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research papers

Protein, Lipid, Mineral and Trypsin

Inhibitor Content m

Modified Opaque-2 Maize (Zea mays L.)

H. 0. Gupta, M. L Lodha, K. Sen, Joginder Singh and S. L. Mehta

Cereal Research Laboratory and Nuclear Research Lahoratory,
Indian Agricultural Reséarch Institute, New Delhi-110 012

Manuscript received 12 December 1978; revised 1 May 1979

Protein, lysine, minerals, trypsin inhibitor content and fatty acid composition have been estimated in different grades

of modified ‘opaque-2" maize kerne!.
increased and the content of various minerals decreased.

With the increase in kernel vitreosity, protein quality deteriorated, kernel weight
The decrease was more pronounced for Fc and Mn.

Fatty

acid composition and trypsin inhibitor activity of modified ‘opaque-2’ did not differ much from that of chalky ‘opaque-2’.
In general, protein quality was superior and mineral content was also higher in chalky and modified opaque-2 kemels

as compared to normal maize.

The nutritional superiority of ‘opaque-2 maize
protein over normal maize is viell documented:2. Mare
recently breeders are trying to develop varieties with
hard endosperm to cvercome the agronqmlc and
acceptahility problems associated with chalky ‘opaque-2
types. A wide range in kemel ogacny Is recorded even
IN' the, presence 0 ggJaa_lﬁe-z gene Under homozygous
recessive_conditjon3's. The pfesent study was urider-
taken with a view to determine nutritional status of
various categories of hard endosperm ‘opaque-2” since
no such information is available in_the literature. The
protein, lysine, oil, minerals, trypsin inhibitor content
and_fatty acid comﬁosnmn i various, categories of
modified op,aﬁue-z erels have been deternined and
compared with those of normal and chalky ‘opaque-2
maize.

Materials and Methods

_The maize Vvarieties, ‘SO/SN comgosne_’ (modified
opaque-2” with hard endosperm), ‘Shakti opaque-2’
composite’ (chalky) and Vijay’ (normal) used for the
present investigation were grown under identical agro-
nomy. Samplé from each Variety consisted of kernels
fron? 15-20 ‘well filled ears, which were controlled
pollinated. For sep_aratlng ‘opague-2’ kernels of SO/SN
composite into various categories namely 1op per cent
oga%ue, 15 Per cent opaque-25 per cent vitreous, 50
per cent opague-50 per cent vitreous, 25 per cent opa-
(qUe-75 per cent vitreous and nearI% normal $0 er cent
opagque-109 per cent wtreous}, the kemels were Screened
against light. The classification was based on the basis
of relativé kernel opacity. A representative sample of

100 ¢ was drawn from the kemels of each variety/
%]agggory for chemical analysis and ground to 100

_For endosperm studies, 25-30 kernels were soaked in
distilled water at 4°C for 3 hr. Then the pericarp
was removed and endosperm collected after” remoy-
mgshembryo. Dried endosperms were ground to 100

Protein and lysing:  In whole _kernel_samRIe, protein
(Nx6.25) was estimated_ by micro-Kjeldahl methods
and _p/m e by_colorimetric ‘method?. , _

Mirferals: Fmelg round samples_ were d|%ested in
tri-aciq mixture (10:1:4, HNO3: H2504: HC10: VIV)
accordmg to Piper8. lron_(Fe), Copper (Cu), Manqa—
nese (bM/l and Calcium _(Cag Were estimated” quantita-
tively % tomic Absorption Spectrophotometer. Potas-
siym (K) and_Phosphorus (e,wer eatlmaﬁed_ uanti-
tatively by flame “photometrico and colorimetric”
methods réspectively,

Lipid andfatty acids: Crude fat was extracted b
Soxhlet extraction method using hexane as a solvent.
Fatty acid analgsm was done by gas-liguid chromato-
grap e){after m hh latiop ?f fatty acids aé described b
en €t aln. The methyl esters were determined b
Shimadzu gas chromato%ra#h having dual column an
fitted with™flame onizalion detector and digital inte-
grator.  Cojled stainless steel column_ (3m X4 mm ID
Were packed with 10 per cent (bg weight) of stabiljze
dletfallene glycol sucCinate coatéd on” Chromosorb P
60/80. mesh”solid su%)ort. The cojumn, detector and
injection 8ort temperatures were held at 1/5°C, 230°C
and 230°C.  The nitrogen (carrier gas) flow rate was
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kept at 40 ml/min, air and h}(_drogen pressure rate, 0.8
kg/cmz and 05 k?/cmz respectively for flame ionization
détector.  Retentlon time was Used to Identify fatty
acids and from peak area obtained by integrator, fatty
acid composition was determined. . ° .

Trypsin inhibitor actiyity: Tersm inhibitor activity
was ‘etermined according to. the methcd of Kakade
etall2 One trgpsm unit is defined as an increase of (.01
absorbance 3/2 (As/2) units at 280 nm in 20 min_per 10
ml_of reaction mixture. Trypsin iphibitor activity Is
defined as the number of trypsin units inhibited (TUI).
Casein was used as substrate. ,

The data reported are an average of duplicate deter-
minations which agreed closely.

Results and Discussion

. Kernel weight, gr,otem and lysine:  Results presented
in Table 1 indicate increase in kernel weight and protein
content with increase in the kernel vitreodity in modifie
‘opaque-2" maize.  Lysine content and_chémical scores
decreased with the jncrease in kernel vitreosity. Kemnel
weight of seqregating, normal (roo per cent vitreous
was 85.7 per” cént Of the VHa a normaR. Kerne
weight of chalky opaque-2 kernelS (o ﬁ),er cent vitreous)
was 80.5 per cent of 'Shakti opague-2". _
Protein content of 0, 25, 50, and 75 per cent vitregus
kernels was nearly comparable.  None of the modified
‘opaque-2” kerne ‘cateqorles had_a lysine level com-
parable to that of ‘Shakii opaque-2’. The lysine content
of normal segre?atm? kernel (109 per cent vitrequs
and ‘Vijay normal” kenels wasthe lowest. The chemica
score values indicated that with the increase in_kernel
vitreosity from 0 per cent to 75 per cent vitreous,

Table 1. protein, lysine and 100 kernel weight of normal
opaque-2, and various categories of modified
opaque-2 kernels

_ too  Protein Lysine  Chemical
Variety/kemel category ~ kemel % (g/lggN)N score*
wt. (g)

Vijay (Nomai) 303 8.7 249 45
Shakti (opaque-2) 44 110 482 84
SO/SN Composite {Mod. 02)

0% vitr-100% opaque 28 118 402 73
250 vitr- 75% opaque 232 118 30 7
50% vitr- 50% opaque 283 LRI 31 69
75% vitr- 25% opaque 259 122 350 o4
0% opaque-100% vitr 260 132 267 49

*Based on lysine as the first limiting amino acid and 5.5g lysine/
16g N in 1973 reference amino acid pattern.

d and 123 Per cent higher P, K, Fe, C
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protein quality deteriorated steadily. Further increase
In kernel vifr osﬁy to nearly normal level lowered the
protein quality drastically. =
. Mineral composition: “The mineral elements play an
important role In metabolic and requlatory progessesi3
Therefore, their concentraticns Were determined_in
whole kernel and data are presented in Table 2. The
results show that wilh the increase In kernel viireosit
the content of various minerals studied, decreased.
However,_the decrease was mare pronounced for Fe
and Mn. The level of all these minerals was substantially
higher in 0, 25 and 50 per cent vitreous kernel types
a5 compared to ‘Vijay’ normal. Even in 75 per Cent
vitreous kernels the level of Fe was 95 per cent higher
than in ‘Vijay'normal. The level of most of the minérals
in chalky “opaque-2” kernels (o per cent vitrequs) was
either camparable or slightly lower than that of “Shaki
opaque-2’. “Shakli opa%ue-z had 62, 116, 383, 52, 26
) . Fe, Cu, Ca_and Mn
respectively as compared to *Vijay’ normal. The level
of all the minerals except Fe in Segregating normal was
nearlly comparable to that of\/qay normal.” Goodshells
F]%% }ﬁd that ‘opaque-2" kernelscontain more K- than
, L1u3|d andfatty acid comﬁosm,on: The data Presente_d
in Table 3 indicate that the il content and tatty acid
composition of oil from normal, ‘opaque-2” and different
cate%ones_ of modified ‘opague-2” kernels did not show
muc varlatl(?n althou%h slight decre?se,m ol content
Was observed with. increase In kernel vitrecsity. ~ The
oil content of various modifieg ‘opa(iue-z categories
ranged from 5.4 to 5.9 pet cent in whole kernel and 0.7
t0 1.2 r[])er cent in endosperm.
In whole kernel samples linolejc. acid content was the
highest and was followed by oleic_and palmitic_acid.
Linolenic acid was present” on fy in traces,  Similar
trend was also observed In the fatty acid composition
of endosperm samples (Table 3). Stéaric acid accounted

Table 2. mineral composition of normal, opaque-2 and various
CATEGORIES OF MODIFIED OPAQUE-2 KERNELS

K+ Fe+++ Cut+ Cat+ Mn++
(mg/100 g)

027 201
041 254

Variety/kemel category P
(%) (%)

Vijay (normal) 024 012
Shakti (opaque-2) 039 026

SOtSN Composite {Mod. 02)

0% vitr-100% opaque  0.36
25% vitr-75% opaque  0.35
50% vitr-50% opaque 0.32
75% vitr-25% opaque  0.27
0% opayue-100% vitr  0.26

161
1.78

0.21
047

0.22
0.2C
0.18
0.16
0.12

6.20
6.05
439
315
1.98

043
041
041
0.25
0.25

324
323
212
197
1.84

0.51
0.50
041
0.27
0.2G
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Table 3. per cent fatty acid composition of oil in normal, opaque-2 and various categories
of modified opaque-2 whole kernels and endosperms
_ , Fatty acid % Oleic/
Variety/kernel category Qil (%) - : : —— — Linoleic
Palmitic Stearic Oleic Linoleic ~ Linolenic
Whole Kernel

Vijay (normal) 488 1691 333 29.28 50.48 <1 0.58
Shakti (opaque-2) 5.05 15.26 1.92 34.68 48.15 <1 0.72
SO/SN Composite (Mod. 02)

0% vitr-100% opaque 588 14.80 298 34.95 47.26 <1 0.74
25% vitr- 75% opaque 5.86 1443 2.58 35.38 4761 <1 0.74
50% vitr- 50% opaque 583 — 2.94 33.09 46.18 <1 0.72
75% vitr- 25% opaque 543 1498 314 36.02 4587 <1 0.79
0% opaque-100% vitr 538 1412 KRNI 31.94 44.24 <1 0.86

Endosperm

Vijay (normal) 0.86 1859 4.45 24.02 52.93 <1 0.45
Shakti (02) 0.81 16.71 4.26 2361 55.42 <1 0.43
SO/SN Composite (Mod. 02)

0% vitr-100% opaque 123 16.44 6.03 24.70 52.83 <1 0.46
50% vitr- 50% opaque 0.87 17.15 — 29.52 5321 <1 0.55
75% vitr- 25% opaque 0.79 16.16 397 28.56 51.35 <1 0.56
100% vitr- 0% opaque 0.712 17.33 323 33.84 45.60 <1 0.74

Table 4. trypsin inhibitor activity in normal, opaque-2 and 0 ‘Vljay normal It was a|SO hlgher (10 per Cent) In

various categories of modified opaque-2 kernels

Variety/kernel category TUllg flour
Vijay (normal) 386
Shakti (opaque-2) 426
SO/SN Composite (Mod. 02)

0% vitr-100% opaque 442
25% vitr- 75% opaque 410
50% vitr- 50% opaque 410
75% vitr- 25% opaque 410
100% vitr- 0% opaque 402

for Iessthan34 er cent in whole kernel. The low level
f molemc acid_content is indicative of very good
eepmg quality of maize oil. Jellumss has also reported
Imitic,” oleic and linoleic acids are the major

fat1ty aC|ds |n normal majze.
Typsin_inhiitor - activity:
|nh|b|t0r activity in 'Vijj a¥
di erent calte orles 0

are gresente In
hakti opaque-2" was 10 per ent higher compared

The result of trypsm
normal, ‘Shaki opa%
modified ‘opaque-2” kernels

anle 4. The trypsin inhibitor activity

100 PEr Cent opaque as compared to 100 per cent VItreous
kernels. - The trypsin inhibitor activity in 25, 50 and 75
per cent V|treous kernels was slightly higher compared
0 _nearly norma kernels

The results presente here clear|¥ show  substantjal
improvement in nutritional, quality of various, categories
of mOdIer ‘opaque-2’ malze as a result of increase. in
lysine; The higher Fe content in chalky and madified
0 a(%ue 2" compared to normal malze IS of nutritional
significance in view of general Fe deficiency 1 human
diet. Simifarity in the fat acid composition of normal
‘opaque-2" and modified pa Ue-2” maize indicates that
opaque-2 gene does not affect the fatty acid composition.
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Effect of Reducing and Oxidizing Agents on the Farinograph
Characteristics of Indian Wheats

Maninder Kaur and G. S Bains
Department of Food Science and Technology, Punjab Agricultural University, Ludhiana, India

Manuscript received 19 December 1978; revised 23 April 1979

The reducing agents had a marked effect on the dough development time, stability and MTI of the varieties ‘WG
357" and ‘WL 711" even at 20 ppm level of L-cysteine HCL which decreased further with increasing level of reducing
agent though not commensurateiy. Potassium bromate and ascorbic acid countered the effect of reducing agents to a

negligible extent even at 20 ppm level of L-cysteine HC1 combined with 75 ppm of the oxidants.
counteract to some extent the effect of L-cysteine HCI in the dough.

Salt seems to
The consistency of the dough at 25¢C was

higher by 30 to 60 B.U. and at 35°C that was lower by 50 to 70 B.U. reckoned from the 500 B.U. line using

FWA for mixing the dough with and without the reducing agents.
in the presence of the reducing agents and 50 ppm of AA.

Mixing grogerties of dough are imBortant in_bread-
making processes according’to Bushuk el alA  Farino-
grah as heen used extenswelﬁln the stud ofrheol_ogl-
al behaviour of wheaten dolighs2  North American
wheats have been found to respand favourably to oxidiz-

Ing Improvers for baking, They have hjgh protein
c0 tenp ang tend to produce Bu%ky doug’\%. pIn(§|e_an
wheats on the other hand, have been rei)orted by Manin-
der and Bainss to have medium to low protein with
critical mixing and ab_sorf)tlon constraints, Bains and
Irvines optainied practically no response to pofassium
bromate in test bakgnﬂ% 0n Some of the | prov?d Inglian
wheats.  Since Information on the effect of various
reducing and oxidizing agents on the farlnograph curve
characteristics s not available, this investigation was
carried out, The Faper_descrlbes the Interaction of L-
cysteine HCI, sodium. bisulphite. (NaHSQs), patassium

etabisulphite (KMS) along with ascorbic acid (AA)
and potassium bromate (KB10Os) on_ the farinograms
of ‘WG 357 and ‘WL 711" varieties of wheats,

SSL had negligible effect on dough consistency

Materials and Methods

Bulk samples of commercial varieties of wheat, ‘WG
357 and ‘WL 711, from 1976-77 crop, were conditioned
to 155 per cent moisture before bemP milled into
strmghht]cirade flours in the Buhler Pneumatic Laboratory
Mill"(MLU-202), The flours were stored in air-tight
containers.

Analytical methods: The flours were analysed for
mojsture, protein, damaged starch, ash and “diastatic
activity, by the AACC methods. The colour 8rades of
the flour were measured in the Kent-Jones and Martin
EOU{ cdo)lour grader, Series 3 (Henry Simon Ltd.,

ngland).
arin_o%raph_ curves: Brabender farinograph assem-
bled with stainless steel clad mixer was used. The
dough, was mixed using the AACC constant flour, (500)
14 per cent. moisture methed. A number of variables

re investigated in relation to the dough properties
OF i ViU, gn-prop



MANINDER KAUR AND BAINS: REDUCING AND OXIDIZING AGENTS ON FARINOGRAPH OF WHEAT

Effect of reductants in conjunction with oxidants

on dough properties.

() Reductants and their Ievelswere L-cysteine
HC 0 and 8 ppm and

NaHS03 or KMS, 010and

(Z)) Oxidants and theirlevels were: AA or
KBros, 0, 25, 50 and 75 ppm.

(b) Effect of salt 815 0/200 ¢ flour) and reductants

as In section

() Effect of temperature_ (25°, 30° and 35°C) and
reductants, as in section alz)

) (50 ppm) and

(d) Effect of SSL (0. 5§/1009 flour), AA
reductants as in Section az)
Fannogra h water_absorptions WA% used in (i
L(C and ex%erncng%nts were: “WG 357", 64.0 an
The fanno am% were interpreted for dou gh develop-
ment time ), stability, mixing tolerance ingex
(MTI) and softening according to the’ AACC methods"

Results and Discussion

The yield of ‘WG 357 strataht grade flour was 7L7
er cenit as compared with 739 per cent for ‘WL 711,
he per cent protein damagedsarc ash and dlastattc

act|V|ty mg. maltose/lOg) for WG 357" were 87, 101

050, and 235; and for WL 71" were 8.6, 9.7, 049,

and 250 respectively.

(b

133

Farinograph studies

{a) Effect of reducing and oxidizing agents on farino-
graph curve characteristics

(¢) L-cysteine HCL in conjunction with AA or
KBr03:

The doug}h development time and stability of ‘WG 357
doug s decreased con3|derably even at
the level ot 20 m of LC){steme HC1 WhICh ecreased
further with th mcreased evels of 40 80 ppm
Table 1). Ascorbic_acid or Rotassmm bromate at
he level of 25 to 75 ppm when mcorporated W|t
varying levels of L-cysteine HCl seemed t0 have hardl
any counter effect on the dough eveo ment ttme an

stability of the dough. The ou G 357 h
better mtxmr% toIerance index ( BUS than that of
e values increased to 85, 90, 105 and 130:

and 95 105, 115 and 145 B.U, respectively when the
amount of L-cysteine HCT was increased from 20 to 80
ppm.  Ascorbic_acid counteracted the reducing action
of L-cysteine HC1 on cantinued mixing whereas KBro3
further decreased the mixing tolerance”of the respective
L-C %steme HCL control doughs without any oxidant.
ro on contmued mixing in the presence of air

r03 the dough suffered over oxidation compared
W|th the regulated effect of AA towards extended mixing.

z ?:NaHSoa in conjunction with AA or KBr03:
rom the results in Table 2, it is seen that 10 ppm

Table L effect of I-cysteine hcl wth and without oxidants (75 ppm)* on the farinograms of ‘wg 357 and ‘w1 711" flours

‘WG 357
L-Cys. HC1 Oxidant DDT Stability MTI
ppm) (ppm) (min) — (min) (BY)
0 (Control Nil 52 1.1 55
L-Cys. HC1 _
20 Nil 30 48 85
20 AA 2.6 45 75
20 KBr03 3.2 38 95
40 Nil 24 33 90
40 AA 24 31 90
40 KBr03 2.8 30 110
60 Nil 2.2 29 105
60 AA 2.0 3.0 105
60 KBr03 25 2.6 120
80 Nil 2.3 25 130
80 AA 18 2.3 120
80 KBr03 18 2.1 140

t Data for oxidant levels of 25 ppm and 50 ppm nol included.

‘WL 710

Softening  DDT Stability MTI Softenin;

(B.U.) (min) (min) (B.U) (B.U.)
80 46 6.8 80 90
8 32 40 9 9
80 35 41 8 110
9 33 36 105 100
110 2 29 105 105
100 28 28 100 100
120 28 30 110 130
120 24 2.6 115 125
110 2.6 2.1 105 120
145 25 2.4 120 150
150 2.0 25 145 155
110 24 24 110 130
170 2.2 23 145 155
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Table 2. effect of NaHS03 and kms with and without oxidants (75 ppm)* on the farinograms of ‘wg 357" and ‘wl 711’ flours

‘WG 357 ‘WL 711
Reductant Oxidant ~ DDT Stability MTI Softening  DDT Stability MTI Softening
(ppm) (ppm) (i) (min)  (BU. 8U)"  (min)  (mn)  (BU)  (BU)

0 (Control) Nil 5.2 Al 55 80 4.6 6.8 80 90
NaHS03 _

10 Nil 45 55 60 90 44 5.0 75 100

10 AA 45 6.9 5 90 45 6.3 90 90

10 KBt 3 45 6.4 7 80 45 5.4 9% 85

2 Nil 36 4.4 90 90 38 41 % 100

2 AA 4.6 6.4 55 8 40 55 % 90

20 KBro03 31 49 80 85 38 5.0 9% 85
KMS _

10 Nil 37 6.0 80 90 33 43 100 100

10 AA 37 53 5 85 42 50 80 85

10 KBr03 4.2 56 & 8 35 47 & 80

2 Nil 30 42 90 90 28 28 100 105

20 AA 24 38 90 105 32 30 90 9

20 KBr03 32 4.0 90 100 28 30 110 110

{ Data for oxidant levels of 25 and 50 ppm not included.

of NaHSCs3 had a slight reducing action on the mixing (|||})< KMS in conjunction with AA or KBro3 _
Pro erties of dough, Whereas 20 ppm markealy affecte MS, at the levels of 10and 20 ppm, was almost equi-
hose properties..AA seemed to counteract appreciably  valent to 20 ppm L-czstelne HCLin ifs reducmg actjon
the reducing action of NaHS03 whereas brcmate had inthe dough. Oxidants had a ne I|tq|b|,e counteraction
a negligible”effect. on KMS doughs as seen from results given in Table 2

Table 3. effect of reducing agents with salt (1.5 ¢/100 g) on the farinograms of ‘wg 357" and ‘wl 711" flours

‘WG 357 ‘WL 711
Reductant Max. DDT  Stability ~ MTI  Softening  Max. DDT  Stability ~ MTI  Softening
(ppm) consis-  (min) (min)”  (B.U)  (B.U.) consis- (min)  (min)”  (BU)  (B.U)
tenLcP/ ten@/
(B.U) (B.U)
0 (Control) 500 5.2 .1 55 80 500 4.6 6.8 80 90
0 ESaIt) 410 15 140 20 30 420 6.0 121 3 45
L-Cys. HCL
20 435 4.2 15 50 65 430 6.0 100 50 60
40 435 4.0 55 55 10 430 42 6.9 60 10
60 440 32 38 75 85 430 36 5.0 5 80
80 440 21 32 9% 90 430 34 38 90 9
NaHSQ3
10 420 1.0 124 3 40 410 59 110 40 45
20 410 6.7 110 50 45 420 49 9.7 50 50
KMS
10 420 1.0 110 3 45 410 55 9.3 45 50

20 430 48 13 9 65 430 40 6.3 5 60
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Table 4. EFFECT OF REDUCING AGENTS AND TEMPERATURE ON THE FARINOGRAMS OF “WG 357’ AND ‘WL 711’ FLOURS
Reductant Max. consistency DDT Stability MTI Softenin
(ppm) , (B.U.g (min) (min) (B.U) (B.U.z
25°C 5°C 25°C° 35°C 25°C 35°C 5°C 3%°C  25°C 5°C
‘WG 357
0 EControI) 530 445 47 2.8 65 7.0 80 50 110 45
L-Cys. HCI
535 445 30 2.2 40 40 115 65 125 7
40 530 450 2.6 2.0 30 38 125 80 130 105
60 530 445 2.2 18 21 2.1 130 % 140 120
80 530 450 18 18 19 2.3 140 120 150 140
NaHS03
10 530 425 42 25 58 5.0 85 5 115 50
20 530 440 35 24 5.0 40 % 60 120 70
KMS
10 525 435 37 24 43 40 100 50 120 70
20 530 430 2.8 24 34 38 140 55 130 55
‘WL 711
0 &Control) 560 425 45 39 5.2 55 100 55 130 55
L-Cys. HCI
20 555 450 35 2.6 41 31 115 80 135 85
40 560 450 2.8 25 2.8 2.8 140 95 142 110
60 560 450 2.8 22 2.3 2.1 155 115 155 120
80 560 450 24 19 21 22 160 130 165 145
NaHS03
10 530 430 45 32 51 46 105 70 110 65
20 540 435 38 3.0 46 38 110 75 125 70
KMS
10 535 430 34 2.1 40 38 110 60 130 75
20 545 440 2.1 2.1 25 29 130 65 140 90

‘WG 357" Max. consistency (30°C), 500 B.U.
‘WL 711" Max. consistency (30°C), 500 B.U.

(b) Reducing agents and salt:

There was a uniform drop in the consistency of ‘VVG
357" dou h{trozn 5/1%U fo 410 BltJh, dge t0 the

ence 0f sa our) in the

iT fﬁe3§ The regucmgga entg hadanegu EI ect
N the peak con5|stencyo the ou?h |"cases con-
talnln lb hese résu tg %ow hat there was H
Intera t|on etween salt and the reducing agents,in t

dou hsystem To mix the dough
841 B.U %usmg the FW the dough development time
f WG

WL 711" by 47.3 per cent, Tes ectlvel A distinct
stabilizing ect of salt in the d oug hs of Both the varje-
ties without L-cysteine HC1 was observed. The stability
of 20 ppm of L-cysteine HCL dough was similar to that

to the peak consistency
b’ Was mcrease by 44.2 per cent and, of

of control dou%h WI'[POUI salt. At thl? level of L- cys[telne

|n the doigh, there was a stahilizin e ect of salt
onte ou% consistency.  The effects of NaHSo3 and
%n the staniljty of doug hwere éhstlncta both the
evels ut Were e Wthose of the doughs con

tained salt alone. Incorporation of sa mcrease the
mixing tolerance of the dough of both the varieties. At
20 ppim of L-cysteine HCL, the dough has similar toler-
ance to mixing as the control without the salt. In the
case of NaHSC and KMS, the doughs were or?
tolerant to mixing at 10 ppm than those at 20 ppm leve
of Ingorporation. here vas a perceptible sotening of
dough without salt but in the presence of increased
amounts of the reducmq agents, the values for softening
Increased proportionately
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Table 5. effect of reducing agents with ssl (059/1009) and aa (50 ppm) on the farinograms of ‘wo 357" and ‘w1 711’ flours

WG 357 WL 710
Reductant -
(ppm) DDT Stability MTI Softening  DDT Stability MTI Softening
(min) (min) (B.U) B.U) (min) (min) B.U) (B.U.)
0 (Control) 55 6.9 %% 9% 54 6.8 65 90
L-Cys. HCI
2 31 5.0 70 80 32 43 80 100
40 23 38 85 9% 28 29 9% 100
60 2.2 30 9% 105 25 26 105 115
80 20 25 110 130 24 2.0 110 125
NaSHO03
10 4.6 6.5 5% 100 49 55 65 90
2 40 58 55 90 41 51 75 100
KMS
10 31 5.2 65 8 41 43 I 9%
2 2.6 35 9% 100 27 33 90 100

Peak consistency from 485 to 500 U.B.

(c Reducrn% agents and temperature:

The dou s of WL, 711’ mixed at 25°C WT able 4)
were srg Iy more stiffer than those of
Overall decrease of consrstencr(w en the dou%h
mixed at 25° and 35°C was,in the ran eof 15
per cent. Doughs containing L-cystéine HCL suffered
some reduction’In the dough" consistenc compared t0
the effect of NaHSo3 and KMS when added at 10 to
20 ppm levels, With the increased temﬁerature of mixing,
there was a faII of 445 per cent in the dough develop-
ment time at 20 pcp c sterne HCL as compared to

2 10 26.7 per cent of the 60 ppm L-cysteine HCI,
In the case of ‘WG 357’ doughs.

The relative stabrlrtres and MTI values decreased
as the level of L-cysteine HCI was increased rn the
ough. Comparably, the decrease was more when the
doughs were mixed at 25°C because of their hi n?h peak
consistencies compared to those of doughs mixed at
35°C.  With respect to the 8eak consrstenc at 25°C,
the de%ree of softening was m re wh en dou T% contarnrn
L-cysteine HCI was mixed at 2 e gegree 0
50 enrng caused by NaHSCss and KMS Irkewrse Was
higher at the lowér temperature than at the hrgher
temperature of mrxrng The trend of mter?ctro
temperature and the réducing agents was similar in the
case of ‘WL 711" doughs.

Reducrn%agents with SSL and AA:

The_ dou development trmes of WG 357 and
‘WL 711 were decreased X A e rn% rmoration of 20
ppm of L-cysteine HCI in the dough having 0.5 g SSL/

swere NaHS
to 161 PP

I00yand 50 ppm AA (Table 5) whrch decreased further
when the amount increased from 40 to 80 ppm though
not commensurately. The effect of 10 and 20 ppm ‘of

03 In the dotgh was not as marked & th tof0
m of L-cysteine” HCl whereas KMS was almost
similar in its"action_to that of L-cysteine HCI. There
was practically no effect of SSL on the mrxrng tolerance

whrch decreased with the rncreased level of "L-cysteine
Clinthe douHh beyond 20 ppm.  Softening of dough
rncreased 8 t

e level of L%ysterne HCI™ increased
from 40 to 80 ppm._Inthe doughs of both the varjeties.
In the case of NaHSC>s and KMS, softenm% was similar
to that of the controI dou hs. It 15 thus séen, that the
effect of S e dough properties was not
revealed b% thg farrno r ph in the"presence of reducing
aents In the oughso oth the varieties.

Xnkae studied the effect of brsulghrte on the rheo-
ogrc progertres of dough using th arrnor?rap and
observed considerable reduction in the dou strength.
Meredith and Hlynkaz observed notable ecrease In
arrnograph doug stability from 11,75 min to 1.5 min
d/ mole of csteme whrch Was ascribed to rts reduc
| Tg ction on the disulfi ebonds U t0 53to

o cysteing, a logritnmic d ecrease ind ? develop ent
time was stated” by Henika and RoP 8, Reductron
fo the extent of 10 foId in the mixing fime with cysteine
has been reported by Henikas when'the speed of mixer
blades of the ‘Do Corder’ was increased from 65 to 200
rpm. Increased dough development time by salt was
reported by Hlynkais using the arrno% a(p The
tightening effect” of salt on“dough was al revealed
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Characteristics of Enzymatic Hydrolysate of Faba Bean
(Vida faba Minor) Protein
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The rates of hydrolysis of faba bean protein isolate by different proteolytic enzymes and the effect of preheating has
been studied. A hydrolysate preparation has been obtained free from bitterness and highly soluble at low pH. A
stepwise enzyme reaction was observed with different protein components. Amino acid composition of the hydrolysate
shows that it is deficient in sulphur containing amino acids.

Studies W|th plant Iprotelns have hecome mcreasmglhl Proteins for use in liquid foods and beverages must
im ortant ecause 0 conﬁern over population growth possess a high solubility in the system. Many. soft
and wi esgrea Erotemma nutrition. Fan and Sosulskiz ~ drinks have 3 pH In the fange of 3-4, at which m éonty
determined the Solubility characteristics of nine Tequme ofgrotems are only slightl soluble Furthermor the
species and observed that some legume proteins have - stadility of native Protel n the acid pH rangse s often
hlgh dispersinility of nltrogen at neutral pH. ExceE< limiteq; as exemplified bysoyprotemz Various chemical
thionine, several of thede_ legume proteins had ¢ modlflcatlonsllke succinylations or m|Id alkalme h¥drc
cellent amino”acig composition Whe compared with YmsS ave been reported to im TRroyet e desired
FAO reference amino acid pattern2 onal properties of proteins. The important drawbac

*Present address:  Project Executive, National Dairy Development Board, Anand-388 001, India.
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of these chemical treatments is the deterioratjon of the
nutritional quality, due to the blocking or destruction
of essentjal aming acidse. . _
Degradation of the proteins using a proteolytic
enzyne increases the solubility and the” nutritive value,
The enzyme hydrolysis has “several advantages over
acld_hydrolysis”of proteins. The formation 0f bitter
Peptlh es 15 one of the main problems of protein h%/dro-
ysates for food use. Higher the content of hydrophobic
amino acid In a protein, the more pronounced Is Its
tendency to form bitter fasting hydrolysates/
Petritscheks concluded thaf™ the level of hitterness
was a_fungtion qf enzyme-substrate system in the hy-
drolysis of proteins. By careful control of hydrolysis
progess, In particular by terminating the %ro ess at a
well defined stage, It Is possible to produce hydrolyzates
of so?/ grotem which are_highly soluble at an acid pH,
yet free from bitterness9. _
Faba bean which IS an impartant Ielgume crop in
many. parts of the warld 1s unsyitable for’ direct use as
Brote| isolateld. The controlled hydrolysis of faba
eag E)trotem may be more suitable“in different food
roducts.
pT_he ’Eresent,st_udy was ungertaken to elucidate the
basic characteristics of enzymic hydrolysis of faba bean
protein isolate and to determine Some of the functional
and nutritional characteristics of the hydrolysate.

Materials and Methods

The faba bean (Vicia faba Minor) seed was bought
from local market SDenmark. The seed was cleaied
by aspiration and screening. All the proteolytic enzymes
lbseer(]imfé)rrk the study were”supplied by Novo Inddstri,

Moisture, ash, crude fibre, protein, and fat were
determined by AACCu procedure.  Protein values were
determined by Kjeldahl method. The degree ofh%/drolkl_sm
BDHJ 15 defined as the ratio of the number of peptide
mogni%o%edavt?d toH t?tettotal number of peptide bonds17

Protein |50K91[Fe): _ Tﬁe seeds of faba pean were dehulled
using Weston Moisture Meter rolls, followed by aspira-
tion"and hang BICkIn of hulls where necessary. " The
dehulleg cotyledons Were ground Into a flour in an

Ud% rinder and sifted to pass a 100 mesh Tyler screen.
| %re aration of Iprotem 1solate, 10 per cent disper-
sion of lequme tlou %100 mfsh Was age n dIStI||_eﬂ

water, and the pH of the sur_% adjusted to 85 wit
IN"NaOH_anq stirred for 30.min at 403C. The vessels
were provided with automatic water s_upPI_ and valve
adjustment and the stirrers were identical in form and
speed, The sIur{}/ cogwstmq of aoluble and Insoluble

aterial was pmﬁe to the decanter (‘AI a-Laval,
N x207) with a'mohno pump and from thisto the solid
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erjlect_inﬁ centrifuge (Alfa-Laval FUP Nx207) where
the light particles not removed by decanter were’separat-
ed. The extraction procedure was repeated to InCrease
the yield of protein. The pH of the combined extracts
was adjusted to 4.5 with IN HCL to preuPl_tate the magor
?_rotems. The whole suspension was centrifuged and the
lltrate was separated from the residue by decantation.
The surface of the protein curd was wastied with water
and the curd redispersed in distilled water (20 per cent
DM), adjusted to pH 7.0 and sgray dried at an inlet
temé)erature of 210-230°C and an “ouflet temperature
of 90-100°C.  The dried product obtained from spray
drier contained 90.5 per cent protein (‘dry basis).
Preparation of protein hydrolysate:” Hydrolysate
of faba bean protein jsolate Was prepared by use of
ALKALASE (Novo Industri A/S, Den arkz. Thie follow-
mghydrolysmparameters were used:  Substrate concent-
ration, 10 per cent protein, enzyme concentration 2
ger cent, Alkalase, 0,6L, temperature 50°C, and PH,
0. The protein suspension was heated to 90°C In 3
waterbath for 12 min‘and immediately cooled fo 50°C
before addition of enzyme, The B Was maintained
with 4N NaOH during hydrolysm y means of Radio-
meter pH-stat equipment as ‘shown in FI?. L The
hydrolysis was terminated after desired reaction time by
heating to 85°C for_5 min and cooling Immediately to
room temperature. This procedure effeCtively inactivates

h2o
MIXING
PROTEIN ISOLATE

HYDROLYSIS IN [=——ENZYME
STIRRED FLASK *—T NaOH

pH-Stat

ENZYME

INACTIVATION HEATING

| CENTRIFUGATION |———

SLUDGE
(Unconverted protein &
Other insoluble material)

| SUPERNATANT |

FREEZE DRIED

HYDROLYZED PROTEIN

Fig. 1. Flow diagram of the preparation of enzymic hydrolysis
of faba bean protein isolate.
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the alcalase. The suspension was adjusted to pH 7.0,
centrifuged and freeze dried. The protein and_ peptide
contents in all hydrolysates were determine
Kjeldahl method (Nx6,25). The protein hydrolysates
Wreortee iﬁlso prepared with “other enzymes and cooke
pProte_olytic activity:  The profeolytic activity was
determined by the procedure originally developed b
Anson13. The procedure is based on the measurement of
the amount of denatured hemoglobin.which IS hydrolys-
ed under specific_conditions {(pH, 7.5, 25°C,
reaction time). The enzyme Used was obtained from
Novo Industri, Denmark. N _

Cooking for increased enzyme activity. Cooking of
the protemnaceous material Is°a pre-requisite for enzyme
hydrolysis of protein as has been reported " b

ukushimau and Nampaly In order to find optimum
cooking time, spray dried fababean protein isolate was
dispersed i distilled water in the ratio of 1:10. The
suspension was heated to 90°C for different.lengths of
time at atmospheric pressure and immediately codled in
a deep freeze to 50°C and enzyme reaction was carried
out as described earlier in a viater bath for 2 hr. The
aming nitrogen liberated due to_hydroIYS|s was estl-
mated by Sorenson’s formal titration method.

Ultracentrifugation:  For ultracentrifugal analysis the
flour, protein, and hydrolysed. profein Were edch sus-
Bende In a buffered Salt solution ﬁ0.0325 M K2HPO4,

0026 M KH2P 04 and 0.40 M NaCl) at pH 7.6, Ju=05.
Sedimentation velocity measurements were made with
a Spinco Ultracentrifuge model E, operated at 52,000
er,m. Sedimentation coefficients were calculated by the

Icklests Proce ure. . _

Estimation of amino acid concentration of fapabean
proteins: - Three separate hydrolyses were required to
analyze samRIes for eighteen amino acids. ~Concen-
tratjons of three basic amino acids and twelve acidic
and neutral amino acids were determined from hydro-
lysates obtained by heating 25-35 mg samPIes with 7
ml of 6N HCL in @ sealed ‘evacuated amBue at 110°C
for 24 hr, Cysteine and cystine were measured as cysteic
acid and methioning a5 _methionine sulghone after
erformic oxidation and HCLh drol%sm according to the
ethod of Moorel/. Tr ptog_an a aIst was done on
a hyarolyzate obtained by basic hydrolysis of a sample
as describea by Tkachuk and Irvineld™ Solvents were
removed from“the hyarolyzates by rotary evaporation
under vacuum and the residue was taken”up in sodium
citrate buffer (pH, 2.2

The amino dcid analyses of the hydrolysates were
carrjed out bycolumn cliromatography on an automated
Beckman 120C Analyzer. Aniounts of amino acids
were determined by "comparing the response of the
analyser to samples and to amin acid standards.

by 90 Pe_r cent on dry basis (Table |2'

o

Y. Were same In

10 min doub
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Results and Discussion

The protein content of the isolate was more than
~ The other non-
ein isolae was, net
nigh.  The hlth]h yield of protein isolate from flour
Indicated that the protein was loosely bound with starch.
The numbey of grotem components’of flour and Isolate
both cases. . .

Simultaneous uItracentrlfugatlpn patterns were (leter-
mined for fababean flour ang isolate Broteln using a
ouble sector Interference cell and coUnterbalance™as
shown_in Fig. 2A. In this co-ultrace tnftigatlon pro-
cess, flour proteins (top sector) and jsolate protemn
(hottom sector) could be compared directly ‘in the
phatographic frame (Fig. 2A). _ _

Four peaks were observed in flour and isolate profeins
of faba bean. From Table 1 and F'ﬂ' 51t 15 evident
that In spite of different amount of salt soluble proteins
present in flour and isolate, the nature of peaks and values
of sedimentation coefficients were not greatly altered.
The J)roteln concentration in the dispérsiori medium
of flour, was higher than that of isolate (Table 1) and
the sedimentation values of the grot,ems Sﬂour Was
lower due to drfferential effects of density andl vis oslgy.
The data from protein isolates provided the specifi
sedimentation coefficients of the protein components.

As shown In Fig. 3, about 12 min cooking was neces-
sary for maximum release_of amino mtroqen for this
substrate enzyme System.  The maximum rate of libera-
tion .of aming nitrogen hapPened within 5 min_ of
cooklnﬁ. It will be shown later that cooked protein had
different effect on degree of enzymic hydrolysis due to
dénaturation of protéins.

ein material present in the pro

Table 1. chemical composition®* and physico-chemical

CHARACTERISTICS OF FABABEAN FLOUR AND PROTEIN ISOLATE

Source Flour Protein
isolate
Protein (%) 325 905
Fat (%) 14 08
Fibre (%) 15 0.5
Ash (%) 28 12
Yield (% of total protein) - 80.1
Salt soluble protein as (%) of total
flour protein (p -0.5, pH-7.2) 86.8 70.6
Protein in ultracentrifugation
pattern (mg/ml) 121 8.2
Sedimentation co-efificicntsa 14,58, 27,68
89, 121 105 154

*Dry basis . . .
aIn"case of flour it is Sobs and for isolate it is SzO,w.
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Fjg. 2. Ultracentrifugation pattern of faba bean proteins (A) and
changes during enzymic hydrolysis (B, C, D.)

There is consideraple variation in pH values for_the
optimum activity of the proteolytic enzymes.  This
depends not only on the enzyme Source itself but also
on the protein from different sources19 On the basis
of optimum activity of these, enzymes on, faba hean
protein isolates the throI SIS were carried out as
described earlier. Fig. 4 illustrates the relative activities
of proteolytic enzymies of faba bean protein isolate of

900F
800+

700
600

500t

400
300
200
100

AMINO NITROGEN IN mg/ 100 gm.

5 10 15 20 25
TIME IN MINUTES

. The effect of cooking time of faba bean protein on
enzyme activity.

I
=
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o« - AMINO NITROGEN (mg)/5ml SOLUTION

30 60 90 120 150 180 210 240 270 300
TIME IN MINUTES

Fig. 4. Relative activities of proteolytic enzyme on faba bean
protein isolat .

0—0, Trypsin (8.0 BH, 50°C); x —X, Bact. proteinase §7.0 pH,
6(|2|°Cg6 C/)A —A. PePin (1-9 pH, 38CC); 0 —I , Alkalase (8.0
pH, 50°C).

4 per cent dispersion. Trypsin and alkalase showed
minimum and maximum proteolytic activities respectl-

vely. . - .
Enzymlc hydrolysis rate by J)epsm_ is much higher
than By bactérial proteinase an trgl[r)]sm_. The ratio of
substrate and enzyme remained same In all the cases
and none of the product was found bitter. N
On the hasis of predetermined optimum _act|V|tP/
values, the enzyme hydrolysis reactjon was carried ouf.
It was found for a given' value of E/S the hydrolysis
time to reach to a grese degree of h?/drolys_|s_( Hg
value, was fairly independent™on substrate within th

16

—
o~

DEGREE OF HYDROLYSIS IN PERCENT
[e]

120 160 200 240 280 320

2080
TIME IN MINUTES

The effect of heating on degree of hydrolysis of faba
bean protein.

# —+ Cooked:

Fig. 5.

£ —Q, uncooke'.
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range_of 6-12 per cent protein. The DH was plotted
as a function of time for both cooked and uncooked
faba bean Protem Isolates as shown In Fig. 5 The
cooked protein showed relatively higher degree of hy-
drolysis. The high rate of hydrolysis was mainly
to unfolding of protein molecule during heating Which
caused more number of actlve S]tes ava|IabIe to the
enzyme, The extent_ of hydrol ysts was also arge m
case of cooked protein dué to the same reason. ~ The
reactjon rat(i decreasef with time in ?th cases and the
reaction will eventua y come to a halt at a given DH
value. 1t is not possid eto ydrolyseaprotem t0 100
per cent degree of hydrol ys|s with & single enzym

The figure 2 B, "C and D Indicate Sed entatlon
pattern 0f the hydrolysed non -cooking) faba bean
protein_ isolate after 5 min, 30.min and  hr duratin
respechvely From the figure it is clear as to how the
enzyme alkalase reacted” with the different protein
components n_ this protein enzyme. system. It was
evident from Fig. 2B that 10.5S fraction was still unaf-
fected by the enzyme. The initial resistive nature of
1055 protein component may be due to less number of
act|ve Sites present in this protein component,

All the protein components of isolate were reagted

Tv the enz me alkalase within 30 min of the reaction
Wo small ea swere observed |n|t|aIIy and one (105 S)
existed even after drolysis ( %

There were sgecmc dlff renc s In‘th solub| |
f|Iesw en fababean E?rotem isolate was 1%
the enz meakalase S shown in Fig. ec an eo
solybility around pH 36 Was remarkable que to hy-
drolysis of proteins. Cook |n ofprotem Isolate before
hydrons|s| creasedthesolub tyofhydro sed products
due 10 hn]q er DH than that of uncooke ydro Sate
(qu 6). Ttisto be noted that 15 per cent 0 aaean
protein was not précipitable When unhydrolysed but
after hydrolysis the protein in the whey was 75 per cent

100]
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Fig. 6. The solublllty profiles of faba bean protein isolate
EE 1); hydrolysed uncooked grotem (+—0); and
ydrolysed cooked protein (0—
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Fig. 7. The effect of substrate concentration on reaction rate at
same concentration of alkalase (2%, 0.6/litre).

at the isoelectric point. Fn{; 7 shows the initial reaction
rate as a function of substrate concentration (S) for a
constant enzyme concentration (E). The curves for
enzyme catalyzed reactions have been determined_b
the EJH -stat method tor a series of temperatures. The
reaction rate is fairly constant, approaching the maxi-
mum V, at htoh substrate concentration. . At 50°C the
maximum reaction rate for fabagrotem—alkalase system
was found at 10 per cent protein concentration.
constant reaction rate at h|8h substrate concentratton
can eeconomlcallyexplone formdustna roduct|on
n|t|a the reaction rate doubles orevery Cincrease
oy3|s temperature SFlg 3) drolysis t|me
to eac a preset DH value decreases exponentla y
with mcreasmg temperature, unless the heat inactiva-

TABLE 2. ESSENTIAL AMINO ACID CONTENTS AND INDICES OF
FABA BEAN PROTEINS AND HYDROLYZED PRODUCTS

Amino acid (g/100 g protein)

FAO  Flour Protein Hydrolyzed
Essential amino acid provmonal isolate  product

pattern
Isoleucine 40 4.0 49 48
Leucine 70 12 85 9.2
Lysine 55 6.1 6.4 6.8
Methiomine + cystine 35 23 LT 1.6*
Phenylalaning + tyrosine 6.0 70 8.0 8.0
Threonine 4.0 35 32 35
Tryptophan 1.0 0.9 11 11
Valine 50 47 5.7 56
Chemical score 65 48 4

*First limiting amino acid as determined by chemical analysis.
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tion becomes significant, The hydroly3|s time is inversely
grolgornonal to"the actmtyé of the enzyme From Fig.
mwas calculated asO moIl The valye of Km s
inversely proportional to_the chemical affinity of the
enzyme for the supstrate, The smaller the value' of Km,
the greater the affinity of the enzyme for the substrate.
The essential amirio acid distribution of fababean
flour, protein isolate and hydrolyzed protein isolate as
compared to FAO rowsmnal atern |sshowanabIe
ming acid ana ySis was used to gredmt the protein
quality of the isolate and hydrolyzed product and the
chemical scores were based” on 1973 FAQ Provisional
Patterne
The first I|m|t|ng ammo acid of flour, protein isolate
d hydrolyzed rPro duct was Sulphur- contammﬁ amino
amds Corfiparing the values (Table 2) for sulphur con-
taining amino amds In fababean flour, protein isolate
and hydrolyzed product, it was apparant that the water
soluble fraction which was discarded in isolate prepa-
{g%é%n |\é\6 atgcher In these amino acids than the precipi-
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Sixty isolates of naturally occurring yeasts were isolated from must, fermenting must and wines from two grape varie-
ties namely, ‘Beauty Seedless” and ‘Periette” grown in Haryana region and were identified. A total of eleven different
species belonging to five different genera namely Kloeckera, Candida, Rhodotorula, Schizosaccharomyces, and Saccha-

romyces Were present.

Except for the Kloeckera in ‘Beauty Seedless’ all the others were present in both the grape

varieties.  The asporogenous yeasts were predominant during the early phase of fermentation whereas sporogenous yeasts

were predominant during the active and late phase of fermentation.

Only Sacch. cerevisiae was found in wines.

Asporogenous yeast i.e. Kloeckera, Candida and Rhodotorula produced less alcohol than sporogenous Yeast i.e. Schizosac-

charomyces and Saccharomyces.

Quah(t;y of wine depends on the quality of grapes
used. Grapes produced in some Parts of India do not
have much flavourL Therefore, attempts were made to
improve the flavour of wines produced from these
?rar%e varieties by addition of flavoured spices to the
ermenting must and  wines. _

The study of yeast flora of grapes, fermentln_g must
and wines is important from enological and microbio-
logical point of view. A number of feviews on the yeast
flora o 0geraJ}I))e fermenting must and wine have een
published? 10 This paper Teports the nature and occur-
rence of dyea,st flora In'must, fermenting must and wines
with and” without spices.

Materials and Methods

Two_varieties of grapes namely ‘Beauty Seedless
and ‘Periette’ qbtained from Haryana, Agricultural
University experimental farm were used in this study.

Grapes viere crushed by Garolla type crusher stemmer P

(Amos Maschines Fabrik K. C. Hifl' Bonn W. Germany)
after 2 hr of harvest, - Sugar content of the must was
determined with a Brix hydrometer. Since the sulgar
content of these varieties” was low (16° Brix), stefile
cane sugar syrup was added before fermentation to
raise the’ °Brix to about 23.

SIx different treatments were given to the must. In
each treatment 15 kg of crushed grapes were used.

Present address:

Treatment No. 1 contained no spices (control). In
treatment No. 2 spice mixture was added at the rate of
A7 g/l In remaining four treatments, cardamom,
cinnamon, clove and maCe were added separately af the
rate of 0.5 g/L. Composition of spice mixturés s as
follows: cdrdamom, 0.07 per cent, cinnamon, clove,
Iongge‘pper, black and white pepper, ginger, poppy-
see(ls, enu?reek and mace, o.01 per cenf’each, nut e(%
coriander, fennel,.cumin, mustard angd liquorice, 0.0
per cent each; spices were autoclaved at 120°C for 20
min before addition. |n case of Periette’ the skin was
removed after 20 hr while in case of ‘Beauty Seedless’,
it was removed after 48 hr in order to extract more
colour from the skin,  Fermentation was carried out at
room temperature which varied between 35° and 33°C.
Yeasts from must, fermentln? must and wines were
isolated by enrichment 3u|tu_re gchmquen and identified
according’to methoas described by Lodder12  Alcohol
roduction capam% of individual yeast was tested in a
synthetic medium

Results

Results presented in Table 1 show that predominant
easts isolated from must, fermenting must and wines
rom ‘Beauty Seedless belong to genera Rhodotorula,
Kloeckera, Candida and Saccharomyces. After 24 hr,
R. glutinis (var. glutinis) was found in must where no

*Department of Microbiology, M. S. University of Baroda, Baroda-390 002.
**Indian Institute of Horticultural Research, 255 Upper Palace, Orachards, Bangalore.
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Table 1. predominant yeasts in must, fermenting must and wines during fermentation of ‘beauty seedless grape variety

Treatment Must
24 hr

Control R. glutinis var. glutinis R. glutinis

Kleockera sp. Sacch. var glutinis

warum, C. utilis, KL

javanica var. lafarii

Candida sp.
Spice mix -do- KI. corticis
Cardamom -do- Sacch. uvarum
Cinnamon -do- Schizosacch. pombe
Clove -do- KI. corticis
Mace -do- C. utilis

swces were added whereas the must with spice mixture
ana clove contained KI. corticis (Synon Kl. magna) with
cardamom Sacch, uvarum (synon Sacch, carlsber%ensls,
with cinnamon_ Schizosacchiaromyces pombe and wit
mace C. utilis. On the second day of fermentation except
in control and the clove treated one, all the other treat-
ments contained Sacch. cerelisiae, Sacch, italicus (Synon
Saccn. steinert) was found In must without spice, and
Sacch, b|sRoru Fsynon Sacch. mellis) in must with clove,
Atter 72 hr of fermentation only Sacch. cerevisiae was
found In all the treatments. . “The wines made, with
various treatments also contained Sacch. cerevisiae.
Table 2 shows the predominant yeasts isolated from
must and wines from ‘Perlette’. - Yeasts belonging to
?enera_Rhodotorula, Candida and Saccharomyces Were
ound in the must of ‘Perlette’. After 24 hr of fer-
mentation except in treatment with cinnamon and
mace, all other treatments contained Saccharomyces.
Treatment with cardamom contained Schizosaccharo-
myces. pombe; while treatment with mace contained
C. utilis. After 48 and 72 hr of fermentation, yeasts
eongmt{; to genera Saccharomyces were found to be
dominant flora i all the tréatments. After com-

Must at different times of fermentation

Wines

72 hr
Sacch. cerevisiae

48 hr

Sacch. italicus Sacch. cerevisiae

Sacch. cerevisiae -do- -do-
-do- -do- -do-
-do- -do- -do-
Sacch. bisporus -do- -do-
Sacch. cerevisiae -do- -do-

pletion of fermentation only Sacch. cerevisiae was
present in ?II the Wl??s. _

Yeast 1solated at different stages of fermentation were
tested for their capacities to produce alcohol. Table 3
shows the alcohol produced by various yeasts. Alcohol
produced by asi)or genous Yedst like Kldeckera, Candioa
and Rhodotorula ranged from 3 to 4 per cent, while
alcohol produced b s’ﬁ)orogenous east like Saccharo-
MyCes e%nd Schizosaccharomyces ranged from 4 to 9
per cent.

Discussion

To develop the economically feasible process, ferme-
nation was carried out at room temperature angd the
high cost Involved and Process 0f temperature regulation
was avoided. Due o_the high room temperature
fermentation was over within 3 ¢dys. During the present
Investigation 11 different species of Tpredomlnant fer-
menting Yeasts belon mg to b different genera 1e.
Klogckéra, Candida, Rhodotorula, Saccharomyces and
Schizosaccharomyces were Isolated from fwo graﬁe
varieties namely; ‘Beauty Seedless’ and ‘Perlette’.” The
yeasts found in almost” all conditions In grapes and

Table 2. predominant yeasts in must, fermenting must and wines during fermentation of ‘perlette’ grape variety

Treatment Must Must at different times of fermentation Wines
N N 24 hr 48 hr 72 hr

Control R. glutinis var. glutinis, Sacch. uvarum Sacch. cerevisiae  Sacch. cerevisiae Sacch. cerevisiae

Sacch. hisporus, Candida Sacch. bisporus

sp.
Spice mix -do- Sacch. hisporus Sacch. cerevisiae -do- -do-
Cardamom -do- Sacch. pombe Sacch. italicus -do- -do-
Cinnamon -do- Sacch. uvarum Sacch. hisporus -do- -do-
Clove -do- -do- -do- -do- -do-
Mace -do- C. utilis Sacch. cerevisiae -do- -do-
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Table 3. amount of alcohol produced BY VARIOUS YEAST
[SOLATES

Yeast Alcohol produced

(%)
Kloeckera javanica var. lafarii 31
Kloeckera corticis 39
Kloeckera sp. 4.0
Rhodotorula glutinis var. glutinis 32
Candida sp. 37
Candida utilis 4.0
Schizosaccharomyces pombe 41
Saccharomyces uvarum 56
Saccharomyces bisporus 6.7
Saccharomyces italicus 75
Saccharomyces cerevisiae 9.0

wines throughout the world are Sacch, cerevisiae and
KI. apiculata.. But durmq(the present Investigation we
were able to isolate Kloeckera yeast onIY from ‘Beauty
Seedless’, Three spices of Kloéckera, KI. javanica var,
|afarii, KI. corticis and KI. sp. (unidentified) were
found by us from must and early ghase of fermentation
of ‘Beality Seedless’. The présence of Kloeckera in
must and Termenting must of grapes grown In Haryana
reg{lon has not beer'reported So far, =

hodotorula glutinis (var. glutlrjlsg was isolated from
must and_ fernenting must “of ‘Beauty Seedless’ and
must of ‘Perlette’. Mavlani and Gulyamovaus isolated
asporogenic ){eas_ts from_ grapes and "vinous sunstrates
from different wine makinig regions of Uzbekistan and
found that Rhodotorula was oné of the most wide spread
forms.. Relan and Vyasu also reported presence of this
yeast in ‘Beauty Seedless’,
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wa§ found to be Predomlnant flora of all wines. Domer-
cgs reported Pesence of Sacgh. blsgorus In French
vineyards. Toledo et ald. also found Sacch. uvarum in
fermenting must.  Sacch. italicus was isolated by. us
from fermentmﬁ_ must of both the grape varieties,
QOccurrence of this yeast is not usual and not isolated
fr_e%uently by athers except by Domercas from French
vineyard“and Relan and”Vyasu from “Casba’ variety
of Igrape grown in Haryana. Sacch. bisporus was also
isolated by us from poth the grape varleties. —Scliizo-
saqch. pomibe was isolated frominitial phase of fermen-
tation.  Qccurrence of this yeast In grapes grown in
Haryana IS very commonll-lo ThiS yeast "helps In
Improving the %uallty of wing since it has the ability to
ferment and convert malic acid to alcohol1/ 18

|t was observed that the asPoroge_nous yeasts were
the predominant flora of must found jn the ®arly phase
of fermentation, D,urm? the active phase of fermenta-
tion yeasts belonging to genera Saccharomyces and
Schizasaccharomyces take over to complete the. fermen-
tation,  because of their anility to produce high con-
centrations of alcohol (Table™ 3).  Disappearance of
asporogenous Yeast during the late phase of fermenta-
tion su%gest their inanility to tolerate and to produce
the high”concentration of alcohol. , _

In gneneral addition of spices for production of spiced
wine “before the termentation of grapes didnot affect
much the sequence of yeast in wing fermentation. Dur-
mg active gerlod of fermentation and in later phase of
fermentation, yeast flora remained more or less same in
the treatments containing different spices and control.
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The possibility of the use of tapioca (Manihot esculenta) starch was examined for its suitability as malt adjunct in
brewing. The use of adjunct varied from 15 to 50%. Analysis of worts showed that reducing sugars conent was,
in general, comparable to control wort. The alcohol content of the adjunct beers was slightly less than the control.
The adjunct beers were organoleptically comparable to control samples.

Tapioca (Manihot esculenta) is widely girown In south 15 per cent for a final brew of 2.5 L Tapioca starch was
India. Beer is mainly produced from Garley malt which  used on an equivalent starch basis of 50 per cent in malt
IS an expensive raw material. In recent years there and was eIatrnrzed in21. of water at 15 I pressure for
IS a tren rnthe Industries to reeplace this expensrve raw 10 min (Ethira, S. personal communication, Haryana
material partially or completel use 0 ceaRer grrcultural Unrversr Hissar), Afterthegelatrnrzatron
starchg materrals The demand of barley malt for other the coarsely ground malt was rixed with the qelatrnrze
purposes rs also_on the increase. Trierefore, In this, tapioca starc and diluted to 38 to 41 Twith distilled
Paper with the aim of reducrng the cost of heer produc-  water depending upon the level, of adjunct combined
lon potentiality of tapioca starch as a malt adjunct in- with the malt (Table 1). A decoction process of mashing
brewing has been investigated.

Materials and Methods

. , Table 1. composition of raw materials and initial total
Barley variet C164 used in the present rnvesr VOLUVE FOR WORT PREPARATION
tion 1S & commercially grown varret nd Was 0 tar
from the Department™ of Plant Breeding, Haryana Malt+ Tapioca starch Malt+  Initia
grrcultural Unrversrty, Hrssar Tapioca starch was (w) oy adjunct  total
sugg led by Sago Research | a oratory, Salem, Tamil @ vl (@
ug rar) arley and barI matwere anaI jsed for
variou rnge rents met od. Thé starch ~ Malt (Control) 3+0 32
content was estimate b t e met hod of Hassrd and 85+15 00428 38
a\lsu?tfeeslgrzrb%rdd bdrastatrc i ivity of malt was determined 4, 0 W+a 38
Preparation “of wort: _ Different combinations of 65+3 M+ 4D
malt and tapioca starch §Table 1) were made to prepare 50+50 18+94 42
the wort, keeping the raw materials concentration at
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Table 2, chemical composition of raw materials

Raw materials . Moisture Starch

(%) (%)
Barley (C-164) 109 56.3
Barley malt 81 485
Tapioca starch - 100.0

Values are on dry wt basis

modified b Dhamltja and_Singhs was followed. After
mashm[q the wort was filtered through an ordinary
two fofd filter paper covered with chegse cloth, ~ This
filtrate called “Sweet wort’ was mixed with hops and was
autoclaved at 5 Ib pressure for 30 min to get a clear wort,
The hot wort was filtered into a sterile container, cooled
and analysed. _
Preparation of malt, yeast culture and inoculum
preparation, hops, beer fermentation and anal()j/sm of
Wwort and beer were same as previously reported3

Results and Discussion

Chemical composition;  The grains with a low protein
and fat contents but higher starch content are consider-
ed suitable for-hrewing.” The chemical composition of
the raw materials is given in Table 2. Taploca starch
which is_free of protein and faf was tried in combi-
nation with malt rich in enzymes (diastatic activity 120)
for the production of wort, ~. _

Wortanalysis:  The wort is a complex sofution con-
taining a variety of solutes such as carbohydrates
(clextrins, . maltosg, glucose[) or%am,c nitrogenous mate-
rials and ingrganic Salts. The chemical make up as well
as the physical Rro erties of the wort fmallsv Jetermine
the quality of tne beer produced. Table 3 shows the

Protein (N x 6.25) Ether extract Red. sugars (as °

Clo (%) maltose by wt)
8.6 225 0.8
90 233 2.08

analysis ofworts prepared from different levels of tapioca
starch as an adjunct.

_The specific gravity of wort rePresents the total
dissolved solids “in wort and is referred also as the
original extract of wort. The extract of adjunct wort
was comparaple to that of control when tapioca starch
was usedto the extent of 15 per cent. However, further
increase in the levels of adjunct resulted in a, corres-
Bondm, decrease in extract values. These variations can
e atfrifuted to the tyge of adjunct used and the varia-
tion in the concentration of various enzymes in different
malt-adjunct combinations. The colour of the worts
Prepared usmlg tapioca starch as ad{unct were lighter
han the control, indicating the effec of_adgunct,us_ed.
Reducing'sugars play. an important role in stabhshm%
the quality and identity of beer as the alcohol conten
of beer 1S"largely dependent upon_the concentration of
sugars (fermentable) in wort,  The reduc!n% sugars
content goés on decreasing with the increase in‘the ¢on-
centration of the adjunct Which 1S probably due to_the
corresponding. decrease in the concentration of varigus
enzymes In different malt-adjunct compinations. ~ The
reducing sugar values are nearer to the limits prescribed
for average American wort.

The protein contents of adjunct worts are lowered

Table 3. ANALYSIS OF WORTS PREPARED USING TAPIOCA STARCH AS MALT ADJUNCT

Treatments Extract

(%) Spgr (°plato)
85M+15T 1.03338 8.93
75M + 25T 1.03296 8.28
65M+35T 1.02874 1.25
50M + 50T 1.02862 121
All malt (control) 1.03581 8.98

1 Av. American wort" 1.04755- 11.80-
1.04965 12.30

t Standard reference colour
M - Barley malt
T-Tapioca starch

Colour  Red. sugars ~ Protein Total acidity

RC* % malfose w H % by wt as
SRCY) by wt.) Cobywyp acticy acid)
9.83 751 0.38 5.35 0.13
9.67 728 0.38 535 0.13
8.15 6.66 031 5,30 0.13
7.90 6.59 0.25 5.30 0.13

. 9.85 1.72 0.50 5.75 0.10

3.00- 7.00- 0.38- 5.20- 0.11-

5.00 8.50 050 5.80 0.12
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Table 4. analysis of beers prepared using tapioca starch as malt adjunct
Treatment Apparent  Real extract ~ Colour  Red. su%ars Protein  pH  Total acidity Alcohol
(%) Sp or extract (% by wt)  (SRC*) (% maltose (%bywt) (%hywfas (% by wt)
(opiato) by wt) lactiC acid)
85M+15T 1.00434 112 2.03 729 0.89 0.31 5.15 0.13 2.21
75M+25T 1.00456 L1 2.08 729 091 025 515 0.13 2.08
65M+35T 1.00484 1.24 2.19 5.63 0.72 019 490 0.14 2.02
50M +50T 1.00498 128 2.26 541 0.62 019 4% 0.14 2.02
All malt (control)  1.00432 110 2.05 784 0.76 031 520 0.10 2.75
Av. American beer  1.01071- 2.73- 4.08- 2.50- 0.90- 0.24-  4.10- 0.13- 3.10-
1.01410 3.60 5.45 350 1.5 038 450 0.17 390

“Standard Reference Colour. The alcohol content (% by wt) according to Indian Standards Institution specification is 2-10.

M « Barley malt
T - Tapioca starch

with the subsequent additions of adjunct su_%gestmg that
a major portion of protein in wort is contributed By the
malt“only. The pH and total acidity of all the adjunct
worts aré comparable to that of control and lie within
the limits of averag_e American wortd. The variations in

H and total acidity values amang the various beers
prepared from different levels of fapjoca starch were
practically nil, indicating the effect of type of adjunct

only.

Aynal sis of beer:  Table 4 shows the analysis of beers
preparéd using tapioca starch as an adjunct. The
apparent and real extract for various beers, so prepared
were higher than that of control but lower than averaﬁe
American standard. However, the variations among the
various heers prepared from different malt adjunct
combinations were very small. It may, perhaps, be a
reflection of the type of adgunct, used ana the presence
of higher amounts of dextrins in adjunct heers. The
adiunct beers were I;ghter In colourthan the control.
All the beers. including control were darker than the
average Amerjcan standard. This djfference is due to the
difference in th? colour of malt, gdju_ncts us%d and the
8?ngételrosns employed for the production of these worts

The reducing sugars in the adjunct beers are com-
parable to that"of control and are nearer to the average
American standard. - However, slightly higher content
%f sugars in adHunct beers than 3on,tro may. be. due to
the presence of dextrins with reducing activity in these
beers. The values for protein content of the beers were
c%mﬁarable to control and average American standard
when tapioca starch was Used tq the extent of 25 per cent.
However, a decrease in protein content was observed
with further additjon of the adjunct. Thus, it suggests
that most of proteins of wort of beer are contributed b
the malt ana slight differences are a reflection of the

adjunct used. The pH values ofad{unct beers are shﬁhtly
less, or more or less comparable to that of control hut
higher than average American standard. Total acids
In"the beers derived from tapioca starch were slightly
more or comparable to control.  This suggests ‘that
adjuncts_do not show much inflyence on pHang tofal
acidity. The low alcohol content in beers prepared using
tapioca starch may be the result of relatively lower
amount of fermentable sulgars present in the cofrespon-
mﬁ_worts. . The alcohol content of all the beers ie
within the limits ﬁz‘o 10 10.0 per cent) prescribed by
Indian Standards Institution>,

The beers, after a storage of 15 days were tested
organoleptically. It was found that the addunct beers
were comparable to control, The heer produced from
50 per cent tapioca was adjudged to be the best and
comparable to the commerCial beer (Rozy Pelican of
Haryana Breweries, Murthal, Haryana).

From the above stuglies, it is evident that the beers
prepared by the use of adjuncts are comparable, both,
or%anoleptlcally and 10 som? extent analytically to the
beer produced” from all malt.
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Malting Quality of New Varieties of Ragi (Eleusine coracana)
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Nine recently released high yielding strains of ragi have been evaluated for their malting quality.

‘Indaf 3°, ‘Indaf 9’,

‘Indaf 1" and ‘Annapurna’ were found to be good malting varieties, while ‘Indaf 7" and ‘WB 1" were not suitable
because of their poor germinating power and low amylase activity.

Maltrn% of ragi (Eleusine coracana) has been practised
both in the household as well as in"commerce in India
and some African countriest as the malted ragi. flour
or the extract from it can find use in the preparatron of
WeanrnP food, Infant food, beverage or ohh r]pha ma-
ceutical” preparations23.  Recently” many g| yle drng
varieties of ragi have been developed and réleased an

the evaluation of their relative malting quality with
special reference to thelr use as a malted Tlour free from
bran for preparation of weaning foods is reported here.

Materials and Methods

Cleaned seeds (200 g) in 9 ragi strains procured from

V. C. Farm, Manayd, were washed with 0.1 per cent

aqueous dis 8ersron of ||me and were steeé)ed In runnrng
Wter ata ut 25°C hr. The excess water wa
drained out and the germrnatron allowed for 3 days In
thin layers spread on"wet cloth. Nongerminated Seeds
were removed by Sievin and the germrnated rains
dried In an air oven at r 20 fr, brushed, gently
to remove the rootlets and Wer hed to determine the
maItrnH loss. 1t was ground_in a Raymond mini mill to
pass t roug 80 mesh ‘BSS) and used for amylase
activity an vrscosrty determinations.

One g of mea Was homo%enrsed with 100 ml acetate
buffer ffth ! tortl mi |nda waring bIender and
one ml. of the filtrate was used for amvlase assay a
3°C or 3) min !)y method o? Bernfé@yusrn drnrro
salicylic acid for colour developmentd. A 20"per cent
cold Wateﬁ sIurﬂy of the mfal Was heated at 70°C on g
water bath with' occasional stirring for 20 min, cqole
to room temperature_(27°C) and the viscosity
slurry was measured ‘with a Brookfield ViScometer
(LV.T. model).

For the preparation of majted ragj flour with minj-
mum bran, 100 g of dry malted ragi was mixed with
10ger cent extra water, fempered for” 15 min puIverrsed
I a McGill hammer mill and sieved through 200 mesh
(BSS,) sieve.  The plus fraction was reground twice,

of the 708

sieving between grinding passes. The combined flour
samples were used for” colour measurements with a
reflectance meter  (Photo- voIt? with tristimulus %reen
filter. For determination of bran content, 25 g of Seeds
was soaked In water for 24 hr, and macerated n a war-
mg blender for 30 min. The mash was filtered through
a 200 mesh (B.S.S.) sieve and residue washed with wafer
untjl free from starch (as tested throuqh starch-joding
fest) co ected on filter paper, dried. at 105°C for 16
hr and weighed.. Protern N determrnedb mrcrokjel
dahl method using 6.25 as the conversion Tactor from
nitrogen to protein.

Results and Discussion

There were variations jn the content of bran and
rotein among, the varieties studied E Table L % The
rotein varied from 6.3 to 8.3 per cent while the bran
content ranged from 9.7to 14.9 per cent. “WB 1" had the
|owest bran"content (9.7 ﬁer cengamon the 9 varietjes.
Most of the samples 90 (r]er natin abrlrtx
except ‘Indaf T and ‘WB I' where the germinatio
ercentage was Iow g67 and 80 per cent resPectrver
ne reasons for this low germination in these two
varieties are not known,
The moisture content in the varieties after steeping
for 24 hr at 25°C varied from 345 to 39.9 per cent
The We 1ght loss due ty removal of rootlets ran%ed fro
68 to per cent the loss heing low In “Inaat
1’ which had " low germrnatrng Bower The oss

Was about dl 1f2 perc nt |r\ eother ag 1tres
The yield of refined malt flour varied from 628 to
per cent. Whiteness In the malt tlour also varied
Wrdel¥ from 54-70 P. V. units. Here again varieties
‘Indar T and WB 1 which had poor ermrnatron power
ave malt flours with low rejfect read |n The
rotein_content in the refrne our var from

8 10 5.0per cent. Generally, varretres with high initial
protein content gave refined malt_tlour witfi higher
protein than those with low values. The protein recovery
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Table 1. YIELD AND CHARACTERISTICS OF MALT FLOUR FROM 9 RAGI VARIETIES

Moisture

Variety Protein*  Bran* after 24 hr  Germi-  Root-

(NX6.25 content soaking in nation lets

% % waterat 25°C % %

%

Indaf 1 6.3 146 354 9% 115
Indaf 3 8.3 113 36.5 9 108
Indaf 5 1.0 133 363 9 11
Indaf 6 13 146 358 90 121
Indaf 7 8.0 129 399 67 8.3
Indaf 8 79 149 345 9% 110
Indaf 9 6.6 125 36.6 97 114
Annapurna 11 125 313 98 120
WB 1** 8.2 9.7 384 80 6.8

Malt flour* Refined malt flour
Amylase  Viscosity — Yield Pro}ein* (Colour
activity+ CentrPorse i tristimulus)

units) (N x 6.25)
176 20.4 70.8 38 69
136 235 68.1 4.6 70
170 22.0 62.8 4.3 64
199 196 70.3 39 66
75 46.4 66.7 50 54
149 218 69.5 48 65 |
181 2.1 67.0 4.0 68
185 181 69.5 41 67
94 29.9 67.1 45 57

+Amylase activity expressed as mg of maltose produced by 1 g of malt at 37°C for 30 min when acted on 1ml of 1 per cent starch

substrate.

**White ragi seeds. The colour of most of the seeds of this variety change to dark brown during germination.

*Values expressed on 12 per cent moisture basis.

in the refined malt flour was about 60 per cent of the
Initial value.

The amylase activity in the malted flours ranged from

75 to 199°units.  The viscosity. values also varied from
grgtﬁ/ Ito 181 C.P, units, Varieties with high amylase

aciviy 0gave slurries with low viscosity whichi was to be
X

rom the point of view of suitability for producing a
malt four that could be used in wegning foods where
rg a Tyase activity, owslurryvrscosrtyan amoderate
re of w rte lour free from bran i desrred WB 1
and ‘Indaf T have performed very pooray Tndaf 7,
Ind f 9" ‘Annapurna’ and re the more
surtable varieties. . The others are rntermedrate In their
behaviour. ~ While germinating studies at differing
moisture or temﬁerature conditions may alter the amy-
lase values in the varieties, the commion germination
procedure employed in the present study (24 hr soaking

and 72 hr germination at 25-26°C) .are. practical for
household qF village level use which'is aimed at in the
present study.
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Oxidative Rancidity in the Skin and Muscle Lipids of Oil
Sardine (Sardinella longiceps)
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Development of oxidative rancidity in the skin and muscle lipids of oil sardine during frozen storage (at-18°C) was
investigated by measuring the peroxide value, thiobarbituric acid number and polyene indices and determining fatty acid

compositions.

Skin lipids contained slightly higher proportion of monounsaturated acids and lower levels of polyun-

saturated acids than muscle lipids. Increase in the peroxide value and thiobarbituric acid value, and fall in the polyene

indices, are faster in skin lipids indicating more rapid autoxidation in the latter.
A, marked increase in the rate of formation of TBA-reacting substances was observed
The increased susceptibility of skin lipids towards autoxidation could be due

after four weeks of storage.
as peroxide value started to decrease.

Peroxide value reached a maximum

either to the accumulation of prooxidant substances or depletion or dilution of naturally occurring antioxidants.

The most important problem in uaIrtY preservation
of fatty fish is the prevention of Oxidative rancidity.
Various factors affect lipid oxidation in fish muscle
Apart from the usual ones such as concentration of the
reactants and effect of temperature, prooxidant activity
of trace metaIs and other biochemical catalysts m the
tustem probably accelerate the rnrtratron of oxidatign:-2
ou h direct rnteractron wrt oxygen or free radical
mec amsm In” heavi %/ catal sed systems contarnrng
d unsaturated faty acls, the “oxidation Sets |
hout any appreciablé induction period, and further
reaction proceeds very rapidly3
lack of technological “data abiout all these fac
enable optimum Conditions to be chosen for processing
and preservation of fatty fish,

The highly unsaturated nature of fatty acids in the
lipids of il Sardine makes it very suscepfible to autoxi-
dation. This is perhaps the most important problem
encountered In the rocessrn% and subsequent storad
of this fish. The Irr?rd conte t of this fish varies with
season from as low as 2-3 per cent in April-May to

-20 per cent in November Decemberd. * This Wide
quctuann also contribyte its share in complrcatmq
the problem. Earlier studies on the frozen storaqeo
sardine from two different seasons showed that the rate
fdevelopment of oxidative rancidity was higher in the
fish with the higher lipid content eventhough the per-
centages of Polyunsaturated fatty acids in hoth samples
were amos similar3. Autoxidation In the skin lipids

of Atlantic mackerel was s times faster than 1n muscle
Irprds3 The Bresence of a fat-soluble prooxidant in
skin lipids has been postulateds and the rapid disappear-

here 'is a ?eneral- f
ors 1o

ance of natural antioxidants like tocopherols from
frozen sole at a certain season, observed by Ackman’73,
was attributed to these prooxidants9.. In oil sardine the
subcutaneous layer is @ major site of fat storage and the
higher rate of ‘Oxidation observed in the fish with a
higher fat content might have been due o these skin
lipids. Accordrnqu the proriress of autoxidation in the
skin and muscle Tipids of oil sardine during storage at
18 C under commercial conditions was Examinéd.

Materials and Methods

Fresh oil sardines (Sardinglla Iongrcepsg were coIIected
rom Iandrn Sites rn the Cochin area and brourf; tto
te a oratorg gacked In ice, Twenty fish were frozen
In blocks (-40°C) adding water as glaze. Frozen blocks
were wrapped well in ponetherne sheets and stored
at -18°C. ~ Samples were drawn for analysis over 37
weeks. The skin wrth rts subcutaneous la n%/er of fat was
removed from each fish;_the lipids fro thrs portion
are designated as ‘skin Irords and that from the remam-
rnq muscle, as ‘muscle Tipids’. ~Lipids were extracted

h chloroform methanol (2:1, viv) following B %h
and D erl’t Peroxide value, free fatty acids and iodine
vaue s were, determined by A.O.A.C. met hos

o(b b uric acrd STBA? values were determrned g
the ISt Iatron colourimetric methodZ2 pho
phorus was determined by the method otKrn?B Fa
acld methyl esters were grepare by saponltyl %te
lipid and esterr fying the 1solated fatty acias using boron-
trifluoride metiiandl complexw and the methy| esters
were analysed on a gas’ chromatograph (Toshniwal)
fitted with' a flame ionisation detector using a stainless
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Table 1. lipid content of muscle and skin during storage

_ % lipid content
Storage period (weeks)

Muscle Skin
0 60 24
2 63 212
4 60 216
8 67 308
il 70 316
14 63 334
2 59 332
2 66 315
37 66 323

steel column (6" x"" o.d.g3 acked with 10 per cent

Silar 10C on Anachrom ABS 110/120 mesh (Analabs).
Anal)(_twal parameters, igentification of peaks and quan-
tification were as described earlierld

Results and Discussion

The tota lipid content was about 6.5 per cent of the
fresh muscle and_stora%e did not seem to-affect the lipi
content. - Skin lipids Showed an increase of about 10

er cent in the total lipid content after 4 weeks, but
hereafter, remained at about this |evel till the end of
37 weeks (Table 1). The increase in the lipid content
can be partly due to loss of moisture throu?h drlg durin
thawing and partly to reabsorption of fat from dri
fluid dUring thawing operation.

There was a marked_difference in the patter of free
fatt au_d_groductwn in the two I_|P|ds (Flg. . The
muscle lipids showed a pattern similar to that observed
for mackerelss and sardined.  Skin lipids had very low
concentration of free fatty acids.. It is known that the
accumulation of free fatty acids in lipids during frozen

MUSCLE
LIPDS

9—
8t -
7 /
€
s

2r SKIN LIPIDS

FREE FATTY ACIDS, %OF LIPIDS

't L 1 1 i i 1 i i A
4 8 12 16 20 24 28 32 36 40 -
WEEKS

Fig. 1 Accumulation of free fatty acids in the skin and muscle
lipids of oil sardine during storage at -18°C.
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8 12 16 20 24 28 32 36 40
WEEKS

Fig. 2 Chan?es in,thedper_oxide values of skin and muscle lipids
of oil sardine during storage.

storage of fish is mainly due to the breakdown of phos-
p\woﬂ%?dsl&l] The ph%spﬁjwoli id content of sk?n ?ip?_s
15 very low—0.75 per cent of the lipids, whereas It is
1.38 per cent in muscle lipids—and the Jow concent-

o ?
o 4

d ration of free fatty acid in skin lipids could be due to

this factor.

Fig, 2 and 3 illustrate the changes taking place in the
Fer_omde value and TBA number 0f the muscle and skin
leds during storage. Peroxide value reached maximum

both lipids after four weeks of storage and then
decreased, However, the peroxide valueof the skin
“PIdS IS five times more_than that of the muscle lipids
at this stage. There Is a five-fold increase in the peroxide
value of the skin lipids whereas the muscle I|R|ds showeg
only a three-fold increase, TBA values reached a maxi-
mum In 22 weeks in both samples at which Romt skin
lipids recorded a value 9 times higher than that of the
nuscle |IEIdS. Similar higher rate”of oxidation of skin
lipids has been observed™in Atlantic mackerel3. The
rate of development of TBA-reacting substances is
faster in the skin almost from the begmnm%. Subsequent
decrease in the TBA values is rapid and within four

TBA

601

N Do
o O O O
T T T T

TBA NUMBER

SKiN LIPIDS

. MUSCLE LIPIDS
O 4 8 12 16 20 24 28 32 36 40
WEEKS

Fig. 3 Changes in the TBA values of skin and muscle lipids of
oil sardine during storage.
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weeks of reaching the maximum the value came down to
almost the original_level and continued thereafter for the
rest of the period. This decrease could be due to reaction
of TBA-type comPounds, with amino_acids, peptides,
efc. released from the decomposition of proteins13, One
reason for the lower TBA values in muyscle lipids is the
higher free fatty acid concentration, which is known to
stppress formation of aldehydes1d. The sharp increase
in TBA values Rarallels the fall in the peroxide value,
since malonalde ¥de and other carbonyls are the decom-
position products of _hydroperoxides, the primary
P_roducts of lipid oxidation. Although a direct correld-
jon between

tive rancidity has been. observed In many instances,

this.could nt be established in complex Systems cgn-

taining proteins29, Deng et al.2L have reported a similar
IncreaSe in TBA values with decrease in peroxide value
In frozen chamos. _This decrease In peroxide value and
the accompanying increase In TBA number cqrresponds
to tthe E)zlmolecular period of lipid oxidation in a model
system22

y_MuscIe an skin |_I|pIdS only vary slightly in their fatty
acid compositions g able 2). Tofal saturated acids are
almost the same (36.7 per cent in muscle lipids and

Table 2. fatty acid composition of muscle and skin lipids

OF OIL SARDINE

Mole percent in

Fatty acids .
Muscle Skin

14:0 94 102
15:0 16 0.9
16:0 18.6 182
18:0 6.1 6.1
19:0 1.0 11
Total saturated 36.7 36.5
16:1 9.7 136
1811 9.3 100
20:1 11 1.0
21 12 06
Total monoenoic 21.3 25.2
18:2 25 38
18:3 14 15
18:4 2.3 21
20:2 0.7 13
20:4 2.1 21
20:5 15.2 145
22:4 30 34
22:5 2.8 2.1
22:6 115 71
Total polyenoic 421 385

A number and othér indices of oxida-
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SATURATED acids
POLYUNSATURATED ACID
MONOUNSATURATED ACID

POLYENE INDICES

& —®

-E—»
6
2R

3

8‘.

MOLE PERCENT
POLYENE INDICES

w
o
T

20 . @: i 1 1 1 1
8 12 16 20 24 28
WEEKS

Fig. 4. Changes in the levels of fatty acids and polyene indices
in the muscle lipids of oil sardine during storage.

L%

32 36 40

365 ,Per cent in skin lipids), galmltlcaqd being the major
constituent (about 18 per Cent),  Skin lipics have"a
higher proportion of monoenoic acids and a_lower
proportion of polyunsaturated acids. Ke et al2 have
noted similar pattern in the skin and muscle lipids of
the Atlantic mackerel,

Fig. 4and 5 show the effect of frozen storage on the
fatt% acid compositions of the muscle and sKin lipids.
In Doth cases there IS an Increase in the proportion
of saturated acids and a decrease in the levels of polyun-
saturated acids, In muscle, the rate of these chan?es
slows down after eight weeks, remains steady Tor
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Fig. 5. Changes in the levels of fatty acids and polyene indices
in the skin lipids of oil sardine during storage.
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another 14 weeks and_there after a further rapid phase
sefs in.  The pattern is sllghtly different in skin |g|ds.
After the initial staige the Changes proceed at a slower
rate, without a marked break in'the middle. No appre-
ciable difference was observed in the extent to which the
individual polyunsaturated fatty acids in skinand muscle
lipicls, were affected. - The end of the initial rapid phase
coincides roughly,wnh the peak concentration of per-
oxides. . Polyéne” indices for the two samples_ are also
shown in_Fig. 4 and 5. The fall in polyene indices Is
more rapid in the skin lipids in the initial stages indi-
cating a higher rate of development of rancidity. After
22 Weeks, the rate of decrease In polyene indices Is
faster in the muscle lipids. .~ .|

The parameters of oxjdative rancidity that have been
considered all indicate that the skin ligid of oil sardine
IS less prone to hydrolytic attack but more prone to
autoxdation than the muscle “Pld' This may explain
why fish with higher seasonal fat content was_earlier
found to_be more susceptible to autoxidationd. The
susceptiility to autoxidation of skin lipids cannot be
explained by fatty acid composition, but must be sought
In"other parameters such as sluggishness to hydrolytic
attack, the gresence of prooxidant substances in ‘the
subcutaneous Jayer as the lipid content increases, or the
depletion or dildtion of naturally-occurring antioxidants.
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Sorption Isotherms and Monolayer Moisture Content of
Raw Freeze Dried Mutton
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Desorption and adsorption isotherms were obtained at different initial moisture levels of raw freeze dried mutton to

obtain the monomolecuiar moisture content by the hysteresis curve and the modified BET equation.

The effect of

equilibrium relative humidity of the product on the oxidation of fat, brown discolouration and enzymic activity was also

studied.
about 21%.

The moisture content of a food product affects its
storalge stabrlrtyrnanumber of ways. Microbial growth
occurs anove “60 per cent. ERH] brownin reactrons
both enzymic and non enzymic, are maximum between 3) |
and 60 per cent ERH and same level are maintained
even above 60 per cent also. Lrﬁrd oxidation causin
rancid smell increases both at higher and lower level o
ERHZ). It is well known that a”water content slrghtly
more than the monomolecuiar moisture content IS
desirable in a food for its optimum stahility2-3 = The
determination of monomolecuiar content of moisture
Is, therefore, of considerable importance in determrnrng
the storage stability of a food product. The moistur
sor tion “data Provrde useful guidance for E)rocessrng

packaging the dehydrated foods, . In most cases the
monolayer moisture content Is a good index when specific
stability data are not available,

Monomolecurar values can be arrived at from the
stu of desorptron and adsorption isotherms. In the
stud n¥ reported here, the hysteresis' curve was drawn
fro various desorption an adsorPtron ISotherms and
the monomolecurar moisture content of raw freeze
dried mutton was established from modified BET
equations and from the hysteresis curve.

Materials and Methods

Equilibrium moisture content (IEMC ) at different
RH Values was determined by equi rbratrnage powdere
raw freeze dried mutton chunks at the different
?]ues and at a constant temperature of 25+15°C
T emorsture levels In the pow er were, adjusted for the
%urr bration _studjes by vacuum dryrng or sprayrng
known quantrt of water on to the powaEred chunks |
the case of adso Pftron and removing them from the
freeze drier at ditferent stages in case of desorption

The monolayer value for raw freeze dried mutton was approximately 5% with corresponding ERH value of

isotherms. . The EMC_was plotted. against the RH to
obtarn the isotherms, The lower point of intersection of
t e adsorption and desorption isotherm gives the mono-
ayer morsture content78.  The monomolecuiar Iayer
sorrrtron value for water vapour (Ym) was calculated
from the equation described by Salwind. The hysteresis
curve was drawn from adsorption and deSorption
rsothterms to confirm the values' derived from Salwin’s
e
qTrmesofestrmatron Various analytical values of ERIE
up to 75 per cent ERA were obtainéd after eriurlrbratron
of the product with different saturated salt solutions for a
period of15das AtH herERH values 0f86,93 and 97
er cent valués Were etermrne as soon as mould
growth ap eare days) and further storage
ex ﬁrrments could no b
lopavbituric acid (TBA vaIues TBA values were
determined accordrn9 0 the method of Taraldgisd.
Browning: brown drscolouratron of the product
Was meastired according fo the method describ e ){
n]%ar et ard®b extraction with 80 per cent alcohd
hr to eermrne optical density at 420 nm,
Adenosrne triphosphatase actrvrt¥ ATPase activity
was measured according to the method of Hay et aln,
Peroxide value and Tree fatty acid content: The
peroxide value Wﬂs determined according to Martinez
and Labuzai while FFA was determined according to
the AOCS method13
Visual colour was gud ed as ger 9-point hedonrc scale,
with value 9 as excéllent to value 1'as extremely poor.

Results and Discussion

Monolayer moisture content of rawfreeze dried mutton;
The monolayer moisture content from the equation of
Salwins for raw freeze dried mutton was 5.0 g/100 g
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of dry solids, corresponding fo an ERH of 21 per cent
while"the monolag desorgtron value was found to be
between 6.2

pondrn? ERH between 19 and 21 per cent.

Karelu and Salwinis_have reported the molonayer
values for raw freeze dried beef. The former found 4
per_ cent moisture while latter reported 35 per cent
moisture (s Per cent ERH) on_fat free dry solid_basis
as the monolayer value, lglesias and Chiritess found
the monola e vaIue of air"dried heef at 30°, 55° and

5.1 and 45 per cent respectively on non-

ass,
hysteresrs curve was drawn with the desorption
anda or'otron data (Fig. 2). This curve also indicates
temonoayer value as-about 5 ¢/100 g fdrv solids
with corresponding ERH of abodt 19 per cerit which
cores onds well with the calculated values, The pheno-
menon of hystersis 1s also cIearIyevrdent In this curve.
Eectof RH on the growth 0f microbes on mutton:
Leistner and Rodelr provrded tables for showrn%
reIatronshrp of water activity with the multiplicatio
rowth of microorganisms. The g stated” that no

mrcr lal growth 1 possible below 65 per cent ERH
aEnd bacterial growth occurred only above 85 per cent

In the é)resent investigation, microbial growth Was  h

observed above 67 per cent ERH Tevel. The higher the

A8 = ADSORPTION ISOTHERM
904 ©o—o0=DESORPTION ISOTHERM
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Fig. 1. Hysteresis curve showing the monomolecular region and

the effect of hysteresis.

g of dry solids with corres- 40
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moisture content, the earlier the growth appeared.
While 1t took about 5 days for microbes to grow below
Rer cent mojsture, the growth was observed within
24 hr above this moisture, At 93 Per cent ERH the
microbial %rowth appeared very ear and the growth
Was notrce next at es Eer cent ERH level (‘rna out 8
dv) er cent RH, however growth was not
notjced evena er 15 days In'very low upto 6 [oer cent),
moisture product though a slight bad Smell ang brown
drscolouratron Indicative of putrefaction) was observed.
Effect of ERH on deterioration of Colour, fat and
enzymes: . Sharpis showed that major deterroratrve
changes in dthdrated meats, which usér Y contain
30-40 per cent fat, was the oxidative rancidity occurrrng
in the presence of oxy%en and yellow or orange drsco 0U-
ration which occurred even in theasence of Oxy ri_eln
which was termed as non-enzymatic hrowning,
further found that while lipid oXidation |ncreased both
below and above the monolayer value, the non-enzymic
brownrng occurred onl %/ above the monolayer moisture
content of the produc
In the resent investigation initial hleaching was
notrce even within 24 hr at higher relative humidities
(above 33 per cent ERH). Bleaching became more
evident with Jonger stora period. The brownrng| Was
owever, noticed onl above43 er centERH{TabelP
The extinction at 420 nm decreased from mitial leve
which can e attributed to the bIeachrng of the muscle
pigments with the Increase in ERH from 0 to about
A3 per cent. Visual colour scores agreed well with the
extinction values at 420 nm. The inCrease in extinction
values above 43 per cent ERH. level was due to perhaps
the browning reactions (enzymic as Well as non enzymic
since the brown colour was quite evident visually an
was much in contrast with the colour of the samé pro-
duct below 43 per cent ERH. - Maxjmum browning of
Ero duct was observed In petridishes kept at 67 per Cent
H, the product was sporled mrcrobro ogrcaIIy and
the colour could not be judged and com are for more
than Sand s days at 93andacger centERH %sgectwey
The TBA values were foun to Increase noth ways
from the 33 er cent ERH level. No rancid or bad smel
Was observe t| eurlrbrrumrnthe product at any ERH
|ns |te of |% va ugs.  This grvesaclue to the
or age. of e ro duct at a particular ERH level
gableg va étes were fo (Nob highest at about
(per cent ERHand then declined sli t97 per cent
H, the TBA values were foundt decrease abruptly
perhaps due to decrease in the, TBA values, after an
Increase upto, accestain level, like peroxide values, as
has been confirmed by Arva et alio.
The peroxide valtes also showed similar change
Table ll) and the, only drﬁ%rence observed was that
these values were found to e minimum at about 23
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Table 1. effect of equilibrium relative humidity on the tba, peroxide and ffa values and on brown discolouration and

ATPASE ACTIVITY OF RAW FREEZE DRIED MUTTON

Saturated  ERH  No. of TBA No. Peroxrde FFA(as %  OD at Visual  ATpase activity moles of Pi/mg
solution days  (mg/malo- valueﬁ< oleic acid 420 nm  colour score profein/min
equili-  naldehyde/ of CU/ gfat MeantSD MeantSD MeantSD
brated k(_1 dry MeantSD Calcium Ma?nesium
Mean solids activated activated
+SD  MeantSD MeantSD MeantSD
Sulphuric acid
concentrated 0 55 11.6£1.7 139+ 146 2.6£0.2 0.073£0.0063 7+0.7 _
Lithium
chloride il (5] 7.2+¢16  113+1.45 2.7#0.1 0068+ 00043 720.7 _ _
Potassium
acetate 23 15 44+13 8.5t1.66 2.7+0.2 0.068+0.0046 6.6+0.65 - o
Magnesium
chloride 3 15 3.0£1.3  148+#15  3.1+0.2 0.052£0.005 6.3%0.27 0.0154£0.0023 0.0126+ 0.002
Potassium
carbonate 43 15 66+1.0 17.1#1.4  3.3#0.1 0.046+0.009 4.9£0.65 0023 £0.0016 0.0199+0.0038
Magnesium
nrtrgte 52 15 74+17  149+19  7.3%0.2 0.057£0.0075 4.8+0.57 0.0104£0.0025 0.009 £0.0027
Cupric
ohlgride 67 15 13.8t1.3  43.1+2.2  4040.2 0.085+0.003  2%0.79  0.0094%0.0027 0.007 £0.0016
Sodium
chloride 7 15 8.8+1.8 205+1.5 2.9+0.3 0.072+0.005 3.3+0.44 - _
Potassium
chlroide 86 8 15.3+1.8  25.2+2.0 1.8£0.2 0061+0.008 3.9%0.41 - -
Potassium
nitrate 93 5 16.1Hr 16 01+1.2  5.7#05 0.051+0.004 3.6+0.65 - -
Potassium
sulphate 97 15 6.7t1.6 8.1+1.4 10.7£1.1 0.064£0.006 3.2+0.57 _ _

per cent ERH level and then. increased both below as
weIIt aé FSrlhlove this level, reaching a maximum at 67 per
cen

The per cent FFA (Table 1) was found to increase
gradually with the increase in" ERH upto 52 per cent
fter which it declined upto 93 I£Jer cenr ERH. Itincreas-
ed aoam ahove 93 ﬁer cent

Potthast. et al.2>have found that there was a ve%
slow FFA increase at 3.3 per cent morsture or 10per ce
ERH, but increase was noticeable at 5.6 per cent mois-
ture or 25 per cent ERH n,case of raw freeze dried beef

e precooked freeze dried heef however did not

show'any change in FFA even at 70 Per cent RH over
one month storage. Mathesanzt stated that the FFA
content of raw “freeze dried meat Increased durrn%
storage depending upon the moisture content and h
aftributed this inCrease tg enzymic action and Jt was
observed even at 2.2 g of water Rer 100 ( non-fat dry
solids ({ per cent ERH). In the present work the
change In FFA values was also observed even at 11
per cent ERH in comparison to the zero per cent ERH
value.

It can be seen that the oxidation of fat in freeze dried

mutton was minimum etween 23.and 33 per cent ERH
level. _ The maximum hydrolysis offat at ahout 52 per
cent ERH indicated thé presence of [ipolytic enzymes,
capab e o causing 1¥drolytrc rancidjty of fat in raw
freeze dried mutton. |saso aveanrndrcatronthatthe
lipolytic enzymes were not estro ed during processing
and Storage,” but were only temporarily inhibited.,

The A Pase activity was another indication of the
presence o enzymes in this product. Thoulg;h It Was

e% reeze rr mutto (Trred for 72 Lat 5°C

tott eth]onehfreeze dried mutton) y etdtter]e Wﬁs
some activity (though very less when compared to fres
which Was o/btarneg betvr}een 3 and o/ Ber cent ER
levels, Below, anjrt above thTse ERH levels no activit
coud be obtained.  Both calcium and magnesrum acti-
vated A Pase activity was ohserved in which the former
was slightly higher fytable 1I) Mathesonz1 found that
40to er cént of original ATpase activity remained
in dried meat after dehydration,

Potthast et al.22 also Observed no breakdown of ATP
below 25 per cent ERH In hot honed raw freeze dried
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beef. They found that ATPase activity increased above
40 per cent ERH with increasing water activity. Al
the ATP IS n}/drol%zed after a few da%/s at 70 per cent

er cent ERH, there is a residual
amount of ATP which stays constant over a long time
after a more or less slow decrease of ATP, depénding
upon the water activity.

Gonclusion: ~ From the data obtained in this investi-
gation, the mopo-molecular layer adsqrption vaIue for
Water vapour m2 was found'to be about 5

dry solids (or approximately 20 per cent H n
case of raw freeze dried mutton. The oxidation of fat

be more both above and below this value, This
m0|sture content in raw freeze dried mutton will be the
most_suitable moisture level (contrary to the general
belief of about 2 Per cent) for longer shélf life and Storage
stability, since al
mum &t this level
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Ghee samples treated with 1.0% betel or curry leaves during clarification showed higher resistance to oxidation and

higher sensory scores than those treated with a mixture of BHA+BHT treated samples.

The antioxidative effects of

betel and curry leaves were thought to be due to the presence of naturally occuring antioxidants.

Ghee (clarified butter fat) is an important dairy
product and about 33 per cent of the total milk produced
In India IS converted |nto 9hee This [product underg(r)es
oxidative deterioration af” ambient temperature
Food Adulteration Rulest aIIow the add|t|on of 0.02
per cent by weight of butylated h droxt( toluene ( HTl)I
or butylated hydroxy anisole (BHA) either smgl yori
combtnatton as ant|OX|dants Stnce continued “use of

chemical antioxidants such as BHA and BHT has heen
reported t0 cause teratogenic and carcinogenic effects
I small animals ands"primates2’3 commonly used
veg etable |eaves WhICh are rich in antioxidants would
oro ab y prove safe to the health of the consumers.
hIS stud y deals with the antioxidative etfects of betel
Piper betel) and curry [Murraya, lcoenigi) leaves when
ad ed to butter during clarification.
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Materials and Methods

Cow’s butter obtained by churning the cream in a

stainless steel churn, was melted in"a stainless steel
double jacketed vessel. ~ Fresh curry leaves and hetel
leaves were cut into small pieces separateley and added
to_different lots of melted butter and thén heated to
120°C till characteristic éqhee flavour developed. The
amount of curry leaves added to ghee were 0.5, 0.8 and
10 per cent (W/V) and of betel [eaves 0.2, 0.5and 1 per
cent (WIV). “The 'leaves were filtered off hefore the
storage of ghee. A mixture of BHA and BHT (1:2 at
concéntration of 0.02 per cent by weight was also
added to a separate lot of ghee. ,
_Ghee samples were packed and sealed in lacquered
tins and stored at 30°C, and were examined for Peroxide
value (ml 0f0.002 N Na*Ojlq fat), jodine valye, free
fatty acidity, butyrorefractometer reading and flavour.
Peroxide value, odine value and free fatty acidity were
determmed,accordmg to ISI methodd. Butyroretracto-
meter readmgs weré taken on a Bausch and Lomb
butyrorefractometer at 40°C.. Flavour was evaluated
using standard 9 point hedonic scale.

Results and Discussion

Peroxide value:  The peroxide values of ghee samples
treated with curry leaves, betel leaves and “antioxidants
changed very little upto 30 days of storage. The contrl
(without anfioxidants) showed a Steep Tise in peroxide
with value after 60 days of storage (F|g. 1} Ghee samples
added 1.0 per cent curry leaves or Detel leaves showed
|east increase in peroxidé value upto 135 days of stora?e.
However, ghee samples treated with betel leaves af 1
per cent concentration groved to be most acceptable
and stable even upto 147 days, of storage at 30°C.
. The antioxidative effect ‘of various treatments in
increasing order was exhibited by o2 per cent betel
leaves, 0'5 per cent curry leaves; 0.8 per cent curr
leaves, 0.5 per cent betel Teaves 0.02 per cent BHA
BHT, 1 per'cent curry leaves and Tper cent betel Teaves,

::F e

Fig. 1 Change in peroxide value (meq. 02/kg fat) during storage
at 30°C.
3
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Soundarajans is of the_opinion that curry leaves contain
phenolic compounds like hydroxy-chavicol which could
act as a potent antioxidant. The curry leaves and betel
leaves contain as a[glne, gl){cme, proline angd t%pto-
phan6. It is quite likely that these amino acids might
also act as pofent antioxidants/,

Freefatty acid content inghee: The extent of hydro-
lysis. of ghée during storage™was measured by free fatty
acidity (FFA). After 30, tlays of storage, apro%re,sswe
Incredse in free fatty acjd content was observed in all
ghee samFIes (Fig. 2). The Increase In free fatty acidity
was parallel to the development of peroxide value. The
control samples of ghee after 147 days of storage at
30°C showed an increase in FFA by more than 100
per cent. Betel leaves at, 1.0 per cent concentration pro-
vided maximum pratection against the hP/dronsm Wwere
of ghee. The effectiveness against hydrolysis ecreases
in the order: curg leaves af 1 per cent, Detel leaves 1
er cent, BHA+BHT at 0.02 per cent, betel leaves at
5 per cent, curry leaves at 0.8 ger cent, curry leaves at
0.5 per cent and betel leaves at 0.2 per cent conCentration.
he maximum permitted level of BHA and BHT
E)O'OZ per cent) was less effective than curry leaves and
Detel leaves b%/ a margin of about 10 per cent. It can be
inferred that betel leaves and curry leaves at 1.0 per cent
proved to be most effective presérvatives.

lodine Value: ~ Although. all the samples of ghee
during storage showed varying, degrees of peroxide Tor-
mation and” Increase in free fatty acidity, onl shght
reduction in iodine valug of treatéd ghee tas observed.
The initial 1odine value of 35.9 in control samples of ghee
got reduced to 35.6 after 147 days storage. The chan%es
Wwere non significant n ghee samples treated with higher
d_osaPe of betel and curfy leaves, Ghee samples showed
SIHIT ar changes in ioding'value when treated with BHA+

— oo

Butyro refractonkter reading SBRQ: Ghee samples
i)repared with betel arid.curry leaves exhibited slh%htly
ower BR values (445 to 44.8) than the control (45.0);

sssssssssss

RRRRRRRRRRR

HG 2 CHANGE IN FREE FATTY ACID ( % OLEIC ACID ) DURING STORAGf
AT 30 *C

Fig. 2. Change in free fatty acid (% oleic acid) during storage
at 30°C.
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and colour. The treated samples were also appreciated
Table 1. organoleptic score of ghee for 5(i| th h|§ er Intensit gf CO|0ur. Ghe%psamples
Sensory score eated” With BHA and BHT were rated as ordiniary
Table 1)[5
Initial ~ After storage It can e concluded that betel or curry leaves at 1 per
for 147" cent_concentration may be used instedd of BHA and
days  BHT for extending the Shelf life of ghee.
Control 8.33 2.16
BHA+BHT 0.02% 830 615 Acknowledgement
Curry leaves 0.5% 8.50 5,50 The authors are thankful to, Dr. B. K. C_hakrabortY,
0.8% 8.40 610  Head of Dairy Technology Division for his interest in
1.0% 8.40 620 this experiment. The first duthor (RSPr) 1S ?rateful to the
Betel leaves 0.2% 8.30 220 Indian” Council of Agricultural Research for the award
0.5% 8.20 585 of a Junior Fellowship during this study.
1.0% 8.40 6.50

8.0 Excellent, 7.9 to 6.0 Good, 5.9 to 4.0; Fair; 3.9 Poor

It is likely that the natural compounds which got dis-
solved in ghee during clarification might have lowgred the
BR values. On storage the batyro fefractometer values
of treated samples Were lowered by 0.1 to 0.3 units
wh_(%reas in control samples the reduction was about 05
units.

Ghee samples were also evaluated for appearance
texture and flavour, All the samples ofghee Were rated
excellent at the beginning of the experimént. The judges
Preferred ghee samples” treated with betel and’ curry

eaves as indicated by their highest scores for flavour
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One hundred samples of ice creams of ten different manufacturers, marketed in Calcutta were analysed over a period
of two years for standard plate count, psychrophilic and lipolytic bacteria, yeast, mould, enterococci, coliform and

fecal coliform and also for the presence of pathogenic microorganisms.
limit suggested by I.S.I., only 12% can beclassed as of Grade A quality as per U.S.
Presence of E. Coli was confirmed in 37%of the samples.

22% of the samples were within the numerical
Public Health Service code.

Most of the strains of E.  Coli (95.1%) were resistant

to penicillin but sensitive to chloramphenicol (91.9%). Multiple resistance was observed in coliforms as well as in the

isolates of E. Coli.

used in the study. Public Health significanceof coliform and E. Coli in ice cream was discussed.

Out of eight serotypes of enteropathogenic variety, all were resistant to more thanone antibiotic

Salmonella, coagu-

lase positive Staphylococcus aureus, Vibrio cholerae and Vibrio parahaemolyticus were not detected.

The hygienic quality of ice cream is assessed chiefly
by total” Count of mlcroorganlsms and the coliform
count per gram of the food. Some workers18 have
reported thé microbiological quality of ice creams sold
In' different cities of India but noné of the studies give
detailed, information n this_respect. The present”in-
vestigation reports the different types of micro-
or?amsms, coliforms ‘and fecal coliforms with their
sefotypes and_resistotypes encountered In ice creams

marketed In Calcutta.

Materials and Methods _ _
Samples:  One hundred samples of ice creams in
card board cups from different manufacturers in_ Calcutta
were collected in sterile covered containers from the
vendors selling the product, These samples were im-
mediately brought to the laboratory and allowed to
thaw. AS soon as the thame was corplete the bacterio-
Ioplcal analysis of the sample was carried out immedia-

tely, Dilution of the sample was made with buffered
ditille Wte[. .

Standard plate count and psychrophilic plate count:
Standard

method was used “for determmm% éﬂate
counts9,  Plates were Incubated for 48 hr at 32°C for
mesophilic plate count and at 7°C for 10 days for

p%chro[phllac plqt count. _

east and mould: ~ Counting of these organisms was
dong on acidified potato dextrose a?ar medium9 and
the inoculated plates were incubated at 23°C for 5 days.

Coliform and fecal coliform;  Coliform counts were
determined by the MPN method using MacConkey’s
broth19 For counting fecal coliform hacteria the tubes
were incubated at 44-45°C for 24 hr. _

Enterococcl and lipolytic bacteria: These were esti-
m%[ed b,Y the procedure desc[lbed by Sharfll and Seeley
and Vandemark12 respectively.

Salmonella: Thﬁ was, tested on a d10? sample ac-
cording to the method of Thatcher and Clark13

Vibrio cholerae and V. parahaemolyticus: These
organisms were detected on Thiosulphate Citrate Bile
?ﬁles 1Sljlucrose Agar medium by their characteristic colo-

Staphylococcus aureus; Coa?ulase ositive S. aureus
were, nated by their golden yellow colour colonies on
Milk Salt Agar13 medium, “Suspected colonies were
tested for coagulase activity. _

_ Bioghemical reactions: Thie isolated organisms were
identified. on the basis of cultural and™ biochemical
characteristicsy16. , _

Serotm)lnﬂ: _The isolated strains_of E. coli were
sent to the National Salmonella and Escherichia Centre,
Kasauli, India for serotyping. =~ =
. Antibiotic resistance: “The_antibiotic resistance of the
isolates was studied by disc ditfusion method a a(!nst the
commonly _used antiiotics as #er the procedure 0
Andersoril7. Reference grade antjobiotics used In the
study were obtained from Central Drugs Laboratory,
Calcutta. Antibiotic impregnated discs (6 mm diameter,

*Present Address: Director, Biological Laboratory, Govt. Medical Store Depot, Madras-3.
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Bunched_ out from Whatman No. | papep were prepared
y soaking them in aPproprlate concentration of anti-
biotic_solution  and

Penicillin, ampicillin, - streptomycin, ‘each at 10_f]r(]
erythromycin at 15 ug and neomycin, chloramphenicol,
oxytetracycline and tetracycling”each at 30 g were
used In the study.

Ollowed by drying in vacuum.

Results and Discussion

Table | fglves the quantitative enumeration of different
?roups_o bacteria with the minimum and maximum
oun in 100 samples of ice cream manufactured bﬁ
ten different manufacturers in Calcutta. The overa
average of each of standard plate count, gsychrophlllc
plate count, IreroIfytlc bacterial count, Yeast and mould
count per gram_ofthe product was 0.4 % 106, 0.120 X1Gs
15.4x10373.77x103 and 3.1L X10s respectively. The
average standard plate count exceeds 250,000/g—the
maximum limit laid down by Indian Standards Specifi-
cations18, 52 per cent of the samples In winter and_
per cent in summer were within the limits of the Indian
standard specifications. Only 12 P]er cent of the samples
can be classed as Grade A’ (standard plate count per
ram (58,000 as per United States Public Health
ervice Codeld, _ ,
The psychrophilic bacterial count was determined
because the_importance of this group of bacteria has
Increased with the Increasing use™of cold storage facill-
ties for preservation of raw and pasteurised milk and
also of other dairy products. Though these bacteria are
not pathogenic, they may produce d variety of offiavour
as Well as"physical defects. The observed psychrophilic
count was' lower than that reported by other investi-
gators8. . _
The seasonal varigtion of these groups of bacteria
were also noted.  The average standard plate count
and psychrophilic plate count”were higher'in summer
than irf winter,  Similar observations Were also made
bty Singh et als_ But the seasonal variations were not
statistically significant in case of standard plate countzs

Table 1. microbial

Standard plate  Range of psychro-

Season count/g (x 106) hilic plate count/g.
d FEXIOG) !
Winter 0.019-2.17 0.014-0.425
(0.299) (0.075)
Summer 0.018-4.8 0.0025-0.47
(0.462) (0.142)

Figures in parenthesis indicate average value.
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on these sets of data but it was highly S|?n|f|cant in case
of Psychro hilic plate count (P<o.1. per cent) _
_ The counting ‘of lipalytic "bacteria in ice’ cream is
important in view of high fat content of the product.
The lipolytic count was"slightly hqhe_r in winter than
in summer hut the difference’was statistically not signifi-
cant (P>0.5 per cent). The overall avera%e count
found'was lower than that reported in other Studies7s,
Yeast and mould counts ofthe product did not show
an¥ significant difference due to Seasonal variatjons.
he” enumeration of coliforms, fecal coliforms
and E. coli in food products is generally em-
ployed as a sanitation index.  The presence of these
organisms In food beyond certain numerical limit, s
generally considered to indicate that the food in question
IS exposed to conditions that mlght Introduce or allow
Proll eration of pathogenic microorganisms and hence
here is the possibility of occurrence of gubhc health
hazard when suchfood is consumed by people. Average

50 coliform and fecal coliform counts noted were 425.8

and 36.5 per gram of the product respectively. Fecal
coliform was detected in 71 per cent of the”samples.
Average_coliform count was much higher than 9 /?—
the maximum ISl limit, -~ Twenty SiX per cent of the
samples in winter and 36 per cént in° Summer were
contorming to |S1 specifications. The various coliforms
isolated Included Klebsiella aerogenes, K. ozaenae,
K. “oxytocum, K. scleroma group, K. freidlander %r_ou(;),
Enterobacter cloacae, Enteropacter aerogenes and Citro-
bacter species. The seasonal difference in coliform and
fecal coliform count (Table 2) were not statistically
significant (P>0.5 per-cent). ~ _
“The presence of E. coli was confirmed_ on the basis of
biochemical and serologlcal reactions in 37 per cent
of the samples. Ninteen different serotypes namely 05,
Qil, 017, 022, 025, 029, 034, 036, 038, 039, 042,044
046, 055, 060, 0101, 0126, 0141 and (0143 were 1solated
and 13 strains were found to be untypable. In five
samples more than one serotype was detected. Out of
the 19 serotypes isolated eight serotypes namely Oil,

population of ice cream

Range of Lipolytic ~ Range of Yeast Range of Mould

bacterial count/g. count/ count/
(x 103) (x 10 (x 103
1.0-77.0 0.0-135 0.0-4.7
(17.5) (4.6) (2.97)
0.80-68.0 0.10-15.7 0.05-28.0
(14.5) (341) (3.17)
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Table 2. indicator organisms in ice cream Table 3. relatioship between standard plante count a$d

: ) , INDICATOR ORGANISMS
Season Coli form t/g Fecal coliform  Enterococci

tlg- tly (X 103) Standard plate  Coliform t/g  Fecal coliform  Enterococci
_ count/g tlg tlg (X 109
Winter 0.0-2400 0.0-240 0.0-40.0
(756.2) (56.5) (6.4) 5x104 89.7 131 2.09
. <(12%) (0-240) (0-79) (0.45-16)
ummer 0.0-2400 0.0-240 0.5-30.
(2842) 279) 60) Y osamsxin s 1497 4.98
(40%) (0-1600) (0-240) (0.6-17.7)

Figures in hesis indi |ue.
igures in parenthesis indicate average value 5 25x104 047 . -

_ (0.2-2400)  (0-240) (0.25-40)
?Zzb 025’t039’ %A’ 055’18_1%2_6 a'Pﬁ 0143 e cons]!dereﬂ Percent in parenthesis indicate % of samples within the range
0 be enteropathogenic e occurrence of such ~ pEreent | IS Indicate -
entero athoggmc gerotypes_ of E coli in ice cream Figures in parenthesis indicate range value.
indicates the poor hygienic quality of the product. _ _ o
However, coagulase ositive,  Staphylococcus  aureus vegetatlon but in recent times it is being isolated from a
Vibrio cholearae, Vibrio parahaemolyticus and Salmo-  variety of human infections23 thereb¥servm 85 a source
nellae could not be detected in any.ofthe sample. of potential danger for the health of man. “Though the
The enumeration of enterococti in foods IS used as  Klebsjellae from”the botanical environment are”often
an Index of sanitary quality and shelf life for frozen genetically more diverse than isolates of clinical origin
foods since enterococer survive for longer periods than &vidences’ are available when, environmentally derived
the coliform group of or%amsmszz The average entero-  Klebsiellag were of faecal or|(lt12|n and some Possessed
coccial count'was 6.1 x10a/g. No significant difference transmissible R-factors as well24 _
In cqunt was noted for the” sample analysed in winter ~ Most ofthe E. coli strains (9.1 ercentg Were resistant
and In summer (Table 2). The ‘count wias lower than to _penicillin, erythromycin (90.3 per cent), neomycin
that reported by Singh et'alfi The type of fecal strepto- (72.6 per cent), ampiciflin g 3 per cent) and tetracy-
cocel Isolated and identified were Streptacoccusfaecium, - cline group (53.2 per cnet). Resistance to chlorampherii-
S. “hovis, S. faceium var, durans. It 1S also interesting to col and streptomycin was noted only ine.1 per cent and
note that as standard plate count increased, the cotnt 9.7 per cent of the Isolates respectively, Muliple resist-
of indicator organisms also increased (Table 3), ance of E. coli strains to different aritibjotics has been
Antibiotic sensitivity of coliform organisms Isolated given in Table 5 Qut of 14 enteropathogenic strains
from 1ce.creams Is shown in Table 4, Most of the strains  isolated two were resistant to six antibiotic,  strains to
were resistant to penicillin, ampicillin and erythromycin 5 antibiotics and s strains, were found resistant to fwo
but sensitive to' streptomycin and  chloramphenicol, or more than two antibiotics. Out of 62 strains of E.
Tetracycline was less " effective than streptomycin and  coli isolated one was resistant to all the eight antibiotics
chloramphenicol on inhibiting the growth “of con- used in the study, 3o 7 antibiotics, and 41 to four or
oms, ... : ~more than. four antibiotics In various combinations.
Klebsiellag in foods are commonly associated with  Antibiotic resistance of the E. coli strains observed

Table 4. antibiotic sensitivity of coliforms

Organism Penicillin -~ Ampicillin  Strepto-  Erythro-  Neomycin ~ Chlora- ~ Tetracycline ~ Oxytetra

mycin mycin mphenicol cycline
Klebsiella aerogenes *15 20 7 2 40 100 60 55
Klebsiella ozaenae 7 7 100 7 7 8 7 7
Other Klebiella 0 0 100 0 67 100 67 67
Enterobacter cloacae 14 43 1 14 54 i 57 44
Enterobacter aerogenes 3 0 67 100 100 67 3 0
Citrobacter spp. 0 0 67 2 3 78 1 3

t Results are expressed as percentage of strains sensitive to the antibiotic tested.
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6
Table 5. multiple resistance of e. coli strains
Antibiotic combination No. of resistant strains f 954,
EN; PATO; PNATOQ; PENTOC; 8.
PNATOC; PENATS; PEATOS; Sei., 1977
PENATOS; PENATOSC. 1 9,
PE; PNTO; PENAT; PENAO;
PENAS; PENATOC 2
PEA; PENTO 3 10.
PENA 6
PEATO 7 1L
PENATO 8
PEN 1 12
E =Erythromycin, N =Neomycin, P=Pencillin, A=Ampicillin, 13
T =Tetracycline, 0 20xytetracycline, C =Chloramphenicol, '
S=Streptomycin 4
14,
in the present report raises a warning because, of the 15
Importance of E. coli in transferring R-factors in vivo. o e
E. coli strams with R-factor plasmids have beep causing rlage,
vanous uman Infections. ~ The presence of E. coli; 1.
gema ¥ the enteroBathogemc variety with R-factors
therefore undesiranle inice cream.
17. Anderson, T. G.,
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RESEARCH NOTES

ANTIBIOTIC  RESISTANT ENTEROBACTERIA
OF MUTTON

Sheep reared on natural grazing grounds were screened for
drug resistant gram negative facultative intestinal flora,
E. coli, Klebsiella and intermediate groups isolated from
deep rectal and visceral swabs of freshly slaughtered
sheep were screened for resistance to antibiotics. Resistance
patterns with ampicillin  (A), tetracycline (T) and stre-
ptomycin (St) were determined. Of the total number (1040)
of isolates tested, 7.8% were sensitive to all three anti-
biotics; 22.7% showed resistance to all three antibiotics
35.7% showed resistance to AT and 5.3% to ASt.
Resistance to other antibiotics such as chloramphenicol,
septran, neomycin, garamycin, kanamycin and doxycy-
dine were also studied.

Antibiotic resistant_bacteria in the environment are
of ecological and epidemiological significancel The
causes for the emernence of resistant bacteria have been
described2 - Reports on. public healtn srPnrfrcance of
feeding low, IeveIs of anti |0t|cs to animals as Is done
throug anrma feed supga ements are contradictory3
As parto ap roqramme or Isolating and studying the
dryg resistant enterobacteria in foodSs and fqod mate-
rials, we have investigated the antibiotic resistance. of
Isolates derived from “Sheep reared on natural grazranr
?rounds to evalugte the naturally present résistan
Ypes In mutton before |t Was ?rocesse

Twelve healthy maes ee fo 1A r?/ear old and Wrth
a hod Werrﬁht o 20-22 K( raised on natural fodder,
slaughtered Tor the preparation of processed foods were
selected for the isolation of their facultative intestinal
gram negative flora. The anal area was cleaned with
alcohol dampened cotton. Deep rectal swabs were
taken and immediately dropped into_tubes contarnrng
Imlof 0.1 per cent peptone water. The viscera of th
dressed carcasses were also swabbed with cotton swabs
and coIIected n peptone water. After |ncubat| Mg the tubes
for Lhr at 37°C, the Swabs were streae on MacC one
%ar plates and incubated at 37°C for 16 hr. Coll orm

lonies from each sample 824 rectal and 24 visceral
swabs Were confirmed on_eosine methylene blue agar
and classified by the IMVTC test.  All media for the
Isolation and Rerformance of different tests were mae
according to the Oxoid manual5. Antibiotic sensitiyity
test on ese ISplates was also performedr using . dises
made with solutions of commercrally availabe am8|crllrn
N Jug), tetrac cIrne (30 /1 % stre tomYcrn 10 f

eomycin 30pg septran 5 1), ch oramphenrcol

&30 Pg), doxgcyclrne (10 p(f) ?aramycrn (10 pg) and
anamycrn ng) Were also tested
E. " coli |0t3/e112percent  Klehsiella (8.5 per cent),

Enterobacter (1 per cent) and organisms of Indeter-
minate rou between " Enteropacter-Klebsiella  and
Enterobacter- colr {58 per cent) comprised the total
?enera among the 1040 isolates inyesti ated Non-
actose fermenters were not detected. per cent
were drawn from the rectal swabs and abou 1 per cent
from the viscera of the carcasses able shows, the
types of resjstance patterns exhibited Yt e organrsms
(I]arnstamprcrllrnttracyclrne and streptomycin.” Multi-
ple resistance (A-ampicillin, Ttetracyc |ne and St
streptomycin) was, shown by 22.7 per cent, whereas
resistance to 2 antibiotics (AT and ASt} was shown by
357 and 53 per cent respectively, . Of the remainder,
193 per cent were resrstantto ampicillin only Resistance
to streptom crn and tetracycling, was, genera AX %resent
|n ked o0 a east one othér antibjotic viz.,
and ASt. Near %/90 per cent ofthe isolates were resistant
to ampicillin er her singly or in combjnation with other
antibjotics, Organisms Were_also resistant to chloram-
phenicol (93. 2r) neomycin (372 er cent), septran (49.3
per cent), garamycin’ (10 per cent), kanamycin . (24.3
Per cent), and doxycycline ( 572 Der cent). Interestrngly
he same isolates’ showed resistance to tetracycline aid
dox%cyclrne (a tetracycline analogue) simultaneously.
TUS 1t 1S seen that the pool Of fesistant bacteria is
high in animals reared even under natural rr%razrng
conditions.  These animals although not given the fee
supplements would have ingested some hoisehold refuse
or edible remains of food, etc. In feed formulations
streptomycin ang tefracycline are added at minute levels
to obtain growth and Weight increase in meat animals.

Table 1. antibiotic resistant patterns of coliforms isolated

Antibiotic* % of organisms resistant
ATSt 21
AT 3.7
ASt 53
A 193
St 5.7
T 14
*A=ampicillin, T =tetracycline, _ St- streptomycin.

Among all the organisms isolated, 7.8% were found sensitive
to all these antibiotics tested.
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In India aIthoudh a few products such as Auropac
Cyanamid) containing ch orotetracyclrne and T
Pfizer contarnrn oxg/\etracyc Ine are marketed, onIy
arge farm holdings pérhaps ‘use these; marnly because
the are still out of reach of the smafl holdings.
study Indicates that even without usrn? ang artrtrcral
feeds, there Is a hrqh level of drug resistant bacteria in
the animals. Resistance to drugs appears due to selec-
tign pressure and constant_usé of miniscule amounts
of an biotics in feeds and higher doses as prophylactics
er cause a posrtrve pressure: for the ultimate high level
p frg resrstance in such animals.  This_has
ar rea hing e cts Firstly as tetracycline in animal
foods Is, In"a_small way rmplrcated I the selection of
ampicillin resistant Salmonell dyhrmurrum It Is_not
entirely inconceivable that other ru?s may preferentrally
select @ proportion of the multiple resistant bacteria
thus causing an increase in such tyBes Secondly, most
of such bacteria possess transferable drug resistancer
and may pass the resistance to other mofe dangerous
or?anrsms Thirdly it has been founds that Ue 10
antimicrobials, drdg resistance appeared . in gram
ne%atrve obligate anaerobes of human and animal faeces
and persisted over a period of time despite withdrawal
of some drugs, Thus they are. more important than the
transient facultative flora, which give us only an indi-
cation of the general level of resistance.
As mutton 15 an important food Item, presence in it
of such resistant bacterja will lead to a general spread
due to cross contamination during cookingor processing.

D. Vijaya Rao
0rat0ry K R Gopala Rao

B. Bhagirathi

Division of Food Technolo%y
Defence Food Research La
Mysare-10.
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MICROBIAL STUDIES ON INPACK PROCESSED
CHAPATIES

Six species of Bacillus were present among the 20 dis-
tinctive cultures isolated from chapaties preserved with
sorbic acid (0.2%), NaCl (2.5%) and an inpack heat
treatment at at 90°C for 2 hr. AH Bacillus strains were
starch hydrolysing and proteolytic; many tolerated high
levels (5-10%) of NaCl and 0.1% of sorbic acid and the
spores of most of them survived heating at 90° for 2 hr. The
total spore load was however low (2.2x 10 org/10 g) and a
combination of several factors may have contributed to the
perservation of chapaties over a long period.

Mrcrobrologrcal qualr%/ of preserved chapaties con-
taining 0.4 pér cent sorbic acid (SA) and 25 per cent
salt has been reported earlierl Sincé the Prevention of
Food Adulteration Actz limits the concentration of SA
In foods, this method was modified with a reduced SA
content and an, inpack heat treatment3 We have re-
examrned the microbiological quality of rnpack processed
chapaties (heat treatment at 90°C"for 2 hr subsequent
to bakrn%) containing 0.2 per cent SA. The results of
these studies are reported in this communication.

Chapaties were_made from unleavened whole wheat
flour dough containing whole mrlkpowder z (2 per cent
salt. (2 58er cent), suar (3 per cent) fat per cent),
citric acid (0.4 per cent) and SA (02 per cent). Soon
after baking on a hot griddle they were packed (four
to a pack) in paper foil"laminated flexible pouches and
heated at"90°C tor 2 hr which was determineds as the
optimum period for inpack heating for organoleptic
reasons and keeprng dualrty

Sam ling, analysis for fotal counts, yeasts and
moylds and primary isplations were done & described
earlierLl Presence or absence of staphylococcl, Salmo-
nella and coliforms were also carried out utilizin
standard methods and mediad56.. Sorbic acid
Merck) toIerance Wwas tested b rowrng cultures on A
Incorporateq nutrrent aarg and nutrrent broths
S rZas well as by the agar up assay method7. Zones
f inhibition of 16 mm diameter and more were taken
8s being sensitive, Heat toIerance of cultures was tested
rn peptone Water and sat toIerance in NaCl brothdh

Growth at (ifferent I-P levels was tested on NA

rr]usted to ditferent pH levels with 0.IN HCL Growth

perature studies vvere carried out on NA slopes.

In the 20 batches examined total aerobic, mesophilic
(37°Cg and thermophilic 855 C) plate counts did not
exceed 24 X 10a organr ms/ dand42x102 ordan isms/
10 d respectively.” The total' aerobic spore Toad on
Dex rose try tone agar was not more_than 2.2 X103
org Iococcr coliforms, Salmonella and
ulds were no pyresent in the finished product
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Table 1. growth RESPONSE OF BACILLUS SPECIES TO NACL, SA* AND HEAT TREATMENT
Growth in NaCl (%) Growth in SA (%)  Tolerance of spores
5 5 7 10 0.05 0.1 0.2

Assigned to Group

B. licheinformis
Gr. 1

B. megaterium
Gr. 2

B. megaterium
non3mu00|d)
r

B. subtilis
Mucoid)
r. 4

B. brevis Gr. 5
B. polymyxa
Gre
B. cereus Gr. 7.
Plant coryneform type Gr 8.

Sorhic acid

Good growth with the formation of a film at top

No growth

Delayed growth after 7-14 days incubation
Growth in clumps, no film at top.

No spore formation

plant._coryneform |9
y standard m

m{@m

+T+ ++

+ F 4 4+ +

+ + ++ + +

ucoid and
3 mucoid strains), B. brevis

+ 4+ + ++

+ o+ 4+ 4+

| +

| +I

+C

+
+

_ Ig/ different colonies from the
total aerobic count plates_and spore count plates were
purified and examined. These were all gram positive
and catalase positive rods. Twenty distinctive cultures

Ppearance and growth characteristics

were Isolated and characterised.
cultures belonged to the genus Bacillus and one isolate
in which spore formation could not be demonstrated
Was Placed_ln the plant
Us srains were Identified meth
8 elonging to Six different species viz. B. licheniformis
5 straing), B._megateriu
10| tst_ra)ms% B. Isubt|I|s 3 d

strain), B. polymyxa (2 strains) an

gtram{ All e_y2 Cultures e11yt?roflysed
excepting B, brevis, all were proteolytic. B. brevis and  (
B. cereus showed lipase. and lecithinase activities res-
pectively. Al strains of B, licheniformis, B. polymyxa
and B. cereus showed anagrobic growth in glucose broth,

Nineteen

gl The
thods9¢o
3 nonmy-

. Cereus
starch an

to 90QC for 2 hr.
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— — — — — +
+ — + + — +
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Twelve strains utilized citrate as sole source of carbon,
while_4 showed poor g_rovvth and 4 showed no growth
on citrate,  B." licheniformis strains were facultative
thermophiles (25-55°C) growing over a pH range of 5 {0
1.5, their optimum being 6.8. .me%aerlum, . subtilis,
B. “cereus and the coryngform type showed 1good Lgrovvth
between 25 to 45°C"with an “Optimum of 30°C. B
brevis and B. pol;{myxa however %rew well hetween
25-37°C. Nane of the strains were psychratrophic. For
all these strains excepting the nonmucoid B. megaterium
and B. cereus the grovvt H lay between 6.6 and 7.5,
Thirteen strains were thermodufic_while _sFores of all
but B. polgmy_xa 1 strain) and B. subtilis (I strain
were able t0 withstand heating at 90°C for 2 hr. Level
of salt (NaCII tolerance gTa_Ie 1) was generally high
10 per cent) among Straing ‘of B.” licheniformis
and .megatenum. The coryneform Rlpe and B. cereus
folerated Upto 7 per cent NaCl, SA"at 0.2 per cent
Inhibited growth of all strains while at 0.1 per cent, only
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10 strains were inhibited. B, brevis, B. polymyxa, the
Coryneform, 4 strains of B, me_?ater,lum, 1 strain of B.
subtilis and 1 strain of B. licheniformis were inhibited by
even 0.05 per cent SA, It may be mentjoned here that
the effective concentration of sorbic acid_in the chapaties
after heat treatment varied between 0.08 and 0.15 per
cent. . Sensitivity to SA of spores of one strain of B,
licheniformis (isolate 1) was tested in liquid (NB) and
8Iate media using a concentration profile ran?mg from
01005 fPer cent. SA at 0.05 per cent did not have any
marked effect on the growth and sporulation hut at
0.17 per cent both growih and sPorulatlon were delayed,
There was_no synergistic effect of SA and NaCl’ (at
0.1 and 25 per Cent resRectlvely) on the inhibition of
this isolate. * Probably this may hold good for other
Isolates as well, _

Usually Bacillys strains have been reﬁortedn-lz 8
common’ contaminants, in wheat and ha e[y products
present in the flour, air and equipments. The normal
cooking eliminated the gram negative rods, coccl and
the vegetative cells of thé BacillS and pathogens. The
inpack” heat treatment of chapaties eliminated the con-
tamination picked up subsequently from handlers
equipment surfaces, Rrocessmg fmosphere, etc. It had
been observed that when the inpack heating was not done,
slime formation and in rare Instances, mould growth
occurred. In maize E_repared tortillass higher total
counts 24 hr after cooking were attributed to workers’
hands, water and the general unhygienic_conditions,
B. cereus, B. macerans, B. megaterium-and B. polymyxa
were reported In the same study.

Freshly haked chapaties were found to have low total
counts dnd most of the load was due to subsequent
contamination. Immediate packagm? prevented secon-
dary contamination.  Spores. present’ in the dough or
PIC ed up along the production line survived the heat
reatment at 90°C for 2 hr, partly due to uneven heat
penetration during.the cooking and heat processing and
partly due fo thgir inherent “heat resistance.  The fat
Rresent In chapaties cou#d nave coHtrlbuted %o |n?reased
feat_re5|stanc EN wads doun(i |r& t edctasle| 0148. icheni-
ormis spores suspended in lar allowl4

ﬂwe p% of aqepchapatles vaneé1 rl)etween 55 and 58
whereas the optimum pH for growth of all the 20 strains
studied was 6.8, with"poor of ng _%rovvth at band 75,
Many of the isolates were not inhibited by 0.1 per cent
SA. “The slow 9rowth observed at 0.1 per cent SA could
be attributed fo the resistant types which have built
up sufficient numbers. Hence it the initial spore load
IS high.even with 0.1 per cent SA, spmlage could occur
at ambient femperatures bu not at cooler temperatures.
B. cereus although detected was found not to contribute
materially fo the”spore load. _

The distinguishing features of the organisms (present
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in low numbers) in chapaties are that the¥ are: a) starch
and protein hydrolysing, ) can grow Termentatively,
¢) can dissimilate Citrate used for maintaining |OWR ,

tolerate_appreciable levels of salt much higher than
those obtaining in the chapaties, €) can grow in the
P_resence of 0.1 per cent SA, the concentration of which
Ies between 0.08 and 0.15 per cent in chapaties, /) form
spores that can withstand the time-temperature treat-
ment the packages are subjected to, % %ow Over a wide
temperature ran(];_(le but not below and h) grow
poorly at low pH. _

This the factors contrlbutlng to shelf life of preserved
chapaties are: a) low initial load after cooklng, b) low
H, ¢). immediate packaging to Bre\_/ent Secondary
contamination, d? heat treatment ( akmg) . €) Sbsg-
uent, inpack. treatment to remove post Baking conta-
mination_ during handling, /) most of the spores not
erminating perhaPs dug to some form of injury and
g) the presence of SA arresting any possible growth of
Survivors.

NeoNap e
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AFLATOXIN IN GROUNDNUT OIL, GROUNDNUT
CAKE AND HYDROGENATED OIL IN HAPUR
(UTTAR PRADESH, INDIA) MARKET

The extent of aflatoxin contamination in groundnut oil,
groundnutcake and hydrogenated oil sold In the market
of Hapur, Uttar Pradesh, India was investigated. Nearly
66.7 per cent of the total samples of oil contained toxin.
Out of these, 70 per cent contained as much as 2660 ppb
of aflatoxin BJ Seventy ﬁercent of the cakes were con-
taminated with aflatoxin which ranged from 1135 to 2250
ppb. Refined il or Vanaspathi did not contain any aflatoxin.

Ol Seeds and varrous foodgrains are good substrates

for the growth of micro- or% nisms specra fungi such
perngIus spp., Penicillhim spp. and usarrum sp
These fung, If present, cause grain heating, dlecompose

the cereal grains and produce mycotoxing tnder suitable
environmental conditions. An investigation was carried
out at the Institute to find out the extent of contamina-
tion by aflatoxin in Proundnut oil, groundnut cake and
h{udrogenated oil sofd in the market of Hapur, U

Unrefined groundnut ail is a majar cooking oil used
in India.. Of'the total production of oundnut ail, 32
Per cent is utilised to_produce Vanaspath) hydrogenated
at) and the remaining quantity s mainly”used in an
unrefined form, It has'begn observed by edrlier workers
that considerable quantities of affatoxins percolate
during extraction of oil from affected groundnut kemels
in thé expellers. Grrrdhar el alA reported that 44.2
per cent samples of groundnut oils were contaminated
In Anghra Pradesh bg aflatoxin of whrch 5.7 per cent
had a level oftoxrnm re than 100 ppb and a few samples

contained as much as 5000 ppb of aflatoxin. Shanta 2250 ppb.

et al.2 have also reported high contamination of ground-
nut ol with affatoxin (0.1 t9 2.6 ppm) in India

It has been shown by Dwarkanath et al.2 that the
toxin in the oil is fairly heat stable and being carried
away .In_ considerable ouantrty when any material is
fried in it Thus food fried in contamindted unrefined
groundnut il could
aflatoxin toxicity to the consumer. It was of interest,
therefore, to_stuidy the extent of affatoxin contamination
In peanut oil_and other groundnut products collected
at Hapur, U.P., where a large section of population use
it_for'cooking and as cattle”feed respectively. Samples
of unrefined “and refined groundnut oils, hydrogenated
fats and groundnut cakes” were collected from” Hapur
market and aflatoxins  were extracée and
according to the procedure descrioe
The cleaned up extract was dried by the gassage through
a bed of anhydrous sodium sulphéte and after evapora-
tion, the residue was dissolved in chloroform and_made
upto 5ml: 0.2 ml of the aliquots, was spotted on T.L.C.

become an rmPortant source of

Table 1. aflatoxin content in groundnut/oil, cakes and

HYDROGENATED FATS

No. of No. of Aflatoxrn

Samples samples samples  Bj (Range)
analysed  contaminated ppb

Crude groundnut oil 30 20, (66.7%)  4.43-2660
Refined groundnut oil 15 Nil Nil
Hydrogenated fats , _
(Vanaspathi Ghee) 15 Nil Nil

Groundnut cake 10 7, (70%) 1135-2250

Figures in parenthesis indicate percentage

lates coated to 500 mrcrons thrckness wrth srlrcaﬁel
and_ developed in to uene+rso amyl aco o + met
nol mixture (90+32+3)5 folJowed eve lopment in
diethy I ethers to remove rnterferrn materials. Chroma-
to%ap ic plates were examined under long wave UV-
t (365 mm) for evidence of flourescent compounds.
Further confrrmatron of aflatoxins was made by spray-
ng plate with sulohurrc acid ‘14 3) as suggested by
chaeI et al 7 For the determination of aflatoxin concer-
tratroni spectrometrrc procedure of Nebney and Nesbits
was followe
The aflatoxrn content (as affatoxin B,) of oils and
cakes are given in TabIe LIt rs of Interest to note that
some samples contained ven( h amount of toxin.
On an average 60.7 per cerit of ‘total samples of oils
contained toxrn Qut of these, 70 per cent contained ag
much as 2660 ppb of aflatoxin B? Seventy per cent of
the total samples of oroundnut cakes were found to he
contaminated” with aflatoxin, the range being 1135 to
No aflatoxin was detécted in any of
the samples of refined oils and Vanaspathi, whichcon-
firms that these products are free from mycotoxins,
Analysis of market samples of groundnut’ oil revealed
that the unrefined oil sold in the market is invariagly
contaminated with significant quantrtres of aflatoxr
the well known hepafo carcinogen. — Surveillance and
monitoring IS therefore, necessary to screen samples of
unrefined groundnut orl over Targer areas In view of the
Increasing ‘supply and consumprion of this edible oil
This study also revgals the need to encourage the con-
sumption”of refined groundnut oil which 1S free from
aflatoxrn contamination.
The authors are thankful to Shri Mahavir Srn?h
Vallabhai, Patel Chest Institute, University of Delni for

urified  his help in the analysis of the samples.
yPonspet a?4 P y d

Indian Grain Storage
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CELL MACERATING ACTIVITY OF FUNGAL
CULTURE FLUIDS: STANDARDISATION OF
ASSAY PROCEDURE

The possibility of a colorimetric procedure for the assay
of cell macerating activity of fungal culture fluids was
studied in relation to suitabiity of the substrates, enzyme
concentration and incubation period. Potato or apple
tissues can be used as substrates and the enzyme activity
was linear with respect to substrate and enzyme concentra-
tions and the incubation period.

Cell macerating (also called cell separating) enzymes
have been descn ed in connection With processes for
soft entngi of ve}qetab es, and fruits and Increasing their

digestih he cell macerating activity has’ been
found In mlcroorgantsmsz as Well as in higher plantss
and was attributed to various enzymes or enzyme com-
blnattons compnsmg pectlnolytlc hemicellulolytic and
ce lult g/(tilc nctions.~ The assa%/ Procedures so far
escn take Into account_ the time required. for

|S|ntegrat|on of vegetable tissues based on . visual
observationd; obV|oust this. procedure is subject to
errors due to personal variations In the experimenters’
due to p tions, in th f
observatlons In the Present work, attem Jots have heen
made {0 evoveasm ble assa procedure for a more
quantitative determination of enzyme activity.

The 8ulture fltnds of the fwo fun?al cuItHres Monilia
sp. and Aspergiffus sp.) 1solated earfier In this laborator
passessed conSiderable xylanase activity accompanie
with some amount of aniylolytic, tt)ectlnol ic and cel-
lulolytic activities.  The dbove culture fluios were em-

IoZed as sources of the cell macerating enzyme in the
reSent studies,

Cell magerating activity was assayed by suspendtn%]
piece of the vegetable tissue of known weight In, the
enzyme solution and measuring the increase in turbidity
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of the suspension fluid. The weight of the residue of
pIantdttssue after attack by the enzyme was also deter-
mine

a)  Selection of suitable substrate; Potato, apple,
syqar beef, carrot and raddish were cut into small discs
20cm. dia. X0.5 om. ht, Wetghlnglozo using a cork
orer.  The pieces were soaked in dtstllle Water for 3
Mmin and excess water was removed Epressmg each ptece
between folds of absorbent pap er leCe wast en
transferred to a wide mouth tu e contatnln 8 ml of
cryde XYIanase E)reparatton havm? apprommateiy|
units xylanase ml-¢ in 0.0125M acetate buffer of pH 6.0.
Crude’ xylanase was prepared. by growing xy anase
roducing’ fungal cultures, Monili SB and Asgergtllus
§p. by surface”cultivation on wheat bran containing 1
per cent qroundnut meal wetted to 60 er cent m0|sture
W|th a so ution contalnlng MgS04, g7 f?

; FeS04 0,001 per cent for days Fifty

?rams of mouldy bran were extracted with 200 ml of

Water. One un|t of xylanase Is equal to the amount
of enzyme which generated 1 p mole of xylose from
xyland). The tubes were kept at 55°Ctor 24hr. "The Super-
natant fluid was decanted off for measurement of absor-
bance and the weight was determlned The results givenin
Table 1 indicate that a Pe potato angd carrot were
acted upon more. efficient Vthe Monilia sp. culture
fluid while Aspergillus culture fluid was effecttve on apple
sugar beet and radish tissues. In the case of su%ar Deet
considerable colour was also extracted which interfered
with measurement of absorbance. The absence of a
correlation between absorbance and tissue weignt 10ss
was also_due to the extraction of these coloured pig-
ments. Based on these criteria, potato and a,ople Wefe
selected as suitable substrates, |nce the culture fluid

of Monilia sp. was more potent in |S|ntegrat|ng the
pIant tissue, |t Was used in bsequent studies for deter-
mining optimum- conditions for " assay:

Table 1. cell macerating activity* of Monilia sp. and
Asperglllus sp. culture fluids on different plant tissues

Increase in absorbance
of supernatant (660 nm)

_ Wt. loss of tissue
per g. plant tissue (%)

SUDSHIAtE  =mmermmeemmeemmeemmee e e
Moniliasp. Aspergillussp. Moniliasp. Aspergillus sp.
enzyme  enzyme enzyme  enzyme

Apple 0.24 011 70.6 448
Potato 0.29 0.13 46.1 50
Sugar beet 0.5 0.2 155 17
Radish 0.28 0.07 23 153
Carrot 0.18 0.04 46.3 8.1
*Incubation for 24 hr at 55°C
Substrate:  1-2 g.
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b)  Optimum conditions for assay: The effect of s
various levels of enzyme on the absorbance of suspen-
sion fluid for both apRIe and potato Is indicated in
Fig. L In case of both the substrates, increase in absorb-
ance of the suspension fluid with higher levels of the
enzyme was, observed, L

e velocity of the cell macerating activity measured
as ahsorbance of the suspension fluidggainst the amount
of potato and apple tissue showed a Iimear relationship,
as_can be seen in Fig. 2 _ _

The increase in abSorbance of suspension fluid was
measured_du,rm? different periods of incubation and the
data are indicated in Fig. 3 In the_case of both the
substrates upta 7 hr a.godd linear relationship of enzyme
activity to period of incubation is evident.

From the above data, It Is clear that an assay pro-
cedure hased on the measurement of absorbance of the
suspension fluid can be easily undertaken with & fair
degree of accuracy and either potato or agple could be
used as the substrate. In a few cases wh ed|smteg1ra- 1 , 1 . )
tion of plant tissues resulted in formation of smaller 2 3 4« 5
fra?_ments the suspension fluid contained a ran%e of Substrate (g |
P.ar icles, from very fine to somewhat _clumpy bits of Fig. 2 Effect of substrate concentration on the rate of cel
ISsue. In such cases, the suspension fluid was homo- macerating activity of Monilia Sp culture fluid.
genized in a teflon homogenizer and even then the results . . : : :
obtained were linear i relation fo concentrations of It will be of interest to determine the relatjve potencies
enzyme and substrates and Incubation period upto 7 hr.  of various enzymes present in the culture fluids for the

In contrast to the_procedure now available for the Ccell macerating activity, It is reasonable to expect that
assay of cell macerating activity which relies on visual ~al the CTIES Vi pectinase, hemicellulase and cellulase
obsérvation for dlsm_teglranon, of tissues, the present Will have their own cell macerating activities as the inter-

rocedure Is more reliable as if is hased on changes in lamellar spaces of plant tissue contain a heterogenous

he absorbance of the suspension fluid.

Potato

0-200

Apple
0100 '

Absorbance { 660 nm )
T
>

0-400F
02

. €
€ & c
[ o
3 © a
[te) - A
- v Poiato
(1]

Potato 9
c o1k € 0200+
o o
° a °
o o]
v ° )
o | o)

| 1 1 116 )
1 1 A 1
0 A 8 2 ) )
Enzyme (mg) Period ( hr)

Fig. 1 Effect of enzyme concentration on cell macerating Fig. 3. Effect of incubation period on cell macerating activity.
activity. (Substrate: ) (Substrate: 1)



172

complex of pectins, hemicellulose and cellulgse.  The
degradation of an comgonent of this complex could
disintegrate the cell cementing matrix. In the present
case, . since culture fluid contained all the " above
mentioned enzymes, the break down products as detec-
ted by paper _chromatogiraphy were glucose, maltose
galactlronic acid and xylose. _

The authors are thankful to Dr. V. Sreenivasa Murthy,
Project Coordinator, Discipline of Microbiology, Fer-
mentation and Sanitation for h_el?ful suggestions_and
critical_scrutiny of the manuscrlP and @ Shri C. P,
Natarajan, Director of the Institute for fagilities and
encour%%ement given during the work. The first author
Anil Sharma) is @ recipient of a_Junior Research
ellowship of the Council of Scientific and Industrial
Research, New Delhi.
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DETECTION OF PONGAM OIL USING ACETIC
ANHYDRIDE SULPHURIC ACID REAGENT

A simple and rapid colour reaction for detection of pongam
seed (Pongamia glabra) oil in binary oil mixtures using a
modified acetic anhydride-sulphuric acid reagent is reported.
The reaction produces an instant red to deep red colour
sensitive at 1-2 percent level of pongam oil in simple
mixtures.

A colour reaction for the detection of pongam oil
using _antimony trichloride was  reported in™ 1969h
and a TLC method on the same grmuple was developed
by Sreenivasulu et al.2 Subsequently a TLC methog of
dentifying @ characteristic sPot, under UV light
was reported by Rap et alp In this paper, " a

colour ‘reaction Involving acetic anhydride *sulphuric
acid is described.  The apparatus™ and chemicals
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graduated in 0.1 ml; cylinders, 5 ml capacity, graduaté
inml dropgmg tubes; 0.03 mm interior djaneter; an
test tubes, 16 mm x 125 mm. Sulphuric acid, chloroform
and acetic anhydride, are all of analytical reagent grade.

The procedure Is _aﬁphcable to pon%am oil exclusively
or in admixture with other oils and fats at ambient
temperature. Dissolve 0.2 ml oil or fat (or 5 drops from
the _droém)mg fube) in 2 ml chloroform and aad 5 ml
acetic h;f ride. © Shake well and add one or two
dro%s of su ghunc acid. Observe the colour development
In the first 30 sec, An immediate characteristic red to
deep red colour indicates the presence of pongam ol
in the sample. , _ _

The present method differs from earlier tests like the
Liebermann-Storch testd, Fitelson's test>6, and modified
Liebermann-Burchard reaction/. ~ The Liebermann-
Storch test was deveIoEed chiefly for the detection of
rosin and rosin oils. - Fitelson’s test and the modified
Liebermann-Burchard reaction were meant for detection
only of tea seed ol in olive oil and other ails. The
colgur developed b%/ pongam oil In the present test is
distinct and characteristic and the technique is simple,
rapid and reproducible.

_The reaction Is sensitive to the presence of raw pongan
oil In other vegetable oils at 1 ;r)]ercent level. ponqam oll
that has been fefined and bleached gives a red colour of
lesser intensity, and the test is senditive to 2 percent of
pongam oil In other vegetable oils. Raw pongam ol
obtdined either by pressire or extraction methads, and
alkali-neutralized; alconol-refined, alcoholic alkali-refin-
ed and bleached ?ongam oils, all re%ﬁ)ond to this fest.
Binary mixtures of pangam oil in common oils such as
sunflower, - safflower,  Soybean, . groundnut,  sesame,
rapeseed, mustard, niger,” ambadi, "and castor, all res-
pond to the test.

Oil Technological Research Institute,
Anantapur-515 001,
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required for the test are:  a dropper, 5 ml capacityd'
d
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References

1 Thirumala Rao, S. D., Ramachar, D., and Krishnamurthy,
G.,J. Am. Oil Chem. Soc., 1969, 46, 627.

Sreenivasulu, C., Vijayalakshmi, K., and Mahapatra, S. N.,
The Oils and Qilseeds J., 1976, 28, 15.

3. Rao, K.V.SA. Paulose, M. M. and Lakshminarayana,
G., J. Oil Technol. Ass. India., 1977, 9, 153,

4. Jamieson, G. S., Vegetable Fats and Qils, Reinhold Publishing
Corporation, New York, N. Y., 1943, 412,

5. Fitelson, J. Ass. Off. agricl. Chem., 1936, 19, 496.
6. Jamieson, G. S., J. Ass. Off. agric. Chem., 1937, 20, 418.

7. Mehlenbacher, V. C., The Analysis of Fats and Qils, The
Garrard Press, Champaign, IIT, 1960, 252.

o



BOOK REVIEWS

Sugar: Science and Techno_logy: Edited by G, G. Birch
and K. J. Parker, Applied” Science Puplishers Ltd.,
London 1979, pp xii+475. Price: 80

This book records twentytwo, papers presented at an
Industry—University Co-operation SXmgosmm neld at
the University of Reading in April 19

The OPemng paper gby J. A, C. Hugill) is more of
historical nature. The first section (papérs 2 through o)
Is on the general Rers ective of sugar;_its production
economics ‘and technological aspects. The chapter on
colour In the sugar_industry (by M. J. Kort) is well
Rresented and provides a comprehensive account  of
atural gccurrence of colour and its formation durin

many of the rocessmq conditions. _ The removal 0
colour, 15 also of great, Importance in sugar refining
particularly when an universally acceptable” product 15
desired. Paper 5 presents the progress in the technology
of beet sugar and lists, bneﬂY sonte of the new products
such as liguid sugar, instan suqar and jellifying sugar,
Paper ¢ deals with the Potentla for industrial “uses of
sucrose. It s temi)tmg 0 know that sucrose, a simple
disaccharide of glucoSe and fructose, .15 capable of
Introducing a new thread of sucrochemical research!

Section |1 opens with an article on advances in sucrose
chemistry by R. Khan which discusses the various types
of reactions and their mechanisms In relation to their
structure-sweetness, The next three papers (Nos. 8-10)f
record several physico-chemical standardisations 0
sucrose including' the food quaht;hand_ storage effects
on sugar heets and i)otatoes. Dr. owllngi I his paper
narrates the technological problems of glucose syrups
and also lists their colllgatlve properities. - Section [l
deals with hydrogenated products of glucose s%(rups
No. 12[) ang xylose (No. 14) and thejr applications.
n paper 13, 1S givena vivid description of the Eropertles,
matnu,falcture and use of fructose as an industrial raw
material.

Section [V concentrates on some of the analytical
aspects of food carbohydrates and carbohydrate sweet-
ners. The discussion by Southgate on food tarbohydiate
analysis Is informative:. The article on the role of struc-
ture=activity relationships in sweetness research is well
presented.

The final section is on the medicinal aspects of sucrose.
This section 1s complete with four papers (No. 19through
22) and In general the articles descrie some of the merits
and demerits of sucrose and other carbohydrates In the
normal dietary conditions.

T0 sum yp, the, use of sticrose, a _rePenerabI_e chemical
resource of considerable commercial” potential, In the
roduction of new derivatives for use as surfactants, in
lastics and polymers, In paint, resins, etc._apart from
very many foog"uses Is well documented. The book is
esseRtlaI a tlmelx rewﬁw for gr?ater undershandlng
of the chemistry and technology ‘ot sucrose, The pre-
sentation and getup of the bodk are impressive.

R. N. Tharanathan
CFTR|, Mysore.

Freezing, Frozen Storage and Freeze Drying: _Inter-
national Institute of " Refrigeration, Paris, “1977; pp
493; Price: 80FF.

This is a_compilation of 53 papers discussed in the
yearly meeting of the International Institute of Refri-
Qeration at tllnglen Federal Republic of German
on September ¢-8, 1977. 47 of the papers are in Englis
and ¢ are in French.

Out of these, the effects of freezing and frozen storage
on animal tissues was the subject Matter 0f_15,Bap,ers,
Industrial aspects of freezing“and frozen distrinution,
(10 papers? reeze grying, (9 papers) freezing and frozen
storage of vegetables ‘and ready-to-serve “products (s
papers) mathernatics treatment of the freezing and thaw-
Ing process (5 pa ersr)] ﬁ]heysmo-chemlcal phienomena 4
pa%ers and hasic Bhe omena (2 papers.)

The papers of fundamental and. theoretical nature
range from structural and physiological features of cold
[esistance, postulated mectianisms of freezing and
frozen storage dama%e, physico-chemical Phenomena
during freezi ? process as measured by refractometer
In_sucrose sofutions, sugar concentration gradient in
quick frozen thin flakes of orange juice, etc

The papers on fogds of animal ori%in deal with changes
affecting the use of frozen stored and thawed meat/fish

re?ardmg WHC, ~ cathepsin _activity, rigor cha_n%es
mcrogra hie and x-ray diffraction; mineral ~(lonic)
and formaldehyde interaction.

The section on long term frozen storaqe discusses the
effect of Intense freézing on cell structure, blanchl,ng
Prlor to freezing, (;uallty of green beans, cooked fis
lesh, foods for™aeroplane and industrial catering and
comoination of Irradiation and cold storage.

_The section on mathematical treatment comprises, of
discussion on heat transfer and heat capacity during
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freezing and _thavvinq, heat capacity \s time, time-
temperature vi weight loss. All'the “above discussions
concemn meat as the experimental material.

Freezm? and frozen storage, Andustrial conditions of
freezing, Trozen storage and distribution of products
temperature maintaingnance durng transporation and
distribution, storage effects in retail outlets.and domestic
freezers, methods of thawing and use of time, tempera-
ture indicators In quality Control of frozen products
form_ the subéect,ma_tter of the section on industrial
freezing and distribution of frozen foods.

_The last section deals with industrial freeze drying of

different commadities, microbiological and chemical
aspects during freeze drying and “subsequent storage,
use of carborimonoxide enriched mtr_ogen atmosphére
to improve, the colour of freeze dried heef, techno-
economic improvements in the freeze-drying cycle,
electrical resistance measurements and  crymicroscopy
to_measure rates of freezm(‘; and freeze-rying, mass
diffusivity and tendency to structure collapsé in freeze-
dried model systems.

The different Papers are of interest to research insti-
futes, fundamental’as well as applied, Food progessors
handling freezing, frozen storage, frozen distribution
and freéze-drying could obtain many points to improve
their products.

B. R. Baliga
CFTRl, Mysore.

Chemical Toxicology of Food: C. L. Galli, R. Paoletti
and G. Verrorazzi, Elsevier/North-Holland ~ Bio-
medical Press, Amsterdam, New York, Oxford.

. The present volume of chemical toxicology of food
is the proceedings of a symposium held in Milan (June
1978)." The contributions cover general principles, of
safety assessment, legal aspects, methods of toxicological
?,ssessmgntt of ffiod additives, lméerrelau?nsr}u% of nijtrl-
lon and toxicology and applied. aspects of toxicolo

o? ?oog. Wltﬁ mg easeg ug of fooH a(fdmves, ccﬁoﬂys
etc. concern for the safety of these additives as they
affect the health and well oeing of man is currently. of
utmost importance. . The food téchnologists, putritionists
and clinicians are vitally involved in stch discussions.

These proceedings proyide an insight into the multi-
faceted problems ‘of safety assessment and the legal
implications, Truhant has”lucidly outlined the 8_eneral
prrmuples of toxicological evaluafion of food additives,

he concept of benefits Vs risks in recommending AID
as quigelines to health authorities is disclissed. = It is
Intriguing however, to note his statement— "1t is obvigus
that with'a malnourished population with an expectation
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of life less than 40 years it is justified to take greater
risks than for populations with an over ahundance of
food! (page 18, para 3). To me it appears to he perverted
logic! " The difficulties involved tn recommending an
‘acceptable risk” for a food additive are well delinéated
by Darby, Grice states that It is difficult to over empha-
size the “importance of an informed_public opinion in
ensurm? that the consumer’s point of view Is taken into
account before decisions on. acceptable risks are taken.
Elias also concludes by stating that the actual selection
of an_ acceptable risk is no longer the task of the toxi-
cologist but a soceital decision,

The legal aspects of food additives, pesticide resicles,
etc. for EEC Countrigs are discussed in depth by Alain
Gerard, Gnauck points_out that in case of drugs with
side effects the question is whether to run a risk or not.
Whereas in case of foods one should never run a con-
crete risk or accept noxious side effects.

The second section deals with toxicological evaluation
of food additives. The problems assoCiated with the
testmg for mutagenic potential are extremely well
Prese ted and disclissed. * Attention 1s drawn to the fact
hat some Intestinal microbes can convert certain dietary
components to mutagens in vivo. _Further it is suggested
that tests for mutagenic metabolites of the addifives in
urine and feces of animals fed the compound under
mveshganon may be useful. Cecal contents of such
animals could also be tested.

Munro and Willes elucidate with examples the im-
Portance of studies on pharmaco kKinetics, tissue dis-
ribution and metabolism of a compound prior to con-
ducting studies on possible adverse effects on reproduc-
tive pérformance, In new approaches to mutagenicity
and carcmogemuty testing In vivo mammalian Systens
Zbinden and Schlatter have presented data on bmdmg
of aflatoxin, benzpyrene etc, to DNA in an attempt t
correlate hepato carcinggenicity with DNA alkylation,
Such apﬁroaches hopeflly léad ultimately to™ useful
viable Short term toxicity” tests.

The_influence of nutritional status, qn the metabolism
of toxicity of food additives or Pestludes is well recogi-
nised. . The Renls of extrapo atmg,, folerance levels
determined in healthy animals fed nutritionally adequate
diets to. human Eopulanons I developing” countries
where dle_tar¥ Intake of protein and calories are low are
rightly h|rqh ighted (Almeica et al).  Newberne and

cConnel” have provided extensive and excellent data
to show that newer sources of protejns (single cell

rotein, é)lant protein concentrates) and carbofiydrates
modified starcnes, giums efc.) cannot be included .in
experimental diets with 1000 t0 1. 0r even 100-1 marging
of intended use. The g_rotagomsts for Aloal or Leaf
protein find this disturbing, to say the least! Rightly
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theg stress that cautious clinical stydies jn man should
bedone inone or more animal species with newer types
ofprotein developed from novel or conventional sources.

Epidemiological evidence linking dietaré factors with
t}ﬂJeS of cancer_are_also d|sc_u_ssed,b%/_ ori and the
llergenic potential of food additives is briefly enumerat-
ed by Zanusl.

The imperative need for data on metabolism and
Pharmaco Kinetics of the comPounds In safety evaluation
s stressed Dy Parke.  Specles differences ‘in rates of
metabolism dnd dosage_of a ﬂlven chemical that affect
species of animals “differently are illustrated with
examples (paraacetamol toxicity in mouse hamster
rat; differences in_ microsomal hydroxylation of bi-
phenyl among species etc.)

A number of natural colours extracted from fruits,
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vegetables and_their synthetic eguwalents have been
used. Many of them have not heen evaluated for their
safety. ~ Kojima has lucidly summarised this  data.
It is°of particular interest for the food technologists to
note the reported presence of a potential convulsant
4-methyl-imidazole "in. caramel colour produced b
process using ammonia or its salt.  Specific_data on
pharmogokinetics of styrene monomer ~(Packaging
material),_ marine biotoxins in_ sea food  mutagenic
activity of carmenic acid, cnronic lead poisioning”and
studies on saccharin are other topics discussed.

This proceedings is a welcome addition to I|braray of
any food researCh/toxicology Institute and certdinly
useful for Toxicologists, ™ Nutritionists and  Food
Technologists.

P. B. Rama Rao
CFTR', Mysore.

ERRATA
_ FoIIowing correction is su (Iqested for the pager, ‘,‘Stabilitt% of Groundnut oil durin

continuous_deep-fat fryln(_} at pla
Journal 1979, 16 (2), 75-17.

level” by T. Nataraja Mur

y et al., published m thi

The first line “Sev or Muruky (Bengal gram dhal dough extruded and fried in oil)”
should be read as “Sev or Muruku (Cornsoy—ilk powder dough extruded and fried in oil)
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Annual General Bodr Meetingi

The, 14th Annual Genera Bod¥ Meeting. of the
Association was held on Ist July 1979 af ag Mahal
Hotel, Bombay, Dr. B. P. Baliga, President of the
Association, presided over the meeting. The meating
was attended by 65 members,

The Secretary in his report for 1978-79, highli?hted
the major activities of the_ Association which “Incfuded
adoption_of the new constitution by the Extraordinary
General Body Meeting held on May 25th 1979, It wds
also resolved that the” new constitution will come with
effect from Ist Janury 1980, The Association, he said
has brought out for the first time a technicaldirectory.
Several Symposia_were organised durm% the year _bx
Head quarters, different Zones and Chapters, whic
Included “Status. and Prospects of Contfectionery Indu-
sty In India’ Jomtlgr organised by the - Assaciation,
Central Food Techng R%ICEH Research Institute and the
Indian Confectionery Manufacturers’ Association, New
Delh, at Mysore on"May 25-26, 1979; *Quality Control
In Processed Food’ organised by Trivandrumi Chapter
on December 15-16, “1978; ‘Development of Meat
Industlr:v in India” organised by Western Zone and ‘Small
scale Food Industry for Rural_India’ orqanlsed b
Eastern Zone In September 1978, Severdl seminars
were also arranged b¥ Headguarters, various zones and
chapters on cufrent topics of interest.

he Secretary announced the institution of two new
awards—Yourig Scientist Award” for scientists helow
the age of 35 years for excellence in the area of food
science and_ technology and two Best Student Awards
for the merited Students In_post-graduate course.in food
gﬂgrﬁ(t:g OIand technology.  The r&port was unanimously

Representatives (yvere als? Present from Headquarters,
Western Zone and Bangalore Chapter.

The Secretary presented the audited statement of
accounts and #e budget 8rog sals on ber\alf of tpe
Treasurer.  This was™ adopted unanimously by the
General body.

Presentation of Awards

Prof. V. Subrahman}/an's Industrial - Achievement,
Award:  The award for the year 1978 was presented to
Dr. P. K. Kmmal Ema_cutlv% Director, Food and NutrF
tion Board, New Delhi.  The award consisted of a cas
|gran,t of Rs. 2500, a plaque and a citation. It _was
eceived on hehalf of Dr. Kymal by the Northern Zone
Secretary, Sri A, K. Sachdev.

V' Mysore and Miss Usha Grover, BS

Gardner’s Award: The award for the best research
aper published in the Journal of Food Science and
echnology, during the year 1977 was presented to Dr.

A. Sreefiivasan dnd Dr. D. R. Bongirwar, Bhabha
Atomic Research, Centre, Bombay, for their paper
entitled “Studies in Osmotic Dehydration of Banana”.

Suman Food Consultant Travel Award: This award
for the best essa¥ on. “Role of Food Additives in Food
Processing and Public Health” was given to Sri S S
IP/Ieshpan e, B.Sc., Food Technology™Student, CFTRI,

ySore.

. Young Scientist Award: This award which was
introduced this year (1978) for excellence In research
In_ the area of food Sclence and technolog% for
scientists below the age of 35 was presented to Dr. S.
GovmdareHan, Manaq?_r, Research and Development,
The East India Hotels Limited, New Delni, for his work
o? frorz]enb meals for air-ling catering and dehydration
of on herts.

. Best Student Award; The best student awards, two
in_number for merit in post-graduate courses in food
science and technology ‘was “awarded to Shri_ S S
Deshpande, B.Sc., Fodd Technology Student, CFTRI,
., Food Technology
Stident, GB Pant University, Pantnagar, U.P.

Office Bearers for 1979

The Secretary announced the names of the office
bearers of the “Association for 1979,

President — Sri Dayanand

President-elect — Dr. K. T. Achaya
Vice-president (HQ) — Sri S. K. Majumder

Hon. Exe. Secretary — Sri J. D. Patel

Hon. Joint Secretary — Dr. K. R. Sreekantiah

Hon. Treasurer — Sri K. Lakshminarayana Rao
Councillor (HQ) ~ — Sri K. Vidyasagar.

No nominations were received for_the offices of Vice-
%remdents and Councillors from the Zones. The General

ody authorjsed the Executive Committee {0 get In
touch with the varjous zones and chapters for homi-
nations to these offices. _ _ ,

The President in his conclyding remark briefly review-
ed the activities of the Association. He recalled that the
Association in these 22 years, has contributed considera-
bly towards the development of food science and techno-
Iotg% throu%h arranging symposia and by publication
ofthe Journal. He Stressed the need for thie Association
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to play a larger role in the national planning of research
an deveIoEment work connected with food production
and processing.

The meetin[g ended with a vote of thanks by Dr-
S. R. Padwal Desal,

Ludhiana Chapter
The Third Annual General Body Meeting of the

Chapter was held on 2nd July 1979 in the college of

Agricultural Engineering, Punjab A%ncultural University
(%Hg_hrlana. The President, Dr. J. S. Pruthi was in the
I

Shri A. K. Bharadwaj, the Hon. Secretary presented
the Annual Report for” 1978,

In the absence of Shri A K. Saxena, Hon. Treasurer,
the Hon. Joint Secretary, Shri B, L. Raina, presented the
statement of accounts’and budget proposals.

The Hon. Secretary, then announced the elected Office-

bearers for 1979, They are: _
President —Dr. J. S. Pruthi
Hon. Secretary — Shri B. L. Raina

Jt. Secretary — Dr. V. K. Thaper

Hon. Treasurer ~ — Shri M. S. Teotia

Executive Councillors — Dr. K. N. Singh
Prof. M. M. Kashyap

The meeting. ended with a vote of thanks by Hon.
Secretary, Shri B. L. Raina.

Trivandrum Chapter
The Annual General Body Meeting of the Trivandrum
Chapter was held at Trivandrum Hotel on 6th April
1979, Shri R. Hariharan, President of the Trivandrum
Chapter, welcomed the members and delivered the
opening address, Shri A, V. Bhat, Hon. Secretary, read
the_report on the activities of the Chapter during the
eriod_1978-79. In the absence of Shri C. Balachantran
on. Treasurer, Shri A, V. Bhat read the statement of
accounts for the year 1978, The President announced
the elected office bearers for 1979-80. They are:
President —Dr. A G. Mathew,
Hon. Secretary — Dr. K. Rajaraman_
Hon. Treasurer — Shri M. Gopalakrishnan,

After induction of the new President, Shri A. V. Bhat
proposed a vote of thanks.

LIST OF NEW MEMBERS

Ordinary Members o
Miss Ranjita Maitra, Scientist, FoSTIS, C.F.T.R.I,
Mysore
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Mr. Chalvada Jyothirmayee, C/o G. Raja Rao Plot
No. 50, Indirandgar, Hyderabad-500 0890.

Mr. Gyanendra Upadhyay, Food Crafts Institute,
Vidyanaygar, Hyderagad 30 56

Mrs. B. Kumar Clo Dnguty Tech. Agviser. Mistry
th(%% (4th floor), D. W. Rodd, Church Gate, Bombay-

Mr. Vilas PandurangOSinkar, Ramnarain Ruia College,
Matunga, Bombay-400 019,

Mr, R, Pandural{}ﬁ Padke, Dept of Microbiology. R.
Raja College, Matunga, Bombay-400 019,

Mr. Azeez P. Khambatta, Pioura Industries, Asarva
Bridge, Northend, Ahmedabad-380 016.

Dr. Jayam Subramaniyam, No. 11 Subbaraya Madali,
street, ‘Nungambakam; Madras-600 034.

Dr. P. V. Khandwekar, House No. 265, Old Dharampeth
Nagpur.

Dr. N. Kr_iﬁalani 16E Co_mmunit¥ Centre, Basant Lake,
Vasant Vihar, New Delhi-110 057,

Mr. B. P. Ram, Discipline of Biochemistry, CFTRI,
Mysore-13.

Mr. H. Vinod Kumar, UNU, CFTRI, Mysore-13.
Mr. M. M. Patel, B-3, CFTRI Hostel, Mysore-13.

Mr. Nagin Chand
CFTRI, Mysore-13,

Mr. B. Bihari Lai, 28, Vasant Hostel, Indian Agrl. Res.
Institute, New Delhi-110 012,

Mr. S. K. Kalra, S-2 (Fruit Technology), Central Mango
Resgarch _Institute, ' B-53, Sector™ A, Mahanagar,
Lucknow-226 006.

Discipline of Sensory Evaluation,

Dr. B. Ranganathan, Head, Southern Regional Station,
N.D.R.I., Bangalore-560030,

Dr.. V. Unni Krishnan, Dairy Chemistry  Section,
National Dairy Research Institute, Bangalore-560 030.

Mr. V. VenkateSan, Paddy Processing Res. Centre,
Tiruvarur-610 108,
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S A Ranga Sai,
Hyderahad-500 044,

Mr. K. Nagaiah Setty, 3-5-930, Himayat Nagar,
Hyderahad-500 029.

Sri D. C. Krishna Murthy, 1-8-168/2, Chikkalapalli,
Hyderabad.

S M. V. Ramana Rao, 1-1-336/114, Vivekanagar,
Hyderabad-500 020.

Sri M. Amarbabu, 2-2-1118/3/A, Hyderabad-500044.

Sri K. Prabhakara Rao, 4-7-71/2, Esamia Bazar,
Hyderahad-500 021,

i P. R. Rajendranathan Nair, Chief Quality Control
Officer KLD" & MM Board, Mani Bhavar, Sastha-
mangalam, Trivandrum 10,

1-9-286/2-6A,  Vidyanagar,

Sri Raja%()_palan, CSIR, PTC, Pappanamcode, Industrial
Estate, Trivandrum.

S-S, Govindaswamﬁ/, Sowbzg;i alakshmi Rice Mills,
13A, Kuppamane Thope, Red Hills, Madras-600 052

Mr, Ga;endra Kumar, Jain Ayurvedics, Cash Bazar,
Coowoor-643 102

Mr. Satpal Gera, Ms, \_/ickx Food Corpn, C-38/1,
Lawerence Road, Industrial Area, Delhi-110 035,

Mr. Joseph Selvam, M/s. Kamala Sugar Mills, Amara-
vathi Nagar, P. O. Udumalpet, Coinibatore-642 102

Mr. K. K. Kalsi, Milkfood Limited, Bahadurgarh, P.O.
Dist. Pa}ﬁala zﬁunl}% d o

Dr. S. Gopalan, ‘Sitanivas’, No. 13, Railway Border
Roads, T. Rlagar, Madras-600 017. d

Mr. Jasjit Singh Sandhu, A.Q.C.L., CFTRI, Mysore-13,

Mr. M, Veerabhadra Rao, A Q. C. Ly CFTRI,
Mysore-13,

Dr. V. Sreenivasa Murthy, C.F.TR.I., Mysore-13

Mr. Mackson Kaputo, D-12, International Hostel,
CFTRI, Mysore-13.

MrJDI-Ilﬁr/P\tl]\wm Singh, Model Bakery, L. Palace Building
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Mr, Premchand Gupta, 1.G.S.1., Punjab Agrl University
Ludhiana.

Dr. H.P.S. Nagi, Asst. Milling Technologist, Dept. of
Iiogﬂ Science and Technology, Punjab Agrl University,
udhiana.

Dr. Satpatl Singh Saini, Asst. Fruit Technologist, Punjab
Agrl University, Ludhiana.

Mr. Soumen Pan, 4 Rajendra Avenue, P.O. Uttarpara
Dist. Hoogly, West Bengal-712 258,

Miss Suparna Mukherje, 56, Dingsai Pura Road, Bally,
(Howrah)

Mr. Swa%an Kumar Das, Near No. 1, Bijay Nagar
School P.0O. Naihati, 743 165.

Mr. S. Yella Reddy, Lipid Technology, CFTRI, Mysore-
sty o - ¥ d

Mr. D. K. Dev, College of A8rl Tech., Marathwada
Agrl University Parbhani-431 401,

Mr. R. Naresh, JSA, Packaging Tech. CFTRI,
Mysore-13.

I(\AI\/E'PN)L B. Bera, Clo G. C. Bera, Throba (R. S.), Bilaspur

Student Members

Miss Pravina C. Deshpande, C. K. P. Bank Building,
Senapathi Bapat Marg, Dadar, Bombay-400 028.

Miss Laila B. Hudda, 106, Warden Road, Dharabal
Building, Opp: Omar Park, Bombay-400 036,

Mr. A K. Prajaﬁathi,_C/o, Mr. K. N. Mistry, 7, Neel
Shol%ha_Bld%. Andheri-Kurla Road, Near Union Bank,
Andneri East, Bombay-69.

Mr. Devendra Borkar, Block No. 9, Bldg. No, 16, New
E\I/SetresTthgr%operatlve Housing Society, Borivili (West)

Mr. Yogesh Kumar Sharma, Clo Mr. S, V. Bhalikar,
DI2, New Irani Chawl, Veer Sawarkar Marg, Prabhadevi
Bombay-400 025.
M

r. L. M. Joshi, Co/ Sri L. D. Joshi, E.S.I. Dispensary,
58/36, Birhana Road, Kanpur (U.P)
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Mr. P. S Kadam, C-17, IFTTC Hostel, CFTRI
Mysore-13

Mr SudhlrS Deshpande, C-19, IFTTC Hostel, CFTRI,
Mysore-13

Mr. P. M Badgujar, C-Il, IFTTC Hostel, CFTRI,
Mysore-13,

Miss V. Umadevi, Room No. 208, Block 11, S. V. U.
Women’s Hostel Tirupati-517 502.

Mr. V. Ramalingam, V._S. Hall, C-217, Indian Instt of
Technology Kharagpur-721 302,

Mr. R. JaYakumar C-218, V. S. Hall of Residence,
Indian” Instt.” of Technology, Kharagpur-721 302

Mr, V. K. Tanwar, Dept, of AR.T., Haryana Agrl
University, Hissar,

Mr, C. V. Rama Rao, Dept, of A.P.T., Haryana Agrl
University, Hissar.

Mr. Sh. J. Sahoo, Dept, of A.P.T., Haryana Agrl Uni-
versity, Hissar.

Mr. Ram M. Shahade, C/o M. J. Shahade, Plot No. 91,
Essaji Layout, Gandhi Nanagar, Wardha (M.S.)-442 001.

Mr.. Pushpinder Smﬁh Dept, of Food Sci and Tech,
Punjab Agrl Univ. Cudhiana.

Nilamani Das, Hostel 2/78, Punjab Agrl. University,
Ludhiana.

Mr. Chittaranjan  Santra, Vill-Thekua Chak, P.O.
Kumar Chak Dist. Midnapore.
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Mr. Abu Arset Khan, 21, Bagmari Road, Calcutta-
700 054,

Life Members

MISS Comfort O. Mannah, A-Il, IFTTC Hostel, CFTRI
Mysore-13.

Dr. Sushil Chandra Gupta, 3, Ferro-Sea-USDA,
American Embassy Chanakyapuri, New Delhi-110 021,

Mr. Anwer Ali Zaidi, 1.D.A. Project, P.O. Bag 1829,
Mogadishu Somalia.

SnP K Ramanathan Deputy Director, CF.T.R.I.,
Mysore-13

Corporate Members

MJ/s. Vulcan-Laval Limited, Bombay-Poona Road,
Dapodi, Poona-12.

The Sathe B|scun&ChocoIate Co. Ltd., 820, Bhavani-
peth Pune-411 002,

MJs. Parle (lExports?1 Pvt. Ltd,, Western Egress High-
way, Chakala, Andneri (East), Bombay-400 093

Maize Products, P.0. Kathwada, Ahmedabad-382 430.

M/s. Yann Chemicals & En meermg Pvt. Lrd., F/20
“Everest”, Tardeo Road, Bombay-200 034,

M/s. Kissan Products Ltd., P.B. No. 1676, Old Madras
Road, Bangalore-560 016.



ANNOUNCEMENT OF

Prof. V. Subrahmanyan Industrial Achievement Award for the Year 1979

Nominations for the above award for the year 1979 are invited.

The guidelines for the award
are as follows:

1. Indian Nationals engaged in the field of Food Science and Technology will be

considered for the award.

The Nominee should have contributed to the field of Food Science and
Technology, for the development of Agro-based food and allied industries or to
basic food science and technology with

immediate prospect and/or future
potential for industrial application.

The nomination should be proposed by any member of the Association; the
bio-data of the candidate together with his consent should be given in detail

including the work done by him and for which he is to be considered for
the award.

4. The Awardee will be selected (from the names thus sponsored) by an Expert

Panel constituted by the Executive Committee for the above purpose.

Nominations along with bio-data and contributions, should be sent by Registered Post, so as to

reach Shri J. D. PATEL Honorary Executive Secretary, Association of Food Scientists and

Technologists (India), Central Food Technological Research Institute, Mysore-570 013

latest by 31st of January 1980



ANNOUNCEMENT OF
Young Scientist award for the year 1979

Association of Food Scientists and Technologists (I_ndia?,, announces with pleasure the institution
of the YOUNG SCIENTIST AWARD for distinguished scientific research and technological contributions
to the field of Food Science and Technology.

The award consists of a cash prize of Rs. 1,000~ a Plaque, and a citation. .
Nomination for the Award is open to aspirants fulfilling the following conditions:

L The candidate should be an Indian Natjonal below the age of 35 years on the date of
application working in the broad area of food science and"technology.

2. The candidate should furnish evidence of either,

@) Or(i]ginal scientific research of high quality, ?rimarily by way of published research papers,
and” (especially if the papers are”under joint authorship) ttie candidates own contribution
to the work;

OR

(b) Technological contributions of a high order, for example in product development, process
design etC., substantiated with doclimentary evidence.

The application along with details of contributions and_bio-data i\in triplicate) may be sent by
registered pose, 50 8910 1each Sri J. D. Patel, Hon. Exec. Secreta%0 ssociation 0f Food Scientists
and Technofog|sts (India), CFTRI, Mysore-13 hefore 31st January, 1940.

ANNOUNCEMENT OF
Best Student award for the year 1979

Association of Food Scientists and_Technologists (Indiag announces the institution of the BEST
STUDENT AWARD for students with a distinguishéd academiC recard undergoing post-?raduate COUISeS
in Food Science and Technology. There are twd awards, each comprising a book grant of Rs. 500/-,

The award is open to candidates fulfilling the following conditions:

1 The candidates must be Indian nationals undergoing Post-graduate courses in the area of
Food Science and Technology in any Institution in India.

2. The Head of the Post-graduate Deﬁartment ma%/ put tg) for the award, the name of one
candidate from each Institution, who has at least completea one year of study, supported by the
following information prepared by the candidate:

8 Graduate record

) Post-graduate performance to date.

Nominations may be sent by registered post so 49, 10 reach Sri J._D. Patel, Hon. Exec.
Secretary, Association of Food Sclentists and Technologists (India), Central Food Technological Research
Institute, Mysore-570 013 hefore 31st January 1980,



Organoleptic
isd 10N word.

It means to guarantee smell and
taste.

Which we create.

Exquisite flavours and fragrances
for your product.

Which is incomplete till you
come to us.

From Liquor to soft drinks
Pharmaceuticals to cosmetics
Agarbattis to detergents

We add that certain something.
As Naarden International have
been doing abroad for years.
Years of experience and
technological know-how that
they helped us with.

And nose-how too!

We at Naarden India have been
creating flavours and fragrance
for nearly 30 years.

Simulating your product in aur
application laboratory.

Adding a smell or a taste to it.
To show you what the ultimate
product will be like.

We create just the thing to
complement your product.

To give it the crowning touch-
The Naarden touch

That
Difference is
Naarden

Call us in right from the start

® . naarden (india) limited

a- E Regd. Office: Plot No. 6,, Saki Vihar Road, Saki Naka, Bombay 400 072
Tel. No: 582306 (5 lines)

FDS-NI-771



VITAMIN
PREMIXES.

PIONEERS AND LEADERS
IN THE SYNTHESIS OF VITAMINS.

ROCHE PRODUCTS LIMITED , 28 Tardeo Road, Bombay 400 034



INSTRUCTIONS TO CONTRIBUTORS

Manuscripts of papers should be t¥oewr|tten in double space on one side of the, paloer only, The
should be submitted in triplicate. The manuscripts should be complete and in final form, Since n
alterations or additions are allowed at the proof stage. The paper submitted should not have been
published or communicated anywnere,

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

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

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

Tables:  Graphs as well as tables, both representing the same set of data, should be avoided.
Tables and figures should be numbered consecutively in Arabic numerals and should have brief
titles. Nil restlts should be indicated and distinguistied clearly from absence of data.
Diustrations:  Line drawings should be made with Indian ink on white drawin hpager P_referably
art paper. The lettering should be in pencil. For satisfactory reproduction, graphs and line draw-
Ings should pe af least twice the printed size. Photographs must be on glossy’paper and contrasty;
two 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 ofall the authors should be cited completely in each reference. Abbreviations
such as et al., should be avoided.

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

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

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

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

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

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

VARIABILITY IN THE PHYSICO-CHEMICAL AND MILLING CHARACTERISTICS OF INDIAN
TRITICALES

G. V. Kumar, G. C. P. Range/ Ran, G. Venkateswara Rao anil S. R. Shurpalekar
STI\l/IJR{EI?\I (E)N CHEMICAL DEVELOPMENT OF DOUGH OF INDIAN WHEATS FOR BREAD-

Maninder Kaur and G. S. Bains

THE QUALITY OF WHEAT FLOUR: INTERVARIETAL QUANTITATIVE DIFFERENCES,
BETWEEN GLUTEN COMPONENTS
B. P. Ram and S. N. Nigam

STUDIES ON BLAND GROUND NUT (PEANUT) FLOUR
K. S. Srinivasan, G. Rama Rao and B. H. Subba Ran

CONTROL OF SPOILAGE DURING SUN-DRYING OF COCONUT

H. Sreemulanathan, Satyavati Krisimakully, K. M. Jainamma, C. Krishnaswamy, A. G. Mathew and V.
Subrahmanyan

IN-PACK PROCESSING OF READY-TO-EAT FOODS IN INDIGENOUS FLEXIBLE PACKAGING
MATERIALS. PART HI. STUDIES ON NEWER PACKAGING MATERIALS CAPABLE OF
WITHSTANDING THE PROCESSING TEMPERATURE

K. G. Ghosh, K. G. Krishnappa, A. N. Srinvasta, K. C. Eapen and P. K. Vijayaraghavan

RELATIONSHIP BETWEEN UNCOOKED PULSES AND INTESTINAL cLosTRIDIA IN
FLATULENCE

S. K. Garg and J. Vertna
THE USE OF RAGI (ELEUSINE CORACANA) IN BREWING

S. Venkatanarayana, V. Sreenivasa Murthy and B. A. Satyanarayana

COMPARATIVE STUDIES ON DEHYDRATION OF PEAS TN FLUIDIZED BED AND CONVEN-
TIONAL TRAY DRIER

H. Gangopadhyay and D. R. Chaiidliuri

STUDIES ON DEEP FAT FRYING—CHANGES DURING HEATING OF OIL
S. N. Sulihana and D. P. Sen

Research Notes

VARIETAL DIFFERENCE IN EQUILIBRIUM MOISTURE CONTENT OF RICE AND EFFECT
OF KERNEL CHALKINESS

K
K. R. Bhattacharya, Y. M. Indudhara Swamy and C. M. Sowbhagya
T

SIMPLIFIED EXTRACTION PROCEDURE IN THE RAPID SPECTROPHOTOMETIRC METHOD
, F(()SRAIEY?OP%NE ESTAMATION IN TOMATO
. . sule an moa

n

LACTOSE CONTENT AND PARTICLE SIZE DISTRIBUTION IN GHEE RESIDUE OBTAINED
FROM DIRECT CONTACT HEAT EXCHANGE P

A. H. Zaidi, H. Abiehandani and S. C. Sarnia
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