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RESEARCH PAPERS

Improvement of the Traditional Process for Rice Flakes

T. K Ananthachar. H. V. Narasimha, R. Shankara, M. S. Gopal and H. S R. Desikachar
Central Food Technological Research Institute, Mysore-570013, India
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Traditional methods of making rice flakes (Beaten rice, Polia, Avalakki) gave 62-64 per cent yield in four varieties

of paddy tested.  Causes for the Iowr
kage occurring in the final stages of flaking.

leld have been traced to non-standardised process conditions and the high brea-
Soaking paddy (variety: ‘China’ ‘CH45)" in water for 18 hr at 70°C,

roasting in hot sand at 260°C for 30-35 sec, tempering for 4 min followed by flaking in- edge-runner for 40-45 sec

were found to be optimal for fIakinF 2d 1n 2% in
thick flakes in the edge-runner followed by thin flaking i
per cent,

. Rice flakes (beaten or flattened rice, Poha, Avalakki
IS an important rice product prepared from paddy in
India. 1t s traditionally prepared from soaked paddy
after roasting with hot sand n a ‘Bhatti” and immegdiate
flattening either by hand pounding with pestle or in an
edge-runner typé machinel'4. ~ 1t has been the
general_exPenence that the yield of rice flakes from
paddy is low—much lower compared to the milling
Vield“of rice from padd)f. This is somewhat surprls,lng
as rice flakes are essentially a form of tlattened parboile

rice and hl%h yields upto 68 per cent as in parboiling
could have een expected. _

A stuay was therefore, undertaken to examine the
traditiondl process to_find out the causes of low yield
and explore the possibilities of improving the process
to enhance the [y|eld and quality. The restlts of such a
study are reported in the paper;

Materials and Methods

. Four different commercial varieties of paddy fradi-
tionally used for Ereparmg rice flakes were collected
from the Jocal market and rice flakes were prepared In a
local traditional mill by the conventional methods, The
methad consisted of soakin gaddy in water at 40-45°C
overmght 18 hr), draining and Toasting ;n hot sand
240°C) qver'a conventional ‘Bhatti tyPe roastin

an. Thef akln? was done In an edge-runnef type flakin

machine to gel fine grade flakeS. The rodsting an

f]akln? were Carried olt in 2 kg hatches as is conven-
tionally practiseg.

The “etfects .ot temperature of soak water and sand
used for roasting and Iength of time needed_for flakin
with edge-runner were néxt mvest;gated with ‘CH-45
(locally Called as China var.) varigty paddy which Is

41

and resulted In 2% increased yield as compared to traditional method.

Making
a roller type flaker further increased the vyield by 3

) commonly used for flaking in Karnataka State. Soaked

paday was roasted with équal volumes of sand (1:2 of
paday and sand by We|?ht and roasting was terminated
Wwhen a few grairis started puffing. The material was
sieved to separate the grains from the hot sand. This
procedure was followed. in the following studies.

Soaking conditions:  Ten kg, lots 0 Paddy were
soaked fOr 18 hr in water hawgg Initial temp@ratures
ranging from 27°C (RT) to 80°C. The soaked paddy
was roasted in sand, flaked in edge-runner and the per
cent yield of head flakes, brokensand other byproducts
(fractions) was determineg,

Roasting conditions:  Ten k%C'Iz%ts of paddy were
soaked for 13 hr in_water at and roastéd with
fine sand_heated to 220), 240. 260, 280 and 300°C until
a few grains started puffing, sieved to separate sand and
the time needed for roasting was recorded. The temper-
Ing timebetween roastingand flaking varied between
tréatments due to moistire variations In the roasted
Pa . The_ minimum tempering time needed for each
reatment for easy flaking without undue lumping/
breakage was detérmined. ™ The yield data were alSo
repqrde(lj tfor samplets_ flaked after giving the optimal or
minjmal tempering time.

F'ak?ng Wr?ne: gfen T<g lots of paddy grocessed by
conventional method, were roasted at’ 220-240°C for
40-45 sec and tlaked In an edge-runner for 15-60 sec {0
obtain different commercial grades of flakes. The yield
of head flakes and prokens was determined in each Case,

Moisture in soaked paddy and roasted gaddy, ether
extractive by Soxhlet method and thiamine by thichrome
method were determined In rice flakes as’ per cereal
laboratory methodsh. Brokens were separated using a
8 mesh (BSS) sieve.
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Variation of temperature of soak waterjmoisture con-
Table 1 yield of different fractions during flaking of tent 0fsoaked paddy: H|%her the initial temperature of
PADDY IN THE TRADITIONAL METHCD soak water, greater was the moisture imbibed by the

k
- addy during” 18 hr soaking which varied from 33 to
\eriety Fded Bgken Aure ag R'??W’ E8peyr cent ET able 2). Wheh sosked addy Was proce-
09 (-8 bss; ra ssed b¥ the conventional method, it was found that low
@ % temperature of soaking resulting In low moisture. con
RS (new) 06 56 110 ™1 tentof soaked paddy caused higher breaka(t;e and lower
' ' ' : leld of flakes, In Contrast, high temPera ure soaklng
IR8 (olc) @8 48 10 B8 (354t 803C and hoiling water) réduced the breaka%e an
T-% 636 49 180 290 ave higher yield of flakes, but the product became exce-

- Ssively. “lumpy. and. disfigured during flaking causin
Chira ekl (CH45) 64050 12 A4 qpera¥iona| %%/fficulti_es. Ogtimal condigon for egsyo erag-

Longpeddy(SR-26B)638 43 16 304 tion and to get minimum brokens was soaker padgg at
an initial temperature of 70° C which gave 646 per cent
_— yield and 3 per cent brokens. _

Results and Discussion _ Variation of roasting temperatures; Roasting _of
Yieldin traditional method: The data Presented in Table Faddy at dlifferent temﬁeratur,es_showed that the rodsting

1 show that the yield of flakes Tom the four varieties time”(as judged by the initiation of puffing of a few
o;[loadd varied from 62.60 64 per cent, with the brokens  grains) decreased with Increase In temﬁeratu_re of roast-
amounting to about 5per cent. Tt was found that a small  ing, as a result of which the moisture content in the paddy
Bercentage (1.5-2 per cent) of powder and very small ~soon after roastmg Increased and it was in the_range of
rokens got mixed Up with awns of the paddy and could 185 to 23,5 percént depending upon the roastin temge-
not be separaged from it Fine husk 53 sk powcler) and  rature. High moisture In roaSted ﬁaddg caused prob-
coarse husk fraction comprised 2/- Per_ce_nt. This  lems of lumiping during flaking In the edge-runner and
also contained rice powder. These results indicate that needed longer tempering time between roastln% and
the low yield of rice Tlakes in these studies IS due to heavy ﬂ_akmg. Data presented n Table 3 show that although
loss, as powder which gets mixed up with husk fractions:  highe roastméJ temperature d(28f0-3hOO|°Cr] reduced the

of whole

. ns, i
this phenomenon 1S common to aIPthe varieties studied.  brokens and increased the yiel akes, lumping

Table 2. relationship between soaking conditions, yield and breakage of rice flakes

Moisture content*

Soaki(;%)terrp. St gl Resstod oy Yﬂ'glgesof (Bgoﬁgg Observations on flakes
(%gm &) () (%
2 30 158 5.2 105 %ﬁ/q%/rbnrelﬂht flakes may be due to white
40 %5 166 600 85 Fissured edges, more breakage
50 400 190 612 63 - do -
60 418 208 635 42 Some grains had fissured edges
0 425 25 646 30 Normal flakes
)] 5.0 242 650 28 hgdngs S k%rlr&s not fully flaked and
Baili 585 266 6.3 26 ' ' .
& AR TSP e

les Jere soaked %%rt]}%géga%ﬂ gfocg(rft)]r%t the initial temperature of water indicated in the column without meintaining the

so%?@rme i eSS
Inﬂtudn Ifions: 26
I oent clry oasis.
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Table 3. roasting TEMPERATURE AND YIELD OF RICE FLAKES

Roasting temp.  Roisting time  Tempering’ time ~ Moistyre | Ya'(ejl? §I Brokens  Characteristics of flakes
. : rogsted Bgo@y head flakes
(°C () (min) % dl. % %
200 45 3 185 60.0 5.8 Highly fi sured
240 40 3 194 612 39 - do -
260 35 4 208 63.9 32 Slightly fissured edges
280 25 5 225 645 25 Lumpy
300 2 10 235 65.1 21 Highly lumpy

“Minimum time needed between roasting and flaking for minimal breakage/lumping,

during flaking even after 10 min temperi_n(]q precluded
the use of high temperatures. Maximal yield (639 per
cent? of flakeS without lumping was obtained af a roast-
Ing temperature of 260°C with about S?er cent_brokens,

Thickness offlakes In relation to yield: It is intere-
sting to note from Table 4 that the flake thickness has
profound Influence on the yield of flakes. With increa-
sed time of flaking, the flakes became thinner and thinner
and had a whitis opague appearance, Th
flakes suddenly decreased after 30 sec of flaking; It fell
from 70to 65 i)_er cent between 30 and 40 sec of flaking
and finally declined to 60 per_cent at 60 sec of flaking.
This demonstrated that low Xleld obtained In flaking 1s
caused mainly at the final stages of fIakmg during con-
version from medium to fine and superfiné graes. In-
creasing flaking fime and producing improvéd commer-
cial fqrades of flakes reduced the content of thiamine and
ether extractives in the flakes which was mainly due to the
loss of bran/germ during the flaking process,” Inspite of
that the thinner flakes had 19/r/g of thiamine which IS
comparable to milled parboiled rice.

The yield of

It is also, interesting fo note that when coarse flakes
obtained after flaking for 25-30 sec In the edge-runner
were subjected to further flaking in a roller type flakmg
machine,” which is commonlY used_for making cor
flakes, the yield remained constant at 70 percent, thereby
confirming that the heavy breakage and powdering is
taking place In the final Stages of flaking in the e gie-
runner and this is resBonsmIe for the reduction in yield,
\When' brown rice obtained from roasted paddy was
flaked in the edge-runner, yield of flakes was not impro-
ved because of i hbreakage. The probable cause for
high breakage wif proIonF d flaking Is due to the dry-
l)n of the malﬁnal and also lowered ﬁlas¥0|t ca%sed

cooling. . This 15 overcome in a roller flaker where
the flaking is done mstantaneous!Y. o

The present results show that It flaking is stopped at
medium grade. stage, high yields of 70 per cent flakes
could be “obtained even”in"the edge-runner.  Further
flaking to ver¥ fine or superfine. grade could e
done in a roller Tlaker without reduction in commercial

yield.

Table 4 YIELD OF RICE FLAKES IN RELATION TO FLAKING TIME AND FLAKE GRADE

Flak(%tlme m?%% Conglr?&aal \%Jesof To(t@ Er%em H%Srlénand eﬂ%&\e\r/es n{gargl
m R L
15 0.18 Coarse 7 10 26.0 186 0.23
25 0.12 Coarse 10 26 275 1.45 021
30 070 Vedium 70 35 28.0 ND N D
40 0.08 Fine 65 45 30.0 1.22 021
60 0.06 Superfie 60 6.0 3.1 1.05 0.19
25-30* 0.055 Superfine 10 31 21.0 1.20 0.20

N:I[e?kl-'n’z;lo(tiodneet%meaggrunner followed by roller fiaking



50 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 19, MARCH/APRIL 1982

runner tyPe flaking machines. When the seoptimal condji-
Table 5. yield of rice flakes under optinal soaking and  t10NS Were employed for 2 varieties of paddy, yield

it sk g R W O e LS
Method VfYH?éS Bﬁ%lé%? AVE”S Rﬁ%ﬁ“ Still the gields are much lower than thg theoretical yields.
%) (%  brokens The lossés were caused by heavy breakage and ﬁowdermg

%) % while making fine and superfine grades.” This heavy loss

2910

Conerel however, could be completely eliminated if roller type of

Ll
COWIPFC'&E') - ®6 39 10 A0 %h%n_the optimal cofrlldlft,)ions foprhproaieﬁsinﬁ} areltl:orr}c?iriled

%@d%} 40 50 10 gy With instantaneous flaking machine like tre roller flaker.
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Extractives of Medicinal Plants as Pulse Protectants Against
Callosobruchus chinensis L. Infestation

Harish Chander and S. M. Ahmed

Infestation Control and Pesticides Discipline, Central Food Technological Research
Institute, Mysore-570 013, India

Manuscript received 1 May 1981; revised 21 September 1%

Petroleum ether extractives (PEE) of nine plant species—Carum roxburghianum Benth. & Hook, Saussurea lappa Clarke,
Embelia ribes Burnt, withania somnifera Dunal, Psoralea corylifolia Linn., Clerodendron inerme (Linn.) Gaertn., Cen-
trum nocturnum Linn., Caesalpirtia bonduc (Linn.) Roxb. and rice bran oil have been tested against Callosobruchus
chinensis Linn, infesting green gram, Phaseolus mungo Linn. PEE of C. roxburghianum at 01 per cent level, rice bran
oil at 0.2 and 0.5 per cent levels and p. corylifolia at 0.5 per cent level, gave almost complete protection of the pulse
up to 135 days, while s. lappa and w. somnifera at 0.1 per cent and E. ribes at 0.5 per cent protected up to 90
days.  However, C bonduc, C. nocturnum and C. inerme comparatively were less effective against the bruchid attack.
The germination test showed that the treatments did not have any adverse effect on seed viability.

Mixing of synthetic organic insecticides like DDT and  ants and repellents against Pest_s of stored grams. Treat-
malathion, to “check gram damage in stored seed was  ment of grains with ve?etabemls had also been practiced
practised in the past decades, but due to persistent resi- s effective protectants against pulse beetles3 5. Simi-
dues of such insecticides, the emg!] sis. was shifted to I?rlg, tg)lant materials either as gowde{s O extracts, have
MIXIng non-toxic ?raln rotectants like inert dusts, talc  also een reportee to possess repellent propertiese-
and ||me]hAsearfy as 1920, Fletcher agd Ghoshzgwave Inthe_Rresent studies, the extractives of nine |nd|%1en0us
reported the use of aromatic plant powaers as antifeed-  medicinal plants8 were screened for their effectiveness
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as_protectants against the pulse beetle, Callosobruchus  Results and Discussion

chinensis'Linn, nfesting green gram, Phaseolus mungo  The data 6Presented in Table 1 indicate that C. rox-
Linn. burghianum at 0.1, 0.2 and 0.5 per cent; rice bran oil at

Materials and Methods

Petr()leum ether eXtraC_tiV.eS Of nine plant materials, Table 1. comparative efficacy of various plant extractives
Seeds of Carum roxburgmamm Benth, & Hook, Embelia acainsT c. CHINESSIS L. atTackine PHASEOLUS MUNGO

Observations on the number of damaged grains were ~ Cest™
recorded at intervals of 45, 90, 13 and” 180 days. "ecvr!
At the end of the experiment, germination test was
carried out according to  International  testing
methods . . Caesalpinia
The efficacy of the extractives as protectants against ponguc
the bruchid attack was {udged by calculating the per cent
damage in each treatment was

damage. The per cen
ed by counting the number of visibly damaged

recor

ribes Burm. and Babthi (Psoralea corylifolia Linn.); * 0 indi
leaves of garden quinine, Clerodendrorqy Inerme Lgnrz. Co/rlcn. Aerag: Ycamegeefterindcat s
Gaertn) and night %essmlne (Cestrum nocturnum Linn iy & D 13 1
root and rhizome of kut root (Saussurea | aCIark_eZ Carum 0 70 03§65 1000
and winter cherr &Wlthanla somnifera. Dunal); fruts -0l 000 000 000 700
of bonduc nut (Caesalpinia bonduc Linn. Roxb.) and D00 00 00 467
rice bran oil were, tested. o 05 00 00 oM 9%
The plant materials were procured locally, dried ina o ' ' ' '
hot air drier and powdered to 60 mesh in Raymonds Rice bran O 00 1700 708 §767 10000
Hammer mill.  The powders were extracted thoroug%_hly 0l 000 567 50 &3}
In petroleum ether E% . 60-80°C) by cold extraction 02 000 03 167 H
and excess of solvent was evaporated n a vacuum flash 05 000 000 000 41
evaporator at 40°C.  Uninfested qreen gram samples
were treated with 0.1,0.2 and 05 parts ofextract per' 100 poralea 00 23 3067 10000  _
parts of green gram (v/w}._ For homoqenous _coatm% of coiia 01 073 3867 7900
grains, the required dlan ity of extract was dissolved in 02000 1767 6566
pettr%)_leumfett# [and(lg(l)verg_)tO Was §vaPﬁra%ed tb)é consteint 05 000 00 16
rotating of the jars (120x 50 mm), The treated samples
Were kg tin |EJiSSjarS covered wih muslinclot at 27+ S 00 20 71T 88 R0
! J fappa 01 000 0 168 740
%0 C anﬂ?OtE()j per cent RH.  Three tre,pllgatfes Wltﬂ 00 000 00 D8 60
. 0f treated green gram were maintaingd for eac ' ' ' ' -
trea(timlent along gW|th gn equal number of untreated g?) 1388 00 83 47
Controls, . . Embelia ribes U, . 03 86/ 10000
Inltlally, ten pairs of 1-day old adult insects were 01 000 17 767 10000
released in all the treatments including controls.  After 02 000 66/ BB BB
45 and 90 days, fresh batches of ten pairs of insects were 05 000 13 100 5B
introduced at all concentration levels of C. rox-
burghianum, rice bran oil, S. lappa, W. somniferaand 05 withania 00 2433 6238 &6 10000
cr el Vel of E et 300 P coniolia. Lowever, e 01 00 00 A0 03
fter 135, days a third batch of ten pairs of insects were 02 050 050 2161 6833
released in all the concentrations of C. roxburghianum 05 010 00 2100 4900
and 0.5 and 0.2 per cent concentrations of rice bran oil. 0 %5 W08 00—
i 2
02 1
05 2
0 2
01 8
02 1
05 0
00
0L
02
05

5588 SaEB B3R
iS
S
=
S

grams In. 50 g samplé of each concentration.” The ata  Clerodendron 70 B 900 -
n the final Ohservation were statlstlca_I(ij analysed y inerme 050 6300 %00
analysis of variance. As there was wide variation I 0 3 83
damage at different levels of treatment, the ori 040 867 BR

<D

Ina
vaIueg were subjected to _an?ular transformations bgfore *The averages of three r

' analysis.

plicates.
carrying out the statistica
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0.2and 0.5 per cent and P. corylifolia at 0.5 per cent ave

complete protection from C. “chinensis upto 135 da

Similarly, E. ribes at 0

and 0.5 per cent, S,
W, somnifera at 0.1 02and05per cent levels protected
the grain up to 90 days. However,

turntm at 0.5 per cent and C, bonduc at 0
cent levels gave good protection ypto 45

the damage |ncr ased progressively beyond
The ncrease In damage with
the decrease In potency ofs
The difference in ger cent damage among various control

e due to slight difference in egg Iaymd
F-test™ showed high sighifican

treatments could
capacity of females,

lappa and

C. inerme and C. noc-
0.2and 0.5 per
dat(s only and
his period.
LE)Crogress of time Indicates

h “extractives, with time,

ditfererices between control and treatments (Table 2).

It 15 observed that per cent damage of the grains was

Inversely proportional to concentrati

mixed With_ grains

lon of the protectant

It 15 confirmed from the germination test that treat-

ment of grains did not affect the viability of grains to any
significant extent.  The average
recorded for green ([Jram treate
was C. roxburahlam m 99 rice bran oil, 94
bonaluc, 93

. 5. lappa, 93

l

nbes

er cent “germinaion
h Various extractives
4 P, coryllfolla

W."somnj-

fera 94:""C nocturnum, 99: C |nerme 95 and control,

hus from the_results indicated in Table 1, it may be
concluded that C, roxburghiamim even at the_ lowest
concentration level and ricé bran oil or P, corylifolia at
gher concentrations proved effective in- controllin
thé bruchid attack ug

damage due to Insect

Table 2. effect of plant extractives as protectants of

PHASEOLUS MUNGO AGAINST C. cHINENSIS L. AT THE END

OF THE EXPERIMENT

t %) at inciicated concn.

Protectant A/m( )mgeos SEm cg/a

C. roxburghianum 00 BB 124 969 0.37 120
Rice branoll 9000 24 33667 1'5 078 25
P. corylifolia 000 6278 M1 506 163 53
S. lappa 6B 0P B3 40 1B 5S¢4
E. ribes 6950 5784 498 170 18 59
C. nocturnum 000 671 575 0% 097 316
W. somnifera 00 6369 56 473 070 228
C. bonduc 000 6466 %680 5136 09 323
C. inerme 6B BB 66809 0L 309 1008

- Vélues obtained by angular transformation.

o

to 4-5 months. However, sli
occurred In all the concentrations
of C.”roxburghiamtm and higher concentrations of rice

bran oil after 5 months due_to loss in potency of the
extractives.  Extractives of E. ribes at higher'and 5
appa or W. somnifera at Iower concentrations prowded
protection upto 3 months. It was found that in all the
extractiyes eg 0, laying was either nil or insignificant for
a specified perioo” which subsequently reduced the re-
productlve capacity of the females therebg reducmg the
gnram ama% This phenomenon may bé attributed to
e OVIpOSI on |nh|b|t0% actlon or ovmlda nature of
such extractives.  Saramma and Varmal) have reported
that the powdered roots of b. Iopna at 2 per cent level
checked "the damage of wheat from Trogoderma
%rananum effectlvely for 2-3 months.  Mammigatti and
% unathan3have observed that coatmg of %reen gram
Wlt castor gln?e y and mustarg oils at 0.3 per cent
leve| and coconu ot groundnut ils at 05per cent level
|nh|b|ted the muIt| Ication ofC ch|nen3|s or 45 daY
|m|ar¥ s of somev etab eglsatSm go ulse
against a rotessubfasu us4an roundnut | against
macy atusSProwe ? level of control. The extrac-
tives and ody fractions tested can safely be used in stor-
Ing i)ulses fof prolonged period without affecting the seed
quality and viability.
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The average staphylococcal counts of 100 market Khoa (a heat concentrated Indian milk product) samples collected

from cities of Bangalore and Mysore were 400x10s and 360x10s colony forming units (CFU)/g respectively.
formed, thermostable deoxi/rrbonuclease (TDNase) was detected in 24 of these samples.

Pre-
The isolates were characterised

for pigmentation, mannitol fermentation and production of acetoin, ammonia, phosphatase, coagulase and TDNase and

nitrate reduction.
enterotoxigenic isolates were strains of S. aureus.

Among the several indigenous milk products of India,
Khoa Is mast Popular especially in Northern and Western
parts This forms the pase of several Sweetmeats such

Gulabjatnoon, Pedha, Burfi, etc. Kitea is mainly
produced in the rural areas, often under unhyglenic cori-
ditions. Durin handlrnd storage and transportation of
Khoa to consuming centres, there 1s ample scope. for
microbial contamination and their growth. One of the
common contaminants Is StathIococcus spg of which
Staphylococcus aureus is important, - Several strains of
S. aureys are known to elaborate thermastable entero-
toxins during their growth. Five anugenrcally drﬁerent
staphylococcal_enterotoxins viz.
(SEA, SEB, SEC, SED and SE have been |dent|f|ed
with the srxtht T+ bern fuI establishedL

Information the |ncrd nce of, 3t aph Iococcr and
their enterotoxins in milk, cheese icecream and dried
milk, have been reported--5 " Information on the inci-
dence of Staphylocacci i market Khoa samples collected
In North Indig are available6-8, but no information is
available on the enterotoxins produced by them.

The present study was Initiated to determine the extent
of incidence of St Rhylococcr In Khoa marketed in the
urban areas of Bangalore and Mysore,  Further, the

Staphylococcal isolates were screened for enterotoxins
production and also to find out the relationship with
some Important ~ characteristics such as t\F uctron
of thermostable deoxyribonuclease (TDNase)
coagulase.

Materials and Methods

Khoa samples: One hundred samples of market
Khoa collected from in and around cities of Bangalore

2

Among the 300 isolates, 125 were identified as Staphylococcus aureus,
duced staphylococcal enterotoxing (SE)—SEA SEB, SEC, SED and SEE, either singly or in combinations.

E ed for 24't0 48

53

Only 64 isolates pro-
All the

F60 sam Iesg and Mysare {40 sam Iest were enumerated
or Stabﬁreyl coccal and total bacterial counts as per the
groced [ Prven for hard_and processed cheese by Indian
tandard Mnstitutiond. The Samples were collected in
sterilised hottles and brought to the Laboratory In a
small ice-hox within 30 min‘in Bangalore cit and Within
310 4 hr In Mysore city and sub|]ecte to 4nal srs
Staphylococcr ana tctt | bacterial counts: . Staghylococ-
cal courits were carried out b surface platin ofthedrlu
trons rnZPer cent citrate_buffer on eg%j tellurite
%crne uvate agar JETGPA ) of rd Parkerl:
rrp rcatepates ere use foreg lytion and incubat-
all the colonies were
counted as Staph Iocoocal and the average, of adreern
|ates were expressed as colony forming Units per gra

Tota% bacterial counts were done by pour plate method
usrng tryptone yeast extract dextrose (TYD) a ar
Co on count? were exgressed aitotal bacerial CF g

re etee 0 In_market samples of

G1 dilution ofthe samp 6 rn per cent crtrate buffer
werecentrrfue at 10 mm for 10 min and the super-
nates Were st a{neéi for][ Ja cooled and screen(ed for
ase yto ene bue eoxyrrbonucerc acid agar
r? plate method of Lachica etal.n.
Isoatro ot Staphylococel: - Colonies appearing on
ETGPA plates were rsolated at ranclom with a prefefence
to those colonies that had cleared the surrounding egg

P Characteristics of Staphylococci: Isolates obtained
from Khoa samﬁles were tested for production of catalase,
acetoin, ammonia and phos Phatas and nitrate reduction
as described by Baird-Parker12 while aerobic and anaero-
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bic_fermentation of sugars was tested by a slrght modifi-
cation of the metnod of Ghoshd4. The”sugars tested in-
cuded Lﬂlucose lactose, mﬁltose and mannitol.

(t) ase production: . This was performed on the
I|neso perber and Tat|n|]3usrng 24.hr old_Difco brain
heart |nfusron (B R broth _cultures and |fco bacto-
CO@%J ase plasma-etrtyleng diamine tetra acetic acid.

Nase production;  Steamed BHI supernates of 24
hr old cu tures were screened for TDNase as per the
method of Lachica et al.1L

Staphylococel cultures:  The test cultures inclyded
were X /) wild Sta hylococcal isolates, obtaingd from
market Khoa samp es and (u standard strarns of S,
atrreus viz, Ao B, C an E3’26 %ro ucrng

their respectrve enterotoxrns—SEA
E, obtaned with courtesy from Dr 1. S. Bergdoll
Food Research Instiute, ’sconsrn

Reference enterotoxins and their corresponding antisera:
Prelrmrnary titration ot the 5 enterotoxins and their

fP ective antisera were carried out by the single gel
usron tube SGDT) technique of Oudin as descriped
¥ hosh4 an ogtrmal sensitivity p Iate$

Robhins et al.* to find out the ap rErog
Of Sera, necessary to detect minimu
respective toxins.

creening cf culturesfor enteroto, xrn(sz Enterotoxins
were extracted from Staphylococcal culfures by %rowrng
them n BHI broth and agar using modified cellophane
over-method of Jarvis and Lawréncela The supernates
obtained by centrituging the harvested cells were screen-
ed for the ‘detectable level of the 5 enterotoxins indivi-
dually by the above two serological methods.

Results and Discussion

Staphylocogcal mcrdence St[aohylococcr and total bac-
terlal ‘counts in market Knhoa samples are shown in Table
1 It may be seen that there was considerable variation
in the Staphylococcal counts of Individual Khoa samples
coIIected from Ban?alore and M sore crtres which
ranged rom bx 106 8 eaverage
counts or anb%a ore and Mysore Were4 0x 106(£78

CFUIlg and 360 x 106 (60.9) CFUIg respectively.

P) method
late ‘dilutions
ncentration of

These counts_ were higher than those reported by
Ghodekar et al.6and Sharma et al.s Most of the samples
Wfould] be consrdered poor," as per the grading system
of Gho
It IS ano evrgent that the total bacterial counts in Khoa
samples rane etween 2x10 sand 310x106 CFUJ
an averae F+ 2) CFU/gand 90x106(+4 19

for the Ban alore and M%sore ity samples res-
ectrve¥ These counts are hrg r than”that reported
earlier for merket Khoa samplesg 16 Atmargm Naidu
and Ranganathanl/ obtained a range value of 1.3x10-
to]h %GIg for fr sh market Kh 8

Ghodekar eta6 ave enunciated the reasons for the
wide varratrons In the counts. The high Staphylococcal
and_total bacterial counts in the present mvestrgatron
could be attributed to the post production contamination

and growth before marketrng Most of the lots were
Produced In rural areas and transported without re-
rigeration. ~ Considerable time elapsed between the
préparation, of Khoa and its disp osaI 0 consumers which
resulted in \ncr ase in t e mrcro % ?rovvt

also be noted that Sta% ylococeal counts of
Khoawre higher than the total acterral counts, This
difference cai be attributed to the differences In the
isolation medium used. Since TYD agar is an all purpose
megdium, while ETGPA used for Staphylococcal enume-
ration s a selective medium for Staghylococcr and con-
tained addrtronal nutrients.  Further,” the competition
among the different mrcroorganrsms in,Khoa might have
retar ed the_growth of Staphylococci on T
The data in Ta Ie 1a|so reveal the Presence ofTD ase
in 24 out of 100 Khoa samples collected from the two
crtres The presence of TDNase In Khoa samples is
indicative of the Staphylococcal grovvth According to
Tatrnr etal. ]8a minimum cell po ulation of 5x 106 o
06 per gm 1S necessa etect TDNase, The
zone diametér of 10-12mm o served |n this |nvest|gat|on
IS acIear indication for the rowth of ta ococcr
faracterrstrc (§ mples of 0 real
isolates were |ent|f| t r Im ortant carac
teristics are given in Table 2. All the 300 iso atesg
duced catalase and acid from glucose anaerobically,

Table 1 incidence of staphylococci and preformed tdnase in market samples of khoa

ectrotr;/ go%d Mirs]taphylow%x(x too: Toﬂlnbacteriat I{:%t)rnt (x t&\"VCerFaLd/egr TDNase r%%s%rufﬁa?nsa%

DO
33

(No)
Baglore 60 6 W0 40E780) 3 AW 5 ©4 DY
Mysore %0 9 B0 009 2 W WD) D 102

Initial diameter of well on TB-DNA agar plates-5 mm
CFU-Colony forming units,
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Table 2. characteristics of staphylococcal isolates

i
Charagtrs itive Isolates
o) (g

Pigmentation (goloen yellow 10 533
{vr/nrte W 467

Mamnitol fermentation  + A A3
Aerobic and anaerobic 0 19 6.3
aerobic  + 28 94
Ancerobic  + 2 40

Acetoin production  + 20 733
0 0 X7

Ammonia production ~ + 240 800
0 60 20

Phosphatase production + % 813
0 A

Nitrate reduction + B R3
0 0 67

Ulase production — +4 & 273
Cagulase +5 43 U3
+2 08 21

0 7 57

TDNase production ~ + 18 643
0 0w H7

et posrtrve 0=negative +4, +3and +2-degrees of coagu-

confirming them as Staphylococci. The goIden yellow
£533 ger centg and white (46.7 per cent ggmented
olonies were observed almost in eriual numbers.  Man
nitol was fermented both aerobically and anaerobically
?t 3 per cent of the |solates Acetoin, ammonid,
r%osphatase coaérulase and TDNase were produced by
er cent, 80.0 per cent, 87.3 per cent, 4.3 per cent

and 643 Eer cent of the |solates respectively, while
nitrate was reduced by 933 per cent of the |solates
Amon% the coagulase osrtrve Stapnylococel, 27.3
cent, 143 per cent and 2,7 per cent”of these prody ed
14 +?7and + 20egrees of coagulation respectively. The
Present finding was simjlar to"that reported by Ghoshd
N regara to% mentation.  Batish et a/.19 found 29
(12.3per cent) out of 236 Staphylococeal |solates obtain-
ed from various samples of milk and milk products were
positive for TDNase.

The incidence of coagulase positive and TDNase posi-
tive Staphylococci in Khoa were 24.0 per cent and 37.0 per

Table 3. distribution of enterotoxin(s) among
STAPHYL \TES

Enterotoxins) Positive ~ Isolates

(No) @

A 8 125
B il 21
C 9 140
D 2 31
AB 5 78
AC 2 31
AE 2 31
ABD 1 15
ABDE 2 31
ABCD I 15
ABCDE 1 15
BC 2 31
BE 1 15
CE I 15
Total o4 1000

Standard strains proouced their respective eDterotoxins.
SanEﬁrejterotoxin(s) detected by both the serological techniques were

cent respectively,  Samples ossessrng coagulase positive
Staﬁhyl cocel, also Incluged TDNasé positive cultures
siderable variations in the incidences of coagulase
and TDNase positive taphylococcr have been_recorded
among the various milk and milk products.2L

On’the basis of therr abilit dy t0 produce TDNase
coagulase and phosphatase and ferment manpjtol, 125
out™of 300 Staphylacoccal isolates were classified as S
aureus and considered to be potential producers of
enterotoxins

The drfferent t}/pes of enterotoxins produced b Sta
hglococcal |s%la 8 ?re shown in Table 3 Entero

duced by. the Isolates were same when etecte

GDT technr ug and OSP method. Whrle all the sta
dard strains of S. aureus produced. their respectrve
enterotoxins 64 out of the 300 wild isolates Were
enterotoxrr%renrc froducrnﬁ enterotoxrns erther ] aguy or
I combiriation b 10lates crn
srngle enterotoxins, SEB was Produced bxz
0, SEA by 8 and SEE by 2 but SED was not produce
singly by any of the isolates.  Almost all the combina-
tions contained either SEA or SEB or hoth.

Most. of the earlier studiesi92-3 have shown the
predominance of SEA producing strains among Staphy-
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locacei isolated from milk and m.Ik products. Donnelly
el cl.2did not find SEB producm%s [ains amon% coagy-
lase positive StaphEIococu isolated from cheese which
contained only SEA producing strains, ~ Variations
amaong the type of enterotoxins produced by S. aureus
strain3 depend mostly upon the nature of strdins and the
supstrate/medium. Since Kioa Is a heat concentrated
milk product, the presence of enterotoxigenic Staphy-
lociccl cultures may be due to contamination during
handling, transporfation ang marketmé; of Khoa.
Although Payne and Wood2? reported high incidence
ot SEA Droducing strains, _mang of them_produced
multiple enterotoxins c_ont_alnmq EA or SEB_ or hoth,
as In the Pre_sent mvesﬂgatlon. n theERresent investiga-
tion, 22 strains out of 64 produced SEA either singly or
In_combination with other toxins SEB, SEC, SED ‘and

EE
Earlier studies22.23 have shown that, SEA is the most
gotgnta nldn chgsmg food poisoning followed by SED,
Considering that the Staphylococcal isolates were
obtained from 100 samples, the incidence of enterotoxi-
genic Staphylococel in"market Khoa works out to 100
Ber cent. The incidence in qther da|r¥ 8roducts reported
y earlier workers, 198 varied from 7.6t 30.0 per cent,
All the enterotoxigenic Staph%lococcal cultures were
found to be strains of'S. aureus, they fermented mannitol

Table 4. degrees of coa%ulation of plasma by enterotoxi-

genic NS OF S AUREUS
. N%eg%esmglps C(%%SLIJ %?or{o r Total
Enterotoxin(S)
+4 +3 +2
A 4 4 Nil 8
B 16 C 1 i
C 2 6 1 9
E 1 1 Nil 2
AB 4 Nil 1 5
AC 2 . Nil 2
AE 1 1 ) 2
ABD Nil 1 ., 1
ABDE . Nil 2 2
ABCD 1 Nil 1
ABODE 1 j B 1
BC 2 . 2
BE 1 . . |
CE Nil 1 |

Standard strains (5) were positive for +4 coagulase reaction.

and produced acetoin, phosphatase, coagulase and TD*
Nase. Out of 64 enterotoxigenic cultures, 33 were ?olden
yellow g; mented and the Test prodyced white colonies,

The (ifferent degrees of coagulation of plasma (+4,
+3 +2 produced”hy the enterotomqemc strains of s.
ayreus are shown in Table 4. No corrélation was observ-
ed between the degree of coagulase reaction and the
type of toxins produced. Five olit of 64 strains produced
weak reaction (+2), but still they elaborated the toxins.

A definite relationship could not be drawn between
the tyﬁe of enterotoxins produced bP/ S. aureus Strains
and the tl)_llpe of plgmentatwn (qolcen yellow/white
formed. However, 3 out of 9 stfains producing_SE
singly. and also_ few out of 7 strains praducing SEC in
combination with other toxins were white pigmented.

It Is evident from this study, that the strains of s.
aureus present in market Khoa can produce all the 5
types of enterotoxins either singly or in combinations
and thus be a source of food paisoning.
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The effect of vitamins, hormones and fatty acids on the submerged mycelial yields of some mushrooms grown in syn-

thetic media were investigated.
promoting activities for these mushrooms.

None of the water soluble and fat soluble vitamins showed any significant growth-
Among the plant-growth hormones tested, kinetin is growth stimulatory

for T. clypeatus, and C. lagopus, while indole-3-acetic acid is for V. volvacea, but gibberellic acid has no such activity.

Caprylic, capric, palmitic and stearic acids present in the medium affect growth.

Caprylic and capric acids acted as

growth inhibitors at high concentration, but stimulated growth of T. clypeatus, C. lagopus and V. volvacea at low con-

centrations.

Growth substances like vitamins, fatty acids and plant-
hormones have been reported to influence the

Vields of mushroom mycelia, Jennison et al. made an
extensive study of the Rutritignal requirements of more

than 40 speciés of wood rotting Basidiomycetesl Ac-

cording :
by almost all strains tested, while Poria vaillantij re

to these investigations, thiaming was, reauireg
uire

biotin and riboflavin In addition to thiamine. Stimulation

of

growth of mushrooms either on compostz o In sub-
merged culture3has been observed when

he medium was
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supplemented with various Irords and vegetable oils.
Dijkstra et alA reported both stimulation and inhibition
of growth in the presence of different saturated and un-
satlirated fatty acids. The unsaturated free fatty acids
Were ound to be |nh|b|tory while oleic acid esters were
strmu atorg Guha and Baner r{eeS studied the effect of
Indlole-3-acetic add and kinetin on the m gce 1al yield
Agaricus. campestrls 512 and the tormer only was found
to e stimul atorg for growth,

This paper reports thee ect of various growth factors
inglucing 'vitamins, plant growth hormones and fatty
acids, on seven strains of mushrooms.

Materials and Methods

these vitamins by mushrooms were not available, B-
vitamins, fatty acids and ﬁlant rowth hormones were
dissolved in absolute alcohol. Concentration of these
growth promoting substances were derived from the
Previous reports.on mushroom growtht 5, Composition

B vitamin mixture added in_the medium and their
concentratrons are as follows (in mg/ml 0f medium):
Thiamine-HCI (5x10-4), riboflavin (5x10-4), nicotina-
mrde (IxIO -6 calcrum pantothenate HX 04r d)oy

|

doxal xIO - pyrid oxrne
v xlO ) Hiic g

mrne %x rd cyanocob aamrne
-amingbe lotin (5 x 10’

enzoic acid (2x 1 ?]
nrcotrnrc acr 5x 10-4), chohne chloride (I x 10"
and m-inositol

Chemicals;  Kinetin, grbberelhcacrd and all the mem-_ Medium: Mgdra for'the submerged Bropagatron of

bers of the vitamin B group were purchased from Sigma  different mushrooms are described” Table 168

Table 1 growth media
Initial pH N-source C-source
Organisms of the medium -

Compounds ~ Amount (%, wiv)  Compounds Amount (%, wh)

T. clypeatus 3.0 nh o4 2463 Dextrin 10

P. papillionaceus 3.0 nhh o4 2463 Soluble Starch 9

G. chrysimyces 50 Urea 0214 > 5

C. lagopus 50 | 0.032 6

L. squarrosulus 50 NHACL 0.057 Dextrin 8

V. volvacea 4.0 kno3 0.108 Soluble starch 5

A. bisporus 80 NPL;CI 0.382 Glucose 6
Chemical Co. USA. Indole-3-acetic acrdwasthe roduct Mrcronutnents Ooresent in 9100 ml: KHZ04 0.087;
of C. H. Boehnn?er Sohn, Germany. Vitamin E and C 0% ,7H20,0025 MnCI?, 4HX),
were purchased from E.Merck, ‘Germany. All the 0.0036; NaMo 4 4H 0.0032: ZnS04, TH26, 0.03:
fatty acids were obtained from Centron Research Labo-  CaCl2 2H20, 0.037: bonc acid, 0.057; CusS04, '5H2

ratory, Bomba

Vitamin A (acetate)-4, 95,000
IU/?‘mvrtamrn

India
Ecalcrf)erolgti 90,000 TUlg and vitamin
enadion, sodium bi Ifrteg were_obtained from
Central Dryg Laboratory, Calcutta, Other chemicals
used were either of AR or GR qualrty.
Mushrooms and their propaga ion:” The mushroom
strains used were: Termromyces clypeatus (Heim),
Pamfoluspapillionaceus (Bull. ex. Fr. Qu'e[), Gymnopilus
chrysimyces' (Berk), Coprinus legopus (Fr.) Fr; Lentinus
squarrosulus Mont) olvarieha volvacea and Agaricus
bISpv(\)rtHSf ettrho s for %he develgpment of mycehal
rowth from thei fruit bodies and their propagation
Have been descn[)ed tsewﬁere 6-« PPy
Growth substances: Vitamin A, D ang K were emulsi-
fied with.a drop, of refined groundnut ofl and diluted to
the required volume with ‘ethanol. Concentration of
these vitaming and vitamin C and E were formulated as
needed by differentl anrmals Since requirement of

0.0039; with the omission of Cu2+ for T. clypeatus, C.
lagopus and V. volvacea; NaMo04 for G. chrysrmyces
and L. squarrosulus; Zn2+ for A. bisporus, Omission of
all except KHZP04'and MgS04 were made for P. papil-
lionaceus. Incubation temperature for all the mushrooms
%nzslarnltagred at 301 °C except for A. bisporus which

Growth measurement The m gcellalﬂowths 15 days
after inoculation were_recovered by filtration, was ed
thoroughly, dried (60-70°C) and Werghe

Results and Discussion

The results |n TabIe 2 show the effects of vitamins on
r%/ce 1al yields of mushrooms grown under submerlg

e co dition.” It was observed thatthevrtamrn erxtu
did not cause any aﬂprecr le growth strmulatron or

of the strains. Although it Was reporte
ﬁha/t Coprinus comatus  recired t?ts Ing for grovvt)h



GHOSH AND SENGUPTA: INFLUENCE OF SOME GROWTH FACTORS ON THE PRODUCTION OF MUSHROOM 59

Table 2. influence of vitamins on yield"

. ~ Mycelial Mycelial yield (/100 ml) with indicated vitamins* added
Organism YIRld IN CONIOL  ememmemm e e e e e
(9100 ml) A B C D E K
P. papillionaceus 2.086 2.130 2.086 1136 2318 2.016 2.126
C. lagopus 1.982 2.090 2.160 2012 1.980 1.448 2.048
L. squarrosulus 0470 0522 0.554 0512 0.464 0.446 0478
V. volvacea 0633 0.620 0438 0.234 0.614 0.134 0.580
A. bisporus 1220 1174 1182 1.216 1100 1.3% 1000

a. Yield on dry wt. hasis 15 days after inoculation. Results are average of triplicates. o
‘Vitamins added: VitaminA: 0.001 mg/100ml; vitaminB: See undertext; vitaminC: 5.0 mg/100 ml; vitaminD E andK: each
0.5 mg/100ml. 1 ml of ethanolic solutions were added.

Table 3. influence of plant growth hormones on yield* V. volvacea, P. pa&illionaceus and of C. Iagopus, V. volva-
cea respectively.

, . , rowth of T. clypeatus and G. chrysi-

| e e O et '™ myces Vies nof affected fy an ofthe itamins tesed
Organism control Although it seems rational to study the effect of plant
(g/lOOmI} Gibberellic Indole-3-  Kinetin  growth hormanes on mushrooms, limited information
acid  acetic acid |sI altreadmh/ﬂlablea TabltehS glv\(zfst thef eflfec% 8f sonP]e
ant growth hormones on the Po selected mush-
T clypealts L0130 L 210 P_oomsfJ It 15 evi ent?rom the T%[ﬁet at kinetin effected
C. lagopus 1568 1400 1364 2146 significant growth stimulation with T. clypeatus and C
V. volvacea 022 0180 o404 o150 lagopusandgrowth inhibition with V. volvacea. Indole-3

_ , o acetic acid \was heneficial for the growth of V. volvacea,

a. Yield on dry wt. basis measured in triplicate after 15 days of on_Iy, Addition of tg|bbere|||(: acid was not effective.
inoculation. _ _ he possible effect of fatty acids on mushroom growth
}-Basal medium (100 mi) as stated in text contained 1% (vi) - was Initially suggested by the observation that the yield
o T”Of' ol solud e of Agaricus bisporys fruit body Is stimulated by the
Lmi of ethanolic solutions were added. addition of vegetable oils to the compost. Wardle and
o .. Schisler2 reported the same during submerged cultivation
the present strains did not respond to B-vitamins. of mushroom mycelium. In the present study, free
Moreover, addition of B-vitamins inhibited growth of fatty acids were fested for their effects on the g_r Wwth of
v. volvacea. Vitaming A D and K did not affect growth, different strains of mushrooms (Table 4). CaP Ic acid IS
but vitamin C and vitamin E inhibited the growth of  inhibitory for almost all the Strains, ‘except P. papil-

TABLE 4. INFLUENCE OF FATTY ACIDS ON GROWTH® IN SYNTHETIC MEDIA

_ Mycelial Mycelial yield (/100 ml) with fatty acids

Organisms yield in - - - —— — . L .
controle Capric Caprylic Laurie Myristic Oleic Palmitic Stearic

(9100 ml) acid acid acid acid acid acid acid

T. clypeatus 2.976 0.018 0.062 3.004 2.700 3072 3178 2470
P. papillionaceus 2.224 2,636 2.604 2.640 2674 2.552 2.802 2.376
C. lagopus 1241 1.270 1597 1.416 1.383 1.219 1.267 1.258
L. squarrosulus 0.464 0.355 0.341 0.379 0410 0534 0.448 0.534
V. volvacea 1200 0330 1.860 0.600 1.350 0.750 1.350 1.800
A. bisporus 1.209 0.983 0.875 0.979 1173 1.159 1.098 1133

a Growth, always in triplicate, was measured as er wt. in 9/100 ml after 15 days of inoculation.
b as stated in growth medium table, contained 1% (v/v) ethanol.
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lionaceus and C. lagopus. On the other hand, caprylic

acid was stimulatory for V. volvacea and C. la opus
but both the acids “were extremel mhrbrtory
clypeatus. . Laurie acid was Inhibitory voIvacea

myristic acid did not aﬁect the, 3 owtho any of the
mushrooms significantly. erc acr was slightly stimu-
atory for L. squarrosulus but for V. volvacea it was
Inhibitory. _Palmitic acid was stimulatory for. P Ba pil-
lionaceus. Though stearic acicl showed a little inhibition
Wlth T, clygeatus it was stimulatory for V. volvacea.
Growth, of G. chrysimyces was unaffected by %of the
fatty acids. Growth inhibition ofA bisporus oerc
acld, stearic acid and palmitic acid was reported X
DH stra et alA We observed that oleic aci wasals
Infibitory for V. volvacea While palmitic and stearic
acrds Were strmulatog for the growth of V. volvacea,
. squarrosulus and P. papillionaceus.
tgrowt |nh|b|t|on by cagnc and cap lic acids is
mteres n and encet e myc lial yields with different
levels were studied (Fig. 1). It was found that both the
fattyaordswerestrmulao fort e growth of T, clypeatus
at fow concentrations of Im IOOmI hut at hrgher con-
entratrons the Were stro inhibitory, Growth
stimulation of C. lag o us an voIvacea rylic
acid was also studredl( ). Similar growth |nh ition
Was achreved with a larger amount (250 mg/ 00 ml) of
fatty acid. In additjon, rowth Inhibition of V. voIvacea
was noted at the substimulatory doses, in general, these
fatty acids. have stimulatory effect at a narrow range of
concentratrons whrch varies from strain to strain. It
%/ concluded that among all the growth substances
tested, the Cyand CI0 saturated fatty acids significantly

1.5} -
3—-— 1-0f % .
O E %
S3 /)
9= /
S
EU) 05._ % -
> /
s |
0 Al o
0 1 10 100

Fatty acid (mg /100 ml)

Frg L Influence of caprylic acid (I ) and capric acid ﬂuIJJr%
on the growth of T. clypeatus. Growth was measured, after 1
days of inoculation.

g /100 ml

oLt A1 VA
0O 1 5 25 50 250

Fatty acid (mg/100ml)

1;':7;7?' 2. Influence of caprylic acid on the growth of C. lagopus
and V. volvacea (I °). Growth was measured, after 15

days of inoculation.

ahte(elr ghr% metabolism of mushrooms tested and affect
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Studies on the nutritional requirements of Penicillium citrinum for the elaboration of toxin, citrinin in a Synthetic
medium show that dextrin and comsteep liquor are the most suitable carbon and nitrogen sources respectively for the

production of the toxin.

There was no citrinin production in the medium containing ammonium salt due to high

acidity of the broth, but addition of 0.1 per cent CaC03 to neutralise the acidity enhanced the citrinin  production.
Among the different raw materials tried, rice, soyabean and groundnut cakes are the most suitable for the production

of citrinin.

_Citrinin, a toxic secondary metabolite of fungi was
first isolated in 1931 fromP. ¢Z/nmi/nThoml Dug'to the
nephrotoxicity2 and terato?enlc effect this compound
has attracted” special attention, It was isolated from
ellow coloured rice imported from South east Asia.
t has been found as a natural contaminant of rice, wheat
com, rye, barlegy and oats35. Scott el al . have obtained
as much as 0.08 g.of cityinin per kg. of wheat which was
naturally contaminated. _

Cl_trlnln has been isolated from culture filtrates of
fungi be onﬁlng to the genera Aspergillus and Pencillium7
and from the plant Crotalaria crispata8.  Thus, Citrinin
Is a potentially important mycotoxin that may contami-
nate food and agricultural products and thus cause chro-
nic disease in man and animals. Extensive research was
carried out by several workers on the toxic effect of
moldy cereals,” infected with citrinin producing molds in
animals specially on the kidney%-16

The present Ba er describes ‘the study done on the
nutritional  requirements of. Penicillium citrinum  for
citrinin production, using a simple and convenient cup-
plate method of assay Of the toxin.

Materials and Methods

. The toxin producing strain of P. citrinum_Used was
isolated fromoil cakes stored for one year!L The culture
was maintained on potato-dextrose agar slants. ~ For
studyln%1 nutritional “requirements, the organism. was
rovin 1 50 ml of a synthetic medium taken'in a 250 m
rlenmeyer flask. Tre medium was ingculated with 0.2
ml of spore suspension (containing_37.5x 108 spores
per mlg, Spores belng collected from”7 days old Eotato-
dextrose agar cultures. Triplicate flasks Were used for

3

each set. The flasks were keft ona rotarB/ shaker (120
rpm,) for 10 days at 280+1°C.  The basal medium
contained KH2 04 1.0 0& MgﬁQLL THD, 05 8; KCI
059;" Fes047H0, 0.001 g; NaN03, 200 g: distilled
water, 1000 ml. The J:)H_v,vas adéusted 10 58701, The
carbon sources were sterilised S parateI}/ and adoed just
prior to ingculation at 5 per cent concentration. Citrinin
concentration In the broth was determined by modified
cup rPlate method, with Bacillus subtilis var. m[yJCOIdeS
as the test_organisms,  Citrinin (sample from USDA,
Northern Regional Research Laborator;f Peoria, 1lli-
nois, U.S.A.) Was used as the standard, The results are
e>I<pressed in terms of micro grams of citrinin ger m
broth as calculated from a stanoard curve. A standard
reparation of citrinin contalnmg 0.05 mn%] ?er ml of kO
er. cent aqueous alcohol produces 20 mm zone of inpi-
ition.  Growth was determined as dry weight of cells,
separated from the culture broth by Centr u%atlon n
trgeGCé)JgrBy\éashed 3times with water and dried Tor 24 hr
at 60°+5°C.

Carbon, sources: A number of sugars mcludln% %Iu-
C0SE, galactose, maltose, mannose,” lactose, SUCIOSe,
araninose, xylose, starch and dextrin were used at 5 per
cent level as carbon sources and the citrinin elaborated
after the 7th and 10th dag along with the cell growth and

H of the broth were Cﬁ?rmlned,

Nitrogen sources: The different nitrogen sources fested
for tne elaboration of citrinin Included scdium nitrate,
ammonium nitrate, ammonium chloride, ammonium
hydrogen é)hosphate, urea, { gtone_pﬁjtone, corn steep
liquor”and yeast extract. ' The medium contained 4 per
cent dextrin.  The n|tr0([qen sources. were added at a
concentration equivalent to 0.033 g nitrogen per 100 ml.

61
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As the ammonium salts used recuced the pH of the
broth, CaCC.: at 0.1 Rer cent level was added to ammon-
lum h drogen ,phogﬁ ate, ammonium Sulphate and am-
moniym chloride and the citrinin procuced was Ceter-

miped. .
The citrinin elaborated cell ﬂ{owth and pH of the
broth were determined on the 7ih and 10th ﬂa .
Citrinin production on_ solid substrate: The” growth
of P. citrinym and citrinin_production were studied on
different solid substrates. Several agricultural commodi-
ties were used as substrates for the mold %rowth. Humi-
dllly and temperagure are the main controlling factors
for the growth of P. citrinum and citrinin production,
In this experiment, 10q of solid samples with 50 per cent
moisture taken In 100 ml flasks, were inoculated with
0.5 ml of spore suspension. and incubated at 28°C in
stationary state. Usually, triplicate flasks were used for
each set” three times.” Citrinin was extracted from
different food samples, with measured volume of 50 per
cent alcohol. The combined extract was assayed by the
usual method,

Results and Discussion

Effect of carbon sources; - Among the different carbon
sources, dextrin is excellent for growth. and_citrinin
roduction (Table 7). Maxjmum produgtion of citrinin
as obtained on the 10th day. ~ There Is, however, no

direct relation between cell vqrovvth and citrinin P_ro_duc—

tion. Lactose does not favour synthesis of citrinin.

Table 1. effect of different carbon sources on citrinin

PRODUCTION BY P. CITRINUM IN A SYNTHETIC MEDIUM

Tth day 10th day
Carbon — S
sources Citrinin ~ Cell BH of Citrinin -~ Cell ~ pH of
(figIml) growth broth (fig/ml) growth broth
(9D (g0
Glucose 9 790 50 165 604 52
Galactose 110 770 48 170 564 50
Maltose uno 854 47 26 928 49
Mannose 9% 666 49 155 6.98 5.0
Lactose 316 41 — 276 42
Sucrose 20 960 43 180 1078 50
Arabinose 8 434 48 98 4,76 51
Xylose 75 810 49 1% 630 48
Starch
(soluble) 200 970 52 275 854 46
Dextrin 245 1030 51 320 1076 55

Table 2. effect of different nitrogen sources on citrinin

PRODUCTION BY p. cITRINUM IN A SYNTHETIC MEDIUM

Tth day 10th day
Nitrogen  Citrinin  Cell %H of Citrinin ~ Cell EH of
sources (lig/ml) growth Dbroth (p g/ml) growth broth
(o/D (0/D
Sodium
nitrate 205 9.0 45 3B 870 48
Ammonium
sulphate — 474 20 — 478 20
Ammonium
chloride 450 21 416 21
Ammonium
thro en
phosphate — 498 20 — 570 20
Urea 20 82 49 265 890 52
Tryptone 315 99 55 3 918 59
Peptone 22 1016 51 250 954 50
Com steep
liquor 50 1376 61 616 1162 64
Yeast extract 215 86 48 235 8w 54

Effect of nitrogen sources:. It is evident from Table
2 that there was no citrinin production in synthetic
medium containing ammonium Salt, Whereas Organic
nltroqen comPoun 5 as Well as nitrate are suitable. Corn
steep'liquor allows maximum production of toxin. There
|Ssa I%harp fall in pH of the broth containing ammonium

Effect of calcium carbonate: Table 3 shows that
addition of gCaCog Increases the synthesis of citrinin in
ammonium Salt medium, It Is, trerefore, evident that
high acidity of the medium inhibits citrinin synthesis.

Table 3. effect of CACO3 on citrinin i)roduction b

P. CITRINUM :N ASYNTHETIC MEDIUM CONTAINING AMMONIUM SALT
Tth day 10th day

Nitrogen  Citrinin  Cell ~ pH  Citrinin  Cell ~ pH

Sources (I'y/ml) growth (l'g/ml) growth

Ammonium

h%dro%en

phosphate 235 1182 48 3B0 1162 49

Ammonium

sulphate % 1010 44 10 962 46

Ammonium

chloride 8 664 41 % 8m 45

CaCoj added at 017
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Table 4. production oe citrinin on different grains and oil-
cakes sy P. CITRIHUM

Citrinin (*-g/
Solid substrate (*-/g)

5th day  T7th day 9th day
Rice 602.5 502.5 643.0
Wheat 4180 539.0 435.5
Corn 532.0 473.0 470.0
Soyabean 336.5 6680 615.0
Oat 195.0 205.0 2335
Barley 315.0 403.0 445.0
Groundnut 200 286.0 325.0
Mustard Oil cake 206.0 235.0 2100
Groundnut Oil cake 495.0 639.0 615.6

Citrinin production on solid substrate: It is evident
from Table 4 that altho\ij%? all grains, oilseeds and
their meals supported growth of the mould and citrinin
production in' Solid state fermentation, rice, soyabean
and qroundnut_cakes are more suitable substrétes for
citrinin production. The study demonstrates the possibi-
lity of contamination of grairs, Ie%t]Jmes and oilseeds by

%I and the production of the

the citrinin producing fun

mycotoxin under favourable conditions.
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Maize flour was contaminated with aflatoxins by growing Aspergillus parasiticus (NRRL 3145).
staple dish in Africa, was cooked from the contaminated whole maize flour.

Ugali, a traditional
Bread was baked from a composite

flour that contained 10 parts of the aflatoxin contaminated maize flour and 90 parts of uncontaminated wheat flour.
The ready-to-eat ugali still contained 199.1 mg/kg aflatoxin B (B[+B2) and 206 mg/kg of aflatoxin G (G1+G2),

amounting to retention percentages of 88.5 and 82.4 respectively.
In both ugali and bread, more of aflatoxin B was retained than G.

(B1+B2) and 67.8% for aflatoxin G (GL+ G2).

Aflatoxins are potent carcinogens produced as secon-
dary metabolites mostly by fungr belonging to the Asper-
gillus flavus_group. Aflatoxin Bj is one of the most
potent carcinogens knownl As little as 0.3 juglg of
aflatoxin B[ in the diet has been shown to induce tumor
formation in the livers of experimental animals2. Epide-
mlologilcal evidence from different countries3 5has shown
the relation between the consumption of aflatoxin con-
taminated foods and the death from hepatomas in children
and adults. Although aflatoxins were initially discovered
in moldy peanut meal6, foods stored under hot and
humid conditions are also prone to aflatoxin contami-
nation. The isolated aflatoxin; are stable upto their
melting points of around 250°C". Consuming aflatoxin-
contaminated grains could be hazardous. Liver cancer
has been recognized as a serious disease in Africa for a
onfg tim;8 and'in several cases correlated to the incidence
of toodstuff heavily contaminated with aflatoxin9. The
present paper describes the relation between cooking of
ugali, baking of bread and retention of aflatoxin in these
products.

Materials and Methods

One kilogram of polished maize flour was locally
purchased. The flour in 250 g portions was dispensed
Into Fernbach flasks of 2 1capacity, plugged with cotton
and autoclaved for 20 min at 121°C.’ It was transferred
to a chamber maintained at 90 per cent RH as described
earlierl0, which contained an incubator set at 30'C.
Following equilibration for two days, the flour in all
flasks, except the control, was sprayed with 10 ml (ﬁer
flask) spore suspension of Aspergillus parasiticus (NRRL
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In bread, retention was 83.8% for aflatoxin B

3145) in sterile distilled water, grown on potato-dextrose
agar slants. The flasks were incubated for 10 days at
30°C maintaining a RH of 9022 per cent. .
~ Ugali was cooked in the traditional way in an alumin-
ium vessel b addm% the pooled, and uniformly mixed
contaminated maize flour to boiling water. The changes
in temperature during cooking were recorded till the
product was fully formed. Bread was made by mixing
10 parts of the contaminated maize flour and 90 parts
of aflatoxin free wheat flour, and baked at 240°C for
35 min. Tne bread temperature was noted after the bread
was completely baked. .
Aflatoxins were extracted from 50 g of maize flour
that had been pooled from all flasks which showed the
growth of A. ?arasiticus. Contents from the control flask
were similarly extracted.  The exraction procedure
followed was that of Shannon et al.1l using acetone:
water (85:15 v/v) as the prlmary extractant and am-
monium sulphate for cleanup. Affatoxins were extracted
in a similar way from portions representing 50g of maize
flour from igali and bread. Aflatoxin detection and
separation were done for all extracts by spotting 20 «1
on thin-layer thomato%aphy plates coated with kiesel-
gel 60 HR(article 774" Merck). A sclvent system of chlo-
roform: acetone (90:10 v/v) inan unlined, unequilibrated
tank was used for developing. After observing under a
long wave UV light, different spots containing aflatoxins,
recognized usmgi co-developed aflatoxin™ standards
Supelco Inc., Bellefonte, PA16823, USA) were scraped
B1-FB2 together, and G!-fG2 together) into 5 ml of
acetonitrile contained in test tubes. The test tubes were
gently shaken and stored in dark for 30 min closing with
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stoppers.  Aliquots of aflatoxins in acetonitrile were
quantified in a SV 30 UV spectrophotometer, reading
absorbance at 335 nm for aflatoxin B and 358 nm for
aflatoxin G. Aflatoxin concentrations were calculated
after makln(f] standard graphs using known concent-
rations of aflatoxin standards.

Results and Discussion

~ Levels of aflatoxin B and aflatoxin G in maize flour
inoculated with A. parasiticws were 225 mg/kg and 250
mg/kq respectively. Aflatoxin was absent in the control,
implying that the maize flour was initially free from afla-
toxin, %uantltles of aflatoxin retained in ugali and
bread made from the contaminated flour are presented
in Table 1 Elaboration by A. parasiticus of more afla-
toxin G than aflatoxin B was prominent. A similar trend
I also noted for this strain cultured on soybeans12 How-
ever, the total amount of aflatoxin formed in maize flour
is far greater than the concentrations reported in few
surveys of natural contamination of maize with afla-
toxin in some parts of Africag, and North Americal3
The increased production of aflatoxin in the laborator
is perhaps due to optimal RH and temperature provid-
ed during incubation. _

Although aflatoxins are known to be resistant to heat,
the intensity and the duration of heat during cooking
and bakm% appear to have some influence. During the
cooking of ugali the temperature ranged from 80 to
85°C, and lasted for 15 min. As can be seen from
Table 1, only 115 per cent of aflatoxin B is destroyed
after cooking ugali, while 16.2 per cent of aflatoxin B
is destroyed in the baking of bread. The final bread
temperature was 95°C. This difference in part is due to
the different temperatures emplo?/ed in cooking and
baking. Destruction of more affatoxin G than afla-
toxin Bin both the cases is in agreement with the findin%s
in feed by the U.S. Food an Dru% Administrationl4.
While it 15 known that higher moisture content would
promote heat destruction of aflatoxin B]% in cookmg
ugali where the contaminated flour was in contact wit
water, the destruction was only 11.5 per cent. Evidently,
neither the conventional cooking nor the baking practi-

TABLE 1. AFLATOXINS IN UGALI AND BREAD BEFORE AND AFTER
COOKING AND BAKING

Food Aflatoxin concentration (mg/kg)  Aflatoxin retention
Before After (%
B,+B2Gi+Gj B,+B2 Gt+G2 B G
Ugali 2250 2500 1991 2060 885 824
Bread* 2250 2500 1876 1695 838 678

t Made from 10 parts of aflatoxin contaminated maize flour and
90 parts of uncontaminated wheat flour.

ces promise the total destruction ofaflatoxins. A 10to 15
Ber cent destruction of aflatoxin B and 15to 30 per cent
estruction ofaflaoxin G was apparent fromthis stuay.
_In or_d%r to study the Cloattern of aflafoxin des_tructul)n
in ugali by cookirig and In bread by baking, it would
have been necessary to pro!onrq the time; but'this would
have only rendered the final™ products unacceptable.
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Preparation of Queso Blanco cheese from buffalo milk of 5 per cent fat and cow milk of 3.5 per cent fat using
citric acid as a coagulant and addition of 2 per cent salt and, 10 and 20 per cent cane sugar was described and the
Addition of 2 per cent salt resulted in higher yield when
milk solids are more in milk and moisture retention was more in the case of Queso Blanco cheese made from cow

shelf life was assessed by storing at 6-8°C for 6 days.

milk.

Further, addition of 2 per cent salt resulted in higher fat percentage in cheese from buffalo milk and low

yeast and mould count. Addition of cane sugar at 10 or 20 per cent levels resulted in more losses of fat in the whey, and
higher yeast and mould count, but the cheese was more acceptable when made from buffalo milk with addition of 10

per cent cane sugar.

Queso Blanco cheese or Latin American white cheese
made by direct acidification of cow milk with organic
acids, is an unripened white cheese with bland acid fla-
vour. Non-usage of rennet in the production of cheese
may overcome the prevalent barriers of vegetarian popu-
lation of India for cheese consumption and it may
become good substitute for cheese of different types, since
it is nutritious with bland acid flavour and good slicing
properties. This cheese is commonly made bg acidifi-
cation of cow milk with glacial acetic acid at 82-83° C
in Latin  American countries. Many  workers
studied the different aspects of production including
the development of factory methodl quality of Queso
Blanco cheese2-4 and influence of various coagulating
acids on yield and quality6. Since in these investigations
only cow milk and addition of salt on quality were
studied, an attempt has been made in the present study
to compare the quality of Queso Blanco cheese made
with buffalo milk by addition of salt as well as cane sugar
at 10and 20 ?er cent level with that of cheese made from
cow milk. Ofall the organic acid coagulants, pure citric
acid is considered as the best, as it does not impart any
flavour to the product6 and hence, it is used in the pre-
sent study.

Materials and Methods

The milk obtained from healthy cows and buffaloes
was standardised to 3.5 and 5 per cent fat, respectively
and were divided into three portions of 3 kg each and
labelled as C[|, C2, C3and By, B2, B3, respectively. All
the six samples were heated separateiy to 82-83°C and

coagulated with 5 per cent citric acid solution. The curd
obtained after draining from Cj and Bi was cut into
small cubes, and salt was sprinkled at the rate of 2 per
cent of the curd and pressed overnight. Similarly, the
curd obtained from C3and B2 was cut and 10 per cent
powdered cane sugar was added before pressing over-
night. The curd obtained from C3and B3was also treat-
ed as above but with addition of 20 per cent powdered
cane sugar. The curd obtained after overnight pressing
was sliced and J)acked in chlorinated vegetable parch-
ment paper and stored at refrigeration temperature of
6-8°C for 6 days to find out the chemical composition
as well as microbial qu.allt)(. During the manufacture
of Queso Blanco cheese éln all 10 repllcatlon?, the follow-
ing tests were conducted as per the standard procedures.

Chemical: Fat in milk, skimmed milk ana whey7
and in cream and cheese8 were determined as per the
ISI procedure.  Estimation of solids-not-fat (SNFJ in
cow and buffalo milks was done as per the procedure
?lven in 1519, The SNF was found to range from 8.89
0 9.54 for cow and from 9.42 to 10.05 for buffalo milk.
Moisture in cheese was estimated as per the procedure
given by KosikowskiU. .
~Microbial:  Coliform counts were determined on the
first, third and sixth day of pr?faratlon according to the
procedure of B.B.L. manualll For dilution, 1:9 ml
dilution blanks contalnlngYZ Per cent warm sodium
citrate solution were used. Yeast and mould counts were
determined as per the ISI procedurel2

Organoleptic evaluation:  This was carried out as per
the score card recommended by Angivine et u/.13

*Present address:  Research Scholar, Division of Dairy Technology, National Dairy Research Institute, Kamal-132 001.
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Resnlts and Discussion

Yield: The data given in Table 1indicate the mean
ger cent yield of Queso Blanco cheese. It is seen that
uffalo milk gave higher yield of cheese irrespective of
the additions.  Tnis might be due to higher total solids
in buffalo milk. 1t is also clear that addition of salt at 2
per cent level resulted in higher %Idd of cheese irrespec-
tive of type of milk which might be due to enhanced
draining of whey by addition of cane sugar.
Fat losses in whey: The results in Table 2 indicate
the fat losses in whey. The fat loss is more in whey from
cheese made with buffalo milk indicating that the fat
losses are dlrect!}/ proportional to the fat level. Addition
of su?ar resulted in more loss of fat than addition of salt
and also the level of sugar added was found to e directly
proportional to the tat losses in whey. The individual
treatment values did nct differ significantly at 5 per cent
level of probability. .
_ Fat in cheese (on dry matter basis):  The values given
in Table 3indicate that salt-added cheese contained more

Table 1. mean values of per cen t yields of qubso blanco

CHEESE
Source of milk 2% salt  10% sugar 20% sugar Mean for
milk type
Cow 14163c  11576*  10.759° 12.166p
Buffalo 17413 152694 14.46e 15.714«
Mean for
additions 15788 13423*  1261*

Mean values of similar categories bearing the same superscript
do not differ significantly (P<0.05)

Table 4. comparison of mean val

PRODUCTION AND QUALITY OF QUESO BLANCO CHEESE

" REFRIGERATION TEMPERATURE "

6/

fat than su?ar added cheese. This might be the result
of more of at loss in whey when sugzar was added to the
cheese. Further, it was observed that at 20 per cent level
of sugar addition, the fat level variations in the raw milk
did not influence fat percentage (on dry matter basis)
in the finished cheese. o
Moisture: Data given in Table 4 indicate the

mean Values or per cent fat losses in

BLANCO CHEESE
10% sugar 20% sugar Mean for

Table 2. whey o+ queso

Source of milk 2% salt

milk type
Cow 0.260° 0.434* 0.443* 0.37%
Buffalo 0.453* 0.588° 0.595° 0.545«
Mean for
additions 0.357* 0511* 0.519*

Mean values superscripted by same letter do not differ signifi-
cantly at P<0.05.

per cen t fat (on dry matter basis)

" OF QUESO BLANCO CHEESE

Table 3. mean v

Source of milk 2% salt  10% sugar 20% sugar Mean for
milk type

Cow 46.613°  44.347° 44831 45.264P

Buffalo 48.982*  45367*  44.613° 46.321«

Mean_for

additions 41.798* 44857 44T22%

Mean values sug)erscribed by the same letter do not differ signifi-
cantly at P<0.05.

ueso blanco cheese on storage at

_ Cow milk Buffalo milk Mean for
Storage period (days) — storage
2% salt  10%sugar 20%sugar 2% salt  10%sugar  20% sugar days
1 51300 43.863' 4213 49574* 40721/ 38718 44.398*
3 50.748'  43.461' 414307 488857 39.349"  37.152x  43.504%
6 50.037* 42732 40.089° 483407 38458°  36.164°  42.600*
Mean for additions within the milk 50695°  43.352%  41.244° 48933« 30.509"  37.344™
Mean for milk type 45.097 41.929*
Mean for additions 814° 41.431" 39.294¢
(2% salt) (10% sugar) (20% sugar)

Mean values of similar categories bearing the same superscript do not differ significantly at P<0.05.
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Table 5. comparison of MEAN VALUES OF YEAST AND MOULD COUNT OF QUESO BLANCO CHEESE ON STORAGE AT
REFRIGERATION TEMPERATURE

Cow milk Buffalo milk Mean for
Storage period (days) storage
2% salt  10%sugar 20% sugar 2% salt  10% sugar 20% sugar day
) 1ae 1124 Lgar Tan Laze 27 .
3 101C 354" 432"~ 1772 27U 449" 297y
6 61/ sz 607 234- s00p 6071 a5
Mean for additions within milk 114 303C 408+ 195+ 305° as8*
Mean for milk type 274m 319N
Mean for additions 153+ 304v 433w

Mean values of similar categories bearing same superscripts do not differ significantly at P<0.05.

Table 6. mean scores of organoleptic quality of queso

BLANCO CHEESE STORED AT REFRIGERATION TEMPERATURE

_ Storage
Source of milk  period 2% salt  10% sugar 20% sugar

{tays)

Cow 1 9% 9% %3

3 92 9% 9

6 90 93 90

Buffalo 1 96 96 9

3 9% 9 9

6 92 92 90

moisture content in cheese. The moisture retention was
found to be more in salt added cheese than the sugar
added cheese. Also the cow milk cheese retained more
moisture than buffalo milk cheese during entire storage
period with all the 3t?/.pes of additions. _
Coliform count:  Coliforms were not detected in
Queso Blanco cheese made with diiferent treatments
elther on the first day of preparation or on the third and
sixth day of storage at refrigeration temperature.
Yeast and Mould Count: The results presented in
Table 5 indicate the yeast and mould count of cheese
stored at 6-8°C for a period of 5 days. The results show
a direct relationship between sugar levels, yeast and
mould counts which indicate the role of cane sugar in
contributing to the yeast and mould count. Salt added
samples showed low initial count of yeast and mould.
Organoleptic quality: The mean ‘scores for organo-
leptic quality of cheese are presented in Table 6, which
indicate that addition of salt was preferred in cheese of
cow milk on first day of storage, but as the storage period
increased 10 per cent cane su%ar added cheese was prefer-
red. In the case of buffalo milk cheese, on first day, 2 per

cent salt and 10 Ber cent cane sugar added samples were
preferred over 20 per cent sugar added samples but in
storage, preference was for cow milk. This indicates that
as the storage period increased 10 per cent cane sugar
added samples proved more acceptable over others.

References

1. Weigold, G. W., Development of a factory methad for the
manufacture of Queso-dalpias, Milk Prod.J., 1958, 49, 25.

2. Sipantas, L. G. and Kosikowski, F. V. Acetic acid preparation

Bhenomenon of whole milk for Queso Blanco cheese,
aper presented at the 6th Annual Meeting o f the American
Dairy Association, June 20-23, 1965.
Sipantas, L. G. and Kosikowski, F. V., ProPe(ties of Latin
American white cheese as influenced by glacial actic acid,
J. Dairy Sei., 1967, 50, 1989.
4. Mirschl, R. and Kosikowski, F. V., Manufacture of Queso
Blanco acid whey concentrates as coagulants, J. Dairy Sei.,
1975, 58, 793.

5. Marin, H. and Chandan, R. C., Influence of various coagu-
lating acids upon the yield and q7uaI|ty0f Latin American
white cheese, J. Dairy Sei., 1977, 60, 55.

6. Srinivasan, M. R. and Anantakrishnana, C. P., Indian Milk
Products, ICAR, New Delhi, 1964.

7. Fat determination by Gerber method: Milk, IS: 1224 (Part 1)
1977, Indian Standards Institution, New Delhi.

8 Fat determination of, by the Gerber method: Milk products.
|S: 1224 (Part-1) 1977. Indian Standards Institution,
New Delhi.

9. Density hydrometers for use in milk, 1S: 1183—1965, Indian
Standards Institution, New Delhi.

10.  Kosikowski, F. V., Cheese andfermented milkfoods, published
by the Author, New York, 1966.

11, BBL Manual o fProducts and Laboratory Procedures, Division
of Becon, Dickson and Company, Maryland, U.S.A., 1971,

12, Yeast and mould countfor foodstuffs, 1S: 5403-1969, Indian
Standards Institution, New Delhi.

13. Angevine, N. C., Harmon, L. H., Olson, H. C., Tucky, S. L.
and Irvine, D.M., Score card and quide for cottage Cheese,
J. Dairy Sei., 1958, 41, 214,

w



JdsonHal dionatlQaitydehhana ot MK

_ P. R_. S Moorthy and B. V. R Rao*
Department of Dairy Science, AP. Agricultural University, Hyderabad-500 030.

Manuscript received 2 March 1981 revised 10 August 1981

Chhana was prepared from goat milk of 3, 4 and 5 per cent fat using lactic acid, sour whey and citric acid as coagu-

lants and compared it with that of Chhana made from cow milk of 4 per cent fat,
moisture content, fat losses in whey and organoleptic quality apart from the yield.
The production cost was calculated.

was also studied for the quality.

The Chhana was tested for
Rasagolia made from Chhana
The results indicate that goat milk with 5

per cent fat and with citric acid as coagulant resulted in higher yields, but milk with 3 per cent fat gave Chhana

with higher moisture content.
fat was 3 per cent.
as coagulant.
cent fat was used.

In India 8-10 million milch type goats are maintained
which produge 7 lakh metric fonnés of milk annuallyl
Dug recognition is not given for the utilization of gdat
milk in India, While méthods are available for the pre-
paration of Chhana from cow and buffalo milks only(
recently Jailkhani_and De. reported utilization of 8oa
milk for_some indigenous milk products inclu _mg
Chhana. Therefore, tfie present stud%i was aimed to fin
out surtable fat levels in goat milk and the type of coagu-
lant useful for the production of good quality Chhana
suitable for the preparation of Rasagolia'(a Sweet meat
prepared from Chhana).

Materials and Methods

Standardized cow milk of 4 per cent fat and goat milk
of 3. 4 and 5 per cent fat were prepared b usn&g the
re_(iuwed amounts of cream/skim milk from cow andgoat

mifks,

Chhana was made from cow milk of 4 per cent fat with
0.25 per cent (by wt.)[ of citric acid as coagulant (Ti
control) as per the method of Rao3 ~ Chhand from goat
mllkm‘]as rfnﬁdeas er the method of Jailkhani and De.
from the following combinations. Goat milk of 3 per
cent fat was coaguilated with 5 9er cent lactic acid soly-
tion (T2) or using sour whey (0.1 to 0,84 per cent lactic
a(,:|)I (T:) or 5 per cent citric acid_Solution (T4).
Similarly, goat milk with 4 per cent (T5, T6, T/) and 5
R]er cent (Ts, Tg, T1) fat were also coa%ulﬁted with

e above mentloned” coagulants, respectively.

Fat in milk, whey and skimmed milk. and in creams

Fat losses in whey are minimum when lactic acid is used as coagulant and when milk
Better quality Rasagolia was obtained from Chhana made from 4 per cent fat using lactic acid
The cost of productioi. of Chhana suitable for Rasagolia making is minimum when goat milk of 4 per

was analysed as per the ISI procedure. ~Solids-not-lat
(SNF) in'standardized cow and goat milk was determined
& E)e_r the 151 rorocedurea and"found to b8 & -, & Eer
cent in cow milk and 9 -9.3 per cent in goat milk used
for the experiment. Moisture per cent in Chhana was
estimated ‘as that adopted for cheese by KosikowskiA

The ten t)( es of Chhana made In each trial were gudged
for organoleptic guall_ty_b a panel of « Judge usmg
a 10-point_scale by ﬁlvm reverse values. Rasagoli
was made from the”Chhand as per the procedure recom-
mended by Srinivasan and Anantakrishnan. and evaluat-
ed for Its organoleptic qualltry ba/ a panel of s JUd?eS D
the 10-point’scale. 'Cost of production was also cafculat-
ed for Chhana prepared from cow and goat milks,

Results and Discussion

Yield:  The results presented in Table 1 indicate the
mean per cent Yleld of Chhana under different treatments.
It can e seen that the fat level in goat milk was directly
related to the yield of Chhana irréspective of the coagu-
lants used. Citric acid tgave aIw_aKs hllgherylel_d of Chhana
at all the fat levels of goat milk. From this, it can be
concluded that goat mifk with 5 Iper cent fat gives maxl-
mum Yield of Chhana (17.35 per cent) when'citric acid
I5 used as coagulant. . .

Moisture: The mean values of moisture content in
Chhana are presented in Table 2 which indicates that
citric acid as coagulant retains more moisture in Chhana
followed by sour Wwhey and lactic acid. The fat contents
In milk were found to e inversely related to the moisture

APresent address:  Research Scholar, Division of Dairy Technology, National Dairy Research Institute, Kamal-132 001,
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content of Chhana irrespective of the coaqulant used.

n%l er moisture retentjon in Chhana (58.21 per cen?
oat |k with 3 per cent fat coagulated ith citric acid
SO||l:JtIt0|n Was, ound t0 be more swta e]c o

at 10sses in w r. valyes of per cent fa
|osses in Ch?tanaw Z obtalngﬁrom (y ??eren treatments
are gresente In Table 3 which indicate that fat losses
are dlirectly related to the fat levels ot goat milk. Further,

Table 1. means of per cent yield cf chhana from COW and

GOAT MILKS AT DIFFERENT COMBINATIONS

_ % yield of chhana with
Source of milk Fat

level Lactic Sour Citric
(%) acid whey acid
Cow 4 - — 16.65"
Goat 3 14.06? 15.10% 15.25%
Goat 4 15.25* 16.15€ 16.50"
Goat 5 16.14c 16.92" 17.359
Means for
coagulants 15.15* 16.05* 16.36-

Mean values superscribed by common letters do not differ signiff
cantly at 5% level.

Table 2. mean values of moisture content in chhana from

COW AND GOAT MILK AT DIFFERENT COMBINATIONS
% moisture is chhana with

Fat

Source of content  Lactic Sour Citric

milk (%) acid whey acid
Cow 4 - - 57.54"
Goat 3 55.25%  57.44" 58.219
Goat 4 5480"  55.86* 56.35r
Goat 5 54137 B495*"  50.98*"
Means for

coagulants BATT3*  56.084*  56.715-

Mean values superscribed by common letters do not differ signifi-
cantly at 5% level.

Table 4.
T, t2 t3 t4
Chhana 9.54 9.00 4.00 6.79
Rasagolla 9.08 na 5.00 6.25
For details of T) T2 T)osee text.

the fat losses are more when sour whey was used as a
coagulant, but were less when lactic"acid was used.
]Ifor mlnlltngm] fat Igsses n (tthhana vs{he IEunng n}anta
acture of Chhana, 3 per cen milk coagulate
Wit Tactlc aag so) lﬁ)teion wo& g%e preferre gg
Organoleptic quallty fChhana and Rasagolla The
data resented in Tabe4|nd|cate the avera? rank vaIue

i al W@y P e e Rt

value ollowed by C hhana obtained from 3 per cent oat
The average rank value of Chhana made from

the ﬂ at milk of 4 pér cent fat (T et was the lowest
The data presented in Table 4 also ndicate the rank
valLle for Rasagolla prepared from Chhana, The Rasa-
golla reE)ared rom Chnana of 4 per cent fat goat milk
with lactic acid_ as coagulant g s) scored_highest and Is
referred by Jud?es over others. ~ The' Rasagolla
repared from control Chhana was adjudged as the next

est,
Cost of Eroductlon The cost of raw materials for
the Broduc lon of Chhana per kg was Rs. 16 47 for the
control and Rs, 1148 Rs. 14.20°and Rs.. 16.80 for the
goat milkof3, 4 and 5per cent fat, res ectlvely In other
Words the c?<t of pirodu tion of Ch na sunable for

Rasagolla maki %IS ess when goat milk of 4 per cent
fat 15"used than cow milk of 4 per cent fat

Table 3. mean values of per cent fat losses in chhana whey

AT DIFFERENT COMBINATIONS
% fat loss in whey with

Source of milk content  Lactic Sour Citric
(%) acid whey acid

Cow 4 — — 0.45r
Goat 3 0.29? 0.36* 0.35*
Goat 4 0.399 0.46™ 0.44"
Goat 5 0.48" 0.45/f 0.521f
Means for

coagulants 0.38* 0.45* 043"

Mean values superscribed by common letters do not differ signf
ficantly at 5% level.

average rank VALUE OF CHHANA AND RASAGOLLA MADE FROM DIFFERENT COMBINATIONS

t5 t6 t7 t8 t9 T.o
7.69 147 6.46 1.94 474 2.90
9.83 1.16 4.16 200 6.75 291
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The triacylglycerols (TG) of cow milk fat were separated first into high molecular weight TGs (HMT), medium
molecular weight TGs (MMT), and low molecular weight TGs (LMT). These were further resolved into saturated
trans monoene, diene and polyene TGS using argentation thin layer chromatography (TLC). The HMT contained mostly
the long chain fatty acids whereas most of the short chain acids of the milk fat were concentrated in LMT. The
TG species separated on the basis of their degree of unsaturation had differing combination of fatty adds.

There are a few reports on the trrac?/IglyceroI compo-
sition of cow mylk fat , = The triac I%y erol (TG) com-
osrtron of buffalo milk fat has recéntly been reported./
ny factors such as species, breed, feed and climatic
con itions are known to alter the TG composition of the
mrIk fat considerably. Recent. studres have demonstrated
Pe atereii F composition of the fat affects its
overa hysical ¢ aracter stics89 The present Invest-
ﬂ?tron was undertaken to obtain comparative data on
e TG composition of Indian cow and butfalo milk fats
under |dent|ca| conditions of feeding and management.

Materials and Methods

Cow milk samples were collected from cows SThar
parkar breed) maintained at the Institute. The animals
seleeted were in their middle lactation (between ... and

ays after arturrﬁrop
Frac onatron trra%y cerols accordlng to molecular
weight:  Isolation of TGs from milk and"their fractio-
nago& vl\</ere2 carried out as described by Breckenridge
an
The totaf TGs were first fractionated on the basrs of

molecular weight of their component fatty acids. Ap-

*Present address:

10-15 m of TGs were applied as a thin
ayer (0.5 m% of il |ca el H (E Merk Darmstad,
ermang/ The plates were develo;ged In_ heptane-iso-
0 dyI er acetrc acrd (60:40 The TG
ands were located_by spraying the plate With 0.05 per
cent solytion of 2,7-Gichlorofltiorescein in 50 per cent
methanol and viewing uncer UV light. The fastest and
the slowest bands were desrqnated hrgh molecular weight
trracqulycerols HMT) and‘fow molecular weight triacyl-
meros éLM respectrvely The faint_band between

Was demated as medium molecular
weight trlacylglycerols (

Fractronatron of triacyl %cerols on the basrs of their
degree of unsaturation; ~Ten mil |?ram of teTG frac
tion was ap I|ed toathrn la ero silica gel G
|m reg nate with 20 per cenf ( srlver nrtrate The
()/tes were develope In chlorofo - methanol (o0,
and the TG bands were Iocated as described above!
The'TG bands were icentitied by fa acrdg A) analysis
and by reference to standard TGs. from'each TG
fraction (HMT, MMT and LMR five TG classes were
obtained viz. Saturated, t/wis-monoene, m-monoene,
diene and polyene TGs in order of decreasing mobility.

Proxrmatel

Lipid Technology Discipline, C.F.T.R.I., Mysore-570 013,
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Estrmatré)n O{GTE‘TS fractions: dSrIrfr%athgeI? tof th(ej . v
corresponain aNdS Were SCraped 0 e plates an able 1. fatty acid composition (wt. %) of cow milk fat
extracted Wltﬁ b per cent methano?ﬁ)n dithyl e[t)her The AND TS TRIACYLGCEEOL FRACTIONS OF DIFERING
relative proportions of these TG fractions and TG

classes were getermined by gas Irdurd chromatography  Fatty acid  Whole rat ~ HMT MMT  LMT
F}GLC%| as their constituen met esters usrn% meth I

eptadecanoate | Applred Sciencé Laboratorie 40 37 - 12 188
as an lntern? standard. 6:0 26 02 115 55
alysis offatty acids: The TGs were trans- esterrfred 80 23 04 17 29
by the seaIed tube method of ge Man'o. The chromato- ' | | | |
graphic separations were carried out in a stainless steel 100 35 21 66 33
column (51t X' J*) packed with 100-120 Gaschrom-P 101 03 02 12 02
coated with 10 per cent EGSS-X (Applied Science | abo- 20 13 25 13 35
ratories, USA)r The sample was Injected at an initial ' ' ' ' '
temperature of 90°C. After emergerice of 4 0, the oven 140 123 122 114 129
temperature was programmed at the rate of 4°C/min to 141 07 10 12 08
80°C. The temperatUres of the injection part and detec- 150 08 13 16 15
tor were 280°C and 250°C respectrve|)<N Nrtrogen 390 | | ' |
mi/min) was used as the carrier gas. ‘Weight résponse 16:0 285 290 23 214
factors (F") for methyl esters Were determrnedb chro- 16:1 14 1 06 07
mato raphy of a standard mixture of methyl esters of 180 ” 182 84 6o
Egplred Science Laboratories, USA) as gescribed by - - - '
Smrt and peak areas were measured By triangulation. 181 253 308 11 140
Results and Discussion 162 2w s
TG classes hased on molecular weight: - The total TG 183 09 13 s 05

of cow_milk fat was separated into HMT, MMT and ~ HMT: High molecular wt triacylglycerol

LTy e et O Ut Wl AOURGUELCO s e . v

of MMT and 282perceFr)rt of LMT. The correspondrng LWT: - Lew molecular w rcylglycerol

values reported for buffalo m|Ik fat: were 42.4. 171 an

405 per cent resRectrver,w ich indlicated that cow milk fatty acids were 140, 16:0, 18:0 and 181 |n HMT,

fat contarne higher proportron of HMT andl lower level  6:0; 14:0, 18:0andl 18:1 in MMZ and 4:0, 14:0 and

of LMT than buffalo milk 18:1 in LMT. The results mdrcatethat certarnfattyad S
bIe 1sh ws the Ettg acrd I(F ompr%srtron of tended to concentrate in specific TG fractions:” 18:

Whoe cow mrkfat and 1ts TG fractions. 'The major in HMT, 6:0in MMT and 4:0 in LMT. A comparison

Table 2. proportions (Wt %) of triacyglycerol classes of d|ffer|Yq levels o+ unsaturation prepared from

HIGH, MEDIUM AND LOW MOLECULAR WEIGHT TRIACYLGLYCEROLS OF COW MILK FAT

16 ol High molecular wt-TG Medium molecular wt-TG Low molecular wt-TG Whole TG
asses
Wt % in TG Wt %inwhole Wt % in TG Wt %inwhole Wt % in TG Wt %inwhole Wt % inwhole

fraction milk fat fraction milk fat fraction milk fat milk fat
1000 52.9 1000 18.9 1000 28.2 100
Saturated 23.2 123 3H8 68 389 1.0 301
7Valrs-monoene 9.3 49 82 15 76 21 8.5
C/j-monoene 33.0 175 38 6.4 37 9.5 334
Diene 26.1 138 177 33 146 41 212

Polyene 8.4 44 45 0.9 5.2 15 68
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of the fatty acid composition of the TG fractions of cow
milk fat_in the present studY with that of the buffalo
milk fat7 Would reveal that the differences in the pro-
ortions of HMT and LM ﬁctlons could he ascribed
04 1 80and 181 Hence the lower content of LMT
in cow milk fat observed in this study compared to
buffalo mllk fat/ could be due to lower amount of 40 n
cow m| k fat Simil ar¥] the higher content of HMT In
cow milk fat reported ere as compared to buffalg mllk
fat/ can be attnbuted to the hlgher proportion of 18:1
TG classes based on unsaturation: -~ HMT, MMT and
MT of cow milk fat were fractionated by argentation
TLC and the relative proportions of the TG Classes of
differing levels of unsaturation are %en |n Table 2
The results indicate that saturated, Cw-monoene and
dlene TGs were the major classes of all the fractions,
whereas tranw-moncene and polyene TGs were minor
constltuents Saturated TGs increased and the ynsafu-
rated TGfs t(:ﬂ]ecr_eraéed Wltth the decrease in the molecular
weight 0 raction
ERJ alo mlfk fat pregared under |dent|ca| conditions?
showed that all the TG fractions had higher concentra-
tions of saturated TGs and lower levels 0f the other TG
species than those reported here for cow milk fat. Ina
comparable study on cow milk fat, Breckenrioge and
KuksisZ4  reported the proloortlons of satlirated,
monoene d|ene tnene and polyer.e TGs as 165, 3.7,
129 and 6.2 per cent' respectively in long’ chain
TGs 388 383 144 8.7and 6 per cént_respéctivel
in medium chain TGs_and 450, 381 117, 56 and
per cent, respectively in short chain TGs. Values for
Saturated TGs of HMT reported in this study (Table 2)
are significantly higher and for unsaturated TGs are
lower ‘than the above values. Taylor and Hawked
also ob%alned hlgher values for unsatu[]ated and, lower
valyes for saturated TG species. These variations
could e attributed to the lower level of 18:1 and higher
ogortlons of saturated fatty acids of the Indian cow

Data in Table 3 present the distribution of fatty acids
among various TG classes. The saturated TGS 0
were composed mostly of 14:0, 16:0 and 18:0. V\lhereas
the satur ted TGS of MMT, contalned all the saturated
fatty acids of milk fat in fa|r groportmns the saturated
TGS of LMT had 4:0, 1 and_18:0 as the major
adds Both trails and m monoene TGs from the res-
ective TG fractions had |dent|caI fatty acid composition.
he ma{or fa adds In the diene TGs of HMT were
181 su%gnestln g that the TGs were
mostly of two 1 In compination with either 16:0
or 14:0. Inthe MMT the diene TGS were made UR of
two_ 18:1. in association with a medium chain or a short
chain acid. Most of the diene TGs of LMT were com-
posed of 4:0, 16:0, 18:1 and 18:2. In contrast to both
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Table 3. fatty acid composition (wt. %) of triacylglycerol

(CLASSES OF DIFFERING LEVELS OF UN TURA ION PREPARED FROM
DIFFERENT FRACTIONS OF COW MILK FAT
Fatty acid S ™ CM D
High moleculat weight TGS
4:0 - — — -
6.0 0.7 06 05 06
80 2.5 2.2 16 08
100 5.7 49 26 18
101 - - - 03
12:0 58 52 32 15
14:0 198 13.2 128 68
141 - 05 11 2.3
15:0 22 15 14 15
16:0 39.0 295 308 188
16:1 - 0.3 0.9 21
18:0 243 14.2 155 86
181 - 2.7 29.6 54.9
18:2 - — — —
183
Medium molecular weight TGs
4:0 13 16 18 16
6.0 136 9.4 1.2 81
80 6.7 47 68 55
100 8.4 6.3 68 54
101 - — 06 6.4
12:0 6.2 5.7 39 32
14:0 15.8 103 100 15
14:1 — 13 26 34
15:0 16 13 11 10
16:0 35.6 212 206 120
16:1 — 09 12 14
18:0 108 79 55 24
18:1 — 294 215 39.2
18:2 — — — 2.9
18:3
Low molecular weight TGS

4:0 195 177 186 15.7
6.0 5.7 42 5.9 5.2
80 13 28 16 13
100 24 30 2.3 21
101 — 01 0.3 19
12:0 3.6 31 28 13
14:0 172 9.3 8.3 35
141 — 15 18 24
15:0 19 19 12 09
16:0 348 214 20.5 9.1
16:1 — 12 14 38
18:0 136 5.7 45 42
181 - 28.2 30.8 433
18:2 — — — 5.3
183 — — —
S: Saturated TG; TM: 7></ls-moncene TG; CM:

monoene TG, D: Diene TG, P; Polyene TG
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HMT and MMT, 18:2and 18demerged as an |m80rtant
constituent of diene and pﬁhyrene TGS of LMT, Polyene
TGs of the HMT and MMT fractions contained 140

0, 181 and 18:2 as the major acids, whereas polyene
TGds i)g 3LMT were composed of 4.0, 160, 181, "18:2
and 18;

The distribution of fatty acids among the various TG
classes (Table 3) suggests that an increase In unsaturation
corresponded with an increase inchain length of the fatg
acids and a decrease in short chain acids of the T
classes. This reverse relation reflects that the unsaturated
acids are synonymous with long chain acids. _This was
partlcularl)( apparent in the TG Classes of LMT fraction,
Where one long chain fatty acid was in combination with
two short chain or medium chain acid in saturated TCs,
In TGs_of %rﬁater unsaturation namely, . dliene and
polyene TGs, Two unsaturated long chain acids were in
association with one medium or short chain acid.
this pattern was any different in HMT, it was because
this fraction carried verly small propartion of short chain
acids and only_14:0. 16:0 and 18:0 were available for
combination with 18:1 and 18:2 _ N

De3ﬁ|te the variations in the fatty aud,contwgsmon
and. the proportion of various TG classes between tne
Indian cow milk fat reﬂor‘[ed here and those for \Western
cows23and buftalo7, the general trend in the association
of t?tty acids among the TG classes appears to be
similar.
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Wheat straw consists of 68% holocellulose (25% hemicellulose and 43% cellulose).

Myrothecium verrucaria was grown

on whole straw and its cellulosic fractions such as holocellulose and cellulose for single cell protein (SCP) production.
Five days incubation period with 0.05 g N-ammonium dihydrogen ortho-phosphate/1, with pH of 4.5 and cellulose as the

sole source of carbon proved optimum for maximum (30.5%) SCP production.

Amino acid analysis of M. verrucaria

biomass showed the presence of all essential amino acids except the sulphur containing amino acids.

About 35 million tonnes of wheat is produced eve
ear In India and_an equal amount of wheat straw
Wheat straw contains cellulose, hemicellulose and lignin
in large quantities but it IS poor In protein content.
Efforts have been made to produce protein rich animal

feed by microbial fermentation of cellulosic Substrates,
but association of lignin reduces the enzymatic acoes-
SIbI|I'[3/3._ Thus, Ilgnocellulosm substrates require physical
or chémical pretreatment before fermentation. * Séveral
methods of ‘pretreatments have been tried by earlier
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workers37. These methods, however, have disadvanta-
0es: either they do not yield produets of acceptable food
value or there’is loss of hemicellulose during delignifi-
caion.  Pretreatment with sodium chlorite and acetic
acld has advantaqe over other methods, as they remove
only lignin. In the present investigation, efforts have
been made to compare single cell protein (SCP) Rroduc-
tion b |?,whe_at straw as Such, z% with straw (nolocel-
I_ulosezde |8n|f|edb sodium chlorite, and /') cellulose
isolated from holocellulose.

Materials and Methods

Chemical anal¥5|s: Wheat straw was analysed for
holocellulose (ceflulose+hemicellulose), cellulose8, water
soluble sugars9, crude ]Rrotelnlo, lignin, crude fat and
total mineral_contents o

Medium:  The basal synthetic medium as reported
by Chahal et aid2 was used for SCP production.” Fifty
ml of the basal medium was placed in 250 ml Erlenmeyer
flask containing 500 mg of substrate (60-meshg Wwhich
comprised of wheat straw; holocellulose, and cellulose
]gse 2Sepa_rately. The flasks were autoclaved at 121°C

or 20 min,

Preparation of incculum:  The basal synthetic megium
wes fortified with 15 g glucose/1, Flasks were inoculated
with _actlveI%/ é;rowmg Culture of Myrothecium verrucaria
and incubgted for 5days at 28+1°Con a rotary shaker,
The, mycelium was washed and macerated Iri 100 ml
sterile distilled water with Virtis homogenizer for 20 sec.
Each flask was inoculated with 2 ml Ot this macerated
suspension,

CP production andanalysis: Myrothecium verrucaria, a
cellulolytic fungus, was obtained ‘from the culture cllec-
tion ot the department of Microbiology.  Alter the incu-

bation peiiod, the contents of flask were filtered through
Whatman No. 1filter paper angl the weight of the bio-
Mass _imycellum-rundl psted substrate) was determined.
The filte \nger alor%wnh_blomass was dried at 60(C till
constant weignt.  The dried biomass was ground to 40
mesh and was analysed for Its nitrogen content by the
method of McKenzie and Wallacel0.™ Amino acid 0t the

rotein in_biomass was estimated by using a Beckman

0del 116 amino acid analyser after nydrolysing the bio-
mass with 6 N HCI at 110°C for 24 hr under “vacuum.

Results and Discussion

Chemical treatments: Chemical anal¥3|s ot wheat
straw showed that It contains 68 per cent holocellulose
(43 per cent cellulose+25 per cent hemicellulose), 1.35
Ber cent water soluble sugars, 2 per cent.crude protein
61 per cent crude fat, 13,7 per cent lignin and 11.9
r cent total minerals. - HemiCellulose, which is usually
ost _during alkali treatment along with lignin13 was
retained with cellulose while treating the “straw with
sodium chlorite and acetic acid.  Theréfore, this methog
of dellgnlflcatlon had significant advantage over alkali
treatment, _ _
Production of SCP: Myrothecium verrucaria, a cellu-
lolytic non-toxic fungus was grown on different sub-
strates for 5daﬁs. The total protein production was 132
mfgv/\%of holoceflulose, 166mg/g of cellulose and 52mg/?
ofwneat straw. The protein Was 18.2, 269, and 5.9 pe
cent for holocellulose, cellulose and wheat straw respec-
tively. When Ilgnm was removed from wheat straw, pro-
tein increased more than three times. The protein produc-
tion was less on holocellulose as compared to cellulose,
Thls_mlght be due £o the presence of pentoses I(xylose and
arabinose) in hemicellulose which were poorly utilized

Table 1. EFFECT OF INCUBATION PERIOD ON SCP PRODUCTION by m. verrucaria ON DIFFERENT SUBSTRATES

Wheat straw
Days . . .
Protein* Total protein Protein*

(%) (mglg substr) (%)

2 3l 30 53
3 38 36 9.8
4 4.0 44 144
5 6.1 54 182
6 75 64 218
7 9.4 8 207
8 9.4 8 207

Based on three replicates. ~ On dry wt basis; NX 6.25

Holocellulose Cellulose
Total protein Protein* Total protein
(mglg substr) (%> (mglg substr)
48 81 It
84 138 110
114 198 144
1 213 17
144 213 172
143 211 170
142 21.0 170
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Table 2. effect of nitrogen sources on scp production by m.verrucaria on various substrates

_ Wheat straw Holocellulose Cellulose
Nitrogen source . . _ . .
Protein*  Total protein ~ Protein*  Total protein  Protein*  Total protein
(%) (mglg substr) (%) (mglgy substr) (%> (mglg substr)

Ammonium chloride 49 44 115 82 150 108
Ammonium dih}/drogen

orthophosphate 9.7 82 23.0 148 281 178
Ammonium nitrate 4.6 40 114 84 133 100
Ammonium sulphate 80 33 156 114 24.7 156
Potassium nitrate 9.3 76 215 142 210 170
Sodium nitrate 4.4 40 101 82 16.3 116
Urea 14 64 214 138 26.3 164

Based on three replicates.
Incubation period 7 days; *On dry wt basis, Nx6.25

b?/ most of the fungi24 5. Some of the sugars which were  ed straw, but also there was decrease in incubation period
also I methylated form’b mquht resist the enzymatic  which have immense economic importance in produc-
degradation. “Similarly Mandels and Reesel7 and’ Moo- tion of SCP on industrial scale, _
Yo%ng et ally reloo ed_that increased methylation of  Effect of nitrogen sources:  Seven nitrogen sources
carboxymethyl cellulose imparts resistance to enzymatic  viz., ammonium chloride, ammonium dihydrogen ortho-
hydrolysis, = . _ phosphate. ammonium nitrate, ammorium " sulphate
Effect ofincubationperiod:  Both total protein and per Potassmm nitrate, sodium nitrate and urea were tried
cent protein were maximum after 5,6 and 7 days of to find out the most suitable nitrogen source for SCP

Incubation on cellulose,_holocellulose and wheat Straw  production. Each nitrogen source was added in amount
respectlvel)( iTabIe 1), From this, It Is evicent that not  equivalent to 400 mg N/ of the medium. Among these,
a

only the total and per cent protein increased on delignifi- - ammonium dihydragen orthophosphate showed™ maxi-
Table 3. effect of hydrogen ion concentration on scp production by m.verrucaria ON various substrates
Wheat straw Holocellulose Cellulose

P Protein* Total protein Protein* Total protein Protein* Total protein
(%) (malg substr) (%) (mglg substr) (%) (malg substr)

30 61 44 91 54 110 8

35 13 64 170 104 191 118

4.0 9.3 76 192 12 258 148

45 102 8 21 152 285 180

5.0 9.4 8 215 146 219 176

55 9.1 76 183 112 24.9 136

60 6.4 42 142 84 198 106

Based on three replicates.
Incubation period 7 days; *On dry wt basis Nx6.25
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Table 4. scp production by m.verrucaria under optimum®* culture conditions of various substrates

Substrate Protein (%)
Wheat straw 1.2
Holocellulose 26.8
Cellulose 305

**As compared to unfermented wheat straw.
Based on three replicates.

mum protein production on all the three substrates and
It was closely followed by potassium nitrate (Table 2).
Wheat straw proved to b the poorest substrate compar-
ed to halocellulose and cellulose, These findings are cor-
roborative of the observations of Miller and Johnson18
However, Sinden et aid9 have reported that the rate of
breakdown of cellulose hy M. Vverrucaria was higher
when ammonical N and nitrate N were employed il the
ratio of 1:24 than when ammonical N alone was used as
the sole source of nitrogen. . o
Effect of different conentrations of ammonium dihy-
drogen orthophosphate: ~ Ammonium dihyrodgen ortho-
hasphate which was adjudged the best N sodrce in the
revious experiment was added to give 0.3, 04, 0.5 an
B9 N/I of the basal medium. Results showed that the
concentration of 0.5 g N/I of the medium groved to be
optimum for SCP production which is 186 mg/g of
cellulose and 86 mg/g of wheal straw. Singh “and
Kalra2» reported that’ addition of (0.4 g N/I"of the
medium) potassium nitrate produced maximum SCP
when M. Verrucaria was grown on corncobs, |
Effect of hydrogen ion concentration; All the previous
experiments were conducted at pH 5.0, but in this experi-
ment different r?H were tried” (33544555 and 6)
The results given in Table 3, show that pH 45 proved to
be optimum for SCP production when M. verrucaria was
grown in all the three media gH h|Pher or lower than
optimum had adverse effect on SCP production. Further
It was observed that_the initial pH of 45 jncreased
to 6./, and 7.5 after 7 days fermentation of the media
contaln_ln? wheat straw, ~holocellulose and cellulose,
respectively. Sln_?h and KalraZ) also recorded similar
observations while employing corn cobs as carbon

SOUrce. , . .
SCP production under optimum conditions:  When
M. verrucaria was ﬂrown under optimum conditions
Hand 0.5 g NI as ammopium dlhydrogen ortho-
hosphate) on wheat straw, holocellulose and cellulose
for 76 and 5 daYs respectively, the SCP production
increased by 5.1 told on wheat straw, 134 fold on holo-

5

Total protein
(mglg substr)

170

Protein**

[ Protein (mglg ¢
(folds increase)

original substr)

9% 51 96.0
134 1156
192 151 81.6

*pH 4.5 and 0.5 g N/I of ammonium dihydrogen orthophosphate

cellulose and 15.1 fold on cellulose as compared to the
protein content ol wheat straw. However, from econo-
mic Pomt of view, maximum protein of 115.6 mg/(i of the
substrate was produced from_holocellulose (Table 42.

_Amino acid"analysis: - Amino acid analysis of the
biomass, of M. verrucaria showed that it was rich in
essential amino agid™ in comparison to FAQ reference
stangard2L except for methionine gTabIe _52. Earlier work-
ers also observed this when M. Verrucaria was grown on
corn cobs2» and sugarheet pulg22 o

It can be concluded that pretreatment of lignoceilu-
losic material Is important t0 enhance SCP production,
Further, SCP from M. verrucaria has good nutritional

quality.

Table 5. amino acid profile of m.verrucaria biomass grown
under optimum conditions

Amino acid M. verrucaria FAO1
(9/16 gN) (9/16 gN)
Isoleucine 58 4.2
Leucine 100 4.8
Phenylalanine 35 28
Tyrosine 15 —
Threonine 42 26
Tryptophan N.D. 14
Valine 59 4.2
Arginine 42 —
Histidine 21 —
Lysine 4.6 4.2
Methionine 10 22
Cystine N.D. 20

N.D.—Not determined
Data based on three replicates.
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RESEARCH NOTES

ANOTE ON SCREENING THE INDIAN SORGHUM
COLLECTION FOR POPPING QUALITY

The Indian Sorghum ?ermplasm collection (3682 accessions)
maintained at the TCRISAT Center was screened for
superior })op sorghums_and 36 accessions exhibiting more
than 80% popped grains per sample were identified. In
general, the pop sorghums possessed a small grain Size,
medium thick pericarp, hard endosperm and a very low
germ/endosperm size ratio.

unleavened bread (rod)

dumpling (sangat, mudde) and
boiled rice-like product ping (S3ng )

Eannar_n). In"addition, ‘some
sorghums have been used fraditionally by farmlnﬁ famj-
lies™ specifically for ﬁopglrég, and popped sorghum Is
used In several snack toodsl Considerable variation
has been reported for proppmg quality a_mon? recently
developed sorghums2. The popping qualltYO sorgnur
grain ~ could improved ~ through  technological
methods3 However, identification of cultivars which

_ . 0ssess inherent superior popping qual_lt}/4_ IS preferred
Sorghum é_Sorghum hicder L _I\/Ioench? grain is con- by breeder” for development” of high yie dlngf cultivars
sumedtin India rmostly in three different forms, namely, stitable tor popping.  The world collection of sorghum
Table 1. grain quality characters of pop sorghums from India
o Corng"“—s Pericarp* Weight Breaking1 _
SNo.  IS.No. Place of Origin ousness thickness (9/100 str(?(n();th % Popping
g
1 154192 Andhra Pradesh 1 Thin 2.7 19 80
2 154199 Tamil Nadu 1 Thick 21 8.5 80
3 IS-2185 Maharashtra 3 Medium 2.63 1.6 92
4 18-2205 Uttar Pradesh 3 Medium 2.38 5.6 80
5 ISM596 Maharashtra 1 Medium 166 66 82
6 ISM803 Gujarat 3 Medium 297 1.0 90
7 15-4939 Maharashtra 2 Medium 3.02 14 82
8 IS-5111 Maharashtra 1 Medium 187 82 91
9 1S-5112 Maharashtra 1 Medium 1.80 5.2 87
10 IS-5113 Andhra Pradesh 1 Medium 175 6.4 87
1 IS-5115 Andhra Pradesh 2 Medium 1.49 5.5 87
12 1S-5116 Andhra Pradesh 2 Medium 1.96 14 87
13 15-5285 Andhra Pradesh 2 Medium 2.25 61 91
14 15-5418 Tamil Nadu 1 Thin 1.89 6.9 85
15 1S-5484 Karnataka 2 Thin 2.37 60 82
16 1S-5566 Karnataka 3 Medium 2.43 6.1 90
17 1S-5604 Karnataka 2 Medium 246 56 98
18 15-5638 Karnataka 2 Medium 2.19 6.9 97
19 1S-5646 Karnataka 3 Medium 2.21 42 9%
20 IS-5648 Karnataka 3 Thin, 2.2 53 85
21 IS-5651 Karnataka 2 Medium 2.80 1.0 96
2 185653 Karnataka 2 Medium 2.38 1.5 9%
23 1S-5655 Karnataka 2 Thin 2.40 58 9%
24 1S-5665 Karnataka 3 Thin 251 1.0 90
25 IS-5726 Bihar 1 Medium 1.36 11 85
26 15-5732 Bihar 1 Medium i 1.5 82
21 1S-5741 Bihar 1 Thick 172 8.7 90
28 1S-5849 Madhya Pradesh 1 Thick 174 19 &%
29 1S-5910 Madhya Pradesh 1 Medium 1.99 82 82
30 15-6243 West Bengal 1 Thick 1.80 6.3 80
31 156248 West Ben?al 2 Medium 2.63 86 92
32 15-8347 Maharashira 1 Medium 247 18 8
3 1S-17860 Andhra Pradesh 2 Medium 217 6.4 85
3 1S-17903 Andhra Pradesh 1 Medium 201 61 80
3% 15-18363 Maharashtra 2 Thin 3.08 1.3 80
36  1S-18488 Andhra Pradesh 2 Thin 331 8. 82

a. Corneousness of the grain was scored on a scale of 1 to 5 where | represented very hard endosperm and 5 represented completely

floury endosperm _
b, Pericarp thickness was scored visually

¢. Breaking strength was measured with a KIYA rice grain hardness tester
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germplasm maintained by the Genetic Resources Unit
of the International CroPs Research Institute for the
Semi-Arid Tropics (3ICR SA_T% contains 17,986 acces-
sions. Out of these, 3682 originage from India. 1t 1s not
known how many, and which of these possess superior
popping quality, although colloquial, names of a few
accessions indicate their Use for dpoppmg. Viraktamath
and Desikachar24 considered an extensive program of
screening, of cultivars suitable for such food products
as popped sorghum useful. With such a screening opjec-
tive, a systematic assessment of all the sorghum culltivars
otrtlgmatugg from Incia for their popping quality was
attémpted.

Grain samples chosen for popping studies were drawn
from a permanent cold store (reqularly maintained at
4°C and 40 Per cent RH). They had a moisture conten(s
0f9to 10per cent. A ICgsample of the (%ramwas place
0N an %)en steel pan maintained at 300 to 325°C and
stirred Driskly.  The %raln samples were not subjected
to any pretreatment. The number of completelal Uffed
graing per sample were recorced after )\ minan exP_res-
Sed. as “per cent popping”. Preliminary observations
Indicated that traditional ﬁ)(?p sorqhums %Fn readlgl e
dentified by the instant ana complete putfing of 90 per
cent or more of the %a|ns in the sample with'a synchro-
nous hissing noise. Normal sorghums, however, exhibit
a_much lovier percenta%e of pifted qralns_ per_sample
EO to 50 per cent) and ‘the |_n11|V|dua grains frequen-
Ig/,show dela)(e and partial_pufting. In order fo
rapicly screen Targe numbers of cultivars, a 10g grain
sample from each of the 3682 Indian sorghums maintain-
ed at ICRISAT was scored for per ce tpogpmlg on a
scale of 1to 5where, 1=81 to 100 per cent, 2=61 to 80
e cent, 3=41 to 60 per cent, 4=71 to 40 per cent and

=0 10 20 per cent. Those accessions which obtained a
score of 1or 2 were reexamined several times usm%
larger samples. Thirty six accessions showed 80 per cen
Or more pop mg. The jdentity and lﬁ)h%smal grain quality
characters o the su enor Pop sor AJ saTe presented in
Taple 1 Most of these exhipited small ‘grain size,
white colur, medium thick pericarp, a breaking strer}%th
of abou,t?k%andahard endosgerm. This Is In confor-
mity with the comments made by earlier workersl,
that several cultivars did not show ? satisfacto
poppln? quality Inspite of p_ossessm% all these chara-
cters. Tt was also observed visually that pop sorghums
have a very low germ/endosperm size, ratio and thé germ
IS located at a comer of the hilar region. Volume of the
puffed_product was not measured'n this study, since
variability for this trait in the cultivars selected was
observed to be limited. Puffed product volume appeared
to e mostly dependent-on the grain size. The availa-
bility of sorghum cultivars whosé grains exhibit superior
popping quality without any prétreatment, should be

of significance to focd technologists and breeders. Uti-
lization of these go so_rr(‘;hums_ln breeding grograms
aiming at Improve &)ppl g quality might bé rewarding.

International Crops Research Institute, D. S. Murty
for the Serai-Arid Tropics, . D. Path.
Patancheru P.O. K. E. Prasada Rao
,lAr&dhra Pradesh-502 322 R. House
ndia.
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EFFECT OF CALCIUM AND BORON ON THE
INCIDENCE OF INTERNAL BREAKDOWN IN AL-
PHONSO MANGO (maNGIFERA tNDICA LINN).

Influence of calcium and boron on the internal breakdown
was studied.  Preharvest sprays of Alphonso mango trees
with calcium (5000 ppm) and boron (500 ppm) either alone
or in combination, and post-harvest dip treatment with
calcium did not reduce the incidence of internal break-
down, and enhanced the calcium level of the fruit.

Internal breakdown of ‘Alphonso” mangq is a serious
Ehysmloglcal disorder noticed  during “rigening and
storage. ” The Incidence varies from 1"to 88 per cent
I dirferent ‘Alphonso tti]r_owm reglons.l ausative
factors for the onset of this disorder are not known.
It was thouglht that t may be due to deficiency of mine-
rals, especially calcium as 1t has been shown’to Pla¥ a
role.in_ph smloglcal disorders of fruits23 and E)fm s,
Prelimingry studyl has indicated Igw level of calcium
In the affected pulp. Hence, a study was made during
1977 and 1978 0 find out the effect of greharvest sprays
of calcium and horon and post-harvest treatment with
calcium on the incidence of breakdown. _

Sixteen mango tregs for each treatment with 4 repli-
cations were used. Drench preharvest sprays of (/) Cal-
cium ¢hlorde at 5000 ppm, ~(if) boric acid at 500 ppm,
and (Hi) a combination of the two were used, 3 times

Contribution No. 1113.
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at monthly intervals commencing from fruit set. Two
hundred and fifty mature fruits were collected from each
free, r(ljoened at 28°C and observed for the incidence of
breakdown. _ o

Post-harvest treatments consisted of': (?g fruits with
preharvest spray alone, («) Preharvest spray combingd
with post-harvest aiip at 2500 ppm and 5000ppm ofCaCl2
at 26°C for 5 min. Fruits with specific gravity more
than 1.02were dlg ed in (a) GaCl2 solution of 5000 ppm
concentration at 28°C for 5min and (b) fruit temperature
was raised to 35-37°C hy dlp%n In hot water at 52°C
for 5 min and then dipped in CaCl2 solution (5000ppmg
at 10-12°Ctor 5 min.” This was supposed to enhance th
calcium uptake by creating reduced internal gas pressure,
One hundred fruits were”used for each tréatment and
one per cent of Tween-8) was used as a surfactant.
Calcium was estimated using flame photometer.

The mean incidence of breakdown was 17 per cent
during 1977 and 29 per cent in 1978, There were no
significant dlifterences due to preharvest sprays in the
percentage breakdown, as compared to the control and
also among the treatments,  Post-harvest treatments
either along or combined with preharvest spray did not
reduce the incidence of internal breakdown n_mangoes,
n fruits with specific gravity more than, 1.02, overall
ncidence was around 4] Per cent indicating that these
rults are_more susceptible to_breakgown as reported
earliers. There was ng reductign in preakgown, when
these were glven a post-harvest dip with CaCl2. Calcium
evel ofthe Truit varied from 280 to 350 ppm (dry weight),
hut this did not increase significantly due to pre-or post-
harvest treatments with calcium, A report on controllin
the development of this disorder in mango by pre-an
nost-narvest treatment has appeared6. But qur obser-
¥ﬁtgons In the present studly are contradictory to

It can be concluded that this disorder of mango has
not heen affected by calcium treatment. Further détailed
study Is necessary” to understand this problem.

Indian Institute of Shantha Krishnamurthy
Horticultural Research,

255, Upper Palace Orchards,

Bangalore-560 080, India.
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STORAGE BEHAVIOUR OF A LOW COST FOOD
SUPPLEMENT IN FLEXIBLE CONSUMER
PACKAGES

Moisture sorption and storage studies were carried out on
a food blend based on corn, sugar and fat. The product
had initial and critical moisture contents (dry weight) of
54% and 8.2% respectively. The food blend packed
(500 g) in low and high density polyethylene pouches were
stored for 4™ months and analysed for moisture, free
fatty acids and peroxide values. The product had a shelf
life of 1-) months at 38°C and 90% RH, whereas at 27°C
and 65% RH, the shelf-life was 41 months in LDPE
pouches. Shelf-life was longer (4j months) in HDPE
pouches under both conditions of storage.

A high calgrie, low cost food blend cont,alnlng[ground
corn, sUgar (jaggery) and fat was stored in unit consu-
mer packages. The product was intended for distribution
In areas having varying temPerature and relative humi-
dity conditions. Trie food blend had an initial moisture
content of 5.1 per cent (as Is basis) and the composition
of the product was reportedlas proteins-15.4 per cent,
ether extractives-18.4 per cent and ash-4.9 per cent.

. Moisture sorption studies:  The foad blend was mixed
in a blender and subjected to moisture adosrption-
desorption studies by “exposing 6-8 ¢ of the sample
to relative humidities vzil Jnﬁ between 11 and 92 per C(int
under saturated salt solutiort at 2771 °Ch. The samples
were weighed at reqular intervals to find out the changes
In moisture and physical conditions like cakln%, darken-
Ing and onset of mould growth. The food blend had an
Initial moisture content™of 5.4 per cent on dry weight
basis and the relation between the moisture coritent and
relative humidity 1s shown in Table 1 The safe critical
moisture content for free flowing and, acceptable. taste
was, /.8 per cent (8.2per cent on dry weight basis) with an
equilibrium refative humidity of 56 per'cent. The mojs-
ture sorption isotherm at 27°C, when plotted showed a
well aefined sigmoid shape indicating that the carbo-
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Table 1. moisture sorption studies of food blend at 27°c.

Equilibrium moisture

Relative content (%) _
humidity _ Quality
(%>~ Wet basis  Dry wt
basis
il 35 317 Free flowing
2 43 4.6
R 50 53
44 60 6.4 _
56 18 82  Acceptable
64 9.2 9.7 Slight off odour.
IR 143 151 Lumpy and rancid odour
& 224 237 Mould growth
92 268 283

hydrates and proterns present in the product arc mainly
ressoonsrbe for the water hind mg 8
torage studies: The food blend (500 packed
in LDPE and HDPE flat pouches of srze x20cm mage
of 50 microns thick films having water-vapour transmis-
sron rates of87and20%/ m2 dat 38°C and 90 per cent
H. differential when Tested according o standard
procedure 2. The samples were stored for'4 £months a
+\© room tem erature with 65¢ per cent
RH. and 3821 °C wit rcent H. and the
changes in the totaI werght of e package, free fatty
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acid and peroxrde values vvere determined at regular
mtervals BYstan arc metho s

The resufts presented in Table 2 indicate that the pro-
duct stored at room temperature (27°Cg)h ad picked up
2.1 per_cent additional moisture in LDPE pouches and
only 0.7 per cent in HDPE pouches at the end of
months storage. After 3 month’s storage seepage of fat
was observed in LDPE pouches and after A\”months
In the case of HDPE pouches. The initial free fatty acid
8FFA2 value of 0.87 per cent %ts oleic acjd) increased

009 per cent al the end of _months storage In
bot tYpeso ponethy ene ouches The initial peroxide
value (m

[ 31 had risen t0 571 In
LDPE and onqe f%rn H PE pouches at the end ot the
storage period;

Storage studies, carried out at 38°C showed that the
product™had attained the critical maisture level of 7.8
per cent (wet basrs% after 11 months in LDPE pouches,
Whereas the shelf life was 41 months in HDPE film
pouches. In LDPE pouches after one month of storage,
slight seepage of fat was observed but it was more pro-
nounced after 2 months, The product had developed a
hitter taste after 3 months ot storage when the FFA was
12 per cent.  The product packed in HDPE pouches
attained the crrtrcal veI at4 months. The FFA values
Increased steadily ir both LDPE and HDPE gouches
to 155and 11 per centg: 8s 0leic acid) respectively after
4 months.  The rise in FFA was more in LDPE pro-
bably due. to the higher transmission to water vapour,
The peroxide value reached maximum after 3 months and
then declined, which could be attributed to the depletion
of head-space oxygen as well as the degradation of per-

Table 2. storage studies of food blend packed in low and high density polyethylene pouches

Storage condition  Storage period

Low density polyethlene

High density polyethylene

(months)
Tem RH. Moisture
(°Cf (%) (%)
21 65 Initial 51
Y H 59
3 6.7
. 12
38 92 I 12
i) » 2 9.3*
| 3 102
* o 4 121
41 -

Moisture is on wet basis:
FFA: Free fatty acids, as % oleic acid.

FFA PV Moisture FFA PV
(%) (%) (%)
087 231 51 087 231
0.87 3.86 53 0.87 3.08
0.87 5.36 5.6 0.90 458
0.90 571 58 0.90 4.26
0.94 3.38 58 086 3.04
101 5.76 6.5 0% 3.38
1.18 9.37 71 088 4.58
155 3.30 1.1 1.09 350
_ _ 7.8%* _ _

*P.V.. Perioxide value, as milli equivalents of peioxides per kg of fat.

**Critical moisture content.
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oxides into ketones, aldehydes and other ingredients.
Since the oxygen transmission rates of HDPE and LDPE
as reported5were 500-1000 ang 6000-8000 cc/m2/day for
25 microns film at NTP conditions, the PV for LDPE
was almost double compared to that of HDPE pouch at
38°C at the end of 3 months, Thus, it was concluded
that at the accelerated condition (38°C) of sto_raqf the
shelf life of the product was - and 4 months in.DPE
and HDPE pouches resgect_lvely, whereas at room
temperature (27°C) the shelf Iife was nearly  months
in LDP Jgguches; HDPE offered a longer ‘shelf-life for

the pro

Egch emﬁty ouch weighs about 38 g and the cost
works out hearly Re 0.10°per pouch which is not hlgih
for a low cost food blend. It it is envisaged to bulk
Pac age 525-50 kg) the product, inclusion of an inner
Iner,0f 200 gauge HDPE film In hessian sacks would
Browde_ hetter” protection as the surface areg exposed to
nit weight of the product will be less than that of a 500
g unit package. Further, the advantages of retarced
seepafgfe of fat, good protection against development
of Off flavour and”better resistance to the Epenetratlon by
Insects could be attained by usmg_HDP film liners.

The authors wish to express their thanks to Sri C. P.
Natarajan, Director of the Institute for the encourage-
ment and affording permission to publish the results.

Central Food Technological K. R. Kumar
Research Institute, B. Anandaswamy
Mysore-570 013, India.
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DETERMINATION OF TIN COATING WEIGHT IN
DIFFERENTIAL TINPLATE BY
CLARKE'S TEST

Clarke's test has been slightly modified to determine the
thickness of tin coating in differential tinplate. Tin coat-
ing weight on both the sides can be determined separately
by this method.

Differential tinplate has different thickness of tin
coating on the two sides of the base plate.

By the gravi-

metric method suggested by Clarkel, tin coatlng weight
IS normaIIP]/ obtained as combined weight on both the
faces of the tinplate. There Is a volumetric method?
of determining total tin coatjng weight utilised for refer-
ence purposes; which can also be, tsed for gdetermining
tin coatmﬁ We|%ht In differential tinplages. Since in this
method the entire sample is dissolved, two specimens
must be used If tin coating weight on bath faces Is sepa-
rately required. Moreover, this method is cumbersome
for routine analysis. Tin coating determination in dif-
ferential tinplate’ by coulometric method * requires S%Phl-
sticated apparatus., Hence attempts were made to a OPI
Clarke’s test for this purpose. The results of this investi-
gation are reported in this note. The method IS simple,
reP_rodumab_le and useful in the quality control labora-
tories and In food canning factories.

Tin plate_specimen witha convenient area of 35 cm?
to 100'cm? is degreased with, carbon tetrachloride, dried
and weighed to the nearest milligram or less. One surface
of the specimen Is coated with bées wax. The first coating
is applied at about 90°C both vertically and horizontll
to ensure perfect coating and second coating was applie
at 75°C In the same way with the help of & match stick
rolled with cotton at one end.  The other surface of
the specimen Is degreased with a piece of cgtton dipped
In carbon tetrachloride. The, specimen is immersed in
antimony trichloride solution in‘such a way that the wax
coated surface 1S at the bottom and tin Surface facing
upwards until about 1 min after all gas evaluation has
ceased. It is then removed, washed immediately in run-
ning water and loosely adherent deposit of antimony
removed _br¥ moplpln% with a soft cotton wool swab. The
wax coating IS removed by melting and rubbing with
cotton and” thoroughly degreased “with carbon ~tetra-
chloride. The specimen is dried and weighed again. To
find the coating thickness on the other surfacg, wax is
coated to the Surface on which tin coating has been
remaoved and the above procedure IS repeated. Fromthe
weight differences, tin coating welght is calculated and
expressed as g/m2or Ib/base biox. A correction is mace
for the amount. of iron in the iron-gin allgy IayeB The
correction 15 minus 0.35 g/m2 or 0.0156 I/base box on

ea?rf) ﬂde.. -

It the tinplate can is lithographed or lacquered, the
tincgatin Welghh 5 _determlrhed on tlhe lain suréac?rg
coating wax t0 the lithograpned or lacquered sige first
Subseduently the ||th0%ragh or lacquer Is removed by any
one of the foflowin E)r cecures and the tin coating weigfit
on that surface Is determined in similar vvaﬁ. Toremove
lithograph or lacquer the specimen Is boiled for 25-30
min_‘In dimethyl formamide’ (for some E)e_of lacquers
or lithographs 1t takes more time). Then It is washed n
running. cold water rubbln? with a cotton wool swab.
Boiling'in dimethyl formamide will not affect tin coating
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Table 1. tin coating weight in differential tinplate
rside exposed to ShCI3solution (outside wax coated) Outside exposed to ShCI3solution (inside wax coated)

Sa’\rlnople Weight diff.  Total coating wt* Tin coating wt.** Weight diff. ~ Total coatingwt*  Tin coating wt.**
0 Gna " @my (&n3 (an3
1 0°0402 11.48 11.13 00 5.71 5.36
2 0.0413 11.80 1145 0.0205 5.86 551
3 0.0442 12,63 12.28 00220 6.28 5.93
4 0.0453 12.94 12.59 0.0224 6.39 6.04

*Includes alloyed tin wt.

Weight. DeIacquenng reagent |s also prepared by dis-
solvrn% go 50 |umh roxr e pellets or flakes in 375
ml water and 125 ml of et 5{ene glycolmonoethylether
hroh boiling paint). The solution™1s boiled and the in
aerf e for -2 min and the sample removed with

e help of amarg]net (round magnetic needle connected
to rubber tute which will help the removal of the sample
from the boiling solution) and washed with water,
few types of | acguers may e removed by rubbing with a
cotton swab drppe In acetone.

Remova o hogra) gh or Iacquer may. also quiickly

dong b (pfo sakrng In the boiling solution
o a mixture lgart of aniling and 10 partsof 12 per
cent ammonia for 1 to 2 min,

Tin coatin werdhts on each surface determined have
been given i Table L The total tin coating weight on
both the surfaces by Clark’s test compares well with the
combrned werght of the two surfaces carried out sepa-
ratey bg/ wax Coating method suggested In these studies.

does not interfere In the Feaction. Bees wax IS
found to be more suitable as compared to the other

The authors are thankful to S C._P. Natarajan,
Drrector and Dr V. Patwardhan, Project Coordi-
nator q Brscrp ine of Fruif and Vegetable Technology
for their keen' Interest in this Investigation.

Central Food Technological R. V. Gowramma
Research Institute, M. Mahadeviah
Mysore-570013, India. Naresh
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Area taken is 35 cm2

CHEMICAL COMPOSITION OF BRASSICA SEEDS

Four varieties, each of Brassica campestris and Brassica
juncea were studied for their chemical composition. Qil
content and mineral content of the two species showed little
variations. B. campestris had higher protein, crude fibre
and lower content of allylisothiocyanates than B. juncea.
Lysine and methioine were more in B. campestris as com-
pared to B. juncea. Thus B. campestris is found to be
nutritionally superior to B. juncea.

The. information on the chemical composition
including the amino acid make up of Brassica species
grown in Indra |s limited. |n an earlier communication,
e reporte the fatty acid composition of Brassica
junceal (Raya) and Brassica campestris2 (Toria).  In the
resent study some promlsrng strains from the Brassica
secres namely Brassicajuncea L. Cess var. ‘Raya’ and

rassica campestns L. Var, “Toria” were selected and
evaluaged for chemrcal constituents with special reference
to amino acid composition.

Rep resentatrve smples of Brassica species havin
brown abcolopr%j seedspwere coltgcted flriom Ithe Crop sol
in rahi at Punjab Agricultural - Univers|
Ludhrana The ol congent r%tern crude fibre, allg-
|sot |oc anates and mineral content were estimated

ethods3. - The quantitative analysis of aming

acrds was carried qut on an amino acid analyser
(Beckman -Model 120C) as descnbed earliers,

roxrmate com osrtron of the two Brassica species

5 g7ve in Table L The oil content varied from 40.00 to

44775 per cent in the two Brassica Species with mean

values of 41,68 per cent in B. campestris and 41.17 per

cent in B. juncea, Thus, there was onh/ a smal vanatron

in oil content of th etvvo ne and Kondra3

regporte a range of all content of brown seeds from

364 2 P8r cent In summer turnip rape. However,
the vanatron of oil content in B, campestns Was I%reater
than in B.juncea. Recently Labana ela | reported oll



Table |.
Brassica Oil
species

(%)

B. campestris
M3 40.00
TL 5 44,75
Shamgarh ~ 41.05
ITSA 40.92
Mean 4168

CDat5% 3.28
CDat1% e

B. juncea

RLM 29/25 4097

RLM 198 4162

RLM 188 4207

RL 18 40.02
Mean 4117

CDat5% 143
CDat 1% 2.63

Protein  Minerals Crude
fibre thiocyanates

(%)

22.82
29.05
2187
23.23

511
1.34
245

34.06
21.87
33.52
28.87

31.08
3.78
6.83

CD - Critical difference.

Amino acid

Essential
Lysine
Methionine
Valine
[soleucine
Leucine
Tyrosine
Phenylalanine
Threonine

Nonessential
Histidine
Aspartic acid
Arginine
Serine
Glutamic acid
Proline
Glysine
Alanine

M3

1.14
2.13
6.96
4.83
191
2.69
450
428

3.07
145
6.95
222
17.25
5.86
6.58
4.42

CD - Critical difference.

6

(%)

4.08
4.16
3.94
450

417
0.38
0.70

4.38
4.16
432
414
4.25
032
0.58
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(%)

1335
1020
8.90
1.90

10.09
3.76
6.89

145
8.45
11,76
1.60

8.62
32
590

proximate composition of brassica Species

Allyliso
(%)

0.26
02
0.23
029

0.25
0.06
012

052
0.55
041
0.36

0.46
032
0.58

content values varying from 36.0 to 42.7 per cent in
B. %uncea. The protein content ranfged from 22.82 10
3352 per cent with a mean value of 25.77 per cent In
B. camﬁestns and 3L0 percent in B, juncea, which indi-
cated that B. juncea, contained si mﬁcantloy hlr%;her gro-
tein, Labana'et al.6 obser_ved_agrotemcntetof 6.2
to 315 per cent In Brassica juncea mutants,

B. campestris had hlgher content of crude fibre (10.90
per cent), but lower cotent of allylisothiocyanates (0.25
per cent) as compared with B. juncea. Tl differences
In allylisothiocyanates contents were found to be signifi-
cant.” Much Variation was not found in the mineral
content of the two species, Loof and Appelquist§ re-
ported 10.5 per cent crudg fibre in brown seeds and 7.2
per cent in g/ellow seeds of B, juncea. Labana et al.6 also
reported thé range of crudk fibre from 8.3 to, 13.3 per cent
In'B. juncea mutants. The correlation studies among all
these' biochemical constituents revealed no- significant
correlations. . y _ o

_The amino acid composition of Brassica species is
given in Table 2. The mean amino acid content was
Uite comparable to that reported by Josefssond. Among
the amino acids, glutamic acid was highest in both tf
species. Aspartic acid and leucine were also present in

Table 2. amino acid composition of brassica species (g/16 gN)

Brassica

campestris

TL 5 S Garh ITSA Mean

6.17
1.54
6.03
4.04
810
2.55
422
3.05

211
123
8.27
291
19.02
493
529
349

5.67
142
551
442
1.99
268
411
347

2.93
7.20
112
397
21.59
548
5.73
341

15.95

1.76
1.65
6.55
4.68
8.46
2.99
418
3.78

6.75
1.69
6.25
4.43
810
2.73
4.25
3.65

391
191
8.23
4,04

315
1.45
7.64
329
1845
541
6.15
375

521
6.99
3.67

Brassica juncea

RLM RLM RLM RL Mean CD at

CD at

5%

424
1.40
2.83
1.56
1.09
0.84
017
2.33

2.36
1.48
37
395
10.98
1.64
349
2.08

1%

1.78
257
520
286
201
1.54
141
4.28

433
2.11
582
1.25
20.16
3.02
6.41
381

29125

6.79
1.49
6.67
475
820
266
4.48
3.26

2.97
1.84
6.16
3.26
23.25
5.56
5.94
3.0

198

541
142
4.94
361
1.1
2.25
4.07
3.05

2.1
6.46
6.1
361
22.35
481
528
331

188

547
1.53
537
3.96
1.46
2.43
422
318

350
1.23
6.97
410
21.87
497
517
3.20

18

553
112
5.46
499

.1.00

2.36
4.28
310

244
1.13
6.12
LRI

580
1.39
561
431
159
242
4.26
315

2.92
.17
6.34
352

2173 22.30

5.36
589
317

517
512
343

5%

2.98
0.84
3.34
2.93
2.25
0.78
0.76
041

200
2.54
1.89
1.98
3.09
1.5
1.36
127

1%

547
153
6.13
533
413
143
1.40
0.76

3.67
4.67
347
3.63
5.67
2.85
2.49
2.33
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Table 3.
Valine  Methionine Isoleucine
Lysine 0.902** 0.644 0.842x*
Valine 0.698 0.902**
Methionine 0.560
Isoleucine
Leucine

Phenylalanine
Threonine
Histidine

Significant at* P-.05;  **P-01

consicerable amounts.  Lysine commonly observed as
the first limiting amino acid in vegetables was found to be
higher (6.75 pér cent?) In B. campestris as compared to
that in B. huncea (5.80 per cent).  Methionine was also

resent in higher amounts in B. campestris (.49 per cent).
B. juncea showed hlgher content of only glutamic acid
in comparision with B. campestris. Appelgvist and N air i«
compared the amino acid composition of B. campestris
with that of B. napus and reported B. campestris to be
h|g_he_r in amount with respect to several amino acids.
Abidi and Tripathill observed a range of 056 to 192
per cent for methionine jn B. juncea. o

Correlation coefficients among the essential amino
acids are given in, Table 3 LYSIDG was found to have a
positive and significant correlation with valine, isoleu-
cine, leucine, and threonine. Valine was positively and
significantly correlated with isoleucing, phenylalaning
and threonine. Threonine was also positively and signi-
ficantly correlated with methionine and isoleucine. The
significant and positive association of threonine with
lySine and methionine is of particular interest as these
are the threg amino acids which are generally found most
deficient in vegetables.

Department of Plant Breeding, S. K. Gupta
Punjab A?nc.ultural University, K. S. Sekhon
Ludiana, India. K. L. Ahuja

Received 2 March 1981
Revised 24 August 1981

corrélation coefficients among essential amino acids of different brassica

Leucine  Phenylalanine Threoning  Histidine  Arginine
0.754* 0.482 0.738* 0.585 0.487
0.590 0.784* 0.716* 0.348 0.330
0.502 0497 0.841** 0.445 0.348
0.533 0.601 0.765* 0377 022
0.042 0410 0.541 0.634
0473 0.037 0.206
0.456 0.256
0.506
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Pyrrolizidine Alkaloids: A Review

S. J. Jadhav, D. K. Salunkhe*, S. S. Kadam*, J. K. Chavan and U. M. Ingle
College of Agricultural Technology, Marattwada Agricultural University, Parbhani-431 042, India

The review covers the occurrence of pyrrolizidine alkaloids in the Senecio spp; the hepatotoxic nature of chemical,

their separation and chemical assay methods.
chemical nature and structure.
various pyrrolizidine alkaloids have been discussed.

Introcluction

Naturally occurring toxic alkaloids in fopds and feeds
have been“a topic OF considerable attention In reoent
earsL’3. Among paisonous plants that are harmiul to
ve stoc the Sénecio species are prominent as & resulf
of their hepatotoxic properties. A Iar%e numper of
organic compounds responsible for the_chronic disease.
Pyrrolizidine alkaloidosls, in grazing animals have been
isolated from various species of Sefiecio. Although the
toXic aIkaI0|ds are found m many, other genera stich as
Crotalaria,_Heliotropium, Amsinckia, Echitm, Cynoglos-
sum, and Trichodesma, the;{ are conventionally eferred
{0 the genus Senecio, since it was the first to attract atten-
tjon, I most countries. - Consumption of Senecio plants
during shortage of other feeds have caused serious pro-
blems”and occasmnall |osses I farm animals,
In man, the reported cases 0 Tp0|son|n resu ted from
contaminated cereaI foods and rom the Use of the Sene-
clo plants in medicine.. The transfer of the pyrrolizigine
alkaloids from Senecio jacoboea gans ragwort) Into
the milk of Iactatmg cows and oat "Lcould Concelvably
exert thelr effect in human, rE)opu lation In areas where
the plant s extenswely growi % A considerable amoynt
of research effort has b eenp in t?wardsthe pyrrolizi-
dine alkaloids In view of helr role in liver and fun
damage. Consequently, several reports on chemicald
blologlcal and pathological9*», biochemical ', and
toxicologica 131 as ects of the p ¥rrol|2|d|ne aIkaI0|ds
have. beén published. Since the plants contammﬁ pyr-
rolizidine alkaloids are involved one way or other”in
animal feed or human foods, it is the intention of this
article to pool the relevant information.

Occurrence, separatlon and assay

The p}/rrolmdme alkaloids are found mostly in three
botanical families of which %enus Senecio ga ily, com-
positae) comprises of the largest alkaloid-bearing Species.

*Present address:

87

A number of species of Crofalaria

tropium SBoraglnaceae?] and Cynoglossum

area o
of some of the

d source of t
lant s

alkaloids are listed in Table 1 More t

Table 1. common names of som

ALKALOID-BEARING PLANT

Botanical flame
Amsinekia intermedia

Crotalaria

Crotalaria dura ~ ?
Crotalaria globifera $
Crotalaria fulva
Crotalaria mucronata
Crotalaria retusa
Echium plantagineiun

Hetiotropium europaeum
Senecio jacohoea
Senecio latifolius
Senecio retrorsus

Senecio ridelli

Senecio spartioides
Senecio vulgaris

Common names

Fiddleneck

Tarweed

Fireweed

Yellow forget-me-not
Rattle box

Rattle pod

Wild lucerne
Jaagsiektebossie
Whiteback

Streaked rattle pod
Wedge-leaved rattlepod
Earring plant

Vlf)ers bugloss
Salvation Jane
Common heliotrope
Caterpillar weed
Potato weed

Common ra?wort
Stinking Willie
Dan's cabbage
Groundsel

Ragwort

Rhodesia ragwort
Dan’s cabbage
Ragwort

Woolly groundsel
Thread-leaf groundsel
Riddell’s groundsel
Broom groundsel
Common groundsel

Mahatma Phule Agricultural University, Rahuri-413722, Maharashtra.

e alkaloidsS. Thec
Species contamlnﬁ

Attempts have been made to relate the toxicity of the compound to
The toxic effects observed in livestock have been delineated and the LDjq values for

Legumlnosae ), Helio-

S oraglnaceaeg
mmon name

pyrrolizidine
an"a hundred

eSPpEyrrolmdme

Ref. No.
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alkaloids have been isolated from various plant, species
and structurally identified as pyrrolizidine derivatives.
Most naturally occurring Byrrolmdme alkaloidis
oetrt1ave asa b[emxture %f %ertlary gt_ste_ an(lj N-otX|de. The
er may be revealed by an additional s aper

C ro_mato%ramf. Tlhe N%mde%rm %emgg) %lg%qypsﬁu-
ble In water cannot be extracted from~an" aqueous
medium by chloroform,  In order to include total alka-
oids, Koekemoer and Warrer.18and Culvenor and
Smith19 reduced N-oxides to free bases prior to their
extraction with organic solvent. Also, the procedure of
Culvenor and Smith19eliminated the possible decompo-
sition of the alkaloids, during drying of plant material,
alkali hydrolxms, reaction with chlorice ions or halo-
?enated solvents. However, there is no general Procedure
or isolation of 0|Qgrro_h2|d|ne N-0xides Trom plant mate-
10 mixture may be obtained'in a relati-

rial. The alkal ( _
vely pure form fy adsor_blnlg an %%ueous alcoholic plant
extract on a sulfonic acid resin and subsequent elution
with ammonium hydroxice2® N _
Chalmers et al. 1L while characterizing the alkaloics
found that paper, thin Ielyer and gas chromatography
are satisfactory. for their resolution on the basis of their
different partition-adsorption, adsorption-base strength,
and volatility resPectlve - The pyrrolizidine alkaloids
appeared on paper chrontatogram as distinctively colour-
ed 'spots when developed by ascendling flow of an organic
ghas_e of a 50 per cent mixture of butanol in 5 per” cent
ceticacid. An alkall-treated silica gel G plate held for at
least a day and developed with methanol was useful for
reProdum le mobilities of the alkaloids relative to the
solvent front. Retention time data were important in
arriving_ at structyral features of new alkaloids or deri-
vatives in the series of ester alkaloids,
A quantitative assessment of the alkaloid can be made
y the procequre of Culvenor and Smith©which involves
titration against 0.01 N p-toluene-sulfonic acid in chlorg-
form with” dimethyl yellow as an indicator. Although
Y_rro |2|d|Pe alkaloids have PO ch%{actenstlc UV ahsor-
lon or fluorescence useful for detection, Mattocks2
made S_Rectro hotometrie determination possible by
converting them into a_pyrrole which produced a
red colour with the modified Ehrlich reagent
tnhai aminobenzaldehyde and boront rifluorice in metha-

Chemical structure and toxicity

The Senecio alkalojds form a structurally distinct
roug of comﬁoupds haracterized bg/ the preserice ofa
yrrolizidine nucleus (Fig. 1). This System usua
ains a double bond at 1.2 position and generally exists

as monoester, diester or cyclic diester of aming alcohol
(Table 2) at positions Land/or 7 The nature of esterify-
Ing acid, particularly important in structure elucidation

nt (4-cime-  |oid

ly con- f

7 £ N
o CO
S ¢ 3
A B

Fig. 1. Nucleus and skeleton of pyrrolizidine alkaloids. ﬁ_/-l\)
Ey,rrolmdme; (B) Ammo-alcohol(s&:l Heliotridine, (R-OH,

-H); Retronecing, (R =0H, H); and Supinidine,
(R, R*-H).

and toxicity, is indicated by catalytic hydrogenation and
hydrolytic reactions. _

Several workers have discussed hepatotoxic effects ofa
number of alkaloids in relation to their chemical struc-
ture9 10131523 2, Thus the toxic action was attributed
to th_e_Eresence of a double bond in the 1,2 positign and
esterified primary hydroxyl ?roup In the pyrrolizidine
ring.  This was also evidenf from the fact’ that _non
hepatotoxic alkaloids showed no double bond, modified
gg/rrohmdme ring with a partial N-C8 bond or a Jack of

ter functiond. “The nature of substituent at position 7,
which maY occur as H, <-or -OH, %-or 3-O-acy], has
no control over hepatotoxicity of pyrrolizigiines. “How-
ever, a branched alkyl chain ofesterlyy
1is an essential réquirement for hépatotoxicity. The
degree of esterification showed profound influence on
toXIcity s euallY when the alkaloids occurred as cyclic
diesters, 'The allylic ester structure makes the active
alkaloid a potential alkylating agent capable of brln?lng
abqut changes In nucléic acids or enz¥_mes which Tea
to inhibition of cell division and mutation9. Also, low
water solubility and low base strength are associated with
acute hepatotoxicity. o

MattocksIl gave” several reasons including route of
administration "of the alkaloid, metabolizing enz¥me
system, resistance of some_ species of animals or o _%a-
riilsms, _toxicity of synthetic’ derivatives, and chemical
reactivity of the alkaloids which indicated that the alka-

ing acid at position

oid toxicity IS due to metabolites. Non cytotoxic effects
of certain alkaloids as well as lower toxwl,g of ﬁgr
rolizidine N-oxides than the parent alkaloids have
su%;este_d that hydrolysis and N-oxidation may be in-
volved In detoxification processes, Relatively less toxi-
city of N-qxides can be explained on the basis of their
high solubility in water which makes a suitable medium
oF rapid excretion of the metaolities. However, the
high toxicity of retrorsine N-oxide In male rats mrjested
orally resulted from the alkaloid base formed by reduc-
tion inthe gutL!. Jago et al.2examined sheep urine after
a dose of heliotrine and found a metabolite which lacked



Amino-alcohol
Heliotridine

Retronecine
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Table 2. the esterifying r andlor r’ groups of some pyrrolizidine alkaloids9

Alkaloid

T-Angelylheliotridine
(Rivularine)

Echinatine

Europine

Heliosupine

Heliotrine

Heliotrine-N-oxide
(N---->0 bond)

Lasiocarpine

Lasiocarpine-N-oxide
(N---->0 hond)
Echimidine

Jacohing”

Jaconine”

Latifoline

Monocrotaling"

Retrorsing”

Senecionine*

Seneciphylline*

Esterifying groups, (acids)

R -CHZH:C(CH3COO0-, (Angelic acid)

R'-H

R - OH

R"- -COC(;-pr)OHCH(CH30H, (Viridifloric acid)

R -OH

R'--COC[COH(CH320HCH(CH30CH3, (Lasiocarpic acid)
R =CHZH:C(CH3COO0-, (Angelic acid)
R'=-COC[COH(CH320HCH(CH30H, (Echimidinic acid)
R-OH

R"--COC(i-pr)OHCH(CH30CHS3, (Heliotric acid)

R and R' same as Heliotrine

R =CHZLH:C(CH3COO0- (Angelic acid)
R'--COC[COH(CH32/0HCH(CH30CHS3, (Lasiocarpic acid)
R and R' same as Lasiocarpine

R =CHZH:C(CH3COO0-, (Angelic acid)
R'=-COC[COH(CH32OHCH(CH30H, (Echimioinic acid)

0
CHSC/H ! jCH-,CH(CH3?(CH3OH, (‘Jacobinecic” acid)
00- -0C
-R R'-
CHZH(C1)COHCHZLH(CH3C(CH3OH, (‘Jaconinecic’ acid)
00- -oc|
-R R’
R - CHLH:C(CH3COO0-, (Angelic acid)
co

ch3gh \o
R -COC~—reCHCH3. (Latifolic acid)

CHjHCOH(CHS(i(CHSOH, (Monocrotalic acid)

00-  -oC
-R R'-

CH3CH :CCH->CH(CH3COHCH->0H, (Isatinecic acid)

&OO- -O&
=R R
CHZLH:CCH-.CH(CH3C(CH3OH, (Senecic acid)
¢00- -0 c|
=R R
CH>

CH$H:CCH£IC(CH30H, (Seneciphyllic acid)

C00- -0C
=R R
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Table 2. continued ...

Amino-alcohol Alkaloid
Spectabiline®
coo-
~R
Supinidine Cynaustine R-H
R
Heleurine R-H
R'= -COC
Supinine R-H

R'- -COC(i-pr)OHCH(CH3OH,

= - COCO-pr)OHCH(CH3OH,

Esterifying groups, (Acids)
CHLHC(OCOCH3 (CH3C(CH3>0H, (3-Acetylmonacrotalic acid)

1
-0cC

(Viridifloric acid)

(i-pr) OHCH(CH30CH3, (Heliotric acid)

(Trachelanthic acid)

“The R and R" groups are involved in the formation of cyclic diester.

a methyl group in its ester side chain- This reaction is
also kriown to reduce toxicity. - Another reaction that
converts heliotrine to non-toxic bases in the sheep rumen
15 clue to the reduction bya hydnde lon from NA H2 2
The products, 7 hydroxy methylene-8 yrrolrzr
dine'and 7 < -hydroxy-1 g-methyl-8 x- pyrro izidine* lost
their toxicity due to"thé absenice of allylic ester group.
Although  epoxides have been su de cled to be more
toxic than the parent alkaloidsy2), tne expenmental
evidence. obtained with two epoxrdes of monogrotaline
has eliminated such a possibilityd)' 3L, Mattocksl also
failed to demonstrate the conversion of epoxides to meta-
holic pyrroles which are responsible for some or all of
the toxic effects of the alkaloids. A pyrrole derivative
because of its conjugated nrtropen ring system, actrvates
an ester gro ﬁ]foran eoTp C attaC %suc groups
as amines or |osan f srecatrvel y stable alky Iatr

product hus cell dama e or geath could occur from
alkylation of cell components Iy extremey actrve pyr
rolic esters1L According to But reta 12, pyrrole éri-
vatives can roduce toxrce ects similar to at caused
tlgy Iptﬁrro izidine alkaloid, but at much lower dose level.

Urther support for this was obtained by the he atotoxrc
nature of yrroIrne diester3. Non-toxic action of rosa-
gta]nnrne resut on}]the stable structure of its meta-

rrole3t contains remaining ester group
unconjugated with the nitrogen.

The formation of pyrralic metabolites has been shown
to occur Inthe rat liver microsomes3as well as in human
e olnrerit Subse entIy, th metabolr%s ma)(tran
ert other, organs cause amage 3/
the liver microsomal fraction is capable of convertrn(t;
alkaloids to N- oxrdes:Q the resultant roducts do no
servefasrnterme iates n the orgg%t temetapL

rrolesdh40. MattocksLicescrt ormation of t
R?/rro es as metabolic mistake, since such reactions as

and C-hydroxylation, N-oxidation, and N-and O-

dealkylatron tend to form detoxified water soluble den
vaties whrc can be rap )(]ermrnated from the od%/
Is the bound pyrro eswhrc are assocratedwrththec llu-
lar components for a longer period cause toxic effects.

Pharmacology and toxicology

Poisoning 1n animals from plants containing R rroIrzr
dine alkaloids has been known throughout 't

under djtferent names0,15. General symptoms of orson
ing In livestock are loss in weight, Severe diarrhea, in-
ability to stand, coma, and rapid death within about a
month.  However, there is no definite disorder jn farm
animals resultrn from consumptron of these poisonous
plants. This i marnyr because of the chemical compo-
Sition of the Iants he aIkanrds have produced liver
esrons in pou tLy seep orses prs and dogs; and
ung lesions In sfieep, pou tnB Apart from the
iver damag\e horses have Deen adversely affected by
neurological  problems; and sheep by haemolytic
disoroer.  Schoental4 claimed that some of the p IX

rolizidine alkaloids are carcinogenic, however this has
heen considered doubtful by many workers,

The toxic symptoms caused by the poisonous plants
could also be produced in experimental animals with a
surtahle dose of asgecrfrc alkaloid. The peh ern of onrcr
notaply peracute, acute, cytotoxic, and chronic, depenas
much upon animal specres age, structure of the alkalord
and the mode of alkaloid Inj estron]l eyrperacute or

eracute deaths are caysed b a dose arﬁ than acute

r%;enera preceded b convulsronsw Ich take place
wrt | ashort time. Acuté infoxicatjon has been marked

haemorrhagic necrosis of the liver cells374L which
may lead to dgath within a week. The LD values for
vanous p%rrolrzrdrne alkaloids #rven to rats mtrapen
toneally showed a wide range
hased On their chemical structure and physrcal proper-
ties (Table 3). A number of workers have investigated
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Table 3. LDA0 values" of various pyrrolizidine ALKALOIDS GIVEN TO RATS BY INTRAPERITONEAL INJECTION

Alkaloid

T-Angelylheliotridine
Echinatine

Europine
Heliosupine
Heliotrine

Amino-alcohol

Heliotridine

Heliotrine-N-oxide

Lasiocarpine

Lasiocarpine-N-oxide

Echimidine
Jacobine
Jaconine
Latifoline
Monocrotaline

Retronecine

Rerorsine

Senecionine

Seneciphylline

Spectabiline
Cynaustine
Heleurine
Supinine

Supinidine

“Based on survivors up to 3 days9,14, 4 days1l, and 7 days0.
*AlL deaths occurred within 1 hour.

the development ot chronic lesions in the rat liver within
a few weeks to years after repeated administration of
very small doses or a smgle_ dosed?-44, The lesion con-
3IS |n? of grossly enlarged liver cells imegaloc es)I may
lead fo death &5 a result of liver failurg from almost
fulgf occupied giant cells. A chronic Iun% lesion has
alsg been shown to e fatal3 In general, Toxic action

Sex LDxgmglkg) Ref. No.

M 260* 9
M 350

M 1000

M 60

M 300

F 340*

M 280 1
MF 214.2 50
M 5000 9

F 2500

M 1 9
F 79

M 7 1
MF 81 50
M b47 9
F 181

M 20 9

F 138

F 168

M 125

M 175

F 189

MF 917 50
M 109 il

F 230

MF 384 50

M 3 1
F 150

M 3 14
M 85 9
M 50 il
M m 9
F 8

MF 80 50
M 20 9
M 260 9
M 140

M 450*

MF 2119 50

of pyrrolizidine alkalgids are more pronounced in 'you_ng
rats than adéjlt_ onesZ4b. The toxic effects of p)( rolizf-
dine alkaloids in man as observed mostly in West Indies&o
were of acute nature and were recoqnlzed 8 a Veno-
occulsive disease. More recently, Culvenorlo has sum-
marized i)reventlve measures of the alkaloid poisoning
I animals and human beings.
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BOOK REVIEWS

Advances in Nutritional Research: Vol. 3, Ed. by Harold
H. Draper, Plenum Press, New York—London, 1980,
Pp. 365, Price £ 3250

. The present volume continues the tradition of publish-
ing m-dw_th [RVIEWS 0N t(c)PICS of contemporary Interest.
Three articles are devoted to lipids. The first by HO.
Bang and J. D erberg\_g_lves n account of the diet
composition,  plasma lEId atterns and  hemostatic
variables of Greenland Eskimgsamongst whom ischemic
heart diseases or thrombotic disordersare conspicuously
absent.  The second by Claudio Galli gliscusses Dletav
Influences on prostaglandin synthesis’ including conyer-
sion of polyunsaturdted fatty acids into prostaglandins,
effects of dietary constituents on accumulation in tissues
of polyunsaturated fatty acids, and on formation of R_ro-
staglandins and the metabolic effects thereof. The third
article by Frank D. Sauer and John K. G. Kramer
entitled “The metabolism of long-chain monoenoic fatfy
acids on heart muscle and their cardiopathogenic impli-
cations’ discusses at ,Ien?th the recent cntroversial
topic on.the relationship of erucic and related fatty acids
on cardiac health.

Three articles relate to trace elements in nutrition.
The first of these by C.E, Casey and K. M. Hambl%ge
covers “Trace element deficienciés in man” including Zn,
Cu, Cr, Se, Mn, Co, Mo, F, Ni, V, Si, Snand As. ~The
second’.ne describes “Stable 1sotope method for bio-
availability assessment of dietary minerals in. humans’
M. Janghorbani and Vernon R, Young). The third article

Forrést H, Nielson summarises thé” ‘Evidence of the
e sent_lahtY of As, NI and'V and  dliscusses their possible
nutritional significance’,

. The article ‘Protein in the nutrition of the preterm
infant: _ biochemical and nutritional considerations’ by
Niels C. R. Ratha traces the devel(%Pment of enzymes
Involved |n protein synthesis and degradation I the
foetus and discusses tfie implications In"the infant nutri-
tion. An article which ma?/ Rrove to be of special interest
to food scientists is_curfent concepts of ... hyperall-
mentation” by M. Deitel and Linda D. Macdonald.
FlnaI!Z, Yoshio Ueno surveys information on mycology,
Chem try and toxicology of tricothecene” myco-

chemi
The volume will no doubt, prove of interest to research
sulentl.sts In the field of nutrition, food science and medi-
cal sclences.
D. V. Rege

Dept, of Chemical Technology, University of Bombay,
Bombay.

94

M. Windsor

Introduction to Fishery 1981 op. 187
pp. Lo,

_ ?\Yproducts: bg
and S. Barlow, Fishing News Book Ltd,
Price £ 1350

‘The eight chapters of the book deal with Introduction;
Fish meal production; Use of fish meal in animal nutri-
tion; Fish il proouction and use in foods: Fish sHaqe;
@éd’rolysed fish products, Fisn. protein concentraltes
(FPC) and other methods of utilizing fishery byproducts.

. The book includes methods of analyses and provides
list of ogganlzatlons which supply information” on pro-
cesses analfor products. The book'is well illustrated with
Clear diagrams. _

However, the book cannot be called an exhaustive one
as considerable amount ofwork done on different aspects
of Fsg\eéy by products in various countries has not been
included.

Chitin/chitosan _ are  two__valuable byproducts of
shrimp processing inaustry which could have been cover-
ed mtldetall as they dre getting more Importance
currently.

M. N. Moorjani
CFTR', Mysore.

Autooxidation in Food and Biological Systems; By
Eds.) Michael G. Simic and Marcus Karel, Plenym
6556?58' New York and London 1979, pp. 659, Price
This is a very useful collection of

workers in the drea of autooxidations aﬁ %
biological systems. These contributions were presented
ataworkshop organised jointly by the US Army Research
and Development Command”and Massachusetts Insti-
tute of Te?hnolo%}/ and held at Natick, October, 29-31
1979. A few.contributions were Presented_ t the IFT
Basic Symgposmm on “Food lipids In St. Louis, Missouri
on Juré -9, 1979”. .
. The contributions have been grouped under five sec-
tions namely (1) mechanisms of autooxidations; ”gz)
food and model systems; FB) antioxidants; (“biochemi-
cal systems and ~ (5) hiological systems. _
In the first section namely, mechanisms of aufooxi-
dation, are included () involvement of radicals in the
initiation of autooxidation of linoleate or other PUFA,
é@riformatlon of nitrous acid by hydrogen abstraction

Juring interaction between NO?"and PUFA, @ Inhibi-
tion 0f photooxidative deterioration of vegetable oils

apers by leadin
d antioxidants |
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by /8-carotene and protective action of tocopherols
against autooxidation, (d) formation of lipid radicals
via. the action of superoxide on hydroxyl radical of pol

unsaturated lipids in microsomal preﬁaratlons, (5
direct oxidation of organic substances through the for-
mation of dioxygen complexes with possible involvement
of some metals as catalysts and (/) oxidation of chole-
sterol to a myriad of alcohol, ketone, aldehyde, epoxide,
etc. through the formation of hydroperoxide in the 13
ring and side chain by the oxygen of air.

The second section, on food and model systems begins
with a brief sketch of the activities of FDA Division of
Nutrition regarding cholesterol oxides. This is followed
by papers dealln(t; with (a) analytical methods used in
the study of autooxidation processes, (b) secondary
reactions of lipid oxidations and water activity of foods
as an antioxidant, (e) oxidative behaviour of unsaturated
fatty acids at relatlvelzlhlgh temperature such as those
employed in trying, baking, etc., E)d ) lipid hydroperoxide
induced oxidation of cystine in peptides, (e) L-tryptophan
degradation b¥ peroxidising |¥)Id8 and (/S the biological
sqmﬂcance of @ new type of cross linking of phenolic
esters of polysaccharides.

Under the section ‘Antioxidants’, papers dealing with
(a;] natural antioxidants particularly of soybeans and
other oilseeds, (b) antioxidant effect of Millard reaction
intermediates, (c) ascrobic acid and <-tocopherol as
blocking agents to prevent the formation of human
carcinogens and (d) synergism in protecting unsaturated
fatty acids from Sﬁontaneous, non-enzymatic oxidation
bet}/v%erzj <-tocopherol, ascorbic acid and lecithin are
included.

The fourth section on biochemical systems includes
papers dealing with (a) peroxidation of lipids in model
systems and in membranes, (b) a model membrane
system to interpret and predict the reactions occurring
in membranes, kc) prevention of the attack of superoxide
and H20 2on DNA by dismutases and catalases, (d) the
pathways by which glyceride lipid is converted to oxyge-
neted fatty acids, (qe) enzyme catalysed lipid oxidation
in muscle membranes, (f) lipoxygenases from different
sources and (g) the the role of hepatic FAD monooxy-
genase.

“The last section deals with (a) intracellular mecha-
nisms for lipid peroxide decomposition, (o) biological
effects of some products of cholesterol oxidation, (c)

oxidised lipids in the cause of atherosclerosis, (d) arterial
cell wall injury caused by cholesterol and its oxidation
products and (e) formation of malonaldehyde from
unsaturated fatty acids by the action of HZ202 which
alkalyates with DNA.

~ The entire book is avery useful compilation to workers
in a wide area of lipid oxidations and their implications
on human health with latest analytical methods included.
IT'QIS book proves to be a very good asset to any
ibrary.

V. Srepnivasa Murthy
CFTR', Mysore.

Toxicological Data Profile on Vanillin: Data Collection
and Compilation by R. R. Khan and Gomathy iyer,
and evaluated by C.R. Krishnamurti and” S K.
Khanna, Industrial Toxicology Research Centre,
Lucknow, India, 1981, pp. 43.

~This is a very useful compilation of valuable informa-

tion on vanillin, the aromatic aldehyde being used as a
food additive (flavouring agent) and in industries for
various purposes. The current data has been presented
briefly under different headings and sub-headings which
cover the physico-chemical properties, use, production
processes, the present day demand for the compound,
metabolic pathways studied in vivo and in vitro In man
and animals, toxicity of the compound (animal and
plant), biodegradation and legal status.

Under the toxicity studies, different toxicity tests like
acute, subacute, chronic and other studies conducted
on various animals (dog, rabbit, rat, mouse, hamster,
guinea pig, chicken, fish, seaurchen, mosquito etc.)
are covered. Carc'nogenicity, mutagenicity and terato-
enicity test reports are included under special toxicity.
bsence of major occupatlonal health problem with
vanillin has been mentioned under ei)ldemlolqglcal
studies.  Effects on plant growth are also mentioned
under phytotoxicity.

Finally a conclusion is added. The book contains 132
references and hibliography (249 references) on various
aspects of vanillin,

H. P. Ramesh
CFTRI, Mysore.



ASSOCIATION NEWS

SILVER JUBILEE OF THE ASSOCIATION OF
FOOD SCIENTISTS AND TECHNOLOGISTS (INDIA)

(1957 -

The Association, of Food Scientists and Technologists
India) is celebrating its SILVER JUBILEE this year.
he Association was established in June 1957 under the
leadership of the late Dr. V. Subraman¥_am, Director,
Central Food Technological Research Institute, I\c/lxyesore
with about 150 members mostIY drawn from the Central
Food Technological Research Institute, Mysore. Today
it has grown to a membership of about 2000, distributed
In 13 chapters located In the principal cities in India, be-
Sides 1ts head quarters at Mysore, - There are also about
100, members from other parts of the world. . The Asso-
ciation of Food Sclentists and Technologls_ts (India)
Is an affiliate of Institute of Food Technologists (LFT)

SA and a member of International Union of Food
Scientists and ,Technologmts (IUFOST). . .

The Association was started With two main objetives;
(a) to stimulate research on varioys aspects of food
sclence and technology: . (b) to provide a forum for ex-
change, discussion andl dissemination of current develop-
mentS'in the field of food scienge and technology. - This
has been achieved by symposia, seminars, f0od con-
ventions, special Jecturesand so on. Besides, the Asso-
ciation has also Instituted several awards to encourage
outstandln%_ achievements in food science and fech-
nology. . This year, it has instituted a new International
Award in Food Science and Technolog)(. To start off
the Silver Jubilee year, an Int rnatl?na Food Confer-
ence-AHARA "82'1s slated to be held at Bangalore in

May 1982,

gne of the Pnnupal activities of the Association is the
{%u ||cz1t|on 0 th%hlmonthlyJ%urnal of Food Science ang

echnology, which 1S In 1fs "19th year o gubhcaﬂon. A
new journal, Indian Food Inglustry, will commence pub-
lication during this Silver Jubilée year.

Success of “the Association has come from the
support of its members, its staff at the chapters and at
head quarters, the conscientious work of the publication

96

198)

staff, the labours of the AFST(i) secretariat, Mysore
and the support received from 'the host Institdtion,
the Central Food Technological Research Institute,
M¥sore. To all of them, we exgress our gratitude as we
enter our Silver Jubilee year, 1982

P, Narasimham
Hony. Exec. Secretary, AF.ST. (/)

Luchiana Chapter

Dr. K Kirpal Singh, Director of Food Technology,
Processing and Marketlng. Punjfab A%_rlculutral Univer-
sity. Ludhiang, and President of Ludhiana Chapter, has
represented Government of Inclia in the Technical Con-
sultation Meetm[q for the Promotion of an Asian Net-
work for Technology Transfer in Agro-Industries held at
BanPkok from August 24 to 291981 | .

_ Eleven countries” from South-East Asja participated
in these consultation meetings,  Research and develop-
ment work on post-harvest technology being carried out
a various Institutions In the South-East Asian region
was reviewed. It was decided fo establish a net-work
and also sub-network on the basis of Important commo-
dities. CFIRI, Mysore has been recognised as a centre
and the Directorate of Food Technology, Pracessing and
Marketlng. PAU, Ludhiana, has beenidentified aS one
of the sub-centres tor carrying out post-harvest techno-
og¥ work In India, The programme envisages to pro-
mote agro-industries in this region, sothat ~ least pa
of the primary. Aorocuce could e taken up for Proces-
sing.  Promation of agro-industries dealing with the
marketing and pro_cessmrq of surplus primary agri-horti-
cultural commodities will'ensure more profitablé market-
ing, better utilization and better economic returns to the
farmers and_ will also generate more employment op-
portunities in the rural” sector.
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INDIA'S LARGEST MANUFACTURERS AND EXPORTERS OF
DHYORNED Ry OHERS

* DEHYDRATED GARLIC FLAKES « DEHYDRATED GARLIC POWDER
DEHYDRATED ONION FLAKES « DEHYDRATED ONION POWDER
BLANCHED ROASTED PEANUTS « DEHYDRATED MIXED VEGETABLES
DEHYDRATED PEAS, POTATOES,  + DEHYDRATED GINGER, MINT

CABBAGE, CARROTS & OTHER LEAVES, SWEET NEEM AND OTHER
VEGETABLES. SPICES.
IvandS OCEANIC DEHYDRATES PVT. LTD,
P. 0. BOXNO. 81,
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INSTRUCTIONS TO AUTHORS

Manuscripts of papers (in triplicate) should be typewritten in double space on one side of bond
paper. The manuscripts should be complete and n final form, since only minor corrections are
allowed af the pr%?_f stage. The paper submitted should not han been published or data com-
municated for publication anywhere else.  Review papers are also accepted.

. Short communications in the nature of Rese%rch 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. Su erscrigt
and, subscripts should bg legibly and carefully placed. Foot notes especially for text should be
avoided as far as possible.

. Abstract:  The abstract should indicate the principal findings of the paper. It should be about
200 words. It should be in such a form that abstracting periodicals can readily use it

. Tables: Tahles as well as graphs, both representing the same set of data, should be avoided.
Tables and figures should bé numbered consecutively in Arabic numerals and should have brief
titles, They should be typed on separate paper. Nil tesults should be Indicated and distinguished
(t:rl]?nrl%_rflgorpolaﬁ]srelgce of data, which is indicated by “— sign. Tables should not have more
ine columns,

. llustrations: ~ Graphs and other line dravviqgﬁ should_ be drawn in Indian ink on traging Pap_er or
white drawing paper preferably art paper. The lettering should be in double the size of printed
letters.  For Satisfactory reproduction, graphs and liné drawings should be at least twice the

Rnnted size 16cms (ox ‘axis) X 20cms éol))/ axm{; photographs must be on glossy paper and must

ave good contrast; three copies should be sent.

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

. References:  Names of all the authors along with,title of the paper should be cited completely in
each reference.  Abbreviations such as et"al., hid, idem, should be avoided.

The list of references should be included at the end of the article in serial order and the respec-
tive serial number should be indicated in the text as superscript.

Citation of references in the list should be in the following manner: _

(@) Research Pager: Jadhav, S S. and Kulkarni, P. R., Presser amines in foods, /. Fd Sci.
Techno!,, 1981, 18, 156, _ _ _

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

() References to article ina book: _Joshi, S. V., in the Chemistry of Sgntheﬂc Dyes, by
Venkataraman, K., Academic Press, Inc., New York, 1052, Vol. 11, 966.

(d) Proceegings, Conferences and S)(mposm Papers:  Nambudiri, EPS' and Lewis, Y. S, Cocoa
In confectionery, Proceedings ofthe Symgosmm on the Status and Prospects of the Confectionery
Industry in India, Mysore, a\r/] 197921, _ _

(&) Thesis: Sathyanarayan, Y., P e{tosomologlcal Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. Thesis,” Bomba nlvers_ltK. . _

(/) IkJ/lnpubllshledd_Work: Rao, G., unpublished, Central Food Technological Research Institute

ysore, India

. Consult the latest copy of the Journal for guidance.
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Research Papers

CHEMICAL CONSTITUENTS OF KOKAM FRUIT RIND
N. Krishnamurthy, Y. S. Lewis and B. Ravindranath

BIOCHEMICAL CHANGES ASSOCIATED WITH THE POD DEVELOPMENT OF FRENCH BEAN
(PHASEOLUS VULGARIS L) UNDER KUMAON HILL CONDITIONS
P. C. Pant and K. N. Mathpal

A METHOD FOR MEASURING THE FIRMNESS-OF COOKED SOYABEAN (GLYCINE MAX)
H. P. S. Makkar, O. P. Sharma and S. S. Negi

BREAKAGE OF RICE DURING MILLING 1. TYPES OF CRACKED AND IMMATURE
GRAINS

Y. M. Indudhara Swamy and K. R. Bhattacharya

COMPONENT ACIDS OF SOME ORNAMENTAL SEED OILS
C. D. Daulatabad, R. F. Ankalgi and J. S. Kulkarni

MINOR SEED OILS. 1. COMPONENT FATTY ACIDS OF SOME SEED OILS
C. D. Daulatabad and R. F. Ankalgi

A STUDY ON SELIWANOFF COLOUR REACTION FOR ESTIMATION OF SUCROSE IN DAIRY
PRODUCTS

P. C. Pantulu, V. Unnikrishnan and M. K. Rama Murthy

STUDIES ON THE PRODUCTION OF KULFI PART-I. THE ACCEPTABLE LEVEL OF
TOTAL MILK SOLIDS
Salooja, M. K. and Balachandran, R.

A STUDY ON THE BIONOMICS OF MAJOR INSECT SPECIES INFESTING CASHEW KERNELS
S. P. Pillai and M. Muthu

Research Notes

BIOCHEMICAL EFFECTS OF RAPE SEED MEAL IN ALBINO RATS
S. K. Garg, A. K. Sharma, L. Singh and J. S. Uppal

STUDIES ON THE NUTRITIONAL QUALITY OF SOME VARIETIES OF MUNG BEAN (VIGNA
RADIATA)

D. R. Sood, D. S. Wagl> and Kuldip Singh Dlundm

BREAKAGE OF RICE DURING MILLING 4. EFFECT OF KERNEL CHALKINESS
Y. M. Indudhara Swamy and K. R. Bhattacharya

EFFECT OF DEGUMMING ON KEEPING QUALITY AND REFINAB[LITY OF INDIGENOUS
SOYBEAN OIL

T. Lakshminarayvana, G. Azeemoddin, D. Atchyuta Ramayva and S. D. Thirumala Rao

QUANTIFICATION OF CHOLINESTERASE INHIBITION ON TLC PLATE FOR ESTIMATION OF
FENITROTHION

S. Udaya Bhaskar, N. V. Nanda kumar, G. S. Raju, K. Visweswaraiah and S. K. Majumder
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