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REVIEW

Physiology of Perception of Odour and Taste

. o . K H. Plartig o
Institut fir Physiologie und Blokbernetlk der Friedrich Alexander Universitét, Universitatsstraie 17,

8520 Erlangen,

W. Germany

General principles of the morphology and physiology of smell r nd taste perception are presented and discussed for readers not
particularly specialized in biology; Selected détails anout curren research are included.

Gustation and_olfaction are considered toPeth_er a
“chemical senses”. This means, from the usual point of
view, that the primary process of excitation of the res-
pective sensory cells is'a chemical interaction, between
certain membrane sites of these cells and the stimulating
odorous, or tastlng molecules.

The difference between taste organs and smell organs

which is fairly evident in man andin all mammals, is not
as well manifested 1 ingects and fish, One could say,
however, that for all animals except, for those living in
the water, taste stimuli are characterized as solid, liuid
0r gaseous, substances soluble 1n water and to a certain
deqree In lipids.  Odorous stimuli are represented by
molecules in the %as phase, and they should be water—
and/or lipid soluble and adsorbablé, and also volatile,
More qene_ral and more practical s the difference in
threshold intensities: olfactorous stimulation usually
requires lower average concentrations than taste aware-
ness— 102 to 1014 molecules per ml air (Table 1) and
1083 to 100 molecules per ml solution, resPec |ve!¥
Table 2)12561) DoPs are aware of the smell of 103
oleculeS of diacetyl” per ml air, and the silkmoth
Bombyx morj) of 102 molecules of “hombycol” Per ml
ir, which will be discussed later, Man is able to dif-
ferentiate many thousands of different odours, . The
human sense of smell is, however, far less sensitive in
comparison to other living beings.

Chemoreception of Olfaction _

Qur knowledge of the anatomy and h%smlogy as well
as the psychology of olfaction cduld well e increased by
research efforts on_this topic.  As is well known, the
human nose_is divided by a septum into a left and
right cavity into which the nasal conchae (or turbinate
bones J)YOJGC'[ from the lateral wall, forming bony hills
covered with mucus. - As shown In Flézl e lrispira-
tory air stream goes through the nasal ducts formed by

the conchae (or furbinates) and. is in part reversed by
turbulences and directed to the highest dome ofthe nose,
Although the entire surface of this nasal cavity is covered
with respiratory mucosa cells formm? the “respiratory
region”, there is just one little area of about 25 cm2in
the top Just ahove the upper concha which is called the
olfactory region”, and it along bears olfactory sensory
cells §F|g lg There are about 20 to 50 million”olfactory
receptor” célls in this region within an area, including
hoth nasal cavitiesT5L ofabout 5cm2 I the schematic
d|agram In Fig. 2 three olfactor recegtor cells of a
macrosmatic mammal, e.g., a dog, are shown. In the
last years new evidence hds been gathered, which shows
that“olfactory cells definitely regénerate, whereas a few
years ago they were considered’ to be permanent and
Stable “nonregenerating elements of the nervous
system161734 " In the Center of Fig. 2 one hasal cell
IS just changing into a mature recéptor cell; its apical
dendritic proceéss has not ¥et completely reached the
surface and the cilia have not yet emerged, which appear
to_be jmportant for the first Contact with the olfactojy
stimull. ‘The %/ellowmh colour of the olfactory region in
the mildle of the red respiratory re(Inon IS caysed hy the
many lipids included in the sustentacular cells and the
surféce Is covered with a layer of mucus which must be
Renetrate_d by the stimulating molecules.  This mucous
owever is produced on_IOy In part bkl the sustentacular
Bellsmthe I[Pctor region; the greatest part is excreted
y mucous cells Iin the respiratory region.

Not all the olfactory information, however, is proces-
sed by olfactory cells; there is also a strong tactile corn-
ponent of odours via the trigeminal nérve—the
cranial nerve. Its free nerve endings, which are not
shown in Fig. 2, are stimylated ver?/ easily _b){1 certain
molecules, stich as ammonia, and als by"higher con-
centrations of odorous molecules9. This is the explana-
tion for people with torn olfactory nerves (as the result

Paper presented at the Central Food Technological Research Institue, Mysore, Inciia on 6th Nov. 1974,
169
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of fractures at the base of the skull) who may stil| have a
The maHon
th|s reglon tfiree of which are s
2, are branches of the first cranial nerve—the
actory nerve called “Fila olfactoria”—which extends
to the olfactory bulb situated on_the top of the cribri-
form plate of the ethmoid bone. The olfactory hulb is a
brain invalved in
Information, called the rhlnencepha
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One of the main difficulties in studying olfaction by
phy5|olog|cal means IS the delivery of an accurately
control ed st|mulus A Iar?e number 0f devices have been
esqned over the years To geliver a jet of air with a
constant velocity and containing a known quantity of
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“olfactory evoked cortical pofentials”. Some ofthese ol-
factory potentials are shown. in Fig. 4, which demonstra-
tes thé great difficulty in attaining Quantitative differences
Inpotentials related to specific”stimul], during cortical
Brocessmg of olfaction. Certainly this problém might
e more ‘easily solved in animal$ with easy access "to
the brain stryctures. In classical experiments of Fox
et ali2 the oIfactor}/] bulb was electrically stimulated at
certajn E)Iaces and the evoked electrical activity recorded
by electrodes placed directly on the surface of adjacent
nervous structures of the “lateral olfactory tract, the
olfactory tubercle, the prep[ynform_ cortex and the pyri-
form lobe, which are situated behing the two adJacent
olfactory bulbs and lateral to the optic chiasm®h,/4
Is certainly easier than recording the EEG from the intact
skull of nan, in which case a sophisticated evaluation for
averaging or crogs-carrelating of the EEG is necessary
to_improve the slgnal-nmse ratio Flg_. 14)

This 1 an objeCtive way to ascertain whether or not
an animal or a man is_abIg to smell (compare EAG and
EOG [ater). There is, however, no information yet
from these potentials concernmg the quahtly of ododrs
(Fig. 4). We have to confess thiat in contrast to most
other sensory modalities we have not reaII\{_ been able to
precisely idéntify different olfactory quélities. —Some
early investigators have proposed as many as 18 or 24
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mlmarz Ifactory qualities, }Nhn% others have reduced
e number to” a very fewloPUBARIBHLR8)
Based on theoretical conSiderations, namely the stereo-
chemical hypothesis of odour by Amoore, nfany research
workers assume seven primary odour qualitiesl4 1577
FI%. 5 shows not only the names ofthese primary odours
but also the theoretical background: Amoore assumed
that specific and complex recePtor sites situated at the
dendritic membranes of the olfactory cells were mote
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complicated for five of the seven primary odours, as
shown In the diagram. The S[xh odour; pungent, is
characterized by & simple negative site attracting pro-
tons, such as those of formic acid, which is a _ve%/ 8ood
example of a pungent or stinging smell. Putrid odaurs,
such as hydrogen sulfide, are”formed at a Rosmve
membrane” sit. ~ The rest of the stereochemical
relations can be well understood by Fig. 5 which
shows that characteristic odor substances”are able to
elicit a specific odourous sensation ifthey fitinto the form
of the receptor sifes. Amoore is quite convinced that a
large pumber of the predictions from this stereochemical
hypothesis of odour are In good agreement with the
experimental results of différent ldboratories, which
would appear to verify his assumgtmns. _

We must mention, however, that despite the fact that
the seven qualities of odour characterized by Amoore are
widely accepted as the correct nymber of ‘subdivisions,
not all physiologists concerned with smell and chemore-
ception adree with Amoore’s stereochemical hypothesis.
R HV nqht in Vancouver, Canada, strongly advocates
the “vibrational theory of odour”, which basically

assumes that the molecular quality which we perceive & b

odour is due to certainvibrational movements of odourous
moleculesS,7778. To quote Wright: “Such things as
volatility, water-or lipio-solubility, adsorbability,” and
s0 on miay affect the strength ofan odour, butits essential
quality will depend on what vibrational freﬂuenmes_ are
present and in what relative_proportions | an}/ given
assemblage of molecules. The Shape or profile "of a

Receptor sites Odorant molecules
from
ahove from right ahove front
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particular molecule may however, help to determine
which of the molecule’s vibrational modes is most
effective in triggering a sensation”. Wright supports his
theqretical considerations by comparing Raman and
far-infrared spectra of complex or%amc compounds
with their odourous properties. |t might also be mention-
ed in this context, that practically none of the inorganic
molecules has really odourous. properties.

To touch ypon another point, it is well known that
%reat difficulties aiise when we try to control the thres-
old of an odoruous substance if the olfactometer, the
machine dellvenng the odourous stimuli, is not perfectly
designed.  So threshold values gained by differerit
devices can hardIY be compared with €ach other
(Table 1), The clearest devices prowdm(i means for
doing basic research In olfaction are the “electroanten-
nogramms (EAGS)”, which study the antennae of bugs
or "hutterflies; these are comparable to the “Electro-
olfactogramm _(EOG)” developed for vertebrates by
Ottoson%. By, means qf the electroantennogramm
Kaissling and Priesner in Germany proved that réceptor
cells ofthe silk spinning Bombyx'mori are stimulated
y just one malecule ofan odourous substance4l (Fig.
6a and 60). This is particularly true for those substances
which play an important rolé in the reproductive cycle
of these bltterflies. = Certain sexual aftractants, “phéro-
mones” such asthe famous “bombycol™ have been exten-
sively investigated 324404163 Schneider and his collea-
ques44163 found that there are about 32,000 olfactory
receptor cells on one antenna of a male Bombyx mori, of
which 25,000 (about 80 per cent) glve4sipeC|Tf|c [esponses

t0 bombYcoI secreted by the femalesdl, Thus when a
male butterfly is fixed in place and subjected to female
Bombyx  ¢?
BAG

Bombykol

*!
'sec
)

Fig. 6. El Silkmgth
omfey Mori
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bombycol, a srgnrfrcant whrrrrno of his wings—which
normally would propel him o her—indicates the
specific response to this bombycol 6869

The remaining 20 per cent of the sensory cells on the
antenna can also e excited by other odouros substances,
as revealed by single. cell recordrnrla However, the
Intensity of this excitation, caused by the same number of
molecufes, 15 very low compared to_ the bom b;(col
excitation of the Specific cells; in_addition, these other
substances produce a limited excitation In the specific
cells, which'is however much less than the one elicited
by & much smaller number of bombycol molecules.  This
i5 the reason that Gesteland33—based on the results of
Boeckh et al.24 and Schneider@—divided the olfactory
sensory cells into “specialized cells” and “generally
respondrng cells”.  The %enerally responding cells are
predomrn nt In Vertebrate

After prolonged exposure we adapt to,a specific odour,

Everybody knows the experience of going info a room
and hoticing an unpleasant odour. After awhile however
we do not ‘any longer register a particularly offensive
odour. This Is_known &s adaptation of the olfactory
receptors or habituation of synapses in the central olfac-
tory pathways to an odour. “More complicated s, when
the” offensive_odour 15 provoked by Several different
substances. In this case one may have adaotatron or
habituation to a particular odour without altering the
threshold to other single odour.
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Similar to adaptation is the interesting phenomenon
of masking of odours; offensive odours are in effect
eliminated “hy an ambient deodourant, which merer
covers up thé offensive, odour with a reiatrvelyp easant
odour. This general rrncrpaeof sensory physiol o%y
used in a gredt number of comn ercially avar able Teo-
dourants which for the most part mask or decompose
the odour evoked by bacterial decomposition of human
Pers t|rat|onl but thrs principle may be of importance for

echnolog

On the othery side of the fence are the perfumers, who
are nterested in pleasant smells. Tt is well-known that
In perfuming, concentration Plays a very important role,
There are qite a number of stbstances of which small
concentratjons produce pleasant. smells but very high
concentrations unpleasant sensations.  Sensatioris_ pro-
voked by odourous stimuli are in man?/ cases assigned
terminologies of either pleasant or unpleasant, but are
seldom registered as neutral, in contrast fo sensations
received iy other sensory channels like vision and aud-
tion. This is in part Caused by the close anatomical
connections between the, olfactory . system and the
limbic system in the brain, which is “responsible for
emotions, as mentioned earlier.

Chemoreception of Taste

General internal chemoreceptors automatically. con-
trol oxygen or hydrogen or C02 concentrations in the
arterial” Dlood. “Other ones requlate the intake of
food and—by additional osmoreceptors—of water by
the general ‘Sensations of hunger and thirst. These
chemoreceptors are neither part of gustation nor olfac-
tion but taste_and smell are alsq closely connected
to the input of food, and poth their receptors located
around thie mouth, are very important for checking meals
for pleasant or anno¥|ng O eVen poisonaus congents.

hen 1 started out i taste research almost 10 years
ago | memorized the fact that the taste recegtors n
mammals were |nde£endently drscovered |n 187 and

68 by Schwalhetd Lovendo Ktetrme
of the Centennial in 1967 1expected that everyt ing about
the functrons oftaste would be well-known, with Roth mg
left to eex ore Taste appeared 10 be a very simp|
Sensor. arty, singe Its sensory cells are so nicely
accessible on the surface of the tongue which can be
conveniently protruded out of the mouth, It is well-
knowp of Course that this hope has not heen fulfilled
and that although we now know many facts on taste
physiology, many problems and questions in oustatron
are still ogen for drscussron The sensatron of faste can

be studie %/a sryc oro )(srca method in which dif-
ferent substances.o eve ectrrc current are applied to
the topgue of an individual who is then questioned as to
what hé tastes and how intense it is. This can be done in



174

normal man and also in those who have Suffered abla-
tions of some part of the cerebral cortex22. It Is diffi-
cult, however, to use this method nanimals, Behavioural
resBonses like the whirring reaction of the butterflies
to bombycol discussed earlier are one aid. The study of
conditioned responses to taste Is another. This time-
consuming conditioning method is very widely used to
study taste preferences and food habits:. A mare opjec-
tive ‘way of studying taste in animals is to record the
electric"activity 0f Sensory nerves from the tongue or
of the rece?tor cells themselves.

Most of the receptors responsible for the sensatlon of
taste, are_located on the tongue and are called the taste
cells within the taste buds. The adult h uman 1S s%%)se
to have between 4,000 and 5.000 taste hudsl
which 80 to 9 per cent are actually situated on the
ton ue; the rest are scattered on the epl%lottls |0sso-
%a atlne arch, the soft plate and even the esophagus.

ne taste bud consists of hetween 30 and 60 taste cells

(Fig 7), which are arranged in a pattern resembling the

Fig. 7. Ort%anlzatlo

tﬂt%nﬁg? In UIS ;E%?m"ae

Ieodpe?o ot cesdpeha%ngtcels

i Db aeataat

staves of a barrel. These eIong ated and cylindrical cells
form an opening_on the surface of the tongue which IS
the taste pore. "The taste buds are grouped in papillae
distributed on different Parts of the tongue, for instance,
the circumvallate papillae along the V-shaped [ing as
Seen in F|% 8 the foljate papillde on both edges of the
tongue and the fungiform papillae which are”scattereq
all Over the tongue 'tip and lateral edges. The central
parts of the torique are covered with™filiform papillae
Wwhich have. no sanse of taste at all; one can assume that
these keratinized papillae are just a mechanical aid in
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shtfttn the contents of the mouth about in conjunction
with tetongue( 1g. 8). In man the tongue papillae
mfrequentIY carry Several such taste buds “and on the
average only about 50 per cent of the taste papillae are
equipped wiith even one bud: the rest Is completely
barel0%.  Fortunately for ney ghysmlogtsts omg
research. In taste there are also_ animals; In particular th
Norwe%mn rat, that bear precisely one taste bud on the
topr ach papilla
he neural afferent fibers coming from the different
taste papillae apPear to be more complicated than the
olfactory afferent nerves. As seen in the gross picture
of the tonque, (Fig. 8), three cranial nerves—Number V,
the tngemmus lumber VI, a certain Rart of the
facial nerve and Number IX, the glossop aryngeus
act tog[ether in processing taste sensations. T’ b& more
exact, the anterior two-thirds of the tongue is nnervated
from th etrlgemmus by the lingual nervé, which Prowdes
the general Somesthetic sensitivity of the ton?ue 0 fouch
and temperature but which also carries, gustatory fibers.
These reach the 7* cranial nerve vid the tympanic
chord WhICh runs througD the mtddle aar The posterial
one-third of the, fongue eondthe -shaped-line men-
tioned hefore IS innefvated ma|n y by the glosso hyngeus
nerve. This nerve provides fibers for eneraI sensmvnx
not only of the hase of the tongue but dlso, toget er W|t
the vagus, of the throat and even the esophagus. The
schemé is well known, thought not complete y correct,
that the taste %uahttes are [ocated on different parts of the
tongue surface; sweet at the tip of the tongue 1s followed
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taste qualities
alter electric stimulation of huen tongue
A

IR AT R

0 %0

100 jis9] 200
nurrber of pulses per seconds

Fig. 9. _Taste quahtles after electric stimulation of the human
tonglie.  The qualities were elicited from the upper t|Ps of 2
students' tongues. The kind of taste quality depends only on the
combination of pulse frequency and pulse duration (Ref. 58).

bg salty, while sour is thought to be located at hoth
edges of the tongue and bitter at its hase. In regard to
this | might merition a few results from our own experi-
ments in‘electrical stimulation of taste. With the back-
quound ofvon Bekesy'staste researchz1-2we could prove,

at electric square-wave pulses elicit all the four known
taste qualities of sweet, sour, bitter and salty from the
tip and the uPper anterolateral edges of the human
tongue. Smge electrical impulses™ were applied via
gross electrodds of abgut 70 mmand varied in frequency
and duraion, (Fig. 9). The classical tonque areas of
taste guality just provide regions of hJPher probability
for ellcmn? d certain desireg taste quality3

Some of the details on the Interconnéctions between
taste buds and_the central nervous system will now be
summarized. The nerve cells of the taste fibers mention-
ed above are_located in the geniculate 1ganghon, which is
associated with the tympanic chord, The Fﬂossopharyn-
geal taste nerve cellsare located in the petrosal ganglion
and the cells of the vagal taste fibers in the nodose
ga_nr%hon_ (F|g. 10). _

e fiberS from these ganglia proceed toward the
nucleus soljtarius which is” located in the pontobulbar
area of the brain stem3. Here the first synaptic relay of
the taste fibers is sifuated (after the one Detween’the

cell and the first ordler neurons) and the second order (

neurons terminate in the nucleus ventralis posterio-
medialis, of the thalamus3:. Experimental or accidental
destruction of these nuclei procuces loss of taste sen-
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ARCUATE
NUCLEUS
0F THALAMUS

1 SOUTARY TRACT

Fig. 10. Neural interconnections between taste cells and
ustatory cortical _representation on the _G¥rus postcentralis
?Brodmanrea 43). The nerve cells of the first neurons beyond
the taste buds are located in the geniculate ganglion for the facial
nerve_ (right of number VII in the plctureg in the petrosal
ganglion for the glossopharyngeal nerve (below number XB) and
in the nodose ganglion for ‘the few vagal taste fibers (below
number X). There are no synaptic relays for taste in these, gan%ha;
however, the qustatory information Is Switched after passing these
“pseudounipolar” neurons to the second neuron in the solitary
nucleus and to the third one in the arcuate nucleus of the thalamus.
ﬁAdapted from Netter F. H.  The Ciha Collection of Medical
llustrations. Vol. 1, Nervous System, Ciba, Basel: 1972

sations in animals and in a few known cases alsq in man.
The final cortical representation of taste qualities was
doubtful until a few years ago. It now Seems to be
well established that 1t is located in the gyrus post-
centralis of the Panetal |obe very close to cortical areas
r_ecelvm% projections from the other somesthetic modali-
ties of the tongue and from _nearbK_ Zones in the mouth
and the face5%57, There is nothing known however
about the topological order of this” cortical area in
regard to the, taste qualities: the local distribution of
faCtory. qualities on the olfactor% bulb are comparably
better'described80. The psycho-physical phenomenology
of the four taste qualities Sweet, sour, bitter and salty’is
well known. 1t should be mentioned however, that
salty substances like sodium or potassium chloride,
which produce a very definite salty taste if applied in
sufficient concentration, will prodlice Sweet or more
hitter sensations if the concentrations are very lows-10
Table 2). Sourness seems to correlate to the pH of the
solution, which must usuall_}(f be less than 4. On the
other hand we know that different acids with the same
PH produce different intensities of sour sensation.
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Our knowledge of the inifial ?ustatorY sensory
mechanism on tAie membrane of the faste cells is about
as poor as our knowledge of the primary olfactory
processes. However the phenomenon of tdste modifi-
cation might give a few further clues towards better
understanding.” This holds espemaly_for mnemic acid
from a shrup™native originally to India and Africa called
G)(mnqma sivestre. The Indian name means, as | was
told, “making honey tasteless”. When Indian and
Alfricans chewed the Teaves of this shrub they found that
for several hours afterwards _suqar would taste like sand.
Gr?/_mn_emm acid also elimindted the sweet taste of
artificial - sweeteners _like cyclamate, saccharine or
berrylium chloride.  The active principle in the shrub
leaves was found to be the potassium salt of gymnemic
acid; the structure of this acid was clarified between 1%7
and 199 as a glycoside of glycuronic acid and gymne-
magemn, which'is derived from hexahydro-triterpen272
ther taste modifiers are miraculin, monelfin and
thaumatin. - An interesting hypothesis by Kurihara and
Beidlerasas concerning miraculin attempted to explain
the mechanism by which this protein, contained in the
“miracle fruit” {Synsepalum dulcificum), turns. sour
tastes into sweet tastes-e.g. a lemon may taste like an
orange. This taste modifying 6orotem is alarge molecule
of 44,000 molecular weignt, 6.7 per cent of which con-
sists of the sweet tasting sugars arabinose and xylose.
Because of its size this molecule is certainly unable to
Penet_rate rapidly into the taste cell, so it must'be assumed
hat_ it reacts on the outside of the cell membrane.
Kurihara and Beidler’s _explananon_fo_r the  sweet-
mducm? mechanism of this faste modifying protein is,
b,rlefly, hat the swweet parts of the molecule are unable to
fit info postulated “sweet receptor sites” of the receptor
membrane, unless this receptor membrane changes its
conformation under the influence of hydrogen iofls and
makes the swegt. receptor site swell out of e level of the
membrane.  This also_ substantiates Beidler’s theory of
%aste receptor stimulation, s pioneered in 1954, in w |%h
e assumed that all gustatory substances must be agsorb-
ed on the surface Of taste” cells primarily in order to
ultimately elicit the neural activity along the taste nerve,
Beidler upP_orted his hypothesis with st_ron? evidence
grcotra gr}g\gvre ical considerations on the basis of the mass-
To ynderstand the ?roblems of talste coding better we
shouldhave another logk at the ultramicroscopic view
of a taste bud. Fig, 7 gives a schematic dla?ram of the
principle features Of the cells in a rabbit foliate bud as
revealed by Murray49. There are 5 different cell types
shown, of which 4"are taste bud cells, most likely gach
with receptive properties for all four faste qualities, The
fifth cell'is a “perigemmal” cell with prominent fibril
bundles and ribosomes enclosing a perigemmal nerve
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process, These perigemmal cells are quife excmnq for
explaining an effect which had first been found for taste
and thenalso for olfactory sensory cells but which had
been thougiht to be almost uninaginable for sensory
cells up til pow. This is the pheriomenon of regene-
ration ‘mentioned earlier in regard to the olfaCtory
Sensor ceIIsJ(ﬁl??g.
It was Beidler and Smallman2), who after many pre-
vious exgenments on the reappearance of taste buds and
taste bud_ regeneration after nerve regeneration, proved
by mAectl_on of radjoactive thymidine that there are
Indeed mitoses of these perigémmal cells. The cells
Number 1,2, 3 and Bos_smly he base cells Number 4
Fig 7) are then_substituted for at the periphery of
the”taste bug, Radioactive tritiated thymidine when
injected was first located in the vicinity of the taste bud
but about 100 hr later the dark  paints have_ moved
directly into the taste bud). This migration of thymi-
dine can be inhibited by colchicing, “which stops the
normal mitoses of the cells and also significantly regluces
neural taste responses. By this technique it could be
estimated, that taste cells undergo physiological proli-
feration of Provvth and of age via division 0f the peri-
gemmal cells; the life span “of an average taste cell is
about 250450 hr2) _
. These changes In m_orPhoIogy_of a taste_cell might
indicate that physiological properties change in the same
manner. From the cading results of taste qua_hhes_ from
neurophysiological findings of many laboratories, it now
seems to' be quite clear that one taste quality is encoded
not.in one single afferent gustatory fibre” but in the
excitatory 68attern of quite” a number of  gustatory
afferenciest), This would mean that taste stimuli pro-
duce excitation In different nerve fibres at drfferent
levels, so that there could be one peak of excitation in
one of those many excited fibres with the_other ones
being graduated lower in excitation level. This across-
fibre pattern g%/pothe_ms was projected as early as 1941
by Pfaffmann5, and it was seriously attacked b fmdlngs
0 G_eorP von Beke'sy2:2 who in 195 in electri¢ Or
chemical” stimulations™of single human tongue papillae,
claimed an absolute specificity of the taste paplllae, which
would E,roduce only one kind of taste quality regardless
of the kind of stimulation. _

In continuation of our work on. electrical taste27’28
we rechecked human sensations elicited by single papilla
stimulation58. Fig. 11 shows the set-up for thése experi-
ments which weré done after chemical screening to ex-
clude unsuitable subjects: one single fun(Tnform r#%pll_la
could be stimulated”by a silver wire of 04 mm tip
diameter. Of course it"was extremely difficult at first to
clearly identify certain tongue areas’ in order to locate
after Several fours, or in a'few cases after several da%s,
the one exact papilla which had been tested earlier. The
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Generator
Exact 255
poise frequency and
duration of pulse voileys

l

benerator II
mlensity and durat.on, ‘
both of single pulses

b \o\

naifferent

electrode
v | Attenuator, 15x35¢nf)
| Hewlett Packard | . left forearm

‘ = 4364 e

Fig. 1L Experimental arrangement for_testing single human
tonguie papillae by electric stimulation. Block diagram, with a
function Penerato_r (exact 255) controlling the frequency of stimu-
lating pulses, which trigger another generator rodu_cmgi square-
wave pulses of variable intensity and duration., For stimulus isola-
tion a transformer was used, thie secondary coil of which had been
grounded halfway between its two exists, which were connected
Over an attenuator (Hewlett Packard 4436A) to a pole changin
switch. With this reversal switch either the positive {é\nodlc_stlmu-
latign) or the negative voltage maximum (cathodic stimulation) or
tactile stimulation could be applied to the tongue via a Silver wire-
electrode of 0,4 mm tip diameter versus a 5°X 35 ¢m2 reference
%IRecftr%%S) on the subject’s left wrist. For further details see Ref. 58.

ef. 59).

Tabie 3. Survey of taste quauties elicited », s4-fold elec-
trical AND NECHANICAL STIMLLATION OF 2+ SNGLE HUVEN
FUNGIFORM TONGUE PAPILLAE IN s MALES AND » FBVIALES

18 10 2> YEARS OF ACE  TASTE PREFERENCES AFTRR
STIMULATION ACCORDING TO THE PSYCHOPHYSI-
RESDG\BESV\&B/EOE})/%QATED BY Xe-TEST
sti%rfﬁgtiicon sti?r?ttjhmii(i)% TogCR/ed
| o i i
PaF|IIae
ofal tested 54 1000 45 1000 45 1000
Giving taste
response 21 500 9 42 5 110
Swegt 0 00 0 00 122
Sour L 22 10 22 2 44
Bitter 2 38 0 00 0 00
Salty 1 18 1 22 0 00
Sourandsweet 0 00 4 89 122
Sourand salty 5 93 1 22 1 22
Sourand bitter 7 129 2 44 0 00
Bitterand salty 0 0.0 122 0 00
*Ref. 59

subjects also had to concentrate extremely hard to kegp
the“tongue stat|oner}/. After a while our subjects could
sit fairly comfortably for about fifteen minUtes in the
experimental position, in which the chin rested on a

g stimulation than on mechanical touch alone.

I

table with the forehead leaning on a bar which has been
removed for this picture.  The subject’s ton?ue_ Was
%ently pressed against the lower side of a plexiglass
oldér with a hole of 5.3 mm diameter, which had Heen
mounted, on the table at an angle of about 45 degrees,
Stimulation, usually of three “tongue papillag visible
through the hole, was done via a micromanipulator and

observed under a ste,reomjcrosco,oe. _
The results are given in Table 3 which show that
three modes of stimulation repeated 84 times for each
papilla revealed that for anodic stimulation 50 per cent
0f54 E)apnlae .ested gave taste responses and for cathodic
stimulation 42.2 per”cent of 45 papillae gave taste res-
Ponses._ On mere touching of the papilla’ with an elec-
rode without current 11 pér cent of the 45 tested papillae
were still reported as producing taste sensations.  The
sensations elicited, however, where not constant for one
papilla. The response patterns changed, as can be seen
In Fig, 12. The same papilla (CJ) is classified as “sour-
bitter” with a relative specificity; since there is a 5|?n|f|-
cantly higher occurrence of sour and bitter on elec (nTchaI
e

Stimulation of single human tongue papillae

stimuli

tpchle electric Icathochcl
papilla C,
'sour-bitter"
Subj.0.K
26.X. 72
| M «  9:00a.m.
1
0123 I
papilla @
"sour-salty” | subj.OH8
. 26X72
ilnn LT Siooam
0173 012 31
papilla G
“bitter” subj. OH J¢
I J Y2572
I 9 00am.
012 31 0 723

Oano taste lasweet 2asour 3a bitter C*s

Fig. 12 Gus_tator){] sensations reported on tactile and electric
stimulation of single human fongue papillae. _Attemﬁt Wwas made
to find exactly the” same papilla“at different times, the results of
C2 ([second row from top) being gained 2 hr and the results of C3
(bottom row) being gained 6 days after CI. Between April 26th
and May 2nd the same papilla was followed up four times Fe_r day
after its vicinity had been marked by a mucosa-pencil. 1t is not
com Ietelg Erove_d however that C3’is precisely the same papilla
as Cl and C2, since the tongue surface changed cansiderably in
appearance from day to day. The similarity of Cl and” C2
nowever is completelx_ proved, and it is quite apparent that the
%ustato%y pattern_of this single papilla changed very clearly within

hr. The electric_stimulus was switched o the anodic pole; for
further details see Fig. 11 (Ref. 59).
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classification could bea no taste” paprllae If there were
no significant differences between the reported patterns
on tactile and on electrical stimy atrorR The patterns
found for these short moments changed however within
a relatively short period of time, “The results of Cz
(second row from top) were received after two hours
and the results of CsSix days after Q, each from
the same papilla. Similar changes of Tesponse pat-
terns within' a period of four hours were found on
several srnple palorllae but it was extremely difficult to
foll owu ora onger time, so that in fact we cannot
real Y be quite sure”despite all our endeavors, that the
p illa Cs1s reaII¥ identical with C2. The fact, however,
hat the across-fibre-pattern hypothesis is valid also s
an “across-taste-huds-pattern™ (or better “across-taste-
cells-pattern”), appears to us t0 have been established
also for manzss
Another part of our resgarch attempted t0  uncover
information on taste intensity and quality coding from
the EEG of an awake man.
averagrnP cortically evoked brain potentials " after
electrical” stimulation of the human tonque, since the
electrical stimulus gives an almost rectangular  initial
flank at stimulus onset, while the onget Of chemical
strmulus rises at a flat slope. The experrmental Set-up Is
s own n Fr 13 which In'regard.to stimulating is practi-
gequa 0 the one used for stimulating paprllae The
is recorded via preamplifiers and amplifiers on a
frequenc modulated tape recorder and then off-line
fed into computer for avera ng or corre lation compu
tation. Asaresutaserreso prca brain potentials are
shown in Fig. 14 with relatively slow deflections in the
posrtrve (down) or ne%ratwe (ups direction after certain
atencies, tese amplitudes correspond to strmulus
ntenrkg,g |7ch thes potentas%re a power func-

flon Unfortunate Owever, Wwe have
]
s |
Generator | FMTapeRec. Amplifier
C;u;‘!;ﬂ Ss:r;gamlti Tektronix
Trigger re AMS02
T T 10,
Generator I
trequt;ncy'and Amplifier .
?mrrlag;on of SGS uA 709
. tteee Nicolett
Benengli- A 1 [ ifi 1072 J
intensity and ’l l I I ; e2mplifier or POP12
duration of - : - ! Tektronix lor POP 11/40
re JUUT

* -
I3 Oscilloscope
and Camera
ierl\dif:ege‘net or Printer /
ectr
“ sright forearm Plotter

Fig. 13 Experimental ~setup _for gainin evoked  brain
potentrals in man after electric stimulation_of tongue, which is
ollowed by the sensations of electric taste (Ref. 59)

We used the technique of
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Stimulus miensit«os|
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Fig. 14. Slow evoked cortical potentials recorded from the
parietal area of man, contralateral to the position of electric tongue
Stimulation.  Forty post-stimulus EEG-Sweeps are averaged” to
obtain one potential, the amplitudes of which follow a power-
function of stimulus intensity. The Increase is marked schemati-
cally on th% r)rght together with the eliciting stimulus intensities in

Vo' (Ref

not yet been able to find any dependence of these brain
potentials on taste qualities.

| might finally summarize our present knowledge of
the different modalities of taste by reminding you of the
effects of applyrng a solution of 4 local anesthetic to the
surface_of the toanrue The_psychophysical responses of
the subject reveal that the first"sensation that disappears
under the eﬁect of the anesthetrc for instance cocain,
is pain. This s foll we by th drsap earance of en
trons offrrst Itter, t en sweet, then sal sourand rna
touch3l. Our g ustator}/ brain potentrasaso rsappear
under the influgnce of Tetracain. They cannot normally
be elicited when the stimulating eIectrode touches the lip
or a part of the tongue surfacd wrthout taste buds even
If 10 4 local anesthesia is applied.. Sowe may state that
the different qualities of taste are inde endent sensations
for which certain specrfrc receptor sites on the taste cel
membrane must exist. In the future it must be proved,
for one taste quality whether or not these sites are
situated at the ‘membrane of just one taste cell. It
appears to be feasible but will nave to be proved, that
the developmental course of the taste. cells by the regene-
ration procedure described above might switch the”pre-
ference of sites for one or the other receptor celb.

meee 64
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Nickel sulfate hexahydrate was added to the diet of rats and dogs for 2 years in amounts yielding dietary concentrations of 0,100,
1000, and 2500 ppm as nickel and 0,250, 500, and 1000 ppm for 3-generation reproduction studies in rats. In the two year study in
rats and dogs, growth was significantly depressed in rats on 1000 and 2500 prm diets, and in dogs on the 2500 ppm diet. Hemo-
grams in rats were within normal range, and in dogs on 2500 ppm diet slightly lower hematocrit and hemoglobin values were observ-
ed. Urinary findings were normal except for marked polyuria in 2 dogs on 2500 ppm diet. Tissue storage of nickel in various
or%_ans indicated no |m80rtant storage sites. Or.gan-to-bodg weight data for rats indicated increased heart and decreased liver
ratios for females on 1000 and 2500 _plpm diets; in dogs on 2500 pﬁm diet increased kidney and liver ratios. In multigeneration
study in rats, a higher incidence of stillborn was observed only in the first gieneratlon_ at all'dietary levels of nickel and decreased
body weights of weanings on 1000 ppm diet in all generations. Histopathologic studies on rats in"the two year study and of F/3b
weanlings revealed no lesions. Dogs on 2500 ppm diet showed lung lesions, and in two, granulocytic hyperplasia of the bone marrow

was observed.

Nickel (N|g has been referred to as a. relatively non-
toxic ubiquitous trace metal, it is found in the tissues of
man, in man_){ organs and tissues of animals, in a variety
ofplants, soil, and in sea foods. Ofthe 29trace elements
found in the tissues of man, nickel ranks third in the
universe and solar atmosphere, eleventh in the earth’s
crust, fifteenth in sea water, and fifteenth in the body of
man, in this respect ranking with the essential elements
iron, cobalt, copper and zinc. Its physiologic role, if
any, has not been established. As far as is known, nickel
does not play_any role ;n human, animal and plant
nutrition, n disedse, or is required in known enzyme
systems.1' 3 . L

Acute and subacute toxicity of various nickel com-
pounds in various species of experimental animals by
different routes of administration have been documented
in the literature.  However, there is conflicting evidence
on their systemic toxicity by mouth.as If” humans,
systemic Pmsomng from oralloy ingested nickel salts
IS almost unknown from occupational and non-
occypational exposure.« s In. studies on the effects of
ee mg nickel “carbonate, nickel soaps, and nickel
catalyst to rats and monkeys, Phatak and Patwardhans
found no toxic effects after"continuous feeding of nickel

¢ Supported by grants from Rohm and Hass Company,
New Yng, Newy\?ork, 10005. pary

«0iBIIfi

for 410 6 months at diet levels of 250, 500, and 1000 ppm
nickel. In rats, reproductive performance was not signifi-
cantly affected after 3t 4 months of contnuous feedmg
of pickel-containing diets. Further studies by Phata
and PatwardhanS On the retention and excretion of
nickel at 4 month intervals for 16 months in rats on
nickel catalyst diet containing 250 me nickel revealed
no progressive accumulation Of nickel in tissues assayed.
Bone showed the highest conceptration, about s mg per
cent, kidney, heart, and spleen about 2 mg Per cent, Tiver,
intestine, téstes, blood, and skin averaged less than 1 m%
per cent. Of the total nickel ingested, about 95 per cen
Wwas excreted in the feces and ‘about 1 per cent in the
uring. Other toxicologic studies have been summarized

Schroederd. The ™ present study, started in 190,
describes the results of two year féeding of nickel as
nickel sulfate hexahydrate to rats and dogs, and a three
(eneration reproauction study In rats.

Material and Methods

Nickel sulfate hexahydrate fines (NiSo4-6H20) con-
tammg 22.3 'per cent’ nickel by ‘analysis (théoreti-
Cﬁ!'&’ 2.32 per cent) served as the test material n this
study.

hia, Pennsylvania 19107, and International Nickel Company, Inc.

rmnnmfiwiw
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Two-year feeding study in rats: Four groups of 25
28-day “old weanling albino rats &Wmtar Gerived0D) of
each Sex, culled to"a narrow starting weight (56- tg),
individually caged, were placed on_ diéts consisting of o,
100, 1000, and” 2500 ppm_ NI Littermate. distribution
between diets was used within each sex. Finely ground
mealooserved as the basic diet and to this was addgd with
thorou?h mlxm? nickel sulfate hexahydrate fines in
amounts calculated to yield the above dietary levels of
nickel. Body weight was recorded weekly“and food
consumption“was measured over 3-day pefiods at the
end of 1 3 6, 12 and 24 months. . _

Hematologic studies (hematocrit, hemoglobin, and
total and differential leukocyte countsg were made on 5
rats of each sex and dlietary level at 3-month intervals,
Due to poor survival, smaller numbers were used at
24-months for control male and female rats.and for male
rats on 2500 ppm diet.  Semiquantitative tests for
urinary reducing substances and protein were made on
%oole urine from Srats of each sex and dietary level at

-month intervals through 21 monts.

(At the end_ of 23 months, one female rat from each
diet was, sacrificed. Their gastrointestinal tracts were
washed free of contents and”small sections of liver and
kidney were removed for histopathologic study, The
remaining Carcasses were homo%enlze_d_ and ‘aliquots
were takén for nickel analysis. At sacrifice of two-year
survivors, samples of ljver, kidney, bone (femur), ‘and
fat were taken from each rat. Each tissue was Pooled as
to sexand diet for subse%uent analysis for nickel content

Nickel analyses on tissues (wet Dasis) were performed
by La Wall and Harrison Research Laboratories using
the s_P_ectrophotometrlc method of Alexander et al.l° &
modified by the Research Laboratories of the Rohm and
Haas Comdoany_ and identified as their Test Method 200
2-2, second revision, 196, o

At autopsy of 2-year survivors, gross examinations
were carried out and ‘absolute and relative organ-to-body
we|ght ratios for heart, spleen, k|dnelys, liver, and testes
were analysed statistically. Tissues preserved in formalin
for histopathologic study were in addition to the abave:
Iun?, urinary bladder, stomach, small and large intestine,
skefetal muscle, brain, skin, bone marrow; pituitary,
thyroid, adrenal, pancreas, and gonad. S

odey weqht changes and organ-to-hody wejght ratios
were. évaludted by analysis of variance and™ Duncan
multiple range and multiple F tests.u

Two-yearfeeding stuay In dogs:  Groups of three male
and thrée female purebréd heagle dogs of about e-months
of age, individually housed, “were ‘maintained for two
years on diets providing 0, 100, 1000, and 2500 ppm Ni.

(a) Albino Farms, Red Bank, New Jersey.
(b) Radlston Purina, St. Louis, Missouri.
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Prior to being placed on the above diets, the do_%_s were
Immunized. against distemper, infectious hepatitis and
leptospirosis, ‘and treated as needed for intestinal para-
sites. - Finely ground dog kibbled meall) served as the
basic diet to which was added with thorou?h m|x1n?
nickel sulfate hexah¥drate In amounts calculated to yield
the above diet levels of nickel. Weighed amounts of
feed, 400 g/day through the first 22 weeks and 450 g/day
thereafter, moistened and thoroughly mixed wifh an
equal weight of water, were offeréd fo the dogs once a
ay. Feed consumed was recorded darly and body
WEIghts were recorded weekly. _

ematologic studies (hematocrit, hemoglobin, and
total and differential leukocyte counts) were made prior
to placing the dops on the fespective diets, at 2, 4, and
13 weeks, and at 3-month intervals thereafter.” Sem-
quantitative tests for urinary reducing substances and
protein concentration were made beforg placing.dogs on
{ﬁg?eegﬁ\els diets, at ong-month, and at 3-month intérvals

Urine andfecesfor nickel analysis; At approximately
12 months, one week collections of excreta were made
on one dog of each sex on each qf the respective diets for
analyses Of Ni content.  During the 23rd and 24th
moriths, one week collections weré made on two dogs of
each sex and diet level, and three stccessive weekly
collections were made from twg other dogs of each sex
and diet Jevel. The sixth dog of each sex on each of the
Ni-containing diets for 24 months was returned to the
control diet.” Two successive one-week collections of
excreta were made following passage of charcoal-
marked feces. .

At autopsy, specimens of bone, liver, kidney, lung,
skeletal musCle, and fat were taken from each dog for
Ni anaIFses. Nickel analyses for excreta and tissues were
conducted by the La Wall and Harrison Research Labo-
ratorles, as for rats, Feces were oven-drjed and ground
and tissue Ni was determined on wet hasis.

At sacrifice, organ-to-bodg Wweight ratios were deter-
mined for heart, ‘spleen, Kidneys, liver, and testes and
data evaluated by Duncan testll Tissues preserved in
formalin for hisfopathologic study, in additjon to the
ahove, included: Iung, stoniach, large and small intestine,
utinaly bladder, skeletal musclé, brain, skin, bone
anoanrerlaw, pituitary, thyroid, adrenal, pancreas, and

Reproduction studies in rats: A t_hree-gen_eranon
study was undertaken in albino rats (Wistar derived10)
For this study, 28-day-old littermate rats, within but
not hetween Sexes were separated into 4 groups of 30
rats of each sex, to constitute the parent FfO generation.
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Mean body weight and weight range, in so far as possible
were simifar fof all groups. One"group was placed on
each of the followirig dietary concentration of nickel
0, 250, 500, ana’ 2000"ppm, _

_Finely ground laboratory chow” served as the basic
diet. Stock aqueous solutions of nickel sulfate hexa-
hydrate were prepared in appropriate concentrations so
that the addition of 100 ml for each 6 k? of diet resulted
in the desired nickel content, respectively. _
nickel solutions weie thoroughly blended into the diet
b mmng Ina rotag-tgpe blénder. Diets were prepared
fresh each week. Rats were individually caged and had
free access to water and diet. WeeKly Body weight
recors were obtained, except during mating through
weaning of litters, , _

After 11 weeks on the above dietary regimen, 20 females
from each diet were transferred to"individual breeding
cages and each was mated with a male of the same
digtary level of nickel for the F/la generation. Male rats
within each group were rotated to"a different female on
each of thrée successive 7-day periods. On the 20th
mating, da(ly all males were rémoved.  Records were
maingained of mating, number of pregnancies, litters
cast (alive and deac), pups in litter at 5, and 21 days
E/veanmg), and total Weight of the litter at weaning.

itters containing more than 10 offsprings were random-
ly reduced fo 1070n da¥ 5. . All surviving F/la siblings
Wwele sacrificed and_ autopsied at weaning. .~ Appioxl-
mateyl 10 da%(s after weaning of F/Ia" litters, Fi0
Barent generafion rats were rémated for F/lb litters.

rocedure and observations recorded were the same
as thase described for F/la litters.  Followin _weamng
of F/l litters, surviving F/O rats were sacrificed an

autopsied.
F(?r the F/2 generation 30 male and 30 female F/lb

Table 1 body weight and mortality data on rats**

Sex Diet
conen
(oppm) Stan  Lwk 3wk 6 wk
Female 0 57 87;14  147ri;25 2051025
100 57 87+15  144ri;24  205J;16
1000 57 82:l6 146413  191£17*
2500 57 78+13* 131#13* 180+ 17*
Male 0 60 97£13  185#19  285J;37
100 61 98+l17  186ri;27  298J;25(1)
1000 61 %ri;55  176J;15  266J;30
2500 60  88ri;15*  154ri;ll*  241ri;16*

Y. Additions of

(4
230ri: 17(1)* 261 1i;20(3)* 269ri;29(4
2 6

406ri;45(1) 467J;66(2) 551ri;49(
425); 38
302ri;43(3) 459J;52
331ri; 30(2)* 382ri;38(5)* 389ri;43(9)* 365ri;45(9)* 367(23)
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offsprings from each diet level were continued. on their
respective parents' diet for 11 weeks at which time 2o of
each sex within each group were mated and the same
procedure followed as “with the F/0 8enerat|o_n throu%h
prodyction_and weamnl__g of F/2a andl F/2b litters, At
Wweaning of F/2b rats, F/lb parents were sacrificed and
autopsied. For the F/3 generation, the same procedure
as with the previous generations was followed through
the production of F/3a and F/3h litters.  All matings n
each generation were made with rats from différent
litters.” The following indices were calculated for each
eneration; FertllltH 1.)=(pregnancies/matings)x 100;
sestation (G, 1.)=(litters cast/Pregnanmes)x 100: Viabi-
ity EV_.I.): live pups at da}/_ b/live pups bomn)x 100: and
Is(a% 0%non I.)=(weaned/Tive pups-discards on day 5)

Histopathologic studies were performed on_ 10 male
and 10°female” F/3b weanlings ‘from each diet level.
Tissues included were the same as those described in
the two Year rat study.

Results and Discussion _

Two-yearfeed'ng study in rats:  Data on body, weight
at représentative periodS and_on number of survivors at
two-years are summarized in Table 1 Two-year survival
was poor, particularly amonq control rats Qf both sexes
and males on 2500 ppm, but there is no indication of an
effect due to_nickel. Nickel had a depressant effect on
body weight in both sexes on 2500 ppm and sporadically
for rats on 1000 ppm diet. Food consumption indicated
no_consistent trends, but it ap%eared hat the lesser
Weight gains, EJarncuIarI on the 2500 ppm diet, may be
inpart a result of lower food consumption. ,

_ ematoloqm values for hemoglobin, hematocrit and
differential “leukocyte counts, Obtained at 3-month

receiving nickel sjlfate in their diet for two years

Average body wt (g£S.D.)

13 wk 26 wk 52 wk 78 wk 104 wk
267ri:31  309ri;39  369ri;72(5) 393+ 115(9) 496+84(21)
268J;25  307J;30  356ri;59  376ri;68(7)  409ri; 72(18)
250ri;32  277ri;37*  304ri;30(4)* 324ri;54(7)* 325ri;62(18)*

7
b

—_—

*

266ri:35(6)* 303ri; 36(18

)*
)*
) 562+ 58(11) 483(23)
2) 537;t101(5) 5LLri:81(17)
0% 519+69(11) 446ri:61(18)

506ri; 51 551 1i:53

(
494ri;69(

‘Value differs significantly from control, P-0.05. Figures within the parentheses incicate cumulative mortality.

**At start 25 rats of each sex/group.
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Table 2. tissue concentrations oe nickel in rats receiving
NICKEL SULFATE IN THEIR DIET FOR TWO YEARS

Diet  Tissue concentration of Ni (ppm)on wet wt

Sex conen  asis
(ppm)  Bone Liver  Kidney Fat
Female 0 0.53 0.094 0.14 0.51
2500 0.82 0.64 34 10
Male 0 <0.096 005 <0.14  <0.055
2500 0.64 0.68 49 14

intervals, for rats of all dietary levels of nickel did not
depart significantly from those' of the controls. Results
of tests for urinary reducing substance at three month
intervals were negatl\_/e. esults of semiquantitative
tests for Urinary protein at the same time intervals were
quite variable and inconsistent, with ng clear trends,

Results of nickel analyses on individual body tissues
(bone, liver, kidney, fat), summarized in Table 2 indicate
no important storage Sites of nickel. Kidneys showed
the highest content (about 4 ppm), fat averaged 1 ppm,
bone and liver, about 0.7 (P_pm. Results on the whole
carcasses, on wet hasis, on diet levels of o, 100, 1000, and
2500 ppm for 23 months, are 0.38, 033, 15 and 30
pgm, respectively. The total nickel coptent of one
rat weighing 251" g, on the 2500 ppm diet, was 0.75
m

rgan-to-body weight ratios, obtained at sacrifice of
two-year survivors aré summarized in Taple 3. A tend-
ency toward increased hearl-to-body weight ratios and
decreased liver-to-body weight ratios appears in female
rats on 1000 and 2500"ppm Tiets. .

Gross pathologic findings on rats sacrificed at term
Were negative. H|sto_log|c findings were essentially
negative.” The distributiof) of the leSions found was not
Indicative of any characteristic effect of nickel in the diet

Two-year feeding study in dogs: All dogs survived

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL 13, JULY-AUGUST 1976

the two year experimental period. Dur_mg
all six dogs on 2500 ppm Ni diet vomited, usually within
an hour. > On the fourth day they were returned to the
control diet. All but one dog readjusted within 3 days,
The one dog readjusted after parenteral feedm& and
intravenous fluids. “At the start of the second week 5 of
the dogs were Placed on 1500 ppm Ni and the sixth do
was inCluded at the start of the sixth week. This Jevel 0
NI apparently was well tolerated, as no emesis, salivation
or gastro-intéstinal iryitation was observed. At two-week
intérvals the diet level of Ni was raised to 1700, 2100 and
2500 ppm, respectively, with no further evidence of
emesis, sallvation, or gastrointestinal irritation,

Analyses of body weight data at representative inter-
vals suggest no effect for dogs on 100and 100C ppm diets,
At 13vigeks dogs on 0, 100,and 1000 ppm diets ?amed 20
per cent in body weight as compared to 1o per cent for
dogs on 2500 ppm. At 52 weeks dogs on the two lower
levels of Ni and the controls had gdined 39 per cent as
compared to 20 ger cent for dogs on 2500 ppm.  Simialr
comparison at 65, 78, 91, and 104 weeks showed a gain
of about 45 per cent in hody weight for dogs on 0, 100,
and 1000 gBm as compared'to less than 20 per cent for
dogs on 2500 ppm. _

umulative food consumption data for all dogs,
except for dogs on 2500 ppm during the terminal wegks
when they were caged for collectior of excreta, are quite
co%arable and do not explain the difference in body

the first 3 days,

Weight.
ematology:  Hematologic values obtained fit three
month intervals were quite” variable but within normal
range. However, the greatest variability appeared in the
hematocrit and hemoglobin values with ~ a tendency
toward lower values in _dogs on. 2500 ppm NI, stgges.ive
of a simple hypochromic anemia, _
Urinary tests for reduing substances and protein gave
comparaple valugs for all groups of dogs. Urine volume
data during the 23rd and 24th month révealed high urine
volumes for dogs on 2500 ppm diet. Two weeks of

Table 3. organ-to-body weight ratio data on rats receiving nickel sulfate in their diet for two years

Sex Diet Rats

conen (ppm) No. Heart
Female 0 4 2.510.3
100 7 2.8+0.3
1000 b 3.8£0.7
2500 T 3.210.4

Male 0 2 2.8
100 8 3.310.5
1000 7 3.310.9

2500 2 33

*Value differs significantly from control, P-0.05

o

=

Organ-to-body wt ratios (g/kg+SD)

Spleen Kidney Liver Testes
2.5:1.3 6.8£1.1 36.615.2

2.3£0.5 7.911.1 34547.4

2.0£0.4 8.6£1.5 29.0¢4.1°

1940.2 7.810.8 201£2.4°

19 8.2 38.6 79
2.0£0.3 7.610.9 25.913.6 6.7t1.6
2.310.6 10.3t5.8 30.418.1 72+ 11
15 11 310 95
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Table 4.

D;e)})m ! [ﬁgs Heart Spleen
0 6 8.0£1.3 14+2.2

100 0 8.0£0.9 6.8£1.8
1000 6 11H06 6.84-2.3
250 6 8.411.1 6.9t1.8

gogfﬂea%f?efrsasigniﬁcanﬂy from control, P=005.

additional observations on all dogs on 2500 were made,
Urine volumes for twg of the ogs (one of each sex)
were unusually. high.  On the eighth day the antidiuretiC
effect of pitresSin tannate (5 and 10 units) by IM injection

Was tested. In the two do%s with polyuria'no effect was 2500

observed. Whether these Tindings bear any relationship
to the dietary intake of Ni dges riot appearto be answer-
able bg this small number of observations. _

Data onthe excretion of Ni in uring and feces obtained
at 12 months and during the 23rd and 24th months
showed variable amounts of Ni in the feces, inconsistent
with the amounts i the diets and ingested. No_expla-
nation is offered on the inconsistancy™and variability of
the results obtained. However, only“approximately"Lto
3 per cent of the ingested Ni was excreted in the urine
and tissue levels (below) were small, indicating little body
retention of NI. ~ __ T

Tissuestorage:  Tissue analyses on bone, liver, kidney,
Iung, skeletal muscle, ang fat"obtained at sagrifice indi-
catéd limited retention of Ni, highest values found were
for k|dne¥ 84-7 ppm in dogs recewmgi 2500 pi)m}, and in
one dog 1.6 ppm was found after withdrawal of Ni diet
for two weeks,

Organ-to-body weight data are summarized in Table

R i i S
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Organ-to-body wt ratios fo/kg-j-SDI
Kichey Liver Testes
57209 81428« 2405
5.910.8 295133 2.410.3
61£0.6 29.2+3.6 2404
1.810.5; B13.1* 3110.5

4, Statistical by significant h|§
apEle_ared only in.dogs on 250 ﬁpm for two years. . .
Histopatho o|g|c, mdm%% showed no Characteristic
lesions in dogs feceiving 100 and 1000 ppm. All. dogs on
Ppm snowed hitologic changes in their [Ungs,
Grossly 5 of 6 dorqs d|sFIa ed m_uIUEIe subpleural
peripheral cholesterol granulomas, (Fig. 1, photomicro-
%raphs reproduced elsewhere, Hennlagar]a. he only dog
ot showing this had been returned to control diét for
two weeks™prior to sacrifice.  Other lung patholo
Incluged pronchiolectasis (4 do%_sg, emphysema_(3 dogg],
and focal cholesterol pneumont F 00s). The only
other change observed consisted 0 granulocgtlc nyper-
plasia of the bone marrow in two do%s on 2500 ppm.
Reproduction studies: _Body vv_e|? ts for parent gene-
ration rafs on 250 and 500 pﬁ)_m diefS, before mating and
at_weaning of respective litters, were not adversely
affected, bt rats on 1000 ppm exhibited slightly lower
body weights. The average decrease in body we|ght did
H%tlegxceed g per cent for females and 13 per cént for
Data on reproduction through three (‘;eneratlo_ns_are
summarized in Taple 5. On feftility, gestation, viability
and lactation indices, no adverse. effects were noted
at any of the dietary levels of nickel. Data on the
numiger of pups bofn dead showed hlgher Incidence
of. stillborn "in the first generatl_on al all levels of
Ni, not observed to any Extent in_subsequent gene-
rations. The number o 5|bl|n%s (alive and dead) cast
%er litter averaged 10.3, 106, 9.8, and 9.0 for 0, 250,
00,.and 1000 ppm diets, respectively. The number
of 3|b_l|n93 weaned per ljtter were groPresswer fewer
1

her kidney and liver ratios

with increasing dietary level of nickel, averaging s.1,
12, 6.8, and 6.4 for 0, 250, 500, and 1000 ppm diets,
respectively, On average weaning body weight, a
clear-cut ddverse effect iS_only apfarent n weanlln%s
of females on 1000 ppm diet, averaging 73 per cent of
control. However, offSprings maintainéd on' 1000 ppm
diet from weaning to mating of succeeding generations
recovered considerably from"this deficit, averaging 92
per cent of controls.
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Table 5. summary of reproduction data for rats on various dietary levels of nickel0 through three generations

_ Numee>r ofra\t/svn Total rkjlnber of %Jps % - IGntljices %i)° T
Coeretin oy Weted) P Vgl Bom B gl DR Ve m% o |
0N BH) ¥ W 5 WM 2 8T BN OB W

Fa & 2288 o p el FE eal 8 oD% 4

[ ™ & ©° ¥ W) % B % 5 n U WM Y D
o m » 2 i ® B A4 5 BT 0O M B G
’ 07 4 ¥ w31 ) 1B L W T P
\ X 9 B K B 6 ® ) B A ¥ W AR
B0 B 4 4y 1 7 1% % BB B W T R

m 20 5 5 B 1 7 75 B OB g

00 5 5 W 0m B BB B WM T P

o X N B OB OB 2B Y WA N WM % M

[ w2 7 7 m 0w » D¥ & 0 @ %
F/ m o B ¥4 U §m 8 % B @ 9% &
' 00N ¥ W) W LW N WIS N W B A
\ =2 v W ® sW ¥ BWE & M 8 9
moX0 N B B B O0® 2 BB & % % &

m B 0 w) M 3 M 0 D% L W %

00N B) U B 51 N BE 0 ¥ § 8

ROX D BB X AM A WU F W T g

/ 5 0 ﬂl} ) B 5w N B F 5 B F
F/ m 2 AN O B 7 W0 6 W R W F F B
? 0B B B 2 0 ¥ B9 W W B U
X% H B B M 2B 2 R D WM G g

oS0 B BB W 6B 2 M4 8 W g

m T T T W 7B B WA WM Qg

“Nickel sulfate hexabyarate (23%Ni). _ - _ _ o

¢Indices: F.1, G.I., V1., and LI refer to Fertility, Gestation, Viability, and Lactation Index, respectively, defined in text.
cNumbers within parentheses refers to non-pregnant dams foundl deadl during mating period, not incluced in calculation of F.I.
thin parentheses, dams found dead and autopsied to confirm pregnancies.

Nurmbers within parentheses refers to litters bom cead

/NumPers withi? mrentreses refers to number of siblings sacrificed after day 5 and before weaning e to death of dam not used in
calculation of L1,

870 aﬁ%d%féﬁ% s\l/%gatnol n]go on day 5; and within parentheses are totals in excess of 10]itter not discarced s planned e to oversight,

Gross observations on siblings cast, at all dietary levels  Acknowledgement L
of nickel through three qeneratl.ons showed 1o terato-  The autors are indebted to_Patricia Weil Small
?enlc effects. Histopatho oglc_fmdmﬁs on F/3b weanl-  James E. Baker and Edwin H, Talley, Jr for technical
mgs_lo of each sex on each dietary level, were entirely  assistance, and to, Dy E. M. Crawford (deceased) for
negative. Veterinary service in dogs.
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An aqueous extract obtained from the mouldy bran of Rhizopus oligosporus _

and relatively low proteolytic activity. The preparation could be stored actively under refrigeration.

milk clotting enzyme on liguid medium. The enzyme was influenced

was brown in colour, bland'in taste with a pleasanit ve%etable aroma. _ _ _
atch with the enzyme Ereparat_lon, showed that curd working properties at

cooking, cheddaring and pressing were similar to those with rennet.

he yields of ripened cheese (30 days) with rennet and fungal enzyme were about the ‘same.

Cheddar cheese trials involving 50-litres of milk per
i

qrown at 30QC for 72 hr }%ossessed high milk clotting

he organism produced less

k%y Cain'its activity. “The concentrate 0f the enzyme extract
he enzyme was free from pathogens and aflatoxin.

at loss in whey was sli%hlt higher than that of con-
oth types developed flavour

and aroma without marked differences inoody and texture during early Tipening (30 days).

Calf-rennet is by far the most common milk clotting
enzyme in cheese manufacture. Shorta?e of rennet for
commercial cheese production has led to a world wige
search for suitable rennet substitytes, Several proteoly-
tic enzymes of animal, plant and microbial _on&;m have
heen tried for the purpose. Some of the available bacte-
rial enzymes have their own characteristic differences an
limitations for use as rennet substitutes1-4. _
_ Among the several milk clotting enzymes from fungi

Surecurd” from Endothia parasiticas and Meito micro-
bial rennet from Mucor pusilhts Lindt, have been com-
merciall Rroduced for use in cheese manufacture. Man
t\{pes_ of cheese have heen produced with the above mil
clotting enzymes and the qualities of some of these
cheese” have' been even superior o that made with
rennet6'7. However, development of bitterness and body
defects in cheese made with microbial proteases have
also been reported.  Besides the above commercial
preparations ‘enzymes of certain strains of Rhizopus
chinensis and Rhizopus oligosporus have been used as
rennet substitutes for cheese manufacture8d.

The cheese industry is finding it difficult to get its
re(iuwements of rennet though n_precise data_are avail-
able regarding its actual neéds. Rennet substitute, from
microbial_sources are not commermaII;f available in the
country, There,is considerable Botenﬂa for the develop-
ment of cheese industry, If suitable rennet substitutes can
be_made availaple. _

This_paper discusses the production of a rennet sub-
stityte from Rhlzopus oligosporus (CFTRI 1104) for use
In cheese manufacture.

Materials and Methods

. Organisms:  Fungal cultures of Aspergillus, Pénicil-
lium, Rhizopus and & few other important genera known
to produce proteolytic enzymes were Selected from
culture collections maintained at the CFTRI, Mysore,
for use, in these trials. _ _
Media:. Four types of media were used for _screemn%
the organlsms, ? The liguid medium consisting of 1
per cént each of corn-starch and wheat bran prepar-
ed on the formulae of Arimald The inoculated

- Southem Regional Station. National Dairy Research Institute, Bangalore.
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flasks were incubated on a rotary shaker (230 rpm with
astroke of 5cm) for % hr at 28-30°C.  (it) Wheat bran
moistened to 70 per cent level with 0.2 N HCL The
autoclaved medium had a pH of 45, (Hi) Same as (||2
but fortified with defatted soybean flour at 1o per cen
lovel. E/v) Same as (ii) but fortified with defatted peanut
flour at 1o per cer]t evel .

Inoculum: ~ Mold ~cultures  maintained on potato
dextrose agar for 4 to 7 days were used for inoculating
the wheat "bran semisolid or liquid mediym. ~ After 3
week’s growth, a spore suspension or the whole material
in the Starter flasks were used for directly inoculating
bran medium in trays. _

Enzyme source: “Mould bran obtained after 72 hr
growth of the fungus at 30°C_was air dried and the
enzyme extracted In tapwater. The extract was concent-
ratéd 56 fold in a forced circulation evaporator under a
vacuum of 1560 mm Hg at a temperature below 40°C,

The concentrafe was used in these studies. Inthe case of

liquid cultures, the contents of the flasks were filtered
through Whatman No. 1 filter paper and the clear
f||tra_ti<was used as enzyme. source. .

Milk clotting activity:  This was determined byr_the
procedure of Berridge as modified br Arimall, Time
required to clot 5 mi“of 10 per cent milk (containing 0.01
M CaC") prepared from Difcq skim milk powder, by
o5 Ml of enzyme solution gof suitable dilution) wes
recorded. Soxhlet units were determined by the formula

M (ml) 3°C 2400 (sec)
U Eéml) Xtm X T (sec)*
where, U=Soxhlet units
M=Milk volume
E=Enzyme quantity
t=Temperature of reaction
T=Time required for curd formation

Proteolytic activity: - This was estimated by a modified
colorimetric procedure of Ansonss employing 1 per cent
casein as a substrate.  Colour develope _
soluble products released during the hydrolysis with
the Folin-Ciocalteau reagent waS read at 660 nm and
the enzyme activity calculated as jug tyrosine with a
standard cupve. Biure

lu

Protein determination: This was_ done b}(
method as of Chaykin13 Lipase activity was determined
by the method of Somkuti_and Bibe iy
~Fractionation ofenzyme into milk clotting andproteoly-
tic components by cofumn chromatography:  Ten grams
of carbox methg/ cellulose was soaked in acetate Duffer

1Ml .&overm% t.This was regenerated b
washing with 1N HCL, TN NaOH and again with LN
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HCL  After washing twice with the above buffer, the
material was soaked in it overnight. It was packed in a
?Iass column 830x2.5 cm). The enzyme to he fractiona-
bedﬂwas loaded on this column and eluted with the same
Uffer,
. Cheese making trials: Cheddar cheese were preparec
in P_|Iot Plant_ heese vats at the Southern_Regiona
Station of National Dairy Research Institute, Bangalore
usm? farm prodyced cow milk. Milk was standardiseq
for fat and"casein contents to a ratig of 1.0.7, Each
batch of cheese was made with 50 it offreshlx pasteurised
milk tempered to 30°C and inoculated with 1 per cent
of an active lactic culture containing a combination of
Streptococcus, thermaphilus, S. lactis. Lactobacillus hel-
veticus and /,. casel in equal proportions.  Calcium
chloride was added at the rate of 10 ¢/50 it. of milk. As
s00n as there was an increase of o.o1 t0 0.02 per cent in
acidity (lactic acid) the milk was coloured with annato
cheesé Colour (15 ml). Four batches of cheese were
repared using 50, 45,40 and 35 ml each resPectwer of
. ohgosporus enzyme*. - Cheese prepared with Hansen’s
rennet extract*™* ‘ao ml per batch) served as control,
The rest of the cheese making was according to accepted
industrial Rrocedures with minor changes to suit' the
nature qf the fungal rennet. Cheese havé heen stored at
10°C with an RH_of 85-90 per cent for ripening. The
biochemical as well as orqanol_eptlc changes taking place
are heing studied at monthly intervals and these Tesults
shall be Tepoited later. The"comparative manufacturing
data are given in Table 3

Results

Selection of @ potent strain;  Fifty cultures of fur.gi
known to elaborate proteolytic enzymes were screenéd

activity of selected strains of

ON DIFFERENT MEDIA
Soxhlet units/ml

Table 1 milk clottin
FUNGI GRO

Culture Wheat  Wheat bran+ Wheat bran +
bran  soybean meal peanut meal
A. niger (1 26.6 66 100
e e 100 8 10
A. awamori Nil Nil 3
A. carbonarius 130 18 44
A niger T (1) Nil Nil 13
A niger T(. 21 » o 133
/-R\. nr|]g_er c@ ; » %88
. chinensis
R. niveus 18 13 200
R. oligosporus 200 200 200

*3600 SU/ml and 1440 PU/ml of milk clotting and proteolytic activities.
**8000 SU/ml and 800 PU/mI of milk clotting and proteolytic activities.
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Table 2. effect of period OF GRONTH ON THE relative PRODUCTION OF MILK CLOTTING AND PROTEOLYTIC ENZYMES OF SELECTED

STRAINS OF FUNGI
72 hr 96 hr 120 hr

Culture Soxhle Prote Prot g Prote

un| mﬁ un?t m Sr?f@r%ﬁ s uSr?f(h mﬁ units/m
R. chinensis 400 240 200 300 200 280
R. oligosporus 400 20 200 60 200 20
A. niger (Coffee) 400 840 400 200 400 40
for milk clottin activit)i according to method described Initial activity: 200 Soxhlet units/ml.
ST e T T T
aC o A . . J
were assayed for enzyme acivity & given in Table L (C) (Soxhlet - units/mi)  inactivation
_Based 0n the above studies, 3 Cultures giving high 55 171 150
yields of milk clotting activities were selected and grown 60 165 175
on wheat bran semi Solid medium for different periods. 65 150 25,0
The proteolytic activities of the extracts are given in 10 Nil 100.00

e2 . .
Based on these studies, R. ohgospor_us was Selected as
the most potent culture for the following studies,
Effect of pH on enzyme_actlwty: he skim milk
substrate was adjusted to_different pH levels and the
assay performed as shown inFig. L~
Effect of temperature on enzyme activity,  The assa
Was Performed at test temperatures of 55, 65, and 70°
and the results are presented in Fig, 2. y
Effect of calcium on enzyme activity: The addition of
Ca to milk on clofting was studied by incorporating
varying amounts of CaCl2 into the substrate and per-
forming the assay, The data are presented in Fig. 3
Temperature tolerance: Alq_uots of the enzyme were
held at 55, 65 and 70°C respectively for 15 min and the
residual activities in the samples estimated as under.

7001
6001
500}
400
300}

Milk clotting activity
(S. units)

200F

100

1 1 d ) | 1 ]

0 5 55 6 65 7 75

. pH y
Fg. L EKECtanMH For}u%zz}fm activity

Microbiological examination: The enzyme concent-
rate stored in'the refrigerator was examined for standard
plate count, yeasts and molds and coliforms as per
standard methods. The enzyme was also screened for
aflatoxin by accepted procedures. _

Fractionation of the enzyme:  One of the important
factors in a milk clotting énzyme preparation is its low

500
800
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>
% 300
8 :
400
G
300
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100

20 30 40 50 60 70

Temp. °C g
Fig. 2 Effect A?f aﬁ%@rﬁj r%] alenzyme activity
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proteolytic activity. With a view to see whether the milk
clotting and proteolytic components in the enzyme exist
as separate entities, and whether a preparation having an
optimum ratio of milk clotting to proteolytic activity
can be developed, the enzyme was fractionated as
follows:

Ten ml of R. oligosporus concentrate was dialyzed
overnight against acetate buffer pH 4.5 (0.05 M). This
was concentrated to 4 ml having a protein content of 400
Jirg/ml by exposing the enzyme to a blast of cool air
(5°C). Three ml of this material having a protein
equivalent of 12 mg was loaded on a CMC column as
described earlier. Fractions were eluted with acetate
buffer pH 45 (0.1 M). The o J)tlcal density of the frac-
tion at 280 nm was recorde and those having high
optical densities were assayed for milk clotting and
protease activities as shown in Fig. 4.

Discussion

The screening experiments showed that none of the
cultures tested gave high milk clotting titres in liquid
medium.  Two species of Rhizopus and one Asper-
gillus gave very high milk clotting activity on wheat
bran medium.

The comparative results for both calf and fungal
rennets given in Fig. 1 show that enzyme activity was
maximum at acid pH for both milk coagulants, the milk
clotting activity decreasing with increase in pH. It is
seen from Fig. 2 that milk clotting activity of both
rennets increased with temperature, fungal enzyme being
more stable towards heat. Fig. 3 shows that fungal
rennet was more influenced by addition of calcium than
rennet. Inactivation of the enzyme at 55, 65 and 70°C
for 15 min were 15, 25 and 100 per cent respectively. The
standard plate count was about 3000/g and coliform
were absent. Yeasts and molds were less than 10/g.
Salmonella was absent in 50-g sample of the enzyme.
Aflatoxin was not present.

Since 0.D. of animal rennet was more than that of
fungal rennet, fungal enzyme was less dark than rennet
which generally is coloured with caramel. Colour of
fungal enzyme will not be a problem in cheese making
since it gets further diluted during manufacture of cheese.

The presence of lipase (52 juM/ml/120 min) in fungal
enzyme is considered to be potentially advantageous in
accelerating ripening of certain types of cheese without
development of off-tlavours due to lipolysisi.

CMC chromatography of the enzyme solution showed
that the enzyme protein was distributed between frac-
tions 3 to 9 (Fig. 4). The milk clotting activity got sepa-
rated out in a single peak in fraction No. 4 and the pro-
teolytic activity emerged as two peaks, the major peak
appearing in fraction No. 6. Since the proteolytic and
milk clotting activities are obtained in different peaks.
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ork on deveIo ment qf an ideal en Hte 8 aratton rennet and fungal enzyme, respectively, The yields of
orceese man acture |s denna t rotetn ripened ceese weeks with rennet arid fungal enz mes
[ECO\VE er cen ercve ottmg were41an 4 res ectrve The two t%peso ceese
act|V| Wa559 er ce etato roteas acttv developed mild avour and aroma without mare
nPer cen Ear ler Workers O-17'have 0 tame drtferences In texture and taste in 30 days, It has been
t0400 OBTHIS from fun al]renne 3 reportedis that cheddar cheese prepared with Merto
From 3, 1L 1S seerlt at curd workin Mq propertre? rennet appeared to be normal at 2'to.5 months
were more or [ess the same for repnet as well' as funoal  became More bitter than control cheese in 14 months
H me at C%ﬂln C00KINg, ched ??rm and pﬁ %smg of It may be concluded that R. oIrgosPorus CFTRI 1104

£, HI% er mour}ts merits flrther study as a potential re? acement for rennet
1ttsed 0 obfain curd of require rmnes T e Use of or as_an adjunct'to be incorporated into rennet for
%a renrfret can be mtn |se by n}n S further concent manufacture of cheese.
ratt fpurrfication, at ey were 0

pp er cent or renne an ung enzsy Jeﬁpectlve Acknowledgerment

Agfarent Ue t0slow St and frag| [ty The authors are thankful to Dr B. L. Amla, Director

na Cur weren arke varlatlo SI t of the “Institute, for his keen interest in the ‘work and

overa Ime 0 manu acture 0 etvvo %J kind encoura% ement. They also thank Dr C. P. Anantha
The yields of green cheese were 6.5 Krishnan, Officer-in-Charge, National Dairy Research
Institute, Bangalore for Kindly providing the facilities

and raw materials required Tor experimental cheese

. Table 3. cheese manufacturing da manufacture
Steps in Calf rennetO Fungal remet®

manuiaCture (R oligosporus) Rfferences R A . et

Milk* DWIE Rennet Substitute, COrone IVIIMaUKEE,
Acity, Of) 58%8 58%8 2 Verirs nIéinAlgsorry Sci. Abstr., 1961 23, 197

NaEtlo it 87 §57 3 Na&%'ﬂ’vl% M, Internal. Dairy Fed. Ann. Bull, Part VIl
1% 43 4 Sardinéts J. L, Adv. appl. Mtcrobtol 1972 15, .

Total rotern % 339 348 '

e % R ] AT YG gtat“ SOy

Fat-casein latio 107 1:0.70 Press W rk, 7,

Starter calture 6. Somkuti, G. A and Babel F.J  Bacteriol., 1968, 9, 1807
Acidity, % 064 060 7. Nickersen, R andFrsh,N 1. Dairy Sci., 1070, 53 704,
thlty (m) 50000 50000 8 V\%& I-]I1V7\/27and Hesseltie, C. W, Canad. J. Microbiol.

Renngting 9 CH W Rutle 9925 and Hesseltine, C. W, Canad.
Acidity, % 017 0.7 J. Microbiol.,

Quantity, () 100 20 10 ArmM I Glrob0 nm\Rﬁ]ctsobegp%ethcrobrology edlited
[ f fsh P
Cu&ritgity’ 0 00 00 0 A rﬁ, K Conver sro FE dstr& %NB 0§gamsms I,
Cooking (°CJ 30 3800 2 Anson |\/| L and |\/|II‘Sky A E J. Gen. Physrology 1%

Dipping acicity, % 0145 0.147 16, 9

Chediing 13 n, S., John Biochemistry Laboratory Techniques, \Mley,
'IACI'Ir(ti.I % e %35% q% 14 Sogtlfl,ﬁl G. A and Babel, F. J., Appl. Microbiol., 1968, 16,
Milling acidity, % 0.30 0.24 15. Microbio Iogrcal%gnnatronofFoods Anerican Public Health
Ic:;r%eln cheese yreld 9 8% (6)?8 16 Pops, W A, Jr. Cucullu, A F. S, Robertson, J. A,
R?gr??d?t}%yyleld (ka) 41 420 ' ES @ Oj a% godblatt ﬂ-egslﬂls off. agric. Chem.

17 Osman H G, AbdeI %%alg A E. and Sauhair, S. Mabrouk
s i 1 o B R M'°c5°bH'°'NetfsonJ R E and S
|
g orcaitm chionce DeeeEm %e dﬁtrt J. Dairy Sci, Jﬁu;‘l%bq%
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The chemical composition of sunflower oil produced in Hyderabad was different from sunflower ail of Canada in resoect of
essential fatty acids. Heating resulted in a decrease in linoleic and increase in oleic acid fraction. ~Studies on storathe behaviour
indicated tha' sunflower oil became rancid earlier than groundnut oil. Both prolonged beating and storage, accelerated rancidity
in oils, the effect being more pronounced in sunflower oil. Consumers’ acceptability revealed that most consumers ftlt that
flavour quality of sunflower oil was similar to other vegetable oils.

Sunflower (Hehanthus annus) seed as a source of ail
though recognised fifteen years back in India did not
gain much importance. Recently with the introduction
of four varieties of Russian origin seeds with high ail (50
per cent) content interest on sunflower oil wes revived.
These varieties along with Canadian origin ‘Sunrise’
were tried by Indian Council of Agricultural Research
in 31 centres in eleven States during Kharif 1970-71.
As a result. All India Coordinated Research Project on
Sunflower considered extensive potentialities for increas-
ing sunflower areas to about 930.000 hectares by 1978-79
as it had the advantage of high level of production of oil
per unit area and per unit timel.

In India, the per capita availability of fats and oils is
only 12 g day as compared to the ICMR recommenda-
tion of 40 g day-. World production of sunflower seed
oil has increased from 2741 thousand metric tonnes to
4558 thousand metric tonnes from 1964 to 19743. In the
present study composition, storage and acceptability of
sunflower oil (var. Aarmaveric E C.—68415) produced
at Hyderabad was compared with sunflower oil (Safflo)
produced at Canada. Groundnut oil was used as
standard for comparison as it is well accepted and widely
studied.

The fat content of sunflower seed ranges from22 to 36
per cent as reported by several investigators4. Variation
in the linoleic acid (44-72 per cent) and oleic acid (14-34
per cent) was reporteds and it was mainly attributed to
varietal differences and environmental conditions during
the ripening of seeds. Roberts on et al.6 reported that
sunfloner grown at warmer locations and at lower
latitudes had a lower linoleic acid than those grown in
cooler locations and higher latitudes.

Materials and Methods

Sunflower seeds were procured from the dry land
project. Indian Council of Agricultural Research,

Hyderabad. Qil wes extracted in the local ghani (Screw
press) by the usual procedure applied to any edible
oilseeds. Unshelled seeds were used for extracting oil
A sample of sunflower oil (Safflo. brand name) ws<
obtained from Canada. Expeller pressed groundnut of
wes obtained from the local market.

Fatty acid composition was determined by gas liquid
chromatography.7 lodine number.* refractive index.5
peroxide valuel0 and acid number!0 were estimated foi
all the three samples of oil. Schall test™ was conductec
to determine the accelerated oxidation of oils. Absor
ption of oil by some of the deep fried foods used ir
India was determined by soxhlet method.l- A sample d
the sunflower oil was also hydrogenated with the assist
ance of Regional Research Laboratory . Hy derabad.

Sensory evaluation of food products prepared wit)
sunflower oil and groundnut oil wes carried out using z
trained panel of eight judges selected from the Institute
staff. They were selected on the basis of their sensitivity
and recognition thresholds and their performance ir
duo-trio tests. Judges were trained for a fortnight using
both triangle tests and duo-trio tests. Since the objective
of final evaluation wes to test the acceptability of oi
even during training fried and baked foods prepared wit)
different vegetable oils were used as test products. They
were trained to differentiate as well as assign suitable
scores for the samples by descriptive scoring and succes-
sive scoring. Products tested and methods of cooking
adapted are shown below.

Product Method of cooking

Poorie. Boondi Deep fat frying
Chapati, Dosa Shallow fryirg
Sambhar, Vegetable curry  Seasoning

Mayonnaise, vinegrette Salad dressing

Plain sponge cake & biscuits Baking

192
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3/dro enated fat was used for baked products.
avour, texture and taste of all groducts were
evaluated first by descrrPtrve scoring. . Subsequently the
same products Were tested. by succBssive scorrnﬁ Dased
on the principle of hedonic “scale for testing the like-
dislike effect and quality judgement. An interval of at
teast 3to 4 aXs was maintained between the two tests
or each produtt
Consumer acceptance of sunflower alil (Hyderabada
was evaluated In_comparison with the commonly use
vegetable oils, Eighty families of the college students
representing the high“and middle income groups were
selected for consumer acceptance study. T ese §)
housewrves were asked to preBare Poorre (a eep fat
trred pro uct ofw eat lour) aas (a degp fat fried
ro uct of pulses), chapaties (a s allow frred wheat
ro duct) ang a veg etabecurr with the oil they usually
use and sunﬂower oil supplied to them on the same day.
Opinion of the cons mers was collected through a per-
sonal Interview sche

Results and Drscussron

Remarkable difference in the composition particularly
in the oleic and linoleic fraction was observed between

Hyderabad and Canada sample (Table 1). Linoleic
fraction was much higher in Canadian sample.  But
compared to groundnut oil, sunflower oil (Hyderabad)
had higher lingleic acid. Eric et /.13 and” Cumminsa
also reported higher values of 7156 and 618 per cent of
linoleic respectively for sunflower oil samples. from
Canada. Cumminsia reported 43.5 per cent linoleic acid
for a samPIe of sunflower oil from Russia. The lower
values of lingleic acid in Hyderabad samRIe may be due
to warm climatic conditions under which stnflower
Seeds were grown,

Sunflower oil berng more upsaturated had a higher
|od|ne value Partrcular y the oil from Canada (Tablé 2).

Though fat contributes to the satretrf value, excess of
absorption of fat s undesirable. Results of the absorp-

TABLE 1. PERCENTAGE OF FATTY ACID COMPOSITION OF SUNFLOWER

OIL AND GROUNDNUT OIL SAVPLES
Sunflower ail
Fatty acid Hyderabad Canada I-p/'g agg(sd Grou it
Palmitic acid 50 82 0.70 1481
Stearic acid 2.0 117 220 065
Oleic acid N0 B & 5186
Linoleic acid 090 74.83 990 RN
Arachadicacid : 069
Behenic acid _ _ 019

oIncludks isomers of oleic acrd
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Table 2. iodine value and refractive index of sunflower

OIL AND GROUNDNUT OIL SAVPLES
Sample LV R1.(40°C)

Sunflower oil (Hyce 1195 1465%
Eianargbad) 1260 14685

Groundht o 890 14640

V. =lodine value; R 1. =Refractive index

Sunflower oil Gr_[oundnut
Food sample Fat g/ontent conte
Poor| 1000 875
Murak 0 150
Boondi 2500 2000
Potato chips 3 0.203

tion of sunflower oil and groundnut oil by certain deep
fried foods are presented in Table 3. The product was
allowed to drain by itself in a wire basket for 15 min
after tr]yrng and the fat absorbed was determined.
es rn com osrtron of oils on heatrng In the
Processo eeR n/rng oils are heated In Open pans
or one to two nours a ?h temperature (160to 200C).
Residual oil is supplemented wrth fresh orI and reheated
for subsequent cooking. Such a procedure is likely to
accelerate " oxidative changes, . Heating, and rehedting
chan,rfes the chemical composition, and also the viscosity
of oif._Changes n fatty acid composition and refractive
index (index of viscosity) are presented.in Table 4
A major change observed due to heating was reduction
rn Irnolerc acid” and eIevatron in_ oleic” acid fraction.
Near ny 66 er cent of rnoIerc acid is reduced due to
heating in roun dnut oil and 50 per cent in the case of
sunfl ower otl. Nevertheless the major reduction occurred
after one hour of heatrn? in both” oils which shows the
effect of prolonrq ed heating. Fleischnan et a5 also
reported similar” observations in” groundnut il and
sunflower oil.
hanges on storage of oils:  Peroxide value and acid
number were determrned to assess the extent of rancidity
in oil_on gro onged storag| Results ot accelerated
rancrdrty test on” periodical testing are presented in

ancrdrty of oil judged by the flavour changes was
detected in aI the three samg es on the 7th day and it was
pronounced ny hy The relative”velocity of
rancrdrty chariges was slrgi t/ higher_in sunfl ower oll
compared. to qroundnut oil. [t is possible that the level
of antioxidants was very low to protect them from
rancidity changes.
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Table 4. fatty acid composition and refractive index of fresh and heated oils
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Ol samples I-Ieatmhme RI1.40°C
Sunflower oil (Hyder Unhealed 146%
(I:Iyde ) K| 14659

60 14661

) 0 14663

Groundnut ol Unheated 14640
. ) 14647

60 14647

0 14650

Table 5. peroxide value as determined by schall test

Stora%ed%egsiod Gro% ﬂdnut %ﬁgﬂ O [&"m‘ﬂaf"
5 X 18
b

3

5 4 2
[ 40 D o)
9 b Y [}
10 62 & )
IV 0 B 10
13 & 10 1%
(4 100 106 110

Effect of heat treatment on shelf-life of sunflower. qil
andgroundnut oil: It is customary to re-use heated oil in
food preparation. Potato chips were fried contlnuoushf
for one and half hours at 180°C. Samples of heated oi
were removed from the pan at intervals of 30, 60 and 90
min to determine the peroxide value and acid number.
Samgles of heated oil ‘were stored at room temperature
527° ) for 60 days. . Peroxide values of heated oil during
torage are shown in Tables. _

NO peroxide value was observed in fresh oil. Prolong-
ed exposure to heat and prolonged storage increased thie
peroxide value which was expected. The peroxide value

Table 6. changes in peroxide value on heating and storage
of oils

Heating time (min)

So .
%@g [ T L Y et

N 048 018 04 02 05 03 059 03
N 079 03 089 039 09 042 0% 046
60 110 052 122 066 12 08 1B 0%

SF- Sunflower oil (Hyderabad); ~ GN- Groundnt ol

Palmitic o Stearic ‘] Oleic % Linoleic «
510 2.0 50.70 4090
3 19 5042 513
518 158 o121 563
687 Nl 6845 2AT
1481 065 5186 3T
1989 031 81 2040
188 0.79 5104 2156

216 027 5062 1

of sunflower oil was nearly double that of groundnut
oil at all periods of storage. Sunflower sample heing
more unsaturated, the degree of rancidity m|g|ht have
been more.  Groundnut “oil was comparatively more
resistant to rancidity, o
Acid number:  it'is @ measure of hydrolytic rancidity.
Heating and subsequent storage had a marked influence
on,the acid number of the ails;” In 60 days of storal%e, the
acid number increased from 044 to 147 and from (.36
tq 1.20 in upheated samples of sunflower and ?roundnut
oils respectively.  In the case of heated samples o' sun-
flower oil, the acid number after 60 gays of storage, was
155, 167 and 171 respectively for 30.'60 and 90 min of
heating. Corresponding valués for groundnut oil were
132 140 and 149 which were not much different from
sunflower ol values thqu%h slighty lower, ~ Since the
onset of hydrolytic rancidity mostly depends on the ex-
ternal factors such as heat and sforage than the fatty
acid - composition, perhaE)s the (itference ir. the
?ncb%hnumber of groundnut and sunflower oil was not
Sensory evaluation; Results of descrptive scoring
were found to coincide with the results of successive

Table 7. mean scores obtained by the descriptive scoring

acceptability of CONTROL AND
PRODUCTS

Food procict Control Test T’ value
Poorie 9650 9500 0%
Boondi 9408 91.73 032
Parathas 961 %.13 036
Vepi 90 a0 o
B o : . .
Sambhar ry 9360 9620 0.47
Cakes 6.3 8.0 02
Biscuits 9163 012 0.5
Mayonnaise sauce 6734 105 0.82
Vinggretle aressing 6734 1050 C&
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rating ingpite of the interval majntained betweenthe two  cost .and better nutritional qualities unless they are

tests, Indicating the consistency in the scoring, Statistical
analysis of thé overall acceptability or total scores for
colour, flavour, texture and taste of all products showed
no statistically significant differences between the sun-
flower oil products and groundn_u_t oil progucts.

All the 'values were fiot significant. Since results of
sensory evaluation indicatedacceptance. b(y the judges
a large scale consumer trial was also carried out. ~ |

Cansumer opinion of sunflower oil as cooking medium:
Consumers were asked to indicate their opinion over a
scale of values for colour, appearance, flayour and taste
and, whether the foods Rre ared with sunflower oil was
similar, better or worse than the same preparations mace
with the other_vegzetable oils to which' they were alread
Used to. Magony_of the consumers (80 per cené
expressed thal podrie, papads, .chapathies and bean
curry prepared with suntlower oil was similar in colour
appearance, flavour and taste to the same foods prepared
in groundnut oil (Table 7). Tweleve to fifteen per cent
felf’that sunflower oil products were better whereas 2
to 5 per cent felt sunflower oil products to be worse than
those of groundnut oil. o

Results of consumer evaluation indicate that, sun-
flower oil imparts flavour qualities to foods similar to
that of %roundnut 0il though a small _ercenta?e of con-
sumers expressed it to be better. Majority of the con-
sumers were willing to change over'to Sunflower alil
provided that it is” available "at a cheaper rate than
other vegetable ails in the market. In developing count-
ries where tradition is deeply ingrained, people Will not
buy a new food product simply on the stréngth of its low

convinced of the sensory qualities of a food.
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Studies ou Chemical Composition of Twenty Strawberry
(Fragaria ananasa) Varieties
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Twenty strawherry varieties were examined for their physical characteristics such as colour, firmness, flavour and size and chemical
compositions like total soluble solids, acidity, alcohol insolubles, starch, sugars, anthocyanins, Vitamin C, dry matter, iron, phos-
phorus, potassium, calcium and crude protein.  Wide variations in these constituents were observed. The use of such information
as a possible index of quality in starwberry varieties used for processing is discussed.

S_trawberrK, a soft textured aggregate fruit with highly
perishable character is a potential raw material for Can-
ning, freezm%, jam, jelly and r%um_e reParatlons in Indja.
Its “wige utility in”processing Indus r){ underlines the
scope for its commercial cultivation. 1n an attempt to

select and breed varieties suitable for sub-tropical
conditions, a large number of indigenous and exotic
varieties have béen introduced under the strawberr
|mi)_rovement project of this Institute. The practic
utility of nutritional evaluation of germplasm of fruits
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and vegetables in |dent|f¥|ng superior genotypes has been
reported earlierl-4. In the absence of such information
In'strawberry fruit, a study wes undertaken with twenty
promising varieties and the results are reported in this
communication.

Materials and Methods

Fruits (500 g) harvested at the optimum stage of
maturity were uSed for analysis. Physical characters like
colour,” flavour, firmness and sizé were recorded b
visual observations. The average weight of smgle frui
per cent edible matter and per cent calyX were determined
gravimetrically. Fruits free from calyX were crushed in a

estle and mortar and pressed through muslin cloth,
otal soluble solids in these juice sampl&s were measured
usmg_ Erma_refractometer at 20°C. For the estimation
of aCidity 25 g fruits were blended with distilled water in
a waring blénder and the representative sample of the
filtered ‘Water extract was titrated against” Standard
alkali.  Acidity was ex,oressed_ as per-cent citric acid
W/W). Dry matter, alcohol insolubles, starch, total
nd reducing sugars and_ascorbic acid content were
estimated by standard AOAC methods5. Sucrose was
calculated. by multiplying the_difference between total
and reducing sugars by 0095, Fructose was estimated b
resorcinol-thiourea method6. ~ Glucose. values were
obtained by subtracting fructose values from reducing
sugars. Estimation.of starch in alcohol insolubles was
dope by colorimetric method7. Anthocyanins in fruit
puIP wes estimated from 1 g of pulp usmé 100 Ml acidic
methanol as extractant overight and the ‘optical density
was measured at 540 mp- usin spectronic 20, The oven
dried material was ysed for nitrogen estimation and the
values were multiplied b){ 6,25°t0 get crude protein
content, A known weight of oven dried material was
digested with tri-acid. mixture (nitric acid: Sulphuric
acid: perchloric acid in the ratio of 10: 1:1) and the
digested materjal was Used for the estimation of phos-
phiorus, potassium, calcium and irong9.

Results and Discussion

The fruit characteristics and the analytical data of
twent,}/ strawperry varieties grown under tfie agroclimatic
conditions of Hsssaraghattd, Ban?alore_ are presented in
Tables 1 and 2. Visual parameters like size, colour,
firmness and flavour are some important attributes
used as criteria of quality in strawber% fruts _for
dessert as well as processing Industry. Observations
recorded on these physical characters are of paramount
Importance in pwH)omtmgf superior varieties,  Easy
removal of calyx and core Trom the fruits IS a desiranle
character In commercial varjeties. Skin abrasion and
tissue bruising during handling causes cell breakdown

and acceleratés the deterioration. Therefore, varieties
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with firm flesh and to_u?h skin are recommended as
superior for commercial utilization..o _QOhservations
recorded on the textural properties of different straw-
berry varieties indicated that a few varietes like ‘Early
Cambridge’ Fresno’, ‘Ranadier,” ‘Midway,” ‘Northwest',
Shasta’, “Sunrise’ and ‘Torrey” are hard and firm in
texture.  Strawberry for canning Purposes should he
firm in texture, of ‘good colour,” flavour and of Jarge
sizell, The present study revealed that a few varieties
have favourable frujt size, colour and texture thereby sug-
gesting their superiority over the other varieties.” The
variations in texture, richness of flavour, colour depths
observed amongst different varieties studied suggest
their wider scope of utilization. L
Fruit size Is not only an |mEortant attribute in grading
strawberry for processing but also is a_mﬁmﬂcant com-
ponent in"reducing the harvest cost. Hig ?raded cQm-
modity can be expected from varieties of large size.
Amonp the twenty varieties studied, the fruit™size as
indicated_by average fruit weight ranged from 185 to
6.10 % The ediblé portion after removmq calyx ranPed
from 94.6 to_ 98.2 per cent. The weight oss by calyx
removal is minimum in ‘Blakemore’ variety.
The colour is an important character to"he considered

Y in strawberry fruits for canning, freezing, preparation of

jam, jelly, and preserves. The anthqcyanins impart red
colour t0 the fruits and hence, its estimation serves as an
indicator of colour valugs, Varities like ‘Midway’,
‘Fresno’, ‘Selection. IHR 19" and ‘Surprise-De-Halls
are comparatively rich in anthocyanin pigments. These
could be employed in breeding Varieties with superior
colour attribute; Although high anthocyanin content
varieties are preferred in freezing industry, it is reported
that low value is a positive chracter for canning pur-
goses as thg%/ st\ow little tendency to give non-enzymatic
rownmg_ scolouration..z — © T _

Ascorbic acid js the predominant vitamin cf soft fruits
and Ifs esfimation_serves as quidelin in suggestlnq
varieties of high vitamin C content. In our Presen
study, ascorhic acid content ranged from 29.2 to 89.1
mg per lOOgof_ fruits. — Similar variations have been
observed by &arlier workersi31o. _

The range of values for other constjtuents studied are:
total solufle solids, 5.3 to 14.0: aCIdI’[Y, 0.7t L76 Per
cent: Brix acid ratio, 306 to 12,04: alcohol ingolubles,
2.20" to 4.38; starch, 0.2/ to 1.00; total sugar, 3.54tg 5.9
per cent: sugar-acid ratio, 245 to 6.0; sucrose, 0.06 1o
153: qlucose, 212 to 399: fructose, 0.7 to 139
per cent and glucose-fructose ratig, 2.2 to 397. Total
soluble_solids’1s a common factor looked in most of the
fruits. The wide variations in tofal soluble solids content
observed indicate the possibility of variations in the
concentration of sugars, organic acids, mineral salts
nitrogenous compounds, pectic substances, tannins and

o
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Table 1. physico-chemical characteristics of strawberry varieties
. . Aywt Edible Total %ac- Brx Total
Vi Colour*  Havour Firmess  Size ofm rsoloﬂe ald d
Y 0 rr%e i M) Eil a(g/g)rs 0 cyeaﬂfrhg
Albriton Signal Red  Medium Med herd Fairly niform 458 %80 140 1% 880 527 331 009
Bangalore local  CumantRed Vmild  Med soft 3B U6 63 177 4% 5M 397 0
Blakemore  Signal Red  Mild  Med hard Uniform 29 W2 7 1R 447 41 2 009
CH-40 Gﬁrgsman V. mild Med hard Non-uniform
_ B _ . M 96 83 1% 647 500 374 (M
Early Omebricge CrerryRed Medium Hard — Uniform 307 %8 80 1M 58 30 246 006
Fresno Urﬂgg Jak Vmild Hard  Non-uniform
S o e Vmid bd Felvuit 4% %6 103 18 6% 53 3% 010
0 :
w:omler 4 M;‘ o VIO o0 @5 85 12 6% 3% 290 0
e
y P Nedun Yo% %0 53 1B 3% 55 28 0F
Rbégtrh GV(\)BStd Current Red I\Mklelc(ij %dhard Hnlformf 49 %8 78 104 TR 402 387 oW
iy Ga“irﬂt Sﬁr JZ‘ZE - h'“m i TN 2 67 05 13 76 5B 3W 0%
iy e R?Ch S8 %486 50 48 2% o
phrson P Qfe. R M s g7 86 17 70 59 5m 00
%}ectionmg%g%carletm E!cﬂ %?ﬁt » 2% %0 86 08 1060 5% 729 0%
C
el T o gy ke 1% %2 81 18 55 A 284 055
Sega Sengana - Current Red Medium Med soft Fairly uniform 313 %7 100 083 1204 5% 68 007
Shasta Bur_kengeceg R//lk_elddlum ﬂg " »_} 3% B5 U0 146 7H 4P 30 0%
S | G kI\/II'Id i ¢ _”}””' ofrm W B3 T2 LB 610 45 3R 0@
S“fp”%D&HaJSS?_QSHJJ;Ck I\/I;d mdi:rd Ua',rfy“”' 9B w2 W 1T 6% 54 39 02
s g o e M om %0 84 1m0 e 4% 35 0®
Torrey CurentRed Mild  Hard ~ Non-unform 5% 973 33 072 1% 4% 670 006
*RHS. colour chart, The Royal Horticultural Society, London. **Determined by optical density at 540 mitt

pigments. . Presence of large quantity of sugars is an
Useful attribute for dessert and juice guah%. \arieties
like “Albriton’, ‘Bangalore_Local’, ‘CH 40°, *Fresno’
Midway’, ‘Rear Gotird’, ‘Robinson’, ‘Selection THR
16, “Senga Sangana’ and “Surprise-De-Halls’ contained
more than_5 per cent total sugars and 1 per cent
fructose. The edible quality js determined in part by
the brix acid ratio, The suitability of a Parncular variety
for juice making also depends on the balance of acid and
sugar, the amount of phenolic constituents, aroma
constituents and the amaunt of vitamins present especial-
ly ascorbic acid. Deficiency or excess of one or more
components may he overcome by bIendm%, but it is
desirable that balk fruit for manufacture should be of
suitable uniform composition.

The concentration of dry matter and mineral consti-
tuents ranged as follows: dry matter, 8.7 to 13,0 per cent;
Iron 0.39 o 2.55; phosphorus, 14.0 to 23.5; calcium,
7.0 to 35.0; potassium, 320 to 660 mg and . crude
protein, 0.48'to 0.80 per cent. Although thie nutritional
constituents available in strawberr}/ fruit are re_latlv_elz
less, more emphasis could be %Nen_ 0 Varieties with hig
ascorbic acid, carbohydrate and mineral contents.

The composition in relation to major organoleptic
quality of “flavour, texture, colour and Autritional
constituents 1. of paramount |mPortan_ce In evaluating
,strawberrz, varieties with regard to their relative merifs
In processing industry. A_vanetg with high quality in
fresh state will naturally PIVG a best quality Processed
product.  The analytical’ data of twenty " strawberry
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Table 2. chemical composition of strawberry varieties

i Ailcopol St%;ch Su(cr%se G%)ucose Fruc- Iuoose Vitamin na[%tré/r %Lelldﬁ hos- F:o% c%rln
oy ¥ 05 "o 5o G % 6% %% 0 (%
Albriton 38 0 073 340 110 30 44 15 06 06 0.66 36
Bangalore local 412 044 03 31 0% 37 202 U2 069 078 04 119
Baemore 38 050 03 3 0% 3y &9 W8 050 13 140 0 T
CH-40 43 08 08 306 110 278 &5 U1 049 2% B5 0% 77
Early Canbridge 420 030 063 212 092 23 743 U6 09 18 174 38 126
Fresno 2% 0 012 3% 119 33 &L 89 06/ 064 190 3% 72
Granadiier 20 030 006 278 070 397 688 94 061 Q6L B5 09 77
Micway 2% 05 120 260 18 224 87 19 066 060 179 0%3 126
Northviest 22 04 0» 276 089 310 W3 87 09 0 4 0% 72
Rear Gourd 32 027 08 33 107 308 611 98 060 039 67 0% A0
Red Gantlet 372 064 0¥ 310 100 306 60 98 0% 08 186 0 92
Robinson 48 0% 097 318 19 28 51 01 060 06l 162 052 35
SlectionlHR 16 301 052 183 3 112 38 @7 97 048 18 B5 02 70
SelectionlHR 19 412 100 03 297 0h 3% %6 107 080 234 187 048 126
SngaSengana 3 062 0% 34 14 30 50 11Ul 06 08 25 04 119
Shasta 3% 048 08 28 08 283 W1 125 077 063 163 05% 182
Sunrise 32 0% 0% 297 0% 309 &6 90 0% 069 A6 0B 72
Surprls&DeLHalIs 42 068 02 39 12 327 %5 06 053 12 A5 045 77
3 0 029 3% 092 369 75 130 068 08 26 049 9
Torry 30 080 067 2M@ 08 340 70 108 071 062 28 04 119
vanetlets as repotrted |nth|sptaper prclJvtlde at gutlﬁielme for g \%Icwltl MeFt{hoEs ofAnalyﬁcis, A%IAC., 10th Edition., 1960,
sugaesting varietal superiority in relation to their com- 6, Whistler 10 thads in Carbohy-
po%]c ||or1ga?bua éty %et r)ésetr%t |hnformzi\t|ohn |stalso : drate éhemlstr?n%o\éll\é)?mlCrrhsr:lss,IV_OP;;i{ﬂ%%‘/:e a:-li/\)l/
useful for breeding varie |es with chemical characteris- 7 Z Y. ns, HW,
tics ¥vh|ch would gmake them particularly suitable for Anaea@ﬁ 19%6@9? UJ56 vara; .
specific processing purposes. 8 P'%stsr ahjaa%géam Analysis, Wite Agric. Res Inst., South
AC_IF‘HO\Me%%ement el 0 Dr G. S Ranh 9. Jackson, M. L, Soil Chemical Analysis, Prentice Hall, 1960.
e authors are grateful to Dr andhawa» 10, W | F Prod
Director, Indian Ingtltute of Horticultural Research, C'k%&raw IYII §00T<m %an{/u ew%rig%%? ot
Bangalore for his keen interest in the Present invest- 11 Girchari Lai, s|dd Tandon, GL, Preservatio
gation and for providing necessary facilities eSFe%JI% %d jan Council" 0 ncu‘turaﬂ
2 Hjme AC TheB|och mist ofFru and. Their Products,
Ref
ee[%dn%esss P M. ik, NG, %dem'c s, Londn e Vo VO 2, 11
Horl., 1 ﬂ wi 3 George,léssﬁlix}e?[g Robinson, W, B,, Free. Am. Soc. hort
¢ Dl?ﬁa@ﬁgﬁ JNHoGrI' Sﬁ?ﬁhf {%7 Loch, 5 B and Negi 55, I Qﬁggs%?%landv\hmer MC, Proc. Am. Soc. hort Sci
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Utilization of Filled Milk in Flavoured Milk Preparation
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Flavoured filled milk having fat, 3.5 per centand SNF, 8.5 per cent was prepared by using coconut oil and low heat spra_?/ dried skim

milk powger as major ingredients. Acce

tability studies indicated high preference for rose and pineapple flavoured milk. Rose fla-

voured milk L%rle ared from admixture o? 50 per cent filled milk and 50 per cent standardised milk was highly acceptable and had

a keeping quality of one week.

In urban areas, the flavoured milk is catching up quite
fast as is evident from the o(Femr]\% of chaifi of milk
parlours in several states of Ingia. The cost of flavoured
milk can be reduced by utilizing. coconut oil instead of
milk fat which fetches Righ price’in the norther parts of
the country.  Already considerable quantities of filled
milk and filled milk products are on sale in some of the
far eastern countries..  The objectionable flavour of
coconut oif can be masked to some extent by the use of
synthetic flavours and sugar. 3 _

This paper reports the  acceptability and, keepmg
quality of rose flavoured milk prepared from filled mil
replaced at different levels with standardised milk.

Materials and Methods

Tinned coconut_oil (Tata brand) locally purchased
was Used. Skim milk powder (low heat spray dried) was
obtained from experimental dairy, N.D.R.I., Karnal.
Sugar, emulsifier, stabilizer and synthetic flavours were
pur%hased Iocalla/. o

The amount of coconut oil, skim milk powder, sugar,

emulsifier (glycerol monostearate, 0.4 per cent) stabifiser (/)

sodium alginate, o.02 per cent) and water required for
he reParanon of flavoured filled milk havmlg fat, 35
percent; SNF, 85 per cent: and sugar, 6.0 per cent was
determined by calculation and the ingredients were
mixed as follows. _ o

Skim milk ‘oowder was first thoroughly mixed with
sugar, glycerol monostearate and sodium alginate, The
dry mixture was then dispersed in water at about 37°C
and vigorously agitated so_that the powder and_sugar
were completely dissolved. The mixture was then filtered
through a mysfin cloth. _ _

Addition of coconut oil:  Required quantity of coco-
nut oil was melted and added to the reconstituted skim
milk and wqoro_usl stirred. _

Holder pasteurisation: - The mixture was pasteurised
at 71°C for 30 min in a vat containing water.

Homogenization: After pasteurization, the mixture
was homogenised. at pasteurisation temperature with
Manton_Gaulin Piston type homogenizer, the pressure
on the first and second Stage being 175 kg/cmz and 3
kg/cmo respectively. Filled™milk was then"stored a 4,0
%?ajogig for about 3 hr prior to addition of synthetic

Addition offlavours:_ To each of these lots, different
synthetic flavours [ike Rose, Cherry, | .emon, Pineapple
Mango (Al honsog, Strawperry and Almond were added
atthé rate or 0.4 to 0.8 ml/kg of filled milk.

Rose flavoured milk was prepared separately from
the admixture of filled milk and standardised milk (fat,

5 and SNF, 85 per_centz. Standardised milk ‘was
replaced by the filled milk at 0, 10, 20 and 50 per cent

evels.

Eight such trials were conducted in each of the above
expefiments. Flavoured milk was offered to a panel of
8 Judges drawn from various categories of the Dairy
Teéchriology Division, staff for determining the acceptabi-
lity of thé product. Different attributes examined were

flavour, (if) bod_¥_ and homogeniety, (Hi) sedimentation
and (fv) acceptability. = _

Fatand moisture of skimmilk powder were determined
8s per American D%_ Milk Institute (ADMI) method?2,
fatthanéj3 SNF of milk were determined &s per ISI
MEnod. . .

Moisture, fat and free fatty acids of coconut oil were
determined as per ISl methdds as applied to gheed.

Results and Discussion _

The low heat spraY dried powder used had a slightly
cooked flavour and its moisture and fat contents were 4
and 14 per cent respectively. The moisture, fat and
free fatty acids (expressed as'per cent oleic acia) were 0.3
99.7 arid 0.95 respectively. .

The extent of prefererice is shown by the number of
positive signs.

199
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Table 1 organoleptic evaluation of flavoured fil led milk

PREPARED FROM DIFFERENT SYNTHETIC FLAVOLRS
(8 TRIALS)

Flavour added Preference ratings
Control —
Cherry +
Mango-Alphonso +
Pineapple t++
Almond —
Lemon +4
Strawberry +
Rose +++

— Not acceptable;  +, Acceptable.

Only control samples showed distinct coconut

flavour.  Other samﬁles had slight coconut flavour but
were acceptable. The bodg Was good for all the
samples inCluding cantrol; n fat separation or sedimen-
tation was found in any of the samples (Table 1).
The studg( revealed that the addition of sugar and flavour
|mﬂrove _the flavour of flavoured filled milk. ~The
tec noloqlcal_procedure adopted in the study resylted in
a product which showed semblence with natlral flavour-
edmilkin terms of homqgeneity and body. - Amongstthe
synthetic flavours used in the Study, rose and Pmeapple
wiere highly effective in masking the coconut flavour,
Prakash™et al$ also reported the figh preference for rose
flavour as it masked the beany flavour of soy milk prepa-
ration. - Almond flavour was” found o be I2ast effective.
Study pertaining to the masking off- of the flavouring
compounds_ from coconut oil by the addition of sugar
and synthetic flavour was not carried out, _

At 7all levels of addition of standardised milk, the
samples had acceptable flavour and good body. Neither
fat separation nor sedimentation was observed in any
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Table 2. organoleptic evaluation and reefing quality of
ROSE FLAVOURED FILLED MILK PARTLY REPLACEI% &
FLAVOURED MILK

Stapgarcised milk in - Preference ratings  Keeping ouality at
TRl R S
0 + >7
10 ++ JJ
X +44 >
5 t+++ *
+, Acceptable.

of the samples. _The acceptability and keeping quality
studies of ‘rose flavoured milk preﬁared from” admix-
tures at various levels of filled milk and standardised
milk are given in Table 2. It is obvious that the accept-
ahility level increased with the increased level of the ad-
mixfure of natural standardised milk. The keeping
g¥aht of such milk was observed to be or. an average
OVér 7 days at 4°C.
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An improved method of preParatron of soymilk has been evolved after crrtrcal evaluatron of the effect of mild alkali or metabi-
sulphite treatment, dilution Tactor, soaking time and steaming upon pa |atability an dprotern extraction. Optimal results were
obtained when steam was passed immediately after slurrying, metabistlphite was added at 0.05% concentration, dilation was kept

at 1 part soxb an. GParts watey (W/VJ and soak water was used forhomogenrzatron Palatahility of soymilk and blend with cow-
milk was, on the average, rated s good.

Soymilk, being cheaper, holds out a consrderable time, viz. 3, 4,6, 2and 13 hr (overnight); (|v? cookrng
promiise as an effective Substitute for cow's milks, 1t the soybeans in the domestrc [essure cooker or5an
romoted growth in Infants allergic to cowmrlk4 10 Mmin_before dehulling; jpsteamrng the slurry and
owever, :he typical ‘beany’ flavour which develops due the frnal mrIk mstead of Boi |n (n) adding the soaked
to avoIatrIe compound, |-gcten-3-ol following activation so ean to ol mo1 water; vn using the soak Water
lipoxidase enz mee constitutes the most serigus rom boiling- ehu ing for slur (yrng, an orhng%
|m iment ag am Pular acee tabr |ty of soymrk the _soaked so> ean ‘n 0.03, er cer]
oineering stu ies'of Do and Subrahmanyan? and  sodium metabisulphite solution, . The so mrlko tarned
Desrkachar et al." have helped in standardrzrng the con-  was rated for general acceptabrht b aborato Oy
ditions for Rre aration of soymilk. The high"tempera- sonnel against ‘cowmilk and blends %oymrlk admixed
ture rapid nt/ ration-cum- ?rrndrng Process 15 stated to with cowmilk, 21and41 ona 10 pointscale.
ensure o fi Rrotern extractio rom the seeds and
also mrnrmrze the chances of development of off-fla- Results and Discussion
vourse It was, therefore considered worthwhile to ~ On the hasis of a series of trials, designed to evaluate
examine the possibility of obtaining a better product by the extent of nfluence of various factors upon the
introducing simple modifications i the fechnique. The acceptabrht and protein content of the resultant pro-
results of an improved method of small scale soymilk duct thec nditions angd procedures were standardized:

preparation are described in this paper. V\/erg ed quantity of Soybean was soaked for 3 hr
and cooked for 10 min i the preboiled soak water
Materials and Methods to which_sodium metabrsulphrte (175 mg/350 mi) was

The required amount of soybean seeds were, soaked, added. ~The seeds were manual dehullzd and homo
boiled for 10 min and dehulled, were homogenrzed with %enrzed in an electric blender usrn%soak water from the
hot water and boiled for 10 min with constant stirring.  bailing-dehulling Process the slur™> was steamed for 10
Two extracts were taken by straining the slurry througn — min.in the from @ fine tret Two extracts were collected by
the muslin cloth, and resuspending the residde in hot  straining the slurry t rou9h4folds of muslin, resusper-
water and straining a 8am he_ combined extracts were  ding the'residue in"hot water ¢z min and strarnrn %garn
strained through sTolas of muslin. The final volume was The comhined extract, strained trou olds 0
adjusted as required, one teaspoonful ofsugarwas added mus in, was entIy heated for 30 min, Ateaspoonu
er 350 ml and soymilk was gently heated for 30 min, Jorox 2-3) of Sugar was added per 350 ml of soymilk
he different treatments tried” included: (/) soaking in the volume was made upto the required extént to

3 per cent sodium bicarbonate solution; () different grvethe final rat o of soybean 1partwaterepartsg Nt)
dilutions, viz. 15, 1. and 1.7: (Hi) variation in soaking ~ Plain water was préferred over sodium’bicarbonate

Present address:  SRF., Incustrial Toxicological Research Centre, Lucknow
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eneral acceptabi-

YMILK vs COWMILK AND THEIR 3LENDS

&rﬁ% Ag}])ceear- C%rgi/st- Pakf%bi- Havour
38

Table 1 averaégé,- protein content and

lity OF

Conmilk B OF OE OF UE
omic T 16 16 106 1%
Bl%l@' Bvan e sa6 76 7%
S_?&r_nnk ﬁ%\/) B 806 8N 16 15
ignificance

SE 007 07 OB 00
Ch. %% 00 0% 0B 0
¢D. % 07 0B 0% 0%
**P<(0.01 Average of 10 replicates

VG, Very good; E, Excellent; FG, Fairly good; G, Good

solution because the latter failed to improve the paya-
bility. Acceptability was best when the ratio of soytiean
and“water (W/V) was kept Ls, and soaklnp time was
reguced to 3hr ofly. Pressure cooking prior o dehulling
was abandoned bécause it has an adverse effect upon
palatability. -

Protein extraction as well as palatability were found
to improve appr_emabIX by _sI_urrlngf i pré-boiled soak
water and steaming. A significant Tact which_has come
to light is that thé protein content of spnymllk_can be
Increased to a level which matches cow’s milk with only
5|mBIe modifications in the technique outlined above.
gTa le 1?. Soak watey confainsa considerable proportion

f soluble protein (albumin) present in soybean, At an
oFUmum concentration (0.05 per cent) metabisulphite
also Improves the appearance, Ajossmly throug}h préven-
|ﬁ|n of ‘browning during heatingZband also the palata-

The results of the present study clearly show, that
soymilk prepared under carefully controlléd conditions

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 13, JULY-AUGUST 1976

could be popularized. Studies in the Philippinesu have
also demonstrated that_the bmlmg Water ?rmqu
technique .could be easily adopted To cater To loc
demand with limited initig caPltaI investment, Soymilk
can meet a substantial part of the protein requirement of
school children. The present study also indicates that
while soymilk as such is quite acceptable, its palatability
could be’further improved by blending with cowmilk dt
1:4 proportion; the cost of the blend'is estimated to be
less "than one third of cowmilk.
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Comparative Antimicrobial Action, of Certain Antioxidants
and Preservatives
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The antimicrobial effect of three antioxidants viz. BHA, BHT and PG were studied against Bacillus subtilis, Saccharomyces cerevi-
siae and compared with a few other antimicrobial agents. BHA was found to have inhibitory effect against all the test or%anjsms.

The activity was highest against Saccharomyces cerevisiae. At lower concentrations, it delays germination and appears

fere with conidial formation and colour development in fungi.

The antioxidant propoerties of BHA. BHT. gallates
etc have been known for a long time and have been
commonly used in reducing the rancidity development
in_meat, “fish, fish, byprodlcts, oils etcl3  However,
information regarding the effect of these antioxidants on
microorganisms is fragmentary. Kaufmann and Ahmag;
found an inhibitory €ffect of nordihydroguaiaretic acid
(NDGA) on Saccharomyces cerevisiae. = It has been
reported that 1 per cent BHT s slightly inhibitory
towards Salmonella senftenbergL  More recéntly, Chang
and Branone found BHA t0 be inhibitory  towards
Asper%mus arasiticus, Staﬁh%loc_occus aureus, Escher-
chia coli and Salmonella typnifurium, The present studh/
!% ﬁnbatt_tgrr]npt at finding out their role in microbial growt
Inhibition.

Materials and Methods

Three commercially available antioxidants namely
butylated hydroxyanisole (BHA), butylated hydroxy-
foliene (BHT) and prop%l_ gallate SPG% commonly uséd
in foods .and @ few antimicrobial gg s used in“foods
viz. calcium gluconate, sodium sofbate, nisin, sorbic
acid and orange oil were obtained from trade (Orange
oil was very kindly supplied by Nagpur Orange Growers’
Association). The test organisms were, & gramposr
tive aerobic spore former Bacillus, subtilis, & fermen-
tative yeast—Saccharomyces cerevisiae and two toxi-
ﬂ]enlc moulds, Aspergillus flavus and A. fumigatus which

us represented a fieterogenous group. Such a hetero-
genous group was chosen to, kndw whether the anti-
xidants™ exerted any selective inhibition.  The test
organisms had been isolated from various food materials
in"the laboratory and majntained on specific media

Fresh transfers \iere made from stock cultures, Bacillus

subtilis bem% grown on nutrient agar slant at 37°C for
4 1, Saccharomyces cerevisiag, Aspergillus flavus and
A. fumigatus on rgotato dextrose agar slants at 32°C,
the fornter for 24 hr and the latter two for 4 days as per
standard methods?.

0 Inter-

The inhibitory action of the antioxidants and the

antimicrobial agent_s were Initiall

using Whatman No 1 filter paper discs
late count
t cell con-

diffusion metho
of 15 mm diameter (Table 12].
had to_be done each time t

centration in the seedmg medium

technique was abandone

However, as g
know the exa

disc diffusion assay
and further studies were done

assayed hy

the disc

b}/ the plate count method. For this, the antioxida-
nts and, the antimicroial agents were agded in the
apPropnate__concentranons Into the culture media
before sterilisation.  The orange oil was. transferred
aseptically to the sterilized media to eliminate the

Table 1. effect of antimicrobial agents and an

tioxidants

ON THE TEST ORGANISMS BY THE DISC DIFFUSION METHOD

Test material B. subtilis S. cerevisiae A. flavus
. 8

Toh very St
)

mi%l conate N“
|um Sorbate »

o acid >
»..
Nge%?gﬂ%n
)

Table 2. effect of various reservatives an

ey

»

d ant

ioxidant

AT A CONCENTRATION OF ZSED PPM ON THE PLATE COUNT

OF THE TEST OR

GANISM

Nae of preservative! 8. subtilis  S. cerevisiae  A. flavus
AIOGAT
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Table 3. effect of bha and citrus oil at various concentrations on the test microorganisms

204
Test material Concentration
ppm
BHA %
Orange ol i%
Control
—Not done;  “White butlony structures,

possibility of any loss of oil due to sterilisatjon.  Serial
dilutions”of the "test organisms were made in Ringer's
solution and grown on”culture media in petri dishes,
controls were Tun in all cases for initial viable numbers.
Since. nisin did not exhibit inhibitory effect a?amst B.
s%bnlés anéj S. cerevisiag, its further use in the study was
ahandoned.

Results and Discussion

The average results of 5 replicates of the effect of
various presérvatives and antioxidants at a concentra-
tion of 2500 ppm on_the three test organisms are given
in Table 2. As the inhibitory effect Was highest in. the
case of sorbic acid and_orange ofl among preservatives
and as there was no inhibition in the case 0f antioxidants
except BHA, lower concentrations were studied only in
the case of oranqe oil and BHA. Nisin did not show any
inhibitory effect against B. subtilis or S, cerevisiad.
Perhaps 1ts activity Is purely heat dependent8. BHA was
effective in_completely inhibiting growth at a concent-
ration of 2500 p]pm at a cell concéntration, of 104 sml,
As seen from Table 3, lower concentrations defayed
the germination of spores by e-12 days and the appéar-
ance was very different from 'normal colopies. They were
white_buttony structures with no formation of cofour or
conjdia. To ascertain if this effect was sPe_uﬂc towargs
A. flavys only, similar studies were carried out with
A_sPer%HIus fumigatus and another unidentified Asper-
gillus Sp. The effect was found to be similar.

BHA thus exhibits a fairly high antimicrobial effect
towards certain bacteria, geasts and moulds, . However
this was Jow compared to' the reported mhibition® and
may be due to the method of dispersion. The activit
was highest in the case of S. cerevisiae. Chang an
Brangne observed that BHA is less effective againsgram
neganve bacteria. In view of the Rh_enohc ng\ure of these
antioxidants, microbial Inhibition Is Rroba expected.
However, it was,interesting to note that in the concent-
rations studied i, upto 2500 ppm, the other antioxi-
dants had no inhibitory effect. The effect of BHA at

B. subtilis

LI

S. cerevisiae Afl?‘%l%da)ﬁ (12 de>s reaging)
Nil i@
(c*

URY

I X1R

J

EpS

><

8 i

13X107 48X106 83X108

lower concentrations was more interesting  The germi-
nation of s#]ores was delayed by 5-12 days and when the
spores germinated and. grew, no conidia were formed
and even the hyphae did not develop any colour, The
exact mechanism of this non-development of colour is
not known. A passible exPIanatlon may be that since all
filamentous fungi are obligate aerobes, even the ve
little oxygen required for“colour development or ré-
?_roducnon may not be available. In the case of many
ilamentous fungi the actual concentraticn of oxglgen
needed has heen observed to be higher for reproduction
than vegetative growth9. Even the delay ir. spore germi-
nation may he perhaps due to the same reason. =
It thus dppears that in addition to acting as an antioxi-
dant in controllmg the rancidity development in foods
In which it 1s used, BHA may also aid In delaying the
?ermmatlon and growth of _spo,llage microorganisms at
ower concentrations and inhibiting them “at hlfqhe_r
concentrations. Its activity against sporulation of foxi-
genic fungi like A. flavus and A. fumigatus is of particular
Significance in cured meat, fish, etc Where i; s used.
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Fat globule membrane proteins (FGMP) of buffalo milk exhibited time and concentration dependent hydrolysis by trypsin. Except
protein components V and Vi all other components were almost completely cleaved at higher concentration of trypsin. Glyco-
Brotelns were relatively more resistant to protealysis than other protein components. Proteinsof ultracentrifugally classified mem-

proteolysis was higher in FGMP from cow milk t

rane Pellets exhibited similar behaviour towards ﬁroteolysis mdlcatir]ﬂ(apﬁarent similarities between these fractions. The rate of
an from buffalo milk.

owever, buffalo milk FGMP and its fractions showed

similarities in the rate of proteolysis. Sterilization of milk retarded proteolysis of FGMP, whereas chilling accelerated such

enzymatic cleavage.

The lipoprotein envelope around the fat dropet is a
complex system oriented at the fat/plasma interface and
plap&s and important role in stabilizing fat emulsion in

itk and milk based preparations.  Morphological and
biochemical observations have shown fat globille mem-
brane to be a true blO|09IC&| membrane3  However,
Woodinga through electron m|cr_oscoP|c observations
expressed his doubt regarding the intactness of the mil
fat globule membrane.™ In a more recent study Kobylka
and”Carraways observed that trypsin or pronase .could
cleave all thé major associated 'membrane proteins in
intact fat globulés or in isolated membrane thereby
demonstrating that membrane _surrounding the _ fat
%Iob_ule does™ not represent a significant Per_meab|l_|ty

arrier tg_proteolytic enzymes. - However, their studies
were confined to intact lipoprotein complex only, Hence,
the present study was undertaken to investigate'the mode
of trypsin action on delipidated FGMP and its various
fractions, This paper also reports some preliminary
observations on the rennet action on FGMP.

Materials and Methods

Buffalo milk samples (Murrah breed) were collected
from Institute's herd. Trypsin (Lot 62C-2040) was
urchased from ﬂgma (%emma Company, "USA,
ennet was purchased from Hansen Laboratory,
Copenhagen, Denmark. Acrylamide and N N’-Meth{-
lenediacrylamide were the ?roducts of E Merck,
Germany, . N’ N-Tetramethylethylenediamine
was obtained from Koch-Light Laboratorjes, England.

All other chemicals were of analytical grade.

k 7.

. FGMP and its various fractions were prepared follow-
ing the methods reported earlierb. The procedures used
for gasteunzaﬂo_n, boiling, sterilization and chilling milk
have heen described elsewhere?.

Assay system for trypsin action: In all the assay
systems_substrate concentration was kept constant (10
mg of FGMP sample in 2 ml of phos?hate buffer, %H

containing 15°'mg sodium dodecy! sulphate). The
contents were then maintained in a water bath at 37°C
and after 5min a definite aliquot of the trgpsm solution
was added. The reaction was terminated after definite
intervals by a _mg 0.02 ml 2-mercaptoethanol and
placing the Tube in boiling water bath for 5 min. Polya-
crylamiide ugel electrophorgsis in SDS-system was carried
out according to Weber and Osborrid. ~ Glycoprotein
comBonents in the gel were detected by the method of
Fairbanks et a9 _ _

Assay system for rennet action:  BUtter-milk obtained
by churning_four times washed cream was exhaustively
dialysed agamst distilled water. To 10ml of the butter
milk (protéin concentration 50 mg/ml), 0.3 ml of rennet
solution (50 mg/ml) was added andl the contents incubat-
ed in a water Dathy at 30"C for Lhr. The reaction was
terminated by adding 16 ml of 80 Rer cent TCA and the
contents_were filteréd through Whatman No. 42 filter
paper. Two ml of the clear Tiltrate was used for deter-
mining the released sialic acid by the method of Warrenk

Results and Discussion

Time dependent hydrolysis of FGMP: The FGMP
solubilized in phosphate buffer containg SDS was

*Pari of the paper was presented at the 44th Annual reeting of the Society of Biological Chemists (India) held at University of Calcutta

on October 27-28, 1975.
N.D.R.I. Publication No. 76-53.
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treated with 0.5 ml of trypsin ( 200 The reactlon [awa 5also reported similar phenomena in bovine milk
Was termmate aterOy g hr” of Incubation FG From the electro herogram It IS further evident
Pertods lde cts the resolutton atterns of the  that tr?/psm could act ona thé protein components in
n?(gsm treate P specimens by Spolyacr}/Ia buaffalo milk FGMP indicating that none of these
10 gel eIectrophore3|s It I eviderit from the electro-  components is inherently resistant to proteolysis.
Pherogram that component XI1 was most susceptible to
rypsin which dtsappeared after one hour ofthe reaction.
ands V and VI a Pear to be more resistant to pro-
teoIYsm as compared to other bands. 1t may be worth-
while to mention that band X |11 was mainly contributed
trR/gsm From this experiment it is cléar that after t
r of incubation no further ?han es agReared n
eelectropherogram Hence, In all sudsequent studies I
the reactions were terminated after two hours. v
Proteolgms with increasing concentration_ of enzyme:
The solubilized FGMP waS incubated with différent
concentrations of trypsin and the reactions were stopped
aftter )2( IhI OIt \I/Sl Iageundmteresém gto note that c?mpon
ents XII an radually disappeared from the ele-
ctropherogram as th;e conc ntrattgh) oftr%/ psin increased ABABABAB BAB
from 2 to4 pgsu%gestmg their accessibility to trypsin
e e ;
ation dependent clegy, I | |
lower mc?lecular Wweigh ? gwev%r P e%e Po ypetl ! néreagtﬁte o E%tre?l to S fat Io%qteerentgr% Bﬁ?j[%"d
were also comRIeter cIeaved at a higher trypsin con cate conce trattono
centration In the system (Fig. 3). Kobylkd and Car- AProtem B. Glyooprofei n
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BANDYCPADHYAY AND GANGULII A STUDY ON THE PROTEOLYSIS OF FAT GLOBULE MEMBRANE PROTEINS

3 TS
e ]

1 2 3 4 5 6
Fi rgps?n Proteo%sqr Is of fat globule membrane protein fractions by

Untreated —l V\/hoIe 3. Butter serum;
Treated:—2. Whole; 4. Butter serum; 6. Insolub

Fate of glycoproteins in FGMP orlr: 8roteo| ySis:

Insolttble

Elec-
trophoretrc resolution patterns of FGMP treated with
0.5 10, 15, 20and50m of trypsin are shown in Fr{q 3
The gels were starned for oth protein and glycoprotein.
Thrrteen protein and five gl coprotern componen s could
be detected in theeectro er ram Fig. 3 shows that
except components V all other components
almost completely drsaPpeared from the_electrophero.
gram at trypsin concentration of 15 mg in the system-

10 20 30 40 SO 60 70 80

1INCUBATION PERIOD ( Mi*».)
Fig. 5. _Rate of hydrolysis of fat globule membrane protein and
its fractions by trypsin.

X x X Cow; o —e¢ —e huffalo; O—0—0, inseluble
fraction; A~A—A Bucer srum

fractions:
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Tyrosine released (M g)

T . T
Incubation period (min)

Fig. 6. Rate of hdr |s of ultracentrifugally classified fat
gnuﬁ ranep ote? ractions E)y trypsrfng Y

These observations reveal that protein components V
and VI are most resistant towards trypsin action. How
ever, glycoprotein comﬂonents weré found to be more
resistant fo proteolysis than other Protern components.
Proteolysis. of "ultracentrifugally classified FGMP,
Fig. 4 shows the digestion patterns of FGMP
and its fractions by trypsin.  I£1s evident from the figure
that digestion patterns were more or less similar i all
the cases. |t may. be of interest to mention that the
FGMP specimens”isolated from ultracentrifugally clas-
sified membrane pellets alsg hehaved similarly towards
proteolysis revealing their similar characteristics. These
observations are in"agreement with our earlier electro-
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: y
ale of proteolysis of fat glo brane rotern
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phoretlc data on these proteinsIL Rate of #%roteolysn of
P and its fractions by trypsin (5 mg) was also
|nvest|gated Fig. 52. Protein specimen from cow milk
exhibited highef rate of proteolysis than that obtained
from buffalo milk. Buffalo milk FGMP and its fractions
d|dtno|t show any appreciable differences in the rate of
roteolysis.
: Stugies on the proteolysis of ultracentrifugally classifi-
ed FGMP fractigns revealed a shght Increase in the rate
of proteolysis from FGMP obtained from heavier
membrane pellet to that obtained from lighter mem-
brang ge lets gFIr?
Effe tofhe ti and ch|II|ng milk on FGMPproteonas
Proteo ysis of F Ytr yisin was affected when milk
Was eat treated or chilled"(Fig. 3 It Is obvious from
the figure that sterilization retarde roteoly3|s Whereas
chilling accelerated the. process, hese o servat|ons
could e correlated with tyrosine and_phenylalanine
levels in these specimens?. Paucn of ava| abIe |terature
makes it difficult to offer a suitable explanation for the
observed differences in the rate of proteolysis. However.
Stephen’? observed a slight lower rate of proteolysis in
casein micelle obtained “from heated milk than that
isolated from chilled milk.

Rennet action on FGMP isolated from buffalp and
cow m| was evalugted Zmeasunng the release of sialic
acid. It has_been observ that during 90 min reaction
period rennin could release 26,65 and 24 24 per cent
Sialic acid from FGMP of buafflo and cow milk, respec-
fively, Further increase In the reaction time had. no
significant impact on such pracess. During the reaction,
fhere was no release of free sialic acid. NO iformation

1S available on the action of rennet on FGMP. 1t Is of

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 13, JULY-AUGUST 1976

interest that rennip could release about 60-90 per cent
bound sialic acid from casein micelle of buffalo milk13

Acknowledgement

The authors are thankful to Dr..D. Sundaresan, the
Director, N.D.R.I., Kama! for his interest in this work
Thanks are also due to Mr. M. K. Bhavadasan for
technical help,

References

L Dowben, R M, Brunner, J. R. and Philpott, D. E., Biochim.
Biophys. Acta, 1967, 135, |

Henson, A F HoI 5Sworth G and Cnandan, R.C., . Dairy
Sci.. 19

Keenan, T. 'V, OIson D E and Mollemauer. H. H. J
Dair Sci., 197I

Wooding, F.B.P./. Uhrastrucr. Res., 1971 37, 388,
Kot%%lka D, and Carraway, K. L, Biochim. Biophys. Acta,

Baner AK G li, N. h, Ursula and B
edeelndlanJ D%rl]gyuslm 1%74K2(%ngrsuaan FHTer

Bang%%gad% PrA) K. and Ganguli, N. C., 3. Fd Sci

Weber. K and Oshorn. M..3 biol. Chem., 1969, 244. 4406.
Faigganks, 18'2(%86k’ LT.. and Wallach, D.F.H., Biochen .

Warren. L,3. biol. Chem., 1959 234, 1971

B JR,M ,M.E, Jee, A K.,and Ganguli,
ruanr IndlanJar[])gzm% Sci., 195%[192%6965 At

Stenhen J, MSc. Thesis, Panjab University, 1968,
Sat)a%u!, P. K. and Ganguli, N. C., IndianJ Bioshe n., 1970,

B BB ©ow ~u o o w o



Niithve \dLe d Vg Fams ad Misd Mk Rvaly

S. Venkat Rao, D. Vijayalakshmi, Soma Kurren G. Prasannappa H. N. Chandrasekhara, M. Swaminathan
and M. R. Chandrasekhara*

Central Food Technologrcal Research Institute, Mysore-570 013

Manuscript Received: i) May 1976

RoIIerd ?of weaning foods in the 1;ﬁresenceo]tmalt extract lowered rotern uaIr PER whjle processin %%zttr in the
Baceo extrircthaﬂnoe ton OWEVEr markeriwgduct nsrnc emi a av rlgblmrneo t?rr f
asma threonine leve wasfoun t0 sen/easabetterrndrcatoro ysine amage In weani gfoo avall ysrne or plasma

lysine levels.

Development of processed weaning foods prepared by dried on a laboratory roller drier, and (c) sample V
roller-drying of blends of cereals, legumes and groundnit  cooked and dried ona roIIer drier after addition of malt
flour has heen reported from this Instrtutel Specrfr extract Instead of sugar. A properietary malted milk
cations for these ‘have been recentl X drawn up product obtained from the local market’ was used for
Indian Standards Institution2 and the Protein Advrsory comparison.

Group of United Nationsd In these specifications,  The protein content of the samgles was, determined b
emphasis has been laidl on the protein quality in terms of ~ the micro- kgeldahl method. The essential amino aci
PER determination, Aﬁart from the PER_determi-  contents In the various samples were determined accord-
nation, the only other chemical method avarlable for ing to methods described earlier2  Available lysine was
assessing the loss of nutrrtrve Value o roterns urrn estimated b% Carpenter’s methodd.  The results are
processing Is the ‘available lysine’ g method4.  shown In Table 2

AIthouPh good correlation has been re ortéd between  Determination of PAA level: Feeding experiments to
available IYsrne values and growth response of animals  determine the PAA levels were carried”out as follows:
for animal proteins and cottonseed meals, there are

other reports_indicating discrepancy between the values

obtained by FDNB method and growth assay procedures '€ b compesition of tne, tlend used FOR PREPARING
usin rat or chrck for heat- treateg foods5 8. No chemical Pars
met 00s are available for measuring the nonavailability
8 other amino acrds which may oecome unavailable g&eststg ortér;ldnutcaﬁeﬂour 15
uring processin ram flour 1)
egag rementgof plasma amino aciq gPAA% conent-  Roasted green g?amflour 13
rations has heen recommended for predicting the Irmrtrng Sesarme flour (solvent extracted) 15
amino acids in diets1), Naraxana Rao and McLaug- Rice flour 10
hlan1L have shown that this tec nigue. can provide use uI Barley flour 10
Information on the effect of processing on aming acid Hydrogenated groundnut oil (Vanaspati). 4
avarlabrlrty The present communroatron deals with the  Siigar Or melt extract 7
effect of processrngO on the nutritive value of weaning  Common salt 3
foods as measured oy PER and PAA methods. Calcium carbonate 1
Tricalcium phosphate 1
Materials and Methods \ftamin prem ]
The composition of the weaning foods pe rpared wrth Protein content 25.6-27.9%

added sugar or malt extract is shown in Table 1 Tl ~Con | A

different samgles used in the experrements are as foIIows % orr quprﬂbo i ngof
ga) theraw blend containing suq(ar without an{ proces- n|ac 381

Ing, (b) raw blend as in ‘a”cooked in water (1:4) and

*Present aodress: - Project Administrator & Coordinator, Milione Project, (Govt, o: India), Bangalore Dairy Bangalore.
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Table 2. essential amino acids and available lysine in weaning foods and malted milk powder

Lysine
\\eaning food (raw blenc 40
\eaning food (with sugar 43
\Weaning food (with melt extract) 43
Malted milk powder 36

Male weanling rats belon mg to the Wistar strain, 8 per
gﬂrouAJ were “housed inglivi u_allg I cages with wire-

esfl hottom and were given dietS contairing the various
food products for ong Week. The diets contained (in per
cent) the_following ingredients: groundnut oil 10, salt
mixture12, vitamii mixture14l, weaning foods or malted
milk powder to provide 10 {)er cent protein in the diet
and corn starch to make to 100 per cent. The diets were
also s_ugplemented with lysing, methionine and threonine
to raise their levels to those of human milk Protems.
Food ntake was restrlcted_b¥ removal of diets from the
cages for 6 hours daily. This Teeding regimen was follow-
ed'to induce the rats’to start eating as soon as the diets
were placed, The rats were Killed & hours after replacing
the diet, as In this period, the limiting amino acid falls 0
a low leve] in the plasma. To qbtain fasting PAA levels
 group of 8rats fed on skim milk powder diet was fasted
for 16 hours, Killed and blood was taken for analysis.

AYallabIe Methionine ~ Cystine ~ Threonine  Tryptophan
e N
36 12 10 29
21 13 11 30
14 14 10 30 15
19 16 06 32

PAA scores were calculated as described previouslyss
The concentrations of free amino acids in the gl_asma of
individual rats were determined by microbiological
methoas1e The results are presented In Tables 3 and 4

Protein efficiency ratio: This was determined by the
standard procedurel4 Male weanling rats 21 days old,
were allotted to comparable groups and tie dnimals
were kept In individual ca%es. Weighed quantities of
diets were served daily and the diet was molstened with
hot water and placed in the cages. The residual diet was
dried in hot air and the food” consymption of each rat
calculated. \Weekly weight gains of rats were recorded
and the Erotem efficiency ratjo was calculated at the end
of 4 weeks. The results are shown in Tables 5 and 6.

Results and Discussion

Amino acid contents:  The results in Table 2 indicate
that there are no marked variations In the contents of

Table 3. plasma amino acid levels in rats fed malted milk powder

rou Diet
CM

| Malted milk powcer
1. Malted milk powder+ L-lysine (20 ¢/16 g N)

E%ﬁ%%&w&
(

V. None (fast

. jon inpl |
Lysine CD%%%?PE " p%( r%ren ) Triptophan
28.1%33*% 3.7%60*; 55.1%82*% N (%
56.6(67* 4.2(68* 153 I: 807
55.2(66%) b.4(87%) A414(62) K.8(L04%)
63.0(75) 10(113* 716(116* 118(97*
81 6.2( ) 66.8( ) 14.2( )

Experimental period, 1 week; 8 male rats per group;  Protein level 10%)
Results of statistical analysis by Wilcoxon-Mann-whitney test at 5% level

Lysine
| 1, i v v

Threonire
[ O 1 1 I AVARS

*PAA Scores; No significant difference.

_ Vethionine

L, nn mivyV
. .Tryptophan
L, 1,7, v, v
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Table 4. plasma amino acid levels in rats fed weaning foods

| : lasa (jug/ml
Gl\rlgl.Jp e Lysire COI%%?%] " pas?%lrjt Y Tryptophan
1 RawBend AT A BABY L4
1. Veaning food (with suger) NI AU T BT (i
1. Weaning food (with malt extract, WF) 21942 38(73* 28.3(74* 11.2(107*
V. WE%I sme%g/ngE@ 146(112%) 40(77* 136(36* 103%)
+

v RN M) GS) ) 0w
vi. None (faste) 59 52 105

(Experimental period, 1week; 8 male rats per group; Protein level 100/@

Results of statistical analysis by VVilcoxon-Mann-Whitney test at 5% level

Lysing .. Methionine
[, n,in" 1V, V, Vi LALLM IV oy v vl
Threonine .. . | . TWtophan . .
L, NV LIV, VI IN v L, 1, ni, Vo V1IN, IV, VW

*PAA Scores;  No significant difference.

total 0yme methionine, cystine, threoning and trtho Free amino acid levels in the blood.  The level of lysine

fthe unp rocessed orprocessed samples. While the  in the blood was low and PAA scores also indicated that
content of avata le ¥5|ne In the raw mix was very lysine is the limiting amino acid in malted milk Fowder
nearly equal to, that of total lysine, marked reductions (Table 3).  In the case of weaning food samples, the
were observed in the available Iysme values in the pro- Palsma fevels as well as scores were low for Iysine and
cessed samples_of weaning foods containing sugar or threoning in the unprocessed mix and the sample pro-
malt extract. The commercial sample of malted milk  cessed with sugar. For the weaning fogd processed with
powder gave values of 36 and 19 (g)/16gN) for total - maltextract, ttie plasma level and score for Tysine was low

and ‘available lysine’ respectively. while these values were higher for threonine as compared
Table 5. per of malted milk powder
Group Diet Pr |n indet(N  Food mtake Proteinntake - Gain in weight PER
s vl 0
1. Malted milk powder M 101 113 15 99 085
Il MM+LI ine 20 16 N 102 1% 188 40 211
n neth|0t¥sne 1 6 : 105 19 28 84 21
V. PA Jthlt' |ne +
' reontne 102 19 22 513 25
v, Skim mlkpovxder 11 53 282 1006 357
Standard error of the mean (24 of) 0.10

(Experimental period, 4 weeks; 7 male rats per group)
Results of statistical analysis of PER by Duncan’s multiple range test at 5% level
Lnmovov

No significant difference.
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Table 6 FERG-VEANNGFOOb

(?\rlou Diel Protein*  Food intake fg) Proteinintake(g) Gain in weight PER
0.

. Rawblend 15 2 207 6.9 23
|’, \\eaning food {vviths ) 112 29 56 607 231
[[I. Weaning food (with malt extract, WF) 112 20 24 446 1%
V. W.E.+L—I sme%g/ngN 112 2% 264 696 260
gL A
v g‘ﬁnoﬂrm (rjf) ' ' ' io.t%

(Experimental period: 4 weeks; 7 male rats per group).

Results of statistical analysis of PER by Duncan’s multiple range test at 5% level

|
No significant difference.

»Protein in dliet (Nx6.25%) on dry besis.

with the raw mix. Similarly, the plasma level as well as
score for threonine were moderately h|%h In the case of
malted milk powader. These observations are in confor-
mity with those of Morrison et a/./ and Gra)f etal. B
who observed elevated threonine levels in the plasma of
rats and chicks fed lysine deficient diets. Threonine may
be deaminated relatively slowly as compared with other
amino acids ang hence may accumulate in the blood as a
consequence of reduced availability of lysine.  Supple-
mentation of the food products With dmino acids in
general resulted in increases in the blood levels as well as
Scores of the aming acids.  No marked changes were
observed in the blood levels of methionine and
tryptophan of animals fed on raw, processed or lysine-

su%nlement%d Weanmg_foods. o
rotein efficiency ratio: S_upRIementatmn with lysine
resulted in marked increases inthe PER of weaning food
containing. malt extract in the formulation and malted
milk powder (Tables 5 and 6). These results and the
Fata o avaifable Ig/sme_contents and PAA scores for
lysine shqw that dedtruction of lysine durmq p_rocessmg
15 primarily responsible for lowering the nutritive valu
of these products. The PER of the weanmﬂfood [0-
cessed with cane suga_r was similar to that ofthe unpro-
cessed raw blend |
safely to weaning food formulations to ensure retention
of protein (iually_ during roller-orying. . Addition of
methioning (0 I¥5|ne-supplemented weaning food_did
not result in any Turther improvement in PER. Addition
of methionine and threonine to the lysine-supplemented
malted milk powger was also not hengficial,

Plasma lysine levels and scores for vv_eanmg foods and
malted milk powder were found similar; But marked
differences were observed in the gain in weight of rats as
well as PER on these two foods. These data‘indicate that

dicating that sucrose can be added d

v Vv M

N _Iongi as lysine is the limiting factor in the diet, plasma
lysine Tevels are less influenced by dietary concentrations
of lysine than weight gains or PER. “Because of this
reaspn, measurement o Plasma lysine alone may provide
a misleading estimate of the adequac;i of dietdry lysine
content.  Similar_observations have also been rmade by
Morrison et alfi7 in rats, In the present studies, the
Plas_ma threonine level in the case 0 wear_un% food con-
aining malt extract was significantly higher and the
PER Significantly lower as compared with the values for
the raw mix. The avaﬂable_!ysme content of the, groces-
sed Weanm(I; food containing, sugar was considerably
lower than that of the raw nlix afthough the PER was
not affected. _ Similar discrepancies between the values
obtained by FDNB method and data obtained by chick
or rat assays have also been observed by other
workers78. "The data obtained in the present” investi-
gation on the available lysine contents and PAA levels
0f lysine and threoning and PER values for the raw mix
and” roller-dried weaning food indicate that increase, in
the plasma threonine level js a better index of processmg
damage to lysine than available lysine content or plasm

lysine” level.” The results also iridicate that while some
reduyction in the protein quality of weaning food occurs
uring roller-drying in the présence of malt extract, a

reater. damage to the quality of protein results in the
gase of ma teg m?lk povﬂger.ty P
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RESEARCH NOTES

PROTEOLYSIS OF FORTIFIED BUFFALO SKIM

MILK BY TRYPSIN*
“E‘bedf
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Attempts are berngf made In this IaboratoryIZ to find
asurtable substrtute or mfant eedrn? b%/ umanrzatron
of buffalo milk.. Any such attempt should fulfil the
digestibility requrrements as a major parameter t0 assess
Its"wholesomeness.  Mellander3 observed a difference in
the peptic digestion behaviour between caseins from cow
and human milk. Krnoshrta4studred the digestibility of

milk proteins by proteolytic enzymes. Gan?ulre alA

observed that burfalo milk caséin is hydrolysed at a
s ower rate than cow mrlk casein by protéolytic enzymes
like tr 6ypsrn pepsin and pancreatic enzymes. = Ganguli
et al.6 further gbserved that the number of peptides
released from buffalo casein by trypsin was less than from
COW casein, The present paper reports on the proteolysis of
diluted and modified buffalg milk by trypsin with & view
to humanize_ buffalo milk from proteolytic standpoint.

Buffalo milk samples (Muryah” breed) were from the
Institutes herd and human milk samples were collected
from the local Civil Hogpital. ~Acid casein was_isolated
from buffalo_ skim milk by isoelectric precipitation
according to Gupta and Ganguli7. N-caseinand /3-Casein
were prepared from buffalo Skim milk by the procedures
of Hipp et al9 and Aschaffenburg®, respectively. <s
casein was isolated following the method of Zittlé et all

[3-k-casein was prepared by the procedure of EI-Ne-
goumyl*, with necessary modification.  Buffalo skim
milk (having 35 to 3.8 per cent protein) was diluted to
three, volumes of water, - Lactose (4g/100 ml) and casein
fractions %OS %/100 mR were added"to this diluted milk
system and ‘homogenized using a Potter-Elvehjem
fo ogenrzer
e trypsrn action on the milk system was conducted

ﬁsfo ows: 10 ml of the milk amgle me)test tube was
etrnawater bath maintained at 3/@ M
sod |um phosphate_buffer ﬁpH 70I) and 05 m| of trypsin
(purchased from Srgma C emical Co., US.A.) soltition
Were added ( The reaction was terminated after
an interval of 10 0 0, 40, 50and 60 min b% addrng
10 ml"of 10per cent trichloroacetic acid. Tubes wer
further incubated for halfan hour and the contents were
filtered through Whatman filter paper No. 1 Blanks
were also run“simultaneously b;r terminating the reaction
with 10 per cent TCA ﬁtrrch oroacetic dcid) at zero
minute initially. The released pep_trde N te frltrate
Was estrmated y the method of et all2
proteolytic rate Was expressed as /. p tyrosrne reIeased

Data’ on the effect of milk cqnstituénts on proteolysis
of puffalo skim milk are given in Table 1 Considerable
regluction in the proteolysis was observed on dilution of
milk sample. Among the milk constifuents added, acrd
casein had a maximum strmulatrng effect on proteol X:,S'S
followed by N-casein, /3-casein and a mixture of
casein, It Was further observed that lactose and n *-casein
stimulated proteolysis to a lesser extent as compared
with other milk fractionsl The rate of proteol%srs of
buffalo skim milk (before and after drlutrong and human
milk are depicted in Fig. 1(A% Human colostrum was
observed to be more stsceptible to trypsrn action than
norma human milk. However, no.mdrked difference in
the proteolﬁsrs Was notrced between individual and pooled
uman mi sam les, These data further show that the
diluted buffalo mrlk was more susceptible towards
trypsin action than human milk.

Table 1. effect of addition of milk constituents on the proteolysis of buffalo skim milk

Milk type Constituents added proportion
AT Vet 13
»
» ﬁﬁj CBan
> i
B
“Results are on 5 samples analysed.

‘N.D.R.I. Publication No. 7>-184.
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TYROSINE RELEASED (p3)

IS 30 45 60

MINUTES
Fig. 1. Rate of proteolysis of fortified buffalo skim milk by trypsin.

1) skim milk; 2) diluted skim milk (DMS); . 3) individual humen milk; 4)DR2(S)|Ed human milk; 5) humen colostrum

é} BM +ACId caseln 2) DMS+ r-casein; 3) DMS+ /8 casein; 4

+§-k-casein; ) D|\/|S+NJ casein;

A sharp increase in the release of peptide in case of References

buffalo milk was naticed during the first fifteen minutes
minutes of the reaction after whiich the rate of proteolysis
slowed down considerably. From Fig. 1(B) it is evident
that throughout the course of reaction milk ortified with
acid casein exhibited highest rate of proteolysis followed
b}/ that of fortifed with"<-casein, /3-caseinand amixture
of /8k-casein,  This could be due to_higher substrate
levels in these s%/stems when compared with dilute milk
system. Milk fortification with casein and its fraction
appetars to improve the digestible quality of such pre-

ar lons
P The authors are jndebted to Dr. D. Sundaresan,
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study.

w%a%rly Research Institute, %l I% KGU::JSIO

11 pecember 1975,

Gan %Hmc D%“gﬂﬁgy ? %X%EUM\AP and Negasane>

C, In Press).
Elafﬂg%ﬁoer’ ., Llandslaalg E;nkgarg foren Foré5 1947 52,107,

7101
Gangu mcsm k IgakuZassh| andlya, K K J. Dainy

Gan%ull hN C1 OP and Bhalerao, V. R,, indian
iochem

S K andGangull N. C Milchwissenschaft. 1%5
ngp, . J., Groves, ggr J H. and McMeekin,

. Aschaffe nJUI[’)aI|r'-\¥ SJCIDa|r Res. 1%3 0, 259
| Zitle, C A, %&per L and Dellarmnlca, ES,

JDanySmAl , al, 1966
eo”"ﬁf LE%A; A A L Rl

. b|0| Che




BOOK REVIEWS

Dough and Baked Goods-Chemical, Air, Non-Leavened
Edited by D. J. De Renzo, Noyes Data Corporation,
ParlzzgRldge, New Jersey, London, England-1975,
pp.

Noyes Data Corporation in its series on Food Techno-
logy Review has brought out this publication No. 26 in
the"area of Doughs and Baked Foods. This review gwes
detailed technical information on several U.S. patents
on commercial haking fechniques, where yeast is not
used. The Book_ definitely serves as a_ﬁ;mde to US
Patent_ Literature in this fiéld, after avoiding the details
regardlngi_ legal aspects in which R & ™D workers
are not Tikely to be interested. The publication gzlves
reliable and Comprehensive covera%e on more practical
commercial and t|m%I(Y process Information that has
accymulated since 1960. Often, such information is not
available in all the related periodicals and journals.

. Asthe Book brings out a number of technical passibili-
ties available, it may Froye immensely useful to R & D
workers of the developing countries i launching or
alterm% programmes of work in their relevant areas of
&roduc ang process development. Till recently users of
IDC Publication were not so happy about the loose
binding of their earlier tg)ubllg:atw_ns. The get up and
bound™form of this publication is a welcome change
adopted by NDC.

To begin with, chemical leavened products are dis-
cussed with special, reference to manufacturing progesses,
cake mixes mcludlng substitutes, ingredientS and addi-
tives, cookies and biscuits, bread andpan cakes etc. The
Qgtrelgé%nal enrichment processes of such products is also

vered,

Air leavened Broduct_s without any use of chemical
leaveners have leen discussed next and cover Anqel
cakes and gre-m|xes, puffs, eg? white substitutes €rc.
Non-leavened products cover Ififormation on pie dough,
pr|es, puff pastries, batter and bread composition .

he coverage of the tortillas s likely to prove useful to
the Indian Sub-continent where similar foo regaratlons
are made as a part of their staple food and consumed b
millions of people. A Chapter on refrigerated an
frozen products’ includes information on “refrigerated
biscuit dough and cake batters, frozen non-léavened
pastry and Cakes, baking adjuncts,

baking powder, baking acids, carbon dioxide sources
etc., («) shortenl_rag compositions for cakes, pie etc., and
(Hi) mono-glyceride hased and other emulsifiers is E)_re-
sented in the latter chapters. Different preservation

methods have been covered on retardation of staling

Useful information on: (i) leavening agents like f

and_mold inhibition, combination of an:i-stalent mold
inhibitor, heat sterifisation efc.  Flavouring processes
and comﬁosmons with special reference t0 |eavened
products nave also heen covered, Fillings, toppings and
coatings form the last chapter of the review.

At the end of the Book are enlisted Company index,
Inventor index and US Patent Number Index ‘and are
likely to prove handy to R & D workers and several
commercial entreprerieurs of other countries_for seeklng%
further details in their interested areas. _ The presen
compilation by D. J. De Renzo will he useful to workers
In the field of ba-cery products and more S0 as it com-
Rletes coverage on Bakery products as the same author
1Ead ’\?%rger written ‘Bakery Products—Yeast Leavened
or NDC.

S R Shurpalekar

“Basic Food Chemistry " by Frank A Lee The
AVI Publishin Con%pany Inc., Connecticut, US.A.,
1975, pp. 430; 5 US. $

This is angther attempt to ?ive the chemistry aspects
of food in a single book form. Tt has 13 chapters'covering
most of the aspects of food chemistry.

The first 6 chapters give the basic constituents, of the
food, name| carboh?/drates, proteins, lipids and vitamins
together with a chapter each on phytoSynthests and enzy-
més.. A defailed tregtise on phytosynthesis is appropriate
In view of the basic nature of trie reaction, = Similarly
descriptive _coverage of enzymes emphasizing on the
latest “classification is relevant. However, descriptions
about the nature of moisture, structure of major minerals
%gg lJolant acids would have enhanced the value of the

Chapter 7to 10 cover subjects like flavour and colour.
Compared to most, other chem|strLY books the coverage
on flavour IS in fair aepth. The coverage on colour s
detailed, with a chagter on browning. "However, it is
felt that food chemists should lay ? eater emphasis on
minor browning reactions, like mefal-polyphenal reac-
fon, converﬂo of.g_roanthocyamdms under acid con-
dition to anthocyanidins, etc.

Chapters, 11 to 18 specialises on various cate(Tlorles of
oods. Coffee, tea and cocoa have been each allotted a
chapter, which has enabled the author to qive full
justice to their chemistry with reference tq the technology
Involved.  However, the chemistry and technology of
sBmes are equally well developed, and therefore, ori the
ahove score a chapter on spices would have been justified.
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Similarly, chapters on fish and fish products, cereals and
oil-seeds, etc. would have ?wen a qreater balanced
treatment since detailed chapters are given for subgects
like meat, milk and fruits and _vegeta les. It must be
emphasised here that the subjects covered includin
fermentation and_ alcopolic beveragaes and baked pro-

ducts are well gealt both in breadth and depth.

Bibliography given. at the end of each chapter will
assist thé reader”In finding required references  for ag-
9{3% details. There is &lso a well-compiled index in

The hook on the whole is a good compilation on food
chemistry and would be a welcome addition in the |ibrary
of any t achmg or research and development institytion
concérned with food technology. ~The printing and get
(u:o are in the usually high standard of the Avi Publishing

ompany Inc.

A G. Mathew

Proceedings of an International Sympaosium_ held in
Glas%c;vw, September . 1974: Edited” by Dr R B.
Duckworth. _Academic Press  Inc. gsl_ondon) Ltd.,
19/, Pages 716. Price: £ 17.50, $ 45.25.

Water Relations of Foods, one of the series of mono-
%raphs In food science and technology, edited by Dr RB

uckworth s B_roceed%gfs of an intefmational symposium
held on the subject in Glasgow in September 1974, This
Symposjum  wes or?anlse to bring together leading
acagemic ang industrial food scientists and also a few
more accredited quests from other disciplines from
various ‘oarts of th& world to encompass in gne meeting,
chemical and biological aspects of Interaction between
water and other constitutents of bloloqlcal system as
well as the behaviour of water in food. Tn all 35 papers
were presented in this sympasium, organised Info 7
sections, viz, (1) water ang its molectlar interaction
with other constituents _ of biological syste_ms )
methods and criteria used in the study on water in foods,
3) water In relation to the behaviour of mlcroorgamsms
4) Influence of water on enzyme action In fodds, . 2

n-enzymic chemical changes at low and intermediat
moisturé contents, (6) effects associated with freezing
and thawing and (7) aspects of condition and properties
of water inTelatively moist food materials.

The first two sections were devoted to the physical
chemistry of water in simple systems as well as jn the
mare complex food component”systems (carbohydrates,
lipids and" proteins) and methods and ‘techniques for
their presence. Emphasis was placed on the nature of the
intermolecular forces involved e? electrostatic,
drogen bonding and hydrophobic Torces.  Papers were
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also presented on the various techm(iues in Use to mea-
sure state of water input and model systems made up
of food components, omtpared to the e_a[ICy days when
water was measured by crude and empirical methods,
currently there are wide array of thermodynamic, hy-
drodyndmic and structural methods for méasuring the
state” of water sorption isotherms, dielectric properties,
calorimetric and " differential thermal measurements,
nuclear magnet.c resonance spegtra and electron micro-
scopy.  Thus these papers, reflect remarkable recent
(l;rovvth of knowledge in this field which has resulted
argely from succesSful application of these relatively
new techniques but also In"part some Improvements in
more traditiona. methods.

Section 3 dealt with water activity and the growth of
food sp0|IaPe and pathogenic. organisms. It is realised
only recently that water actlvng/ s the. basic controll_mgi
factor In the preservation of fodds against both_chemica
and microbiological deterioration. “Water activity (a,,)
and physically related Elropernes such as the equilibrium
relative humidity (ERH) ‘and water sorption isotherms
have, significance In most phases of food processing,
speuall(}/_the process and products characterised by the
terms dried and intermediate moisture foods,  Special
mention Is. made of the paper on the ‘Significance of
water activity for microorganisms in meat’ by L Leistner
and W Rodél in which a"clssification of méat products
based on aMand pH of the product with corresponding
storage temperature has been advocated and is thus an
improvement on_ the usually followed practice to con-
sider meat as perishable If thie pH_is above 4.5 and at the
same time aw higher than 0.90, The authors have con-
cluded that thesd concePts which are based on measu-
rable factors important for food poisoning and spmlagie
bacteria and net on empirical experiencé alone would
Probably be helpful for meat manufacturers as well as
ood Inspection” services and would thereby improve
the appropriate storage of meat,

Section 4 centres on water relatjons of enzymatic and
non-enzymatic deteriorative reactions in foods. It was
most interesting and informative to relate how much the
rate of the redctions may be accelerated and in some
cases even depressed By iIncreased water activity,
Potthast and Hamm presénted data, on. the influence ?f
water activity on the composition of lipias of the muscle
in freeze dried heef durm% storage, and observed that
below 25 per cent relative umld% there was no break-
down of ATP and that at about 40 per cent relative
numidity the wvelocity. of breakdown™ increased with
Increasing water aciivity. It may be mentioned here
that authors believed tht glycogen is not broken down

hy- even at high water activity Tecatse of the lack of water

to dissolve the glycogen, its molecule being too large to



218

be dissolved in the small water pocket. It has also been
stated that even at very low av chemical and enzymatic
chanqes of the carbohytdrates occur which do not Rappen
In unitreated and freeze dried samples.

Section 5 deals with topics like influence of water
content on non-enzymatic browning reactions in dehy-
drated foods and madel systems, Oxidative chanPes in
foods at low and intermediate moisture levelS etc.
Labuja gives an overview of the oxidative geterioration
of f00dS and_ in that connection describes various
oXidative, reactions mcludln(rl lipid oxidlation, carotenoid
de(rlradatjon,_ oxidation 0 mfyoH]Iobln causing dis-
colouration in meat, oxidation of ofher food components
such as protein and oxidation of ascorbic acid. ~

Section 6 deals with effects associated with freezing
and thawing of food quality, reaction kinetics and chemi-
8%Itﬁlge{ggélons In the cell Constituents including enzymes

In six papers of the | lon have heen pre- P! )
K papers of the last section data fiave el pef gwely with cereals and pseudocareals, vegetables, fruits,

sented .on aspects of the condition and properties o
water in relatively moist food materials, eg., meat,
wheat flour dough“and intermediate moisture foods.

. A perusal of the topics discussed jn the symposium
indicates that subjects were very well chosen”and pro-
gramme very well structured. _
various pafoers flowed smoothly, thanks o highly qualifi-
ed and well prepared speakers: It is understood that the
%apers were followed by lively discussions characterised
y many enlightened questions. and answers which un
fortunately_have not been published as Rart of the pro-
ceedings. “The value of the book would have heen much
enhanced if the discussions were also included in the
proceeaings.

Lastly, as has been hinted in the preface to this
Rubh_ca lon,. the subject of Water Relations of Foods

ad its origin in food dehydration studies which is pri-
marily defénce oriented and were instituted because of
the peculiar value of food dehgldratlon a5 a means of
conserving storage, shipping Space and of reducmg
weignt for transport. However, a Perusal of the paper
presented in the symposium indicate that excepting one
contributor none Other represented a_n[X Instifute actively
mvolvtedhm research on foods pertainirig to defence from
any of the countries.

The monograph, Water Relations of Foods, has heen

a very informiative and well documented publicatign ang

It Is Noped that the basic information given therein will

Pe 8f qreat helé) to, all research workers interested in
ood sclence and technology.

H. Nath

The presentation of
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Plants consumed by Man’ by B. Brouk (1975), 479
ages, Academic” Press, London New York, San
rancisco-£ 14.80.

Plants consumed by man’is a comprehensive hook
set out in 10 chapters’and with a series of apﬁend,lces.
As the author states in the preface there is no other single
book, within the covers of which one can get ready infor-
mation on the etymology, history, geography, chémistry,
morphol%g%/, physiology of plants which are commonly
consumed-by man and Which therefore have an economic
bearing. The word consumption is used in its broadest
sense and include. not anly primary food plants, hut also
those plants which ?neld flavours, colors, thickening
agents and which could he used for making beverages or
used as masticatories and fumitories.

The introductory chapter explains the various types of
enconomic plants and then lists the various categiorles of
lants consumed. The remaining 9 chapters deal succes-

nuts; plant extracts, flavouring plants, beverage plants,
fumitories and masticatories,” and lastly fermentative
microorganisms.  In these 10 chapters, 366 plants are
described, and are well illustrated with line” drawings
which very clearly indicate the general appearance and
in many cases the internal struCture of the. plant part
consunied, so much so, anyone encountering. one of
these plants for the first time would have a fair visual
knowledge of the usable plant part. The apR_endmes
include & mo_rpholo%lcal survey of the plants which sets
out taxonomically the lolant parts consumed, a glossary
of hotanical terms (|I_ustra_ted?7, a hibliography, a list
of the 366 plants described in the book and an index of
scientific and common plant names.

For a book of this size, however it is just not possible
tq include all the plants consumed by mar. and the author
himself states this in the book, Indian ﬁand possibly,
other Asian) readers would find several plants m|ssm%.
To name of few: several Cucurbifaceous vegetable_,
greens of Amaranthaceae, curry leaf (Muraya koenigi),
asafoetida (Ferula asafoetida), Indian sarsaparilla (Hemi-
desmus indicus), tulasi (Ocimum sanctum)

Such ‘re?mnal’ deficiencies however do not detract
the (I;en_era usefulness of this reference book which
should find a place not only in all reference libraries for
use by food scientists, a%ncultunsts and botanists but
also |nI private homes where the culinary art is taken
seriously.

S. Mahadevan
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Research programmes supported by the IDRC, CANADA

The International Development Research Centre

RC), s a public corporation, created in 1970, by Act
of Cariadian Parliament, to supPort research designed
to adapt science and technology to the specific needs o
developing countries.  The Centre IS unique in that,
while it s financed by the Parliament of Canada, it is
governed by an internatignal Board of Governors who
independently set its policies and priorities. Dr. W.
David Hopper is the Presicent of the IDRC.

Post-production losses in rice _ _

Losses in the rice crop in handling, threshing, drying
and storing can be 20 per cent of production, dccording
to studies done in the Philippines by
national Rice Research Institute % RR._ Losses are
probablg considerably higher in other Asian countries,
Where téchniques are Tess advanced. _

The IDRC sponsored a survey of post-harvest rice
tech.nol%gy in_ Indonesia, Malaysia, the Philippines and
Thailand; during 1974, _

The, survey report by Dr. de Padua, drew attention to
a variety of gefects ‘In the post-production systems;
introduction of high yielding varieties of rice demanded
mechanical harvesters, grain driers and Storage silos,
which often turned out o be ill-designed for conditions
in these countries. The technology _|m‘oorted from
industrialized countries was In particular unsuited
ts%aégﬁ high moisture rice crops harvested during rainy

Three complementary projects demgned to jmprove

the post-harvest processes and technoldgy for rice have

begun In Indonesia, Thailand and Smgapore._ It is

hoped that techniques and machinery tested during this

Lesearcth will reduce the heavy losses often sufferedafter
arvest.

Research on Sorghum

Sorghum is the main food crop for some 400 million
peoplé in the semi-arid tropical regions, very little
researcn was done upon it until recent’years to Increase
Its |etld per hectare and to imprové its nutritional
content,

The Prairie Research. Laboratory (PRL) at Saskatoon
has pioneered a technique for producm%_ Intergeneric
somatic hybrids by cell fusion.” Using Tissue Culture
methods and fusing plant protoplasts™ from different
plant families bly enz*matm removal of cell walls and the
use of polyethyfene é/col to effect fusion, hybrid cells o
soyhean-barley, pea-Carrot and rape seed-soybean have
alf been obtained on an experimental scale.

staff of the Inter> 2

f Nutrition

The CIMMYT in Mexico and ICRISAT in India, are
exploring the feasibility to creat a viable fertile hybrid, of
maize and sorPhum. If the high photosynthetic effici-
ency, high yield capability and"good  protection of the

f ?ram by'the sorrounding, sheath of maize can be married

0 the "best qualities Of sorghum it would make an
exceedingly valuable addition to the world’s cereal
grains.

Increasing the availability of fish and fish products in
Southeast Asia. ~ ©

_ Fish and other maripe animals have I_on% been an
important and inexpensive source of protein for South-
east Asia’s vast population. Three grants totalling £ 312,
00. in_ support of research aiméd at increasing the
avaﬂabﬂ;g of these_resources were announced by Dr.
W, David Hopper, President of IDRC.

A grant of £ 105 600, will assist the Department of

Fisheries of the Ministry of Agriculture of Malaysia
i developing. practical “and economical methods of
oyster culture'in Sabah, Malaysia.
. Asecond grant of £ 128, 200 wall enable B.C. Research
in British Columbia, Canada to develop an efficient
commercial sg/stem for the bulk collection and Erepa—
ration of gonddotropin from salmon spawning in British
Columbia™ waters. ~ Gonadotropin has been used to
induce breeding in fish for aqua culture programs. A
constant and inexpensive su%ply of the extract would
help meet the growing demand for fish seed in Asia and
other developing regions.

Mexican scientists work to improve pasture management,
cut milk and meat costs _ _
In an effort o cut the cost of milk and meat to Mexi-

can households scientists in the governments Pasture

Research. Degartment are launching. a three year pro-

gram to increase forage production”in an experimental

drea, which can servé as a production model for the
whole country.

B. C. Roy National Award Fund
The Management Committee of Dr. B C. Rog
National Award Fund under the auspices of the Medical
Council of India, has sanctioned g grant of Rs. 50,000 to
the Nutrition Rehabilitation Centre, Govt. Erskine
‘I‘-Igsp%altfoFre the puchase of Mini-bus to be named after
. B. C. Roy”.
The. obJFgctwes_ of the programme launched by the
ehabilitation Centre, Govt. Erskine Hospital,
since 1971 under the direction of Dr. S A Kabr,
former Dean of the Medical College are:

219
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(13 To correct the Nutritional Status of the under-five
children with locally available food at cheap cost, with
no involvement of costly animal proteins; (2) to reduce
the morbidity and thereby the mortality rdtes in the
under-fives; 32 to educate the mother and the village
people to safegaurd the growth. of the children; (4) con-
sidering that most of the morbldlt_)r in the villages in pre
school children is due to simple ailments like diarrhoea,
resgl_rator infection, intestinal worms, simple fevers,
scahies, efc., these centres growde also a medical cover-
age for treatment of these ailments; (5) to train all
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categories of officers and staff of the Applied Nutrition
Programme of the Govt of Tamilnady " (6) to provide
immunisation and (7) to take care of the expectant and
Iact%tm mothers. . :

The Centre has prepared films, slides, quide books, for
educating the puolic on care of childref, immunisation
of diseases and treatment of common diseases, etc., has
trained a number of staff in several cadres for the ARpll-
ed Nutrition Programme. The Govt of Tamilnadu have
recognised this a5 an Apex Training Institute, in applied
Nutrition Piogramme.
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SymFosjum onFats and Oils in relation to Food Products
and their Preparations.

An “All India Symposium on Fats and Oils in relation
to Food Products and their preparations”, was held on
Ird & 4th June 1976, at CFTRI, Mysore, with the
following objectives:

() To provide a common platform for the processors
plariners, government executives and scientists connected
with R & D problems, (i) To focus attention to the
problems of Lipid Technology connected with the usage
of fats and ails In Ingian Food items. (//f) To discuss and
identify areas for future research and” developmental
activities relating to (a? raw-material survey of resources
and newer sources of fats and oils, BS P_rocessm%
hydrogenation, emulsification, Interesterification, refi
ing and modification of fats and qils, (c) fat based food
Broducts—lndlan confectionery, deep fat fried products
akenr%/ rﬁroducts_, mar%arme, chocolate, pickles, sala

nd

creant, mayonnaise, butter, cheese and ghee,  (d) nutri-
tion and toxicity, (e) auto-oxidatjon, antioxidants, and
storage characteristics of fats and oils, and (/P chemistry,

analytical techniques, adulteration and quality contrg

Dr. B, L. Amla, Director, Central Food Technological
Research Institute, Mysore, presided over the function.
The Symposium was “inaugurated by Shri N. Chikke
Gowda, Minister for Agriculture, Animal Hushandary
and Veterinary Service, Government of Karnataka.
Dr. P. K. Kymial President of the Association, welcomed
the members. Dr. H. Nath, Director, Defence Food
Research Laboratory, Mysore, presented the theme of
the Symposium. The Inatigural Session ended, with vote
of thanks, by Shri S, Venkoba Rao, President, Qil
Technologists” Association of India (Southern Regional
Branch), “Regional Research Laboratory, Hydefabad.
Qver 100 delégates from Research Institutigns, Unjversi-
ties, Governmient Departments and Industries, took part
In the deliberations.. Special lectures by Dr. K. T.
Achaya, Executive Director, Protein Fgods and Nutri-
tion Development Association of India, Bombay on
“Producing and marketing a_low cost volume food,
and Dr. J. _anguh Professor, Biochemistry DeAJartment,
Indian nstituts of Science, Ba?lgalore, on “The mecha-
nism of cholesterol lowering effects of polyunsaturated
fatly acids”, were also arranged during the symposium.

Symposium was spread over to Six technical sessions
and a plenary session for framln? the recommendations.
The recommiendations are as follows:

Raw Material Survey of Resources and Newer Sources of
Fats and Qils _
1 During 1959, the Natural Resources Committee

of the P_Ianmn%‘Cqmmmsmn while congucting survey of
Utilization of Agricultural and Industrial B¥—products
and Wastes_have assessed the potentiality ot non-edible
oilseed at 6.67 million tonnes. Conadermg this, 1t Is
n%(cessary that farther intensive survey should be under-
taken t0"find out newer Sources.

2, Considering the very low ger-ca ita consumption
of fats and oils in India it i§ necessary fo lay down a
specific national policy for increasing’ the production
and conservation of the major/lesser Known oil and fat
reSOU{ces for adequately meeting the requirements of the
population.

3 While evolving high, ieIdinq varieties of cotton-
seeds, research may De carried out Tor having seeds with
low gossypol contént,

4 In view of 5to 15 per cent of |osses of oilseeds
that occur durln‘% post-harvest handling and storage
before it reaches the millers, it is necessary to carry out
systematic mvestlganons_ for evolvmg proper stdrage
handlmq and transportation procedurés of oilseeds and
other oil-bearing materials and also for obtaining good

quality oil in tropical countries.

Processing, Hydrogenation, Emulsification, Interesterifi-
cation, Réfining, and Modification of Fats and Oils

5. Economics, must more than ever dictate industrial
development. Lowering of production cost can perhaps
be achieved by decentralisation; in addition reduction
of packing, marketing and distribution costs are essential
If such products as peanut butter and defatted, shaped
groundnuts are to have a meaningful future. How these
Cost reductions are to be achieved in practice need to be
vigorously pursted.

6. Non-tradi:ional indigenous fats have started to
swell the national economy. Last year, something like
70,000 tonnes of such fats have heen RUt to use namehi
for soap-making and thus sparing tne traditional of
resources for usé for edible purposés. The three keys to
this happy state of affairs are:

a) Upgrading techniques at a laboraory level;

b) Commercialisation of such upgrading; and

C Or(‘;amsatlons for " collection” of “fat bearing
materials.

. These conditions also apPIy to the fats described today,
like rice pran ail, goat tallow and sheep tallow. The
first step has_been taken and the subsequent stages must
be pursued in equal measure by research, technology
and commercial interests,

_ 1. Itis recommended that the entire concept includ-
ing relevant regulations of straight hydrogenation e

21
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examined critically bearing in mind the needs and as_Pi-
rations of the common _F,eople, nutritional - quality,
marketability and acceptability.

8. The products and processes described are based
on a renewable resource, namely fats. Products like
surface-active agents, bakery adjuncts and small scale
deodorisation units, are all welcome, and further studies
to extend this range are desirable, There is a need to
carry such studies to an industrial realisation, which
Implies nqorous laboratory evaluation, testing for indu-
strial ufili J’ and finally industrial production. A posi-
tive attitude especiallyon the part_of industry towards
these new products would be essential for success.

Fat Based Food Products—Indian Confectionery, Deep
Fat Fried Products, Bakery Products, _Mar%arme, Choco-
Iatg,GFHckIes, Salad Crearn, Mayonnaise, Butter, Cheese
ang Ghee

9 Dee19 fat fried foods are important in Indian
dietary. Therefore there is need to stimulate research
investigations to (i) find the oPtlmum quantity of fat
required in the fried product to, impart the fequired
sensory attributes, (/) standardise the optimum and
appropriate conditions ‘of frying and (/i) find out the
appropriate packing and storage conditions.

10.  In,view of the increasing use of bread as a mass
consumption item, there is need for a bread-spread
within the reach of larger sections of the population,
Margarine, with adged colour and flavour can' aestheti-
cally"and nutntmnalQ/ fill this need and its development
as & commercial product should be encouraged.

Nutrition and Toxicity

11 Studies on short. term feequ of sal fat have
shown it to be non-toxic in rats. Thus there Is a case for
utilizationof this source of oil for edible purposes
esPemaII in confectionery products _replacm% c0coa fat.
Intensivé studies may be Undertaken in IonTg term feeding
programmes and also_on upﬁradmg the fa. It will e
worthwhile to mvesﬂgate_te toXicity of sal fat by
conducting long term feeding studies.

12 Polyunsaturated fatty acids are known to bring
down the serum cholesterol level and thus minimise the
risks of ischaemic heart diceases.  Studies have indicated
that intake of ve%etable oils lead to Increased synthesis
of unsaturated phospholipids which in turn solubilise
more of cholesterol in the miscellar form for excretjon.
Walnut oil being rich source of linoleic acid and lino-
leneic acid has “good hypocholesterglemic Propertle_s.
Work in this area should be intensified.  Also special

fat based products may be developed for this purpose.

13 There is a scope for the development of cheap
methods for destruction of affatoxin in‘raw groundnut
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oil. However, more work is needed to establish that
ihere is no flavour deterioration by exposure to sun-

ight

Autoxidation, Antioxidants and Storage Characteristics
of Fats and Oils

.14 Antioxidant materials developed during various
kinds of pro,cessm? of vegetable and animal sources are
of Intrinsic interest and fheir study should be pursued.
Th_e[* are also of potential application hecause of the
swirg away from synthetic antioxidants.

15, Feasibility of trace hydrogenation of oils should
be examined to” improve the keeping quality of qils
without 5|%n|f|_%antly affecting the essential fatty acids
like linoleiC acid.

16 Public should be educated of the hazards of using
excessively recycled oil for deep fat frying.

17. Plastic containers have certain advantages qver
metal containers for transportation and storage 0f edible
fats. Further studies should be conducted with reference
to the migration of component from the containers to

the ol and their_toxicological and organoleptic effects
and?<eeping quality ofoi?sg 0P

Chemistr(\é, Analytical Techniques, Adulteration and
Quality Control

18 The detailed ph;{slco-chemmal_ studies on the
role of lipids and added Tipids, in particular Phosphoh-
pids, be carried out with a view to Improving the texture
and flavour of chapaties. Such a study should also be
extended to other Tood products.

19, Chemical, pharmaceutical and clinical studies on
the polymers fro ﬁesaime and other unsaturated oils,
show promise and should be continued.

20. Vigorqus and sustained efforts to standardise
and Improve the existing methods and evelop newer and
s?mmve and specific rge‘jhods should be made to detect
adulteration in"oils and fats.

The symposium was followed by a panel discussion on
5th Jure 1976 on “Integration” of food production,
Processmg and marketing”. Sri D..V. Urs, Vice chancel-
or, university of Mysore, Presided over the func-
tion and Moderated thie Panel Discussion. =~ Dr. M. §
Swaminathan, FRS, Director General, Indjan Council
of Agricultural Research, New Delhi, in his inaugural
address, stressed the urgent need for the concerted éffort
for an mt(?%at?(d ?P foach of food production, pro-
cessing and marketing.

The following speakers took part in the discussion:

Dr. P. K. Kymal,_ Mr. D. J. Balrg, Dr. R. Dwaraki-
nath, Mr. Rao Dr. B. L. Amla and Dr. H. Nath.



Inaugural Address by:

Shri N. miH(ge%%nrﬁt% nftOB %%UHS & Veterinary

Lt to Rt Dr. P K Kymal, Presicent AFST._Exec. Directar,
tr%fﬁ% @o%‘@ogﬁéﬁﬁ A[fl r rr’aae;ﬁ[

Panel Discussion:

i A e N Do o 0% el DRBoon
Lt. o Rt S D V. Us Wi llor, University. of
R e

CFIRI, Mysore.




ASSOCIATION NEWS

.Proceedings of the above symposium and panel
discussion are under publication.

Annual General Body Meeting

The Annual General Body Meeting of the Association,
was held on 5th June 1976, at the Céntral Food Techno-
logical Research Institute, Mysore. Dr. P. K. Kymal,
President of the Association, presided over the megting.
The President welcomed the members and the visitors
and reviewed the work done durmE? the year. The
minutes of the last Annual General Body Megting, was
read by the Secretary, Shri M. V. Sastfy. Th
adopted_unanimously, proposed for adoption by Shri
K.C.De’, and seconded by Dr. T. N. Ramachndra Rao.

The report of the Secretary, was circulated to all the
members before the start of the meeting, ~ President
requested for the comments from the floor, 1f any, on the
Secretary's report. Dr. A G. Naik Kurade, asked about
the follow uP action taken for collecting the names of
the technical and scientific personnel, enﬂsged in the
food science and technology for which Ing secretar
explained that the matter was taken up with the Counci
of Scientific and Industrial Research, who are collecting
the census of scientific and technical personnel workmg%
in drfferent fields. The anomalies noticed in the repor
regarding the membership was clarified by the President.

T0 a question b(}/ a memper on Secretary’s tour, the
Secretary explained about the usefulness of his tour to
Calcutta, New Delhi and Bombay, in strengthening the
Association and he appealed to Continue tiis in future
also. Re%\ardlng collection of funds for Prof. V. Subrah-
manyar Award, it was decided that an appeal will be
sent round to collect funds from students, colleagues,
friends and other well wishers and admirors. This Work
was entrusted to the next Executive Committee, The
question raised regarding holding of the General Body
as late as June was observed to bé not a serious things &
in the last year also it was held-only in May.

. The proposal to hold the next General Body Meeting
In Trivandrum was_deferred and the matter was left t0
the decision of the Executive Committee.

The Secretary’s report was proposed for adoption b
Dr. A G. Nal)ﬁ KuFr)ad_e and pse onded by Shri M. Ky
Pﬁnduran a Settg, which was aﬂopted _unanlmouslx.
The TreasUrer’s réport containing the' Audited Statement
of Accounts and Budget proposals was taken. UP' for
discussion.  With minor _sug%estlon_s, and clarifications,
it was proposed for adoption by Shri'S. C. Bhattacharjya
and seconded by Dr. J. C. Andnd. _

The Gardner’s Award was presented to Shri R. K.
Baisya and Dr. A N. Bose of Jadavpur University,
Calcutta for their paper entitled “Studies on Dehydra-
tion of Dahi”, published in 1974, Volume 11 No. 3p. 128

ey were
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of the Journal cf Food Science and Technolo?y. Presi-
dent thanked the members of the expert panel and also
g\]lsargardner’s Corporation for contributing for  this

_The Suntan Food Consultants Travel Award, was
iven to Shri V. Manavendra Rao, an M.Sc., student in

e Food Science .and Technology course CFTRI,
Mysore, to enable him to attend the present symposium
and Annual General Bod¥ Megting, as a delegate. The
%ward Was dpr s%nted b){ ige Presitlent and e thanked
the donors and the panel of judges.

The Secretary announced the results of election held
}8 t{bemdﬁferent posts of office hearers of the Association

President;

Shri M. R. Chandrashekara
President elect:

Shri C. P. Natarajan
Vice-presidents:

Dr..S.P. Manjrekar (Head quarters)

Shri N. N. Dastur (Southern Zone)
%hn R. N._Ghosh (Eastern Zone)

r.D. V, Thamane (Western Zone
Shri Y. K. Kapoor (Northern Zong

Hon. Exec. Secretary:
Shri M. M. Krishnaiah
Hon. Joint Secretary:
Shri A, M. Nanjundaswamy
Hon. Treasurer:
Shri T. S. Satyanarayana Rao
Councillors:
Shri Nagendra Sharma éCentraI Zone)
Miss M. C. Madhura (Bangalore Chapter)
ft. Coni. Q. P. Kapoor (Head quarters)

Dr..G. C. Bhattacharya (Eastern Zone)
Shri Laljeet Singh (Northern Zone)

As there was no proposal for Vice-president's post
from the Central Zone, Hon. Exec. Secretary, proposed
Dr. B. Panda, for the above vacancy and it"'was unani-
mously accepted by the General Bod.

The Councillor for Western Zone, will be Bro_po_sed by
the next E. C. Meeting of the Zone, and wil| be intimated
fo the E. C. at the Head quarters as per the provisions
In the Bye-law.

The Hon, Exec. Secretary infroduced_the amendments
%roposed for the Bye-las for_consideration of the
eneral Bod%/. As these resolutions demanded drastic
changes In the Bye-law of the Association, It was felt
that the Bg/e-law ItSelf could be redrafted instead of effect-
ing all thése amendments for which the General Body



224

accepted the prOé)osaI with majority vote. The task of
redrafting  the . ){-Iavy wes entrusted to Dr. K, T.
Achaya, Who will take into consideration, while drafting
the bye-law all the amendments proposed and any other
suggéstion that would be proposed b)bthe Z0ngs, chapters
or members of the Association. Dr. K. T. Achaya
agreed to prepare the draft Bye-law for circulation viell
IN advance of the next Annudl General Body Meeting.

The Chairman introduced the next president, Shri
M. R. Chandrashekara to the house. He recalled the
achievements of Shri M. R. Chandrashekara for the
advancement of food science and technology, particular-
lK to, the deveIoPment of Baby Food Industry. After
the induction of the new president, the other office
bearers Shri M. M. Krishnaiah and Shri T. S Satya-
narayana Rao were introduced to the house. The riew
President thanked the out?omg Executive Committee
ft%rt;]he best work they have Turn&d out during the course
of the year.

Activities of the Trivandrum Chapter

The first meeting was convened by Dr, J. S Pruthi on
20th February 1976 at the Community Canning Centre
Trivandrum-3, About 20 members Were present, At
the outset, while congratulatm? the member for evincing
keen interest in the Starting of. the Chapter, Dr. Pruthi
highlighted the objectives,activities and achievements
of the"Association.” He also briefly traced the history of
the Association since 1945, It was unanimously decided
to start the activities of the AFST Chapter at
Trivandrym.  Pending the completion of formalities at
the Head quarters, @ Managing Committee/Working
Group with the following members was set to look after
the functions :

Dr. J. S Pruthi President

S V. V. Nair Secretary

Sri A V. Bhat Treasurer

St R. Hariharan Representative in the Southern
Zone, Madras,

It was also decided to hold technical meeting{s once in

a month by inviting scientists and technologys_sas well D

as the members of the Association. Dr. Pruthi outlined
the tentative future programme of the Chapter.

Dr. Pruthi, in his talk highligshtéatd (,IEQF Eaaltesvtv |(tjhe\£)ea|1?|

ments In the processing of $pic _
cular reference to procassing of green peBper, which has
attracted the attention of thie industry. Processed green
epper worth Rs. 12 lakh 1s_being ‘exported anndially.
e also highlighted the main findings regardlng the
parameters 0f canning and bottling of green pepper as
Well as the bulk preservation of green Pepper in' bring
and vinegar.
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He invited the members to visit the CFTRI Labo-
ratory at the CSIR Complex at their convenience and
thanked all of them for their excellent co-operation.

The Second meetin% of the Trivandrum Chapter was
held on 28th March 1976,

Sti R. Hariharan, an Exparter of green pepper, spoke
on the Practical Problems in the éxport’ of processed
green pepper. Dr. Pruthi presided.

Introducing the subgect, Sri Hariharan stated that he
started procéssing 0 é;reen pepper in 1975 due to
encouragement réceived from officials of the Food
Department and CFTRI Unit at Trivandrum,  The
different operations involved in the export of green
pepper are.

(/) preparing the material for shipment as stipulated
under Fruit Products Order (fFPO); (il) mformm? the
FPQ authorities in the region for drawing the samples at
random. Ten per cent™of the samples are generally
drawn_and sent for analysis; (If) after gefting the
analysis report the FPO authorities isste “NO Ob{ecn_on
Cerfificate” SNOC) to enable the Customs Authority
to pass the goods for shipment abroad. o

He further narrated the variqus steps and organjsatio-
nal difficulties involved in getting place in the“ship and
despatch of the consignment. The exhorbitant cha_rges
lper\tl)lglden?y the foreign™ bankers Is also another serious

. He suggested for the consideration of the FPO autho-
rities and” CETRI to provide facilities for msRectmn/
analysis at Trivandrum and/or Cochin so tnat the
expr rts of green pepper are not hampered.
he_talk was fcllowed by a very interesting discussion,
wherein several technical “questions relating to the Ex-
port Quality Control and Quality Standards for green
epper were raised. In the concluding remarks, the
resident felt the urgent necessity of fixing appropriate
quality standards for different categories “of processed
gqﬁe?ﬂamper. St H. Sreemulanathan proposed a vote

The_third meeting was held on 23rd April 1976,
r..R.C. Mandel; Central Tuber Crops Research
Institute, Trivandrum gave talk on: Post-harvest Studies
on Export Quality of Bananas in FHI Island.  In the
South Pacific Regton, Fiji_Island is one of the producer
and exporter of Robusta Banana. Dug to tough compe-
tition offered by Equador and h|gh labour and consequ-
ent hII%h cost of Productlon of banana Fiji was unable
to compete effectively.

Efforts were made to improve the preservation and
marketing aspects of Robusta Banana qf Fiji, which
055655 man}/ good qualities, but the major defects are
/) mixed maturity, (i) bruising and damage (/n) mouldy
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stems and oor sheIfIrfe as compared to good
marketable uar of Equador banana,  Following
Mmeasures were tried to overcome these problems.

(2 a) Suitable proping was done to prevent bunch-
twisting, stembenaing” and sometimes loss of heavy
bunches, werghrnq 310 40 kg each; ()Attempts were
mae to pro ect the_ bunches agamst constant rubbing
with dry leaves causing brursrng and damage by birds,
Coverrnr‘r the bunches by perforated alkathené bags could
prevent he brursrng onl the fruit surface, as Is being fol-
owed rnE ua or and other countrres (¢) The selection
gra m bunches at harvest is Very essential.

Bunc es of ree fourths maturity were ideal” for export
Burposes and_this stage of matdrity was confirme
reaking the finger an observrn? forlignt yellow colour.
However maturrtY record sheets and"the” conventional
clip Rer system followed in Equador are better methods
In tnis res ect; (a% Mixed maturrty IS mrnrmrsed b
putting hand 512 d3in one roup and hans
and 7'in another group, rursrng normal yoccurs
while transportin and han Ing of raiw foods and it can
be prevented by Ti) careful haridling from field to pack-
Ing site (fn) pad cushioning by the workers while carryin
bunches rom the hill-slopes to the roadside, (in Brovr
g sponge cushioning in_ different layers "of hanana

when transported from a long distancé by truck (iv)
taking precautions while bredking hands ‘into clusters
and packing them in cartons, (v) thorough washrngi 0
fruits in running water and drp ing the frilits_in benlate
solution (0.1, pér cent) for ha an -hour.; w)rshelf life
of the fruits i rncreased bY ro rn%te Uit rn1
per cent alum solution followed by (b) Turther dip ‘o

n 10 ppm gibberlic acid (GA3 orl ppm gibberlines
or Barelex 1Ga/7) solution. The usual system Was {0
pack the individual fingers of 14 cm or more length,
ightly in the wooden cases of 27 kg capacity.

The recent trend is to pack banana in cartons in the
form of hands or clusters to save time, avoid bruising
and reduce labour and other costs.

At the end, the talk was followed by interesting dis-
cussion.

The house unanimously approved for. administrative
convenrence that Sri S. K. Jain and in his absence
V. Nair, to act as Secretary of Trivandrum

Chapter

The 4th technroal meetrngDof the chapter was held
under the chairmanship of Dr. Pruthi at Communit
Canning and Preservation Centre, Trivandrum on 27t

May at 5.30 p.m.

S P, Janardhana Alyar, retired chief analyst, Govt,
of Kerala, gave a talk on ChaIIen?es of Food Adulte-
ration”. He stated that one out of every three or four
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food articles sold in the countr}/ IS adulterated. The
speaker raced the history of Tood adulteration and
pornted the adulteration prévalent inthe various countries
ke Greece, Arabia, France, Germany and England
and the punishments given for such offence in those days.
The enactment of thé Prevention of Food Adulteration
Act in 1954 and the amendments made in 1964 and in
1976 were then dealt with hrghlrlqhtrn the main
features of the report of the Joint™ Sefect Committee of
Parliament, which has made some ver rmportant re-
commendations for eradicating this social evi

The speaker then qave an rnterestrn% account of the
varioys types of adylteration met within the country,

by covennti a cross sectron of the food articles available fo

pu ic, and explained how some of these adultera-
tions posed a great threat to the health of the public.
While concludrng the speaker emphasised the need for
CoNsUMer. awareness, consumer organisation and con-
sumer resistance to meet this great Cnallenge.

The was talk followed by a documentary film entjtled
“Criminals at Iarge Thi§ was followed ¥a very lively

discussionwhere members sought  clarifications and
atherrdou%t J

ceare

r. J. S Prythi, Scientist-in-charge of CFTRI Unit,
Trrvandrum who is responsible for initjating the Trivan-
drum Chapter was accorded a cordial farewell by all the

£ members on his transfer to CFTRI Experiment Statjon,

Ludhiana. His dynamism and keen interest in develop-

rng this_chapter “‘won the admiration of one and ll

Pruthi cordially thanked all the members for the

affection, respect and regard shown to him and for

tgﬁrrreexcellent cooperation during the 5 months of his
u

Corporate Members:
MJs Britannia Biscuit Co. Ltd., Padi, Madras-600 00,

MJ/s Skol Breweries Ltd,, Chander Mukhi, ‘B’ Block,
15th Floor, Nariman Point, Bombay-400 020

M/s Corn Products Co. (India) Pvt. Ltd., Sreenivas
Ou881 No. 994, H. Somaiah Marg, Bombay-

The Secretary, Spices Export Promotion Council, World
Trade Centre, M. G. Road, Emakulam, Cochin-682 016,

M/s The Anglo French Drud/ (Eastern) Ltd., 55
Small Scale dustries Area, Vth BIock Rajajr Nagar,
Bangalore-560 010.

M/s The Britannia Biscuit Co. Ltd

‘NrrmaI’ 20th
Floor, Narimon Point, Bombay-400 (2
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Officer of SEeciaI-dw, State Farms Corporation. of
India_Ltd., (Eastern Win )7 Central State Farm, Mizo-
ram Post, Lokicherra-788 729,

M/s Foremost Dairies Ltd., Sudhana Road, Muzaf-
famagar (U.P.)

M/s Orient Pharma (P.) Ltd, 3 Cathedral Road,
Madras-600 086.

M/s Lenin Sales Corporation, 19 Govindappa Naicker
Street, 1st Floor, Madras-600 00L.

Ordinary Members: o
Mr. Nandan Prakash Ghuldyal, FT Discipline, C.F.T.
R.1., Mysore-570 013,

Mr. Rabindra Krishna Mukherjee, Rice Process Engi-
neermgi Centre, Indian Institute of Technology, Kharag-
pur-721 302

Mrs. Nandita Kar, Rice Process Engineering Centre,
Indian Institute of Technology, Kharagpur-721" 302

Mr.. Yiiay Chand Sood, Senior Project Executive,
National "Dairy Development Board, ‘Anand-388 001

Mr. Arun Kumar Narayan Rao Patii, B-214 V. S, Hall,
Indian Institute of Technology, Kharagpur-721 302

Mr, Baban Baburao Guw’al, B-127._Y. S Hall, Indian
Institute of Technology, Kharagpur-r21 302,

Mr. Baburao Krishna# Kumbhar, B-109_V. S. Hall,
Indian Institute of Technology, Kharagpur-721 302

Mr. D, D. Narkhede, B-217, Y. S Hall, Indian Institute
of Technology, Kharagpur-721 302

Mr.. Ramesh Baburao Patii, B-106, V. S, Hall, Indian
Institute of Technology, Kharagpur-721 302.

Mr. S N. Singhal, A-101,_V. S Hall, Indian Institute
of Technology,”Kharagpur-721 302

Mr. T. R. Janardhan, C-114 J. C. B. Hall of Residence,
Indian institute of Technology, Kharagpur-721 302.

Mr._Vishn%J Dhango Barhate, B-123, Y. S Hall, Indian
Institute of Techndlogy, Kharagpur-721 302.

Mr. Mannave Girija Shankar, C-114. V.S, Hall, Indian
Institute of Technology, Kharagpur-724 302

Mr. J. S Venugopal, ICP Discipline, CFTRI,
Mysore-5/0 013
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Mr. Tapan Kumar Choudhuri, Sun-sip Pvt. Ltd.
Kukhar Pally, Hyderabad-500 037.

Mr. Chandrakant Nivarutti Desai, Room No. 10, Old
Hostel, Indian Institute of Technology, Nagpur-440 010.

Prof. P. Nandi, 16 Narensen Square, Caicutta-700 009.

Mr.. Vinod Gangadhar Pendse, MAFCO Limited,
National Park, Borivilli, Bombay-400 06b.

Mr. Padam Chand Jain, M/s K. N. Oil Industries,
Mahasamund-492 445.

Mrs. Lucy Stella Semiti, C.F.T.R.L, Hostel, Mysore-
570013,

Dr. S Ramaswany, Tea Technologist. UPASI-TRI,
Cinchona-642 106.

Mr. Yogendra Mohan Mathur, Fruto’s Co., P.O.
Khanpard, Gauhati-781 022

Mr.  Anantharam Ganagaﬂéy, 1926  Kamadhenu,
Pestom Sagar, Chembur-89, Bombay-400 069,

Dr. Surendra S KatKare, Biocher_nistR/ & Food Tech-
nolo%y Division, Bhabha Atomic Research Centre,
Bomioay-400 085.

Prof. ‘M. M._Chakrabar(t:y, Department of Applied
Chemistry, University of Calcutta, 92 Acharya Prafulla
Chandra"Road, Calcutta-700 009,

Mr. Rosabel A. Roncal, 13E Velante Drive, 15t
Avenue, Murphy, CUBAG Q.C. Philippines.

Mr. M. A. Dachlan, Chemical Research Institute, Tr.
H. Yuanda, 5.9 Bagor-Indonesia.

Mr.. Clive John Pedrana, Food Processing Laboratory,
Agriculture Department, AP.A.. Western Samoa.

Mr. Elhag Ahmed Omer Elsheikh, P.O. Box, No. 2184,
OKpgﬂt aunm, Ministry of Industry, Democratic Republic

Mr. Yoo Myung Sik, Haitai Confectionen{( Co. Ltd,,
8, 5Ka Yangpvungdong, Yongdeungpdku, Seoul,
Korea (Southsl

Mr. Abass, A Almahdi, Industrial Degartment,_ Mini-
stry of Economy, SANAA, Yemen, Arab Republic.

Mrs Syama S _Gourisankar, Forest Office Lane,
Vazhut%,y Cantt., Trivandrum.
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Miss Valsamma Mathew, Demonstrator, _Community
6C9a5n8(|)%g Centre, 9,376 Jawahar Nagar, Trivandrum-

Dr. T. C._Mandal, Central Tuber Crops Research
Institute, Trivandrum-695 017.

Mr. P. Janardhan Aivar, TC 38 330 Padmabhavan, ||
Puthen Street, Trivandrum-695 009.

Mr. N. G Malleshi, RPT Discipline, C.F.TR.I,
Mysore-570 013

Mr. P. Ravindranathan Nair, MF & PT Discipling,
CFTR.I, Mysore-5/0 013,

Miss Aree Shuvisitkul, 244 Sapanyao Lane, Bangrak
District, Bangkok, Thailand.

Mr. P. K. Ramanathan, Scientist, C.F.T.R.I., Mysore-
570013,

Mr. H. S Mehta, Woodlands Estate, Nagalur Post,
Yercaud-636 601 (Salem Dist,).

Dr.. Gollamudi Lakshminarayana, Head-Oils & Fats
EOIE)”&I)%n' Regional Research”Lahoratory, Hyderabad-

Mr. Y. Sitarama Sastrz, Scientist-Oils & Fats Division,
Regional Research Laboratory, Hyderabad-500 009,

Dr. Ja(t;dish Prakash Misra, D-2 Regional Research
Laboratory Colony, Hyderabad-500 000,

Mr. M. G. Karver, Amrut Dai[r% Amrut Nagar AT &
Post, Warananagar, Kolhapur Dist.

Mr. Jyothi Prakash Nath, No. 418 1lth Main,
Saraswathipuram, Mysore-570 009,

Mr. P. M. Parameshariah, Packaging Division, Defence
5F%t))(()jloResearch Laboratory, Jyothi Nagar, Mysore-

Mr. Sudhir Kumar Mukheg’ee go S S K. Mukheriee,
Carew & Co., P.0. Asansol-13 301, Burdwan (W),

227

Dr. R. S. Ernest, Chief Officer (Projects), The Tamilnadu

éo(g%glzr?dustneS Corporation Limited, Guindy, Madras-

Mr. U. N. Singh, Plot No. 158, Block No. 21, 3rd Floor,
Jawahamagar.” Goregaon (West) Bombay-400 062.

Mr. T. N. Murthi, Fooc Factory, Nacharam Industrial
Estate, Hyderabad-501 507.

Mr. J. S, Tandel, Binaga Ice & Cold Storage Pvt. Ltd.,
Binaga, Karwar (N.K

Mr. K. K. Mookerji, Scientist, C.F.T.R.I, Mysore-
570013,

Mr. A F. D. Mello, School of Food Sciences, Hawkes-
B‘urtra/lk_gncultural College, Richmond—N.SW. 2753,
ustralid,

Mr. Jai Paul Chopra, Technical Specialist (Foodsg,
Rural Industrial Project, Near Double Rhatak, Hissar
(Haryana).

Mr. Dilip Kumar Das Gupta, Defence Food Research
Laboratory, Jyothi Nagar, Mysore-570 010,

Mr. Subramanyan, Anupam Sringar, Main Road,
Karwar-581 301

Dr. C. K. Venugoga_lan, Assistant Professor, Depart-
ment of Poultry” Science, College of Veterinary &
Animal Sciences; Mannuthu-Kerala.

Mr. K, Nanjaiah, Demonstrator, Mobile Food & Nutri-
tion Extension Unit, Community Canning Centre, 108
%"6%9836 Chord Road, Hosahalli” Extension, Bangalore-

Mrs G. K. Nar, 7200 Jawaharnagar, Koudiar,
Trivandrum-695 003

Mr. C. A Agraham, Field Investigator, Community
E%aSanrég Centre, 9,376 Jawahar Nagar, Trivandrum-

Mr. T. S._Prakashan, Field Investigator, Community
Canning Centre, 9,376 Jawahar Nagar, Trivandrun-

Mrs G. Subbalakshmi, Principal S. M. Patel Colleggelz%f 695 003

Home Science, Vallabh Vidyanagar, Gujarat-38

Mr. Kanad Mai Gupta, V. P.O.—Chandrana, via
Dausa, Jaipur District ?Rajasthan).

Mr, K.. B. Patil, Chemistry Department, Karnataka
University, Dharwar-580 003

Mr. S. Balasubrahmanyam, Chief Superintendent (Com-
gbeor%gll) Binny Limited, Engineering Division, Madras-

Mr. J. A Bird, General Manager, S. L. V. Tourist
Hotel, Station Road, Raichur-584' 101
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Mr. Shripad Govind Bhat, Drawing Office, C.F.T.R.I,
Mysore-a/0 013

Mr. S Md. iameel Ur. Rahman, 43 6th Block, Jaya-
nagar, Bangalore-560 011,

Smt. Jalaja Sundaram, Assistant Nutrition Officer,
Directorate of Health and Family Planning Service.
Ananda Rao Circle, Bangalore-560009.

Mr. A Clement Karnataka Agro Industries Corpo-

ration, Hebbal, Bangalore-560 02

Mr. V. C._Mamadapur, 534/14, 10th Main Road,
Viyalikaval Extension, Bangalore-560 003

Mr. P._P. Thomas, Process Development Discipling,
CF.T.R.I., Mysore-570 013

Mr. M. G Wada¥ar College of Fisheries, Hoeige,
Bazar, Mangalore-575 001

Dr, (ers) P. Pushpamma, College of Home Science,
Saifabad, Hyderabad-500 004,

Dr,. Devulapalli Sharada, College of Home Science,
Saifabad, Hyderabad-500 004,

Dr. R. Jambunathan, clo .CRISAT, 1-11-256
Begumpet, Hyderabad-500 016.
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Miss Nafeesa, c/o Mr. Mohsin Ali, Petrol Dealers,
Punjagutta, Hyderabad.

Miss G, Sailaja, ¢/o Dr. G. M. Krishnamurthy, Veteri-
nary Officer,” T3/15 Junior Staff Quarters, AP.AU.
Campus, R. Nagar. Hyderahad-500 (30.

Miss A Naga Veera Lakshmi. c/o Mr. A N. Bhaskara

Rao, Advocate-Kanakadurga Temple Street, Agra-
haram, Eluru-534 001,

Miss Anuradha Rayapal, 6-4-481/2 Krishnanagar, Opp
Secunderabad Jail,” Secunderabad-500 003,

Mrs Nina Kanwar, c/o Mrs S S Dodd. Assistant
Collector Singli (Maharashtra).

Miss  Mythili  Ramakrishna. 44 Srinigar  Colony,
Hyderabad-500 873

Dr. T. Srinivas, Rice & Pulse Technology Discipl ne.
C.FTR.I, Mysore-5/0 013,

Dr. R. D. Narang. 913, Sector 15, Faridabad (Haryana).

Mr. Biswarup M_ukh%nadh ay, 27 New Block Hostel,
Jadavpur University, Calcutta.

Mr. Subrata Basu, 8A Picnic Garden, 1st Lane, Calcutta-

Mr. C. Amaldas Joseph, Food Crafts Institute, CTI 700 (a9

Campus, Vidyanagar, Hyderabad-500 768.

Mr. B. Thiagarajun, 8 Road No. 3 Manedpally,
Secunderabalg-gsogjgza Py

Mrs Monica Manéula K. Rao, 853 R.T., Vijayanagar
Colony, Hyderabad-500 028,

Miss M. Vijaya Lakshmi, dlo. M-Rajagopala Rap,
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Mr. O, P. Beerh, IDCS Discipling, C.F.T.R.I., Mysore-
570013

Mr. Alimullakhan, Wahid Bhai Ki Chal, Rajatalab
(Naya) Raipur.

Dr. S Ranganna, Training Programme, C.F.T.R.I,
Mysore-5/0 013



ANNOUNCEMENT

Proceedirg]gs of the Intemational Symposium on Protein
Foods and Concentrates: 27th June_to 4th July 197 at
CFTRI, Mysore, 1974, pp. 450+vii; Price Rs. 25.00

The 41 papers, (E)resented at this Symposium, held_ at
CFTRI in the middle of 1967, provide, a comprehensive
surv_e\{] of the technology and’economics of production
of high protein foods from a wide range of raw materials
suchas soyabeans, groundnuts, cottonseed, coconut

and sesame,”as well as"from fish, green leaves and petro-

leum. The formulation of profem-nch blends, amino-
acid supplementation, and consumer acceptance_and
marketing have been covered quite adequately, There
are also Separate sections on the protein requirements
and sources, as well as on the publi¢ health and clinical
aspects and the technologlcal risks Involved n the pro-
duction ang use of such Toods.

The Problem of the economically under-developed
P_arts of the world have been well covereq
lons from Guatemala, Hong Kong, India,” Indonesia
Japan, Mexico, Peru, the Philippines, Venezuela and

by contribu-

Vietnam.  The U. K. and the U.S,A. have also made
major contributions to this sympaosium.

. Most of the papers, review the eX|st|n? Josition and
indicae the possible lines of development in the future,
The discussion that took place at the end of each Session
has been competently summarised and the recommend-
ations made In the” final, plenary session have been
reported In extenso.

Although other symposia on protein foods have been
held aftei” this one, none of them has achieved such a
wide coverage by so many internationally known ex-
perts. Hencé, the"contents 0f this book will"be of perma-
nent interest to food scientists and technologists,. and
will continue to have relevance in the field of futritional
somologiy 50 long as, there exist populations that suffer
from aTack of nutritive foods.

Subscribers and Members_who_wish to_have this
publication may write to:  The Director, CF.T.R.I,
Mysore-570013"(India).
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Mothers!
W hat doctors look for in baby food,
they find in

Amulspray contains the ] The Amulspray formula is well-
vitamins, mlnerakls and ptgo‘éems A m u | S p r a y balanced enough for babies to
necessary to make your baby ! get the maximum benefit
grow healthy and strong Amulspray not only contains
Amulspray has all the natural adequate proteins for baby,
ingredients found in milk plus but also carbohydrates and fats

vitamin and mineral supple-
ments. Vitamins for resistance to
infections and for a healthy
appetite, healthy nerves, gums,
eyes and teeth. Niacin to
promote digestion and assimila-
tion, and required for a healthy
skin. And minerals such as
calcium and phosphorus, so
essential for a proper bone
structure. Iron aids blood
formation. Protein is the basic
material for cell building and
growth. The balanced
formulation of Amulspray
contains top quality
proteins in the correct
quantity.

Amulspray can even be
digested by babies

a few days old
Each drop of milk is
reduced to finest
particles of powder.
The fat is dispersed
and this leads to
easy digestion
and intake of
the baby food. .

in proper proportions, making

it an ideally balanced baby food.
Amulspray is quick

and easy to prepare
Amulspray is a fine spray-
dried powder that dissolves
easily. This avoids clogging
the bottle-nipple, so baby
doesn't swallow lots of air.
Besides, it makes tasty
Amulspray extremely quick
to prepare.

Balamul and your
growing baby

At 3 months (or when
doctor says he is big
enough) it is advisable to
start baby on Balamul cereal
food in addition to Amulspray.

Balamul is pre-cooked in
milk and has more protein
and vitamins than any other
weaning food. Moreover,
Balamul has a better
balanced and complete
formula so necessary for
baby's rapid growth at

this time. It is ideal

for your baby.

Amul Baby Book and Balamul
Booklei tor mote Information. Write t
P.B. No. 10124. Bombay 400 001
Enclose 60 p. stamps and your
complete address.
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