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INTRODUCTION

Khoa (Mawa) is en important Indisn indigsnous milk
product wvhich is used &s & base and filler material for the
preparation of various milk sueats, The latest asvailsble
datz on the utilization of milk in India as rspoerted by the
National Commission on Agriculture (1976) shou that in 1966
nearly 5% of ths gross production waes used in the manufacture
of khoa, Rajorhia and Srinivasan (1975) estimated an
incressed production of khoa te sbout 7% of the total milk
production in India,

The treditionezl msthod of khoa manufecture was
assantially stenderdized to mest the nseds of cottage scsle
situstion, In thie process, ths whole milk is continuously
boiled and stirred in an open pan till it stteins a viscous
consistency, thereafter, heet is curtailed gnd stirring is
continued until the uhole mass assumes a dough shape.

Tha production of khea is sgcattered over small units
since this continues to ba the business of small and
unorganized khoas makers in localities vhers milk dees not
f}nd remunerative prices., Tha product is handled under
unhyglenic conditions and exposed to the stress of environmert

leading to post processing contsmination and short shelf life,



The morket for khoa is usuelly lecsnted st fear off pleces
gnd by the time it reachee the intermediste processors i,e,.
sucet mokers, the microbioleogicel fquality of the product
gets deteriorsted to 2 considerable extent, The product
continues to be in grest demends for the manufacture of
sueats and for this reasson alone whatever nuantity and
quality are mede availecble to the sweet makerec, the sams
are converted into swests,

In view of the growing maerket for khoe and khoa
besed suyeots, the organized dairy plants have plannsd to
manufacture khoa on large scale, The mechanlised processes
developed for khoa have not gained wida acceptance in the
industry pasrtly beccusa the prototypes wers not designed
for continuous production at commercial scele., The
available indigenously developed technology does not parmit
mess production of khoe for sale,

Currently, the utilization of surplus milk in the
manufacture of indigenous milk products has been considered
toc bse a fezsible and sconomic proposition, Until such time
& new technology for commerciasl manufacturs of khoa is
developad, attempts to use ths existing mechineriss
available in the modern dairy plants should be exploitad,
This would help in securing the benefits of product
diversification by providing slternate use of sassonal and
regional surpluses of milk solids in khoa making, In order
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to provide a suitable technoleogy Por the manufactura of khoa,
use of atmospheric roller driers could be concoived as a
possibility for prepering a product vith eimilar
cheractaristics a8 those of khoa, Khon pouder prepasred from
whole milk could be considerad as an alternate approsch for
solving the problem of shelf 1life and availability during
lean seeson, The present investigation was, thsrsfore,
undertaken to study the faasibility ef manufecturing khoa
and khoa powder on the roller drier by altering saoms

tachnological process so that the dsiry plants possessing

the roller drier facility could elso sznufacturs khoa and
similaer preducts with lenger shslf life,
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REVIEW OF LITERATURE

The traditional methods for khos meking were developed

to suit the smell scale villege taschnology of ceonserving small
quantitiss of surplus milk, Except for fow stiempts made to
machanize khoa making to put this product on sound industriel
footing, no tangibls progress could bs made an commerci-lizestion
of khoa makings The works related toc the manufecturse,

peckaging and storsge of khoa are rsviewved here,

241 Methods of manufscture of khoa

Je and Srinivasan (1967) stendardizsd a method for
preparing khos from whits butter or ghes and roller dried
skim milk, The product so made wss of ecesptsble flavour,
texturs and composition, but colour was ceramelized, The
reconstitution of milk solid wass necsssary for production
of khoas Thay mentioned that reconstitution time of one
hour and sufficient stirring were the conditions to maintain
the particles in suspension, Subsequently, in 1968, both
thess ressarchers made limited sttempts for utilizing
vaguum concentrated milk with 31 end 375 totsl solids in
the manufacture of khoa, Thay used plain standardized milk
of 3,5% fot which did not yield the product with 20% fat,
This product was griticized for lack of Plavour.
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Rajorhia (1971) attempted a somi=commercial process
for preparation of khoe in 2 double=jeckatad steam=haated,
stainless stesl kettls, using 20 litras of milk at a time,
The conbents weres allowsd to boil end stirred sontinuscusly
with the help of & builtein=-stirrer, Since milk sticks te
the side of the pan znd it wes difficult to scrap the
santents, a hand driven scraper was azlso used to aveoid
browning and burning of milk seclids,

Banerjea, Bagchi and VYerms (1958) developed a
continuous khoz maeking mechine, In this unit, milk is
gradually concentratsd in a steam jacketed drum heatsr and
two csscading open pens which are provided with scrapers.
Owing to the abssnce of control for regulated supply of
milk and proportionzte discharge of khoa, the plant did noct
work very efficisntly., foereover, the prototype was
constructed from mild stesl which usually got rusted
overnight and caused the problem of oxidztion of khoa.

De and Singh (1970) stenderdized the production of
khoa by the continuous machine, The resultent product wes
having a seggy body, Seversl improvemaents in the design
and operation of the continuous khoe plant were suggasted,
Based on extensive triasls, Rejorhia end Srinivesan (1973)
made msny alterations in the design of this plant and got
it fabricated in stainless steel.



Boghra (1979) used congentratsd milk (31% end 403 TS)
end whole milk powder (reller and spray dried) rsconstituted

with wvater to 15, 31, 40 and 65% TS for khoa making and
obtained good guality khoa Prom both cow's and buffalo's

vacuum concentreted milk with 31% TS, The product was
comparable to conventionally prepared khoa hoth in respsct

of chemicsl composition and sensory evalusilon, Khoa samplas
prepared from both concentrated milk having 405 TS5 and spray
driod milk were sticky and scored lou flsvour ratings, Khoa
sampleg prepored from roller dried pouder (cou's and buffzlo's)

vare quite satisfactory.

Petel (1977) attempted to develop & technelogy for
the production of kheoa powder Prom stenderdized, homogenized

open pen concentrated buffalo milk, FPrior te rollaer drying
the product was mixed with water to muke a slurry with

16=185% solids, The process so developed was cumbsrsome and
offered little advantage, Problems such as difficult
reconstitution or rehydration due to hardensd grenulas and
devalopment of an off flavour (bscause of the product's
prolonged contact with air at elevated temperastures) were
noted, He suggested that obstecles like the lack of typical
flavour and texture characteristics would hesve to be overcome
by developing appropriste technology if milk prsserved in
powder form hes to be utilized directly for sueet meking
either at the plant or at home,
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Thompkinsaon and Da (1978) develepzd a process for the
manufacture of khoa powder using the technicuas of Patsl
(1977). Standardized milk wes concentreated to 21=28% TS in
e khoa pan at atmospheric pressurs, pulvarized end dried,
Antioxident wss added in concentrated milk bafore drying.
Khoa pouder from cow milk had mild khoe flavour end the
buffalo milk powder having cocked, susetish flavour,

Although satisfactory quelity Gulab=jomun wsrs prapared

from cow khos powder, the buffeale kheoz powder did not
compare satisfactorily with control samples, Tha product

was found to possess s after-taste.

2,2 Shelf life

The spollage of khoa is due to grouth of various
types of micro-organisms, Molds cevar the entirs surfacs
of the product and produce zbnormal colour, flavour and
gppearance changes.

Bhet et al (1948) did steaming of khoa for 15 to 20
minutes, but storage of khoa bayond 48 hours resulted in
rancid odour, brown discolourstion and grainy appesrance,

Sethna and Bhat (1949) used ultre=violat radiation
to improve the keeping quality of khoa by 25 days,
Irradiation of samples decreased moisture by 7 per gent,
It is not cleer whether the improved keaping guality was
due to the bescteriologicel effects of irradistion or to
the reduced moisture level, 0De end Rey (1953) studied that

khoa could last upte 24 deys et refrigeration temperaturs,



Ghodskar (1959) found that laborztory prepared samples
romoined in good condition for 14 days et refrigeration
temperature, The laboretory samples of khoca stored for 14
days developed a total lactic scidity of 0,35 28 against
0.36%4 in the merket samples,

Jalil, Pandit and Singh (1963) reported the spoilags
of khoa after 15 days at rcom tempersture and 20 days &t aij°c.

Rejorhia (1965) prolonged the shelf life of khoa by
ssven days at ZBZJDC by peckaging khoa in waxed buttogpapar.

Rudreshappa and De (1971) end Rajorhia and Srinivasan
(1974) found no improvemsnt in keeping quality of khoa by
adding potaessium sorbate end butylated hydroxyanisocla in
khoa, but Ghodekar (1959) found an improvement in tha shelf
life of khoa from 2 to 4 days at room tempercture. Jha,
Singh and Singh (1977) found benefits of adding potessium
sorbete on the shelf 1life of khos, It had mere effect on
the yeast and mold gount, The shelf life of khozs could be
increased upto 10=-11 deys at 30°C and 40 days 2t 5°C.
Addition of nisaplin end entioxidants like ascorbic acid,
propyl gallate and lscithin did not improve the kesping
quality of khoas Kumar st 8l (1975) reportsd that khoa
pecked in parchment paper and polyethylene remained
acceptable upto five days at 37°C and uptoc 14 days &t B:JOC,
uhile five days at 37°C and 30 days at 841°C in lamincte
packets, Four ply aluminium coeted laminates proved to he

the best for packaging of khoa followed by twe ply pocks,



high density polyethylene and psrchment pacer in descending
ordar,

Rudreshappa end De (1971) tried khoa peckaging in
sterilized tins and increesed the shelf 1ifs of khea upto
14 days st 37+1°C with initiel moisture of 20-254, Jalil,
et gl (1963) concluded that greater r:sistence to
deteriorstion was offered by stzinless ateel, next in order
being aluminium, brass, tinned brass end iren, the lifs df
tha product being 6, 5, 4 and 3 days in different cans
respectively st room temperaturs,

In conclusion it cen be stuted that khoa has & very
short life which provides a field for Purther research.

Patel (1977) reported the shelf life of gas=packed
khoa powuder as 75 deays at 37°C and 105 days et room tsmperaturs
(16—30°C). The air=pascked khoe powder did keep for 90 days.

Thompkinsen end De (1978) studied the shelf lifs of
khoa pouvder from cow znd buffalo milk with ges packed, air
pecked and with BHA (CAO0=3) es en antioxidant, They found
the shelf-life of cow milk khoa pouder as 115, 40 and 160
deys at room temperature in g cs-packed, air pscked and
antioxident trested lots end at 37°C, the shelf lifs was 63
days for gas packed and 93 days in case of antioxidant
treated product, In case of buffalo milk a2t room tempersture,
the shelf life was 105, 33, 150 in respective peclkages end
at 37°C, 60 days in ges packed and 90 days with the help of
antioxidant,
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43 [lewour in khog

The typiecal flzvour of khea iz descriBned 23 [ tanas
cookad with richnass gnd sweeiness, Sulohyiryl comps ria
zre greatly resporsicle for devslopmasnt of cooks”d flawour,
The intensity of coocked flzwvour increszses with Lerezsi~qg
heat trestment (Chuchlowa, 197C),

Hemavathy and Prebhakazr (1973) wers the first i3
cbserve tha groduction of carsenyl cocesgurds in dhca,

The major carbonyls found in khos wers meinyl «xitoness and
saturated aldehydes, Khca was rich in lower car3on chzain
methyl kestonss.

Arorz (1978) found a graduzl and considerzbls
increzse in level of totzl carbenyls duping heca making,
Rajornia (1978) found that thers wes an increzss inhe
totzl steam velatile flaveur compounds 2t swccassivs
stage: of khoa meking, ilthcugh meny wnidentifisd pesks
appesred on the chremaitsgrams of the variam izarograch,
peptan=2-gne uas the most prz®minent flavouring zompgund
both in cow's and Duffzls's milk, PFentanone contli-ued s
be saximum throughout heating, except that a fzll in the
guantity vas noticed at the pat formation stage i~ samplas
from bdoth cow's and duffale's milk, SHeptone yas the
sscond major flawmuring compeund incow's silc at all
stages of hesting, Other identifisd flawouring compounds
irgludes sctanona, scetaldshyds, sropionzl shyds,
nangnant and benzaldshyde, The guantitly of sech of the
flavouring compounds varisd with heating in different
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types of milk, The author also statad that there wss =2
progresaive release of Sulphydryl compounde during khoa
makinges At boiling stage, the redugcing capacities
increesad from the initisl vaolue, Sulphydryls also
incraased at the pat formation stage in both types of milk,
Patel (1977) reported thst product stored at 7%
haed the satisfactory flavour uptoc 75 days, Ths product
kept at room temperature had no changs in ths flovour upto
45 deys, The off flaw ur developsd uptc 105 doys was not
objected in gas~packed khoa powder and 90 days for air
packed products, The off flnu{pr developed was rancid,
caconut lika, stale or slightly burnt, The scecrs obtained
for flsvour at ges=packed product was E,0=3,0 at 379%C end
8,5-3.0 st room tomperature for 0=20 deys, The sir-pecked
product had the scors of B,53,5 at roem temperature, The

ovaluation of flavour was dons eut of a meximum score of 10,
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types of milk, The author also statad that there wzs o
progresaive release of Sulphydryl compounde during khoa
making. At boiling stage, thes reducing capacities
increesad from the initisl vslue, Sulphydryls also
incrazsed at the pat formsotion stage in both typos of milk,
Patel (1977) reported thst product stored at 37°C
had the satisfactory flzvour upte 75 days, Ths product
kept at room tempersture had no changs in ths flavour upto
45 deys., The off flaw ur developsd uptec 105 deys wes not
objected in gas=packed khoa powdsr and 90 days for eir
pecked products, Tha off flaw ur dsvelopsd was rancid,
caoconut lika, stzle or slightly burnt, The scere obtained
for flavour zt ges=packed product was B,0=3,0 at 37%C end
B8,5=5.0 at robm tomperature for O=20 degys. The sir-pecksd
product had the score of B8,5=3,5 at roem tempereiure, Ths

evaluation of flavour was done eut of a maximum score of 10,
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SCOPE AND PLAN OF WORK

3.1 Scops of work

The dairy plants in Indis are getting interssted in
the menufecture of khoz in view of the assured market. The
noneavailability of e suitable machesnized process for large
scale production of khoa has besn responsible for its slowu
adoption by the dairy plsnts, Systematic attempts should
tharefore be made to asdopt existing dairy processes and
equipments for khoa making, This invastigeticn was plenned
to study the possibilitiss of using the roller dry ing process
for the manufacture of khos with typicsl caramsl flavour,
Adeptztien of this new me thod mey become useful in ths large
scale preduction of khoe to meet the esver growing demand of
public, The problem of the shelf=lifa of khoa cou:ld aslso he
solved by reducing its moisture content upte poudar lavel,
The cost of trensportation and refrigeration could also be
minimized, The present studies were directed towards the
following objectives:

3.1.1 To standardize a process for the manufacturse of khea
and khoa powder using 2 rollei drier for large scals
produc tion,

3.1.2 To study the shslf life of the product obtained from
roller drisr using flexible polyethylene pesckages and
tins,
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3.2 Plan of work
The plan of work is outlined as follous:

3.2,1 Stondardizing the manufecturing procasdurs
324121 To find out s suitsble total solids concentrstion

in milk for the manufescture of khoa and drisd khoa.
J3e2.1.2 Type of milk:

(1) Cow milk (4% Fet, 8,50 SuF)
(11) Buffelo milk (5% Fat, 95 3%F)

Je241+3 Levels of concentration schieved using a single

effect vecuum pans
(1) 304
(i1) 40%
(1i1) s0%

3¢2.2 Studies on thae shelf lifs of ths product

34.2,2.1 Storage tesmpsratures and periods
(a) At 5%
(1) Khoa = 0, 5, 15 deys

(11) Khoa nodulas = 0, 30, 50, 90, 120,
150 days

(1i4) kKhos powdsr - 0O, 30, 50, 70, 90,
110 ate, days

(b) st 30%
(1) Khoa = 0, 5 days
(11) Khoa nodules = 0, 5 , 10, 20, 30 days

(414) Khoa pouder = O, 15, 30, 45, 50, 75,
90. 105, 120 and 135 day..



342,3 IFgtnhods cf sxsminstion
3e2.3.1 ensory evslustion
a2 Colour

-] 36dy and Tex:ture
c Flewour
3e2:3.2 :Ehg tasts

3.2.3.3

H Foisture

=1 Fzat ‘

c§ icidity (28 % lac:ic =cidity)

é Free Pztty eciZity

z Fres Pzt

f) Parcxids valus .
g) p=O%:3 reectivity (Zsro dzy only,
h) 5S-#7 veluwm (Zarc dzy only)

Ricrebislcgissl tests
2) Presumctive colifor= test

b Viable counts
e, Ysast and mgld counts

The experisents were renlicatad tuo times,
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MATERIALS AND METHCOS

The first part of this chepter decle with the methods
of manufecture of the product uhils the second part decls
with the analytical procedures sdopted in the exemination of

milky khoa, khoa nodulss and khoe pouder,

441 flathods of manufecture

4,1.1 Prepsretion of concentrated milk

The fresh, chilled milk was obtained from ths
Exparimentsl Dziry of the Institute, Couw's milk ues
standardized to 4,08 Pet and buffale's milk to S5,0% Pat.
Milk was preheated to 90:;98 through a "Silkeborg® plats
heat exchanger, At & time 500 litres milk was tzken for
concentration in the single effect vacuum pan, Milk was
concentrated to 30, 40 and 505 totzl solids, As soon ss
the concentration wvas reached to 30% total sclids, ths
vacuum wes released and 40 litres of concentratad milk was
drawn from the vecuum pan into a sterile zluminium cen.
The vacuum was agein brought to 25 inches Hg and remaining
milk was concentreted to 405, A portion of this milk
havi ng 40% concentration was collected in a 40 litre cen,
The last portion of the milk was congentrated to 507 total
solids and the whole lot uas cellectad into cans,
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4,72 Preparstion of rollar dried products
The '"Richerd Simon' top Pad stmospheric double drum
drier was used with the follouing specificiationss

Length of the roller = 18 inches
Dismater of thae reller = 16 inches
Speed of the roller = 17 to 1% rpm

Rate of water svaporation = 44 1b/hr

Staam pressurae = 74 = 78 psi

4¢142,1 Production of khoa

The concentrated milk with 304 total sclids uas
heated to 74°C for 10 minutes snd divided into tue parts,
From one psrt khoa was preparad on ths rollers by reducing
the steam pressure to 15=20 psi and rete of flow of milk,
The distance between the drum and the knives was zlso
manipulated, A very thin psste wss collected in the trey,

This peste lacked the typical flavour, body end texture of
khoa,

Khoa of desired gquelity could not be prepared at
15-20 psi from 40% total solids also,
A porticn of the concentreted milk with S04 solids
was heated to 74°C for 10 minutes., Khoe of desired flevour
at 15«20 psi uwzs obtained, Thus, & total solids concentratien

of 507 was selscted for furthar studies on khoa making,
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441+2,2 Produetion of khos poudsr

Khoa pouder with 304 totzl solids concentrcted milk
was prepared at 40 psi wvhich did not possess ths

characteristic khoa flavour,

Khoa powder from 407 totzl solids concentrated milk
ves manufactured at 68 psi, The proZfuct had & mild flavour.

The second portion of concentratsd milk with 505 tot:l
solids ves heated to 56°C and fed toc rollar drizr for
manufscturs of khoa posder. Khoa powdsr was mede at 74=78 psi,

The third portion of 505 total solids concsntrated milk
was hasated to 'u°c for 10 minutes at atmospharic pressurs for
intensifying the cookad flavour before fssding te roller
drisr, B8y varying rete of flow snd distsnce !® tween roller
and tha knives, khoa powdsr wass obtzinad at 74«73 psi,

4.1.2,3 Production of khoa nodules

8y increasing the milk flew, st 25-30 psi khos rolls
(nodulss) were obtained with 504 total sclids concentrated

milk, Khoa nodules wers collaescted in tha trays closely
mounted to the rellers, Ths khoa nodules preoparaed uwith 303%
and 40% total solids did not have the satisfactory khoa

flavour, Therefors, thsy were rejested for furthar studies,

4,1.3 Beckeging of the products
The sterilized polyethylsna bags (250 gm capacity)

were used for packaging of khee and khoe nodules, Khoa
pouder was pickaged in sterilized tin centainers (250 gm
capecity). The polyethylene bags were sterilized by
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ultraviolst rays znd tins in hot zir oven at 160°C for
three hours,

4,1,4,0 Storzge of pecked products

The samples of polyethylane pecksd khoa and khoz
nodule s and t in packed khoe powder were stored at 5_-:_104:
and 303ﬁ°ﬁ temperatures, Semples uers oponed znd examined

at predeterminad d urations es enumerated in Section 3,2.2.f.

G49145.0 Judging of the products

The samples of khoa, khoa nodulss and khoa pasdsr
prepared from cow, buffsle heated and urnheated concentrated
milk were served to judges for sensory eveluation, Ths
products for their colour, flavour, body and texture wvere
evalusted on a maximum score of 10 for sach char:cteristics,

The grading was done z2s follows:

Excallent 9 - 10
Good 6 - 8§
Fair 4~ 6
Poor 1=- 3

The judging pansl consisted of 57 judges selscted
from the steff members of Dairy Technolegy Oivision,
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4,2 flethods of Examination

4¢2.1 Chemicol Examination of milk
4,2,1.1 Fat

Tha fat per cent in milk wes determined by tha
Garber maethed described in IS (1958).

4424142 Jotal Selids
The "dry and weigh” me thod uazs used for estimating
the total solids and SNF per cent in milk,

44242 Chamicel Exsminstion of concentrated milk
44242.1 Fat

Fat per cent in concentrotad milk was dstarminad
eccording to the method described in tha Laboratery fMonual

(1959) of U.5. Milk Industry Foundation,
442,2,2 Total solids

The sxtent of concentrstion during condensing were
testad by 'Baush and Lomb' Refrzctometer, Lzter on the
fojonnier's qravimetric method was used for exsct
determination of total selids,
4,2,2,3 Lactic scidity

The lactic scidity uwes determined scoording to
IS (1950) by suitable dilution with distillsd uater.
4,2.3 Ches aming n_O 08 oa ag _and

4,2,3.1 PRoistura in Khoa
The moisture per cent in khoe wes determinad by

adopting the method described for cheese in IS (1964),
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4,2,3,2 Fat of Khoao

The method Por detorminstion of fat in cheess a8
dascribed in 15 (1964) was used,
4.2.3.3 Ac.ldi.ty of Kh_gg

The acidity of khos and khoza nodulss wes detarmined
by indirect method which is given as follouss

Two gm of khoa was weighed into a porcelain dish,
The prodict wvas made inte o fine paste in a pestle and
mortaer by adding 3 ml of hot distilled water end diluting
by anothaer 17 ml of hot distilled wuster weshing off ths
adherants from the pestla, Later 10 ml of C.1 N sodium
hydroxide (A,R, Grode) was added, After adding 1 ml of 0.5
per cent phenclphthalein indicater, the contents were
titrated against 0,1 N hydrechloric scid with continuous
stirring till the pink colour completely disappsered,
Reidity was expressed as lsctic scid per 100 gm of khoa

% LeRy = lQu:l‘-x 0.9

Where V = Volums of 0,1 N HC1l required for titration
W = Ueight of semple of khoa (2 gm)

4,2,3.4 Moistups per cent in khoa pavder
The moisture in khoa pouder was found ocut by the

method described in IS (1967).
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442,345 Fat 5 in khoa powder

Fat in khos powder ues determined according to the
method described in Lsborztory Menual (1959) of U,S5, Pilk
Industry Foundation for whole milk pouder,
442,3,5 Acidity determinstion of khoz powdar

The lectic scidity of khos pouder wcs detarmined
secording to Is (1967),

4e2,3,7 Fres fst

The fres fet content in 21l the :three products was

determined by the method given by Hall and Hedrick (1971).

4e2,3,8 Hydroxy Methyl Furfursl valus for brouning

The method of Keensy =nd Bassette (1959) as adopted
by Creig, ACeto and Dslla Monica (1951) was ussd for
estimating the fros as well as totel HMF Por brouning
intermediates in all the threse types of products,

442,3,9 p=Dimethyl Aminec Benzsldshyde Reactivity

The method of Kumar and Hansen (1972) uas used for
measuring the p=Dimethyl Amino Senzaldshyde (p=Dras)
resctivity for all the threes types of product,
4,2,3,10 F tt d

Free fatty scidity of all the three types of product
wves detemmined by titration method given in IS (1966) for
ghea, The fat was extrected from the product with the help
of petrolsum ether and solvent ethar,

4.2,3. 11 Peroxids value
Peroxide value of fat extracted from the three types

of product was determined by the method of Stin gt al (1954),
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4¢2.4 [icroblolegicel methods of khoas khoe nodules end
khoa pouder

The surfaces portions of khoe and khoa nodulss uare
scrapad with the help of @& stsrile spatula to removs the
surface contaminants. The storsd samples of khoa and khos
nodules vera opsned by Schematic rendom preocedurs in en
inoculation chember sterilized by ultrs-violet radiestion,

All aseptic precautions wers observed during the sampling

and prepsration of samples,

442.4,1 Prepsrstion of sample

In the ultre=violet rays stzrilized chamber, the
glass mortar and pestle wers sterilized by fleming with
tuo ml of alcohol in ths mortar end stirring with the
pestle till the flame disappesred, The mortar and the
pestls were allowed to cool down for some tims. Tha
praviously weighed watch gless ues sterilized with igniting
alcohol and cooling it down FPor a whila, One gram of the
sampla was weighed on ths starilized glezss and transferred
to tha sterilized mortor. Two ml of werm starile solution
of 20% sodium citrete was put in ths mortar and ground
thoroughly with the sterile pestle, Eight ml of warm
(meinteined at 45°C) sterile normel szline solution was
poured to the ground sample and stirred to give a
dilution 1210 free from lumps, Furthar dilutions of
1:100, 131000 etc, wers prepared sccordingly,
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4,2,4,2 EEQSU_@E';;VB EDlime Qﬂ_'_:.
One ml of 1:10 dilution of ths eample prepered uos

inoculoted in duplicats into MacConkey's borth tubes
(Chelmers, 1962), The inoculated tubes wers incubated at
37°C Por 2448 hours. The Pormation of acid znd 3:s8
indicated the pressnce of coliforms,

442,4,3 VYisble bsctsrial counts

Tha Tryptons dextrose agar fbr viasble bactsrigl counts
was prepsred sccording to 15 (1962), The platas were
incubated st 37:J°C for 24«48 hours, The coloniss were
countsd sccarding to the Standard Methods for the
Examination of Dairy products as published by /merican
Public Health fssociation (A.P.HeA.) 1957,

4,2,4,4 Yeast and mold counts

Potato=daxtrose ager medium was used for enumerating
yeasts end melds in the sample, The medium was prepared
sccording to the composition given hy Chalmars (1952) os

follows:

200 gm of potato infusion = 1 1lit of uater

Jextross = 20 gm
Ager = 15 gm
Oistilled watar = 1 litre

The maedium was sterilized in an sutoclave at 15 psi
for 15 minutes, The pH of the medium wes adjusted to 3,5
at the time of pouring the plates by using 10% sterile

tartaric ecid,
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Required numbar of serial dilutions uvers mads from
1310 dilution of the suspension cf the semple and tha
plates were poured in duplicates, The plates wers incubzated
&t 24#1°C Por 3 to 5 days and the colenies of yessts and

molds ware counted,
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RESULTS _AND D ISCUSSION

This ghepter deazls with the technigues esmployad in
the standardisetion of processses for the manufacture of
(1) khoe, (ii) khoes nodules end (iii) khoa poudsr using e
leboratory typs roller driesr, The products uere also
subjected to shalf life studiss at 30°C and 5°C in
polyethylana end tin conteiners. The dats collected in
respect of chamical, microbiolegiczl and sensory properties
during standardization asnd storsge sre tabulsted and

dimmSOd.

51 Nanufacture of khos using s roller drisr
Se141 Standardizetion of khos making process

As enumarated in section 4.1.1, ths couw's and

buffalo's milks were sepsrately concentreted in a single
effoct vacuum pan upto 30%, 40% and 50% totel solids,
Figure 1 repressntes the operations involved in the
manufecture of the products, In the first instence,
stondardized buffale milk was concentrated to 304 total
solide and fed to the roller drier in such a manner as to
allow maximum retantion of moisture in the semi-dried
product, In routine operation for powder menufecture,

a steam pressure of 50 - 75 psi is maintained but in this

cass the steam pressure waes reduced to 15-20 psi,
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The resultant product, contsinad high percantage of
moisture and did not ressmble to eny of the texturzl and
bhody charccteristics cf khosa, Increasing thas pressure of
eteom or reducing the fezd rats did not helo in ths

improvsment of any characteristics of thas resultont product,

The sscond attempt wes meds using buffale concentrated milk
with 404 totzl solids, 3y manipulsting the fead rate of
milk and distance hstuesn the two rotzting drums and
scraping knives and maintzining the pressurs at 15=-20 psi,
it wes possible to obtain g product uhich closely rsssmbled
khoa in appearsnce and texturs, The prodict, howusvsr,
lacked ths typicasl khea flavour, Similar difficulties were
exparisnced in converting cou's concentreted milk into khea
which was proviously concantroted to 304 and 404 tot:zl
solids,

further attempts uvers mads to convert concentratsd
buffalo milk with 505 tot:zl solide into khoa, To intansify
khoa flavour, the concsntrated milk was heaated to 74°C for
10 minutes before transferring into the roller trough.
The feed rate of concentretes milk was controllad uwith the
help of a fauwcet fixted to a milk delivery can. The

product manufactured at a steem pressurs of 15«20 psi

conteined desirabls flavour, body and textura. Thse product
was enalysed for various chemicel, sansory and
microbiologicel properties, UOata collected on thass

aspects have been presented in Table 1,
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Table 1 1 Chemical, microbinlogic=l and sensory
evaluation properties of khoa.

(Average of two triszls)

Constituants Cow Buffalo
1. Moisture (%) 30,06 31,55
24 Fat (4) 22,25 21,50
3, Free fat
a; 4 by weight in khoa 12,87 17465
b) 4 of fat in khoa 5771 82,09
4, reidity (5 LoA,) 0457 0,75
5. free fatty ecidity 0.21 0,28
(# oleic acid)
G Peroxide velue 0.45 CebH2
(meq Ozlkg fat) '
Te p=-DMAB resctivity 0311 0.293
(ebsorbance at 545 nm/gm
- of milk)
B. S=HMF value
( umoles/100gm of totsl selids)
233 Free 0.41 0.57
h) HMasan 13,92 13. 21
9. Averaga sensory value 7.56 7.50
10, Viable counts (/gm) 80 100

All ths samples uwers negative to presumptive
celiform test and yeast and mold counts.
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It may be chserved that both cou and buffzlo
congcentrated milk with 50% totazl sclids produced sccepteble
quelity of khoa which contained 304 and 31.5% moisture
raspectively, Both the samples of khoa menufactursd on
roller drier had 22,254 and 21.50% fat in cou and buffalo
khoae The P.F.A, rules have prescribed a minimum of 203
fet in khoa on "es it is" basis, Thus, khoa prepared from
cow's end buffaeloe's milk praviously concentratsd to 504
totel solids met the minimum legel requirement, Jzilkhani
and Oe (1978) suggested that tha rslease of fres fat cortrols
the textural propertiss of khoa, The heat trsatmaents
cunuletively given to milk resultsd in the relesss of 12,8
and 17.6% free fat in cou's &nd buffsloss khos, It mey be
saen that about 58% of the tetel f=t in cou's khoa and B253
in buffalo's khos were in fraes state. Boghra (1979) elso
cbserved the presence of 56«77% free fet in the total fat of
khoa prepsred by batch procsas using vecuum concentrated
milke The per cent lasctic acidity and fres fPatty ecidity in
the two products uvere also vary cdleose to those obtainsed in
batch precess of khoa making. The psroxide value of the
product wvas somevhat higher as comperad with the product
manufectured by Kumar st sl (1975). The formation of high
quantity peroxides may be attributed tc increesad fres fat
formation due to prolongad boiling even at low tsmpercture
obtainable in the vecuum pan and subsaquent heating of
concentrated milk befors feeding to roller drier, The

extent te which khoas was subjected to heat treatment was
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measured by p=DM: 3 reactivity and production of S5=ifF,

The vclues for measuring the heat effects in the precont

G

experiment both for couw's znd buffalotc khoz arz somsuhet
highor than those renorted by 3oghre (1975) ~nd Rcjornisz
(1978) since these workers ussd batch mcthod for khosz
maeking using smzll gquantities of milic at a time,

The products from both gou's and buffla's nilk
were tested for the presencs of coliferm orgonisms and
yeest and mold counts which usre negative. Tha zotel
viablse counts ranged from £0-100/gm of khoa. This would
indicete that the nroduct was hygi:nicelly sound,

51¢2 Studies on the shelf lifs of khoes prapared on the
roller drier

Khoa samples were peckaged in steril

ized polysthylans
containers. The offscts of storags on the chemicesl and

sansory attributss of khoa ers orzsentad in Teble 2. It
may be observed that as the days of storsge increcaosed, the
moisture 5 decreesed in both couw's and buffele's milk khocz.
The rate of cdecreass of moisture uvas more =t 30°C then ot

o} : .
5C, Polyethylene has got poor mcisture barrier pronertie

)

Similar results bere reported by Kumar st al (1375). They
found that moisture uves reduced to 28,55 from sn initial

value of 32% at 37°C in 5=10 days,.

There was g simultznaous increszse in ths fot content

in khoa samplas as a result of everoratiocn of noisturs

during storege,



Table 2 ¢ Chemiceal chenges during storsge of khos prepared on rollar drier
(Average of 2 triels)

Cou's milk khoa

Buffelo's milk khoa

Days of storage Jgys of storcge
Constitusnts 30%: 50 3p°c oHp B
0 5 10 15 1] 5 10 15
1. Moisture (%) 30,086 26,67 2B.26 2723 31.55 25,87 29,32 27.54
2. Fat (%) 22.25 23,57 22,682 23,15 21.50 22.97 22,20 22,76
3. ?t?g fﬁt
a) 4 by "
wolght in 12.87 13,74 13.21 13,42 17 55 19,12 18427 18.78
khoa
(b) % ef fPat
in khoa 57«71 58,46 57,50 57 .96 82,09 83,63 82,31 82,53
4, Lactic acidity 0,57 0,89 0.73 0.74 0.76 N,96 0.65 0.86
3
5. Frae fatty ecidity
(#» oleic ascid) 0.210 0.307 0,205 06213 0.280 0,300 0.2685 0.290
6. Peroxide volue i . ~
(meq. 0, [kg fat), 45 171 0,48 0.50 N.62 0,73 0,64 0456
7. fverage Se8nosry
mréi 7 .56 4,0 7.16 3.0 75 3,0 7.5 2.6
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Feee Pat % in khoz Prom both cou's and buffzlo'’s
milk got slouly increzsed during storage, 3uPfzlo's xnhce
had more Pres Pst than cou's khoa, Ths rzle:zss cof fras f=t
during storsgs was mcre in bYuffzlo's khcez than that of cou's,

The incrssse in Laetic z=gidity during stecrz3s of
cou's khoa was less than buffzalo's khoz.

The initiz] fPrsa Pzity =cidity was hizher in
buffalo?s khoa than cou'ls khoa and it increzssd during
storega, The incrszsz was highar ct 309: taan at 50:
(Figure 2),

The psroxids vzlue cof Pzt wzs focund toc da highsr
in buffzlo's khoa than in cou's khca and ths valuss
increzsed during sterzge. The incre=ss8 wse highsr at so%
than at 5%, xumar st al (1575) found 2n incrs:zss of
percoxide vzlue from 0,12 tg 0,32=0,78 in 5=10 days
storage at 3702.

The micrebioclegiczl changas during storags of khca
at 5° and 30°% are tabulsted in Tehle 3, It may bs seen
that a2all the samples of khoa wars nagativs to presumntive
coliform tasst.

Buffalo's khoa had slightly higher viabls counts
than cou's khoa, After S days storage the viable counts
incressed to 9,450 and 11,250 million/ga at 30°C in cou's
and buffzlo's khoa, The viabls counts in millions per gm
of khoa at 5 C wers 5.0, 7.0 snd 55,0, 75.0 on 10th end
1Sth day in cou's and buffalo's respectivaly,
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Table 3 ¢ ficrobiolegicel changoaes during storzge of khca
from heated concentrzted milk (50: T.S.)e

(Avbrage of two trisls)

Storcogse days

Microbiclogical tests 20°5 5°¢
3] g 10 i5
Cou khoe
1« Viable counts 6 ] .6
(per gm) 80 9450x10C 5.0x10 65x10
2. Yeast and tiid 4500 100 3500
mold counts
(per gm)
Quffalc Khosa
6
1. Viable counts 100 11250x10J 7.0:106 75.0x1€1
(per gm)
2. Yeazst and Nidl 4700 120 4500
mold counts
(par gm)

The samples were negative %o presumptive coliform test,
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The ysasts end molds at zero dsy were nol present in
both cou's and buffzlo?s khoa, But there was re-id increszse
in their counts after 5, 10 and 15 days. This may beo due
to atmospheric contsmination of the product during handlirg
and packaging. Thess.rasults are in c loss zgresment with

those of Ghodeker (1959) for lesboratory samnles of khoza,

5.2 Studies en the manufescturs of khes nodules

Se¢2el Standardisstion of the process for manufzciure of
khoe nodules

The noduless of khoa were menufactured =t 25«30 psi
from 50% concentrated milks using cou's and buffzlo's milk
seperately, The concantrated milk was haatad at 7&05 far
10 mts to incrasse the intansity of flzvour. Concentrcted
milk wes uniformly spread in thae trough of the rollsr drier
end distributed to the rollers in such & way that the
dried product in the form of strips rolled over in the
form of nodules, Thess nodules were collscted in the
trays (Fig. 10).

The chemical, microbiologicel and organolaptic
proparties of the khoa nodulas are prssented in Tahle 4,
It may be sesn that khoa nodules prepared on the roller
drier from cou's and buffalo's concentrated milk csrried
16,4% and 17% moisture respectively, Most of the moisturs
got enveloped within tha intarnsl strips of the nodules,
The outer surfece of the nodules was comparatively drier
end crisp which vas expected te provide better protection
against microbial spoilage,






Table 4 3 chemical, microbiologicsl and

sgnsery propertiegs of khoas nodules

(fverzge of twc trisls)

Constituents Louw
1s FMoisturs (3) 15,40
- 38 Fat (35) 26425
3 Frea fat
{a) 4 by ut, of kheca 14,25
(8) i of Pat in khoa 58473
4, Lactic acidity (3) 1,68
5. froe Patty scidity Dl S
(5 olaic acid)
Be Paroxide value 0.92
(man. Dz/kg Pat)
7. p=0OfAD0 resativity 0.312
(cbsorbance at 545 nm/qm
of milk)
8. S5«=4HMF valus
( u moles/100 gm of
totsl snlidsg
(a) Free 0.39
(b) Total 14,22
9. Frasumptive celiform test -\ Q
10, Viabls counts (x1000/gm) 840
i Yeast and meld counts c.01
(x1000/gm)
12, Averaga ssnsory scores B.16

Auffalo

e —— e —————— .

17.07
25,33
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The fat content in the khoa nodules prepsred from
buffalo milk was 25,53% uhich was morz than the cou's khosz
nodulss (24,25%). The free fat contsnt in khoa nodules of
buffale milk uvas 66,53 and that of cow's 58.73%4. Ths
amount of free fat in the nodules wazs less thzn the khoa
prepared on roller drier, The extent to vhich khta nodules
wers exposed to hesting was less thaen khoa., The lactic
acidity wes higher in buffzlo's khos nodulas (0,723%) than
cou's khoa nodules (0.68%), The lactic acidity of khoe
nodulse s and khos pouder wes almost the szmae,

The free Patty acidity uwhich is ths measure of
hydrolysis of fat was higher in cou's khoa nocdules than
buffzlots khoe nodules (0,2% oleic) end khoa testsd higher
olsic scidity than khoa nodules in both ths speciss., In
order to verify whether adsguate heat trastment has besen
given during the manufacture of khoa nodules to ensure ths
formetion of required quentity of flzvouring compounds,
the p=-DMAB reasctivity was meessured, It wes found that
cou's khoa nodules show higher reactivity (0,312) than
buffzlo's khoa nodules (0.301). Boghra (1979) reported
p=DMAB reactivity as 0.27, 0,26 and 0.28, 0,27 for cou's
and buffalo's khoa from 305 and 40% concentrated milk,
The p=DMAB resctivity of khoa and khoa nodules wes not

different in the present experimant,
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Releszse of Pree HMF as zn intermedicte product of
brouning was found tc be 0,55 and 0.39 u moles/100 gm totel
solids in buffelo's khoe nodules and cow's khos ncdules
respectively, but total HPF v=lue was more in cou's khecs
nodules (14.22 4 moles/100 gm) totzl solids, 3oghra (1979)
raported the HMF val ue: as 18,3C, 15.76 and 15 444, 14,55
u moles/100 gm totzl sclids in cou's end buffelo's khoa from
31% and 405 congentrated milk,

Khoa nodules uwere fourd nagcotive to coliform taest,
The yeasts ond molds uwers less thzn 10/g, The vizble counts
were 6,000 and 9,750/gm in nodulss ebt:zinaed (rom couw's and

buffzlo's concentratsd milk.

9.,2,2 (hemical, microbiologiccl end sensory chinges

during storaqe of khoa nodules

Khoa nodules from couw's and buffale's hastad
concentrated milk usre packaged in polysthylane bags and
stored upto 30 days at 30°C for 120 days at 5+1°C. The
chemical and sansory vaslues of cou's khoa nodules and
buffalo's khos nodules are tebulsted in Teble S, The
follouwing chenges wers noticed,

In both tyres of khoa nodules, moisturs for first
five days decressed rapidly and then slowly. At refrigerzstion
tamperature, the decresse in moisture was rapid during first
one month, The moisture percaentege, thereafter, got

stabilized sround 115 from an initial volue of 15.4.0.



Yays Qv storeqe

30%
Constituents
o -5 B 1) 20 (i ki)
08 nodules

Moisture (4) 16,40 13,62 12,21 11,30 10,26 11.56
Fat (1) 24,26 25,06 25,47 25,74 26,04 25,66
Acidity (6 L.na,) 0,60 0,75 0.78 0,86 0.96 0.60
froo,rat -
i.g % of khoa 14,25 14,82 15,22 15,53 15,02 15.23
b) % of Pat in khos
. s nodules 58,73 590,13 59,75 60,33 69,75 59.35

ree fPatty sclidity ,
Paroxide velue e
(moq. Oz/kq fot) 0.52 0.57 0,58 0,60 0,65 0,60
AvernQge sensory 6cores B.,16 7.6 6e5 SeS 2,08 7.6

uffelo milk khoe nodules

Molisture () 17.07 14,75 13.62 17,25 11,23 {2.52
Fat (4) 25,33 26,03 26,30 25,79 27.11 26,72
Lectic ecidity (4 D 0.72 0,75 0,780 0.8 0.85 0,77
Freo fat %

a) of khoo 16,85 17,40 17.76 108,20 18.61 17.87
b) of Pat in khoe nodules6s, S50 66,85 67.32 67,94 68,67 656,91
free fatty scidity 4 0.26 0,28  0.31 0,25
(4 oleic ecid) 0,20 D s
Peroslide velus 5 0.65 0.68 0,72  0.76 0.55
(menqe Ozlkq fot) il - ’
fverrge Sensory scores 8.3 7.6 Be3 59 2.8 7.3

5°C

50 5t 120

11.21
25,76
0,688
15,33
59,51
0.34
065
T3

. ———— - —— - ——

11.31
27,08
0479

10,28
67«93

0.28
0 Y ,‘9

73

10.82
25,88
0.69
15451
§59.93
0.35
0.7
7.3

10.62
27.30
0.81

18,54
6‘7.96

0,30
0.73
75

10,41
25,99
0.72
15,70
60,42
0.37
0.83

73

10.21
27,62
.85

168.07
68,73

0.31

1.07

75

———— — o~ ————

. ————— -

LE
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There was @& corressponding incresse in the fut
cantert of the nodules with progrezaivs gvaporztion of
moistsre during storsge, Tha incresse in the lactic
egcidity in both cou's and buffzlo's khees nedulsa uvas
slow at both the tempersture of storigs, In cou's khoa
nodules lactic ecisity at 30% storsge incrsased from the
initial vzlua of 0,68% to 0,95 after 30 deys siorags
while in buffazle's khoa nodules the increass uwss unto
0.,85% from an initisl lactic scidity of 0,724. The
increase in lectic acidity was insignificant at Szjnc.
The free fat % was found to incresss during storcge both
at 5°C and 30°C. Initislly buPfzlo's khas nodules had
mores free Pat than cou's khoa nodules, 1In couw's khoa
noedules frae fet incressed from the originagl value of
§8,73% to final percentuege of 50,755, In buffalo's khoa
nodules the incresse was only 1.35 i.e. 55,55 incraased
to 68,675 of the total fat,

Tha free fPatty ecidity (D.26¢) in cou's khoe
nodules at zero day incressed to 0,34 (4 oleic acid)
after 30 days storage at 30°C and to 0,37 in 120 days
storage at SOC. The corressponding veluss for buffalo's
khoa nodules were 0.31% st 30°C after 30 days and 0.31%
at S°C in 120 days. The initisl valua uas 0.2%.
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The peroxide valuo In cou's khoa nodules and
buffalo's khoa nodules wzs 0,52 and C.51 magq Cz/kg Pat
respectively which incrszsad turing storsge., Th2 rate of
fat oxidation wes slower im khoe nodulaes than khoa, The
peroxida value in cou's khea nodules after 30 duys
increesed te 0,83 at 3003. Tha increeee was higher in

khoa nodules of buffslo, It sppsers theot Prus Pzt plays

& dominant role in the Pormation of peroxides,

The average sensory scores wers quite satisfoctory
¢n zero day, Khoe nodules wera orgenolaoptically zcceptsbls
sftar 20 deys storege &t SUOC. The =ccantebility uas
suddenly reduced on 30th dsy of storesge. It may be inferred
that khoe nodulss con be stored safely unto less than & wesks.
Khoa nodules at refrigsration tempercture continucd to be
egceptable to the judges upto 120 doys of storags. The shelf
;1if2 of khos noduls can be predicted unto S5=5 months,

The microbiologicel chanjes during storcge are
pressnted in Tebla 6. It is intaresting to nota thot ell
the samples of khoa nodules were free from coliform organisms,
The initial vieble counts in cow's ond buffelo's khoa nodules
renged from 8,0 = 9,75 thousand/gm which decrsssed during
storsge, Yeast and mold counts showad an increcsing trend
during the storags at both the temperatures, The ysast and

mold counts in stored semples rsnged from 10 to 2,000/gm,




Teble 6 ¢ Microbiologic=1 changes during storage of roller drisd khos nodulss
(Average of two trizls)

Jays of storage

Constitusnts 30°%¢ _ 5%
0 S 10 20 30 30 60 90 120
Khog nodules fromcou milk
1. 2{:2%.2.?.37323’ 840 §.65 5.2 4.3 2.9 3.2 2.1 1.5 0.75
2, Yeast and mold
counts 0.01 0.10 0,20 0.40 1.0 0.20 .50 1.0 1. 20
(thousand/gm)
Khos nodules from buffalo milk
1. Viable couynts 5 0 4,65 3,40 1,05
(thousand/gll) 9075 7.00 ).20 5.4- 3.45 5.92 @
2. Yeast and mold
* counts 0.01 0.20  0.40 0,70 1.2 0,50 0.90 1.5 2.00
(thousand/gm)

————— —— ————————

#11 the semples were found to be negative to nresumptive coliform,
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Se3 Panufgacture of khoz powder from concentrated milk

S5.3.1 Standerdization of the method Por manufecture of

khoa pouder

The couw's and buffalo's milks uere concentroted to

3054, 40% end 504 totel selids in the single effsct vecuum
evaporator., ctach type of concentrated milk wos egually
divided in two parts, The first portions were hsatad to
55°C and the second portions to 74°C for 10 mts befors
deying, This hesating bsczma nscessary for producing
coocked flavour in ths powder, It was possible teo
menufzeture khoa powder from sll the 3 x 2 types eof
concentrated milks by edjusting the steam prsssuras in
the roller driers,

The stsem pressurss used fer drying of 304, 403
and 504 concen traoted milks wers 40, 68 end 74=738 psi
respectively,

All the samplss of khoz povders usre examinad
for sensory properties by a panel of judges end the highast
aversge scores vere auvardsd to the pouder made from S0°
concentreted milk previously haatsd to 74°C for 10 mts.
followad by 505 concentreted milk warmsd to 56°C. The
mean sansory scoras for buffalec and cow concantrated milks
for high heat trested and low heat trested khoa powders
were 8,3, B.2, 7.9 and 7.8 respectively, the lover figures

being essociated with those of the cou's (Table 7).
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The ssnsory characteristics cf khoa pouwder
manufactured from 304 totzl solids vere criticised For
lack of Plovour, although product from 40, total solids
got a setisfactory scoring provided it wvaes prepered from
Concantroted milk ofter hesting to 74°C for 10 mts.
Meeting to 56°u bofors roller deying did not imoreve the
flcvour in both these ceses and ths powder ressmbled to
thet of ths ordinary whole milk pouder,

All the batches of pouders wers ex=minad for
verious chemiccl, microbiclogiccl ond ssnsory rroperties
end their velues are recorted in Table 7,

The moisture contants in powdsr from cou's
concontrated (55°C) end hezted concentroted (74°C for
10 mts) milk were 3,42- and 3.17 wvheraas in buffclo's
the corresponding velues uvere 4.25- and 4,12:, fccording
to tha Prevention of food Adulteration rules, the maximum
moisture in whole milk pouwder by roller drying prccess
should not excesd 5:, The moisture contents in the
present experiment were less than this limit, The Ffat
content in both cou's and buffelo's khoa pouder on gross
wveight basis were 30,75 to 30,845 =nd 30,33 to 30.,42.
respactively,

The lactic scidity in khoa pouder from buff-lo's
milk wermed and heated wos 1,025 and 1,045 and in cou's

0.99 and 1,035, The I.5.1, heve prescribed thot whole
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Teble 73 Chemical, microbiologic-l end sensory propertiss
of khea pouder.

(fvercge of tuwo trials)

Constituente Coy Buffalo
Concent- Heected Concent- Heated
rated concont= rasted concent-

rated rated
’o Hoiaturs (,&) 3.42 3.17 4,25 4,12
2, Fat (%) 30,76 30.84 30,33 30,42
3. Frﬂﬂ fat 20.12 21.32 23,43 25,59
(%5 by wt. of '
khoa pouder)
4, Acidity (%) 0.99 1.03 1.02 1.04
S. free fatty escidity
(4 oleic ecid) 0.1 0.11 0.052 0.064
6. Paroxide valus 0.42 0.41 0,50 0.55
(mag. ozlkg fat)
7« p=ONAB resctivity
(absorbance at 0.315 0.326 0.281 0.312
545 nm?gm of milk)
8. S=HMF vglus
( u moles/100 gm
of totsl solids)
(a) Ffree 0.40 0,56 0,38 0.53
(b) Totel 13.99 14,54 13,42 13.64
9, Average sensory 7.8 B.25 79 Be3d
scores
10, Presumptive
coliform test -ve -y e -ya -Ve
11. Viebls counts
(x1000/gm) 4,20 3.37 5,28 4,74
12, Yeast and mold
counts 0.0 000 0.01 0.01

(x 1000/gm)




44

milk pouder should not contein more then 1,2% lectic
scidity, Khoa poudsrs Pell well bolow this limit in their
lactic scidity, The fres Patty scidity of buffelo's khoo
pouder (0411, 0,114 oleic acid) wes less than cou's khos
pouder { 0,062, 0,064% oleic ecid) in varmed snd heated
sample, The corresponding psroxide velues in buffale's
khoa powder (0,42, 0,41 maq Oz/kg fat) were higher than
cow's, P-=DMAB reaactivity and total HMF vzluss wsre slightly
more in cow's milk khos pouwder (0,40, 0.S56 umoles/100 gm of
total solids) than buffelo's, Uhsn compered to khoea
prepared by conventional or roller drying nrocesses, the
p=DMAB reactivity snd S«HFFf values were almost the same,
This would indicate that sdequate heat treatment was given
to milk solids in the process for khoa pouder,.

Khoa pouders from cou's and buffalo's milk vere
found negative to coliform organisms, Ths totzl bacterisl
counts were highar in buffalo's khoe pasder (5.28 and 4,74
thousand/gm) then cou's pouder (4,20 end 3.37 thousand/gm).
Yeests and molds were absent in couw's milk khoa pouder but
in buffalo's khoa they were present in less than 10 per gm.

In order to assess the suitecbility of khoa powder
for the preparstion of sweets rsconstitution was done with
‘the calculated smount of milk and ueter separately to obtain
a moisture level of about 30% as in caese of khoa, The
rgconstitution was sccomplished by sprinkling calculated
quantity of water to khea pouder, sosking for 10 mts,
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mixing, hoeting and stirring in o double jacksted pen.

The same procedure was 2lso adoptsd with hot milk soazking,
Reconstituted khoa obtained uith uater had Plat flsvour

khoa obtazined from reconstitution with milk had normal
flavour, Khoa powder reconstituted wall into khoa uith
smooth texture and uniform body., Theese body cheracteristics
are raquired for the preperation of sueets such as burfi

and gulabjamun, Khoa with grainy texturs was not obtained

by the process of raconstitution., Thus, the preparztion of
Kalskand, and milk ceake may not be possiblas from khoz pouder
unless soma citric ecid is sdded slong with milk for grain
formation,

5.3,2 Chemicel changes during storege of khos pouder

Khoa powders prepared from both concantrated and

heeted concentrated milks uwere packagad in 250 gm sterilized
tins, sesled and stored st 30°C and 5°C for 120 days., The
cshanges observed during storsge have been pressntad in
Table 8, 9, 10 and 11. The discussion have been arrangad on
different parameters that were examined during the course of
this investigation,
S5¢Je2+1 Moisture

The moisturs percent in cou's end buffalo's concentrated
khoa powder did net change significently, Tins proved good
barrier egeinst moisture trensmission,
S¢3,2.2 foidity

The parcent lectic acidity incou's and buflelo's

pouder prepared from unheated and hested concentrated milks



Teble B : Chemicel chenges during storsge of roller dried khos prepesred
from buffalo concentrated milk,

(Avarsge of two trials)

Days Moisture # Acidity Freo fPat Free fatty Paroxide P
: ver
(4 LoAe) (4 by ut. of acidity value Sagagg;
khoe powder) (# olaic ecid) (meq.)ozlkg scorss
fat

30°¢C
15 4,26 1.02 27,65 0.080 0,68 8,16
30 4,25 1,02 23,86 0,109 0.93 83
45 4,25 1.02 24,11 0.130 1.36 7.8
60 4,26 1.02 24,34 0,151 1.66 7.6
75 4,25 1.02 24,458 0.168 1.85 7.6
90 4,26 1.021 24,79 0,190 2.12 7.6
105 4,26 1.022 24,98 0.234 2,43 7.5
120 4,27 1.021 25,21 0,251 2.71 7.6

5%
30 4,26 1.02 273,45 0,080 0,67 8.0
50 4,26 1,02 273,46 0,090 0.71 7.8
70 4,25 1.021 273,48 0.105 0.77 7.8
90 4,26 1.021 273,53 0,120 0.85 7.8
120 4426 1,021 275,50 0,142 0,95 7.5

Fat o in khoz pouder = 30,33

oY
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romained almost gonatont during storega. All types of
powders from buffelo had higher inltisl scidity then cou's
povdar, Similer results were rerortaed by Planine and
Milohnoja (1969). and PLjanouakl end Kolaneske (1970) who
oboerved slight incremse in acidity of spray=dried whole
milks Valont (1977) reported thet titreteble acidity
remeined virtuelly unchenged during storege of driaed
whole milk, Oried whole milk powder wves peckoged in
polyathylens bags and stored ot 20°C and 60~=65. A, H. at
37°C and 305 R.H, and examined eftor storsge for 2, 4, 6,
7 and 9 montha. Korhonen et al (1976) found no detoctable
changes in lactic ecid of sproy=dried whole milk ond skim
milk pouder.
Se342,3 Ffree fsot

Free fat content increased at 30°C end 5°C os tie
days of storzge advanced but the increesses were more
prenounced at 30°%C 1n all types of khoe pouders, Uuffalo's
khoe powder had higher free fat content than both types of
cou's khoa powders (Table 8, 9)., Tran The Truyen (1975)
did experiments on three ssmplaes of dried whole milk stored
at various temperatures (7, 20 end 30°C) and in air of
various R,H,(40, 60 and 804) and showed that storage at
higher R.H, values and at high temperaturs significently
increzsed the fres fat, Valent (1977) studied threc samplas
of dried vhole milk (drying procedure not stated),
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The samples were directly exemined efter mznufacture cnd 200=qg
portions were stored in polyasthylene bags ot approxe. 20°C and
60 = 65% R.H. or at 37°C and 304 R.H. and exemined after 2, 4,
6y 7 eand 9 months of storesge. Ouring storzqe fres Pzt contsnt
increosed from 34,6 = 36,5 to 34,8 = 36,8 and 36,2 = 38,9 at
20°C &nd 37°C, rospectively,

543,24 Free faztty acidity

There was 4 times incrscsse in Free Fatiy ecidity of
buffale's khoa pouder during 120 days storage at 30% ., At 5°¢C
the free Fatty scidity increczsed by shout 1.7 times in buffalo':
khoa pouwder, Khoa pouders hed slightly higher FFA rclzased
during sterege from hested concontrated milks (Table 9, 10).
Loney and Bessstte (1971) studied the changes in frec fatty
scids in sterile concentreted milk during storege, Thay found
linsar increcse in free fatty scids at 37°C end 55°C but no
detectebls lipid hydrolysis was found during storage at 4°Ce
5.3.2,5 Peroxide value

Thare ves about 5.4 fold increase in he peroxide velus

/of khos powder from buffalo concentrsted milk (unheated) efter

/ 120 daye of storage at 30°C, At 5°C, the peroxide velue uas

' raised by 1,9 times from an initial value of 0,50 (Tsbla®8).
;Simllar results were obtainaed on powders prspared from buffalo's
'haated concentrated milk (Table 9)., Cow milk khea poudar
shousd an increcsse of 4.5 and 4,7 folds after 90 days storage
ay'30°c. At 5°C, thess lncreasas uere 2:§\and 2,17 fPolds
¢L§1ng 90 days storage (Teble 10, 11). The increases in

| //p.rexldo value did not meterielly influsnce thae ssnsory
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Teble 10 : Chemicel c henges during storsge of reoller dried khoa
prepared from cou concantratad milk.

(Average of tuo trials)

Days TIoisture feidity Frea fat Free fotty scility Peroxide Ava@rage

(%) (% LeRe) (% by wte of (4 oleic scid) value Sensory
khoa poudar) (meq. Ozlkg scores
faut)
30
0 3.42 0,950 20,12 0D.110 D.42 79
15 3.42 1.010 20,33 0.147 0.61 8,0
30 3.43 1.012 20,54 D.182 0.82 7.7
45 3.42 1.011 20,73 0.213 1.20 7.8
&80 341 1.010 20,94 0,292 1.43 7.9
75 3,41 1.010 21.16 0.337 1.65 75
90 3.42 1.011 21.45 0,372 1.89 75
5°C
30 3.42 1.01C 20,14 0.123 0.58 79
50 3.41 1.010 20,15 0.136 0.68 7.8
70 3.42 1.011 20.17 0,147 0.80 7.9
90 3,42 1.011 2C.21 0,158 0.92 7«6

Fat % in khoa powder = 30,76

0s



Teble 11 : Chemical chsnges during storege of Roller dried khoa prepared
from cou heated congentrated milk
(Average of two trials)

Days fMoisture (%) fcidity Fres fat Free fPatty Peroxide value Avarage
(% LoA.) (% by wt, of eckity (mag. 02/kg fzt) sensery
, khoa posdar) (% oleic acid) scoras

3%

0 3.17 1.030 21.32 0.110 0.4% 8.2
15 3.18 1.031 21.53 0.152 0.63 8.3
30 3.18 1.032 21.74 0,193 0.81 7.9
45 3.17 1.032 21.95 0.221 1.22 8.3
60 3.17 1.030 22,14 0.305 1.46 8.1
75 3.17 1.030 22,31 0.342 1.67 7.9
90 3.18 1.031 22,56 0.385 1.92 7.6

59C
30 3.17 1.030 21.34 0.124 0.56 8.1
50 3.18 1.030 21.35 0.138 0,67 8.2
70 3.18 1.031 21.37 0,148 0.79 8.0
20 3.17 1.031 21.39 0,160 0.89 706

Fet 4 in khoa pouder = 30,84

LS
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proparties of khoe pouders during storage. 1jznouskl and
Kolenecka (1970) found incressad peroxide velue from 3,90
to 7,77 meq. Uz/kg fat in sproy dried uvhole milk stored
during 112 days storage,

S43.3 fiicrobiclogicsl chenges during storzge

All the semples cof khoe powder from concentirefed and

hesatad congentrated milk (cow and buffalo) usra Pound
negative to prosumptive coliform test (Table 12, 13).

The initiel wvieblas counts in khoe pouder from buffclo's
concentrated milks were found to be 5,28 and 4,74 thousand/gm
vhereas khoa pouder s:mples from cou's concentrated and heated
concentrated milk wsra having 4,20 and 3,37 thousend/gm. is
the storage time increcsed, viazble counts decreased. (ichols
(1939) found that stored semplos of milk powvdsr had lesss than
184 of the initial counts, Higher storcge tempersturs had
remarkabls affect on ths decressse in the uiable counts,
Higginbottom (1944) shoued a daecrease in the number of bacteris
and decreases wers slightly more in roller drisr powders than
in the corresponding sprzay dried poudsrs,

Planine and Milohnoje (1969) examined the microbial
populsticn of 47 samples of dried milk over a peried of 12
vasks storage ot 16-25°C and ReHe 8t 80=75%, There was decrsase
in bacterizl numbers, The colifcrm bacteria could be isolated
from only one semple. Korhonen gt al (1976) examined spray
dried vhols milk pader pagkaged in polyethylens bag for 94 days
at =5°C to 30°C and 43-847% ReH, and observed a little changs
in vieble counts, Yeasts and molds occured in small numbers
(1=7/gm)s The counts of coliforms and yeasts and molds didnot

change during storege,
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Teble 12 : Microbiclogicsl chsnges during storsge of reoller
dried khoa from huffelo concentrated milk,

(Avercge of two trisls)

Visble coynts
‘Thnusendzggl

Days
Heat concentratsed Concentrated milk
milk

30
0 4,74 5.28
15 2.13 256
30 0,80 1.20
45 0.64 0.83
60 0,40 Be52
75 0,36 0.39
90 D.32 0.25
108 0.25 0,20
120 0.20 0,15

5%
30 4,00 3,20
S0 3,03 2,50
n 2,50 1.80
o0 0,80 0,70
120 0,40 0,30

Notet 1. A1l the samples weres found to be
negetive to presumptive coliform test,

2, Yesst and mold countes during storags
pericds vere found leas then 10/gm,
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Teble 13 @ fMicrobiological chenjes during storage of roller

driecd khoa from cou concentrated milk,
(Averege of two trisls)

Viabls counts

Daye ( Thousand/gm)
Heat concentrated Concentrzted milk
milk

30°%¢
o 3.37 4. 20
15 2,50 3,00
30 1445 2.10
45 0,82 125
60 0440 0.64
75 0,34 D54
90 0,30 .42

5°¢
30 2,50 3,27
S0 120 155
70 0.72 0,86
90 0,50 0,60

Note: 1, All the samples were found to be
negative to presumptive coliform
tast,

2. Yeest and mold counts during storazge
period were found lsss than 10/gm,
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Yzast and mold counts throughout storage of both types
of khos pouder remsined lezs than 10/gm,

From the foregoing discussion it can be inferred that
khea powder prepasread from concentrated milk with 505 totel
solids was stored uithout using eny chemicsl, microbiologicel
and sensory propertiss at 30°C when packed in sterilized tin
contoiners, This storage study was not conducted beyend 12C
daya, On tha basis of the results the shelf life of tha khoca
poudar cen be predicted for zbout six months at room temperetur

end about one year in the cold store,
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The salection of & sulitecbls concentration of milk for product

manufecture was found out on the basis of chemicel and sensory

prope rtiss of the concerned product,

Milk with 504 totel concentration heated to 74°C for
10 mts was f ound most suitzble for khoas menufacturs on the
roller drier at 15«20 psi. Khoa nodulss wvers best prepared

at 25-30 psi and khoa powder at 74«78 psi using milk with 503
total solids concentration,

Khos powder manufacturad Prom S0% tetzl solids
concentration snd heated to 56°C bafors drying had good
cooked fPlavour but khoa powder prepared from concantrated
milk with 504 totcl solids and hested to 74°C for 10 mts had
pronounced coocked flevour, ©Soth these slternatives are
availeble to the industry for khoa powder making depending
upon tha snd usages,

Khoa powdsr wes reconstituted inte khoa with calculated
amount of water and milk separstely. The steps for
reconstitution involved uniform mixing, seaking for 10 mts,
heating and stirring till the desired body and texture were
raached, Khoe reconstituted with water had flat taste but
the one with milk uas found to be of satisfactory quality in
flavour, body and texturs,

Khoa, khea nodules and khoa poglor vera analysad for

/ solour, flavour body and texture, moisture, fat, lactic
acidity, free fatty acidsity, free fat, peroxide value,
pare dimethyl aminobenzeldehyde=reactivity, S=HNF value,

presumptive celiform test, visble counts and for tha pressnce

of yessts end molds,
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Khoa prepared on roller drier with 507 total solids
concentrated milk wss comparad well in Plavour, Sody and
taxturs with khoa prepasred by conventionzl method, This khoa
had almost same percentzges of moisture, fat znd free Pzt ss
that of conventionally prepared khoa, Peroxide velue usre
slightly higher and the free fatty ecidity lesser than
conventisnal product, P=~DMALB reectivity was slightly higher
in cou's milk khoa than buffzle's, Frse HMF velues were
higher in buffalo's khoa but total HAF was found to bs more
in cou's khoa,

The shelf life studies of khoa preperad on reller
drisr were conducted after psckaging in polysthylsne beags
at so°c and 5°C. The product remained for 5 deys at 30°¢
and 15 days at 5°C. The moisture content during storzge et
30°% decressed in both cou's end buffalo's khea, free fat,
lactic scidity, fres fatty ecidity, peroxide velus, viable
counts and yessts and molds insreesed with the doys cf
storage, The coliform orgsnisms yere absent,

Khoe nodules were tessted to 16=174 moisture and 24=25%
fat., The free fat content in khoa nodules frem buffelo's and
cou's vare 16,.85% and 14,25% respectively, The lactic escidity
of buffalo's and cow's khoa nodules uas 0,724 and 0,68%
respectively, Fres fatty ecidity in cow's khoa nodules uas
higher (0,264) than cow's (0,204). Peroxide vealue was lesser
in cow's khoa nodules (0,52 u moles/kg fat) than buffalo's
(0.61 u moles/kg fat). P=DMAB resctivity and totel HMF were
almost the seme es in khoe prepared by roller and conventional
pProcassen, Micrabiologicaslly the nodules were better than

kﬁca because of lower moisturs contents,
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During storaga of khoa nodules, there wss Paster
moisture loss in the first five deys follouwed by gradual
decrease afteruards, Lectic ecidity, frues fat, fres fatty
acidity, peroxide velus wers incressad =t both tha temperaturec:
in both types of nodules, The increzse in free fst was very
slow at both the temperatures, Viable bectoriz decreased snd
yezsts and molds incresssd., Coliforms usre absent during all
the deys of storage,

Khoa pouders pranared from congcentrated and hsated
concantrated couw's and buffzlo's milk wers found to have
3042, 3,17 and 4,25, 4,125 moisture respsctively, Free feot,
lactic acidity and peroxide velus wars highsr in bufizlo's
then couw's khoa, P=0fAS reoactivity aend S=HAF value (free and
totzl) wers higher in cow's milk khoa pouder. Viable counts
in thousand/gm were found to be ranging from 5,28 ta 3,37.
Yeasts and molds wsre sbsent in cow's khoa pawdsr and uera
less than 10/gm in buffelo's khea pouder. Colifeorms usre
absent in both cou's end buffalo's khoca powders,

Storags studies on buffelo's khos pouder usre
conducted for 120 days and on couw's khoe pouder for 30 days.
During storage of khoa powdars in Tin conteliners thers weas
noc significent chenge in moisture and lectic ecidity but
fres fat, and free fatty acids, peroxide veoluss increesed in
all types of poudor. Thess increcsses vare fester at 30°¢
than 2t 5% temperature of storsge., Seacterial populetion

decreesad during 120 days of storege, Yeecsts and molds
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remainaed almost constant and never sxcesdsd 10/gm,
Coliforms uvers negstive in all the semples, /All the
samples of khos powders wers found acceptable to

chamical and sensory characteristics upte 120 days,
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APPENDIX = I

Orgaenolaptic chengas during storsge of khoa prepared from roller drier
(Avarage of two triels)

Organcleptic Low's milk khoa Buffalo’s milk khog
tests Days of storsga Days of storagse
- 30°% 5% 30% 5%
5 o 95 "0 5 B 5] 15
COIQUE 8.0 4‘0 B.D 2.5 8.0 4.0 7.5 3'0
Body and Texture 7.2 5.5 Be5 4,5 7.0 3.0 8.0 3.0
Flavour 7.5 2.5 7.0 2.0 7.5 2.0 7.0 2.0
Aversge Sensory Teb 4,0 T2 3.0 Te5 3.0 Te5 246

Score




Organoleptic changas during storege of khoa nodules prspasred from reller drier

APPENDIX = 11

(Average of two triels)

Osays of storcgs

cleptic 0
Org::.t.p 30 C 5%
0 S 10 20 30 30 60 o0 120
Cow goncantrated milk (Hested)
Cﬂlout 8.5 8.5 6.8 8.0 2'5 8.5 8.0 8.0 8.0
8ody and Texture 8,0 75 S.0 5.0 3.0 7.0 7.0 7.0 7.5
Flavour 8.0 7.0 5.0 Se5 3.0 Te5 7.0 7.0 7.0
Averesge Sensory B.16 76 S.5 HeS 2.8 7.8 73 7.3 75
score
Buffale congontrated milk (Heated)
Colcur 9.0 BeS 7.0 6,0 3.0 BeS 8.0 8.0 8.0
Body snd Texture 8.0 7.5 7.0 GeS 3¢5 7.5 7.0 7.5 75
Fl"ﬂur 8.0 7.0 5.0 400 200 7.5 7.0 7.0 7.0
8.3 7.6 5.3 55 2.8 7.8 Ted 7.5 P

Average Sensory
Score




APPENDIX - III

Organcleptic changes during storangs of roller dried khoa
preperad from buffalo milk

(fverage of two triels)

Days of Colour ?gg ug:d Flavour ﬁ:ééggg e
storege AR ] A -8 A L A LBl
30
0 8.0 8.5 8.2 BeS 745 8.0 749 Be3
15 845 9.0 8,0 8,0 0.0 8.5 842 Be5
30 9.0 845 8.0 7.5 8,0 8.5 Bo3 Be1
45 8.0 8.0 745 7.5 8,0 8.0 7.8 7.8
60 E.0 B.5 765 7¢5 75 3.0 767 8.0
75 745 9.0 745 8.0 8,0 8.0 746 Be3
90 8.0 84S 745 BeO 745 845 76 Be3
108 8.0 Be5 7.0 7¢5 745 8.0 745 8.0
120 8.0 Be5 7.5 7¢5 765 745 76 7.8
30 BeS 8.0 75 75 640 8,0 8.0 7.8
50 8.0 BeS 7.0 7.5 8.0 B840 7.8 8,0
70 8.0 8,5 8.0 7e5 745 8.0 7.8 8.0
90 8.0 9.0 745 8.0 8,0 845 7.8 Be5
120 8,0 Be5 7.0 8,0 7.5 8.0 75 8.2

A = Khoa pouder from concentrated milk
B = Khoa pouder from heated concentroted milk



APPENDIX = IV

Grganoleptic ghanges during storags of roller dried kheos pra
cow concentrated milk, FECENS o

(Averazge of two trials)

Days of storsge

Crganolentic o
tests 30°C 5%
o
o 15 30 “ 45 &0 75 80 30 50 70 90
Khos pouwder from concentrated milk
Calour 8.0 B.D 7.5 8'0 ’}.2 B.D 800 303 8.0 6.2 8.0
Body and taxturs 8,5 8.5 8,2 8.0 7.7 7.5 7.5 8.0 8.0 8,0 745
Flavour 7.0 T:5 7.5 75 8.0 7.0 7.0 T.5 Te5 75 7.5
fvarzge sensory
< scors 7.8 8.0 7.7 7.8 7.9 7.5 7.5 7.9 7.8 7.9 7.6
i xhoa pouder from hesated caoncentrated milk
< olour g.0 Be5 8.3 Be.5 8,3 8.2 8,0 B,3 85 8.5 8.5
Ehbdy and texture 8,5 8.5 8,0 Be5 B.0 7.5 75 8.0 8.0 7.6 7.0
Flavour Te5 8.0 7.5 a0 8.0 8,0 T 8.0 7.0 8.0 7.5
Average sensor .
ngreg y B2 8.3 7«9 B3 8.1 7.9 7.6 Be1 8.2 8,0 v -
'/”)3 & -
[/ =
e
% ¥



