JOURNAL

FOOD SCIENCE

AND

TECHNOLOGY

ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS, INDIA

VOL 15 NO. 2 MARCH-APRIL 1978



ASSOCIATION OF FOOD SCIENTISTS
AND TECHNOLOGISTS

(INDIA)

The Association is a professional and educational organization
of Food Scientists and Technologists

AFFILIATED TO THE INSTITUTE OF FOOD TECHNOLOGISTS, USA

Objects:
1L To stimulate research on various aspects of Food Science and
Technology.
To provide a forum for the exchange, discussion and dissemination of
current developments in the field of Food Science and Technology.
3. To promote the profession of Food Science and Technology.
The ultimate object is to serve humanity through better food.

Major Activities:
1. Publication of Journal of Food Science and Technology—bi-monthly.
2. Arranging lectures and seminars for the benefit of members.
3. Holding symposia on different aspects of Food Science and Technology.

Membership:

Membership is open to graduates and diploma holders in Food Science and
Technology, and to those engaged in the profession. All the members will
receive the Journal published by the Association. Regional branches of the
Association have been established in Eastern, Northern, Central and Western
zones of India.

l\/Iembersh|p Subscription Annual Journal Subscription
Life Mermbershi Rs 250 Inland Rs
Corporate Members Foreign: .

(for firms, etc. (pergear) Rs 250 Surtace Mail 20
Members Rs 15 Air Mail 28
Associate Members

for students, etc.) 5 Rs 10

ISsion B Re 1

For membership and other particulars-kindly adaress
The Honorary E-\ePiit?\e Secretary
Association of Food Scientists and Technologists, India
Central Food Technological Research Insimite, Vlysore-13, India

!



Editor
D. Rajagopal Rao

Associate Editors

S. Ranganna

T. R. Sharma

L. V. Venkataraman
M. A. Krishnaswamy
B. R. Baliga

M. M. Krishnaiah
M. Muthu

K. A. Ranganath

The Journal of Food Science and
Technology is a bimonthly publication
of the Association of Food Scientists
and Technologists, India (AFST) issued
in February, April, June, August,
October and December.

The Editor assumes no responsibility
for the statements and opinion expressed
by the contributors.

Manuscripts for publication and books
for reviewing in the Journal should be
addressed to the Editor, Journal of
Food Science and TechnoIoFy, AFST,
Central Food Technological Research
Institute, Mysore-570013. The Editor
reserves the privilege of editing the
manuscript to make it suitable for
publication in the Journal.

Correspondence regarding subscriptions
and advertisements should be addressed
to the Executive Secretary, AFST,
Central Food Technological Research
Institute, Mysore-570013, India. Pay-
ment may be made by cheque, draft,
postal or money order in favour of
Exec. Secretary, AFST.

Executives of the AFST

President
C. P. Natarajan

Vice-Presidents

D. P. Sen

[. J. Puri

Y. K. Kapoor
B. Panda

S. N. Mitra
D. V. Tamhane

Exec. Secretary
A. M. Nanjundaswamy

Joint Secretary
J. V. Prabhakar

Treasurer
Richard Joseph

DA R

Volume 15 Number 2

CONTENTS

Research Papers

Studies on the Preparation of Dry Dates (chhoharas)
S. K. Kalra, S. K. Mtmshi and J. S. Jawanda

Objective Methods for Studying Cookability of Tur Pulse (cajanus ct.jan) and
Factors Affecting Varietal Differences in Cooking

H. V. Narasimha and H. S. R. Desikachar

Instantaneous Determination of Moisture Content in Ghee
N. Rao Kaza and V. P. Angja

Effect of Concentration and Temperature on Rheological Properties of Pineapple
and Orange Juices

N. N. Varshney and B. K. Kumbhar

Ultrafiliration of Cottage Cheese whey; Influence of whey Constituents on
Membrane Performance

P. C. Patel and R. L. Merson

Factors Influencing the Malting Quality of Indian Wheats
V. B. Sethi and G. S. Bains

Determination of the Optimum_ Stage of Maturity of Nendran Bananas for the
Preparation of Deep-Fat Fried” Chips

Satyavathi Krishnan Kutty, A. V. Bhat and A. George Varkey

Studies on the Physico-Chemical Characteristics of Fresh Curd (Dahi)and Re-
hydrated Freeze Dried Curd Powder Gels

R. K. Baisya, D. K. Chattoraj and A. N. Bose

Effect of Feeding Methyl lodide Fumigated Groundnuts on Growth of Albino Rats
Dileep Kumar, M. Muthu and Soma Kurien

Determination of Optimum Dose and Anion-Cation Ratio of the Growth of
Marchetta Sp. in Submerged Culture

K. S. Sekharam, P. Narasimham and B. L. Amia

Heat Losses from Milk Spray Dryers
N. N. Varshney, A. N. Patii and T. P. Ojha

VTtwiifl nunriQifiw

March-April 1978

43

41

50

53

56

62

68

1

16

18

8l



Research Notes

Preliminary Observations of the Toxicity of Morindin, a Glycoside to Cockroaches and
House Flies

G. Surencer Reday, A. Purushotham Rao and P. S. Rao

Oligosaccharides of Cashewnut

S. Shivashankar, M. N. Satyanarayana, A. G. Mathew and C. P. Natarajan

Book Reviews



RESEARCH PAPERS

Studies on Preparation of Dry Dates (chhoharas)

_ S K. Kalra, S K. Munshi and J. S Jawanda
Regional Fruit Research Station Punjab Agiicultural University, Abohar

Manuscript Received 13 June 1977: Revised 18 October 1977,

Four cultivated dates ofat doka (hard ripe) stage were cured by dipping in boiling water for 4-10 minand drying in oven at 49-|- 1°C
The product obtained was compared with dry dates (chhoharas) available in the market. The averaqe weight of the fruit decreased
with increase of time of dipping in each cultivar. However the weight was considerably less than that of market

dates. The variable time of dipping did not show anyconsrstenttrend for pulp/stone ratio and the market dates displayed higher
values than the laboratory cured samples. The moisture percentage of market samples was lower than that of other samples.

Borlrng] hard ripe {doka) date fruits when there i
maximu Influx of sugarsl2 for the preparation of
chhoharas {Khalaal matbuuk) 15 a commercial practice
in some of the date-growing regions of the world3-5.
Dowson3 stated that “Zareik”™Wwas boiled for ten minutes
while ‘Halo’ required about three times as long. But
no work has been done to getermine the correct time
of boiling, for different varieties and its relation with the
quality of the proguct obtained.
opined that it would he worthwhile for experiments to
be made rn the preparation of chhoharas from dates
whrch usuial 3{1 do not npen proger %

Dowson Atend reported that ‘Chibchaab’ in
South Iraq is borled and thrs variety is found in all date-
r[];rowrng aces aon the_north-east shore of Persian

ulf and'in Jower raq They also reported that dates
are hoiled in Baatima Codst of Muscat to make
chhonaras which is exported to Pakistan and India.

Variety ‘Chibchaab’, has been reported by Dowson
and Aten4 t0 have heen used for making dry dates in
sout e[]n raqél
Cho an 1.6, conducted experiments on the borlrng
( Tfhd 1Eates of “Hillaw’, ‘Knadrawr’, ‘Medjool’ an

oory’

7\—
(_5

or 4 or 10 min in water and observed no
difference in quality of the product due to vanance in
hoilin penods On the contrary, Kalra et allo served
that Boiling for 6 min resuIt n supenor chliohara
than_boilin for20r4m|n twas contemplated th at
dipping In or n water for lon rpenods ma v
supenor quality product. An attempt was, therefore,
[nae t0 pre are choharas of Medjool Hillawy’,
Khadrawi Shamran’ 6 dipping’ th e bernes In
borlrngwater or4 6, 8 and 10 min'in each case and to
compare the product with the chhoharas available in
the market

Dowson and Aten3

43

Material and Methods

The fruits of ‘Medjool,” ‘Hillaw’, ‘Khadrawi’ and
S amran were harvested as bunches at doka stage.
Health Oy bernes of unrform Size with_perignth intact
were | oseytre In muslin and dlipped i borlrng Wwater
97°-98°C falling to 95°-96°C when sample wad add ed
and using again for 4, 6, 8 and 10 min. Four kilogram
fruits were employed for each duration of time tnoer
each variety. The treated bernes after drarnrng out the
EX08SS,  Waler, were read ot rn aluminiym  tra
and oriedl at 49 in g cross flow air circulation

e oven ‘Medjool was dried for 120 hr and other for

The dried chhoharas, thus obtained, were compared
with the imported ones. Four samr[)Ies A B,
were collected from the local marke Sami)les A and B
were superior and C and D inferior in quality,

Observations were recorded on thrcaI and chemical
characteristics. A representative Sample comprising
twenty berries from each treatment was selected for
moistire and sugar determinations.  The fruits were
deseeced and pulp chopped into small pieces as quickly
& ossrble and mrxed runrformrtyofthe sample. . Ten
g ms of this ch ogrr]re samge was placed in a petridish
nd kept inan ov at 65° 43 hr (when a constant
Weig ht was o tarne for morsture determination,
Anot er 2 dippéd overnight in 20 per cent ethv
aIcohoI an the softened pulp crushed in'a mortar and
pestle. ~ The sugars were extracted with 20 per cent
ethv alcohol ovi dawater bath for two hours. e
resioue was washed with 20 per cent alcohol severa
times to ensure complete extractron The extraction
Wwas made, alcohol free b)( placrn? It on a water bath for
about 4 fr addrng distilled water whenever required.
Excess of standard neutral lead acetate solution was
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added to clanify the squtron till precipitatjon ceased reducing sugars calculated by multiplying the difference
and the vqumgy made to 100 1p|s vlrcl)as filtered and I quan%tresg found before an}d afterprr)r/vegsron with 0.95.
ry sodium acetate Was added to the filterate to precipi-
taeexcesso ead Again, it was filtered and the volume ~ Results and Discussion
was made up to 100l Red ucrn% sugars were estimated ~ The differential boiling periods did not show any
in thrs squtronb titrating against niixture of Fehling’s a [E]arent difference in colour and appearance within the
so utrons and B and eXpressed on dry pulp wergt e variety except in ‘Medjool” where 4 min. boiled
berrres vvere drstrnctly darker in_ colour (brownl) than
For the determination of non-reducing sugar, 25 m tose of longer errods of boiling. The_ berries of
of cIarrfred and Iead free squtron was &cidified wath 5 *Shamran’ andl “Hillawi” were more a,opealrng than of
ml of d hydrolysed by keeping in aserrologrcal ‘Khadrawi’ which were darker and dul
water bath at 68°C for 30 min. After cooling to room  Samples A and B from the market had light attractive
temperature the acrdrty was neutrilised with sodium  brown' colour like that of ‘Medjool’ except 4 min,
hydroxicle usrng pheno hthalein mdrcator Total  boiled which vvere darker). Ridges of the furrows/
su?ars In the reduced form were determined in this crinkles were white at places, roba Uyl because of
nli

sofution by titration agarnst Fehling’sA and B and non-  rubbing during handling by tracers. ke samples
Table 1. physical characteristics of dry dates (chhohars)
Treatment  Weight of Variation in Pulp content Stone  Pulp/Stone Remarks
time (min) ~ fruit (g)  weight (g) (%) fé ratio
Medjool
-4 740 75-1.1 85.25 1475 511 Slightly darker but more appealing
& acceptable than market samples
C&bD
6 140 15-1.1 85.43 1457 5.86 Light attractive brown colour, pulp
8 1.20 14-1.0 84.83 1517 559 thick. Taste and flavour good.
10 7.10 7.3-1.0 85.02 1498 5.68
Hillawi
4 4.90 5.2-4.1 11.14 286 3.37 Light brown attractive colour, Pulp
6 470 5141 71.02 22.98 335 thin, but good in taste and flavour.
8 4.80 51-4.0 7131 22.69 340
10 4.70 5.0-3.9 17.02 22,98 335
Khadrawi
-4 5.05 49-43 84.17 15.93 531 Chhoharas darker in colour than
6 5.00 49-43 84.40 15.60 541 of Hillawi and Shamran. Pulp thin,
8 4.55 5.0-4.2 84.41 1559 541 but acceptable.
10 4.32 5.0-43 84.25 15.75 5.35
Shamran
-4 4.49 5.6-4.3 80.84 19.16 422 Berries light brown and attractive.
6 4.75 55-43 81.05 18.95 4.28 Pulp thin like Hillawi. Taste and
8 430 5.6-4.1 79.10 20.90 4.25 flavour good.
10 4.15 54-4.2 81.92 18.08 453
Imported Dates
Sample A 8.23 13.8-6.2 86.64 13.36 6.46 Attractive light brown colour, Pulp
Sample B 820 13.1-2.6 85.97 14.03 6.14 thick with good taste. Size variable.
Sample C 510 64-3.9 %668 13.32 6.47 Dull reddish brown. Unattractive.
Sample D 4.75 66 17 86.73 1327 6.58 Taste towards soft dates—not cha-

racteristic of chhohara.



Cand D, sam Ies A and B were clean without extran-
eous mattey. There was a great variation |n Size; more
$0 In sample B, which showed that no grading had been

exercised.

The pulp in samples A and B was very close to the
stone and was thicker than that in case of ‘Hillawi’ and
‘Shamran’. It had more
clilroliaras of all the varieties. ~ The product of
research station was slightly leathery and required more

force for chewing.

Samples C an D were duII reddish brown and un-
attractrve These were sem- r%/e pe rath ert an c/t/
liaras and presumal could

temperature treated dates./

Kalra et al ~studies on the preparation of dry dates

in the weight of

Pleasant taste unlike the,

They tasted more |

ates (prnd) rather than

==

reducing sudar type. (chhoharas).

reducrn§ sugar type of d

ata on physical attributes, en Weight, me and
stone percentage of fruits are presen

Treatment time

(min)

—_ — —_
o OO o N~ D O o> B~ o o o &~

o~

o oo o

1

Sample A
Sample B
Sample C
Sample D

ed inTab

under boiled or low

ke the and D, respectivel
non- Pulplstone ratio:

per cent pulp and corres on Ing Pr]
centage than those 0 tarne from the market. Amon
the clired dates, ‘Medjool” had the highest pulp weig

fruits for unrformity.

abIe 1

dates, the Werght of
considerably [ess than those of samp
It was noted that the chhoharas obtained
this  from the market had a much rt;reater variation in wel h
whereas those prepared at

not have such Vvariation _because of prior selection of
The values ranged from 13.75
t0 6.15 and 13.06t0 2,62 % for market samples A and B;

and from 6.44 to Sgsﬁ%able 3 E

d 659 to 165

Table 2. DRY MATTER MOISTURE AND SUGAR CONTENT IN DRY DATES

Dry matter
(%)

94.02
93.73
94.70
94.83

95.23
95.35
95.41
95.48

94.65
94.52
94.42
94.36

93.00
91.35
92.22
92.12

97.00
96.00
94.51
9331

Moisture

(%)

Medjool
5.98
6.27
5.30
5.7

Hillawi
477
4.65
459
452

Kliadrawi
5.35
5.48
5.58
5.64

Shamran
7.00
7.65
7.78
7.88

Imported dates
3.00
4.00
5.49
6.69

Reducing
(%)

23.32
21.19
1971
18.21

1481
14.47
11.26

9.98

16.92
16.10
15.37
14.33

18.21
16.70
15.43
15.20

14717
16.70
29.33
28.96

Sugars (dry pulp basis)

Non-reducing
(o)

47.34
50.86
52.38
52.76

59.98
60.70
65.31
68.29

55.11
56.96
60.46
64.24

52.35
53.98
56.90
57.93

58.09
54.37
41.70
39.90

Weight offruit: = Average weight of the cured fruit
generally decreased as the” time of

dipping in boiling
Wwater increased

. There was gréat variatjo
en compared with the market
chhoharas preloared b

es A (8.

his research station

for samples

e chhoharas repared had lower
hrg er stone per-

Total
(%)

73.16
74.72
74.86
74.73

78.07
78.39
80.00
81.86

75.24
76.00
79.00
81.95

73.32
73.52
75.21
76.16

75.83
73.93
7321
70.95

UuS Was

(3g)
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followed by ‘Khadrawi’, ‘Shamran’ and ‘Hillawi'—
the Jatter tvio being almost similar in this respect. The
seeds of Medtjool were as heavy as those of ‘Hillawi
while those of ‘Khadrawi” were the lightest. So, pulp/
stone_ratios of Medgool and ‘Knadrawi” yere S
and higher than those of ‘Shamran”and ‘Hillawi’. The
market' dates had highest value (pulp/stone ratio)
because of the lowest pér cent seed content.
_The data on chemical constituents in respect of
different samples have. been presented in Table 2
Dry matter and moisture:” The mean per. cent value
for dry matter .in dat?s cured at Aohar, irrespective
of various timings of dli pmg In_doiling water was
9432, 95.36, 94.49 and 9242 Tor ‘Medjool’, ‘Hillaw’,
Khadrawr” and “Shamran JTabIe respectively;
whereas the values were 97.0 and 96.0 for market samples
A and B respectweéy. Moisture percentage in dates
cured at Abohar and those subjected to different dura-
tion of boiling did not vary much. Samples A and B
had lesser per cent moisture than all other samples.
|t may be due to their long storage in shops. Samples
C and D could not have |ost as muich moisture because
of greater per cent redycing sugars.
ugars: ~ The _reducing “sugars, decreased and ngn
reducing sugars increased whén the time of dipping in
boiling Water increased. Per cent total sugars also show-
ed sorme increase with the enhancement Of time of dip-
ping but the difference was not much. The market
samples_A and B contained less reduurr]% sugars (14.77
and 16.70 per cent) as compared to samples C and. D
(29.33 and 28,96 per cent). The values, for non-reducing
sugars WWere vice Versa to that of reducing su%ars_. How-
evér, total sugars did not differ much. ~ The difference
In reducing stigars content in superior (A and B) and

adrawi’ were similar

mg‘egqlr_ (Cand D) dates may partly be due to conditions
of hoiling.

It wasgnoted that immersion of doka dates for less
period or in water at low temperature resulted jn a
Product containing high reducmé) sugars.7 Apart from
hat, the enzyme invertase which is known o convert
sucrose into %Iucose and fructose maK be more active
In_inferior dates due to its varietal characters because
be active during storaqe.S

this enzyme 1s also known to :
e

Further, the analyses of market dates have revedle
that these could he”boiled dates and not dry dates in
the true sense. Dry dates actually f%ot diied on the palm
itself without passm% through Soft stage.3 Dry Clates
gﬂga?gréeg sugar dates and have little Or no reducing
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Obdectwe Methods for Studying Cookability of Tut Pulse
(Cajanus cajan) and Fact]ors Akectrng Varietial Differences
In Cooking

H. V. Narasimha and H. S R Desi_kachar
Central Food Technological Research Institute, Mysore

Manuscript Received 29 August 1977; Revised 21 February 1978

Cooking of pearled tur (Cajanus cajan) in hoiling water increased the water uptake steadllx Cooking beyond 30 min.
led toprogressrvelyhrgherdrspersron ofsolids into the cooking water. Water uptake (in the intial phase ofcookrn%)anddrspersron
of solids into the cooking medium (in the later stages of cookrng?}under standard conditions of cooking could be considered as
objective indicators of cooking quality; the test was conducted with four varieties of pearled tur.

Cooking tests on pearls prepared from ten varieties of tur indicated high correlation between cooking time and the contents of
of calcium, magnesium, pectin and phytin and the P.C.M.P. number calculated according to the formula of Muller.

Pulses form an important adjunct to Indran diets  of cooking could be objective indices of cooking quality
contnbutrng to a sl nrfrcant Oproportron of the protein  and were therefore investigated.
requirement of the d 1; roportion of tepulses |t was observed that unlike in rice, where the core of
consymeg.in India i |s |n the form of dhal (dehusked split  the grain was the last portion to cook, it was the peri-
pulse) whrch 15 cooked Info a soft mash by bailing in i)heral layer of the cotyledon of tur chal which was the
Wwater. The cookin Vg time for different dhals'varies om ast portion to cook thou%h It was most_exposed to
30 to 60 min.22. Varietal differences in cookrng qeuar water dunn cookrnq The effect of removing the peri-
are known to exist even in the same pulse.35 Attempts pheral layers by |sh|n? of the pearled tUr on the
have been made earlier to_establish a relationship cookrng (ualityof the pu
between cookability and chemical composition especially
In respect of e and heans.6-12 Varietal differences n - Materials and Methods
cooking qua |§/ of tur (Cajanus .cajan) have also been  Pure bred varieties of tur were obtained from the
described b aIY hankaran and Snnwasan5 and Rathna-  pulse breeding centres at Coimbatore, Raichur and
swamy et afli, who found a correlation between protein  Hyderahad. esamples were preconditioned according
content and cookability. In a, recent studyl4 on 22 fur to' the method of Kurien and dehusked in a barle
varigties _none of the chemical constitients except —pearler (tCorcoran make) to obtain the pearls gdehuske
Rh ic acid was found to correlate with cooking time;  grain wi houts litting). ", Dhals were also preﬂ red from
|g phytic acid was found correlated with long cooking  the pearls. FOr obtaining polished tur, dehusked tur

ﬁ1 arls were polished in 2 laboratory grain nolrsher
e objective of the present investigation was to Egatake make? until about. 15 per cent by weight of the
assess the Cooking quality of different varieties of pearled

rwasremovedas polishings.

tur_ (dehusked grain without splitting) in relation to Cooka || test: For ob ective evaluation of cooka-
therrchemrcal constrtuents Me hods 0T assessing Cook- polistied and unpo |she pearled. tur from 4

uality, apart from cookin trme whrch 1S so ewhat vane |es were cooked for drtferent eriods and the
su i ctwe aI needed to be eveoe ge Iminary mou (}ofwater absorbedb the puls asweI assolrds
observations, d unng cooking of dhal, it was qbserved eache Into the_cooking ter were determined at
that the dhal absorbed water and increased In size upto  different stages of cookrng For determining dispersed
acertarn peno beyond which matertal from the central  solids 10 g 0f pearls werg added to 100 ml"of bailin
part of tecotg lendon hegan to get drscharged from the  Water and"hoiling continued op a hot pIate marntarnrn
da and got dlis ersedr to thé cooking water This  the level of the Water by addrn? boiling water as an
Increased wrt urt er cookm% This ‘In |cate that when necessary, After cooking Tor the Fequired period
water absorption during the initial phase and material the cooked pllse samples were transferred into'a 22-
dispersion into the cooking water dunng the later stage mesh screen, allowed to strain through and the total

Se was also investigated.

47
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solids in the frltrate determrned ]6 For determination
of water uptake, the_cooked samples were centrifuged
at 3000 rpm for 15 min and after ecantrng the superna-
tant the residue was weighed and increase in Weight
determined. The h
water absorbed per gram of the pulse taken for cooking,
Cooking time was determined by, notrngf the time in
minutes required for soft cooking of the pulse as assessed
by pressing the cooked pulse between two glass slides
until no hard material was found.,
Dehusked tur samples In ten varities were also analys-
ed for therr content of calcium, magnesium, total and
5) ossp orus, ectrn and total” protein. Calcium
Bsium were determined b EDTA titration
method 19: total and p@htn phosp orus co lorimetr-
cally02i and pectin by Dekkar's method.22 Protein
was determrned b the micro kjeldahl procedure |(1N X
6.25). The relation of cooking"time to the content of
calcium, magnesium, phosphorts and pectin was‘studred
by calculating the correfation coerficients, ‘PCMP
numbers weré also caluclated usrng the above values

as per Muller.6 Both formuIaA( 16 pectin (Cat| mg)

and formula B (Free Eectrn+Ca+"Mg—Ph in) were

used for calculation,of the PCMP numbgrs. Correélation

ggt\errerelnne%ookrng time and PCMP numbers was also
|

Results and Discussion _ _
A study of the progressive changes during cooking

dration was expressed as ratjo of

of the tur dhal indicated that when some hydration and
swelling is_reached (about 20-25 min), a thin _layer
peeles out from the inner side of the cotyledon. . There
was slight crackrng at this point and progressive re-
moval and dispersal of pulse material occurred with
contrnued cookrn%;h In t efrna stages of cooking only
a thin aer e {Jenp eral side of the cotyledon
remained. T IS part th refore appeared to be the most
difficult portion to cook in the pulse.

The water u taeasalso the dispersed solids for 4
varieties are p esented in Fig. L The dispersed solids
as also the water uptake |ncreased continuously with
progressive cooking. It therefore the dispersed salids or
water uptake 1n & pulse 15, determined after definite
period of cooking (30-40 mrnutes) these vaIues would
represent a measure of cookability of the pulse. Among
the four varieties studied, SA-1" and Co-1 had better
cookal ||(§y than ‘C-11" or PT-301" as evidenced b
marked fferences n h¥f ration and drspersed solids,

There were also cear ditferences hetween the polished
and unpolished pearled grains both |n drspersrbrhty and
hydration charactenstrcs Frr{ furth er confirmin
that the peripheral constituents of the pulse containe
substances which are relatively slow or difficult to

yTable 1 presents data on 10 pure_bred varieties of
pearled tur with regard to their cooking characteristics
and also their chemical composition, . They are arranged
In decreasing order of their cookability aS measured” by
cooking timé. It is observed that easy"cooking varieties

Table 1. chemical composition and cooking quality of pearled tur

Cooking  Water Dispersed

Variety ~ time = uptake solids at  Ca Mg
(min) at 20 40 min. (mg %) (mg %)
min. (%)
(0/q)
5039 RY) 15 800 124 16
SA-1 3 142 82.4 118 82
647 5 140 805 136 80
4399 40 130 706 142 106
Co-1 42 1.24 715 128 143
T-12 44 1.30 69.8 153 106
C-28 46 110 665 155 120
148 49 0.90 65.2 m 115
C-ll 57 0.60 543 1n 145
PT-301 3] 0.52 418 198 152

PCMP (A)=Pectin (Ca+J Mg)/Phytin;

Total P Phytin P galacturnic  (NX6.25)

PCMP
X 10

Pectin a5 Protein PCMP

(mg %) (mg %) acid(mg %) (%> (A) (E)
306 236 4.0 20 081 342
255 196 45 205 093 3.63
262 209 7.0 28 148 395
285 230 6.5 210 142 452
325 244 52 2.8 115 4.85
212 198 48 26 LA 5.25
228 176 68 205 21 533
230 168 8.9 200 2% 5.43
218 153 8.3 190 346 6.50
236 185 94 185 360 1.10

PCMP (B)- Pectin+(Ca+-J Mg)—Phytin.

24 Correlation coffrecrent between cookrnigltrme and the various constituents are: Calcium, +0.4450 NS; Magnesium, +0.8167**;

Total P, -ve 05885 NS; Phytin P, -ve 0.6

5% Pectin +0.8058**: Protein -ve 0.8505%**: PCMP(A) +0.9221***: PCMP (B) +

0.9838***: "Dispersed solrds -ve 0.9845%%*: and Water uptake -ve 0.5739 NS.

NS: Not significant;

¥ ¥k k%% Significant at 5, 1and 0.1 % respectively.
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Fig. 1. Hydration and dispersed solids during progressive cooking of four varieties of polished and unpolished pearled tur.

have hi nqher
and
Indicators_of

water uptake and more. solids got dispersed
while poor cooklng varieties such as ‘C-l 1’
1" have lower wat
are dlspersed ingicating that these paramétrés are good
differences in cookability

I uptake and less solids
between the

varieties. The coefficients of correlation between cooking

time and the

the IeveI of d|sp

of cookabili
There wer

dispersed solids and water uptake are

respectively. Based on these data,
ersed solidls appears to be a better index
than water. upfake dunng cooking.
variations in the chemicdl compdsition

of ﬁhe van%tles W|th re ect to caldum ma é;nesmm
total phospnorus, and hosphorus. ~ Generally
there was trend of an In rease in the cooking time of the
pulse with an |ncrease in cal dum ma ne3|um and ectin
and a decrease In the tota and os/,f us as
well as protein, Vanet|es like 5 SA-T wh

are easily cookable (short cook|n t|me had | ower
content fcaldum m ne3|um and pect|n and a higher
ontent o os1p orus than varieties like ‘C-1T
and cook |n% times.  The PCMP
numbers based on these constituents was lower for the
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former group than for. the latter hard cookmﬁ gpes of
tur. . Varietles with higher protein content had lower
cooking times which Is'In accordance with the result of
Rathnaswamy et al.[i o _

Correlation between co_okl_rllg time and the varigus
constituents is presented in Taple 1 It is seen that
correlation between cooking time and the chemical
constituents is higher for magnesium Rectm and protein
and the PCMP rumbers A and B. The PCMP number
based on formula B was found to he better correlated
to the cookm%Ntéme although Muller found a better
correlation hetween cookability and PCMP number
(formula A) in the case of peas.” | _

These results generally agr_ee with the ealier obser-
vations on the_ cooking (?u lity of peas and beans in
relation to their chemical, composition.6™2 However
our data are at variance with the recent observations of
Sharma et a/24on tur. \While these authors have reported
that the cooking quality is positively correlated with
Phytlc acid contént, our Tesults show & negative correla-
lon. This apparent discrepancy.is probably to be ex-
Plalned b¥ the fact that our analysis pertains to dehusked
ur while the data of Sharma et al rélate to whole grains
which includes the husk also.
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Investi?ations were conducted to establish the relationship between various physical properties (optical and electrical) and moisture

conten

of ghee. The absorption of light energy through ghee at near infrared wavelenglh above 950 nm was found satisfactory

for determining the moisture content of ghee Instantaneously. Dielectric constant of% ee proved to be a significant factor for

establishing a useful relationship with moisture content of ghee. It can also be exploited

o record and control the moisture content

of ghee being manufactured by continuous ghee making"machine.

. Accurate determination of moisture content in ghee
IS important since Its presence affects the quality and
shelf life.  Moreover, its presence in ?hee In anounts
greater than 0.3 percent will lead to prosecution under

the P.F.A. rules. At present maisture in ghee is deter-
mined by dré/m o constant weight in an“oven. Bein
a slow process this cannot be used for instant control o
moisture in ghee during manufacture. In consequence,



RAO KAZA AND ANEJAI INSTANTANEOUS DETERMINATION OF MOISTURE CONTENT IN GHEE 51

determination of the heating process of cream or butter
IS left entirely to the experience of the workers.
The present investigations were carried out to obtain
accurate data on the Variation with moisture content of
the optical and electrical properties of ghee such as,
refractive index, . absorbance of light and dielectric
constant. The objective was also to see whether a preci-
sion Instrument was possible to develgp for determining
the moisture in ghee accurately and instantaneously.

Materials and Methods

Ghee was prepared from the unsalted butter of cow
milk in a stainless steel double-jacketted kettle. Samples
of pro%resswel lower moistire contents were with-
drawn Bvery 10 min. and solidified to obtain uniform
moisture distripution. These constituted the test mate-
rigls. The moisture content of each sample was deter-
mined b\t/) the oven method.3

An Anbe refractometer35 (Bellingman and Stanley
Ltd,, London) was used to record the refractometer
readings at a temperature of 40°C and the reguired
angle Of refractance was also read on the main and
vernier scale. _

Absorbance of light was recorded on a systronic 101
colorimeter at a wavelength of 440 nm where absorption
is maximum.  The ghee samples were maintaingd at
50°C.. Samples (6 ml) were taken in a ﬂuartz cell and
placed immediately in"the colorimeter for recording the
observations.  To™ eliminate the effect of the carotene
content, which shows as yellowness in the ghee samples,
infrared wavelength of 950 nm was_ seleCted using a
spectronic 20 spectrophotometer24 with tunlgsten lamp
source, The apsorption of near infrared energy passmﬁ
through the ghee sample contained in the qUartz ce
at 37°C was measired, _

The dielectric constant of 7qhee was measured using a
1615A capacitance bridge.1:7 The qhee samples main-
tained at 45°C were taken in the call. A frequency of
1 KHZ (kilowatt hr) was used for the measurement of

Table 1. relationship between moisture content of ghee

AND PERCENTAGE MITTANCE AT 950 NM AND 37°

TEMPERATURE
Sample ~ Moisture  Transmit-  Moisture  Transmit-
no. % tance % ta%e
1o
Trial 1 Trial 2
L 0578 24 0.562 2
2. 0.493 ) 0.504 34
3 0428 43 0432 47
4, 0.383 45 0.359 56
b, 0.352 75 0.283 73
6. 0.260 85 0.201 87

.26 -
S -k
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.20
q6-F
18-}
i}
13-}
19 B ~
-8-1

DEGREES

2=k

AR
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01 02 03
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Fig. 1 Relationship between moisture content and refracto-
meter reading.

capacitance. The readings of capacitance and dissipation
factor corres ondm%_to minimum deflection of the nul
detector were read Girectly.

Results and Discussion

The refractive index of ghee decreases with increase
of moisture (Fig 1). However, because of the large
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Fig. 2. Relation between transmittance and moisture content

at 950 mjJ. wave length and 37°C
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215 From Fig. 2t is clear that with increase of moisture

; content, the transmittance decreases. It was difficult

to calibrate various moisture contents with the|r res
pecttve Anercentage absorbance of light at a wavel en

ecause of mterference [ the yellow co ur

of carotensmds wavelengt 0 nm was used to
70 eTI|rBt||nalte the effecl of coIour W|th the results shown In
able

The error in recordtnP the correct observations, of
absorbance of light could have been reduced tc less
than 233 percent by using a near infared spectro-
hotometer at a wavelengthi of 1900 nm as suggested
y Kliman and PaIIansch but the Instrument t0"00 S0
was not availab e]

. 3and 4 show that values for dielectric constant
of e increase |inarl W|th |ncrease In moisture
confent, but In non-linear fashion.  These Pro erties
cantbet utilized effectively for measurement of moisture
conten

For automatic control and record of the moisture
content of gheg, It s suggested that a small b¥]pass stream
from the main stream of a continuous ﬂ ee maki mg
Iant |s taken first to a temperature-controfled bath an

205

CAPACITANCE ptd

196

0 o 02 03 o0s 05 o5 — en subjected to acapacitance probe. The bypass stream
06

MOISTURE CONTENT % hee is then returned to the mainstream, ‘The changes

Fig. 3. Relationship between moisture content % and pacitance caused by the lowering of the moistre

capacitance. ontent of t};hee durin bmltnq down will affect the

natural variation in the refractive index of genuine ghee,  Teq Quency of 2 self-exited 0scl Iator which could be

the use of this characteristic for moisture determination Measured by frequency meter and recorded on a. chart
will be comparative and not absolute recorcler. 1¥tese values could also be calibrated directly

o in terms of the percent moisture content of ghee.
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Rheological properties of ;)cjneapple_ and orange juices were investigated at various concentrations and temperatures. Except at

initial concentration, viz.

Brix pineapple juice at 30° and 45°C and 13° Brix orange juice at 45°C when they behaved almost

Newtonian, both the juices were found to be pseudoplastic. Consistency coefficient, b, Increased with a raise in concentration and
decreased as the temperature increased whereas the flow behaviour index, n, decreased with increase in concentration in both the
cases. Apparent viscosities of these juices were also determined, Pineapple juice was found to be having lower consistency than

orange juice at identical conditions.

Rheology is defined as the science of deformation
and flow™behaviour of matter.  The rheologY or
consistency of @ Newtonian liquid like water, millk_or
Clear fruit juices can be chacterized by the term viscosity.
Viscosity of non-Newtonian liquids, however, has 1o
meaning as it changes with changing rate of shear, and
the consistency should be characterized by more than
one parameter.  Such consitency of flow constants of
some _non-Newtonian liquids do not change with, the
duration of shear rate (such liquids are Called time-
Independent non-Newtonian liquids) and can in general
be related by Tthe t1‘ollowmg0equat|on:

=b"*n+r0 (1)

= n

where, 1 = shear stress, v = shear rate= (du/dr), b
consistency cogfficient, n=Fflow behaviour index andT0=
yield stress. For Newtonian Jjquids ra= 0 and n—I,
reducing b to viscosity normally denoted by ju. Con-
sistency”constants are”not only Tmportant in gvaluating
the qualities of products, but are also essential in esti-
mating, various englneerm? quantities such as pumping
and mixing power, heat transfer coefficients and eva-
poration rates. L

Consistency constants of fruit juices and_progucts
depend on concentration and temperature, The litera-
fure on consistency .constants of frujt fJUl_ces IS rather
limited? 4 considéring the types of fruits and their
products available. In m%st of the cases, except at low
concentration wnen the behaviour 15 Newtonian, the
food liquids hehaved pseudoplastic in which case
This paper presents the flow curves_ and consistency
constants of pineapple and orange juices at various

concentrations and temperatures.  These data were
obtained using a narrow gap coaxial cylinder viscometer.

Materials and Methods

Fruitg’uices: Juice from inea%{)le and orange was
expressed in a manually operated screw press.  The

Juices thus obtained were strained through an ord|(r:1§15|3/

cloth filter to remove suspenced solids. ™ In each

the juice was divided into three portions of which two
were concentrated to gesired concentrations in a rota
vacuum evaporator, Thus J)meapé)l_e juice was concert-
trated from 7° to 22° and 36° Brix"and oran%e juice
from 13" to 22° and 33" Brix, The consistency con-
stants were measured within a few hours of juice expre-
zggn. During the interval, the samples were stored at

_Narrow-gaE_ coaxial viscometer: = The experimental
viscometer” (Fig. 1) was in general similar to a standard
coaxial cylinder “viscometer3l516  The stationa
outer hollow cylinder was made of aluminium and hai
inner diameter"of 4.4 cm, height of 7 cm and thickness
of 0.3 cm. The cylinder was"placed on a tripod stand
Into a groove for Tigid fitting.  The inner rot tmg solid
cylinder of stainless steel was 4.1 cm in diametér ang
40 cm in lepgth.  The top of the cylinder had a shaft
of 16 cm diameter and 10 cm length which passed
through two bal]. bearings su#gorte by a horizontal
sharfrt] Whllchdwas fixed r?n a (fjra : wath of

e Cylinders were housed In a perspex water bath o
24.cm clbe. The water bath cons@teépof a ZW eflectnc
heater and thermostat which controlled the tempera-
ture of experiment.

tMechanical Engineering Department, Indian Institute of Technology, Delhi.
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For the measurement of torgue, two_pulleys fixed to
two hall bearings were mounted on shafts on two oppo-
site sides of the cylinders, A thin strong cord havmg
R/%Ins on the ends rested on the pulleys and was woun
ce around the shaft of the solid c?{ Indrs.
For the measurement of revolution per second, a
thread was fixed on the top of the shait of the solid
cylinder. The other end carried a light weight to provide
sufficient tensions to eliminate error in “observations.
Tht% thre%td was supported freely at the level of its fixing
with shaft e
To_ eliminate the error caused by mechanical friction
at different points, weights were kept on both the pans
to bring them to the same level, ‘and the differential
weight Toted to cause them to move from this level
This was noted for. different weights. 1t was found that
the differential We:%te)t

required” to make them moye
was always the sa

Hence any combination could

Used.

In operation, the temperature of the water hath was
adjusted to the desired temperature, the samFIe at the
reg;uwed temperaure was placed in the hollow outer
cylinder upto_a level of 1 cm above the solid inner
cylinder. Different we|%hts were added in one of the

ans, and the time taken by the loaded pan to traverse
he known _distance was measured by ‘stop watch in
each case. The number of windings was counted.

The shear stress was calculated Using the expression15,

A
T=RQIT 0

where, -A=torgue _in d¥ne-cm, _R/=solid _cylinder
radius in cm 1=height_ot the solid cylinder in"cm in
contant with the I|gwd. The A was calculated as wx R X
981, where w=added weight in g, R=radius at which
force w acted in cm. _

The r?]t_e of shear was calculated by the following

relationship5 R

RINN
*. ‘@
where, “=gap between stationary and _rotatln?c linclers
n Cn(]j and 'N=revolutions of rotating cyfinder per
second,

The viscometer was calibrated with 40° and 60° Brix
sugrar solutigns whose consistency constants are known.

he experiments on pineapple and orange juices were
conducted at 30° and 45°C, and at three concentrations,

°, 22> and 36° Brix for _plnealpple Juice, and 13°, 22
and 33° Brix for orange eJU|_ce. _The results presented here
are average of three replications.

The shéar stress t vs, shear rate y was plotted on
logarithmic paper. The slope. of the straight line gave
nand the in ercePt of the tralght line on the T-axis at
Y =1 sec'lwas taken as the constant b

Table 1. rheological constants of pineapple and orange

JUICES

Rheological constants

Concn

(°Brix) b n
dynes-secn/cm?2

Product Temp.
()

Pineapple juice  so

7 0.30 1.00
22 0.62 0.91

36 1.30 0.81

45 7 0.18 1.03

22 0.49 0.93

36 1.20 0.835

Orange juice 30 13 0.61 .+ 0.86

1.20 0.79

33 1.40 0.78

45 13 0.175 1.03

0.790 0.79

33 1.200 0.78

Results and Discussion

The resulting curves of shear stress, ¢ vs, shear rate,
Y, plotted on Io[qar|thm|c paper are all straight lines,
indicating prower aw or Newtonian nature of the juices
(rF|gi 2).l he consistency constants are tabulated in
ale
The flow curves of ariginal pineapple juice of 7° Brix
was Newtonian at 30°C; and" devi te<lJI a Iittle at 45°C

showing a little dilatancy. The nwas 103 (Table 1). At

Fig. 1. Schematic diagram of experimental narrow gap co-axial
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Fig. 2. Flow curves of pineapple and orange juice

all other conditions, the juice had n lesser than 1, i.e., it
was pseudoplastic in nature.  The pseudoplasticity
increased as the concentration increased. The consis-
tency coefficient, b, increased with concentration.
~ Concentration of pineapple ju.ce remaining the same
|nqrea3|ng temperatures decreased n a little except at 7°
Brix, and also decreased b. Increasing temperature
decreased b of orange juice at al. concentrations.

Flow curves of orange juice (Fig. 2) indicated that it
was pseudoglastllc at all concentrations and temperatures
except at 13° Brix and 45°C when it showed Newtonian
behaviour. As the concentration increased, consistency
coefficient also increased but the flow behaviour index
decreased (Table 1). Increase in temperature did not
have much effect on flow behaviour index, except at 13°
Brix, but appreciably decreased consistency coefficients
%t zﬁll concentrations, more at low concentriatons than
igher.

gAr_1 important term which is some times used in engi-
neering calculations involving non-Newtonian liquids
IS apparent viscosity which is defined as follows:

200 300 a0C 60C 800 002
o't G

Fig. 3. Apparent viscosities of pineapple and orange juices.

vioMian

du/dr
Substituting the value of t from equation (2)
du\ "1
f‘a:b(;) .
Thus . depends upon shear rate. The values of
for various shear rates for pineapple juice and orange

Juice are presented In Fig. 3

It is observed that the apparent viscosity decreased
logarithmically as the shear rate increased.” Apparent
VISCosities of ‘concentrated pmeapPIe Juice_at ioentical
conditions are lower than those Of orange juice.  Simi-
larly, b values for pineapple juice are lower than those
for ‘orange juice. But n Valtes for pineapple juice. are
h|%her than'those for orange juice at identical conditions
n |cat|n% that plne%ﬂple SJuu:e IS mare _Eseudoplasnc
than ora gfe che. pseudoplasticity 1S presumably
caused by irie suspended pulp In juices.
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The effect ofcottage cheese whey and different fractions of whey onthe ultrafiltration
9ge| filtration on the Bio Gel P-6 column. The results indicate
|-lactoglobulin gave the lowest ultrafiltration flux of the three fractions.

were obtained usin
a-lactalbumin and
solids content (°Brrx? and nearly the same constituents, but whe
The onlly detected dr ferences to account for the difference in f
molecular protein (i.e. immunoglobulin) in whe%/

ported by the fact that selectivity of the mem

process were studied. Different whey fractions
hat whey fraction-1 which consists of casein,
fraction-11 and 111 had similar

he
?/fractron -Ugavea lower uItrafrItra%ron flux than whey fraction-111.
ux decline were a lower ionic strength and the presence of macro-

fraction-11. There is no evidence of pore- pluggrn?_I
rane does not increase as flux decline

a conclusion which was sup-

roceeds. However, flux decline may be

attributed to membrane compaction and fouling proteinaceous materials which accumuIaPed on the membrane surface. The experi-

ments showed that J)
Drocess is propose
from cheese whey.

Ultrafiltration is a process which is ¢ 0pable of sepa
rating components of'a solution largely on the_basis of
molecular size. It employs mem ranes w hich ass
solvent and solutes of Iow moIecuIar weight, ut
retain solutes and colloidal matter of higher mol ecu ar
weight. ~ Ultrafiltration (as well as reverse osmosis) can
be applied.to food_and darrg processing In the form of
concentration, purification or fraction of certain com-
ponents in the food s¥stems Several individuals have
re orted the results, of Investigations of the feasibility

of ysing these technr Ues to concentrate and fractionate
vanous pes of chegse wheyl'3

Use 0 uItrafrItratron in the dairy industry is parti-
cul arypromrsrnd Whole and skim milk, for example,
can be concentrated by ultrafiltration {o yield a concent-
rate unaltered In taste, texture or nutritive valye4 Cheese
whey can be ultrafiltered to yield a nutritive protein
concentrate and an uItrafrItrate from whrch the Tactqse
can be recovered rea lly In hig untg eg/ IS a major
cause of water o utron wher ver Cheese rcasern 15

ma et roughout the world.
The mem rane Ia¥s the most critical role in the
PIOCESS, ing the properties of the membrane,

one can con roI the rgtentron or passarie of certain solutes
|n addition to water. When the solute molecules are
arde for exam le, the proteins, the osmotrc pressure is

uite small an amem rane with relativel large pores

can be used at low operatrn a“pressure ow ressure
operation avoids use of costly"and complex high pressure
eurpment

This paper presents results with ultrafiltration mem-
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rotein was a major cause of flux decline in the membrane ultrafiltration process. From this study, a two-step
by combined application of gel fractionation and membrane ultrafiltration to purify and concenfrate proteins

branes and gel filtration to fractionate cotta?e Cheese
whey. The rireatest impediment to the use of ultrafilt-
ration is decline in flux. Flux decline is a decrease in
prermeatron rate through the membrane guring operation.

he effects of the magor copstituents of whéy in contri-
buting to_ the decréase in permeation rate during
ultrafiltration were studied and'the results are communi-
cated in this paper.

Materials and Methods

Ultrafiltration system: The uItrafrItratron cell and
membranes were manufacture rp Amicon Corporation,
Lexrndton Mass, US.A. A schiematic diagram of the
ultrafiftration s stem 1S shown In Fig. 1 Pressure was
suplied by an N2 gas cylinder. The assembly has facili-
ties to circulate the feed at a constant pressure of 20 psi
and flow rate of 27 ml/min through the ultrafiltration
cell. The retentate was returned fo the feed tank and

ermeate Wi measured and coIIected separfrtelg

em ranes 10)l used had a nominal molecular
wer tcut IeveI of 10,000 and were non-cellulosic
syn etic o yImers,

Feeds: Feed materials for use |n ultrafiltration
studres Viere selected |n reIatron to the (Ypothesrs re-
oarg rn[% causes of flux aecline. These Include

eronrzed distilled water (DDW) : Distilled water
was deionized by mixed resin cartridge,

(1) Lactose solttion (L): 4.7 per cent lactoge solution
w(fs (prepared b¥drssolvrng the lactose power in deioniz-

tilled water

(H) Cottage cheese whey (W): Whey was used as the
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principal reference feed, because the study was directed
towards explaining the decrease in flux during ultrafilt-
ration of whey.

(tv) Wheyfractions (WF): Cottage cheese whey was
fractionated on a Bio Gel P-6 column’into three frattions
and these were designated as:

Peak I=whey fraction—I=WF |

Peak Il=whgy fraction—II=WF.II

Peak [I1=whey fraction—I1I=WF.lI|

Gelfractionation of cottage chegse whey: A 10x 152
cm column was used for thé fractionation of whey. The
column was |gacked_usmg hydrated Bio Gel P-6 (mesh
size 50, Bio-Rad, Richmong, California, U.S.A.)." The
eluant flow rate was maintained at 90-9 ml/min.
Deionized distilled water was used as the eluant. The
effluent was monitored at 280 nm, using an 1SCO, model
222, UV analyzer and recorder. _ _

Chemical analysis of whey, wheyfractions and ultrafjlt-
rate:  Chemical analysis of whey for lactose was carrie
out by the polarimetry method of Sharp and Doohb,
protein and nop-protein nltro%gn by the Semi-microk-
{eldahl methodo, fat by mode| D-Mojonnier milk tester,
itratable acidity (calculated in terms of lactic aud& (t%y
titration with 0.1 N NaOH, ash by incineration at 600°C,
calcium by Perkin-Elmer and atomic absoprtion spec-
tarr?phFc))tometer and phosphorus by the method of Hariis

i
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reported by Patel and Adhikari8. The elution Patterns
of proteins of different samples were compared to those
of native cottage cheese whey.
Polyacrylamite-urea-2-mercaptoethanol SPAG-urea-
ME) gel was prepared according to the method of Davis9.
Protein samples of 100 lambda were placed between the
large pore gel and small_pore. Pel. The current was
adjusted to about two to five milfiamps per tube.

Results and Discussion

Chemical analysis of whey, whey fractions WF. |,
WE. 11 and_WF. 11l and treir ultrafiltrates are sum-
marized in Table I. These include determination of
lactose, ftotal nitrogen, non-protein mtrogen, total
protein, titratable acidity, pH, Ca and P. Ash and fat
were determined only in'whey. Fat in the cottage cheese
whey was found to"be 0.03 Per_cent. _

el chromatographic analysis on Bio, Gel P-100

2) shows that wh?/ contains four major fractions.
peaks I, 11, 111 and IV have been reportedis !
to reBrese_nt predominantly casein, a-lactoglobulin, /-
lactalbumin and low molecular weight fractions respec-
tively. Peak IV represents the non-protein low molecular
components which were not precipitated by 20 per cent
trichloroacetic acid. In addition to these peaks, the
prattern also shows a shoulder just before the casein peak.

d o_?,at?., _ his is probably due to the presence of macromolecular

|dentification of protein components by gel chromato-  protein e.?. immunoglobulin) and hbovine  serum
graphy and acrylamide disc gel electrophoresis:  The gel  altumin eluted at the void volume.
chromatographic system used is one which has béen  The gel chromatographic data are supported by the

Table 1. chemical analysis of whey, whey fractions an d their ultrafiltrates
Nitrogen Total Titratable _
Sample Lactose , rotein ~ PH  acidity Ca P Ash °Brix
Total NPN  Protein (%Nx6.38) mg/ml  mg/ml mg/ml
% % % % % %

Cottage

cheese whey  4.55 0.149 0.047 0102 065 440 0.58 1.38 0.89 0.84 7.60
Ultrafiltrate 441 0.045 0.040 0.005 0.03 4.45 043 1.38 0.87 — 6.60
Fraction-|

(WF-1) 0.08* 0072 0008 0064 042 515 004 ool 0.04 — 050
Ultrafiltrate 0.06* 0.007 0.006 0.001 oa 5.20 0]0% oa 0.03 — 0.05
Fraction-|1

(WF-11) 211 0024 0018 0006 004 500 008 0.72 0.38 — 320
Ultrafiltrate 2.08 0.017 0.015 o0®R  oa 5.00 017 0.26 0.37 - 3.00
Fraction-1ll

(WF-111) 2.32 0.026 0.023 0.003 o 480 0.26 0.56 0.44 — 330
Ultrafiltrate~~ 2.26 0024 0023 0000 oo 480 025 0.56 0.44 - 35

*my/i

*Analysis not done
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- Fig. 1. A schematic diagram of the ultrafiltration system.
1 NZ?as cylinder; 2, Valve; 3, Pressure releasegafety dewce?D 4, Thermocouple; 5 Feed tank; 6 Magnetic stirrer;

T, Sami) valve; g Peristaltic pump; 9, Flow meter- FI[ ressurefgauge pj; 11 Membrane (PM-10): 12, UF cell
13, Ultrafiltrate; " 14, Pressure gauge-P2, 15, Flow meter-F2; 16, Return feed line.
10 [ I y u | |
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Fig. 2. Gel chromatographic analysis of cottage cheese whey (W) and ultrafiltrate.
Feed; Ultrafiltrate
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"‘Bl g 8 — T T T
© E M i €
E M 0 60 120 180 240 e
/i Wi ELUTION TIME (MIN)
1 CM " W Fig. 5. Gel chromatographlcanaly[s:|ese3f whey fraction-l (WF.L).
Bm EZ , Ultrafiltrate
AW U original amount of whey. Samples of each fraction were
0 »>TD  chromatographed on Bio Gel P-100 r(| % 0] 6&7? and
anayzed on eI electrophoresis, O the Desis 0 Fig.
1 ) 3 4 , ,an 7t e protein components of the fractions
vvere | ent| Ied as:

F.I=Casein, [3-lactoglobulin, = a-lactalbumin,

Fig. 3. Gel electrophoresis anaIst of cottage cheese whey, SF|| |mmun0 lobulin; alactalbumln low mole-
whey fraction-1, 11 and | cular we|ght comﬁonent

1, Cottage cheese whe 2, Whey fraction-I (WF. 1); 3, Whe .
) %(w?qeyfracugn ik ﬁ”) ); 3, Whey pWF [1=a-lactalbimun, low molecular weight com
A, g lactoglobulin-A; B, g-lactoglobulin-B; C, a-lactalbumin; Chem|ca| analvsis of three frac’uons WF. | Il and 1l
I%DcagrerlgckﬁgBdoy\gne serum albumin (BSA); F, Immunoglobulin; I)S owsYat most of the rotelns vvere collected
|n \NF and little distributed in o WF. | I,
geI eIectro horesis anal Sis of whey. The gel electro-  However, lactose, acids, Ca and P are present In frace
pharesis ( gi l) indicates, that the”whey feed consists — amounts in WF, I. The solids °Br|x in WF ]1and

mamlyof actoglobulin (A &B), a-lactalbumin, casein - WF. 11| are mainly of lactqse, l? of WE. ||
with & small amount of bovine serum albumin % BSA)and lower than the tvvo other fract|ons ecause of h|gher

near the origin a faint hand indicates immunoglobulin. — per cent of titratable acidity in this fraction.

The Identifications are baged on comparisons with the ~ Ultrafiltration flux rate” data for feeds of DDW,
standard proteins and previously published data by Sinha ~ Lactose, whey, WE. 1, [T and 111 are shown in Fig. §
and Mikolajcik.22 The permeation rate with DDW as the feed was taken as
Cottage Cheese whey was fractlonated on Bio Gel the Standard test of the condition of the membrane.
P-6 into three fractions gHg 4}1% collected separately as  Each membrane wag characterized b¥a30 min ultrafilt-
fraction I, 11 and [II and then concentrated to“the ration operation with DDW as a feed. |t was then
. soaked In. water for two hours, and again used for
' ultrafiltration of different feeds.  After that it soaked

8 F - 32 g g, s B
e | I“A s » T T T
i 1 = Bl
; g 8
g s 4 MEE B i
2 ! RE] v
g I fKA ul 7] § 0 /M/\ 1 /_L\
@ iy / < 0 60 120 180 240
0 Aoyt 0 ELUTION TIME (MIN)
0 1 ? 5 Fig. 6 Gel chromatographic analysis of whey fraction-11
ELUTION TIME (HR) (WF. 1) and uItrafIItrate

Fig. 4. Gel fractionation of cottage cheese whey (W) on Bio ~ =eeeeeemeeeoeeeees eed
GelP-& T e : UItraﬂItrate

2
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Fig. 7. Gel chromatographic analysis of whey fraction-111

(WF. 11I) and ultrafiltrate.

.................... , Ultrafiltrate
.................... , Feed

overnight (15 hr? and_ again was tested to demonstrate
the recovery of flux with"DDW. The water experiments
after overnight soakmg of the membrane glve an Idea
of how much the membrane is affected by & given feed,

Lactose (4.7 “Brix) has a high flux compared to all
Ihe other ?_eds (exc?lot DDW), while whely has Ihe
owest ultrafiltration flux. WF. 1 gave the fowest flux
among all three fractions. Fractions 11 and 11 have

lIlILJ

UF FLUX RATE ml/min

1 1|'||!

2
4, e e — 4 J

b’
0.1 1 1 1 1 f

UF TIME (ht)
Fig. 8. ILfltrau:jiltlrlaltion flux rate from DDW, L, W and WF. I,
and IlI.

At a=membrane soaked in water for 2 hr
At b=membrane soaked in water for 15 hr
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more or less the same total solids, i.e, 3.2 and 33 °Brix
which 1s mainly contributed by lactose.
The distinct difference is thé presence of macromole-
cular (mmunog,lobulln) protein in the WF. II. Further-
lon has'lower Ca, P and acids, so that it

has low ionic stren(t;th._ These two factors may contri-
[trafiltration flux from WE. Il In

the protein content decreases from fraction |
to 11l, the average molecular weight of the proteins
decreases from fraction | to 111 and the extent 0f phos-
Phoprotems casein) also decreases from fraction | to

I, All these factors may also be atributed to the
decline in the flux rate from the feeds of fraction Il to
|. Thus, fractions showing differences in the flux rate
show differences in the molecular weight, content and
type of proteins, o
_The presence of a macromolecular protein in WF. |1
IS rather surprising as well as interesting. Being a high
molecular v\\;\e)lght protein it should be eluted in WF,
Elution in WE, [I"might be caused b}/ recipitation of
this protein within thé' gel column as the ionic strength
of this fraction drops during separation. The band of
acids and salts, which travels'through the column behind
the proteins, may redissolve the deposited protein and
cause the protein to appear at the leading edge of the
salt peak (Fig. 2). This'was confirmed using Righ ionic
strength eluant instead of DDW, (Patel, P. C Unpublish-
ed data, University of California, Davis, US.A
Occaswnallt))/, It was observed that some merbranes
allow a-lactalbumin to permeate even though the PM-10
membrane has a nominal cut-off at molécular vvel,(t;_ht
10,000, Inthis kind of more open membrane, the inifial
ultrafiltrate and end ultrafiltrate samples checked for
concentration of a-lactalbumin permeated. In both
cases was found the same amount of a-lactalbumin,
Thus, it indicates there Is no evidence of pore plugging
of the membrane. _ _

A low profile slime formation or gel deﬁ_osn Was
observed for fresh cottage cheese whey in this study.
However, in the feeds of Whey fractionsa proteinaceos
deposit or gel like materials were accumulated on the
membrane “surface during ultrafiltration.  Similar
findings are also reported by Fenton-May et al.u. |t
appear’s that accumulation Of proteinaceous materjals
and membrane compaction itself may be attributed to
the decline of flux during the ultrafiltration process.
The accumulation on the niembrane was mostly protein,
includjng macromolecules (i.e. immunoglobulin), casein
and whey proteins. _ _

Since tlux is the most important Parameter affecting
the size and cost of @ plant, controlling flux decling i§
of major commercial ‘importance.  The mechanical
properties of ultrafiltration membranes under compre-
ssion are of particular interest, since they are related to
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q8NCEW B

PROTI IN

IR ?le%

FRACTION-A

Fig. 9. A schexatic diagram of proposed two-step process
) where:

Fraction-A - casein + /3-lactoglobnlin + a-lactalbumin
Fraction-B #low mol. wt. non-protein components
----------------- — lactose+ salts+ acids

the stresses encountered by the membrane Under opera-
ting condiitions. A membirane is also, likely to become
cIo%;ged by the proteins, as Its pore sizes aPpro_ach the
molécular”size Of those proteins, As the ultrafiltration
[0CesS proceeds, the, ﬂ$ Jformation takes place hecause
he solvent carries with it solutes (proteins) which are
rejected at the membrane surface, resulting ‘in an accu-
mulation of proteinaceous materials on the membrane.
Also the nature of the membrane and. the constituents
of the feed are important factors playing a major role
in flux decline durlng the membrang Ultrafiltration.

A proposed fwo-step process: By combined appli-
cation of gel filtration and membrane ultrafiltration,
one could purify and concentrate proteins from cheese
whey. By eliminating lactose, salts, acids and low mole-
cular weight non-pidtein fractions very pure proteins
?_?uld_be obtained, .Using oply th% membrane ultra-
lltration piocess, It is aifficult to obtain pure Protem
concentrate; some of the lactose, salts, acids, etc. still

remain in the final concentrate. With the introduction
of the gel filtration Step, these residuals are eliminated
In the Tirst step.  The proposed two-step process is
illustrated in Fig. 9. The cheese whey may be employed
at the top of thé column and the whéy constituents may
e divided into two major fractions: ,

Fraction-A= consists of casein+/8-lactoglobulin+a-
lactalbumin _ _

Fraction-B=consists of low molecular weight non-
protein fraction o _

L actose, salts and acids will be eluted after fraction-
A (using gel column having exclusion limit 4,000-6,000
mol wt), S0 they could be Separated easily in fraction-B.
Fraction-A would then be used as a feed for the ultra-
filtration process. By swta_blx fabncatmg the mem-
brane pores at molectlar weight cut-off 12,000-14,000.
the proteins can be retained ahd concentrated into very
pure protein.
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Maltability of three varieties of wheats (‘C 273", ‘WG 357 and PV 18’) as influenced b
I(GA) was investigated. Malt and extract yields an

with and without gibberellic acid
enéymes were increased percezptlb
and ‘PV 18" were: 17.3, 70.

b

8/GA. The alpha-amylase activities (SKB units) in 3-day control malts o ,
and 30.2 as compared with 122.1,115.2 and 112.2 of the corresponding GA-malts. Kolbach index

Permination at20°C for3, 5and 7 dalys
evels of the amonIPmc and proteol; Ic
‘C273, "WG 357

values of these malts increased from 33.0, 32.3 and 33.2 to 52.9, 49.9 and 47.1, respectiveh{, due to GA. Germination for 5 and 7
days caused further increases in these values. The conversion times of the malts were also substantially reduced by GA. The

worts were clear and filtered normally.

Literature on the malting of wheats is sparse compa-
red with barley. There is & scope for developing wheat
based malt industry in the country in view ofthe In-
creased production of this cereal iri recent years, From
104 million metric, tonnes of wheat prodced in 19661,
the present production is estimated at 28 million metric
tonnes.  Germination was considered to be an impor-
tant factor responsible for enzyme production in Hard
Red, Winter wheat accordmlq to Fleming et al.2. Infor-
mation on the, factors infliencing thé maltability of
Indjgenous erm? wheats was lacking.  This Invest-
gation was, therefore, carried out, Besides the effect of
germination time, the varietal and gibberellic acid (t?A)
interactions in relation to yield and"quality of malt have
been reported in this paper.

Materials and Methods o

Three varieties of commercially important_ wheats
namely ‘C 273, WG 357 and PV 18" (1972-73 crop)
were obtained from the Punjab A7%[|cultu[al University,
Ludhiana, The grains of *C 273’ and WG 35" are
amber coloured wnereas those of PV 18" are red. The
samples, were cleaned and preserved in air-tight con-
tainers for use in various tests.

Test weight: ~ Grieners balance was used to deter- |

mine the hectoliter weights. Average weights of dupli-
cate 1000-kernel lots were recorded.

Germination capacity: One hundred kernels. of each
va_net)F_ In quadruplicate were placed in petridishes on
thick Tilter papers. Water was sprayed I|9htly at Inter-
vals to ensure germination. _The tests were carried out
in a eJmm tor at 20°C, The germinated seeds were
counted and removed daily. _

. Water sensitivity: Whéat _kernels (100 in each case)
in triplicate were placed in petricishes lined with
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Whatman No. 1 filter paper, and wetted with 24, 6, 8
and 10 ml of water respectively, and allowed to germ|-
nate af 20°C, The number of germinating kernels were
recorded daily and removed™ from thé petridishes.
Difference betiveen the percentage of maximum number
of kernels which germinated in' 4 ml_and 8 ml petri-
dishes, are exg)ressed as water sensitivi

Steeping characteristics: Samples (50 g) of each
variety was put In cloth bag and steeped ‘In water at
20°C.” The increase in weight of steeped kernels at
Intervals of 6 hr over a period of 48 hr was expressed
as moisture per cent. _

Starch: Polarimetric method based on extraction
of starch from the samples with saturated solution of
calcium chloride, as described by Frazer et al 4, Frazer
?nI(Ij HglmesS and by Frazer and Hoodless6, wes
ollowed.

Moisture, ash and protein (Nx 5.7) contents were
determined according to the AACC methods’. The
crude fibre was determined by the AQAC method8.

Experimental malting: The varleties were glven
preliminary washing with 0.05 ?er cent agueous “lime
solution, to prevent incidence. o fungus on the grains
during germination. Test makings wefe cone on qne k
ots, Of each variety steeped In” distilled water (20°
until the moisture content reached 42 Eer cent. The stee
water was changed at 6 hr intervals to ensure aeration.
The steePed rains were drajned thoroughl% rior 10
germination in- specially dem%ned four “compartment
wooden boxes with wire mesh (No, 12) hottoms for
thorough aeraion durin germmatlon. The boxes,
loosely™covered with 8ol héne sheets, were placed In
the geiminator at 20°C ad satyrated humidity to avoid
undie evaporation of moisture from the grains. Germi-
nation was arrested after 3, 5and 7 days.” To determine
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the effect of gibberellic acid (GA), 1-kg lots were steeped
to about 42 per cent maisture, but thé last 5 hr steeping
was done in GA solution (10 ppm).. The malts werg
dried in a through-flow drier at 40°C. The roots were
removed by %en le rubbing followed by sifting, The
malts and ‘roots were weighed tc determine yield and
losses,  The malt samples” were preserved in"air tight
containers at low temperature for evaluation of quality.
Moisture;  This was determined in accordance wi
AQAC methods, _ _
Diastatic_power DPE Weighed aliquot EZS %} of
ground malt was extracted with™500 ml of dilute sodium
chlorice solution (0.5 per cent). The diastatic power was
determined using buffered starch solution as prescribed
in the AOAC procecure8. The values are expressed as

degrees Lintner (°L). . .

lpha-amylase ~ activity: ~ The ICC method as
described by Pertend was followed. The values are
expressed as SKB units, _ _

roteolytic activity: This was determined by the
method 0 A|\>(re and Andersonl0 The values are expres-
sed_as mg N/L0O % malt, . _ _

Cold-water extraCt: This was determined acc_ordmg
to,the 10B method.2l Ground malt (25 g) was digeste
with 250 ml water containing 20 ml of 0.IN ammonium
hydroxide solution for three hours at 21°C. From the
specific gravity of the filtrate at 155°C, the yield of
extract Was calculated. _

Hot-water extract: An automatic standard VLB*
mash bath was used for mashing test samples according
to the AOAC procedure8. The yield of extract was
determined by the EBC method12_ Conversion time
(min), speed of Alteration, colour of wort (EBC) units,
clarity of wort and soluble nitrogen in the wort were also
determined as described by Singh and Bainsl3  The
deglree of modification in ‘the malt was expressed as
Kolbach index calculated by the expression:
100x total wort-soluble N/total malt N. _

The results are expressed on moisture-free basis.

Results and Discussion

The results of Physmq—cher_mcal characteristics of the
varieties of wheat dre given in Table L

The grains of “WG 357" were bolder than those of
‘C 213" and PV 18 varieties as shown by the 1000-
kernel weights. The hectoliter weight which“depends on
the shape andl texture of grains Was highest, (72.1 kg)
In the case of ‘C 273", and lowest (68.9kg) of PV 18’
The starch contents were 68.7, 70.6 and 71.6 per. cent
in‘C 213, WG 357" and ‘PV 18 varieties, resgectwely.
Inspite of their quite high protein content, the amount
of starch was far more thian usually contained in barley4

“‘Versuchs—und Lehranstalt fur Brauerei, Berlin 65.

Table 1. physico-chemical characters of wheat varieties

Variety Hectoliter 1000 Ash  Crude Protein Starch

wt.  kernel wt. fibre

(kg) @ (%) () (%) Ch)
C 213 721 B3 19 22 148 687
WG 357 702 421 18 22 145 706
PV 48 68.9 L7 17 20 126 716

Starch in malt is useful in the preparation of syrup.
Protein content is of value as asource of soluble nltro?en
nutrients for the yeast in case the malt is used for fer-
mentation, The differences In the ash and fibre contents
of the varieties were negligible. L

Germingfion capacity” and water sensitivity: There
were significant. differénce in the germination capaci
and wat _rsen3|t|V|tyofthevanetles%TabIe 2). Maximur
?ermmatlon 92 per cent) was shown by ‘WG 357
Ollowed by ‘C 273" (82 per cent) and PV 18" (80 per
cent),  Walter sensitivity was 9 per cent in the case of
C203 but_ne%hgmle in case of ‘WG 357" and ‘PV 18
which %ermmae well with 6 ml water and equally wel
In an environment of 8 to 10 ml water.

Table 2. GERMINATION CAPACITY AND WATER-SENSITIVITY
THE WHEAT VARIETIES

Variety Germination Water-sensitivity
Clo) Clo)

C 213 82 9

WG 357 92 0

PV 18 80 1

Steeping characteristics:  The steepmg behaviour of
the varieties when immersed in 20°C wafer is iljustrated
n |%. From the stee?_mg curves, It is clear that
‘C 273 and ‘WG 357" varieties took an average of 48 hr
to attain about 4%/per, cent moisture as compared to 36
hr r_equwed b)r PV 18 -,

 Yieldofmalt;  Amang the varieties, PV 18’ qave the
highest yield of 92.7, 899_and 87.8 per cent malt when
erminated for 3. 5 and 7 da?{s as compared to other

0 varieties (Table 3). _Application of GA increased
the yield of malt of ‘C 273" by 2 to 3 per cent, of ‘WG
357"y 15 t0 2.0 per cent and PV 18" about 2 per cent
similar to the increased Yéeld of harley malt as reported
by several vv.orkersl’}P ) _ .

Apportlonmg the losses to various factors dunng
malting of whéat, it is seen that GA treatment reduce
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Table 3. effect of gibberellic acid and germination time on the yield and physical characteristics of wheat malt

Getr_mi- Treatment Hectotliter 1000kemel wt - Malt yield Steeping  Losses (%) roots  Respiration
nation W
(days) (kg) © (%) (%) (%> (%)
C2m
3 Control 58.3 36.7 87.6 0.80 1.34 10.25
(+) ga 55.1 3.1 90.8 0.87 118 1.17
5 Control 56.2 36.5 85.7 0.82 1.65 11.86
(+) ga 54.2 35.0 830 0.85 150 9.64
7 Control 5.7 348 835 0.87 200 13.66
() ga 53.0 339 85.5 0.89 il 11.92
WG 357
3 Control 55.7 40.1 858 0.89 1.26 12.08
(+) ga 538 376 87.0 0.81 1.04 11
5 Control 55.2 382 84.7 0.85 1.55 12.84
(+> ga 51.6 36.6 862 0.90 133 11.54
7 Control 54.5 318 821 083 1.84 1115
(+) ga 51.2 3.1 835 083 166 13.95
PV 18
3 Control 540 291 92.7 0.51 155 5.26
(+) ga 523 287 95.6 0.61 12 3.06
5 Control 52.6 9.1 89.9 0.53 200 1.54
(+) ga 50.7 28.3 928 0.50 158 512
7 Control 52.0 28.2 878 0.56 241 9.24
(+) ga 50.2 28.0 89.7 0.54 181 791

the overall r_naltm(l; losses of the varieties when glerm|- %ar cent) as germination was extended from 3tq 7 days.
nated for_different times (Table 3). The steeping’losses  Corresponding losses in GA treated samples varied from
were of similar order in all'the varfeties, but major losses 114 to 1,72 per cent, re(%)ectwely. espiration lsses
have_heen ascribed to respiration which incieased as increased from 8.19 to 12.68 per cént for similar periods
the time.of germination increased from 3to 7 days. The of germination compared to 7.11 to 11.26 per cent In
application 0f GA decidedly reduced respiration losses the case of GA treated malts. PV 18 variety was con-
depending on the variety, ‘beln% the highest for WG 357" spicuous by 1ts Towest respiration losses (5.26 to 9.24
as compared to those of PV 18" which were the lowest. per cent) over a 7-da¥ germination which were further
Losses attributed to root growth increased (1.38 to 208 reduced'to 3.06 to 791 per cent by GA. Overall malting

Table 4. effect of gibberellic acid and germination time on the yields of cold and hot water extracts of wheat malts

Extract yield (%)

Cold water Hot water
_ Treatment
tion (days) C 2713 WG 357 PV 18 C 213 WG 357 PV 18
3 Control 175 2.1 140 84.0 82.0 781
(+) ga 30.0 215 22 86.4 85.5 85.2
5 Control 20.9 20.9 16.0 79.0 78.0 78.0
(+) ga 327 0.1 2.1 83.2 83.0 84.8
7 Control 221 244 183 79.0 82.5 19.6

(+) ga 3.0 330 250 845 836 818
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Table 5. EFFECT OF GIBBERELLIC ACID AND GERMINATION TIME ON THE QUALITY OF WORTS*

Ge{_mi- Treatment Conversion time (min) Wort colour (EBC) Nitrogen (%)
nation
(days) C2I3 WG3b7 PVIB C23 WG3H7 PVI8 C213 WG 37 PV I8
3 Control 25 u 155 200 200 200 0.83 0.80 0.71
() ga 7 5 0 <25 2.75 2.75 132 7] 1ol
5 Control 20 © 15 2.25 2.75 201 0.97 0.98 0.90
(+) ga < 5 5 10 275 < 300 .75 155 1.46 110
7 Control 14 9 15 3.00 4.25 2.25 116 114 0.93
(+) ga 4 5 1 4.00 4.25 350 168 158 112

"Worts clear and Alteration normal.

losses of harley have also_been reportedI31516 to be 3 to 7 days as compared to the values of 124°L to 153°L

considerab(ljy réduced by GA. _ for ‘WG 357" and 94°L to 109°L for PV 18 malts, GA
Increased losses with the duration of maltln9 of wheat ~treatment elevated the diastatic activity very considerab-
have been reported by Dickson and Geddesl. ly in all cases. VWhen germination fime Was extended

. Test weights: There was a notable change in hecto- from 3to 7 days, the DP of GA_'C 273" malt increased
liter weightS of malts compared to those ofcorrespondmg from 210°L to 245°L, of ‘WG 357" from 135°L to 224@
Wwheats. CoIIatmq_the esults of Tables 1and 3, it 8 and of PV 18" from 128°L to 174°L, resénectwely.
seen that the hectoliter weights of 3-ay control malts of - There was a steep Increase in_the DP of ‘WH 357" whén
3" declined from 72.I" kg to 58,3 kfg of 57" germination was allowed for 7 days in case of GA malt.
from 70.2 kg to 55.7 kg and of ‘PV 18’ from 68.9 kg to  Diastatic activity determination”primarily reflects the
54.0 kg, respectively. “The decreased hectoliter weights beta-amylase status of malt.
are attriouted to_the porous nature of kernels causedy  Contrary tq the diastatic power of ‘C 273, the 3-day
?ermmanon during which digestion of cell wall consti- ?ermmatlon_ Increased the ‘alpha-amylase activity but
uents accom1pan|ed by root and respiration losses occur for this variety which was_ the lowes r(17.3 SKB unlt&
able 3).  The compact ungerminated grains develop compared with 71.2 and. 30.2 units of ‘WG 357 an
riable and soft texture on mialting. As ‘Seen from the ‘PV" 18" varieties, respectively, There was about_ three
1000-kerne], weights (Table 3), the malteql grains were fold increase in the alpha-amiylase activity of C 273" on
distinctly lighter in ‘weight than the original wheats extending %ermmauon to7(%ll\a}/s, corresponding increases
F{T able T). GA further reduced the hectoliter and 1000- bem% much less in case of ‘WG 357 ang ‘PV°18" wheat
ernel we|%hts of the malts indicating greater modifi- maltS (Fig. 2). The most remarkable effect of GA was
cation of the grains of each vane(tjy. ) _ ‘C 273 Variety whose alpha-amylase activity increased
Malt from™*C 273" developed consistently higher from 17.3 to 1221 SKB units in 3-day germination as
diastatic power (155°L to 170°L) on germination from compared to 71.2 to 115.2 units and 30.2'to 112.2 units

Table 6. effect of gibberellic acid and germination time on the modification-kolbach index (ki) of wheat malts

Kolbach index (soluble N % of total malt N)
WG 357

Get(mi- Treatment C 23 PV 18
nation
(days) Kl Increase (%) Kl Increase (%) Kl Increase (%)
3 Control 33.0 - 32.3 - 33.2 -
(+) ga 529 603 49.9 545 471 41.9
5 Control 318 — 39.9 - 421 -
() ga 61.0 61.4 59.2 48.4 50.6 185
7 Control 45.4 - 45.4 - 434 —
(+) GA 65.8 44.9 64.7 425 525 20.9

K1—Kolbach index
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There was minor increase in_ the proteolytic actjvi
of the malts when germinated for 3and 5 days withou
GA. Extend mrt;hgermrnatron to 7 days resulted |n more
than doubling the proteolytic actrvrtyo the malts (Fig.
32. Under similar conditions, ‘C 273" malt eveloped
atrve g |g/her proteolytic activity than those of WG

The beneficial effect of GA generating hrrTrher amylo-
Iytic and proteolytic activities of wheat malts was hot-

able as the treatment improved the malting. potential
of PV 18" which was water sensitive and suffered from
poor germination and lower enzyme content as a con-

5

GExtrac ields : Tr]e cold water extracts of the 3-day
malts of 273 and PV 18" wheats increased by about
60 r cent due to GA as compared fo 15 per cent of

357", The hot water extracts of the varieties in-

creased uniformly when GA was applied.  The yields
of extract were Mmaximum (Table 43 In 3-day GA malt
but declined in 7-da germrnate malts of ‘C 273,
‘WG 357" and ‘PV 18’ By 05, 19 and 34, per cent,
respectively. Comparatively, the increases jn coldl water
extracts were more conspicuous than in the hot water
extract of malt, though GA contributed to improve the
overall vyields. Thecold water extracts of GA malt
showed hardly any relation to the hot water extracts,
The cold water extract determination is recommended
b¥ |OB method?1 as an index of potential extract yield

of barley malt.

Wort quality: Conversion time of control malts
when mashed under specified conditions of the test
were generally found high for .all ‘the three varieties
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(Table 5). However, there was a decrease of conversmn
time from 25 to 14 min n case of 3and 7 days malts of
‘C 213" whereas ractlcal \}/ no change occurtd for the
corresponding malt of * uctlon In the con-
version time dug to GA int e3da malts from 25 to 7
min and from 11 to 5 min was In contrast to_that of
‘PV 18" malt showing decrease from 15.to 10 min. The
conversion time of PV 18" malt was higher than those
of ‘C 273 and ‘WG 357’ The worts, were clear in al
cases but those of GA freatment being slightly more
coloured. . The speed of Alteration was also norma
Soluble mtrogen in the extracts increased substant|al 7v
in the GA-malts as germination was extended.
day malts had morg soluble mtrogen |rrespect|ve of
variety (Table 5).  The mcreases Vi ned from 5
448 per cent 525 10 38.6 per cent and ger
cent Petween he3and7day malt of C273 WGS
PV 18" varieties, respectively, A Was used.
From the Kolbach index va ues tTabIe 6) which
exnresses the degree of modification, it is inferred that
h the extension of germination from 3 to 7 days, the
values appreciated significantly.  The GA-malt Valuies

perceptibly exceeded"the values of the control malts
without GA. Thus, for the 3day malts of C 213
WG 357 and PV 18" the values were 33,0, 32.3 and

33.2, respectively, which increased to 529, 49.9 and 471,
respectively by GA treatment. An index of 33 i
considered” adequate for g{east act|V|ty In hrewing but
the values increased considerab fy %ermmatmn Was
extended to 7 days. Inthe case of ‘C 273" and ‘WG 357
%/\t/ niglts the ncreases were higher with the malt of

From the foregomg d|scu33|on it seems that wheat
malt of greatly Improved enzymatic act|V|ty reIatlveICy
?reater yield can e obtained ¥u3|n d, restri

% germ|nat|on to 3to bdays at 20°C. To obta|n malts
|ge proteo vtic activity, the duration of germination

extended without affecting the malt and extract
|elds The investigation has shown that varietal interac-
lons with the malting conditions and GA were apparent.

It should e posable to produce malt of desired uaI|ty
v%usmg GA, even though the germination capauty of

eat m;ﬁ/ not be as high as normally desired in barley
for malting,
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Studies were undertaken to determine the optimum stage of maturity of Nendran (Musa paradisiaca \ar Nendran) banana for the

preparation of fried chips. From the physico-chemical data and deep-fat frying trials conducted for the pre
during two years, 1972 and 1973, it was inferred that the bananas harveste between 85 and 95 days after t
rescence are mostsurtablefordeep fat frying, into chips. The pul
1.71 or more indicates that the banana attained the required maturi

increases with the maturity of the fruit.

aration of fried chips

e emer?ence of inflo-
Pto peel ratio serves as a good index of maturity. Aratio of
y for the preparation of chips. The pulpto peel ratio steadily

o

The fully matured bananas suitable for deep-fat frying will have a g-carotene content of about 2000 ftg/100 g. pH of 5.8 and
reducing sugar content of less than 1.5 per cent. "The browning in deep-fat fried chips occur when the sugar content is more.

A superior product with bright yellow colour is obtained when

Nendran banana (Musa paradisiaca var- Nendran&
ch |ps are very popular in Kerala State and are processe
bg/ eeP fat fry mgoffu ly matured unripe bananas. The
It ried hana achrps arerngood demand for internal
and export markets, " In the earlier communrcatronla
crrtrcal study of factors governrngrqu en ran
banana chips has been re orte qtar an
of banana hrg depends a|n on the ageo maturr
which the ananas are arveste for cep-fat fry o
There Is very little published information on this aspec
Hence, systématic studies were ungertaken on physico-
chemical chan Es takrng tPlace durin development and
maturation of Nengran bananas and also during deep-
fat frying to_determine the oHtrmum stage of mardty for
the production of quality chips

Materials and Methods

Raw matenal Eighty Nendran banana plants were
taglged urrng July and Au gust 1972 and suhse uently
d }/ June 1973 at Banana and Prneao e
Research Station, Kannara, Tagging was done wh
inflorescence was about 40- 45 tm Ion% and had | ust
begun to bend downwards. Fruit bunches were picked
from6 lants at random at each prckrn% clate, commenc-
?fro 60 dlays after inflorescence, and at every 5-day
interval till the banana reached the splitting stade (ripe
(s:t6age which at 100 days after the emergencé of inflores-
Physico-chemical studies: The changes in physical

*Present address: Food and Spices Division, CFTRI unit,
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led at suitable stage of maturity.

and chemical composition of banana frnor rs. during
development .and maturation and their suitability for
ttaleloprseparatron of fried chips were then studred &
W
Samples of 3 bananas were drawn from the second
row of each of the six bunches to determine the length,
d circumference, weight of fruit, peel and pulp. The pulp
from the same sample. was used, for the analysis of
moisture, starch, total titrable acidity, pH?, total extrac
table colour3, reducing, non-reducing and total sugarsé
The data were recordéd upto 100 days after the ererg-
gﬂﬁe soh t|tnr1;lorescence when the fruit started ripening
Dee% fat r%mg of chips:  Twelve bananas, two each
from six of the Bunches were picked at random and the
chi s were frred In coconut or as follows:
he banana fingers were hand peeledb stainless steel
knives and slicedto 1.75 t0200 mmt ick by an adjus-
dabe stainless steeI hand seer rr)]rn one
Irectly over the coconut oil In thef an at 160-
170°C when the_ail reached the smoke pornt Fryrng
medium; material ratio was 4 Common salt at'th
rate of 0.6 per cent (wiw added 0 per cent aqueous
solution) Was spnnkled over the fryrn chips In the
Pan towards the end of f%rng Safter about 4 min_of
he total frying time of 5 |nfr50 batch). The
fried chrps vvere removed from the ryrng pan drarned
8gfntgrﬁer)s” and immediately packed in”air tight tin

t Complex, Trivandrum-695019.
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Table 1. physical CHANGES OF NENDRAN BANANA DURING DEVELOPMENT, MATURATION AND RIPENING IN 1973

season crop*

Days after inflorescence Weight Length Circumference Pulp/peel ratio
0 Y pH il
mt3.3 23.3t0.5 11.2-1:0.2 1.23-1-0.02
65 117112 23.6¢1.5 115-108 1.35-1:0.02
70 121-1-2.2 24.2-1-0.8 12.0£0.2 1.3640.02
75 136—18 236-1-04 12.0-1-0.6 1.42-{-0.02
80 138-[-2.3 24.310.4 12.1-1-04 1.52-1-0.03
85 145—27 24.2£0.6 125-1-05 1.64-1-0.02
90 162138 24.240.7 13.0-1-04 1.75-1-0.02
9% 177-1-4.9 24.6J-0.8 13.210.6 1.77-1-0.03
too 189—4.6 25.3-1-0.7 134-1-05 1.95-1-0.03

t Mean of six replications; three bananas in each replication Mean-j-S.E. Em.

Results and Dlscussmn
r¥3|ca changes:  Data re%ardtn the changes in
t, length and circumference of Nendran _tanana
ru It durin development and maturation in 1973 crop
are Rresen ed in Table L
The average. weight of fruit increased from 114 g at
60 days after inflorescence to 177 ¢ at % da d}/ he
increase In weight of the fruit during maturation was
statlsttcally sigrilficant at 5 per cent lével. On reaching
100th"day, the fruit started snlttttng and the fruits
W|th|n the same bunch were at different stages of

|OThe mean length of the fruit increased from 23.3 cm

60 days to 246 cm at 9 days, The Increase in length
o the “fruit during this period was_ significant “at
5 per cent level. The drcumference of the fruit was

found to increase during develo?ment and maturation
from an average of 112 cm at 60 days to 132 cm
?etvegls days. BUt this was not significant at 5 per cent

The average pulp.to peel ratio was 123 at 60 days and
there was a stead |ncrease to 1.7 at 9 days (Table 1)
There was signi |cant ch ange In ?ulp to peel ratio dunn%
maturatlona 5 per cent | eve tfurt er rose to 1.84

100 days matu to 19 at pale ){el ow_ stage an
to 206 at n'o eIIow stage.  Since there is a steay
change in pulp to peel rafio_quring development_and

maturation, it may serve as a fairly good index for fixing
maturity.

Chenical changes: Data regardmg the changes in im-
portant chemical constituents 0t Neniran banana durin
development and maturation are presented in Table 2

Table 2. changes in chemical composition of nendran banana |gluring development, maturation and ripening in 1973

Days after Moisture Acidity wiw Starch Reducin pH of pulp  Total carotenoids
infloresence % % Jo sugars % 3-carotene jug/100 g
60 61.410.3 0.07£0.00 35.5¢0.5 N.D. 6.0£0.00 2006
65 61.5£0.3 0.08+0.00 35.4+0.4 N.D. 5.9£0.00 2501 16
10 61.5-1-0.4 0.08+0.00 35.0£0.4 N.D. 5.9£0.00 450126
75 60.610.3 0.08+0.00 36.00.6 0.37 5.910.1 1318428
80 601£0.5 0.08+0.00 36.10.6 0.43 5.810.1 1673162
85 60.9-1-0.4 0.08+0.00 35.5¢0.5 0.63 5.910.1 2033150
90 60.7£0.3 0.08+0.00 35.2+0.4 0.93 5.910.1 2200469
9% 62.0£0.6 0.0810.00 33.610.6 119 5.8+0.0 2333157
100 63.7£0.5 0.16£0.07 29.57+1.4 3.67 5.310.3 2550443

N.D.-Not done.  MeantS.E. Em.
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Table 3. quality evaluation of nendran banana chips fried at different stages of maturity

Days after inflorescence

ualit
Quality 60 65 70 7
Appearance Not Not Not Not
uniform  uniform  uniform  uniform
Dull Dull Dull Dull
Size Small Small Small Small
Colour Liﬂht Liﬂht Liﬂht Light
yellow yellow yellow yellow
Aroma & taste Not Not Not Not
Normal,  Normal, Normal,  Normal,
starchy ~ starchy  starchy  starchy
Texture Crisp Crisp Crisp Crisp
Or&anoleptic score
ax 32 32 42 43
Min 27 28 36 37
Mean 30 30 40 40
Overall quality Poor Poor Fair Fair

“Score for acceptability-55 in all cases.

There was no substantial change in moisture content of
Pul which ranged between 60 and 62 per cent, while
hat of the peel “ranged between 85.1 and 86.5 per cent.
The acidity of the" fruit pulp which increased by 0.0L
per cent during 60 to % days of matuiity rose t 0.17
?29 gétzi%e?t the'light yellow and deep yellow lipe stages
he star)éh content of the fruit ranged between 35 and
36 per cent during development and maturation upto
90 days, there after it decreased with a correspondmg
Incredse in sugar c%ntent. A noticeable drop in th
starch content Was onserved auring ripening. %
There was an Increase in reducing sugars from 0.
per cent at 75 days maturity to 1.19 per ¢ent at % days
maturity and they further increased during ripening
and regched 55 per cent when the skin of the fruit was
yellow in colour. The Increase in reducing sugars wes

Significant at 5 per cent |evel, The nop-re ucmg sugars by

appeared only during ripening stage 1.6. after
& Fy o te Tt

b days.
he decrease In p ruit” pulp was very little
qurin develoﬁment and maturation; it further decreased
auring ripening or 5yeI_Iowmg. The pH was 5.2 In light
yellow fingers and 5:01n yellow fingers as compared to .0

at the initial green stage of development and maturation.

80 85 90 9% 100
Faitly Uniform ~ Uniform  Uniform  Not
uniform uniform
Fairl Bright Bright Bright Dull
brigh¥ ! ! ! brown
Small Normal ~ Normal ~ Normal  Normal
Yellow Bri[qht Brilght Bright Brown un-

yellow yellow yellow attractive
Fairly Normal ~ Normal ~ Normal  Sweetish
Normal Not normal
Crisp Crisp Crisp Crisp Crisp
63 84 8 84 42
56 5 76 16 3%
60 80 80 80 40
Good V-good ~ V-good  V-good  Fair

The total colour of the fruit increased durin deveIoP-
ment and maturation. The total colour of the pu
explessed as />-carotene was found to increase from 2|
;1/100gat 60 days to 2320 //%/100? at % days maturity

able 2). The increase in total cofour durifg develop-
ment and maturation was statistically 5|%n| icant at 5
per cent level. Thus, the total colour’ of the pulp may
also serve as a good index for fixing maturity of Nendran
banana for_ frying_purposes. o

Frying frials: “Quality of banana chips fried from
ban?na of differen (;ta%es of maturity are pr%s,ented n
Table 3 At 60 and 65 days magurity, the chips were
small and did not have the normal Yellow colour. They
also gave rather starchy taste. The ch¥)s from the fruits
at 70and 75 days weré more or less of the same quali
or sllﬁhtly better. The chips fried from bananas a:
days had Improved colour and taste while the chips from
ananas at 85 days maturity and onwards, had attained
the normal size, colour, texture, aroma and taste. At
100 days maturity, however, the yellow bananas were
unfit as browning of chips as a Tesult of increase In
su%ars in the pu eE and other browning reactions was
observed. ~ Similar observations were”made in 1972
season crop also.
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The properties of the curd (dah'Q and curd powder gels have been compared from the isopiestic study of water vapour adsorption
at two differenttemperatures. From the comparison of the adsorption and desorption curves of one Kind of such gels, the appear-
ance of hysteresis due to the irreversible nature of the gel structure is observed in the wide range of relative vapour pressure. At a
given pressure, the hydration of fresh curd is always hl%herthan that of curd powder. From the BET plot, the specific surface area
ofthe fresh curd in thefgel is found to be roughly twice the value ofthat for the curd powder. From a comparison of the adsoration-
isotherms the values of surface area free energy change, enthalpy change are found to be higher in case of fresh curd gel than that
for curd powder gel at two different temperatures and these value also indicate that the interaction of the water at the gel interface

is purely physical in nature.

The evaluation of various drying methods for pro-
duction of curd powder have béen “discussed in earlier
paperL It has been seen that the fresh curd gel (dahi
and the curd gel optained after hydration 0f freez
dried curd powder differs considerally in their texture
and other physico-chemical properties. Exact repre-
sentation of the original curd by hydration of curd
powder. thus seems to be very difficult

Considerable literature has been accumulated on the
agsorption of water vapour on a porous solid such as
sillica gel, solid protein, solid cellulose etc. Also experi-
ments “were conducted on the adsorption of water
vapour by wheat flour and its dough rising capaci
as' related with its protein content, “particle” size, as
content etc2 6. _

The entire phenomena of formation of curd gel
obtained either by fermentation of milk or by the hydra-
tion of dried fermented milk curd depends upon the

Present Address:

interaction of waer with the protein of milk, which in
cross-linking and existence of turn depends upon the
surface areaexposed, degree ofcross linking and existence
of capillaries, " An attempt has, therefore, been mace to
account for the sorptive capacity of curd powder on_the
basis of their physical and chemical  structure, The
gresent study also revealed the significant difference
etween the two types of gels.

Materials and Methods

Preparation_of fresh and rehydrated freeze dried curd
powder gels: The fresh curd was prepared from whole
milk inoculated with S. ihermophilus as described b
Baisya et aP. Reconstituted freeze dried curd powder
gel Wwas obtained hy the process described by Baisya
et aP, Fresh curd and freeze dried curd weré directly
used for the water vapour adsorption stugl;ri .

Water vapour adsorption studyt The ISopiestic

*Herbertsons Ltd., Lai Bahadur Shaslri Marg, Bhandup, Bombay-400 078.

**Vice Chancellor, Jadavpur University.
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method of measurement of water uptake is based upon
the procedure described by Bull and Breese8 and Chat-
toraj and Bull9 and was déscribed in the earlier paper?.

Results and Discussion

In figure 1 & 2 water vapour adsorption and gesor-
ption curves at 20°C for the fresh and rehydrated curd
powcler %els were compared. In the adsorption experi-
ment water vapour was transferred from the reference
solution to the gel attaining isopiestic equilibrium.
In the desorption “experiment,” water vapour from the
0el was transferred to the reference solution under this
condition. Each curve is sigmoid in shape and may be
classified as type 11 isother saccordlnP to the theory
proposed by Braunaer, Emett and Teller (BET). The

sigmoid shape according to this theory is expected if

the adsorbed water in” the gel fornis multilayersld
In.the range of relative humidity 0.3 to 0.9 the adsor-
ption and “desorption curves in hoth types of gels are
observed to differ fromeach other ina 3|%n|f|can_t fmanner.
This Is related to the occurence of Rysterisis pheno-
mena and the gel structure in this range 1s not reversible
in nature. In the case of pure protein gels such irreversi-
bility8 occurs qnly in the, range of 0.3 to 0.75. In the
curd gel, the milk protein is mixed with other substances
like fat, carbohydrates etc. and possibly due to this,
the irreversibili 'property of the gel netiork has been
extended to wider range Of vapur ressures. _

From the comparison of the adsorption curves, it
appears that the water binding capacity of fresh curd at
3 gwen Ip0 IS aIwaP/s considérably larger than that of
the curd abtained from the rehydration of the powder.
In the_fresh curd, the proteins remaining in native folced
form_is possibly able to form gel network such that it
can imbibe more water_ in the” pores and_ swell more.
In the other hand, during curd dehydration the milk

Cs’q'!

CURD GEL AT 207
O ADSORPTION
© IS0RPTIO

or 62 “'@;"1-2{“4*‘_05. SZ’“:‘%" 08 57 o
Fig. L. Adsorption of water vapour by curd (dahi% 8e| for
different values of relative humidity (P/PG at 20°C.

protein may be unfolded and partly denatured due to
drastic treatment. The gel formed with the treated
protein may lose its capacity to bind more water because
of the decrease in the strenth of the cross links. Accor-
ding to the BET equation

C-l P

PO 1
X(-PIPO)=inC+ PO

where xm and C are BET constants. A plot of x(IP-/FE /%O)

agamst P/P0 hoth for fresh and rehydrated curd Powder
gEls are shown in figure 3. From the Slopes and intercepts
0f these plots, thé xm and C are 0.03 and 149 for
dehydrated curd whereas corresponding values of these
quantities for fresh curd gels are 0.054 and 74.6 respecti-
vely.  Assuming the cross sectional area of the water
molecule to be 10,9 square °An the surfage area of these
two types of gels are found to be 107.4m2gm and
1930 m2/?m respectively. The high value of C obtained
in case of fresh curd gel from BET plot is expected in case
where energy of adsorption (Ej) is several times higher
than the latent heat of condensation (E.) and that with
such a large value of C the intercept is so small (Fig. 3)
that it is very difficult to measure it accurately and ve
little error IS introcuced if a best straight line throug
the origin is drawn and the intercept IS taken as equal
to Uximl213 The surface area In this case IS thus est-
mated both from the intercept of the BET plot as well
aglbg/ taking slope as 1/xm and both give nearly equal
valu

The constant, C in the BET equation is related to heat
of agsorption in the first adsorbed water layer in the
?el (EJ) and latent heat of condensation (E:) by the
ollowing equationl4

c=¢(EI-E2IRT

o DisorPTION

©. o
] 2
T T

———a= X gms H,0 ADSORBED/gm DAY S0L1D,
°

©

N L . .
02 03 04 05 06 o7 “3
~——— RELATIVE MUMIDITY (P/Ps)

4 01 0.9 10

Fig. 2. Adsorption of water vapour bgltcurd 8owder qul for
| °C.

different values of relative humidity (P/PQ) at 20
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8 ET. PLOT
o & CURD POWDER GEL
1 O CURD GEL(DAMI)

01 02 03 04 05 05 O] 08 03 10

S Gk

Fig. 3. BET plots for curd powder and dahi gels at 20°C.

The values of Ei are calculated to be 11.30 K”cals/
mole and 12.33 K calsimole for curd powder and fresh
curd gel respectively. This low value indicates that the
adsorption Is physical in nature, _

Since curd gel is a swellm% system, its surface area
determined by"the BET method ‘should be checked, by
the alternative Harkins and Juras method (HJ) also.

The equation for this is—
P A
og - ==y,
Where V is the amount of adSorhate taken at_any
pressure P-and A and B are constants. A plot of lo

--------- - tix1

80 120

\-o- CURD GEL:L0G (PR) Vs (142).

40 160 200 240

-0-CURD POWDER GEL LoG (PF)
Ve (VAM)161

ALY

-090

Fig. 4. Harkins and Jura plot for curd powder and dahi gels
at 20°C.

173

P/P0 against V2 indicates a linear relation between
them (Figure 4) over an aPp_reclabIe range of vapour
pressure. ~ For fresh curd gels |_t,g|ves singlé straight line
over the entire ran?e. The SpecifiC surface area (S) of the

adsorbent in HJ plot is given by:
S = KA®

04

RECONSTITUTED CURD POWDER GEL
ADSORPTION O AT 20 1
ADSORPTION @ AT 50°c

0.3t

0.2

(e2 1 od

= X gms H,0 ADSORBED/gm DRY SOLID

0 ) i N L Y
0 of 02 03 o4

07 08 09 10

Fig. 5. Water vapour adsoprtion isotherms for curd powder gel
at 20° and 50°C.

Where K, the constant for water vapourZ s taken ag
3.83. The surface area for the curd powder are found
to he 128.1mJgm and 159.1m2gm respectively for lower
an |%her pressure regions and the corres_Eondmg value
for fresh curd gel 15 289.2 m2gm. The dliscreparicies of
the results caltulated In two™ systems~may be related
with the swelling of the gel system and “also on the

CURD GEL(DAHI)
ADSORPTION O AT 20T
ADSORPTION @ AT 50C

° °
o i

X gms H,0 ADSORBED/ gm ORY SOLID — e
o
i

" 1 i N
06 07 os 08 0

e/Po ~—v-
Fig. 6. Water vapour adsorption isotherms for curd (dahi) gel
at 20° and 50°C.

1
0s
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different assumptions involved in BET and Harkins
Jura Concepts. The equrlrbrrum curve for adsorption
of water vapour. by cur 5howder and fresh curd gel at
50°C are shown in |([1ure and 6 respectively, For"curd
?el the value of x af a given value of PIP,, is observed
0 Cecrease srgnrfrcanth{ with Increase of temperature.
The same behaviour is also observed for the curd powdler

AT 20
CURD GEL
® CURD POWDER GEL

X}

31

o4

—XY—>

03

o2

o1+

0

0 01 02 03 o4 0s €6 07 o8 63 10

Y —-

Fig. 7. PloztOgE:X/Y Vs Y for curd (dahi) and curd powder gels

8e| rovided the relative vapour pressure is higher than
This agarn indjcates that the major contribution

for the “adsorption n the curd gel Originates from

thet extensive  physical interaction of “water with

roteins.

P Again an isothermal process involving, the transfer of

water from vapour state to the surface of the adsortent,

AT s0%
C  CURD GEL
@ RECONSTITUTED CURD POWDER GEL

1 L
07 DB o9 10

L It i1 1 s
(o] 01 o 02 03 04 05 D 6

Yy —=

Fig. 8 PloéoofCX/Y Vs Y for curd (dahi) and curd powder gels

5000

O CURD GEL
® RECONSTITUTED CURD POWCER GEL

4000

€
o

q, CALS/MOLE —=

2000

i
il
o

c

0

1 A 1 1 1 1 -
0 04 02 03 04 0.5 0-6 07 08
X gm/gm DRY SOLID ——»

Fig. 9. Plot of q Vs X for curd (dahi) and curd powder gels.

the free energy change, which is usually taken as a
measure, of the affinity of the adsorbent for the vapour
and is grven b%Tt]he e uation’,

where a |s the amount adsorted at a relative, vapour
E)ressure M have their usual significance.
n order to mtegrate the ahove equation x/yIs plotted
rlrarnst Y\ Theé area under the curve (cletermined b
planimetr) is multiplied by RT/M value. The values
offree ener change at C for curd powder and fresh
cur |g8 have n caIcuIated to e—7.82 cals/gm
casgm resgectrvey The corresponding
free ene Pyc ange at g ) are found to be—
656 cals mand -10,43 cals/gm for curd powder and
resh cur %e respectrvely These values again are not
Su |c|enty |gh o |nd|cate any chemical “interaction.,
The héats of hydration_of fhe rotern oel can be
caIcuIated by the Use of Clausius g I’vron equation

raphical integration.I7 The partial molal heat

of hygrgtro[r)r can be v%rrtten as: P
dAH RN\T2 5
dx  T2-Ti y2 ©)

where Vj and V2 are relative vapour pressures at tem-
peratures t\ and t2 respectivel whrch roduce the same
extent of hydration of the protein. 1f V' is plotted a%ar nst
%" and thé area under the curve measured the integral
heat of hydration is found.  The curve for ‘g against
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Table 1. summary of the comparison of fresh curd and reconstituted curd powders-gels

Constant C ~ Monolayer Ener?y of

Surface area  Surface area (S) Freeenergy Freeenergy Change in

of BET  capacity Xm adsorption in (S) from BET ~ from HJ plot~ change ™ change  enthalpy
Curd gel samples equation (gm/gm)  first layer from plot (m2gm) (m2gm) (<G) <G <H
BET concept at 20°C at 50°C  (cals/gm)
(K cals/mole) (Calsigm)  (Cals/gm)
Fresh curd gel 746 0.054 1223 19300 ( 239.2 1058 -1043 71
roauces a
sn?glle_ stgaight
Ine
Reconstituted freeze 149 0.030 1129 1074 1501 78 -65% - 74
dried curd powder (at h|gherfres-
gel. sure) 1281 (at
lower pressure)
V' for both reconstituted curd gel and fresh curd gel 5 2. Wichser, F. W, Shellenberger, J. A. and Pence, R. D.,
shown In Fioure 9. The values of <]|—| found for resh Northwestern Millers Mllllng, Prod. Sec. 1947 2 232.
cgrf gel /an curd ptowclier 0el to be—17.1 cals/lgm and 2 gekr/{a?hH%FKlt:kt- Kﬁh\qu-zsht-,_lsﬂ- 2n7/|’ 326- e LS
-1.4 Calsigm respectively.. _ _ . Gur Arich, C., Nelson, A. |, Steinberg, M.P. and Wei, L.S.,
A summary of comparison of physico-chemical pro Fd. Technol. Campaign, 1967, 21,944
erties of thése two types of gels is"shown in Table 1L 5 Udani, K. H., Nelson, A.l. and Steinberg M.P., Fd. Technol.
rom a comparison of these, two types of gels it appears Campaign, 1968, 22, 1361 |
that fresh curd oel s offering more surface arcd and & Setil R. K. and Chopra, . L, J. Fd. Sci. Techol, 1971
hence more swelling. Also it iSnoted thatboth <IHand ™o e e
<1G for fresh curd el are higher In magnitude than those 5435 ©. Yo xMGE] 2 8., @G 5086 AL, Indian
for the curd powder ge-l' It mayb_econcluded, therefo_re, 8 Bull H B and' Bryeesel K., Arch. Biochem Biophys 1970
tt}a% hthe ttrcl\elrmt?/dynatplc ?nd_ph_)]i_smo-tclheén]gfcal ropert|eﬁ 137 599 o AR Piys %
of these two types of gels significantly ditfer trom eac T . :
?thergﬁcauselotf tt_he p055||ble_ dlff(ejrenced|? the gel s%ruc- o Chattora) D. K. and Bull, H. B, Archs Biochem Biophys,
ure. The qualitative conclusions derived from the above o
analgsm are based o the agsumptions that the composi- * PigficEg g " A1 TN £ . 9 Am. Chen ec.
tions of the dry solids in the two types of curds are not 11 Gregg. s, J. and Singh, E. J., K. S. W., Adsorption Surface
different. area and Porosity, Aca. Press, N.Y. 1967.
12. Livingston, N. K., J. Am. Chem. Soc. 1944, 66, 569.
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Methyl |od|de((jMeI) fumigated groundnuts (dosed at 32 mg/L with an exposure of 48 hr) contarnrngIO .38 ppm of physically bound

gfree) Melresi

ed ad libitum on diets for 2 months. Protein efficiency ratio (PER), Food efficiency ratio (FER), Relative growth rate (RGR)
were calculated and statistically compared with controls.

Germ plasm vs. somatoplasm ratio (GSR

ue, wereincorporated into two diets at 12 and 18 % proteinlevels. 21-day old male albino rats (Wistar straran were

and
el fumigation did not

alter the nutritive value of groundnuts. Hrszopathologrcal studies revealed no damage to kidney, liver, thyroid and festes.

Methyl iodide ( Meg has been shown to bean effective
umr a t for the' control of stored products Insects.1 we
It h as also heen used in controlling microflora in sor-
ghum.2 Earlier studies3 have shown that oil seeds ang
nuts fumrgated with Mel retain high residues as the oil
acts as a Solvent and rotern can brnd wrth Mel chemi-

y. The toxrcrgo Mel to rats has been reported by
o nson4who ministered it orally to determine the
| Djo and the metabolic pathways of its degradation in
the"animal. However, no studis, apﬁear t0 have been
made on the effect o Mel residue in the diet, when used
& a fumrgant for insect control. Here we report the
resLilts 0f & short-term study on the effect of Mel residues
in fumigated groundnuts when fed to rats.

Materials and Methods

Groundnuts (8 per cent moisture) were fumigated in
desiceators at an-insecticidally efféctive dosage of 32
my/L for 48 hr.3 at 215°C, “followed by two weeks
aeratjon. Physically bound Mel residue was estimated
colorimetricafly usrng the catalytic action of iodide on
the oxidation of arsnic hASJrB by cerium (Ce+d) after
eIutrn? with ice-cold methanol

Diet composition; The compositions of the un-
fumigated and fumrgated diets used were as follows:

asein 10 per c&nt and groundnut 25 per centto 1
provrdel8percentprote|n inthe diet and (2) groundnut
at 37.5 per cent to provide 12 per cent protein in the diet;
salt mixture, 2 per cento; vitaminised starch, 1 per centy
vitaminised oil, 1 per cent(ontarnrn vitamin A, D and

E): and corn starch to make upto 100 per cent.

Ratfeedrng experiments:  The effect of Mel residues
was assessed by the rat growth method of Osborne

et alp as modified by Chapman et d% Thirty two
day old male albino Tats (Wistar strain) were randomly
divided into four grouEs and fed on these diets for eight
weeks. The dry uncooked diet was given ad libitum.

76

we| hts_of rats and food intake were recorded eve
The protein efficiency ratio (PER) (gain in weigh
0 of grotern Intake) was Calculated at ffie end of four
weeks?. The total intake of Mel, as physically bound
resicue (pbr) was computed, The other |nd|ces calcu-
lated (for two months for the qrowth pe ormance of
rats were Food Efficiency Ratio ER garn In weigh
of food intake) and Relative Growth Rate (
(?arn in werght/day/[g of we| ht already attained). " Germ
gasm \§ somatop asm ra 0 (GSR wStt]estes we| ht/g
weight) was caIcuIated t0 see” whether the Mel
resicues arfected the testes.

Hrstopatbologg At the end of the studies, all the
rats were killed and their liver, kidney and’ thyroid
glands were examined histologically, ~ Testes “were
Examined for effects on spermatogenésis.

Results and Discussion

Ratfeeding experiments:  Although the pbr of Mel
was estimatéd in the groundnuts e rat-feeding trial
Was expected to show_the total effect produce both
b pbr and ebr cemrcalyrbound resrdueg left in the
groun dnut after aeratron e free Mel résidue found
in fumigated 3roun dnuts after aeratron was 0.38 18[)
The caIcuIate intakes of M yrats for the and

2 per cent protein diets were 9.2£1.5 and 17 |g1_
per kg body weight per day respectively. Ta Ie
gtrgtelsémaa”cyomparatwe account of the ddta analysed

The 4-vieek PER values showed that fumrgatron did
not alter srgnrfrcantl the gain in weight per gram of
rotein conSumed whether @ 18 or 12"per cent’ protein
let was rowded The PER and RGR valugs of the two
rou s not differ significantly.

erm asm ﬁercentages were similar indicatin
that |t unlikel IX at the fumrgated roundnuts woul
e affect the growth of germplasm™( testeg)
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Table 1. response of rats fed on groundnuts fumigated with methyl iodide

Initial Gain in Protein

oi wt. wt. intake
iet
(0) ;9 )
. wk. wk. wk.
Unfumi atedogroundnut
diet with 18% protein
(groundnut 25%) 388 108.0 190.6 488
Fumigated groundnut
(Diet as above) 388 9175 1830 465
U_nfum_i%ated groundnut
diet with 12% protein
(groundnut 37.5%) 388 3443 76.2 232
Fumigated  groundnut
(Diet ‘as above) 388 32.62 76.2 234

No pathologu;al changes were observed in liver
kidney and thyroid glands of rats leceiving the fumqated
grouridnut diets. “The h|stoloq|cal iCture of These
Organs was normal and similar o that ot control animals.

he histology of the testes of rafs of the treated group
was normal, resembling the control group. All the Stages
of spermatogenesis Were observed In the germinal
epithelial I|_n|_ng of seminiferous tybules, The lumina
of the seminiférous tubules were full of spermatozoa.
The microscopic appearance of Spermatozoa was

IMal. .

Majumder et al.9 reported 12 per cent reaction of
methionine with Mel compared fo 52 per cent with
methyl bromicle (MeBr), i.., the extent of reaction of
methioning with MeBr’is 4.3 times greater than Mel.
The possible reaction product (cbr) of Mel with food
commodities may be methylated” amino acids and
morgamc iodides,” Mel would also accur as pbr sorbed
on the surfaces due to Van, der Waal's forces. The rats
fed fumigated groundnut diet could be assumed to have

been exposed 0 the total residue (i.e., por plus cbr) of

el . i :

Johnsond in his oral foxicity studies of Mel on rats
concluded that repeated daily doses of even 30-50 m
0f Mel Pgr kg body _welght wiere without acverse effect
As regards the toxicity 0f inorganic ioglide, the toxicity
rating”of iodide salt is 3.e., moderately toxic.10 lodice
salts "do not share the known erosive action of free
lodine, and no human fatalities are known after a
smggle oral dose of the common iodide salts. Ten gram
of Sodium lodice have heen ?wen slowly by the intra-
Venous route w?hout il effects. )

. The results of our shart term stugly have shown that
it is unlikely that Mel fumigated gioundnuts will pro-
duce any toxic effect as evidenced hy either growth or

7
Food Total  Mel
intake reiltlj(ue (pbrj PER RGR  GSR
intake 4
(gg 4 0 3) 4 8 8 8
wk.  owk. o owk. wk wk.  wk.wk
686.5 211 028 0.9 ou
t 020 10.03 t ol
6920 248 64.5 214 029 019 ou
t21 163 to2a  +0.09 t 0@
456.2 1.30 017 014 0.09
$0.60  £0.05 £0.07
4648 276 68 1.30 016 0.3 010
38 168 1026 10.06 £0.06

fertility of male albino rats. - Even the higher intake of
Mel in the. 12 per cent protein diet had rio toxic effect.
The nutrivive value of the %roundnuts were apparently
not affected by the treatment.
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and

varying nutrient dose level and anion-ca

The growth, in terms of dry weigiht of Morchella sF. was studied in a medium composed of six maz'or elements—N,S,P K ,Ca
gb%/_ jon ratio. Pattern ofg . | _ _
from the third, day upto seventh day and then slowed down. A dose of 500 m. eq./lit. and anion-cation ratio of 0.9 of the

rowth followed cube roof law. Biomass increased

nutrient medium was found to be optimum, dose while a higher dose upto 1000 m. eq./lit. and anion-cation ratio ranging

from 0.8 to 1.0 did not significantly affect the yield.

Studies on submerged  fermentation of mushroom-
mycelium Morchella $p..in particular, as a source of
‘food with flavour’ is gaining importance. _

To attain a high quality”and quantity of mycelial
mass, ideal nutritional and Cultural condlitions, aré to be
provided.  Some reports are_seen on the influence of
nutrient concentration on hiomass and. the nature of
biomass. An increase in total concentration of medjum
gave a corresRondmg Increase in yield with Aspergillus
nlﬁer{ hut the inciease was not proportional “with
Chiagtomium_convolutum.2, A decrease in average cell
size of Bacillus megath_erlum was also noticed with a
decrease In concentration of nutrients. Dagley and
Hinshelwood. _found that in bacterial cultures,”the rate
of ?rovvth is independent of concentration of nutrient
materjals over a wider range, while the final crop is
dwectlgl rﬂrogortwnal to the concentration The effect
of a complete nutrient medium on the growth of an
organism 1s a_combination of two largely independent
faCtors, that Is the total amount of nutfients and the
relative groprotlon of each nutrient in the total,

In a balanced nutrient medium composed of m_agor
elements as NS, P,K,Ca and Mg, anions and cations
form two_ natural ‘groupsb.  Optimisation of anion-
cation ratio forms an_important step In arriving at a
complete nutrient medjum. - While w rkm? with Asper-
%I”US niger, Rosselels found 160 meg/L of nutrients as

ptimurh total concentration and .. s the optimum
anion-cation ratio of the nutritents in the medium,

Eventhough some reports were published on bacteria
and microfungl, no report Is seen on the establishment
of Inter ionic relationship and the Interaction of major
nutrient elements of a medium in mushroom submerded
culture. Hence, in assessing nutritional requirements of
the organism, Morchella sp. Homes method of syste-

matic_variations was utilized here because of its proven
simplicity and general usefulnessb,

In this stud¥ on Morchella sp. an attempt was made
to work out the optimum anjon-cation ratio and also
optimum dose required for obtaining maximum yield.

Materials and Methods

The organism,_Morchella sp. was originally obtained
from Hinachal Pradesh Agricultural University, Solan,
India.  The culture is maintained on potato “dextrose
agar slants by monthly transfers. _

Inoculum Was prepared_from the mgcehum grown
on -0 Ml liquid_medium &Table 1) in 250 ml flasks_in
still culture. ~ The strength of the medium was 500
m, eg/l. and anion-cation ratio was 0.9, and the rest
of the culture conditions were same for all the experi-
ments as described below. Five day old mycelial mats
from 2-3 flasks were pooled, washed with sterile distilled
water and homogenised in Sorvall omini mixer. It was
made upto 400 ml with water and 5 ml of this was used
as standard inoculum for 100 ml medium,  For growth
studies, 100 ml of the basal medium ETabIe ) Was
dispersed in 500, ml ErIenmedyer flasks, sterilised at 11
kﬁ em. for .. min, inoculated and inculbated on a rota
shaker at 250 r.p.m. and one inch stroke for 7 days &
room temperature (23-2/°C).

Five per cent sucrose was used as the. carbon source.
Amon% the six major nutrient elements nitrogen, sulphur
and phosphorus Were supplied as their corresponding
acids, HNOs, H.SQ. and' HsPO. whereas potassium,
calcium and magnesium as their bases, KOH, Ca(OH,.
and MgO. Basing on_some of our_preliminary data,
Bercent composition of anions N-S-P was fixed"as 50-

0-30 and cations K-Ca-Mg as 40-30-30 resg)ectwe_h/.
Trace elements were supplied to the medium By adding

[}
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Table 1. composition of the nutrient medium of strength
500 m.eq/l. and anion-cation ratio of 0.9

No. of meq.  Coefficient of  Wt/vol. taken
purity per liter
hno3 1185 6.7 50.4 ml.
hXo04 414 9.0 209
h3o4 711 177 anr
KOH 105.2 71 T,
Ca(OHyp 78.9 10 29 ¢
MgO 78.9 11 18 ,
Wt./vol.takenin -~ No. of m. eq.xwt. of 1m.eq. X coefficient of
g/ml. 100 purity

Per litre of the medium 3ml. of trace element solution was added,
from a stock solution containing 0.1% each of FeCI3. 6 HA);
%EISZ,(()MHZ?OHZO; CuS04. 5 HA); MnS04. H20 and NaM04

3 ml/L from the stock solution which contained 0.1 per
cent each of FeCI3 6 HO4: Zr.S04 THX, CuS04,
HO, MnS04 HAJ and NaMO04 2 HO, "
To optimise the dose of nutrient medium,_solutions
of six different strengths, varying from 625 to 1000
m.eq./I. were prepared by keeping constant the propar-
tions of six major elements and “anion-cation ratio 0.9

adle 3). .

Seven dlifferent treatments were planned to get anion-
cation ratio of the medium between 0.5 and 15 keepin
the proportions of the six major elements unchanged
Strength of the medium in all"of these treatments Wes
500 m.eg./l. (Table 4). _

In order to find out the effect of different elements on
the growth and optimum time of harvest, there appeared
a nécessity to find out giowth pattern of the organism.

Table 2. yield8attern of Morchella sp. grown in a medium
of strength 500 m.eq./I. and anion-cation ratio 0.9**

Incubation time Final pH* Mean yield (dry wt)
(days) g/100 ml medium
1 50 Negligible
2 4.8 1
3 4.5 0126 a
4 41 0.347 ab
5 4.4 0475 b
6 4.2 0847 ¢
7 47 0.932 cd
8 43 1111 de
9 43 1.107 de
10 45 1.365 f
1 45 1.332 ef

initial pH of the medium was adjusted to 5.0 with NaOH/HCI.
# Means followed by same letters are not significantly different.

-— -

Hence in a medium having anion-cation ratio of 0.9
and astrength of 500 m.eq./I. growth pattern of Morchella
sp. mycelim was studied. ~ Other cultural conditions
Wiere Same as described elsewhere,

Ajter completion of the incubation period, the growth
medium was filtered and mcycehal pellets were Washed
with water and dried at 60°C for 24'hr.

A minimum of 10 replicates were kept in each treat-
metnt. Total soluble solics were measured by refracto-
Mmeter.

Results and Discussion

. Growth andgrowth rate of Morchella: The data on the
increase of biomass of Morchellais presented in Table 2
show that a measurable amount of ‘growth commenced
from the third day of incubation with a rapid increase

Table 3. nutrients at various dose levels and their effect on the yield of Morchella mycelium in submerged culture

Treatment Dose
(m. eq.l.)
N S P
1 1000 2310 94.8 1422
2 750 1717 711 106.6
3 500 1185 474 711
4 250 59.2 23.7 3H5
5 125 29.6 1.8 177
6 62.5 14.8 59 88

{ initial TSS 5%

Composition of major nutrient elements (m.eq.) in medium

Final ~ Mean yield
TSS (%) (g/100 ml).*

K Ca Mg

2104 157.8 1578 48 2149 ¢
1578 1183 1183 34 2525 d
105.2 789 789 20 2.297 cd
526 394 304 35 1216 a
263 19.7 197 22 1612 b
131 9.8

9.8 3.0 1071 a
Std. error 1.094 (18df)

{ + Mean yields followed by same letters are not significantly different
For the calculation of miIIieguivaIeni grams, six major elements are taken as nitrate. No. 3/1 =62; sulphate S04/2=48; phosphpt

P04- 31.7; Potassium K /I~3

; Calcium Ca/2-20 and magnesium M g/2-12.
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Table 4. distribution pattern of anions and Cationﬁjﬁ\ﬁﬂﬁw their effect on the yield of Morchella mycel:um in

Anion cation Anions  Cations ~ Composition of major nutrient elements (m.eq) in the medium = TSS  pH  Meanyield**
ratio Final* ceeeeeemeeeeeeeens 9/100 ml
N S P K Ca Mg )6 Initial Final
0.5 1667 3333 833 333 500 1333 999 99.9 5 100 82 (7% a
Q8 222 17 u11 444 666 n1 83 83.3 2 67 84 2320
0.9 2310 2630 1185 474 711 1052 789 78.9 2 55 82 23U b
10 2500 2500 1250 500 750 100 750 750 2 52 19 2317b
11 2600 2380 1310 524 78.6 %2 714 114 5 33 62 0928 b
22 2130 210 1365 546 819 908 908 681 5 25 25 Traces
15 30000 200 1500  60.0 90.0 800 600 60.0 5 22 21

»Initial TSS 5%

Std. error £0.276 (21 df)

**Mean yields followed by same letters are not significantly different.

For the calculation of milli equivalent grams, six major elements are taken as nitrate NO 3/ -62; sulphate S04/2- 48; phosphate
P04/3-31.7; Potassium K/I- 39, Ca/2- 20 and Magnesium Mg/2 =12

Strength of the medium 500 m.eq./I.

u?to Tthday, There was, however, further increase upto
11th day of incubation although the output was not
higher. Maximum yield of 1.365 g per. 100 ml mediumwas
observed on 10th day. There is o significant difference
hetween the yields at 10th and 11th day and also between
the yields at 7th, 8th and 9th dﬁx he 7th day of in-
cubation was consicered as optimum time of harvest.
Fig. .1 shows_ the plot Edry wel%ht)]l3 versus time in
days. The straight line obtained shows that the growth
foflows the cube root law.
b= (hiil3 + ct)3
where, b - dry weight at time t;
bi - initial dry weight;
¢ -constant; and
t - time

The value of constant ¢ obtained In submelyged culture
of Morchella sp. in this study is 0. 1 4'3 upto 6th

day of incubation and 0.031 18 after 6th day.

. The cube root js followed b%gellet forming organisms
In submerged culture where the growth is supﬁosed to
be three |men3|?nal and ﬁhe %tram of Morchella sp.
employed here also is pellet forming one and thus
follows the same pattern of growth,

Reduction in the growth Tate after 6th day may be
due to reduced mass transfer rate for nutrients and

oxyoen as sugoested by Emerson,/ Marshall and
A>I%/>9ander,8 Yaﬁg el alg a%d Pirtl)

Determination of optimum dose: The yield of my-
celiym and the changes in total soluble Solids of the
medium for six doses 0f nutrients supplied, are presented
in Table 3. The data show that the vield increased with
an increase in dose from 62,5 to 500 m.eq,/l. Further
increase in dose did not result in any additional, yield
although a concentration as high as 100 m.eq./l. did not
show any deleterious effect on"the yield. Hence g con-
centration of 500 m.eq./l. was consicered as optimum
for Morchella sp. studlied. o ,

_Determination of optimum _anion-cation ratio: The
yield of mycelium, changes in pH and total soluble
Solids of thie medium aré presented in Table 4. The
results indicate that the growth of the mycelium wes
poor at anion-cation ratio” L1 and 05 where the initial
PH of the medium was 3.3 and 100 res?ectwely and
here was no growth at ratios of 1.2 and L5 where the

-]

PO
o4
@00 w e

Time (daoys )

Fig. 1. Plots of increase in dry weight with time.
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initial pH was 2.5 and 2.2 resBectiver. Good growth
was observed at ratios of 0.8, 0.9 and” 1.0 T,he,%/_leld IS
maximum at a ratio of 0.9 although not_significantly
different from the yields at a ratio of 1.0 The optimum
anion-cation ratio, is therefore, taken for the nutrient
medium used is 0.9, while the optimum range is 0.8 to 1.0
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Heatlosses from the milk spray dr

ers of two selected milk powder factories were estimated. Major heat loss took place throu

h
the exhaust air and only marginal tﬁro_ugh the dryer walls. The total heat loss was found to be 112402 Kcal/hr and 791540 Kcal/%r
respectively in the two plants, accounting Rs. 468.70 and Rs, 3279.50 8er day. Ofthis loss the exhaust air in plants A and B was

responsible for Rs. 460 and Rs. 3240 respectively, The heat loss per 1

0 Kg of powder in terms of rupees was 10.93 (10.73 due to

exhaust air) and 0.20 due to dryer walls in one plant and 6.47 (6.39 due to exhaust air and 0.08 due to dryer walls) in the other.

Methods are suggested to reduce the heat losses.

As a result of fuel crisis and high cost of fuel in the
recent past, there Is an increasing consciousness among
the dairy plant managers about the optimum consum-
Btmn of energy in dairy product processing. It has

ecome imperative to identify the factors reponsible
for unnecessary excess energy consumptlon and find
the magnitude of loss, so~that suitable remedial
measures could be accom'nll_shed. _ ,

The spray drying of milk is comparatively high energy
consuming operation in the food Industry.” It has been
reEorted8 that 1602 Kcal were required to evaporate
1kg of water in a spray dryer. In ideally operated spray
dryer 1150 keal would be required at air temperature, of
190°C to evaporate one Kilogram_ of waterL The high
energy consumption in spray” drying would be caused,
by, besides others, inefficient utilization of heat and high
heat losses. _

Heat losses from spray dryers take place in two ways:
heat energy associated with the dryer exhaust air and
heat losses through the drylng chamber surfaces. The
dryer exhaust air temperature is about 90-100°C, and

*National Dairy Development Board, Anand-388 001.

there is not much scope. in decreasing it, as it would
result in unacceptable increase in powder moisture
content. However, suitable s¥stems may be thought of
to recover this useful heat. The heat l0ss through the
chamber surfaces may also be substantial, and can be
decreased economically by providing adequate
insulation. ,

Realizing the importance of the problem, studies were
conducted In two milk powder plants _emPonmg spray
dryers for drying, the results of which with the suggestion
{]or improving the dryer performance are presented
ere.

Materials and Methods _ _

Plant details:  The two plants studied are designated
here as Plant A and Plant B, The Plant A spray dryer
was of Anhydro make. This co-current dryer uses
centrifugal disc atomizer for atomization of milk and
steam air heater for heating the air, The chamber
of 459 m diameter was cylindrical all along its length
of 4 m and its bottom had little inclination” with hori-
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zontal. An inverted v’ shaped stainless steel arm or
scraper mounted at the bottom of the dryer removes the
powder being deposited on the bottom surface. The
scraper rotates at a speed of 2 rom. The 0.25 cm thick
stainless steel inner wall of the dryer was covered with
10cm thick fibre-glass insulation which itself was covered
by a 0.25 cm thick aluminium sheet.

The Niro, co-current spray dryer of Plant Balso uses
a centrifugal disc atomizer but has a conical bottom. On
the outside of the conical portion is mounted a hammer
which vibrates this portion on hammerm% resulting in

speedy removal of powder. The dryer wall is made of

materials with thicknesses as in the case of the Plant A
dryer. The cylindrical portion of the chamber is 8.12 m
hltgh with 8.49 m inner diameter. The conical portion
ofthe chamber converges to a 0.89 m diameter pipe after
a vertical_height of 6 m. _

0 ebrlatlnlg conditions of these spray dryers are given
in Table

Table 1. operating conditions of spray dryers

Drying air ~ Wet bulb  Ambient Airflow  Powder
Plant  temp. (°C)  temp, of temp. rate  production
. the drying rate
inlet outlet air (°C)"  (eC)  (kg/hr) (kg/hr)
A 20 9 52 30 7414 237
B 20 & 52 40 78909 2813
Method: Heat loss through the exhaust air: The

isohumid heating

ambient air is heated to 200°C b¥h onumio neatl
alphy is used for

process. A part of this added en
drying, and the rest is lost, Thus

o 91= 92+ 93+ 94 _ ....0)
Wwhere qlzenthalgy added into the air; g.=enthalpy
used in drying; (1:unused enthalpy in the exhasut
air; and g4=heat lost through dryer walls.
~ The total enthalpy of air. qAtaking 0°C as datum, can
in general be written as below:

A= mCpt+ MH[te+\ d+ 045(t- t)] .. (2)
_Wwhere m=flow rate of air in kg dry air/hr; ClJ=specI-
fic heat ofair; f=dry bulb t_emEerature ofthe airin °C;
H=specific humidity of air in kg of moisture/kg of dry
air; dew poinf temperature of the air; and \d =
latent heat of vaporization of water at t;. ,

The gx s evidently the gAof drying air at 200°C minus
the gA of ambient dir, o _

The unused enthalpy of the drying air appears.in the
dryer exhaust air. In addition the enthalpy used in dry-
mgi also appears in it in the vapours remaoved from the
milk. Thus in an adlabatlcalli/ operated dryer there i
no change in the enthalpy of the air. The enthal?y of
the exhaust air, o, can fiowever be written as follows:
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Q m "7XT0+WH0|+/0+ATQ0+0.45 (t0 tjo] .(3)
or q0 m Cpoto-\t7i  [Mo+"rio+0.45 (tp—tjg] +
M[, <o+ Arfo+ °-45 (t0 - tdo)] ..(4)
where w=mass of water evaporated from milk in
kg/hr and subscripts o and i are used respectively for
exhaust and inlet conditions of dryer air. “q3 can’ now
be calculated by subtracting the enthalpy of ambient
air, eq (2), from'the first two terms of go in‘eq (4). Thus
ds =tti [(Cp0 ta —Cpatag + H, {(t@ —t(n) +
(X0o~Xdal + 045 (t0—-a—tjg + tda) L] +()

fy ooNpucTion _;

Kag
i

e

B,

Drying
air

Powder
layer

—r—¥

STAINLESS FIBREGLASS ALUMINIUM STEEL

Fig. L Dialaﬁramatical model of heat loss though spray dryer
wall.

where subscript a is used for ambient air.

Equation (5) was used to calculate that part of,
enthalpy added to the air in heating process which was
not used and was lost to atmosphere through the exhaust
ar,

Percent total heat loss, heat loss through exhaust air
and heat loss through walls were calculatéd respectively
from the following equations:

Radiation

Ambient

alf

Cap-
vection
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per cent total heat loss= <" ;];“’ +(6)
per cent exhaust air heat loss = 1027lq3 (7)
per cent dryer wall heat loss 102]q4 .(8)

An approximate equation has been used8 for the
calculation of overall thermal efficiency as follows:
('l-") 100
" (9)
100 minus no would then give approximate percent
heat loss. But equation (6) gives more accurate results.
Some of the values used in calculation are given in
Table 1 Other values were: for Plant A, H,=0.015,
<do=46.5, \ d0=sn, (p=0.245 07=0.241, 7"=21,
CIX)N0-24" =5856 and for Plant B, tdo= 49, \ do-

5695 and other values were same as those for Plant A.

The values of Cp at various temperatures were obtained
from Perry et ald,

Heat loss through dryer walls: Heat loss through the
dryer surface would take place by conduction, convec-
tion and radiation (Fig. 1). As the dryer is well insulated,
the outside surface temperature would be quite close to
the surrounding temperature and hence losses by radi-
ation would be quite small as has been shown later.

The exact equation for heat transfer through cylin-
drical surfaces includes the effects of radii of différent
layers. In spray dryers, however, the diameter is much
Iargier_ln comparison with the thlcknesses of construction
materials, so that these effects are negligible. The heat
loss can then be expressed as following:

q:Aktl X XE x4 Xa 1

Where, A=heat transfer surface area; A 7=overall
average temperature difference between dryer air and
surrounqu; Xi.Xz,x3 and x4=thicknesses™ of powder
layer, stainless steel sheet, fibre-glass insulation and
aluminium sheet respectlvely; kifafa and kA= thermal
conductivities of powder, stainless steel, fibre-glass and
aluminium, _respectlveIY (Table 2); [i=inside forced
convection film heat transfer coefficient; /it=natural
convection film heat transfer coefficient; /irradiation
heat transfer coefficient of the outside surface.

Table 2. thickness and thermal conductivity of dryer wall

CONSTRUCTION MATERIALS AND POWDER LAYER

Particulars Stainless  Fibre- Aluminium Powder
steel  glass

Thickness, m 2.5X10'3 1x10-1 2.5x10'3 1.2x10-“

Thermal conductivity, 18 0.045 174 04

kcal/hr-m-°C.

The value for k is from ref (3)

Itc and Itr can be calculated from the following equ-

ations3,
he — 112 (A Qi *(10)
hr-'004,2 e /(Ig%)v 1+(1)
where, A 7=temperature_difference hetween outside

surface and surrounding, 6 =emissivity of aluminium
Tav=average temperature of the outside surface and
the surrounding, ’K. Inside forced convection film
heat transfer coefficient, /;, was calculated from the
following equation.3

k /DIG\ 08

h=002 ;)

Where, G=mass velocity of the air through the dr%er,
kg hr-m2; D/ = inner diameter of the dryer, m;
thermal conductivity of air, kcal/hr-m-°C; and ;i =
viscosity of air, kg/hr-m. The values of k and a were
taken at average temperature from Perry et al4.

In the dryer of Plant A the powder fell on the botfom
and was scraped off by the scraper arm.  Thus, in a
revolution of the scraper arm the powder thickness on
the bottom varied from zero to Some maximum, which
caused resistance to heat loss. The plant produced 237
kg powder per hour, the dryer diameter was 4.59 m
and the scraper arm rotated at 2 rom. Then the maxi-
mum thickness of the Powder layer on the bottom in a
revolution was calculated as.

1
SM Niesx450x4.59 \

Ta |n8 " a5 0.5 g/cc the thickness was calculated to be
2.4 x 10"in. Thus the average thickness in a revolution
was 1.2x 104 It is thus séen that the powder layer

IS 100 less in thickness to have any effect on U . Theére-

fore although a thin Ia}/er of powder deposits on the

bottom of dryer of Plant A. and on the conical portion

of the dryer 0f Plant B the U has been considered same

all over the dryer. ,

Cost ofheat: Furnace oil was used to generate heat.
Furnace oil has calorific value of approximately 9500
kealllit, Taking fuel efficiency to be 75 Per cent, the
approximate cost of heat cari be calculated from the
following equation:

/ 1000 |\ b
Ch=\1075%x9500) cr (3
Where CH=cost of heat in Rs/1000 kcal, and cF—
cost of furnace oil in Ry/lit.

|t may be observed however that the cost of heat CH
calculated from equation (13) does not include fixed
and overhead costs which may be from 15 to 35 per cent
of the total cost3. Taking average figure of 25 per cent
total cost of heat is.

(1)
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Table 3. HEAT LOSS FROM SPRAY DRYER WALLS

Dryer U A
portion
(kcal/hr-m2-°C) (m2)
A Top 0.2 16.48
Rest 0.2 3.7
B Top 0.261 56.5
Rest 0.261 306.77
Cr= " =0.1875 CF .(14)

Taking cost of furnace oil as Rs. 1.20 per litre the cost
of heat comes to about Rs. 0.23 per 1000 kcal. This
cost has been used in calculating the loss of heat in
terms of rupees.

Results and Discussion

Values of different heat transfer coefficients calculated
were: h for Plant A dryer 0.4 and for Plant B dryer
0.78; he and hr 3,05 and 0.0505 kcal/hr-m2-°C, respec-
tlvel%/_, for both the plants. The overall heat transfer
coefficient was calculated to be 0.2 for Plant A dryer and
0.261 keal/hr-w2-°C for Plant B dryer.

Heat loss took place from all the sides of the dryer.
The temperature of the drying air, however, decredsed
from inlet to qutlet. Thus mean temperature difference
has been considered for all surface areas except the top
area. For heat loss from the top the air temBeratur_e 1S
effectively equal to the inlet temperature. Table 3 gives
heat tranisfer surface areas, corresponding temperature
drops to be considered for both the plants and heat
loss through dryer walls. ,

Results on heat losses in spray drying at both the
ﬁlants are presented in Table 4. Total heat loss is 112802
keal/hr in Plant A and 791540 keal/hr in Plant B, that
is, about 36 and 25 percent of total added heat, respecti-
vely. This has resulted in a net loss of aBprommater

At g Or Heat lossfkg powder
produced

(°C) (keallhr) — (keal/hr) (k cal)

170

R S 88

160 2620 "V

g5 60y 0 3

Plant B. In effect the cost increased by Rs. 10.93 per
100 kg of powder in Plant A and Rs. 6.47 per 100 kg
of Kowder in Plant B, _

s can be noted from the Table 4, the major heat Joss
took place through the exhaust air and onl mar%mal
through the dryer walls. Due to the heat loss through the
dryer walls, however, Plants A and B are mcurrm% daily
loss of Rs. 8.70and Rs. 39.50, respectively. Although these
losses are not much, it might be economical to reduce
even these losses by providing more insulation. 1t is not
possible here to suggest the actual economical thick-
nesses of insulation for these plants due to_ lack of
knowledge of actual cost figures involved. But it can be
calculated readily from the following equation?.

A/ 100000 b
Where, b =cost of installed insulation, Rs/m2jr-cm;
A:=thermal conductivity of insulation, kcal-
cm/hr-m2-°C;
M=value of heat in rupees per 10s keal
including consideration of fuel cost, capital
investment, interest, depreciation, etc.,

R=total thermal resistance (kcal/hr-m2-°C) 1
rj=and r2=inside and outside radii of insula-

Rs. 469 per day to Plant A and Rs. 3280 per day t0 tion, respectively, ¢cm; to and
Table 4. heat losses from milk spray dryers of plants a and b
, Heat loss in Plant ‘A’ thro ‘Heat loss in Plant IB” thro’

Heat loss in terms of _

Exhaust air ~ Dryer wall Total Exhaust air ~ Dryer wall Total
keal/hr 1107,00 2102 112802 782000 9540 791540
% of the added heat 349 0.66 35.56 241 0.3 25
kcal/100 kg powder 46750 885 47635 27800 340 28140
kcal/100 kg of water evaporated 29150 552 29702 20050 215 20295
Rs/100 kg powder 10.73 0.20 10.93 6.39 0.08 6.47
Rs/100 kg of water evaporated 6.70 0.13 6.83 4.60 0.06 4.66
Heat loss in Rs/day (18 hr day) 460 8.70 468.70 3240 39.50 3219.50
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ffl=operating and ambient air
temperatures, respectively, °C;
~Y=hours, of operation per year.

It is_possible to improve the overall performance by
either increasing the air inlet temﬁerature or decreasing
the air outlet témperature or both. Decreasing the air
outlet temperature at least in p ant B, is not possible
since. by domg so the moisture content of the powder
will increase ecreasm? the storahility of the powder,
The air inlet temlpera ure_can be increased2 heyond
200°C, but this will result in the finer powder parficles
which will give less solubility, and in other, quality
losses. The increased capacity will cause less heat loss
Per Kg of powder, however, the total heat loss throu%h
he exhaust air will remain the same so long as the
exhaust air temperature is maintained same. It s, there-
fore, very important to recover this useful heat which
otherwisg is lost to atmosphere, ,
Recovery of heat economically from exhaust air
however, is not easy because of unfavourable air con-
ditions. - Firstly, the exhaust air contains fine_particles
of milk powder in approximate mass concentration range
of 0.02 to 0.15 per cent, or even higher. This powder
will deposit on the heat transfer surfaces decreasing the
overall heat transfer cogfficient tremendously. Secondly,
the exhaust air has relative humidity of about 17 per cent
and 25 per cent respectively in Plants A and B, and can
not be cooled helow ahout 50°C as this would result in
condensation of vapour from air.  This will cause
operating difficulties and decrease the overall heat
transfer “coefficient. ~ Thirdly, the deposited powder
which would strongly stick to the surfaces due to humid
air would ‘or_esent cleanln% difficulties. And fourthly,
the air itself is a poor conductor of heat thereby neces-
sitating large surface areas. All these reasons have
discouraged the use of heat exchangers for heat recovery.

One system which may economically and efficiently
recover heat from the exhaust air is by employing wet
scrubber. In principle, the raw milk"is spraKed in a
stainless steel chamber through which the exhaust air
flows entering at the hottom.” The exhaust air heat is
used in preheating the milk and also in partially con-
centrating it. In addition to heat recovery, the System
facilitates the removal of powder entrainéd in the air.
The partially concentrated, pre-heated milk may then
be concentrated finally in evaporators hefore feeding
to the spray dryer. Work is in progress in this laboratory
on such a system. .

Other methods may include use of heat pipes, extended
surface heat exhangers, etc. for recovering this useful
heat. Varshney and Ojha7 have suggested a number of
methods for the conservation of energy in dairy plants
including dryers.
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RESEARCH NOTES

PRELIMINARY OBSERVATIONS OF THE
TOXICITY OF MORINDIN, A GLYCOSIDE
TO c:ocKROAcF:LHIEEsS AND HOUSE

The qucoside, morindin was extracted and purified from the
root bark of Morinda tinctoria Var, tamentosa H. Initial
studies on the toxicity reveal promising effects on cockroa-
ches and house flies. Differential sex susceptibility is also
observed for both the insects.

_The genus Morinda is economically very important
since various parts of the plant aré used in dyeing
textiles and pharmaceuticals. Morindin and its aglycone
morindone occur in free condition in the root, roof bark
and heart wood of Morinda citrofolial? M. parsicae-
foilal and Copriesome astralis.4 In the present studies
the gll_Ycomde morindin 6-primeveroside of Morindone
(CyH2B014 15,6—trihydroxy 2-methyl anthraguinone)
Nas been extracted and purified from”the root bark of
M. tinctoria var. tomentose Hooks  The stimulator
effect of morindin on isolated heart of cockroach an
its mode of action has been reported6 recently.  Since
cockroach and housefly are the very comman_ insects
found on food commodities, certain. preliminary
observations made on the toxicity of morindin to these
insects are being reported here, _

Adult male “and female cockroaches Periplaneta
americana L. and house flies Musca domestica nebulo, F.
used in the present investigation were reared in the
laboratory under controlled” conditions.  Morindin at
different Concentrations was dissolved in ethanol (W/V)
and a uniform dose of 5 jul test solution per insect was
applied. Male and female cockroaches of approximatel
same size (1-2 g& were separated into batches of 20 eac
In triplicate and treated intraperitioneally as described
by Menusan7. To fest the toxicity against houseflies,
different concentrations of morindin ‘were treated by
torolcal method (0.001 mI/msect)_on the dorsal surface
of the thoracic region of houseflies. Male and female

Table 1. toxicity of mornindin to cockroaches and house-
flies
Insect Sex Regression equation | pso
Cockroach Male Y- 154 5X+26.42 0.2
Female Y- 148 1x4-16.80  0.24*
Housefly Male Y= 44.87x4- 413 123%*
Female Y= 39.96x4-22.98 62**

*ju-glinsect;  **uglg body wt.
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flies of 3-4 days old were grouped into batches of 20
each in triplicate. Control experiments were carried out
simultaneously under similar conditions using ethanol.
The mortality counts taken after 24 hr were corrected
as _per Abbots8 formula. _ _

he results were subjected to probit analysis9 and the
LD% values read from the regression lings {Table 1) In
case of cockroaches, after the treatment slight excitation
was seen followed by knockdown effect in 20-30 min,
Similarly with houseflies knockdown effect was observed
after 10'min. Further no recovery was noticed among
the insects showing knockdown effect. N

Studies on the toxicity of morindin revealed promising

effects on cockroaches and houseflies. It is mterestln%
to note the differential sex susceptibility of the tes
Insects to morindin.. The_relative sex susceptibility of
cockroaches to morindin is negligible whereas surpris-
mng%, female flies are more susceptible than the males.

e authors are grateful to Prof. Shyam Sunder Simha
Head, Department of ZooIoPy, niversity College
Kakatiya University, Warangal for encouragement and
facilities.
Department of Zoology & Chemistry,
University College,
Kakatiya University
Warangal-560 009, 'A.P.
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OLIGOSACCHARIDES OF CASHEWNUT

Oligiosaccharides of cashewnut extracts were qualitatively
analysed by paper chromatography and found to he made up
of mostly galactosyl sucroses. The oligosaccharides
identified were sucrose, raffinose, stachyose and verbascose.
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Cashewnut (Anacardium occidentals) IS valued for
Us taste and flavour, partllcularlyf after roasting in a fat
medium.1 One of the likely Tactors responsible for
cashewnut flavour development, as in ﬁroundnutsz_ may
be the free carbohydrates about which there is Practlcally
no information. "The present Paper reports the nature
of free oligosaccharides present in cashewnut.

The coarse fat-free meal was successively extracted
thrice with 70 per cent agueous ethanol (1.4 w/v? In a
mechanical shaker for twelve hours. Ethanol was
removed in vacuo and the ethanol free extiact after
removing salts by deionisation was concentrated, chro-
matographed desc,endlngz) on Whatman 3 MM paper
using solvents ‘l)l-bu anol: ethanol: water (4:1:1),

i) _1-propanol: ethyl acetate: water (a) 6:1:3 and (b)

|
(7:1:2. The carbohydrates were located using the spray
reagents>6-7 (/) benzidine acetic acid, BAA)™ (ii) benzi-

1 2 3 | 5

Fig. 1 Paper chromatogram of cashewnut oligosaccharides.

1, Sucrose; 2, Raffinose; 3, Verbascose; (contains trace of
s}]aché/ose); 4, Green gram extract; 5, Cashewnut oligosac-
charides.

, Sucrose; I, Raffinose; 1lI, Stachyose; IV, Verbascose.

dine: acetic acid: _ trichloro-acetic acid (BATA) and
(|n]) urea-hydrochloric acid (UHA).

he chromatograms obtained in the above solvents,
were similar to that obtained with green gram extracts8.
Their appearance as brownish and Dluish"spots with the
last two spray reagents (BATA and UHAJ and absence
of reaction with the first reagent, (BAA) identity of Rf’s
and homologous nature indicated their similarity_to
sucrose, - raffinose, stach}/ose and verhascose. "The
various hands marked 11to 4 corresponding to sucrose
raffinose, stachyose and verbascose, were eluted, con-
centrated and identified as follows: ?Flg. L),

Band L Rf 0.71 (Solvent ii ;bg) aiter hydrolysis with
acid (0.1 N HCL, 15-20 min at 70 Cg and enzyme (dlalgs-
ed B.D.H, invertase in 0.05 M acetate buffer of J)H- 6
for 24 hr) ?ave lise to glucose and fructose (identical
Rfs with"standards in different solvents, specific test
for ketose etc.). This compoment is most likely to be
SUCrose.

Band 2, R 0.46 (solvent ii (b)) after acid hydrolysis9
(20 per cent acetic acid for 5 hr at 80°C) and enzyme
nydrolysis with invertase as described edrlier, showed
two SFOIS, one _correspondln(l;_ to fructose and the other
to melibiose which gave negative test with UHA, positive
test with (BAA) and had" identical mobility with the
standard compound.  Further on treatment with a
%alactomdase preparation from Agave Vera Cruz,9
and 2 gave a spot corresponding to galactose. and
sucrose adentlfled by its mobility”and hydrolysis to
glucose and fructose) Iindicating that it may e raifinoge.

Band 3, Rf 0.36 (solvent ii(?_b)) after invertase action
showed two spots corresponding to fructose and the
other likely to be manninotriose (Rf lower than that of
melibiose and negative test with UHA spray). Action
with galactosidase resulted in free galactose and raffinose
(reducing Sugar test negative and ketose test positive,
and identical Rf’s with authentic compounds in two of
the above solvents). This is most likely to be stachyose.

Invertase action on band 4, Rf 0.28 (solvent ii (b))
was sluggish. But action of galactosidase gave rise to
galactose” and spots_ corresponding to stachyose and
raffinose (ketose positive, reducing sugar test negative)
indicating that it may be verbascose.

Among the oligosaccharides of cashewnut, sucrose
seems to be present in the Iar?est amount foflowed in
decreasing order by raffinose, stachyose and verbascose.
It is of interest o note that galactosyl sucroses are
present in other oil bearing nuts such as groundnut,
almond and pistachio.ll

Discipline of Plantation Products
and Flavour Technology,
C.F.T.R.I., Mysore-570°013.
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Revised 16 February 1978.

S. Shivashankar

. N. Sathyanarayana
A. G. Mathew

C. P. N atarajan



88 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, voL. 15, MARCH-APRIL 1978

References 7. Dedonder, R. Bull. soc. Chini. Biol. (Paris) 1952, 34,144,

L Shi1V9a7r§naé7C.zf. and Govindarajan, V. S., indian Fd Pckr., 8 Nigam, V. N. and Giri, K. V., can. J. Biochem. Physiol., 1961,
2 MSSY(AH, M.E.and Waller, G. R..J. agric. Fd chem., 196412, 9. French, D., Advances in Carbohydrate Chemistry, Academic
3. Weil, C. E. and Hanke, P., Anal. chem. 1962, 34, 1736. Press, Inc., New York, 1954, 9, 181

4, Barr, C.and Bull, J. P., Nature, Lond., 1953, 172, 414, 10. Satyanarayana, M. N., indian J. Biochem. Biophys., 1976, 13,
5. Horrocks, R. H., Nature, Lond, 1049, 1164, 44, 21

6.

Bacon, J.S.D. and Edelman, J., Biochem. J., 1951, 148 11 Thaler, H. Fette, Seifen. Anstrichmittel, 1960, 62, 701,
114, (C.A.. 1961, 55, 1962C).

Statement about ownership and other particulars about the periodical
entitled JOURNAL OF FOOD SCIENCE AND TECHNOLOGY as required to be
published under Rule 8 of the Registration of Newspapers (Central) Rules

1956.
FORM IV
1. Place of Publication Mysore City
2. Periodicity of the Publication Bimonthly
3. Printer's Name Dr. J, V, Prabhakar
(For and on behalf of AFST)
Nationality Indian
Address CFTRI, Mysore-570 013.
4. Publisher's Name Dr. J. V. Prabhakar
(For and on behalf of AFST)
Nationality Indian
Address CFTRI, Mysore-570 013.
5. Editor's Name Dr. D. Rajagopal Rao
Nationality Indian
Address CFTRI, Mysore-570 013.

l, Dr.J. V. Prabhakar, hereby declare that the particulars given above are
true to the best of my knowledge and belief.

J. V. Prabhakar
Signature of the Publisher



BOOK REVIEWS

Safety Evaluation of Chemicals in Food; Toxicological
Data Profiles for Pesticides—1 Carbamate and
organophosphorus insecticides used in agriculture
and public health; edited bK G. Vettorazzi and P.
Miles-Vettarazzi, World Health Organisation, Geneva,
1975, pp. 61, Price:  Sw. Fr. 10.

This small booklet deals with toxicological data of
carbamates and ,orqanophosphorus comﬁounds exten-
sively used.in agriculture and public health, The availa-
ble scientific information has been systematically classifi-
ed. These data will be useful for standardising pesticide
tolerances and for developing criteria of agceP_tablllty
as_claimed b%/ the authors. ~ While consolldaln% the
information the evidence on which the data are based
was also considered.

Ina tenm_ge Introduction, the authors have described
how the WHO and FAQ have strived to collect the
nec,essar%/ data and vividly described the criteria_ on
which the conclusions were drawn and toxicological
decisions were taken.

In Table 1, 38 compounds are covered and for each
compound references perta_mln% to biochemical aspects
and various _tOX_ICItK studies have been given. The
acceptable daily intake figures along with comments and
relevant references are given in Table 2. A list of more
than one thousand references are added at the end.

This book contains very useful information in a con-
solidated form on the widely used carbamates and
organophosphorus insecticides and is an excellent
reference book.

R. Radhakrishnamurthy
TR', Mysore.

Pesticide Residues in Foods: Technical Re{)ort Series
612. World Health Organization, Geneva, 1977. 36 pp.

This series brings to?ether information on_different
aspects of newer as well as certain old pesticides con-
sidered by the joint FAO/WHO meeting. One important
fact which is"discernible from such a report Is that,
inspite of the importance of pesticides in a?_rlculture
and public health, there is not sufficient national or
international consciousness about pesticide programs.
This is borng out by the scarcity of data on pesticide
residues, toxicology, as well as their effects on metabo-
lism and pharmacokinetics in man. This has also been
emphasized throughout this report.

89

The series begins with a short introduction. _This is
followed by chapters on the ?eneral and specific pro-
blems associated with allocafion of acceptable daily
intake (ADI) and maximum residue limits in food
commaodities and processed foods. Since the pesticidal
Fropertles of technical products and formulations are
ikely to be influenced by the presence of impurities, the
committee has stressed the need for information on
such magor impurities. While considering the reversible
cholinesterase Inhibition b)[/ carbamates, the committee
advocated In vitro kinetic studies of the enzyme and felt
that In vivo studies should be interpreted cautiously.

Chapters. four and five are mainly concerned with
the evaluation of data for establlshmﬁ ADI and maxi-
mum residue limits for both new as well as old pesticides.
Out of a total of 14 new comlpounds ADI as well as
maximum residue limits were aflocated to 7 compounds
which include acephate, dialifos, edifenphos, metha-
midophos, carbofuran, pirimicarb, and cartap. For the
remaining new comBounds neither ADI nor maximum
residue limits could be allocated due to insufficient data.

Chapters six, seven and eight are short and deal with
the. comparison of potential daily intakes of pesticide
residues with their ADI’s, future line of work and
recommendations of the FAO/WHQ meeting.  This is
followed by a comprehensive bibliography” and An-
nexures | and 1. Part | of Annex I lists the recommended
maximum residue limits for 22 compounds for which
ADI or temporary ADI has been established, Where
such information™ is te_mpora,;y, the year in which
further data is required is specified. Part Il of Annex |
lists quide line levels for 5 compounds. Annex 11 deals
with "the recommendations for future work on the
compounds discussed in the report.

_This report should form a valuable addition to the
library.

Dr. (Mrs) Prem Lata Bhatnagar—Thomas
Bio-Oranic Division, Bhabha
Atomic Research Centre, Trombay,

Bombay-400085, India.

Yeasts for Food and other Purposes: |
C._Johnson, Noyes Data Corporation, N.
1977, pp. 344, price § 36.

~This review details of advanced
information, eliminating legal and juristic Iohraseolog ,
on U.S. patents issued since 1970 that deal with yeasts
for food and other purposes. In total 168 processes

Edited bg Jg?ggg

technical
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disclosed in 182 patents are covered. A majority of
processes discussed deal with the growth of yeast cells
and use of yeast proteins for both” food and feed pur-
poses. A number of processes are concerned with' the
use of yeast in enzymatically modifying other proteins
and hakery products. The application of yeasts in the
Frqductmn of chemicals, in condiments and' as encapsu-
ating agents are the subjects of discussion of other
processes.  This book could be used as a guide to U.S.
patent literature and as a readY reference by the scientists
and industrialists engaged in these fields.

H. N. Asthana
CFTRI, mysore.

The Science and Technology of Gelatin:  edited by A. G.
Ward and A. Courts, Published by Academic Press
Inc (London) Ltd., 24-28 Oval Road, London, NN1
DX, 1977, pp 555, price £ 18.00.

The above book is one of a series of specialised
monographs in Food Science and Technology of the
ﬁcaddemlc Press, comprising of a distinguished"editorial

oard.

_ Collagen as the major Pro_teln of all vertebrates, has
interested diverse sciéntists in the basic disciplines of
Physics, Chemistry, Biology and Medicine, Gelatin is
derived from colla%en and i view of its unique functio-
nal characteristics has applications in the food, pharma-
ceutical, photography and other fields. The present
monograph has sixteen different chapters starting from
the basic structure of collagen, raw materials used and
technology of gelatin manufacture, chemistry and chemi-
cal modification of ?elatln,,foo , pharmaceutical and
photographic uses o _?elatm, chemical and physical
criteria for gelatin qualiy.

The book has a wealth of information not only for the
sPemallst such as a food scientist and technologlst but
also, for the new entrant into the science and technology
of gelatin. Although a number of practical applications
of gelatin are covered in a vast patent literature some of
the essentials have been dug out and Presented In sections
on technology of gelatin “manufacture and chemical
reactivity of gelatin.

The literature coverage in most of the chapters is
upto about the year 1970, but this does not detract the
book as a useful source of information.

There could have been no better choice than Drs.
A. G. Ward and A. Courts to edit this book on gelatin.
These and other authors dealing with several aspects

of science and technolo?y of gelatin are pigneers in the
field and were connectéd in”some capacity or other
formerly with the British Gelatin an
association.

The reviewer specially recommends this technically
excellent mono (a‘oh t0 scientists in the Food and
Pharmaceutical Tield.

Glue research

D. Rajagopal Rao
CFTRI, Mysore.

Advances in Experimental Medicine and Biology: Vol.
86-A Protein Cross Linking-Biochemical and mole-
cular aspects; Vol. 86-B Nutritional and Medical
Consequences, publihed by Plenum  Publishing
%ogg%atlon, New York, “Price: Each Volume

Crosslinking in proteins may be of natural origin
suchas in coIIa?en, ?Iuten, keratin or artificially induced,
by treatment of proteins with various types o rea%ents.
[n view of the profound structural changes that are
introduced in the protein as a result of “crosslinking
and the use of these modified proteins for several pur-
%oses,_ there has been a great deal of interest in this area

y. scientists in diverse disciplines. This is particularly
evident when the contents of the volumes under review
are examined.

Volume 86 Part A deals specially with the molecular
and biochemical aspects of protein crosslinking. ~ The
key to formation “insitu” of crosslinks by treatment of
proteins with strong alkali lies, in the “formation of
reactive species of “dehydroalanine from strategically
located thiol or phosphosering residues in the protein
molecule.  The dehydroalanine moiety so Henerat_ed
reacts with functional aminogroups “or other thiol
groups to form lysinoalanine or”lanthionine.

Forty three different topics are covered in about 745
pages and these topics can be broadly divided into
various  categories. ~ Several aspects of thiol disulfige
interactions Such as (a) evolutionery perspective (D)
renaturation of proteins with disulfide bonds (c) role
of disulfide bonds in wheat functionality (d) antigenicity
and disulfide groups (e) thiolation"and" crosslinked
insulins and /2 introduction of disulfide crosslinked
Into fibrous proteins and hovine serum albumin have
been reviewed. Other data extensively covered in this
volume include: (a) methods of introddction of artificial
crosslinks into proteins (b?_ newer bifunctional reagents
for crosslinking (c) reaction of specific proteins” like
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wood, collagen with different reagents (d) radiation
induced crosslinking (e) omdaﬂv_elz Induced crosslmka
(/) thermodynamics of crosslinks and P Severa
sections dea mg with covalent interaction of DNA and
RNA with protein in presence of UV light or chemical
reagents, has been considered. AnaIY_tlcal aspects such
as GLC, mass speqtra of a few cross linked amino acids
such as lysinoalanine lanthionine and S-carboxy ethyl-
casteine fave also been considered.

Volume 86 B deals with the nutritional and medical
consequences of cross linked proteins._ In this volume
nearly 40 topics are covered in about 730 pages. After
an introduction to the stereo chemistry of cross Imkm%
amino acids, there are about ten articles which deal wit
various aspects of lysinoalaning which include its for-
mation in alkali tréated proteins, presence in protein
food ingredients and metaholic fate in experimental
animals.” Specific areas of interest to the food techno-
logist such as nutritional significance of cross, link for-
mation during food_ processing, cross links in heated
milk proteins, nutritional conseqluences of Maillard
browning reaction, enzymic hydrolysis of cioss linked
Rrotelns, cross linked proteins in”ruminant nutrition
nave also been dealt with by experts in the area. Interest-
ing infoimation on the relation of ageing to protein
crosslinking is also given.

The task of the editor Dr. Mendel Friedman must
have been an ardous one considering the diversity of
topics but a remarkably good job has heen done. Both
the volumes bring most of literature scattered in various
sources into a single place and thus makes the volumes
indispensable to any worker whether he be a novice or
expert in the field of protein crosslinking.

The reviewer strongly recommends both the volumes
to all R & D institufions dealing with the area of bio-
chemistry and protein technolog%/, _For the individual,
the pricé of the volumes is prohibitive unless he is a
specialist who needs constant reference to the literature
on protein crosslinking. The reproduction of the text
material and figures is uniformly good.

D. Rajagopal Rao
CFTRl, Mysore.

Spices and Condiments by Dr. J. S, Pruthi, Ludhiana
Bubllshed by National Book Trust India. A-5 Green
ark, New Delhi-16, price Rs. 14-50 pp. 270.

It is indeed an irony, as the author points out, that
there has never been a hook produced on this subject
In this country which is the home of spices. Dr. Pruthi’s
venture is indeed commendable. The handbook covers
nomenclature, description, quality, composition and
use OfSiJICGS in food and in medicing. The author himself
acknowledges that the book could not be made more
comprehensive by including agricultural, technological
and other related aspects of Processmg and storage of
spices. These certainly would have been beyond the
scope of a handhook. 1n a first attempt of this type of
book there are hound to be deficiencies and errors which
would hopefully be rectified in subsequent editions, It
would not be out of place to point qut some of them.
The sketches of spices facing pages 8, 97, and 186 are
far from satisfactory. Also some of the photographs
could have been reproduced better. Atleast drawings
of some unfamiliar SPICES would have been more in-
formative. It is suggested that details of illustration may
be incorporated in the text of each spice instead of
inter-spersing at random in the book.

There is a useful biblio%raphy and glossary of technical
and medical terms; but the author should avoid over-
simplification of the terms e.g., the definitions of carbo-
hydrates and protein are misleading.  The_botanical
names of Cassia_china aﬁpealmg on pages 70 and 74
are different. . The author could have' updated . the
Annexure 1 ?lvmg the area and production of spices.
Figures later than those of 1971-72 should not be dif-
ficult for inclusion in 1976.

One suggestion to the publisher. Dr. Pruthi has done
extensive work on. Preen peP_per and it would have been
more appropriate ifthe publisher had presented the bogk
cover containing the background of the spice in its
appropriate colour.

The hook ;s indeed a valuable contribution and will
{)edcherlshed by workers in the laboratory and in the
rade.

K. S. V. Sampathkumar
Brooke Bond India Ltd., Bangalore.
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INSTRUCTIONS TO CONTRIBUTORS

. Manuscripts of papers should be typewritten in double space on one side of the paper only, They
should be submitted in triplicate. The manuscripts should be complete and in final form, Since nd
alterations or additions are allowed at the proof stage. The paper submitted should not have been
published or communicated anywhere.

. Short communications in the nature of Research Notes should clearly indicate the scope of the
investigation and the salient features of the results.

. Names of chemical compounds and not their formulae should be used in the text. Superscript and
subscripts should be legibly and carefully placed. Foot notes should be avoided as far as possible.

. Abstract; The abstract should indicate the scope of the work and the principal findings of the
paper.. It should not normally exceed 200 words. 1t should be in such'a form that abstracting
periodicals can readily use it

. Tables: Graphs as well as tables, both representing the same set of data, should be avoided,
Tables and figures should be numbered consecutively in Arabic numerals and should have brief
titles. Nil results should be indicated and distinguished clearly from absence of data.

. Illustrations: Line drawings should be made with Indian ink on white drawing paper Freferably
art paper. The IettermRNshouId be in pencil. For satisfactory reproduction, graphs and line draw-

ings should be at least fwice the printed size. Photographs must be on glossy paper and contrasty;
fwo copies should be sent.

. Abbreviations of the titles of all scientific periodicals should striptl¥_ conform to those cited in the
World List of Scientific Periodicals, Butterworths Scientific Publication, London, 1962.

. References:  Names of all the authors should be cited completely in each reference. Abbreviations
such as et al., should be avoided.

In the text, the references should be included at the end of the article in serial order.
Citation of references in the list should be in the following manner:
() Research Paper:  Menon, G. and Das, R. P., J. sci. industr. Res., 1958, 18, 561,

() Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New
York, 1952, Vol. 11, 966.

(c) References to article inabook: Joshi, S. V., in the Chemistrg of Synthetic Dyes, by Venkata-
raman, K., Academic Press. inc.. New York, 1952, Vol. 11, 966,

(d) Proceedings, Conferences and Symposia:  As in (c).

() Thesis. Sathyanarayan, Y., Phytosociological Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. thesis, Bombay University.

(/) Unpublished Work:  Rao, G., unpublished, Central Food Technological Research Institute,
Mysore, India.
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