r :s 

les s a c i~ , _e ss itte r , d a r ker in c olour an d ~i~ e s l ess 

s e d imenta ti on on stor a ge . I n en e ra l , the typ e of b e=~ s , 

f er me t a ti on , eth od of ro as tigg an d a l ~ a1·z a t ion of ~u - ~ 

cocoa wil l lar e l y control fl vo ur and co l ou r • 

.. 
Constituents of coco : 

f\'1 e r ory (1 6 0 ) r ep ort ed th a t cocoa contains pu r ine , 

theo bromine , c a f feine , tan n in a nd c a rbohy ' r a te s . Theoj r -

mine gives coco a stim ul a tin g pr ope rti es whil e t3n n in 

det er mi nes extensiv e ly th e colour a n d taste of cocoao 

Ca rbohy dr a t es are present in fairly l a rge amo unt s in t he 

form of s t a r ch a n d sugar . Howe ver , th e ex act i den t i y 

of th e fl avour substances has not been est ab li she d . 
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Coc oa subs titut es : 

Ken yon e t a l 1 9 80) stu i e d th e e ff ~ct of coco3 

substi tut e s on fl 3vc ur an ~~her ch a r ac t ~r is tics of 

cho co l ate mil k . Si Y c o ms rci 1 pr oducts a r e bei~g _jej 

t o wh ole ~l k at 30 , 50 or e v e ~ 1 ~ r eplace~~ n~ of 

co coa . Th e a ccep t- nee of c hoco late il decre ~ sei 2s 

lev el of s ub st itut e increas ed 0 Wi th t . o ex ce~ ti Jns , a 

he avy s edimen t re s lted duri stor 2 e o f ~xpe ~ i e n t al 

s amp l e s cont a i nin g 50- 100% s u~s tit u t e le v e l s . 

Sweeten er: 

Holl and 1 60 ) r epo rt ed that th e va ri ous sue~t=ni1c 

a gent s us e d in t he ma nuf a cture of c ho col at e mi , - r e c 3ne 

o r be et sug a r , corn syrup , i n v er t s gar o r hon ey . re 

sug a r co ntent general ly v a ries betwe e n S and d ~ . 

Ac ca r di g to Lan glo sis 1967) ov e r d O~ of t he c h oco l a ~ 

milk manufact ur ers in US were using c a ne or beet s ug a r 

whi l e a f ew were u s i ng either co r n swee t ener or a 

combin a tion of corn and cane . 

I n t he c ase of ch oc olate mi l powder ma nu f a c t ur e , 

Hall an d Hed ri ck (197 1) r ecommended a part o f t he s ug a r 

t o be add ed in liquid mix and t h e rem ainder of s u a r 

t o be blended int ~ the dry pro duct . It is also pos s ib~e 

to add tota l quantity of sug r before drying . Th e si ~ e 

of sug a r partic l es for dry blending i s i portant t 



38 

achi eve a nifor mi ty o f app e 0 r ance anri jOoj jisp~r~: i' :~y 

char act e ris ~ i c~ or~ t d t e pro u c • 

·1 rtin 1 · 7 8l sug j cS 2 t he econ ri ·c al Ls::. 

hi~h f uctos e ma:z e syrup s HF J i n choco l a~e m· 

swee ener . Th e thre e gene r a l l y r eco1nized ty p _s ~f h:j~ 

fr uctose n ai ze syrups con ta in ' , 55 J n d _, f ::- UC t :; e 

respe c tively . The corre spo ndinj sucr o se equ i ~ _ en~ s~~2~-

nes s are app r oxi ate ly 1.1, 1 . 2 nd 1 . 5 0 

: t ab iliz e r : 

Holland (1968 ) re por t ed th a t the sett1:1 cf 

cocoa part:cl~s i n choco l ate mi l s e~er a ll y oc urs nd 

it i s undesi r 3ble . st a bi l iz e r is usu all y added t ~ dsla! 

o r p rev ent set t l:n of coco pa rt i le s . t a so h l;:is 

to pr ev ent th e ~ sin of cre a • Sodium 1 i n te or 

•cocol oid Iri s h ~ ass c a ra eenan and starch and som e t :rnes 

milk solids- not-fat are used as stabiliz e r s . The r ate o f 

addi t i on vari es with t he stab iliz e r us e d: - 1; of starch 

ge l ati n ized by he ting in mil at 190°F, O o 3 ~ o f gela tin , 

addi ti on o f mi l k solids - n t - f t as c onden sed s l i11 milk , 

o. 2% of sod i um algin at e , an d car a eenan a t a co ncentr a t io n 

of 0.04% . lhe pres ence o f t he se subst a nces i1c r e as e ~h e 

v iscos ity of ch ocol ate milk . Th e pro c ess f o r stabili zin 
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chocolate mil k u s ing a mi xture of c a r - ge ens a n j al]in3~2 r ~s 

h a s be en p tent ed . 

So no e r en et al 1 76 ) show e d th t th e u s e of 

K-c a ra ge enan of low mo l 0 wt . as st a b i l iz e r d i d 10 ~ p~ev91~ 

s ed iment a tio n whereas - c rageenan of highe r mol
0 

wt . 

r esu lted i n th e f ormation of a net wor k o f po y sac c~ar~des 

and c asei n wh ich prevents se imentation . The e ff ec t ~ v en9ss 

o f stabiliz e r was foun d t o be a function of it s . ol 2cu ~r 

weig ht an con c entrationo 

2. 3 . 2 Ma nuf acture of chocolate mi k : 

non (1970) h a s described a ethod f o r pr od uc in~ 

paste uri sed chocol a te mil ko The met hod inv o v e s p r ehea t inj 

of fat stand a rd ized mil k to 70-75°C, homog eni z ct i on a • 

175-200 kg /cam 2 , a dd it i on of 2% c ucoa , 5 s uga r an d stabi ­

lizer, pas teuriz a tion at 75°C for 30 minutes f o llowed by 

rapid co oling to 8°C prior to filling i to con ~ a ~ ne r s . 

nother method for produ c in g cho c o l ate milk 

(Holland , 19 8) involv e s the a d dition of p r e p a r ed syrup t o 

th e base mi l k follow e d by pasteuriz a ti on. In batc h e t hod 

of pasteuriz ati on , temp e ratures of 71o 1°C and above f o r 30 

minutes are employed . In H .T .S .T. system of pasteuriz a tion , 

temperatures of 7 o to 82 o2°C are c ommon and hol d i ng times 

vary b etween 15 and 25 s econds. 
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So uz a (1 8 0) de scri be d a met ho d whic h invo l v2d 

the f oll owi n g sta e s : , e tin g a t 65°c , h o ogeni z at · cn at 

1 8 0 k 9 / cm 
2 

, U • H . T • s t ar i 1 i z at i o n f or 4 s e con d s c. t 1 4 OG -: , 
0 

c oo l i ng to 3 0 C, a s c e ptic pac ka in g i n a t e tr - p ac' , '. J hi. :- _ 

di r ect y connec ted to s t er il iz e r . The ad i t io n o f s~diun 

a l g i n t e was cons id e r e d e s s e n t ' a l fo i mprovi n g the 

vis c osi t y and s t ab ility o f c ho c o l ate mi Homo g eniz at ion 

did not adeq ua tely r e du c e t h e s iz e o f coc o parti clss 2nd 

a t 1 80 ~~/cm 2 pres ure , i t ha d t he unw a n t ed effect of 

i nc re a s inJ sed i 1e nt a tion , pr ob ab l y be c a use of prJ~ein 

i n s t ab il ity o 

De f ec t s i n ch oc ol a te mil k : 

Hol l and (1 cs ) r epo r t ed th a t c hoc o l 2te mi l k i s 

su b jec ted to mo s t of d e f ect s com on to f l u i d mi l , to~ e the r 

wi t h s ome th at a r e uniq ue i n t h i s p r od uct . On e c f t he 

c h i e f pr ob l ems i n cho c o l a te mil k manu fact ur e i s c r e3m i ng . 

Cr eam l ayer in choco l at e mil k wil contain enou J h T 

co c o a pa r tic le s t o iv e i t a d a r he r col o ur th a n the ma i n 

body of th e prod uct . Homog e n iza tio n p r e v en t s or d e l ay s 

t h e 9- sin g of cr eam . Al t e rn a t ely , wh e n ch oco l a te mi l 

is proc e ssed a t a t emp er a tur e o f 7 lo 1°C o r abo v e f o r 3 0 

min ut es , cr e amin is pr e v ente d . dditio n o f s usp end i ng 

agen t s re t a rds c r e am in g . no th e r eq ua l l y im port a nt 

pr obl em wi t h choc ol a t e mil is s ed i me nt atio n . um e r o us 

me tho d s h ave be e n t ri ed f or t h e e l im i n a tion of sett li n 
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Th ey are (i) elimin - t io n of in s~ l u b l e partic es l i i J 

inc _e as ed fin eness of jrind i ng cocoa (ii i ) i~cre=se i~ 

the v iscos i ty of th e orod uc t , a nd r educin g Lhe d:f fs~ s ce 

i n density be t ween c oc oa p3 r ticl e s an j t~e . i l k ~3s~ . ~i~: 

grinding of cocoa an d th e use o f sus en i n a~e s ~r 

increas e t he v iscosi ty o f milk have found th _ wi~e~~ us: . 

. n excessi v e vi scos i ty in ch oc o _2te 7" l k i s un -

desirab e . Hi jh v ~scosity Jiv s t he pr odu c t 2 _ :ch a~ p ~ ~ - -

anc e but l eaves a film y af t er t ste in mo uth . i r ~rtr pe e d 

is lik e l y to be r etained as bub~ les in t e u p~er ~3rt Jf 

bo ttle giving t he pr duct an appe r nee c = h v ing u. der~~~e 

ga ssy fer ment tion . 

Thicken i ng or ge ll ing ay be c sed by i) excessi e 

pas te uris tion tem per ture i i) too much stabi iz a causi ~9 

ove r st ab i l iz a ti on (iii) use of lime or magnesium neu tr a l i=~ r ~ 

iv) too high aci d milk. 

Product char a ct . ristic s : 

Hal l a nd He dr ick (1 971) report ed ~h at a goo d o ual ity 

chocol a te fl avoured no n- fat dry milk h as a ple a sin fl vou r 

b l en d of mil k solid s , su ga r an d cocoa . It dispercas 

readily in hot/co l d water , h as minim um of cocoa settl ~ng , 

hi gh den s ity (preferably o. s g/m l ) and go d flowab~lity 

in dry form. 
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s per Ho l · n d 1 ' 68) ]OOd qual i ty ch o co a t ~il k 

s hou ld ha v e the fo l lou·ng ch a r a ct ~ risti s ; i . il d 

ple as - n t chocol a te fl a vou r i i ) little o r n o s e ' i ­

me nta ti o n (iii) low to med ium v iscosity \ i v) l:.. J h t t o 

medium colo ur (v) med ium sweetness . 
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3 o1 Scope and impor t a nce o f wo r k: 

Ther e is an inc re asin g demand in t he war d for 

inst a n t brea dkf as t food . Th' s ho l d s good i n our cou n-'-r11 

as well due t o the r apidl y improv ing econ omic conditions . 

Thi s i nc re a sed dem and for va riou s t ypes of q u a i-'-y p ro ~ u ct s 

is 1p artic ula rl y noticed in uppe r and h i~h mi d d l e i ncome 

groups . Unde r t hese con diti ons Inst a n -'- choco l 2 t e mi k 

powder by virt ue of its higher r econst~tut ab i ity an ' its 

easy stor ag e f or a lon g time at r o om t emp e r a t ur e p rov ' de s 

a promi sing national an d internat i ona l market o F r ~m t he 

p r e c ~din g re v iew of lit e r a tur e , it i s evi dent that not ~uch 

has be en r ep orted on th e p r e par a t~ on of in stcnt cr oco l ate 

milk powd ero hatever li ttle war has be e n done in ~ est 2r n 

countries pe rt ains to cow milk only . But t he o rg ani z ed j i ry 

sector in India h andles mostly buffa lo milk an d when fat 

rich products l ike ghee , but t er etc. are p r od uc ed , the 

s im is left b ehind . The milk condenseries can , ther ef r e , 

divert t his s i m milk as wel l as low fat milk for the 

manufactur e of Instant chocol at e milk powd e r which 

a high er pro fit to th e Ga11s• r"*- )T)d-tt.~~ \ " 

3Y b rin g 

eeping in view the above po in t s , it was consider e d 

desirable to make pos s ib l e i mpro v ement in the quality 
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ch arac t srjst · cs of ch o= olate m il ~ powder f rJ . b uffa:o - il ~ 

usin g a 1 s i ng l e - p a s s 1 insta t iz ing a rr angement . F U r,_ ,..., -
- ~ ·-- , 

t he physico - che i c a c a r a ct=:ristics of norm i s . ray 

dried c ho co l ~ t e b uff c l mil k poude r as affected by ~hs 

to t a l so l ids pe rcent a e in mi x a s we l l as ins .... a -: c h c. J:. .t _ 

buff o milk poGder w·11 a l so be in v es t igate d . 

3 . 2 Plan of work : 

I stan .... c ho co l 3te mil pouder Jil_ be ~ r eparc s ~c ~~ 

from buffalo s< im mil k a n buff a lo dou~le tonnej n~lk ' S 

f ollo ws : 

Sk i m mi l k wi ll be ad j ust ed t o 0 0 ~5 - 0 . 0 cat 3nj t~e 

double tan ne d mil k to 1 . 5% f a to Th e total so lid s c n .... 3n~ 

i n th e choco l 3te milk con c ant r ate fro m both ski~ a nd d wb l 2 

t onn ed bu f f alo mi l s w~l l b e adjuste d t 35 , 4 • 

The dry ing conditions will be unifor ml y main ined by 

keepin g th e atomi ze r speed at 2 5, 0 + 1 00 0 r pm 3n d th 2 

inle t and out l e t air t ern e ratu es a t 1 90 + 10°c and 5 + 5 C 

res pe ct ivelyo T9 e choco l at e powde r will b e prep a re d by 

norm a l s pray dryin g usi ng all t e thr e e to t 1 s o l ids 

c on c entr at ions . Th e co centr ate ieldi ng th e be s t q u 2l ity 

powder s adj ud ed by phys i co - ch emi cal ch a ra c t 2ri st i cs 

wi ll be furt h e r ut il iz ed for th e prod uc ti on of i ns t ant 

chocol a te mil powder o 



The best chosen mi x conc en tr3te will b e hs d =~ 

s0 c f or 12 t o 1 4 hou r s af t e r th e a .:..tion o f see · :'..'l] 

material (i . e . fine grade l actose ) .Jith slou a;i:._ "-...,t ::. 

fo r t h_ optimu crys t a ization of acto~e . 

c ho colate skim mi l k powder as we l l as i nstant c hocol3t 2 

do ubl e t a nned milk powd er wil l be p r epared using the s 3n3 

ope r atin conditions f o r t he drying ai r exc ep t t ~e s pee j 

of atomi zer whic h w.:..1 1 be maint~ined at 10 , 0 0 0 , 5 ' ') ') IJ 

and 20 , 000 rpm 0 

Th e normal sp r ay d r ied as well as t he Ins t nt 

cho col a te mi l k powd er pr ep a re f ron both b uffalo s im 

milk an d doub l e ton ne d mil ks wi ll be exa~ine f~r t hei r 

phys ic o- chemica l cha r ac t e r is t ics t o ev a l at2 t hei r 

q ua l ity . Th e char~ c ter i st ic s s tu died for t he purpos e .J.l 

in c lu de moi stu r e , f 3t , f r ee f a t , pH, TB value , 

wettability , s i nkabil i ty , d i spersibil i t y , s o l ubi i ty 

i nd e x , avera e particle de nsity , bul density , and 

p e rcen t volume occ upied by powder part icles o How_ v r , 

the t est s of free fat , a nd TB values wil l b e performe 

1 the Po wder sam le s ob t ined fr om doub l e t anned on y on 

mil k o 
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F l f- LU W . - ~AR T_£_s>R PRO QU CTI N OF CHOCO LATE MI LK PO DER 

Select i on of buffalo milk 

S d 
~ . . 

tan ard1sot1on 

[ 
0·05 - 0·10 fat sk i mmilk ) 

1-5°/o fat double tanned milk 

l . 
Preheating 

~ 
Condensing 

[ 35-40°/o total solids :J 
i 

Homage n i sa ti on 

[

Only for 1·5°/o fat milk] 
2500psi - 1st stage 

500 psi - 2nd 1tage 

Cocoa powder i . 
~Mixing Stabilizer 

Sugar~ 1 

t . 
Cooling 
c 20 ·c) 
• 

Pasteurization 
( 7H•c for 30 min.) 

t 

Seeding with fine grade lactose 

! 
Holding for lactose crystaliza tion 

( 5 •c for 12w 14 hrs with slow agi tation) 

l 
Spray drying with single stag• instant 

assembly 

' Packaging of instant chocolate 
milk powder 

Spra yv drying 

! 
Packaging of normal 

spray dried chocola It 
milk powder 



4 ° 1 r oduct i on of c hcc ol a ts ~ il k po~jer : 

Ch ocol a t e milk poud er was p r e ~ r ej by ncr~3 

spr c y ryin ~ethod as we ll es by s~' ~ - = - pe s s ~ ns~;n ~ 

met ho d . The st::ps invol v ed i n th e 3 nuf ~r+ r~~~ ~-~~ r~-
__ ..., -- ' '_, -- l'J..J-

a re d ep ict9d in F i • l o 

1 ) S e_::cti J n of il k : 

3uffa_o mi l k wa s ob ta ined f r om t he herd ~3i1~=:no 

at th e Ins titute 1 s far~ . The processing of milk w2s 

out in the E pe im_nta l Da iry. I bo ut soo-eo~ l ~tras of 

b uf fa l o mi lk ski~ or double t onne '..JC;S t ::' en n -l 

s ubje c ted t o or ano l ept ic e v a lu 2t "o n an j hen ic ~ l t e 3ts 

viz. , aci ity , f at conten~ an c _ t- on - ~ i in2 ~es t . 

2) Sta nd ~ rdiz a ti o n : 

In th e c ase of sk i m mi l , th e fat cont en t wa 

e v e _ by s ep2 r a ti on i n th e 

De-L a va l Tr i - pro c ess ac hine , whereas f o r doub l e tonn aj 

mi l , it was stan du r di-e d to 1.s f a t by m · ~ing b uf falo 

skim a nd who l e milks. 

3 ) Pr e- he a ti ng : 

Th e mi l was he ate d in a Silkebor pl ate - he a ter 

r - ~ ~....J 
- - _J 



( 2 5 O CJ l :i P '• r h c L r c ~ ;:i -, c : t y ; J ~ _ r st e _ rn 2 ~ h _ -_ -: : ~ l ..., .- -- :_ ·-: • 

h '] - t 

h o l d ~ .., ,., 
-- ..J 19 

Pr 2- he2 t _d mi_ !, u a s c ond ens ed i n ?. v 3 cu r:; 21 n 

( 50 k l hr ua t 2r e v ~ p or 3 tion c ap 3cityJ with st 9 3 ~ 3 5 

heating e ium and us in a v a cuum oc 2"' 11 µ 
..J Con c en-

t r ati on of ilk 1.J as o e r i o d i c .:: 1 1 1 c: hec k e j b , j .!' : 'J :_ .1 
• - .J -

s amp l e and t e s t in ; it on 1' 3 us ch a n d Lo ""l:i 11 r e fr :.ctc ~ => -

till t h e d ec ~ r e d total so l ids of 3 5 - 40~ ~e _ c r e 2c ej . 

The s t eam was t he n stopped a n t h e pro duc t t - e1 o u t i n 

c ~rn s . 

5) Homo genis a t io n : 

Homo e n isation wns c a r r ied ut in th s c 2 s e o f 

do ubl e tanned milK only o pr es s ur e or 25 0 0 ~s ~ a ~ us d 

in t h e first sta e a nd 500 psi in th e s e con d st 3 _ in a 

~a ul i n double- st a . e homo e n ~ z r . 

) Mixin 

The ca l c ul a t ed amount s of su ar , c o co a , owde r 

a n d st ab i l iz e r wer e add ed to conc en trat ed mil a n ci i xed . 

The r a te o f ad ition of a bov e i n redi nt s was s uc h t a t 

th e reconsti t te chocol ate milk wil l hav e 1 . s ~ coco a , 



FIG.2. SPRAY DRIER FOR NORMAL CHOCOLATE MILK POWDER 
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1. Exhaust fan 
2. Delivory fan 
3. Atomizer 

4. Oil burner 

5. Fe•d pump 
6. Ro toting sweep 
7. Star wheel 

INLET 
AIR TEMP. 

8. Chocolate powder outlet 
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sod ium 11 .:.. n ~t~ ~ n~ 

0 
cf ($ 

l r 
- .J 

T ~ st~' il:_z - r 1_.s 

dr:J:;-::; •J' 0 n mix c:tt2iri':!-j .::: t_ f:- r-t 

t h - 'l.:.. y J :. :: c. : -: -

cul a t ed by me _n s of a pu:ip to ~~t ... n : 

fl .:_ X 1 - S f U r tr ':: r ,C 3 S + ? L _ -~ ~ ""! d b I,' \-i t C h '"" - - j .., __ - -' .. ~ . o ., . 7 or .t: :-

3 mi~ut es; 3n-l c oo l ed . 

7 Seed:n and h o l 

s i nvo v ed for t 'l e 

... . - ) 

f ' ne C __!I 

W3S l ~e;-:i :. _:_n co l -l s:. r ':! 

whe n t cmp-ra tur - r e a c he~ tc about ) n°r - ...,,, - . T~ n t h~ 'lix ' 

_a c:. o s ~ c _'s t 2 _ ·- i: - t .:.. on • 

8 ) Dryin g: 

he m:_x obtain j a'.J ov e 1w.:is dr ied in 3n ,{n h 1dro-

sp r ay rier a desc rjbe be ow: 

a ) !o r m3 l ch ocol ate n il ' 

f t e r th e pl ant h as b e e n a s semb l ed as i nF i ~ a nd 

t h e t omi ze r pr ope rly pl ace' , t he mot or s we r e st r t ed n 

t he fo l l owi n or d r · exha u s t f a n , de l i v e ry f n , o i l burner , 

ro t r y d i ~ ch 3 r c v _ve a nd sc r a pe r . 



FrG. 3. SPRAY DRIER FOR INSTANT CHOCOLATE MILK POWDER 
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1. Exhou't fan 
2. Del ivery tan 

3. Atomizer 

4. Oil burner 

s. Feed pump 
6. Rotating sweep 
7. Star whee l 

INLET 
AIR TEMP 

8. Instant chocolate powder outlet 
9. Ai r b tower 
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0 
85- 1 0 C , th e .c1eed p u ...... p t t _, "' J as s 3r ~u . e o u -1~t ~ : r 

te peratur e ~ a s ma int3 i ~e d 2t c. , + .-Jo r: . T , c v - n e r . p . :ri o 0 1 

the atom1· ze r w-c · 1 1 d at 25 ~ c on-.:.r o e , OJI) _:: 1 , J .J J ., 

~ ivi d e d ~nto t h r .. ~ p o r ~ · o _"' ... _ n s of 4 5 ' 4 0 t o t a 

.., •, 
. - ' 

so 

c o nc ent r ~t i ons an1 dr~e • S a~ l es of o o ~ ~sr f~o~ aj s ~~ 

tota l s o l ~ds co ncent r ati ons we - e c o _ l ~ c :e d se ~~ r 3t2 i y ~ n j 

p ~c ~ed in pol y t he ne ~ 2 s . 

Rep lic 3ti ons: - Th r ee trails 'Ji"·h 'J u f f :: _o s!~ i:i 

mil k a n d th r e e tr a ils wi t ~ uff - 10 douj l e tonn ?d ni l ~ Ji th 

the abo v e t o t 1 s ol ~ds conc e n~ r 2 ti o ns uere t a. en . 

) I n st ani c ho col ate mil 

Exc e pt for t h e c ha n e in t he d i s c h3r e poin t 

of mil poi de an d r e - c~ r cul a tion o f t he f ines r ecov2r a 

fr om th e es c a pi 3ir i n t he c yc lon e , as shoun i n F~ _ . 3 , 

th e op e r3t in . pro ce du r e fo l lo wed was t he s ame a s desc_ib e d 

be.c ore . The per c ent a e o f tot a l solid s in t he mix ~ 3 s 

45 + o . 5 and i t was hel a t s°C f o r l i - 1 4 hou r s o Th e rpm 

o f th e a t omiz er w s o, ooo , 15 , JOO a n d 'J , 00 0 e n d ua -

mai ntain ed within a r a n e o f ± 1 , 0 J O d ur i n th a tri als . he 

s a moles obta in ed wi th t h ab ov e ato i_e r s p se s were 
' 

c o l le c ted a n oac ed in po l ythene b 
' 

s . 
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Re plic '3t i ons : 

m"l k 2nd th r ee · i r, 

h re e t ri : s u ith ~ u ff ~ l c sk i , 

f f a lo dou b l e -'-on nej mi l k f o r t ' e 

abo ve me nt io ned ato i ze r s nee d s we r e t ken . 

4 . ~ n ~ l v ti c a l pr oc e dur e s : 

4 . 2 . 1 . na l y s:..s o f r aw rni l : 

R u mi l was -'- es t e d f r i-'-s :n i ti a l ~u = _ :.. ty as 

iv e n b e _o w: 

· ) Or a n o l : p ~ i c t e s t s wer pe rf c r ~ed a s p e r t h e 

ro c e d ur e e scr i~ ed in . 5 . ~ 7 (P ar t _ , 1 E J o 

i i ) Fat c on t e n t wa s det e rn i n e d ~y ~ e r b e r 1et oj us i n 

t he pr oc e u e de s crib e d i n I . ~ . 22 s - 1 c So . 

iii) Th e a ci d i ty was det e r in ~ d b ' t hs met hc a s i n 

I .s . 1 4 7 (Part- I ) 1 96 O. 

4
0

2 . 2 na l ys i s of c oco a po~ d e r: 

i ) Fa t: - The f t c ont3 nt in co co 3 pow de r wa s 

e ~ ami ne d a c co r d in g t o ,o·on n i e r me thod s describ ed in 

'L a bor a tory an ual - e thods o f an 1 1 s ~s of mil 

product s ' 195 o 

n j · ts 

ii) ~-
Th e pH of coco a po wder wa s deter mi ned a s 

per the pro c ed ur e gi v en in 'L a bo r a to r y a u a l -

ana lysi s of mi l and its prod uct s " 1 95 • 



iii) To-' l ash : otal ash cont e nt of coco a po•Jder w~s 

dete mine d accord_·ng to th 0_ metho d ·b ~ · ~ , . esc ri E·J in ~ : E4-

i v) Moist ur e Te st : - oi t ur e t est of ocoa o~~er 

was de t c in ed as per the procedu r e i v en in _S: E4 - 1v~- 0 

4 . 2 .S 

· ) Vi s c os · t , : - Viscosity was .e asu r s d b) S r ~·e ~ ' s 

v: s c omet e r a~ ~e r th 8 rnet od desc i b ed b11 
J 

Joya_ 1 ~ r ) -

Mixes wer e wel_ mixed :n a beaker f o r 5 inutes 2 n ~ t he 

t ime ta en f or 0 1· revo l ut ion s of bl ad2 at 2 0°c •Jas not =d . 

It wa s e xp r es s ed as s e co nds per 10 r e vo l u io s . 

ii ) To t a l sol ids · 

Total soljds of th e mi were dete rmi ned b the 

r a v im e tr :c Mo j on nier me thod a s pe r th e p r o c edu r e 

de scrib ed in 11 Labo r a t o r y a nu a l - Me t hods o f a n a l ys~s o f 

mill and i t s pro du c ts ' 1 sc. 

n a l ~ s i s of c hoc ol te mil powde r: 

Ch oc ol a te mil k pow der samp les were e amine f o r 

thei r ph sico- ch mic a l ch r act e istics to ev a lu at e t he i r 

qua l ity . 

4
0

2
0

4 .1 Phy s ica l ch a r ac teristics of chocol a te 
' dried milk : 

Th e s amples of powde r were e ~ am in e d for h e i r 
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physic .J l ch a r a cte r i sti c , n -...,e l y so l ubi l i-':y i:idex, bu" k 

en s i t, ave r a e , a r tic e de:isit' , % vo l . o c cu o ~ e d 

by pow de r a r tic l _ e s, 0 t t abili t~ , di~ . ~ rsibility ::: nd 

s i n l abi lity as , e r t he f o l l o ~n de t2 i l s ; 

i) Sol ub i l~ty index: 

Sol ub i li ty index of c hoco l a t e mil k po u der ~a s 

de termi ned by;. .D .. . I . et hod 1 6 5) . I n th 2 c ~ se of 

choco l 2te i l powder mad f _om s i m ~ i- k , 1 , 

r eco n stitut ed in 1 r o ml of water a t ~30 °c in a .: xi 

fo r 90 s eco nds whe r e 7 s in th e c ase f c h~ c o l a te Tiil p o ~ -

made f ro m doub l e- ta nned mil ' , 1 3 ;:i wer e r econstit uta d _n 1 u 

ml of wate r . fter a llowin to st3n d for a wh i e t 2 fo cm 

was r emo ved and 50 ml o f r e const it u t ed c hoco l c te 1 ~lk we r e 

c en tr i fu ed f or 5 mi nu te s i n a coni c a l r 3d uat ed tu ~ e . 

Th e su pe rn e t a n ~ was e c a nt e o f f an d t e r e s idue W3S 

wa s hed by d i sp er si n it in water and c entr . fu i n a ain 

f or s min utes . The vo l ume of se ime nt in 1 o ta~ned a t 

th e bot t om of c ent r~ f u e t be wa s r eco r ded a n des · n a ted 

a s so l i l i t y in de x . 

i i ) ul l densi ty: 

ve r a e pa r t i c le den s · t y , bu l den si t y , an d 

pe rc e nt vol um e oc c upied by powder par tic l e s wer e d eterm i ned 

a s f ollows: 
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8 u - k d e n s i t y a n d av r a g e p 3 r t i c 1 e -:! e 1 s i t y '.J e ~ e 

de t e rmined b t he same t e st as de sc :.:. bed by -~er. e "':. -i --
(1 E2) . 1 ] ml gr a:lu t 8 cylind Er U3 S fill e d .Jith 

abo ut 50 1 of he an e id stop ~e r T h t= v u1 : cf _..,, 
'l~ 

(V 1 ) J n rl the tot a l wei _ht (,J ) r eco r ded . 
,.-

h were .:.. nou 

powder was add e t h r ou h a fun n=- t o .:. ncre 3se t hs vo~~iS 

to ab out 4 'J ml. Th e cyli nds r W3S plac :::. d on a l e v2 l , 

vib_ a ti on fr ee su rf 2 c e . f t ~ r one h cu t s vo~ u ne ~ 

the po wd e r \V
3

) , th e volum e of po 1.id er a nd hex 2n e v2 

and th e tot a uei ht we r e r e co r jed . he vo l ume of :.he 

f l oatin portions of t he powder were add ed t o v 
3 

'J _ n 

making c al cu at i ons . Vo l u we r esti~ate~ t o 0 1 

an _ we i h _ 

ul de nsit1: = 

ve r a e par tic l e= 
den si ty 

Pe rcent vo l o occ u-
pied b pow de r = 
19 a rti c1 es : 

i ii ) Wettc:ibi lity : 

.J 2 

v 

Es t i 3te w2 s c:i 'e 2 s f o _ _ o· s ; 

2 - w1 
I 1 

v_ 
.) 

- w ') 
/ml • 

... 
V2- V1 

- V1 
x 100 

v3 

ve ry con venient a nd sui t able meth od e ve l opad 

by ~ ue rs and Ho use (1 6 ) f o r comparin t h e wett:::i~ ilit 

of In s t an t spr y dri ed powd e rs was em ployed with a s i h t 
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mo 'i if i c cit io n o Th d . f . t • e mo 1 i c ~ io n u2s ne c ess r y j u ~ ~~ th= 

no n- a v " l J.b i l i ty o f s 3 t i· n ~ -.L _; 11 c · ~ · d ' ..... 1--'.J sp== 1-; 13 oy l.. .. -: 

s q . rn h eving a~ ou t 3 0 thr 9ad s/c m i n t h e warp a n d ~~ i n :he 

J e f t )o T h~ f a' ric us ed i n pr e s e n t in vesti .-=it i on u:::is 

av i 1 

in t h e wr ap an · 18 i n t he w f t . Th e s _c ond m od~fic J t:on 

pe rt a in ed to t he dish o r\ tray of 21 0 '.2 x E . 3 C'l ( _ :n~-:i, y 

b r e a d t h ) l ; a s u s e d in s t 9 () d 0 f t h e s i· z "! -') ' ) c: cm u s - ,-1 h 
- _ .., II -- -Y 

t hem. The meth od is as f ol l ows: 

pie ce of f ~b ri c c onfo r mi n to t h e ab ov e s~ _ ci -

f ic a t i ons; meas uri ng ab o ut 1 x 1 cm ~as str e t ched ov ~ 

one end of t he body o f a ~ et a 11 · c 

4 . 5 c m h2: ht , , ope n at b o · h en ds 

c - n 

and 

r ubb e r ban ) . . not he r ope n- end c an 

•.J as he d on .!.' :_ T.h 

5 cm d~ame t e r 2n~ 

7 c m hei _ht w s pl ac e d a s s pa c e r s t o ho l d i t in po i i on 

c e nt r a ll on t he clo th . Th e t r ay 21o 2 cm x 1Eo3 

cm) was mar ke d a t a d ep t h o f 2 . 5 cm f r om t h e botto an 

f i ll ed w"t h di s t i l led wa t e r t o t h i s poi nto t ri a n 1 2 o f 

0
0

4 cm t h i c k l a s s ro d t· i .._I s i de s 3b o ut 8 cm l on •.J a s 

p l a c ed i n th e i s h a d se rv e d to pr e ve nt c lo se cont act 

of c lo t h wit h th e bo t to m of t he d i s o 

ith t oc a ns a s semb l ed and t he c l oth r est i n 

cl ean on s ur f a ce , 2 o5 o f powde r wa s tr a n s e r r e d to t e 

in ner c an and s pr ead ove r t he 5 c c i r cl e o f c l o t h a s 



e v e n 1 Y s P o s s i b l e "' i t h s of t h a i r b r u s h • T e i n n a c : n 1i=-:s 

th e n r emo vej a nd t he o u t e r c - n l ow e r e in to t , e d..:.. s h on 

to th e _a s s tr i a n l e a nd h e l d in pl B. c e u til t l-i e 1 a ~ er 

l eve l i n th e c an cea s ed to r i s e . stop w tc h was st 3 ! te~ 

wh en t he c lo th t ouc h ed th e a t e r a nd wa s s to p. e~ whe n 

t he pouder uas comp l e t e l we tt e d . 

The t _mpe _a tur e a t wh ic h t h e t 9s t ua s c e_ r ied out 

f o r s im mil k ch oc ol a t e powder ua s i th in t he r a ~E f 2 J 

to 2 3°C . For doubl e t a nne d cho col ate mil . powd e r t h e 

t empe r a t ur e as 4 0 + 2°c b e c a us e it s h ou d b e abo ve t he 

meltin g po in t of f 3 t a s s ugg e s ted b y Py ne a n Co ulte r 

(1 6 0 ) an d 9u l l ock an ' ind e r l ' 60 • 

iv) Disp ersi b ili t y: 

Th e . me ric an Dr il k Ins t it ut e a dop t ed t he ..:..s -

persibility meth od o f Stone e t a l 1954) for te s t i ng 

i nsta nt non - f a t dr y mil k . The · .D . ~ · - . t es t a dopt e d b 

Riz vi (1 7 0 ) was s_i htly mo d if i e d a nd is a s f ol_ ows : 

br ss bo wl s ub se uently c a l l ed mi er dim en s i on 1 3 

cm hei ht, 13 cm top d iam ~ t er an 24 cm in ne r d i ame t e r ) 

fitted with a n outlet of 1/ " di ame t e a t t he b ottom a s 

t a ken. To this wa s att ched a rubb er tube f itte d with a 

pinch coc • Th e •mixe r ' was cl a mped using a l a b o r tor y 
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cl amp an tan d in s uch a wa 1 th a t it coul d be r - ~ sed or 

low ered . 40 U ml of wa t e r a t 7 5° f= wa s placed in h e ' mi1 r 1 

a nd 5 ' g of po ~ e r w s t r a n s f er r e d to t h e surf ~ c e of ~ ~ te r . 

The s ti r re r which was e rli e r fix e d in po si tion in th = 

c entr e of t he mixer wa s t he n tur ned on a t 400 r p a nd t~e 

sti r rin co ntinu ed f o r 2 0 secon d s . Th e pi c h cock -t the 

bot to m outl e t of t he ' · :xe r ' was then opened t r e _g asg t~~ 

cont e nt s on to 3 •• 72 esh sie v e . Th2 f l u · d fr o ..r... tie 

s i e v e w a s c o 1 1 e c t e d : n a f 1 a s 1 an d d · 1 u -: e d t o 5 Or_, 

Thi s was t he n tested f o r t o t 3 l s o lids c ont e n t . T ~ o 10 1 

portio n s of th e d i l uted so l ut ion we r e tr ansfe rr ed to we i hed 

al umi n i um d i sh e s a nd e va por .:i t e to dr y nes s b , aionn · er 

t e ster a s pe r t he eth od d e s c r ibed in '' Lab o r a t o r ·. 3nu :::1 

f·1 ethods of n a l ys: s of mi l a n d its p ro ducts" 1 95~ f o r 

de t er min a t i on of tota l solid s . The we i gh t of so l ids 

ob t ained ultipli ed b 50 a v e t he dispe r s ibi it i n 

r ams o 

v) Sin l bil ity: 

For meas uring s i n ab il i ty , Spectrophotome tric 

meth od describ e d by S arnh am e r ( 6 ) a nd bbot an d · a ite 

(19 2) was used . The met h d is a s fo ll ows-

Ooc 5 . 5 ml of disti ll ed water a t was t a e n :n 

Sp e c t ro pho t om e t r ic c e ll . 1 0 m of po de r was th e n d ust e 



58 

on th e s urf a c e of uater an :l pe r c e nte J a t r ans . . t t2 n ce u -= s 

meas ur ed at 76 0 nm in a Bec k a n ) .U . Spectrophotofil Et ~ r . 

he r eadin s we r e r ecor ed after 2 , 4 a nd E 

aft e r giving 6 tapp ing s e a ch t i~e on th e sijes o f t e c e_ l 0 

Ch e ic 1 c ha r a cte -istics of ch o co ate 
dri ed milk : 

The sa~ pl e s of powde_ were e x a~ · ned f r t h2 ir 

chemical cha r a ct e ri st ics , n amely , mo..:..s t ur e , pH, fat , 

fre e f a t and TB va l ues as p er t he fol l o ~:~g det a i l s : 

i) Moist ure: 

oistur ~ c ont ent of dri e d chocol ate il k ~s 

determined gr a vim et ric a ll y us in ~aj o ni e r me th od a s 

de sc ri ed i n 'L a o r - tory n ua l - . ethods of an 2 l y s..:..s 

of mil k a nd its pro ducts" 19 5 90 

Pe rc en t a e moisture = 

ii ) EH determination : 

Lo s s n we i ht x 1JO 
t . o f s a p l e 

T en gr am of th e powder s amp le wa s wei h e d in · 5 ml 

beaker and m de into a fine paste with a glass r od b 

addi ng 10 ml disti lled water . The re ad ings were t a en 

i n a Di ita l pH mete r. 



59 

iii) Fa t: 

Fa t per c e n t a ge in dried choco l a te mil k wa s 

det e rmined b y Rose - "ot t lieb meth od a s modifi e d ~y ~oj nn ·er 

a nd descr "bed in "L bor tory · a nu a l - , e thods o f a l Js i s 

o f mi lk and its productstt 1 5 r 0 

i v) Fr ee f a t: 

Fo r t he esti a tion of f r ee f at ~n o ble t a nned 

chocol a te mi l k pow der so lv ent extraction ethod as 

d escribed by Ha ll and He drick (1971) was fo llowe d ~n 

th e pres t in v est~ ~ tion . 

The results for free fat were exp r e ssed as 

pe rcenta _e of t e tot a l f a t in t he s amp l e o f powder . 

v) Th iobar bitu ric a cid val ue : 

he me thod of Sidwell et a l 1955, was uE e d f o r 

the dete rmin ation of TB va lue of chocol a te mil k owd e r . 

15 g of th e product wa s tr eat e d wi t h 7 . 5 ml of Cl 

(3 ) and 7 5 ml of wa t e r added o The powder was steam 

distilled and 50 ml of dis till ate wer e collect ed in 

exactly 10 minute s . 2 0 ml of th e d i s ti llat e was us ed 

for TBA colour re a ction . T o this ali uo t , • 5 ml of TB 

(0 67 ~ ·n l ac·a1 a ceti c a cid) was a dd ed and the re ag ent o ~ 1 

mixtur e heated for 35 minu t eso Then the colour r eadi n s 
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wer e t ak_ n a t 530 mu a nd r es ult s r epo r ted as abso r bancy . 

The r eadi ng s were t hen t aken in dupl · c a t e . 

4 o2 o5 na l ysi s of r e con st i tu t ed c hoco la te mil k · 

i) Vi s co s ity : 

Vi sc o s i ty of r e c ons ti tu t e d c hoco l ?. te i l ' was 

meas ur ed i n Os t ua ld Vi scome t er acc o r din~ t th e prGc edurE 

gi ven by ank Bor a (1 81 • 

ii ) Se dime nt : 

Sed i me nt o f r e consti t ut ed c oc ol a te mi l wa s 

me as ur e d by f i l li ng r e constituted cho c o l a t e mil l 

1 00 ml cylind e • Th e l evel wa s bro u ht upto 1 00 ml 

ma r k and kept i n r efr ige r a t o r for ove rn ight . The sedimen t 

a t th e bo t t om wa s eas ur e d in ml . 
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5 .0 RESU LTS AND DI SC USS IO ~ 

For t he product i on of a good q uali t y chocol a t e 

i n s t ant buffa lo milk powder from sk im as well as f ro m 

dou b l e t anned mil k , th e optimum conc en t ra t ion f to t a 

s ol ids i n th e mi x h as to b e stan da r dised. Thi s wa s 

achi eved by t aki n g thre e co nc e ntr at i ons of t he mix viz . 

35, 40 and 45% t o tal so lids. A conc en t rat io n of 50 % tot a l 

solid s in th e concentrate was also tri ed , bu t it r e s u l t e d 

in cho kin g of atomi zer , and p ro e_ atomizat i on of mil k 

par ti cles d i d no t tak e pl ace . Th eref or e , the max i m 

con cent rat i on o f t ot al s olids in th e con cen t ra t e main t a ined 

du r ing th e trials wa s only upto 45%. Th e b e s t quality 

normal spray dri e d powder obtained ou t of thes e three 

conc e ntrations was furth er sub jecte d t o t he p r oduction 

of instant chocol ate pow der, us i ng t h re e di f fe r e nt s pe ed s 

of th e atomiz e r v i z., 10,000, 15,000 a nd 20 , 00 0 rpm . 

Therefor e , th e normal spray dried product was sub j ect e d 

to physico- chemic a l ev a lu ati on to find o ut th e best 

qua l ity. The i n s tant powder pre par ed fr om t he concentr a te 

which ave the best u a lity was furth e r e xa min ed f or it s 

phy s ico-chemica l ch aract e ris t ics t o ev a lua t e its qual ity 

with respect t o the atomizer speed. The r es ult s in 

the above sequence are presented in this ch a pter. 



5o1 Standa rdi zat i on of t he opt i mum c oncentr a ti on o-rm1x: 

2 

Thr ee different co n c entr t i ons of mix , namel y , 

35, 40 and 4 5% t o t al sol i ds were pr e pa r ed by blendi n 

buffal o s ki m or dou l e ta nned i l k with 1.SP co co a oou der , 

6 .0% s u a r and 0 .2 ' sta b il i zer. Th e f a t content in s im 

milk was stand rd iz e d t 0 0 10 an d in doub l e t onn e mil k t o 

1.5%. The av era e compos ition of milk used i n the r _-

paration of chocol a te mi l k conc e nt ra te mix is presente 

inTable-1o 

Tab le-1 

Av erage comp osition of mil k use d in th e ch oc olate 
mil k mi x pr ep a r at i on 

Sam ple Type of milk 
No. 

1. Buffalo skim 

2 o -do-

5 0 -do-

Average 

Or a no­
l e p t i c 
t e st 

No rmal 

Normal 

No rmal 

40 Buffalo double Norm a l 
tanned 

s. -do- Normal 

6. -do- Normal 

Aver a ge 

C . O .B • % a c i ­
dity 
( L • ) 

egat ive 0 0 159 

-do- 0.16 0 

-do- Oo16 5 

Oo 16 1 

Negative Oo16 5 

-do- 0.16 0 

-do-

0.163 

Fat 
% 

0.1 

1 0 5 

1. s 

S'\JF 
% 

9 .. 73 

9 .7 0 



It c an be obs e r ved fr om t he tab le that on an 

a vera e th e buffa l o skim milk used i n the tri a s contai ~ ed 

a n acidity of 0 .16 1 as perc ent a e lactic acid , f at Jer cen ­

ta e of Oo 0 an d S F 9 .73 %. The aver a ge va l ue s f o r lac ic 

a ci d i ty , fat and SNF in th e c a se of buf f al o double tanned 

mil k were 0016 3%, 1.5% and 9.80% re spe ctiv e l y . 

The av era e c ompositio n of coco a powder used in 

the pr epa r at ion of mi x is shown i n Table- 2 . 

Table-2 

Avera e com position of cocoa powder 

S . No . Particul ar s Va lue 

1 . Moisture % by wei ght 3 .5 

2. f a t % 14 .8 

3 • Ash % 408 

4o pH 5.4 

The cocoa powder sample was ept the sam e f or al l 

manufacturing tri als and it wa s anal ysed in du plic a te to 

dete r mine its moi stu r a , f at an d its ash content. The pH 

v a lue of powder was a lso examinedo The value s for m o ~ sture , 

f at and ash were obs e rved to be 5.5%, 14.8% and 4.8% 

respectively. The results indicate th at this particular 

d Sampl e contained a low fat content and a cocoa pow er 

low pH value and was hence a natural cocoa. 



Viscosity of c onc entr at e d mix before spr ay d r ying ; 

Th e mix was conce ntrated before norm a l sp r ay 

dr y ing to obt a in buff a lo skim a s we ll as doubl e t ann e d 

· Chocol a te mi lk powder. Thr ee conce ntr ti ons of to t al 

s olid s viz., 35, 40 and 45% wer e maintained . Th e values 

on v isc osi ty meas ur e d as seconds/100 revolutions are gi ven 

i n Tab l e 3 . 

Total sol i ds 
concentra t ion 

(%age) 

35 

40 

45 

Tab le-3 

Visco s ity (me as ur ed a s seconds/1 00 
revolutions ) 

Buffal o s k im Buffalo double 
chocol ate milk tann ed choco l ate mi x 

52 49 

78 76 

82 80 

As expected, the va lu es of vis co s i ty in c r e a sed 

with th e increase in total solids concentr ation . 

P·roduction of normal spra 
uffalo mil k powder: 

dried chocol a te 

Thre e trial s were conducted f o r each conc entr tion 

of buffalo skim chocolate milk concentrates as well as for 

double tanned chocol a te milk concentrate. Spray drying 

wqs carried out by the normal 

Materials and Methods (4.1). 

method described under 



Aver a ge ph ysic a l pr o pe rti es of c h oc ol ate mil k pow der a s a f f ected 
by % T .S. i n th e c once ntrat e . 

Sr. No. Par ticular s S kim cho c ol a t e milk powder Do ubl e t an n e d ch o c o l a t e mil k powder 

1 . 

2. 

5. 

4 . 

5. 

6 . 

7. 

So lubil i ty I ndex (ml) 

8 ul k d e nsity (g/ml) 

Par t icle de nsity (g/ml) 

Vo lume o c cupie d by 
particl e s (%) 

Wettab i l ity (S ec. ) 

Dispe r s i bi l ity( g ) 

Sin ka b i lity 
(%) tr a n s mi tt an ce ) 

Af t er 2 mt s . 
After 4 mt s o 

Afte r 6 mt .., . 

T-$· /, CL~l >"'{"\ c l"f\.C~ -vo.t-E> .,- .::,. ·/ · C\.(\ ( >)") c ... y"ce' '-l ' ""' t c-
3 5 % 4 o~ 4 5 % 3 5 '.I; • 4 oe 4 5 

1 o2 

0 . 6 38 

1 . 114 

55090 

161 . 0 

3 3 . 8 

1 3 .7 

1 1 . 8 

11 .0 

1 . 3 

0 . 66 5 

1 . 16 7 

57 0 93 

1 2 5 . 3 

3 8 . f) 5 

1 3 . 5 

1 1 04 

1 0 .1 

1 o 5 

o . 74 

1 02 0 8 

2 . 0 7 

1 0 1 . 0 

41 091 

1408 

8 . 3 
s. o 

1 . 2 

0.632 

1 . 0 82 

54 . 5 5 

50 . 5 3 

52 . 3 

16 0 ~ 

1 5 . 5 

13o 9 

1 06 

0 . 66 

1 01 584 

57 . 1 s 

4 2 . 

34 . 97 

16 0 9 

15 . 4 

1 4 . 8 

1 . 76 

o . 7 04 

1 . 20 

0 . 6 3 

36 . 3 

3 9 . 4 5 

15 . 3 

1 3 . 9 

1 2 . 9 

CJ) 

....._(!) 
I 



5.1. 3 Ph pr op e rti e s o f no rm a l c h o c ol a te mi l k 

The dr ied pro d uc ts obt ai ned we r e an a l y z e d f or t hei r 

phys ic a l cha ract e r i st i c s viz. sol ubi li ty index , bul k de1 sity , 

pa r t ic l e den sity , vo lu me oc c upied by pa rti c le s , ~ , we ~ta­

b ili ty , di s pers ib i l i t y a nd s in kab ility . Th e r es u l t s 

sh owin g t he a ve r a ge va l ue s f or t h r ee tri a l s ar e o r es e n ~d 

in Tab l e 4 . 

The in di vidu a l va lues of tr i a l s h av e bee n s ho wn 

in Ap pend ix I an d I I J o Th e s e pr op e r t i e s ha v e b ee n di s cu s se 

individu~ l l y i n r elat i on to t h e i r stati st ical i n t e r p re t 3~io n 

as under: 

5.1.3.1 Sol ubili t y ~ n de x : 

The av erag e va l ue s s ho wn in Tabl e- 4 i ndic t e t h a t 

the solubili t y inde x of chocolate mil k powde r i c re a s es wi t h 

the increase in th e co ncen t r a tion of to ta l solid s in th e mi x o 

The increase in solubility index is com pa r at i vely mor e in 

c a se of double tann e d chocol a t e mil k pow der th a n s k im mi l k 

chocolate powder. For example, the solub ility i nd e x f or 

skim cho c olate powder from 3 5% Tot a l solids conc e ntr a te 

increa sed from 1.2 ml to 1.5 ml for 45% total solid concen­

tr a tion, where a s it increased from 1.2 ml to 1.76 ml fo r the 

corresponding total solids concentr at ions for double t a nn ed 

chocolate milk powder. 

The statistic a l analysis of data on solubili ty 

index has been presented in Table 5. 
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Table-5 

A OV T BL£ 

Sources d.f. l'l .s .s • F c a l . 

Amon g Replic a te s 2 0.2005 10 556 

Among Typ es (T ) 1 o .24 4 26 .15 94 2 it ~ 

Amon g Tot a l so 1 i d;\ 2 o.023s 310 956 5 ** 
(T.S.) 

Interactions (T xT .S ) 2 0 .0076 3 0115 

Error 10 

Not e : •• Si gnific an t at 5% level. 

The r es ults show that the r e i s a si gnific a nt 

variati on in the solubility i n dex of sk ~ m ch oc ol ate mi l k 

powder an d double tanned chocolate milk powd e r a t 5 ~ l eve l . 

The same is also true for th e v a riou s thre e c on c ent r a t ions 

of total solids in th e co ncentr a te at 5% l e ve lo Some other 

workers, namely, Rizvi (1970 } have also r e por te d simi l ar 

re ults, i.e., th e solubility index incre a ses with th e 

increase in total solids of milk co ncentrate. It c a n b e 

concluded that solubility of skim chocolate milk p owd er is 

greater than that of double tanned chocol a te mil k pow de r 0 

Further, it can be se e n in ge n e Dal that th e solubility of 

chocolate milk powder s is comp arativ e ly low e r than th e 

solubility of mi l k powders. Th e re a son for hi gher solubi­

lity index of chocolate milk powders is that the co coa 

particles also settled at the bottom along wi th he a t de ­

natured milk powder particles as a re s ult of centrifu g ing 

an d thereby depositing a slightly higher sediment in the 



solubili t y i nde x c en tr i fu ge tu b e . 

5o1.3o2 Bulk dens ity: 

8 

Bul k de nsity of various c hoco l at e mi lk powd e r 

sam pl es ha s b ee n pr e se nte d in Ta b le -4. Th e a ver a e va ues 

for skim chocol ate po wd er pr e par ed f ro m 3 5, 4 a nd 4 5% 

concentr at ion of tot al solids ar e r es pect i ve l y O. E3 8 , O. EE 5 

and Oo74 e xpress e d as gr ams/ml. Th e c orre sp on ding va l ue s 

for chocolate milk po wde r prep a r ed fr om do ub le tan ne d mil k 

are 0.632, 0. 66 and Oo704. It is evident fr om t h e va l ue s 

that the powder prep a red from a h i gher de gr e e of conc en ­

tr a tion in total solid s g ive s rise to hi gh e r value of b u l 

density. This is true for both skim a s we ll as dou b le 

tanned cho colate mil k pow der. Simil a r fin din g s wer e 

r ep orted by Rizvi (1970} who con c luded th at the b u l k 

density of non-f a t buffa lo milk powder incre a s ed w~ th 

increase i n tot a l solids concentr a tion. Sy nal (1980 ) 

has al so repo r ted similar re s ults on b u k de nsity i n hi s 

work on spray dried malted milk powder. 

Further, th e values of bulk density for skim 

milk chocolate powder are slightly greater than those 

obtained from double t anned chocolat e milk pouder. Als o 

th e values of bulk density obtained in th e present i nve sti ­

gation are comparatively higher th a n from ordinary milk 

powder. This is due to the presence of a dded sugar in 

chocolate milk powder. Table 6 shows the resu - t s of 

statistical analysis on the data for bulk density 0 



Tab le- 6 . 

A OV T 3 LE 

ourc es 

Am ong Rep l i cate s 

Among Type s (T ) 

d . f 

2 

1 

Amon g Tota l s ol i ds(T .5 )2 

In t er ac t ion (T x T . s ) 

Er ror 

2 

1 0 

0 00 001 53 

0 0000 938 

Oo1 24 

0 0 00 056 37 

.. Si ni f ic an t a t 5% l ev e l • 

F c 1 . 

0 . 62 0 

3 0 8 0 3 

50 .4 40 *~ 

6 9 

I t is obs e r ved f rom th e tabl e t h a t t h e re wa s a 

h i gh ly s i gnif ica n t d iffe r e nc e amon t he t hr e e tot a l s oli ds 

co ncent r a t i ons . 

Pa rt i cle de nsity : 

Th e valu e s on p rt ic le den s ity (gr am/ml) hav e be e n 

s ho wn i n Table-4 for s ki m a s we l l as for doubl e ta nne d 

cho c ol a t e powd e r s . I t c an be s e e n fro m th e dat a th 3t i n 

bo t h th e c a se s , the pa rtic le dens ity i nc re ases wi th t he 

i ncrease i n to tal sol i ds c oncent r a t ion i n t he co nc entr ate 

b e f ore dr ying. Th i s i~ due to th e f a c t th a t a hi gher t ot a l 

solids concentr ati on in th e co nc entr ate gives a h i h e r v i s -

co s ity and there by r e s ultin g in the for mat i on of b i ger 

pa rticle si ze f r om a tom iz er, a nd fin ely a h ig h er pa r t i c l e 

density. Furth e r th e va lues for pa rt i cl e de n s ity a r e 

s lightly gre a te r for s kim cho colate powder as c omp a r ed to 

double tanned cho colat e milk powder. for e xample, th e 

par t icl e density of s kim and double t an ned cho co la t e mil k 
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po wd e r s pr e pa r ed fr om 55 % t ot a l s o l id s c on t e nt s ar e r es e c i v e l y 

1.1 4 and 1 . 082 / l m • No wa r is va il able i n li t e r a t ure n 

t h i s asp ec t o f a r ic l e de nsity . Tabl e 7 p r e s ent s t h e 

st a tis t ic a l a na l ys i s o f da t a on pa r ti cl e de n s i ty . 

Tabl e-7 

A NOVA T 8 LE 

Sourc es d .f M .s .s . F c a l . 

Amon g Repl i c t e s 2 0 .01) 015 2 0. 42 4 

Among Typ e s (T ) 1 O oO 195 4 . 801 

Am ong To ta l s ol i ds (T .s ) 2 0 001 517 5 8 0 526 1 '* 

I n t e r acti on (T x T . s) 2 0 00 001 8 0 0 57 87 

Er r or 10 

** Si ni f ic ant 
t 

a f 5% l e ve l 

The re su lts r ev e al e d th t th e ef fe c t of to t a l 

s olid s i n t he conc e ntra te on t h e p rticle de n sity of powder 

is hi ghly significa nt . 

5.1.5. 4 Volume oc c upi ed by powder pa r ticles (%a ge ) : 

Th e da ta is aga in sh ow n i n Tab l e 4 . The vo l um e 

occ upied by the partic l e s %a ge) is foun d to i ncre a s e wi t h 

the increase in the total sol i ds in th e c on centr a t e , both 

in the case of skim milk and doubl e tann ed c hocol a t e mil k 

powders. furth er, th e values are sli gh t ly hi gh er in th e 

c a se of skim chocol a t e powder a s co mpared to th e v a lue s for 
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double to nned ch oc ol at e milk powder . Thi s i s tru e o r all 

the three concentr a t i ons . viz. 3 5, 40 an d 45% o ~ to ta· solids 

in th e co ncent ra t e . 

The s ta t i st ica l anal sis of data on volum e 

occu pie d by par t i c le s i s given in Tab le 8 . 

Tabl e-8 

A NOV A T .1\.B LE 

Sourc es d .f M .s ··- F c al 

Among Replicates 2 0. 0084 0000 9 

Among T pe s (T) 1 6 .37 2 4: o 10 9 

Among tot a l soli ds(T.S) 2 57 04803 64 or6 56 ·~ 

Int eraction (T x T .5) 2 0 . 1 9 50 Oo 21 9 

Error 10 

•~ Signific ant a t 5% level. 

It is evident from the r esults that t he e f fe ct of 

total solids concentr a tion in th e concentrate on th e 

volume occupied by powder particles is hi ghly signific ant 

at 5% level o 

Wettability: 

The average va lues on wett ab ility of c hoc ol ate 

milk powder samples have been shown in Table 4. Th e v a l ue s 

for wettability (in seconds) are found to be h igher for t he 

powder prepared from a lower concentration of total sol ids 

in the concentrate a s compared t o that powder pr e pa red 

from higher total solids concentration. This is true 
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both for skim as wel l as do ubl e t a nn e d cho col ate mil k powde rs o 

For e xamp l e , t h e wettab ility of skim mil k powder p r e par ed 

f rom 3 5% t otal solids co ncentration in th e co nce ntr ate wa s 

161 .1 and t h at prepared fr om 45% tot a l s olids con centr a ti on 

wa s 101 .0o S imi l a r obse rv at ion s has been r e port ed by p ·zvi 

(1 970) and I ngl e 1971) for their wo rk on re ul 3r s pra y 

dri e d powd er s . Further , th e data in i c a tes that the wetta ­

bility times f or chocolate milk powders prepa r ed fr om sk i m 

milk are ve ry much hi gher th an thos e prepared f rom doubl e 

tanned mil k o This dif fe rence in wet t ab ility c an evidentl y 

b e due to a higher t empe r a ture us ed in th e c a se of do ub le 

tanned c hoco l at e pow der , during th e course of mea sur emen t of 

wettab ility as de sc ribed under Mater i a l s an d ethods 4 . 0) . 

The value s on statist ic al an a l ys is o f data on wet tab il i t y 

are given in Ta ble 9. 

Sources 

Among Replic a tes 

Ta bl e 9 

ANO V TAB LE 

2 

Among Types (T) 1 

Among Tot a l solids(T .S.)2 

Interaction (T x T .S •) 2 

Error 10 

M • .s . 

42 0055 

32767 0 99 

20 88.22 

8180 001 

** Significant at 5% level • 

• 

F c a • 

300152 ** 
11.811 32 *"' 
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The r e su l ts were h ighly signif icant amon g t e 

typ e s of powd e r an d amon g to ta l s olid s con cent r ation . 

How e ver, the re s ults wer e statis t ic a lly s i ~ni f ic a n t am ng 

the int e raction betw e en type s of powder an t otal solid s 

concen tration in the concentrate 0 

5.1.306 D ispers ib ili tv z 

Table-4 showed the data on di s persibi l i t y ( i n 

grams) of skim as well as double tanne d cho c olat e buff a lo 

milk powders. It is evident from th e va lue s th at as the 

concentration of total solids in the c onc e nt r a t e i ncre a s=s , 

the dispersi bility of t he po wd er obtained also inc r eases . 

Rizvi (197 0 ) an d Syna l (1980) have also reported s imi l ar 

findings th a t the disper sibility of milk powd ers was 

found to increase with the increas e in the co n centration 

of total solids in th e concentrat e . In th e presen t i nve s ti-

gation t h is holds good both for skim and doubl e ta nned 

chocolate mil k powders. However, the va lues on di s pers i-

bility for skim cho col ate powders are slightly g r eater 

than those for double tanned chocolate mil powder s f o r 

the resp ective total solid co ncentration in the concen­

trate. To illustrate the slim and dou b le tanned c hocol ate 

milk powders obtained from th e co ncentrated containing 

45% total solids pa s sed th e values of 41.91 and 59. 4 5 

t ·vely for their dispers i bility. Stati ical respec i 
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a nalysis of data th d - on e i spersibi li ty o f chocola ~e mi l k 

P ow e r s am p l e s i s sh o 1J n in T ab 1 e 1 1) 
0 

So urces 

Tab l e - 10 

A ~J 0 v A T I g LE 

dof . 

mong Repl i cates 2 

Among Types (T ) 1 

Among Total solids(T . 5 ) 2 

Int er action (T x T .S) 2 

Error 10 

M . 5 .s . 

0 .1531 

29.235 

85.896 

10 7 91 

** Signific nt at 5% lev e l 

F c a l 

Oo128 

24 . 577 * 
72. 9 1 •* 
1. 510 

The analysis of variance on dispersi ility shows th t 

among the types of powders , there was a hi hly si nif · cant 

differenc e . The eff ect of to ta l solids in the co nce ntrate 

on the dispersi b ility was also st ati s tic a lly hi hly si ni -

ficanto 

5.1.3.7 Sinkabili t y: 

The average val ues of sin kability for skim mil k 

a s well as double tanned chocol at e milk powders have been 

presented in T ble 4. The da ta expressed as perce~tage 

· t 1·ndicate that th e values for skim chocolate transmit ance 

are comp aratively lower than those of double 
powder 

tanned 

from 2 

chocolate milk powder . 
~~~·J 

minutes to 6 ~s th e 

Further a s time incre ases 

va lues keep on decr easing 
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in all cases of total so lid concentration an th e types o 

powder in icating the r eby th t t e max imum opacity is 

obtained af t e r 6 m· nute s
0 

Comments on th e qu a lity of pow de r i 

se d on the bov e obs e r vat ion s on th e hysic r l 

propertie s of va rious mil k po wde r samp l es , it i s c onc l ude 

t ha t th e qua lity of powder ob t ained fr om 4 5% to ta l solid s 

c onc entr at ion i n conc entr ate is th a be s t . This is true both 

in the c ase of s im milk as we l l a s double tann ed ch ocolate 

milk powder s . He nce t h is particular concentration of 45% 

tota l solids w ~ll be utiliz ed fo r ma nufact ur e of in stant 

chocolate milk powder sam pleso 

5.1.4 Chemical properties of normal chocol at e 
milk powde r : 

The chocolate milk powders obtained from s kim an d 

double tanned buffal o milks (u s ing different conc e n t r at i ons 

~s , 40 and 45 % total solids in the co n c entr te) were viz. ..i 

examined for their ch em ica l properties like mo ist ur e , pH, 

fat, free fat and TB val ue. The r es ult s in d ic a ting 

their statis tical an a lysis are presente d below. The 

of a bo ve chemic 1 ch ar acteristics a re giv e n av e r a ge val ues 

in Tab le 11 • 



S . No . 

1. Mo i st ur e 

2. pH 

5. Fat 

4. Free fat 

5. TBA v a lue 

Average chemica l propertie s of chocol a t e powde r a s af fe cted 
by % T .S . lev e l in th e concentrate 

P articul a r s 
<:.ha L C'\ ct;l-«'. 

S kim chocolat e powder 
Tot a l solids %age in co n e . 

3 5% 40 % 4 5% 

Double tann e d COClie . powd e r 
Total s olid s %a ge i n cone . 
3 5% 4 0% 4 5% 

3. 17 3 .57 3 . 90 

. 90 6 . 91 6 . 91 

1.2 1.2 1. 2 

t! - -

3 .19 3 . 48 

6 . 90 6 . 91 

a.a a. a 

a. 9 9.10 

Nil Ni l 

3 . 84 

6 . 90 

a.a 

9.0 

Nil . 

~ 
m 
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Mois t ure • . 

Th e av e rage val ue s of mo i s tu re content i n the 

chocol ate mi lk po wder sampl e s a re i ve n i n Tab l e 1 
0 

Th e 

i nd ivi dua l va lu es ha ve be e n s hown i n ppendix I an 
0 

I t ca n be ob ser ved fr om da t a th at t he mo i sture 

content in the s kim chocol at e powd er sam p l es was gre a t e r 

when th e pe r centa ge of to ta l solid s in t he co ncentra t e 

before drying was hi ghe ro for ex am ple, th e moi sture cont en t 

in the pow der pr epar e d fr om 35% TS con cen tratio n uas 3 . 17% 

whereas the moistur e content in the powder pre pared fr o ~ 4 5 ~ 

to t al solids co ncent r a t i on wa s 3.90 0 The sam e tr end of 

moisture content was noticed in the case of doubl e tanned 

chocolate milk powder prep a red from differe nt tota l s olids 

concentration in the concentrate. Th e re a so n can be t hat 

with increase in concentr ation of tot a l s olid s , t h e pa r ticle 

size increases an d hence th e bi ge r p rticles a r e a l so 

able to retain more moisture in them during th e cour se of 

drying, more so becau s e th e res i denc e time in all c ases 

rem a ins the same. Rizvi ( 970) h a s al s o r ep o r t e d sim i l a r 

findings in his studies on non-fat spray dried powder fr om 

buffalo milk. 

The results for statistical analysis of th e data 

on moisture content is given in Table 12. 
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Tabl e 12 

A OV A TABLE 

Sources '=' c 
• ..,J. • "" • F c a l . 

A~ong Repl i cate s 2 

Among Types (T) 1 0. 016 8 

Among Total solids(T .S.)2 

Interaction (T x T .5) 2 9,99127 0.006 

Error 10 

** Signi f ic a nt at 5% level 0 

It is evident fr om the value s th at ther e is hi ghly 

significant differenc e among the to tal solids con c e ntr ct ions 

5 • 1 • 4 • 2 . pH : 

Th e values for pH hav e been present ed in Tabl e 11. 

It is seen from the da ta that the pH value s were the sam e 

both for skim milk and double tanned chocolat e buffalo 

milk powderso Further, there was no difference in th e pH 

values for variou s milk powder samples obtained fr om thr ee 

different concentration s rations (35, 4 0 and 45%) of total 

solids in the concen trate before dryingo The aver ag e 

values of pH varied between 6 090 and 60910 How e ver, no 

inform ation is trace ab le in literature on this p a rtic ld~ 

aspect of study. 

fat: -
The average va lue of fat content for skim milk 

chocolate powder was 1.2% whereas the value for do ble 

tanned chocolate powder was 8.8% (Table11). It c a n be 
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obser ve d fr om th e t ab le th a t th e co nce nt r at i on o f to ~ al 

s olid s in th e concen t r ate be f ore dry ing does not mad e a nJ 

difference in the f a t content of drie d p r od uct
0 

I t go e: 

witpout sayin g th a t a higher v a lue of f a t co n t e nt in t~~ 

double tanned chocol ate milk powder is the ou t com e of a 

hi gher orig inal fat co nte nt i n the i nit ial mil k
0 

5.1.4.4 Fr ee fat an d TBA v a l ue s : 

Th e e s timation o f fre e f at a nd -B A v a l ue was 

c a rried out in the c a se of do ub l e tanne d chocol a t e mi l k 

powders only. The data ha s be e n pre s ented in T able-1 1~ 

The free fat content in all the powder samp l es (pr ep a red 

from the different concentra t i ons o f to t al s o l i d s i n th e 

concentrate viz. 35, 40 and 45 %) wqs a lm o st th e s ame a nd 

of th e order of about 9% on the total fat b a si s . Howe ver , 

the measurement of TBA value indicat e that no 5-h ydr o x ~ 

methyl furfur a l h a d bee n f o rmed ~n all the milk po wde r 

samples 0 This is obviou s bec a use t h e powd er s ample s a r e 

fresh and do not contain a hi gher f a t cont ent a n d thereb y 

no flavour changes h av e oc curr ed in the samples. Alth ough 

many workers have estimated the TB A values of milk powde rs , 

but no work has been done on chocol a te milk powders. 

5
0

2 Production of instant spr ay dri ed chocolat e 
·buffalo milk powder: 

As we have standardized the concentration of to t al 

solids in the concentrate to be 45% (described earli e r), 

this particular concentrate was subjected to i nstan t d r yin g 
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as pe r th e me th od des cribed under Mat ri a ls an d ~e th o d s . 

Th · e in s t a nt powders we re pr ep ared f rom thre e different 

s peeds of the a tomizer (10 , 000 , 15 , 00 0 nd 20 , 000 rpm to 

fi nd out as to which speed pro duces the b est q u a l i ty 

pro duc t . The atomi zer sp e ed of less than 10 , 0 O r m was 

a l s o t r ied ; b ut i t resu l ted in improper at om i z ation of 

co nc e n trated mi lk pa rticles and choking of atomiz er ow i n 

to a h i h er vis cosity of the co ncen t rate . 

Vi~ co si ty of th e conce ntr a te us ed for 
i nstant s pr ay dr y ing : 

The c oncen t r ate mi x me a nt f o r instant s pray 

dryi n g was seeded wi th fin e grade lactose an d was star d 

f or 1 2 t o 14 hour at 5°C with s l ow a ita t i on for lac tose 

cr ys t a l isat i on . Th e v isco s ity of th e i x was measur e d 

a f te r s t orag e by sto r me r s v is c ometer . lh e va l ues of v i sco -

si t y was me as ur ed as se c onds / 00 r e vo lu tions . The aver a ge 

time t ake n for dou ble ta nned mix was 1 42 sec/1 00 rev o lu t i ons 

an d th at of sk im choc ol ate mix was 1 44 sec/10 0 revolution s . 

It wa s po s ib le to sp r ay dry a l l th e abov e mi xes . 

Th e q ua l itat iv e e xami nat io n of con c e ntr a te und er a 

micr o sc ope s how ed the prese nce of l actose c rys t al s form ed 

in t h e co nc ent rate as r e s ul t o f seedi ng an d s to r a e at low 

t em pe r a tu r e . 

5.5 Physico- ch e rnic 1 ch a r acte r ist i cs of i n s tant 
cho co l a t e milk powder s: 

Th e cho c ol a te mil k powder sam pl es (fr om both 

skim a nd doubl e t ann ed c ho co l ate buff a lo mi lk ) prepared 



Sr. 
No. 

1 

2o 

5o 

4. 

5. 

6. 

7. 

Table 13 

Av e rage physic a l propertie s of inst a nt chocol a te po wde r as 
af f ect e d by r.p.m of a tomiz e r 

Particulars 

Solubility Index(ml} 

Bulk density(g/ml) 

Particle density 
(g/ml) 

Volume occupi e d by 
powder particles(%) 

\J ettability (se c) 

Disp er sibili t y (g) 

Sinkabili t y 
(% tran s mittance ) 

After 2 mtso 
A ft er 4 mt s o· 

After 6 mt s o 

Skim chocolate in s tant 
powder 

Atomiz e r s peed 

10,000 15,000 20,000 

t.a 
0.63 

1.521 

55.09 

14 

4 9021 

7.3 
9.2 

11.0 

2.1 
0 .62 

1.289 

55.41 

17 

4 Bo 26 

8 0 4 
806 

908 

.2 .4 
... O·t-5'9· 

1.250 

so.20 

18 

47.7 

9o7 
13.7 

13.5 

Double tanned chocol ate 
in s t l(l nt powder 

10,000 

2.3 

o.s o 

1.519 

55011 

4 

4 8 . 81 

7.7 
10 

9.5 

Atomizer speed 

15'000 

2.s 
Oo58 

1.278 

52 .13 

6 

47.62 

9o0 
9 .7 

11.2 

20 , 00 0 

3.0 

0 . 54 

1.2 4 8 

50 " 94 

7 

47037 

9 .7 
10.s 

14 .0 

co • -



ab ove were exami· n d fo r th · e ir p h ys~co - chemi c al char a ct E~is ~ ics 

to as sess thei r q uc- l_i ty d th a n e re s ul t s are p r esented 

below: 

5.3.1 Ph y s ic a l propert ies o f instant choco l a t e mil k 
powders: 

The chocola te mi lk PQ~der s amp l es prep a r e d fro m 

45 % total solids co nce ntr a ti on i n the c oncentr ate us ~ ng 

three dif fere nt spee d s of atomizer (1 0 , 000 , 15, 000 an d 

20,000 rpm ) were studied f o r thei r physi c a l proper ties 

vizo solubility i ndex, bul k densit y , p a r tic l e de nsity , 

percentage vol. oc c upied by powder pa rt icles , we tt a b ~ li ty , 

dispersibility and si n kability . The ave r a ge v l ue s of the 

results are pre se nte d in Ta b le 130 

Solubility index: 

The data on solubility index of chocol a te milk 

powders has been presented in Tab le 13 for t he th r ee 

different speeds of the atomizer. It is evident from the 

v a lues that a highe ~ s peed of atomizer pro duce d powder 

samples with a hi ghe r solubility inde • This is tru e 

both for skim as well as doub le tann ed chocolate mil k 

powders. This i s due t o th e f act that a hi ghe r sp e ed 

of atomizer produces co mp ara t iv e l y sma ll e r milk pa rti cles 

as comp a red to a lower speedo The r emo va l of moistur e fro m 

smaller milk particles i s q ui cke r an d t~ere by more he a t 

damage by the drying air. This in term brings ab out he at 
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den aturatio n of t he prote 1·ns and a l ower solub ility of the 

powder . Simi lar ob s er v Rt1· ons h ave b een r eoo rt e d by Rizv: 

(1 970 ) and Ingle ( 97 1 ) in th e ir studie s on non - fat ins art 

buffa lo milk powder . 

Table-14 

Stat is t ic a l an~ly s i s of d ata on so l ubi li ty 
index of i nstant cho col ate p ow der~. 

Sources d . f 11] • tC .s • F c al o 

Amo n Rep l i cat e s 2 0. 04EEE 0 29 

Amon Typ s (T ) 1 1 03 88 3 3 oE 02 •t-

Am on Spe eds (~ ) 2 0 . 606 1 4 . 6 7 ~~ 

Int eract i on T x s) 2 0 00155 0 . 376 

Erro r 1 0 

* Si gnific a nt a t 5% le ve _. 

Statistical nalysis of data on s olubility 

index is shown i n Tab l e 140 I t i s s ee n from th e d a t th a t 

the difference in values was sig n ~fi c a nt at 5% l ev el amon 

typ es of powd e r and amo ng sp ed s of atomizer . 

Bu l k density: 

The results on th e aver ge va l ues o f bulk 

de nsity hav e be en g iv e n i n Table 1 5 . Th e dat a r eve a ls 

t hat the bulk density o f choc olate mil k powder sa p l es 

decreases with th e in cre a se i n speed o f atomizer . Thi s is 

tur e in both the types of powd e r v iz . s im mil and double 
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tanned chocolate milk powd e r . Furth e r, th e value s f o r 

sk im mil k pow ders are com para t ively sligh t l y hi gher th an 

those for double tanned mil k poweer
0 

Thi s is obviou s l y ue 

to the difference in their f at contents . Fo r e xam ple , fo r 

a s peed of 20,000 rpm of the atomizer, th e va lue s o f ~u lk 

density for skim and double tanne d chocolate mil k powders 

were re spectively 0 . 59 and Oo54 express e d as g / ml . Riz v i 

(1970 } an d Ingl e (1971) in th e ir work on instant buffa l o 

skim milk powders have also reported such differ ence s 

which resemble our findi ngs . 

Table 15-

Statis t ical a na lysis of dat a o n bu l k density 
of instant ch ocolat e powder. 

Source s dof e M .s .s . F c al . 

Among Repli.d a tes 2 o . 000 038 00 66 

Among Types (T) 1 o.oos4ss 143.49 

Among Speed of 2 0.00335 56 0 98 
Atomizer ( ) 

-~ 

•* 

Interaction (T x s) 2 0 . 0000666 1.1 3207 

Error 10 

** Significant at 5% levelo 

The ·analysis of vari ance (Table 15 ) gives the 

statistical interpretation of data on bulk density . It can 

be seen that there is a signifidant difference at 5% lev e l 

h t f Powder and among the speeds of atomizero among t e ypes o 
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Parti cle densit y : 

Table- 13 s hows th e ob erv tion s r eco r ded on 

parti cle densit y of chocolate mil k powser s
0 

It c a n be 

s e en fr om th e average va lues in th e table tha t t he par~ic:e 

densi t y of powder decre a ses with t he i nc reas e i n speed of 

atomiz e r . Thi s holds good in bo th skim as well as dou ble 

tanned chocolate mil k powders . Furth e r, the c o rr e~pond~n ~ 

values for pa rt icl e de nsity of sk im mi lk po u der ar e v e r y 

slightly higher than tho se for double t anned chocol ate 

milk powd er . Although , no work e r has war e d on the c hocolate 

mil k powd er , but Rizvi (197 0) an d In gle \ 971 ) i n th e i r work 

on instant non-fat buff a lo mil k powd er h a ve r e ported simil a r 

obser vations . 

Tab le-16 

Statistica l a nalysis of data on partic l e 
dens ity of instant chocol a t e p o w der ~ . 

Sour ces d 0 f M • .s . F c al a 

Among Re lic a tes 2 0. 000184 2 0 52 

Among Type (T) 1 0 . 00 0102 1. 4 

Among Atomizer 2 0 . 00711 97 . 12 ..... 
r.p.mo ( ) 

I nt eraction(T x 5) 2 o. 000 zo 0 . 16 

Error 10 

** Si gnificant at 5 ~ l evel o 
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Statistical analysis o f th e d ta on p rtic e 

density i s gi ve n i n Table-16 . Th e r es ul t s r e v e a l that 

am on g th e a t omizer sp ee ds , there i s s i n if ica nt d~ f f=~ ~nce 

at 5% level . 

Perc e nt vo l ume oc c upied by powder pa rt icles : 

The ave rage values hav e been r ep o r ted · n able - 1 . 

I t can be s ee n from th e data that th e pe rcent volu e 

occu pi ed by th e powder partic l e s hows some de cre a se u~th the 

increase i n th e spe ed o f atomiz er . For ex mp l e , i n ~h2 

c ase o f skim milk powder th e val ue decre a s es fr om 5 5
0

09 to 

50 020 wh en t he s peed o f atomiz er is in c re ase d f r om _o , a o 

to 20 1 0 00 rpm. A simi l a r tr e nd in the valu es i s ob ~e rv e d 

for double tann e d c hocol a te mil k powders . However , there is 

almost no differ en ce be tween the va lues of skim an oub le 

tanned milk powders . Rizvi 1 970 ) a nd Ingl e (1 97 1 ) have 

re po rted similar fin d in gs during th e ir i nvestig a tion on 

inst~nt sk i m milk powders . 

Tab le 17 

Statistical an a lysis of data on volume 
occupied by powder particles of in stant 
chocolate powder~ , 

Sources d.f 1 .s .s F calo 

Among Replicates 2 14 .28 10437 
Among Types (T) 1 7 0 38 Oo743 
Among rpm of atomizer 2 40 .87 40113 ~ 

~s) 
Inter a ction (T xS) 2 5 .98 Oo401 

Error 1 0 

• Significant at 1% l e velo 
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The an ly s i s of va riance t b l e 7 r e e n ~s t he 

s t a t i st i ca l i nt e r pr e t · t i on o f th e dat a on t h e v o l um2 

oc c up i e d by powd er pa r t ic l e s . I t i s cl e a r f rom th e r 2 ~u l t ~ 

t hat th e di~fl ~ ~ e a ee i s s i gnif ic mt (at 1% l e ve l j on l y 

amo ng t he ato mi z e r s pee ds . 

ett a b i l ity : 

The o b ~ e r v a t io n s on we t t ab ili t y h a ve b ee n show n 

in Ta bl e 1 3 . I t c a n be s e e n f r om t h e a ve r ag e v a ue s t h a t 

wet ta b i li t y t im e i ~c r e a s es w ~ th t h e i ncr e s e i n t omi ze r 

s peed. Th is holds good in bo th t h e ty pes o f O' er s 

viz. skim an d double tan ne d . Howe ve r, t h e v a lue s fo r 

we ttabili t y tim e s a re c ompar a tiv ely mu ch h igher f o r s k i m 

cho colate mil k po wders as c o . p are d t o t ho s e dou ble tan ned 

cho col a t e milk po wd e rso Thi s i s due to f act t h a t e asu r ement 

for skim milk po wde rs hav e be e n mad e a t 2 0°c whe re as f o r 

dou b le t an ne d chocol a te milk powders a t 40°C . Th e we t t a ­

bi li t y t ime na t ur a ll goes down at an e l e va t ed te mp er a t ur es
0 

Rizvi (197 0 ) an d I ngle (1971) h a ve r epor t ed c omparat i v e l ! 

high e r va l ues of we tta b i lity time s t han o ur va l u e s in t he 

pre s e nt inv esti ga tion. The diffe r enc e c a n be a t t r i b ute d 

t o the composition a l d i f f ere nc e i n t he powd er s an more so 

presence of sug a r in our produ ct . Of cour se t hei r wa r 

was on instant skim buf fa lo mi lk po wd e r s. 

St a t istic a l a na l ysis of th e data on wet t ab i l it y 

of powd e r s am ples is g iv e n in Tab l e 1 8 . I t i s ob s e r ved 



Table 1 8 

St at i s tic a l analysis of d ata 
o f i nstant cho co l a t e powder s 

on wet tab i li ty 

Sources d .f. M . S . ~ . F ca l . 

. Am ong Rep l ic ate s 2 10555 2 . 05 8 

Amon g Typ e s (T) 1 5 33 05 5 7 06 01 7 ¥ ..t· 

Amo ng Ato mi z er(S ) 2 1 5. 3 88 
rpm 

I nt e r ac t io n (T x S ) 2 2.os 2 07 20 

** S i gnifi c ant at 5% level . 

88 

t h at t he re i s si gn i f icant di f f er enc e (a t 5% lev e l ) .:. n 

wettin g t im e s of t he t wo t y pes of powders an d amon g t he 

a tomi z er s peed s . 

D isp er s i b i li ty: 

The av e r age v a lue s on d isp er s i b il ity e xpre s se d i n 

grams have been shown in Tabl e 1 3 . It c a n be ob ser ved f rom 

th e d ata th a t th e d i s per s i bi l i ty v a l ues dec r e a s e s lightly 

with the i ncre a s e i n a to mize r sp ee d , bo t h in t he c a se 0 1 

s kim a s we l l as doubl e ton n ed choco l at e b uff3 lo mi l k 

powder so For exa mp le , i n t h e c a se of s kim mi lk powd e r , 

th e value dec r ease s from 4 9 . 21 t o 47 07 0 whe n tw o atomiz e r 

sp e ed wa s inc r e a s e d f rom 10 , 0 0 t o 20 , 0 00 rpm. Betwe en the 

types of powders, i t i s obse rv ed th a t th e disp e r s i bi lity 

values were comp arativ e ly sli ght l y gr eater i n th e c ase of 

s kim milk power as comp a r e d to doubl e tanned mi l k powder . 
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Riz v i (197 0 ) a nd n ~ le ) ) 871 have al so r ep orted diffe:ences 

on dispersibility values of i n stant pouders a s r 0 s ult o f 

c han ge in atomizer speed
0 Th e ir f i n i ngs r es e . ble o ur 

o bs er vat ion s on instant cho co l ate mi l k powders 0 

Tabl e - 19 

Stat ist ical an alysi s of dat a on disp ersibi l i t y 
of instant chocol3t e pow ders 

Sources d . f M . _ . c . F c a l . 

Among Replic a tes 2 0 .0571 1 0 . 1487 9 

Among types (T) 1 0 . 388 8 2 . 576 2 

Amon R .P .M • of (S ) 2 8 . 862 8 032 3 
Atomiz e r 

I nteraction 2 0 0 816 2 4 0330 

Error 10 

** Signific ant at 5% level o 

~ 

Stat ist ic a l an a lysis of data on dispersi b ility 

of powde r is given in Table 19. The r e sults i n dic te that 

the r e is significant differ e nc e i n dispersibility at 5% 

level among the different sp eeds of a tomiz e r. 

Sinkability: 

The data shown in Tab le 13 h as prese nted the 

average values for sinkability of the powder samples. I t 

is evident from th e tabl e th a t th e v a lues increases with 

increase in me as urem ent times in all th e three s peed of 

atomizers. This is true in bo t h the t yp es of powders , i.e. 
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skim as we ll as double tan ned powd ers . F h urt er , the Vdlues 

are found to be incr e - s ed when th e spee d of atom i z ~ r i s 

in cre a sed . Also it i s ob e r ve d t h t th e values a re 

parati vely lo we r in th e c as e of skim milk powde r s 

corn-

compared to tho se f o r double tanne d powders . Rizvi ( 7 1 

a nd In gle (1 971) i n th e ir s t udi e s on non - f at instant 

buff a lo milk po wders ha ve r e port ed simi l ar trend of values . 

How ever, their values we r e somewh a t hi her t h an our values 

an d thi s ca n be attr ib ut ed t o th e compositional d i f fe rences 

of the powders. 

Comm e nts on q ua lity of powder : 

The foregoin g inform tion on physica l ch aracter -

is t ics of inst a nt chocolate buffalo milk powde r s i ndic ates 

that good quality skim as we ll as doubl e tan ned ch oco l te 

milk powders can be prepared conforming to th e d es i red 

A.D.M.I specifications for instant powders with r es pec t 

to dispersibility. Further it c a n be con c lud ed from the 

results, that a lower speed of 1 8 ,000 rpm o f t he atom i zer 

produces a superior quality o f powd e r posse s s ing a h i her 

solubility, disp e rsibility and wettability cha r acteristics 0 

5.3.2 'chemical char a cte r isti c s of instant 
chocolate powder: 

Skim and double tanned ins tant chocolate milk 

powders were exa mined for their moisture, pH, f at , fr ee 

fat and T .8 .A. values. Th e re s ults are pre sen ed in Tab e- 2 0. 
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Table 20 

Aver ag e chemical properties of in s t ant ch o col a t e po wder as 
affecte d by speed of atomizer. 

Particulars L • Skim in s tant powder Doubl e t a nn e d in s t a n t po1Mier 
5 Qee d of atomiz e r i n rpm 
10,000 15,000 2 0,000 1 () ' (') f) (') 1 s' 000 2 0, 000 . -

Moisture 4 . 6 7 4 045 4 o1 4 06 4 015 3 0 86 ... 

I 
I . 

6 09 6 09 6 09 6 09 6 09 pH ' 609 
I I . 

, ..... . I r 8 08 8 .8 Fat I 1.2 1o2 1.2 8 08 
I In. . 

Free fat t - - - 10ol 1 0 08 11.0 

• . 
Nil Nil l\J il 0 ,. TBA value - - -

w 
~ 
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Mois t ur e content: 

The av e ra ge value s of moi st ure content in skim 

and double tan ned instant powder sampl es ar e p r e sented i n 

Table 200 The r es ults in dicate ind i c a te that t he pow der 

samples obtain ed with a higher speed o f atom iz er con tained 

compara t ively le s ser moisture content. The trend is 

similar in both the types of powder. For ex ample , sk im 

chocolate powder prepared with 20,000 a nd 10,0 O atom iz e r 

sp eeds po sses sed a moisture conten t 4.1 a n d 4. 6 7 re spectiv e~ 

on an average. The re a son for a low e r moi s ture co n en t 

for a higher atomizer speed is due to th e f act that th e 

milk particles will be sm a ller in size and a be t ter d- in g 

will result. Since the residence time is kept co n s ~a nt 

therefore, the moisture content in big er milk part icl es 

(from tow atomizer s peed of 10,000 r pm ) wil l be co m arat i ve l y 

more bec a use o f le sse r eff i cie ncy i n dryin g . S i milar 

findings have been re po rted by Rizvi (1 970) an d In le (1971) 

in their studies on instant buffalo milk powder. 

Table-21 

Statistical analysis of data on moisture content 
of instant chocolate powders 

Sources d 0f M .s .s . F cal. 

Among Replicates 2 0.0062 0053166 

.Among Types (T) 1 o.2s20 1 5 04859 ** 
Among rop.m. .~tomiz e r 2 0 0 565 30 0159 •• 

(5 ) 
Inter a ction (T x s) 2 0 0 02 92 10544 

Error 10 

• Significant at 5% level. 
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St ati stic a l ana ly s is of th e data on mois t ure 

conten t i s s ho wn in Tab l e - 21. It c an b e ob ser ve d t hat the 

e f fe ct of t ypes of pow de r and th e at omiz e r sp eed i s hi hl y 

si n i ficant on t h e moi st ur e con t e n t o f the powd er sa p es . 

The av e r a ge val ue s of pH for t h e va ri o us mil k 

powder s amp l es a r e gi ve n i n Table- 20 . Th e r e su t s i n d i cat e 

th a t there is no d i fferenc e i n t he pH va lu e of skim a nd 

double tanne d inst ant cho co l ate powders a n d a ls o t he 

at omi ze r spe e d ha s no ef f ec t on the pH va lu e of powde r 

samp leso On an av er ag e, th e pH va l ue f or t he samp l es was 

obse rv e d t o be 6 .9o No in f or ma tion i s av ai l ab le in 

lite rature on pH value of i n s t an t cho col ate b uff a l o mi l k 

po wders. 

5.3.2.3 Fat, fr e e fat a n d TB v a l ue s : 

Th e r e s ul t s on f a t a n d f r ee f at c ontent s of 

in stant cho col a t e powd ers a r e sho wn in Tabl e 20 . I t c a n 

be s e en from th e da ta that th e f a t co nt e nt in s kim an d 

double tanned cho c olate pow de r s was 1. 2 and 8 .8 r e sp e c ~ iv e l y 

on an a v e rage. Furth er, t he at omiz er s pee d doe s no t mak e 

• a ny di f fer enc e in th e f a t conte nt o f th e produc t obt a i ned . 

Free-fa t content a s exam ·n ed ·n t h e c a se f 

ouhle t onn e ch o c ol a e wder onl v . Th v a lue s 'n c a 
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at the arn o nt of fr P0 - f a t .:.n thP ul rl ncr e se s t 1 I 

"th a n . 
ncreas e n atom i z er s eed . To illus t rate, th e 

fr ee f at c ontent in th e powder sa111ples prepa red with ato i z e r 

speed s of 1 0 , 00 0 a nd 20 , 00 was r es ectivel y 10 . a n . G 

TBA values were es imated in th e f r esh double 

tanned chocol a te mil k powder sa ples
0 

No me su r eab e 

am ount of 5-h yd ro xy -m ethy l furfural f ormed i n t h e s amples 

coul d be ob se rved. 

5.4 uality o f choco l a te mil k powder a ft e r 
recons tit ution: 

The best quality normal spray dried ch ocol at e 

milk pow ders as wel l as th e best qua l ity instan t spr ay 

dried ch ocolate milk powders were e va lu a t ed for th ei r 

v iscosi t y an d sedim e nt content s aft e r r econstitution . The 

re as on being th at the se t wo properties are a measu r em e nt 

of the quality of r ec onstitut ed product. 

1. 

2. 

Table 22 

Viscosity and sediment of r econstitute d cho co l a t e 
milk from norm al sp r ay dried cho co l a te powder a nd 
instant chocolate powder 

Ty pes of powder Visco s ity Sediment .. (_ rr J 

Normal spray dried 
chocol ate powder 

a) Skim 10.ss 7.0 
b) Double tanned 10.6 9 7.2 

In stant chocol a te powder 

a ) Skim 10.59 10.2 
b) Double tanned 10.91 10 06 
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5 . 4 . 1 Vi s co s i ty o f r ec on stituted chocolate milk : 

I t i s ob erv ed f r om th e va lu e s r e ported in 

Tab l e- 22 t hat t here i s alm ost no d ifferen c e i n t h e v· s ­

co s ity of r e c on s tituted mil ks p r e par e d from ski 2n d do ub e 

ta nned i nstan t c h o c o 2t e mil k po ~ d er . Fur t her , no 

di ffe r e nc e s we r e observ ed in th e v a l es o f v iscosity 

fo r t he r ec ons t i t ut e d mil k p r e pa r e d fr om r e g ul a r spray 

dried an d ins ta nt spr a y drie d po wde rs . Th e v i scosit va l ·es 

fo r skim mi l k powde rs ob t a i ned by r e u l a r a n i ns tan~ 

s pr ay dry i ng me tho ds wer e r e spe ct : ve l y 10 055 a n d 0 . 59 

e xp res s ed in c e nti po i se . 

Sed i me nt i n r ec ons t i tu te d c hoco l at e mil k : 

Th e a vera ge va ues f o r se di me nt obta:ned in 

c ho c ol a te reco nstit uted mil k sampl e s , aft e r a stor ag e 

of 12 to 14 hr in a r e f ri er a tor ha ve be en s hown :n 

Tab l e 22 0 I t is cl ear fr om th e r es ults t hat i ns t a nt 

r e con s titute d c hoco l a te mi l k dep os i t ed mo r e s e ' i ent as 

com pare d t o re gula r s p r ay dried r e con s t i tu t ed choco l a te 

milk. For ex amp l e , t he r ec onst i t u t ed s ki m mi l ks p r epa r ed 

fr om inst ant dri e d an d r e ul a r sp r ay dr ie d met h od s 

po sse ss e d the s edim e nt v a lu e s ( i n ml) o f 10 o4 an d 7 o J 

r espect i velyo 



A hi gher se dim e nt fr om instant po wde r s c a n b e 

attributed to a higher hea t da ma ge c us ~ d in single ­

pas s instantiz a ti on a s com a red to no rm al spr a y d r yin • 

The hi gh er heat damage is th e r esult of more t i me t aken 

dur in g th e dr ying proc ess in t he ca se of instanti z atio n 

method , a l though th e t empe r a t ur e of dr y ing is th e same . 
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ND CO,JC LUS IO S 

6 .1 Signific ne e of t he present i nvesti a t io n an 

i ts co mmercial i mpor t anc e ha ve been brou gh~ out und e r 

th e ch a pt e r of 'Introduction' (1 . 0) 

6 .2 criti ca l revi ew of lit er a ture with sp ecial 

ref er s nc e t o instantiz a t i on methods and physi co­

ch emi cal ch aracteristic s of i nstant mil pow ders has 

be en made un der Ch apter-2. 

6 0 3 Buffalo milk samp l es wer e obtain ed from th e herd 

maintained at the In stitute' s Farm. Processing of il k 

was carried out a t t he Expe rime nt a l Dairy of th e 

Institute to prepare normal spray dried as ell a s 

instant spr ay dried powde rs us i n both buffa lo sk i 

milk an d buffalo double tann ed milk. 

6 .4 The concentration of mil as carried in the 

vacuum pan a n d th e additions of cocoa powder , su a r, 

and ~ stabilizer wer e made to achieve th eir 1.5, 6 . 0 

and 0.2 percent conc entrations resp ectiv e ly in th e 

final reconstituted chocolate milk. 

6 .5 The samples of milk po wders produced a b ove 

were ex amined for their quality evaluation with respect 
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to physical pro pe rtie s li ke sol ub ili t y index , bulk 

de n s ity , particle de nsity , vol ume oc c up i e d po wder 

partic le s , wet t abi l i ty , di sp e r sib ility and si n kabi l ity . 

Th e c hemical propertie s stud ied i ncluded mois t r e 

content , pH , f at , fre e fat , and T8 1 va l ues
0 

The meLhods 

u s e d for th e est imation hav e bee n de s cribed un der the 

Ch ap t er 4 . 0 

6 . 6 The be s t conc entr at i on of to ta l so l ids i n t h e 

conc entr ates mix be f or e dry i n wa s se l e c t ed o n the 

basi s of th e q ua lity of norm l s pra y dr i ed c hocol3te 

milk po wder . For t hi s pu r po s e , th r ee c onc e nt ration 

of tot a l solid , v iz . 3 5 , 40 and 45 % we r e tried . I t as 

obser ved that a conc entr a tion of 45~ T:O i n th e concen -

trate yie l ded th e be s t resu lt s . 

6 .7 For th e production of inst ant sp r ay dr i ed 

chocol ate milk powders , t he conc entra t e d mi x cont a inin 

4 5% tot a l solids was seeded with f in e rade l a c to s e , 
0 

held for 12 t o 14 hours at 5 C and then s ubjecte d to 

instant drying usin three di fferent s peeds (10 , 000 , 

1s , ooo and 20 , 000 rpm) of th e atomize in a sin l e- pa s s 

instant assemblyo 

6 . 8 Atomizer s peed of 1 , ooo rpm was foun d to 

produc e the best qual i ty ins tant powder both fro m skim 
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as well as double tanned c hoco late buf f al o il ks
0 

The 

q ua l i t y of t h e dr i ed product was ad j ud ged on th 2 basis 

of phys ic a l c har acteri st ics with spec i al emphasis on 

so l ubi l ity , i nc luding wettability , dispersibi l i ty and 

s i n kab il i ty . 

6 . 9 Th e samp l es pr ep a red i n the present i nvestiga t i on 

we re obse rv ed to co nfo rm t o th e .O .M . I . spec i fic at ions 

on i nst a nt gr a de powders per t a i n i n to t hei r dispe rsi ­

b il ity and moist ur e c onten t . 

6 . 1 0 In t he li ght of ab ov e , i t is c on c lu ded that a 

goo d quali t y i nstan t c ho co l ate mi l k powder c a n be 

pre pa r e d from b uf f a lo s kim mil k and buff lo doubl e t a nned 

mil k usin g a si ng l e- pass i nstant iz at i on method . 
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Appendix I 

Details of effect of v a riation in percent ~mtal solid s in 
skim concentrate on quality of n o rmal powder 

Characteristics 55% 40% 45% 35 40 45% 
I II 

1 o f'loisture (%) 3o24 3 .521 4.1 3.3 3 .7 3 . 8 

2. pH 609 6 .9 609 6 . 9 6 09 • 9 

3. F a t %age 1o21 1.21 1.28 1.41 1 .48 1.39 

4 0 Solubility Index(ml) 1ol 1 . 3 1o5 1.3 1.5 

35% 40 
III 

3 .1 3 .5 

6 . 8 6 .6 

1.2 0 1.9 

1 . 3 1. 4 

5. Particle density(g/ml) 1 .11 52 1.1847 1.225 

1.2 

1 . 128 1.145 1.1 921 1.10 1 1.17 32 

6 0 Bu lk den s ity (g/m l) 0 . 62 8 Oo F 8 O o 7 32 o . E 31 0 . 661 0 . 758 0. 6 1 21 o. £52 

7 0 Vol. occup ie d 550281 570911 62 .5 2 57.12 58.21 1.21 55. 31 57 . 62 

45 ;o 

3 .7 

• 8 

1 . 20 

1 . 5 

. ~07 

o. 7 3 

1 0 50 

8 0 IJ et tab ili ty 2 mt" 1 mt . 1 mt . 2 mt. 2 mt. 1 mt . 2 mt. 2 mt . 1 mt. 
32 sec . 58 sec . 31 sec . 52 sec . 1 2 se c . 40 sec . 39 sec . 0 s ec . 5 2 sec . 

9. S ink ab i l ity (% 
After 2 mt s . 
Aft e r 4 mt s . 
Aft er 6 mts o 

t r a n s mi t ta n c e ) 
14 . 0 
12 .1 
11 0 3 

10 . Dispersibility (g) 34 021 

1 3 . 8 
1 1 0 5 

10. 8 

3 8 . 72 

1 2 v5 
8 .2 
8 . 3 

42 .1 2 

1 3 o7 
11 0 8 
11 • 0 

33 . 21 

1 3 .5 
11 • 4 

1 3 . 1 

37 . 51 

1 4 . 8 
8 . 4 
9 . 0 

4 1 . 21 

14 .1 
11 0 8 

11 0 1 

34 . 21 

1 3 . 9 
11 . 7 

1 0 . 1 

39.2 1 

1 1 0 9 

8 . 3 
8 . ;::. 

92.2 0 



Appendix II 

Details of effect of v a ria t ion in p erce n t tot a l solids in 
double tann e d conc e ntrat es on q uality of norm a l powd e r. 

Ch ar acteristic s 35 % 40% 45% 35% 45% 4-5% 35 % 4 b% 45 

1 . Moistur e (%) 3o12 3.41 3.81 

2. pH 6 . 90 6 .91 6 .91 

3. Fat %age 8063 8064 8 061 

4 . Free fat% 8 01 29 8 092 3 90237 

5. Solubility Ind ex (ml) 1.2 1 0 5 1.8 

6 . Partic le den s ity(g/ml) 1~07 11 1 . ]54 1. 20 1 

- j l! 

3o20 3 .35 

• 82 • 83 

9o12 9 0 21 

7. 94 8 0'4 2 1 

1. 4 1.6 

3. 7 9 

. 8 2 

9 . 0 1 

8 06 71 

1o7 

3.21 

6 0 90 

8 .14 

8 . 032 

lo2 

1 • 1 0 81 1 • l 4 51 1 • 1 7 4 1 1 • On 8 

3 . 6 8 3 . 94 

0 90 • 90 

8 . 64 8 0 82 

8 05 21 9 . 4 21 

108 1 0 8 

1 . 17 2 1 1 . 1 64 

7. Bulk density (g/ml) Oo621 0 0 640 7 0 .7 069 Oo6 31 0. f3 54 0 . 6892 0 064 28 0 . 6 821 0 07 22 2 

8 0 % Vol. occupi e d 

9 lJ ettability (sec . ) 

1 0 0 S inkability (% trans -
mitt a nce) 

Aft er 2 mt s o 

After 4 mt s . 
Af t e r 6 mt s . 

l lo Oisp ersib jlity( q ) 

54.21 

5 2 

17. 8 

15 0 2 
1 3 o0 

?) 3 . 81 

Sn • 1 ' 

48 

16 . 8 

:t 501 
15. 

35 . 21 

10 90 

44 

1 5 0 5 

1 4 .1 
1 2 0 8 

38 022 

58 .1 2 

49 

8 00 

16 . 4 
1 5 . 2 

32 .1 

57 . 1 

4 7 

7ol 

15.5 

1 5 . 1 

35 . 41 

9 of:4 

3 3 

1 50 3 

15 . 2 

11. 0 9 

41 . 0 

54 o 3 r 

5 0 

16 0 9 

15 . 0 

1 4 .3 

3 1 . 1 8 

5Bo 2 3 

33 

1 6 . 8 

1 5 0 5 
't 3 . 0 

3 4 Q1 8 

Oo 317 

32 

15 . 

12 . 8 

1 ') (' 
... 0 

3 9 .,1 4 



· I 

App e ndix III 

Details of va riat i on in atomiz e r spee d on qu a lity of inst a nt skim powder 

Characteri stcs spe.Q..d-1 10,000 15,00 0 2 0,000 \ 1 0 1 00~ 15,000 2 0 1 00 0 1 1 0 , 0?0 15,000 20 , 000 
1 - .. lJ ,, 

1. Moisture (%) 

2 o pH 

5. Fat '.f>aae 

4 0 Solubility In dex (ml) 

4 . 82 

0 9 

1.21 

1.e 

4 .46 

• 9 

1.21 

2 . 0 

5. Part tcle dens ity( g/ml) 1. 302 1 .27 

. Bulk den s i ty(g / ml) 0 . 630 0.62 

7. % vol. occupie d 

8 0 Wet tabili ty (s ec . ) 

9 0 Sink abi l ity 

Aft e r 2 mt ~ . 

Afte r 4 mt s . 

Aft e r 6 mt s . 

10.Disp ers i bility (q) 

54 . 21 52 01 0 

15 18 

8 . 0 9 o1 

o . Q 9 ol 

7.2 11 0 0 

48 . 40 47 . :17 

4o2 7 

• 9 

1.21 

.~., . 6 

1 ., 24 7 

0 . f;O 

51 . 30 

20 

10 . 8 

11 0 

14 . () 

4n . 91 

4 . 62 4 0 57 

6 .. 9 • 9 

1 .41 1 .. 41 

2 0 0 2 0 4 

1 .. 342 1 . 2 91 

o .. n4 0 . 62 

55 . 23 53 . 21 

14 1 

4 . 3 

. 9 

1 . 41 

2 . 6 

1 02 5 2 

o . 59 

50 . 14 

9 

4 . 59 

6 . 8 

1 . 21 

1 . 8 

1 . 321 

0 . 60 

55 . 14 

1 4 

4 . 32 

. 8 

1. 90 

2 . 0 

10283 

0 . 62 

5 3 . 91 

1 

7o1 8 . 2 9 . 4 8 0 0 9 o 9 

8 .. 9 1 0 .. 0 1 0 08 12 . 1 1 0 . 1 

0 3 9 . 4 1 4 . 0 1 1 . O 13 . 4 

48 . 82 4 7 . 31 4 7 . 12 1 4 9 . 2 1 48 .. 

4 . 0 1 

6 . 8 

1 . 90 

2 . 2 

1 . 2 51 

0 . 60 

50 . 4 1 

1 8 

~) 0 1 

1 0 06 

1- .~ • 

4 8 . 91 



Appendix IV 

Details of v ar ia t ion in atomizer s pee d on q uality of double tann ed 
in s tant powde r. 

ch aracteristics 1 0 , 000 15 , ooo 20 , o o ol 10 , 000 15 ,o oo 

1 • oisture (%) 4 . 18 

2. pH . 90 

3 . F at %a ge B. 6 ! 

4 . Free fat (%) 10 023 

5. ~olubi lity Index (ml ) 2 . 0 

• Av . pa rti c le density 
(g / ml) 

7. Bulk d en s ity (g /ml) 

8. % vol . oc c upied 

9 . 1.J ettability (s ec) 

O. 5ink abi 1 it y 

Aft e r mt s . 

Aft e r 4 mts . 

Afte r 6 mt .... . 

0 31 " 

Oo61 

54 . 21 

4 

7 0 1 

8 . 0 

1 0 . 8 

1 

4 . 21 3 . 90 

• 90 . 90 

8 06 4 8 06 4 

11 . 1 10 0 31 

oe 3 . 

1 . 2 81 10251 

Oo5 9 0 . 55 

52 . 10 51 . 30 

9 0 0 

8 .2 

11.3 

Cl 0 8 

4 • 

1 2 . 8 

' 
~ 

4 0 59 

c . 82 

9 o1 4 

9 . 2 3 

. 4 

1 . 32') 

o. 

55091 

8 . () 

n . 5 

1 • 4 

/~ 
~ D:i s pers ibility (q) 49 . 1. : 48 . 4n 

. ~~ 
_ e . 1~ 14 ~ .15 

~~~ ~ 
a~-~ ....... ~~7/~-~,."'\lfi.~ 
~ II ...__1c~- ic ~ \\ 

4 . 12 

082 

9 0 1 ::'. 

1 0 . 1 0 

2 08 

lo275 

0 . 58 

5 2 01 ' 

8 01 

!J o7 

. o 

4 e. 91 

,000 1 1 0 , 000 15 , 0 00 20 , 0 0 0 

g 

3 . 81 4 . 80 4 . 1 2 3 . 8 7 

0 82 c 0 91 0 91 6 . 91 

9 . 1 3 8 . 7 4 8 . F. 4 8 . 71 

11 . 32 1 0 . 21 11 . 29 11 0 92 

3 . 0 ' "' . 2 . 8 2 . 8 

1 . 255 . 310 1 . 280 1.240 

0 . 5 4 o . 59 0 . 57 0 . 55 

50 . 9 . 55 . 28 52 .1 8 51 . 12 

5 7 7 

e o ' 7 . 0 8 ' • e .1 

1 7. ( 
.J • 1 ._, 0 9 . 0 1. 3 . 8 

-- ·~ . 8 J U. 6 9 . 1 15. 0 

'1b . 2 7 ' ! 9 . 3 8 7. ~8 8 . 2 t 


