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RESEARCH PAPERS

Seed Protein Fractions and Amino_Acid Composition of

Some Wild
U

Species of Pigeon Pea

Singh, R. Jambunathan and Santosh Gurtu

International Crops Research Institute for the Semi-Arid Tropics, (ICRISAT), Patancheru-502 324,
A.P. India

Manuscript received 25Ju|y 1980; revised 1 Dec. 1980
The pslt%)n pea and eight wild related Species belonging to the sUbtribe cajaninae Of trite Phaseoleae (LeguMINOSEE)
viere stucied for

or their seed protein fractions and levels of
viere characterized by SDS—polyacrylamice
protein Sulounits in these species; althoug

or . 1ESE S |
%a%al seed proteins of wildl relatives of pigeon pea, were

| electrophoresis,  The electrophoretic
g?Hhe in?e%?ty of these abnrlotsp?rd other minor protein. subunits varied.
analysed for amino acid

nonprotein: nitrogen.— Salt soluble proteins of these Species

pattemn revealed similarities in the

composition.  Seed protein  content

of the wild species wes higher then that of the cuitivated species.  Consicerable differences in the levels of lysine and
Sulprur containing amino acicls wiere onserved among the wild speces.

As in several other grain legumes, the limiting essen-
tial amino acids in pigeon pea (Cajanus cajan) are the
sulphur containing amino acids, methionine and cystine,
and tryptophanl. The selection of cultivars with higher
protein content and better nutritional quality without
reduction in yield is one of the objectives of ICRISAT.
We have screened several thousand germplasm acce-
ssions and have identified a few wild relatives of Cajanus
having a higher protein content. Earlier attempts to
develop high protein lines by crossing the cultivated
species with wild relatives has led to some improvement
in the protein content of their derivatives2. In this
paper seed protein fractions, electrophoretic patterns
of salt soluble proteins and the amino acid composition
of eight wild relatives of pigeon pea are reported.

Materials and Methods

Seed material of wild relatives anc cv.‘T-21" of pigeon
pea grown in the 1976-77 rainy season at ICRISAT
Centre, Patan cheru, were obtained from the Genetic
Resources Unit of ICRISAT. In order to remove the
seed coat, samples were soaked in water at 5°C over-
night. Excess water was decanted and seed coats were
removed manually by use of forceps and samples were
dried in the oven at 65 C. Decorticated seed samples
were ground in a Udy cyclone mill to pass through a
60-mesh sieve and were defatted using hexane in a
Soxhlet apparatus. Nitrogen in the samples was deter-
mined by the microKjeldahl procedure3 and converted
into crude protein multiplying with 6.25. Non protein

nitrogen (NPN) was extracted using 10 per cent trichlo-
roacetic acid (TCA) as described earlier.4

Amino acid analysis: Defatted samples (50 mg)
were refluxed in 50 ml of 6N HC1 for 24 hr and the acid
was removed in a rotary flash evaporator. Residues
were taken in a known volume of citrate buffer (pH2.2)
and an aliquot of each sample was used for analysis
in a Beckman 120-C amino acid analyser.

Extraction of Protein Fractions and Electrophoresis
of Salt Soluble Proteins: Defatted flour samples were
successively extracted with 0.5 M sodium chloride solu-
tion in 0.01 M phosphate buffer (pH 7.0), 0.1 N sodium
hydroxide and 70 per cent ethanol to separate the total
seed proteins into albumin and globulin fraction,
glutelin and prolamin fraction, respectively as described
by Osborne5, The flour sample (Ig) was extracted with
the first solvent (15ml), and after centrifugation, the
residue was reextracted twice and supernatants were
collected and made up to a known volume. Similar
steps were carried out with the remaining two solvents.
Nitrogen in the protein extracts was determined by the
microKjeldahl procedure.  Sodium dodecyl sulphate
(SDS) polyacrylamide gel electrophoresis (PAGE) of
salt soluble proteins was carried out according to the
procedure of Weber and Oshorn6. For this procedure,
protein in the extracts obtained with 0.5 M sodium
chloride solution in 0.01 M phosphate buffer ﬁpH 7.0)
was determined by the method of Lowry et all. The
protein solutions were incubated with 0.1 per cent
mercaptoethanol and 0.1 per cent SDS solution for 3

Submitted as JA No. 150 by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
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min at 1003C prior to eIectro horesis. Extracts of each
jug)

sample conta| Ing equal am unt of protein (200

wasa'p|e on each el and all the sam Ieswere run
concur entg Huma serum abumm ), oval- -
bumin (4 ort ington Bjochemica Corporaoon
USA) an o lobin

7,800) SSI ma Chemical Co.,
U.S.A) were us d as reference proteirs.

Results and Discussion

Results of protein solubility fractions of wild relatives
and the cultivated species of pigeon pea, (cv. ‘T-21") arc
shown in Table 1 The protein content in wild relatives
ranged between 28.3 and 30.5 whereas Cajanus had
24,7 per cent. Earlier workers2 have also reported hloher
protein contents in some wild species compared to th
cultivated species. Nonprotein nitrogen ranged between

0 and 134 per cent among the wil speoesascomPared
to the cultivated species which had 110 percent (Table 1
Some variation was observed in the levels of salt soluble
proteins, albumin and globulin (68.5 to 75.3%) in wild
species.  The glutelin fraction varied from 154 to 20,9
per cent among wild species and was 19.6 per cent in
ov. ‘T-2U". Again no Iarge dn‘ferences Were opserved
in the amount” of prolamin fractions among the wild
species and the culivated species. This shows, that no
ma or differences eX|st between the wild relatives and
cultivated species of pigeon pea as far as the distribution
of seed pro Bin fract|ons I$ concerne.

olyacrylamide gel electrophoresis of the salt

squbIe pr tems was carried out to find out If there arc
any genet|c variation in the different subunits of seed
storage proteins. The electrophoretic banding patterns
of thése species are shown in Fig L it was observed that
two protein subunits with higher molecular weight arc
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F|g L EIectrophoretlc patterns of saIt squbIe protems ofW|Id

relatives and cultivated species: a, A. albicans; b, A. lingata;
¢, A pIatharpa d, A, scarabagoides; e, A. sen'cea; f,A. volubilis;
0, F grahamiana; h, R. rollin’ i, cv. T-21;], Reference proteins.

the major components of seed storage proteins and these
Proteln subunits with varying intensity appeared i all
he wild relat|ves mcIudmg the. cultivated species of
pigeon pea, However, front the intensity of the bands
|t a e red that these protein subunifs were present
in |g er proportion in cv. “T-21" than in other Species.
Also;” some other differences In the intensity of fast
moving protein. bands were found. I the case_of
Alylosia volubilis (Fig. 1-f) some of the fast moving
bands appeared to be absent when compared with gther
species. In general, the electrophoretic pattern of salt
soluble protéins. revealed similarities between the wild
relatives and cultivated species and this might erhaP
be considered a clue that these species aré related

each other with respect to the characteristics of some of

Table 1. seed protein fractions (per cent of total n) of wild relatives and cultivated species of pigeon pea

_ Crude Non

Species protein* protein

(%,) nitrogen

Alylosia albicans 305 105

A. lineata 291 9.7

A. platycarpa 292 113

A. scarabaeoides 284 126

A. sericea 294 9.0

A. volubilis 28.3 134

Flemingia grahamiana 293 108

Rhynchosia rotini 287 94
Range 283 to 9.0 to

305 134

Cajanus cajan 2.2 10

(cv. T-21)
Moisture free (NX6.25)

Albumin _
+ glutelin~ Prolamin  Residue Total
globulin
5.3 170 35 7S 98.0
709 192 4.2 35 978
636 209 48 4.6 98.9
142 158 36 30 96.6
122 16.0 38 54 974
129 175 39 33 97.6
685 183 53 47 96.8
718 154 28 41 94.1
68.5 to 154 to 28 10 2210
5.3 209 5.3 54
104 196 31 38 96.9
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Table 2. amino acid (g/16gn) composition of wild relatives and cultivated species of the pigeon pea

Amino acids Aalbicans Alineata A.glaty- A.scara-  A.sericea Avolubilis Flemingia Rhynchosia Range  Cajanus
carpa’  haeoides grahamiana - fothii cajan
Lysine 1.10 6.33 6.95 6.17 6.74 748 6.31 682  6.17--748 7.6
Histidine 3.21 419 319 3.44 4,03 318 361 362  3.18--419 421
Arginine 598 6.54 8.32 8.07 1.55 6.55 621 172 59%8—832 189
Aspartic acid 10.64 10.72 10.75 10.78 10.24 8.82 10.09 109  882—109 10.74
Threonine 3.46 3.84 4.83 4.29 432 342 3.66 419  3.42--483 424
Serine 4.83 478 5.09 513 490 4.82 5.06 531 4T78— 573 630
Glutamic acid 25.08 23.75 24,06 23.84 2419 2342 22.75 1893  18.93—25.08 2471
Proline 4.25 4.20 553 4.76 5 398 4.26 510 3.98--553 390
Glycine 353 4.65 4.70 4.79 4.58 379 584 448  353— 584 457
Alanine 3.24 4.96 538 5.21 517 4.63 512 421 324—572 502
Cystine 097 0.90 L 13l 115 088 116 158  088— 158 103
Valine 41 4.80 6.32 518 4.96 447 4.84 571 447— 632 570
Methionine 116 117 1.08 117 1.34 0.96 186 075 075— 186 182
Isoleucine 3.60 4,06 4,02 440 4.22 401 4.23 440  366— 439  4.06
Leucine 8.31 8.95 8.73 9.60 7.88 8.56 8.76 839  7.86— 960 870
Tyrosine 2.15 3.03 3.24 3.21 3.16 2.65 2.15 328 265—328 318
Phenylalanine lo@ 11.00 1043 9.26 1131 13.44 12.19 820 8.20—1344 100
N. recovery (%) 87.23 89.51 96.13 94.38 92.46 86.46 90.10 80 86.46—9.13 9153

the important genetic constituents. Further studies of
specific. isoenzyme and cytological tests are required to
ascertain the “genetic rélationship between the culti-
vated and wild"species. | _ _

The amino acid composition of wild relatives and
cultivated sFeues are shown in Tahle 2 TryPto han
was not analysed and the reported values for methioning
and cystine are probably low as they are partly destroyed
during h¥drol_y3|s. Alsg the values reported here are'the
results ot a single determination on unreplicated mate-
rial, and therefore, the data should be used with caution,
Some differences were observed in the levels of essential
and non essential amino acids of total seed proteins
among the wild relatives.  Lysine and p_henpalam_ne
levels Were higher in Atylosia volubilis than in other wild
relatives and “Cajanas Cajan, whereas the reserve trend
was trye for aspartic acid, threanine, cystine and tyrosine.
Atylosia sericea contained the highestamount of sulphur
amino acids, methionine and cystine which showed an
appreciable variation among ‘the species,  Atylosia
scarabacoides had the lowest Iysine content of all sPeues.
From the nutrition point of view, the levels of both
methionine and cystine are important and should be
considered togethér8.  Moreover, lysine and sulphur
amino acids viere consicered as two of the important

protein components in a cereal and lequme based diet
as they fend to complement each otfier.  Therefore,
inforniation regarding the levels of these amino acids in
the wild relatives would be of interest to breegers and
other congerned scientists in progi_rams that are involved
in upgrading the nutritional quality of the grain.
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Studies on Desi and Kabuli Chick-Pea (Cicer arietinumL.) Cultivars
I1. Seed Protein Fractions and Amino Acid Compasition

U. Singh, S M. Raju and R. Jambunathan
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Andhra Prad

Manuscript received 20 August

esh, India.
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Amino acid composition of total seed proteins of four cultivars each of Desi and Kabuli chick-pea was determined.
The distribution of various classes of proteins in these cultivars was studied using three different solvents and the

salt soluble proteins were characterized by sodium dodecyl sulphate (SDS)—polyacrylamide gel electrophoresis.

Very

little difference was found between Kabuli and Desi type chick-pea cultivars and it was not possible to distinguish these

cultivars by the techniques employed.

Proteins, in addition to nucleic acids, are species-
specific macromoleculss and can be used for' taxo-
nomic differentiation. Although most of the proteins
I legume seeds consist mainly of albumins and
lobulins and are thus relatively less heterogenous
an the cereal proteins, dr erent Ie ume secres
contain vary |ng amounts and Epes of rotern
on their solubility criterial ectrophoretlc Pattern
of Iglobuhzns extracted from different species of legume
Is Known

Within the, cultjaved species of chick-pea (Cicer arie-
tinum L,)Desi and Kabull types are two distinct groups
oforactrcal |moortance Desi types with yellow to Drown
testa are mostly grown as a “cool season” crop In the
trop |cs Kabuli Types with cream coloured testa are

enera )f) grown &sa sumner crop in more temperate
zones esi types account for over 80% of the world’s
chick-pea ro uction.  Earlier workers3 studjed the
distribution of nutrients in Kabuli and Desi cultivars of
chick-pea and reported that Kabuli cultivars had higher

rotein, ether extracts, and iron content. But results

rom our Iaborato ry4 indicated no srgnrfrcant differences

in the levels of rotern content soliible su ars, starch,
ether extract, and ash between Desi and Kabuli types
However, we 0 served that seed coat percentage’ and
fiber content differ considerably and thus could e
to drstrnthturs between Desi arid
vars. ThIS rﬁ)a?er describes the results of the study on
seed protein fractigns, electrophoretic patterns, “and
\%nrrsno acrd compostion of some Dest and Kabuli culti-

Kabuli chick-pea cultr

uwed 01N

Materials and Methods

Four Desr cultivars iBG 203", ‘Annigeri’, ‘CPS-1’,
T-3) and four Kabuh al trvars ‘Rabat’, ‘Giza’, L550
-4) grown at experrmental farm, Hissar
(129°N) durin the post rain &rabr) season of 1977-
978 were used in this experiment. Seeds were obtained
by poling seeds from single plots from our chick-pea
breeding séctions. Dhal (decorticated split seeds) samples
were prepared by soaking whole seeds in an excess of
distilled ‘water and keeping them at 5°C overnight.
After decantrn the excess water, seed coats \iere
removed rX orceps manua ly and samples were afied
|n the ove at 65°C. Dhal samﬁles were ground in a
ch clone mil] to pass through a 60-mesh sieve and
were defatted usrnr(% n-hexane n"a_Soxhlet apparatus.
Total nitrogen and non protein nitrogen:  Total nitro-
gen in ihe samples and extracts was determined by the
microKjeldahl method3 and crude protein content” was
calculated using a factor of 6.25, Non Rrotern nitrogen
N) was extracted using 10% trichloroacetic acid
TCA) as described earlier6 and nrtrogien In the extracts
Wwas determined b}/t e mrcroKA hl method.
Separation of protein fractioris: The defatted flour
samples were successrvey extracted with 0.5 M sodjum
chloride in 0.01 M phosphate buffer toH 7.0) solution,
sodium hydroxide and 0% ethanol to separate
the proteins into albumin and globulin, glutehn and
rolamin fractrons res ectrvelz as clescribed earlier7.
he roursam Ie extracted wrth the frrst soIvent
¥ Sh a |(%|n a Centri 5guge tube for 1 hr and
centrrfuged at 12000xg for 15°min.  Supernatant was

Submitted as J.A. No. 145 by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT).
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saved and the residuye was again extracted twice for 30
min successively with the Same solvent and similar
steps were carriéd out using other solvents. Extracts and
washings from each step” were pooled, made up to

a known volume and nitrogen in the extracts was deter- [y

mined by the microKjeldahl procedure.

Extraction and electrophoresis of salt soluble proteins:
Defatted flour samples were extracted with 0.5 M sodium
chloride in 0.01 M phaosphate buffer Ep
as described above. Protein content in the extracts
was, estimated as ?er the procedure of Low%_ et alg
Sodium dodecyl sulphate (SDS) polyacrylamide gel
electrophoresis” was™ performed according to fhe
rocedure of \Weber and Osborn9 with. minor modi-
icatigns.  In the Qroced_ure used, protein extracts of
samples were treated with 0.1% SDS and 0.1%_ 2
mercapto-ethanol in 0.01 M phosphate buffer (pH 7.1)
for 3min at 100°C.Aliguots of each sample containing
about 200 0 Drotein viere ap lied on each of the acryla-
mice 8e| (7i (g and electrophoresis of all samples was
carried out concurrently 1 0.1 M_phosphate. buffer
pH 7.1). Human serum albumin (68,000}, ovalbumin
45000) and myoglobin (17,800} were used as standard
eference proteins. Gels were stained in 0.25 % Cooma-
ssie Brilliant Blye R-250 in a solvent consisting of metha-
nol: water :acetic acid (5:4:1, viv). Destaining of the
0el was a_ccomgllshed with the same solvent prepared
in the ratio of 5:88:7,

Amino acid analysis: . Defatted flour samples were
hydrolysed by refluxing in 6 N HCL for 24 hr and excess
acid was removed ysing a flash evaporator._ Residues
were dissolved in citrate buffer (p 2.2I). The amino
acids were analysed in an amino acid analyser (Beckman
120C Modkel).

H70) for Lhr Db

Results and discussion

The results of the protein fraction data of Desi and
Kabuli samples are shown in Table 1 Protein content
ranged between 23.7 and 26.8 for Desi cultivars and
etween 220 and 270 for Kabuli cultivars. = The
amount of non-protein nltroglen (NPN) was sli htlg(
h|?her In Kabuli cultivars (12.3%) as compared to Desi
cultivars ;11.1%). Only small ditferences in the distri-

ution of seed “protein fractions of Desi and Kabuli
types were observed. Among Desi cultivars, salt soluble
proteins, albumin and globulin varied from 719 to 76.8%
while in Kabuli culivarsthe values ranged between 75.4%
and 808, The distribution pattern of Gglutelm and prola-
min fractions did not differ much anc'hence it was not
Bossmle to distinguish between Desi and Kabuli- types

ased on this crierion, _

Electrophoretic patterns of salt soluble progeins of
Desi and Kauli cultivars revealed the presence of several
Sub-units qu. 1). One mggor protein component with
lower molecular ‘weight was found to pe present in gl
the cultivars studied and the general electrophoretic
pattern did not reveal any major ifferences between the
Desi and Kabuli cultivars, - Using electrophoretic techni-
8ue it has been reported that relative proportions of

ifferent storage proteins vary considerably in different
s?eues_ of lequmes2. Earlier workers also rePorted that
%obulm fractions of the different varieties of chick-pea

ehaved similarly on gel chromatography and sedi-
mentation analysis but there were différences in bandin
pratterns obtairied by acrylamide ?el electrophoresisi(l
he present mves_tlgatlo falled To reveal any signi-
ficant difference in the electrophoretic patterns™ of
Desi_ and Kabuli cultivars, thus Indicating that more
specific studies like isoenzymes and their electrophoretic

Table 1. seed protein FRACTIONS (PER CENT OF TOTAL NITROGEN) OF pesi AND kasuLi CULTIVARS OF CHICK-PEA

Cultivar Progein* NPN
Desi (k)
BG-203 26.5 107
Annegiri 24.2 123
CPS-1 26.8 120
T-3 27 95
Range 23710 95to
Kabuli %8 123
Rabat 241 126
Giza 21.0 131
L-550 22 125
K-4 246 109
Range 2210 109 to
21.0 131

Moisture-free (Nx6.25)

Albumin+  Glutelin ~ Prolamin  Residue Total
globulin

745 204 18 13 9.1
76.6 198 30 10 1004
76.8 218 12 14 1003
7.9 206 25 13 9.3
71910 198 to 1210 10to 96.3 to
76.8 218 30 14 1004
78.6 184 14 13 99.7
808 180 19 0.9 1015
7195 189 14 0.8 100.5
154 194 18 11 97.6
5.4 to 18.0 to 14 to 08 to 97.6 to
808 194 19 13 1015
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Table 2. amino acid composition (g/16 g n) of ae

Desi

Amino Acid _

BG-203  Anneghi  T-3 CPS-1 Range
Lysine 6.24 6.61 6.61 6.03  6.03- 661
Histidine 2.34 231 2.37 233 231- 237
Arginine 9.97 11.83 9.90 1249 9.90-12.49
Aspartic acid 1143 1142 13.06 1193 11.42-13.06
Threonine 3.00 353 3.48 333 3.00- 353
Serine 419 4.89 515 499 479- 515
Glutamic acid 1927 2020 1961 1859  18.59-20.20
Proline 3.60 3% 4.07 378 3.60- 407
Glycine 399 4.28 4.08 39  39- 428
Alanine 417 452 4.38 421 417- 452
Cystine il 1.04 1.34 135 104 135
Valine 413 4.64 422 404 4.04- 4.64
Methionine 128 1.34 124 121 124 134
Isoleucine 3% 403 4.03 365 3.65- 4.03
Leucine 152 791 791 136 7.36- 791
Tyrosine 2.85 3.00 3.07 291 291- 307
Phenylalanine 532 537 5.56 522 522- 556
N. recovery (%)  85.45 91.05 820 8875 88.36
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si and kabuti cultivars of chick-pea

Kabuli

Rabat Giza L-550 K-4 Range
6.34 6.82 1.26 658  6.34- 7.26
212 237 244 226 2.12- 244
11.03 12.04 9.49 1044 9.49-12.04
10,99 14.15 133 1253 10.99-14.15
320 346 3.65 349 3.20- 365
4.68 5.39 540 531 468 540
19.28 20.36 2100 2035 19.29-21.00
394 4.07 4.34 404 394- 434
3.78 4.13 433 421 3.78- 433
4,03 4.48 472 455 4.03- 472
10 13 148 114 o B
4,07 4,05 4.36 412 4.05- 4.36
118 132 132 142 118 142
350 390 4.06 380  3.50- 4.06
7.05 1.69 8.24 775 1.05- 8.24
210 3.06 328 298 2.70- 328
4,98 555 5.90 545 498 P90
85.05 95.50 90.97 87.20

noticeable differences were found between Desi and

tion,
disti

1
2.

FlE 1 Electrophoretic patterns of salt squbIe proteins of
chic Eea cultivars ‘a, Standard proteins; b, BG-203; ¢, Annigeri; 3.
d, T-3; e, CPS-1; f Rabat; g, Giza; h, L-550; i, K-4.
gattern should be undertaken before any conclusions )
re drawn.

Amino acid composition of Desi and Kauli cultivars 5.
fchrck -pea IS shown In Table 2 Lysine content (0/16

N) ranged between 6.34 and 26 for Kabuli cultivars, 6

ereas it varied from 6,03 to 66L for pesi cultivars. .
Among aII the cultrvars L 550" had the highest lysine
(7.26. 0/ (} and su 2n ur-containing amino_acids, 8
methronrne and cystine (2.60 %168 N). Although some
varjation in the” concentration of Sulphur-containing o

amino acids was observed among these cultivars, no

Kabuli typ
here are probably Iow and shoul

Methionine and c stine values reRorted
be treated wit cau
ears to he no clear
| cultivars based on

€S,

From theSe data there a[r))g
nction between Kabuli and Des

their amino acid composition.
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Mature fruit-bodies (MF) of Calocybe indica, an edible white mushroom contain greater amount (17.21%) of protein
than the buttons (15.07%) on dry wt. basis. Gel electrophoretic analysis of soluble proteins of fruit bodies of develop-
mental stages reveals that 20, 18 and 16 protein bands are present in button (B), stipe with well differentiated pileus

(SWP) and stipe with tiny pileus (SP), respectively. MF also shows 18 protein bands.

Six to seven unique bands

usually occur in B, SP and MF but only 3 have been detected in SWP. Certain bands which appear in one stage
disappear in subsequent stages, while others remain unaltered. Chromatographic analysis of fruit-body protein shows
that C. indica contains 12 amino acids and one amide. Glycine seems to be the predominant one.

The nutrifive quality of edible mushrooms sometimes
varies significantly with the species or strains. Proteins
and amino_acids” are the most important constituents
of fruit-bodies apart from other nutrients such as carbo-
h¥drates vitamins and minerals. .~ Considerable amount
ofwork has been done on the estimation of amino acids
lo_rotems of mycelia or fruit-bodies, but relatively
Ittle work has been done on qualitative and quanti-

morphogenesm_ of
of ediblé fungiZ'3

and
very
tative changes in proteins dunng
basidiocarps and protemn pattern
This investigation was done to study the changgs in
protein pattérns durmﬂ the development of fruit-body
protein content as well as amino acid composition of
Calocybe indica, & popular edible mushroom of India4*6.

Materials and Methods

Fruit-bodies were grown on soil-sand-wheat bran
substrate to estimate proteins and aming acids. Fruit-
hodies of different 9rovvth stages were collected, washed,
dried at 105°C for 24 hr, powdered and stored in a desic-
cator until use. Thirt mllllgrammes of the dried powder
were susPended in 6 per cent tri-chloro acetic acid (TCA)
and heated for 20 min at 90-95°C to remove nucleic
acid contaminants. The supernatant was decanted off
and the pellet was washed twice with cold TCA (b per
cent) by centrifugation. The resicue was digested with
knownvolume of H2504 and copper catalyst7. Rest
of the Fr])rocedure was as described earlier§:

For the analysis of grotem patterns at different stages
of fruit-nody "~ development, . fresh . fruit-bodies were
collected from trays, homogenised with a known volume
of Tris-HCI buffer solutiont in cold (4°C). Clear super-
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natants were collected after centrifugation at 10,000 g
In cold (4°C). This supernatant was again ultra centri-
fuged (1,05,000xq) at 4°C for one holr.  After ultra-
centrifugation, the' clear supernatant was concentrated
against 2M sucrose solution and stored in a deep freeze
until use, Polgacrylam|de 0el electrophoresis of the con-
centrated matérial was donie by following the procedure
of Davis9, ~ After electrophorgsis, the protein 8e|s were
stained with 0.25 per cent coomassie blue and the Rf
values of the protein bands were determined. For each
treatment three replicates of gel column were used,

10 ana_l%/se the amino acid"composition of protein,
fresh fruit-body was collected, washed and known
quantity was _omogiemsed with a known volume of
NaOH"(0.4N) in cold. _Supernatant was_ obtained by
centnfu?atlon at 10,000Xg in cold. Protein was preci-
Bltate_d rom the clear sup@matant with 6 per cent TCA

adjusnn? its pH to 4.5 The precipitate was collected
after centrifugation at 10,000 x1q, for 15 min and washed
twice with 6 (Per cent TCA. The remaining procedure
was as stated earlier8  The amino acids In the acid
thronsate of fruit-nody were determined by paper
chromatographys.

Results and Discussion

Comparison of protein contents of fruit-bodies of
developmenta)_stages:  Fruit-nodies of different stages
viz, hutton {B)‘; stipe with tmg pileus (SP); stipe with
well differentiated pileus (SWP); stipe, pifeus and glls
.2, matyre fruit-body (MF) were collected from “the
tra¥s and proteins were estimated

he results i Table 1 show that mature fruit-body



%

Table 1. protein contents of fruit-bodies at developmental

STAGES
Stages of fruit-body % protein content

tS.E*
Button (B) 15.07+0.44
Stipe with tiny pileus (SP) 13.1370.59
Stipe with well differentiated 12.35"0.44

pileus (SWP

Mature fruit-body (MF) 17.21"0.58

t Based on 3 replicates and on dry wt basis.

of C.indica shows greater protein content than button or
fruit-bodies of intermediate stages. The difference
between mature and young. sporacarps (stipe with tiny
pileus) appears to b¢ significant with regard to their
protein contents, ~ Appdrently, button shows greater
amount of protein than oun%_sporocarps. o

Comparative studies on protein patterns offruit-bodies
of developmental stages; To study the protein patterns
of fruit-bodies of dévelopmental Stages, goolyacrylamlde
0el electrophoresis technique of Davisd was_adopted
with modifications. The results reveal that 20, 13and

6‘oro_te|n bands are present in button, In stipe with
well differentiated pileus and in stipe with tin

ileus
respectively gHQFR Mature frmt-bod%/ also § s I
protein bands. “The presence of common protein bands
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indicates,_the Presence of common higchemical activi-
ties In different stages of development. There are certain
unique prrotem bands found in a particular stage of fryit-
body. These unique Pr_otem bands could be responsible
for different types of tissue formation or expansion or
both. Some bands are present in early sta?es but dis-
apPear n subse_guent ones and reappedr in Tatey sta?e_s.
All these variations both in numper and type of protein
probably contribute towards the importance and comple-
xity of the particular stage of the fruit-body. The diffe-
rent protein Ipatterns at different stages of dévelopment of
a_hasidiocarp of Volvariella volvacea were studied b
Chang and Chan.19, They also reported different types
of protein patterns in the fruit-bodies at developméntal
stages and suq{qeste_d that the presence of a specific
protein In a cell indicates the_presence of a functioning
?ene and whatever is res_BonsmIe for regul_anon of Fene
unction is also responsible for cellular” differentiation,
Aming acids of mature fruit-body: _ Since biological
value of protein depends on the rélative concentration
of different amino acids, Rartl_cualrly of the essential
ong, it was considered worthwhile to analyse the amino
acid composition of fruit-body. . The ‘mature fruit-
bodies were collected and their amino acids were deter-
mined. The results are shown in Table 2 along with
those ohserved by others1-14 in other edible mushfooms.
Results of the “chromatographic analysis of protein
(acid hydrolysates) show that C.indica contains” twelve

Fig. 1. Comparison of protein patterns of fruit-bodies of developmental stages.

B & B—Button; SP & SP'—Stipe with tinK
fruit-body; Left-photograp

pileus; SWP & SWP—Stipe with well differentiated pileus; MF & M F—Mature
s; Right—diagrammatic sketches of the same. DF—Dye front.
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Table 2. comparison of amino acids (%Dlper 100g protein) of fruit-body protein of different
BLE MUSHROOVS

Amino acids and amide *Calocybe indica
Aspartic acid 100
Threonine 0.52
Serine —
Glutamic acid 212
Proline Trace
Glycine 1080
Alanine 1.60
Cystine —
Valine 248
Methionine —
Isoleucine -
Leucine -
Tyrosine 592
Phenylalanine —
Histidine 240
Lysine 5.56
Arginine Trace
Tryptophan —
Glutamine 0.64
Hydroxyproline 1.76
{ Based on three replicates  All values are on dry wt basis.
amino acids and one amide. Of these, ?chme appears
to he the predominant one followed by glycine, tyrosine
and lysine,_ Aspargine and proline are present in trace

amounts. Of the 1Zamino acids, 8 were identified earlier
in the mycelia8. Isoleucine, phenylalanine, and methi-
onine were identified only in mycelia8 but not in the
fruit-bodies. - Since they have notstudied the fruit-body
amlrllto acids, 1t would not be desirable to compare the
results.
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Among various normal cellular components tested, pyrimidine bases like thymine, cytosine and orotic acid were found to

counteract the toxic effect of aflatoxin B] in growing cells of Bacillus megaterium.

Addition of thymine to cells

with aflatoxin has been found to counteract the inhibition of DNA, RNA and protein syntheses by 62%, 42% and

39% respectively.
tion.

Reduction in cell elongation and restoration of cell multiplication are the other effects of counterac-
Analysis of base composition of nucleic acids of aflatoxin treated cells has revealed lower levels of thymine

and cytosine and addition of thymine to cells with aflatoxin brings up the thymine and cytosine to normal levels.

Aflatoxin B is the most toxic as well as carcinogenic,
mutagenic and teratogenic fungal metabolite 0 far
known.. It is known to'Inhibit thé synthesis of macromo-
lecules in several biological systems. It has been demon-
strated to some extent"that metabolically activated afla-
toxin can bind with macromolecules in rat liver both
In vivoland in vitro2 There Is increasing evidence to
support the theory that metaolic activation Is necessary
for many carcmogfens mcludlnghaﬂatoxm Bj hefore they
can react with ceflular nucleoR Iles3 Thotgh aflatoxin
Is known to_inhibit the growth of several bacteria such
activation of aflatoxin and its binding with macromole-
cules has not yet been demonstrated in them.. However
the liver microsomal activated aflatoxin’ Bj appeared
to_bind with t-RNA of Salmonella typhimUrium T.A.
1530 and Killed the bacteria and the addition of exoge-
neus t-RNA or DNA nhibited the lethal effect of the
activated affatoxin on the bacteriad. ,

Aflatoxin occurs naturally in food and feed materials;
several approaches, have been made for preventing its
production as well as for destroying and decontami-
nating the toxin. In the present”stydies an approach
has leen mage to explore the passibility of counter-
acting the toxic effect of aflatoxin in a baCterial system.

Materials and Methods ) )

A strain of Bacillus meqatenum obtained from Type
Culture Collections of National Chemical Laboratory,
Poona, India, was used In the f|oresent Investigations.
A synthetic medium3 was, Used for growth n presence
of dflatoxin B[ and nutritional factors such as yeast
extract (Oxoid), casein (_Hammersteln?], casaming, acids
(Oxoid) "and nucleic acid bases sucn as thymine (5
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meth I-2,6;dih¥dro%yrimidin_e from Calbiochem), cyto-
sine ?(6-am|no-_ hydroxypyrimidine from Calbiochém),
uanine (2 amino” hypaxanthine of E.Merck), adenine

amino_purine of Hotfmann La Roche & Co.)) and
Uracil &Z,G-dlhydroxypyrlmmme of BDHP with a view to
stud% he counteraction of aflatoxin_ toxicity if any,
by the nutritional factors in B.megaterium.

Aflatoxin Bj was prepared by 8rowm% Aflavus (IMI

252 on 4 medium designed by Basappa et al6.
and_extracting the 9-day old ctlture with chloroform and
P_urn‘ymg by using alumina and silica gel columns and
inally precipitating with petroleum Bther (40-60°C).
The precipitate was further purified by using Sephadex
G 10 column using 2 per cent methangl in water as elu-
ting solvent. The Tesultant product which gave a purity
0f "5 per cent was used in all the experiments in thie
form of ethanol solution.

Growth experiments; QOne dar old culture of B,
megaterium was inoculated (7 OGceIIsg_ into sterile
10'ml of the synthetic liquid medium contained in 50 m
conical flask added with aflatoxin B! at the concentra-
tion of 10My/ml and nufritional factors at concentra-
tions of 2 mg/ml. The flasks were incubated at 37°C
on a rotary shaker (200 er) for 8hr. The optical den-
s@/ was reasured at 560 nm wavelength in Spectronic
20" as well as dry weight of cells were determined b
drying the centrifuged and washed cells at 105°C far
6 hr in hot air oven.” _ Standard curve prepared on opti-
cal density \s, dry weight was used throughout the stu-
dies. In certain cases, the number of cells Were - cqunted
on Spencer Counting Chamber and the extent of elon-
gation of cells was also measured under microscope.

Estimation of DNA in bacterial cells was carried out
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by using diphenylamine reagent7, RNA with orcinol
réagent8and protein by Lowry’s method9 and expressed
as Uy1Q ml culture. Cell number of 2x 10910 ml was
used 3s initial inoculum in the experiment. For deter-
mination of nucleic acid bases, the method of Marshak
and Vogel]!)combmed with TLC, procedure of Rande-
rath and Randerathll were used and exgre_ssed s |ug
of base/mg of dry bacterial Bowde_r, obtained after
defatting and deprateinizing of nacterial cells. = Average
value oftriplicates was recorded in all the experiments.

Results

It has been found that aflatoxin. Bi at sub-lethal
levels induced cell elongation.and inhibited cell division
of Bacillus megateriumB; at hlgher levels growth as well
as division completely stopped. Hence,"to investigate
the Proba_ble_ protective factors counteracting the effect
of aflatoxin in the bacterium, several nutritional factors
such as vitamins, proteins, aming acids and nucleic
acid bases were examined. 1t was found that on% tgg-
mine counteracted the toxic effect in terms of both céll
multiplication and cell elongation gs shown in Fig 1
However, the elongated cellS as well as inhibited Cells
grew normally whef transferred to fresh culture medium.

_The optimum pH for é;rowth of B. megaterium inhi-
bition by aflatoxin B% and for counteraction by thymine
was between 6 and 7. Hence pH 7.0 was used 'in all
the experiments.  If thymine is' already present in the

Table 1. influence of periodical addition of aflatoxin or
THYMINE ON THE GROWTH AND MORPHOLOGY OF
B. MEGATERIUM

Thymine already present

Aflatoxin B) % elongated  Av. IenPth Wt. of dry
added at cells of cells bioinass
(hr) <F> (mg/10 ml)
0 26.8 30 3.
2 175 28 36
4 184 25 38
6 173 26 41
8 9.9 26 38
Control 00 24 1.2
Aflatoxin 755 53 0.5
(control)
Aflatoxin Bj already present
Thymine added % elongated Av. IenPth of Wt of dry
at cells cells biomass
(hr) <p) (mg/10 ml)
0 189 2.1 33
2 230 2.1 34
4 213 34 35
6 49.4 45 22
8 631 48 05
Thymine 00 2.1 54
(control)

All the observations were made after 18 hr of incubation at
37°C on rotary shaker.

Fig. 1 Microscopic observations (,v650) of crﬁstal violet stained cells of Bacillus megaterium after,growinl% in 10 ml synthetic

medium with an inoculum of 7x106ce
A.  Control—showing normal cells.

s in 50 ml conical flask in a rotary shaker for a period of
B. Aflatoxin Bt 10 /ag/ml added before inoculation—showing abnormally elongated cells.

hr at 37°C.

C. . Aflatoxin Bj 10 pg/ml-t-thymine 2 mg/l added before inoculation—note the counteraction of elongated cells & a result of the

addition of thymine.
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Table 2. counteraction of aflatoxin toxicity by various

PURINE AND PYRIMIDINE BASES

Bases Dry wt. of biomass

(mg/10 ml)
Control 15
Thymine 35
Cytosine 38
Orotic acid 40
Uracil 06
Adenine 12
Guanine 18
Aflatoxin control 06

L5 mM/ml of each of the bases alon(_} with aflatoxin B) (10pg/ml)
w?lre used and observed after 18 hr of incubation with the bacterial
cells.

medium, the sub-inhibitary levels of aflatoxin do not
Interfere with growth. of the hacterjum. _Conv_er_sely,
If aflatoxin Is added first to the medium, its_ inhibitory
effect could be_counteracted by thymine only if the latter
was added within 4 hr of incubation. Beyond this
eriod the addition of thymine was ineffctive {Table 1).
ven cytosine counteracted the effect of aflatoxin to the
same exent as that of thymine. However, uracil, another
pyrimidjne base, and purine bases did not counteract the
effect of aflatoxin in the bacterium as shown in Table-2.
Mitomycin-C another inhibitor of DNA synthesis was
used at sub-lethal levels (0.01 p g/ml) in growing cells of
B. megaterium.  Though. abnormally &longated cells
Were present In the experimental_ medium, no counter-
action could be obtained bf){ thymine. This suggests that
the mode of action of aflatoin is probably “different
from that of Mitomycin-C.

Table 4. nuclfic acid base composition of aflatoxin Bl
TREATED AND AFLATOXIN Bi+THYMINE TREATED CELLS OF
B. MEGATERIUM

Base composition (pg/mgq) of dry powder*

Treatment . _ _ . _

Adenine Guanine Cytosine Thymine Uracil

Control 16.0 20 210 104 130

Aflatoxin Bi 25.0 43.0 183 7.6 16.0

Aflatoxin Bi+ 170 A3 214 124 104
Thymine

MDefatted and deproteinised bacterial cell mass obtained after
18 hr of incubation.

Aflatoxin B! concentration, 10p g/ml; Thymine concentration,
2 mg/ml.
Average of triplicate analysis.

Since thymine, orotic acid and cytosine counteracted
the effect of aflatoxin In growing cells of the bacterium,
it was attempted to find olit the 0ther associative changes
to understand the_ mechanism_of action of thymine”in
counteracting the inhibitory effect of aflatoxin: It was
found by the periodical analysis {Table 3) that in the
Bresence of aflatoxin B! synthésis of DNA was decreased

9 per cent, RNA hy"60 per cent and protein by 75
Per cent at the end of Ihr. The addition of thymirie to
he above system counteracted the Inhibition of macro-
molecular synthesis to the extent of 62 per cent in the
case 0f DNA, 42 per cent in RNA and 39 per cent in
protein as shown in Table. 3, o

_Tq rule_out the possibilities of aflatoxin directly
binding Wlth_ﬁurlne and pyrimidine bases, affatoxin
was mixed with the bases af the molar ratio of 1:100
In vitro and absorption spectrum was  determined.

Table 3. macromolecular synthesis in b.megaterium in presence of aflatoxin bj and aflatoxin with
THYMINE AT PERIODICAL INTERVALS

DNA (p/10 ml)

RNA fpg/10 mi) Protein (pg/10 ml)

Time (hr)

Control  Aflatoxin ~ Aflatoxin
+ thymine

0 180 180 180

3 265 180 20

6 500 20 350

9 600 20 450

%inhibition at 9 hr 00 9% 36

% counteraction at 9 hr - - 62

Control  Aflatoxin ~ Aflatoxin  Control  Aflatoxin ~ Aflatoxin

+ thymine + thymine
360 360 360 840 840 840
680 480 500 10 900 920
840 680 760 1600 1000 1140
1560 840 1140 2260 1200 1600
Qo0 60 3 Q0 7 46
- - 42 - _ 39

Initial cell number at 0 hr: 2x108cells/ml. Aflatoxin concentration 50pg/ml. Thymine concentration 6mg/ml.
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Spectral characteristics of thymine and aflatoxin_ re-
mained unchanged. This was also verified by TLC b
looking to a smgle spot qf aflatoxin-thyming complex
other than that_ 0f aflatoxin alone and “confirmed that
there was no binding of aflatoxin with thymine.

The data In Table 4 show less of thyminé and to some
extent cytosine In pucleic acids when the growing cells
were tredted with aflatoxin. On the other hand, thelevels
of purine hases increased. But when thymine was added

to “aflatoxin treated culture there was an evidence of

almost equal levels of thymine as well as cytosine in the
nucleic acids indicating the incorporation of and coun-
teraction by thymine,

Discussion _ _ _

Aflatoxin B! is known to interact with DNA and RNA
and bring about mutatjonal changes, in microbes and
carcinogenic changes In animals.” There IS enough
evidence to indicate, that aflatoxin Bi or perhaps its
metabolites directly modify the template rather than
having,a direct efféct on R A-polgmerase. It has also
been “found that activated metabolite derived from
aflatoxin BAblnds with DNA, yeast t-RNA, Poly G
and Poly A2, o _

It has"heen found that pyrimidine bases except uracil
counteract the effect of aflatoxin ir. B. megaterium both
in reducing the cell. elongation and promoting cell
division. The elongation of Cells in presence of affatoxin
is believed fo be due to interference of toxin with the
synthesis of cell walll2 However, this view has been
contradicted by a subsequent reportf3 The fact that
uracil does nof counteract suggests that aflatoxin does
not directly interfere with RNA synthesis. ~ But it is
uite evidént that DNA s¥nthes_|s S, d|rectrlf¥ affected.

Ince direct complexing of flatoxin with thynline or any
other pyrimiding or a purine base is ruled out, the inhi-
bitory effect or its_counteraction may erther be due to
an interference with thymine biosynthesis, or due to
competition between aflatoxin and rhymine for the

same site on the DNA strand.  This may explain the
ahility of thymine to cqunteract the infiibitory effect
of affatoxin on B. megaterium. The results presented here
show that mitomycin-C, an inhibitor of DNA synthesis4
Is different from aflatoxin in its mode of action although,
there is some similarity on the morphological abnoy-
mality caused by the two compounds.” WHile the toxic
effect of aflatoxin is reversible, that of mitomycin-C is
irreversible,  Further work s in- progress to elucidate
the mode of action of aflatoxin and thé protective action
of thymine in the bacterium.
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Dehydration conditions for Volvariella volvacea mushrooms were standardised using discrete mushrooms, after pretreat-
ments leading to quality impairing polyphenol oxidase. An acceptable product was obtained in 90 min when dried in
a fluidised bed dryer at 80°C with 7 kg batches. Dehydrated mushrooms when stored below 60% RH at 25°C

remained acceptable.

Mushrooms are soft textured and hrghly perrshabl
dehydration, cannrnrz and freezing have” been”found
suitable for preservation, Dehydration being cheaper
is employed on commercial scalé. The extent’of dryl d
of Agarrcus bisporus is negligibleL India exported abou

kg of mushrooms during 1973-74 eaming foreign

exchange of about 50 lakh rupees2.

In recent years, sorﬁtron properties, are receiving
increasing attention.  These are of considerable signiff-
cance for systematic studies on packaging requirements
and storage characteristics of foods in general and
drated foods in particular 34 ERH, Studies in conjuc-
tion with adsorption and desorption isotherms will give
direct information on the storage stability of the product
and the water activity that will best carrelate with the
desired stability. In the present rnvestrﬁatron an attemPt
has heen mag@ to dehydrate  Volvariella volvacea culti-
vated under controlled conditions on paddy straw beds.
Storage studies were also undertaken.

Materials and Methods

The culture of Volvariella volvacea was obtained from
Tamilnadu Igrrculture University, Coimbatore, and
maintained in faboratory as paddy Straw spawns. l\/Ius
rooms were cultivated in the Iaborator on ga g
straw56 and those with sloorophores ful Iy opened an
wrthout any change In co our of ?rlls wefe selected for
ydration, were dehydrafed as such as well as
ater various re eatments and thel effects on recons-
titutional properties were ascertarned
The pretreatment was necessary tQ_inactivate h(
ohenoloxrdase PPO) Jn mushrooms, The pretreatments
ried were sulp rtrng otassium metabrsul hrte solution
of different strengths for 15 min, witha 1 pro%ortron
of mushrooms to meta rsquhrte squtron) steam lanch
Ing and water blanch m&r The method ‘of Ponting and
Joslyn?was used with sfight modification to follow the

dehy-
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activity of PPO on the hasis of rate of formation of
coloured prodyct from. catechol or p-cresol.

Estrmatron 0fPPQ activity:  The assay was conducted

adding 2 ml of 0, OISM catechol or p-cresol solytion
a atrme 0 0.5 ml of enzyme solution, in a total volume
of 5 ml made with 0.005M phosphate buffer of pH 6.0
and 5.3 for catecholase and cresolase activities respecti-
vely. The reactjon mixture was shaken and colour was
read at 420 nm in Klet-Summerson photoelectric colori-
meter after 3 min.

Dehydration of mushrooms:  Mushrooms were dehy-
drated” using tray dryer at 60+DC, 70+1°C and 75+
DC. The air velocity in tray dryer was 700 ft/min.
Dehydration was also Carried out in fluidised bed dryer
at 60+DC, 70+1°C and 80+DC with air velocity”of
600 ft/min and 7 kg loading capactty.

Drying curves; . Data on d rng curves were collected
by using, a modified method for determination of mois-
tlre_content at intermittent times as mushrooms vary
In size.. Mushrooms were subjected to pretreatments and
the drained weight was noted At this stage, the moisture
content of mushrooms Was etermrned hey were then
subjected to drying rn tra and urdrse e dryer. The
moisture contént of P lally dehyarated roduct Was
determined periodically d urrng rngb samplrng and
drying to constantwerght From he'data obtained, the
amount of moisture pér ggram of dry matter was deter-
trlnrhned and plotted on a3 cycle semilog paper against

The product was evaluated both in dried and rehy-
drated condition. The criteria for evaluation were dehy-
dration ratio8, residual SO®, browning index,finl
moisture _content and rehydratron ratio.

Packaging and stora?e studies;  Mushrooms, sulphited
and dned at 80°C in fluidised bed dryer were placed in
polyethylene bag eg kept Unsealed In dessi-

FZSO gaug
cators, “each of ‘which Served as' a constant humidity
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chamber. Relafive humidities of 20, 40, 60, 80 and 90
P_ler cent were obtaingd in desiccators by using aqueous

2504 solutions. 1L The effect of theseRH values was
studied at 25+1°C and 37+1°C. The samples were
removed periodically and analysed for moisture content
browning index and . rehydfation ratio.  The final
moisture contents (as is hasis) were plotted against res-
ective_humidities and sorption isotherm “obtained.
he ERH values were obtained from the isotherm ac-
cording to the method of Wink.22

The Samples used for ERH were also used for sforage
studies over a Perl_od 0f 60 days and evaluated at different
stages organoleptically as well as for moisture content,
browning” index and"rehydration ratio.

Results and Discussion

The studies on effect of blanching treatment on inacti-
vation of PPO (Table 1) revealgd that blanching in
boiling water requred 3 min to inactivate the enzyme
while 1t required 7 min with live steam. Steam blanching
though prolonged was preferable as, the mushrooms
retaified " their “texture durln? blanching, whereas the
texture was lost i water blanching. Many workers
have recommended steam blanching as prétreatment
for mushrooms. 135 _ _

It is known that S02besides acting as a J)reserva_tlve
also allows for higher temperature for aehydration,
It is clear from the results éTa le 2) that mushrgom PPO
was completely inactivated at 2000 ppm of S02  The
colourand flavour of sulgmted mushrooms were superior
to steam Dblanched mushrooms. To retain sufficient
amount of SO2 in dehydrated product a pretreatment
of 5000 ppm was used.

Table 1. effect of blanching on polyphenolase activity

_ Time % inactivation

Blanching method ~ (min.)

Catecholase ~ Cresolase

Water 0 0 0

1 43.68 25.00

12 “81.60 10000

3 10000 —

Steam 0 0 0

0 023 46.30

4 53.95 88.47

6 81.32 10000

7 10000 —

Table 2. effect of sulphiting on mushroom polyphenolase
ACTIVITY

S02 Conen. % inactivation
(ppm)
Catecholase Cresolase

0 0 0
500 30.49 3330
100 68.24 75.00
1500 85.89 10000
1800 96.47 —
2000 10000 _

Effect of temperature on drying rate:  Fig. 1, 2 3 and
4 represent the effect of daybulb temperatre on drying
rate of blanched, sulphited and untreated (mushrooms
with no treatment) mushrooms in tray_ dryer and
fluidised bed dryer.” 1t is evident from the Fig. °L 2 and
3 that during initial stages of drying, température did
not have significant effect on moistlre evaporation at
70° and 75°C. In fluidised bed dryer, almost same results
were obtained for 60°, 70° and 80°C. It can be concluded
from these results that in low moisture range, drying rate
was significantly higher at higher temperature. ~ This
may bé due to”the Tedistribution of internal moisture

10|
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Fig. 1. Drying curves for tray driea, untreated mushrooms.
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Fig. 2. Effect of Steam Blanching on Drying Rate of Tray
Dried Product.
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Fig. 3. Effect of S02 Treatment on Drying Rate of Tray
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Fig. 4. Effect of S02Treatment on Drying Rate n Fluidised
Bed Dried Product.
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Fig. 5. Sorption Isotherm for Fluidised bed dried ivfush'ooms
at 80°C.
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Table 3a. dehydration characteristics of MUSHROOMS

Treatment/ Drying; Dryer Dehydration  Final ~ Dehydration ~ Browning  Residyal
Blanching temp.  type  time (min) moisture ratio index SOE Colour  FElavour  Texture
(°C) %) (0.0) (ppm)
502 60  FBD 210 9.10 10.63 0.19 119  Good Good Crisp
502 10 FBD 180 800 1250 0.16 210  Good V.G. Crisp
502 80  FBD 90 550 11.28 0.16 1215 Attractive  Excellent  Crisp
502 60 TD. 210 8.76 20 oyl 1136 Good Good Crisp
502 0 TD. 180 9.08 1270 0.18 11656 Good Good Crisp
502 5 TD. 150 891 un22 0.16 1216 VG. V.G. Crisp
Steam 60  TD. 210 8.58 1160 0.18 Gills blackening ~ Fair Tough
Steam 0 TD. 180 8.3 1198 0.15 Good ‘
Steam o TD. 150 8.40 1115 0.13 ,, Good ‘
Control 60 TD. 240 8.09 1210 0.45 Unpleasant  Poor Soft
Control 0 TD. 180 8.25 1212 041 ‘ Fair Soft
Control B TD. 120 8.15 200 0.40 » Fair Soft

FBD—Fluiaised bed dryer; ~ T.D.—Tray dryer;

which_ is rate determining factor in this phase as the
material_attains the drybulh temperature of air durl_ngi
this regmn of drying and high temperature of materia
could pe an accelerating factor for internal movement
of moisture. Similar observations were_ made by other
warkers on potatoes.b Front the d |n([; CUIVES 1t IS
evident that constant rate period ‘Tasted for very
short time followed by extended faIIm% rate Rerlod s
0

V.G.—Very good

Effect of pretreatmentst on drying rate: It is clear
from Fig. 2 that steam blanchéd mushrooms showed
higher drying rate over sulphited and untreated mush-
rooms at"thé same temperature in the intial period of
dryln? but in the fallmq rate period, Steam blanched
mshrooms, showed a Slower rate of drylng than that
of sulphited mushrooms. The drying rate of sulphited
mushrooms throughout drying ws uniform at 60°, 70°

has been reported by Saravacosel/ Tor other food and 75°C while d m(I; rate”of untreated mushroom
material. was higher in the final' stages of drying.

Table 3b. rehydration characteristics of MUSHROOMS
Treatment/ Drying ~ Dryer  Dehydration  Rehydration Final Coeff of
Blanching temp. type fime ratio mo,\SAure rehydration ~ Colour ~ Texture  Flavour

(°C) (min) r Cr

502 60 FBD 210 48 81.1 528 8 7 7
502 70 FBD 180 56 836 513 8 7 7
502 80 FBD % 5.7 834 60.3 9 9 9
502 60 TD. 210 47 806 515 8 7 7
S02 70 T.D. 180 51 82.2 56.2 8 I 7
S02 7 T.D. 150 53 828 58.2 8 7 8
Steam 60 T.D. 210 4.4 795 487 7 6 7
Steam 10 T.D. 180 50 817 545 7 6 7
Steam 7 T.D. 150 50 819 54.0 I 6 I
Control 60 T.D. 240 49 811 5.9 2 5 6
Control 10 T.D. 180 51 82.0 533 2 4 6
Control 7 T.D. 120 52 82.4 56.8 2 4 6

Points Eive_n.for organoleptic characteristics were out of 10
FBD—Fluidised bed dryer;

NT—No treatment:  T.D.—Tray drier;

SB—Steam hlanched
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Dehydration characteristics: From the data in Table
3A it can be seen that mushrooms when, dried at 80°C
In fluidised bed dryer required only 90 min to attain 55
per cent moisture” while it required 270 min at 60°C
and at this stage moisture content was 9.1 per cent. The
dehydration ratio was in the range of 1063 to 127
The' quality of the dehydrated product which received
no treatment was found to be undesirable. The texture
was soft and the product crumbled readily while brown-
mgi Was maximum, _

n mushrooms blanched with steam, the texture of
the. dehydrated  product was found to. be very tough
which lowered its acceptability. This is supported
results obtained by other wiorkers that mushrooms
dehydrated with steam blanching yield products which
are very tough and inferior intexture, flavour and colour.
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Rehydration characteristics:  The rehydration ratio
(Tablé 3B) was in the range of 4.45-5.7." Rehydration
ratio of mushroom was 5.7 for samples dried “at 80°C
In fluidised bed drxer and this was™ maximum among
all other samples. Also these samples retained very goo
colour, flavour and texture after rehydration.” “The
product had very attractive appearance.

Packaging and’storage studies:  The nature of the
eg}mhbnum agsorption” isotherm obtained at 25° and
31°C was of _3|9m0|dal type. They are characterised by
inflection point’ which occur in the neighbourhood of

20 per cent relative humidity. It was qhserved that
stora?e at high humigities stimulated moisture Plckup
resulting in deteriorative changes leading to off flavour

From the storage

and unacceptahility of the product, ;

data presented in Table 4, itis evident that samples stor

Table 4 storage studies of fluidised bed dried mushrooms

Storage  Relative Moisture Browning index  Rehydration Colour Texture Flavour
[(Jgrm()j humidity (%) (0.D.) ratio
ays o

/ %) 37°C B°C 371°C 25  371°C 25°C 371°C 25CC  37°C 25°C 31°C  25°C
5 20 40 50 014 o012 58 56 VG VG Crisp  Crisp V.G. V.G.
40 50 54 015 014 56 55 V.G, V.G, Crisp  Crisp V.G. V.G.
60 60 82 017 015 52 40 VG VG Chisp Crisp V.G. V.G.
80 21 B5 oz 019 48 45  Good Good  Soft  Soft Slight off V.G.

flavour
20 163 210 — [0/ R— 36  Dirty Slight  V.Soft Vsoft Off V.G.

hrown  brown flavour
30 0] 30 51 016 013 55 50 VG VG Crisp  Crisp V.G. V.G.
40 40 70 019 016 53 49 VG VG Crisp Crisp V.G. V.G.
60 60 85 023 018 48 45  Good V.G Crisp  Crisp V.G. V.G.
80 21 B3 — 00 — 40  Brown Slight  Soft  Soft Off V.G.

hrown flavour
920 70 220 — 023 — 34 — — Vsoft — V.G.
45 20 30 53 018 015 50 48 VG VG Crisp  Crisp V.G. V.G.
40 40 74 o2 018 50 47 VG VG Crisp Crisp V.G. V.G
60 62 87 05 oz 46 44 Good %Iight Crisp Crisp Good Good

rown
80 24 137 = 024 — 39 — — Soft — Good
90 S R— 026 — 33 — Brown — Vsoft — Fair
60 y.0) 30 54 o020 018 50 46 V.G VG Crisp  Crisp V.G. V.G.
40 40 75 024 o2 48 45  Good Good Crisp  Crisp V.G. Good
60 6.4 83 028 023 46 44 Slight  Slight ~ Crisp  Crisp Good Good
hrown  brown

80 127 138 — 021 — 38 — Brown — Soft — Fair
90 179 216 _ 029 - 32 - Brown - V.soft - Poor

V.G. - Very good
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at 37°C and 90 per cent RH developed off flavour and
lost texture and were thus discarded. ~The moisture
pickup in those stored at 37°C was less than that stored
at 25°C and at all ranges of RH. ~ Usually when the
water relations are detérmined at number of tempera-
fures, it is found that water content at any humidity
increases with the fall of temperature. This 1S in agreé-
ment with the observation of earlier workers.13

Stored mushrooms, were evaluated organole t|calg
at 15-day intervals. ~The results showe
mushrooni stored at higher temperature (37°C) and
higher relative humidity™ developed off flavour “while
samples stored at 25°C showed no development of off
flavour, There was no visible microbial growth on the
product, when stored upto 2 months. [t Can be conclu-
ded from both ERH and storage studies that keeping
the Product at low RH of 10-20 per cent will be bene-
ficial for retention of texture, colour and flavour.

References

L Singer, R., Mushrooms and Truffles. Leonard Hill (Boons)
Ltd., London, 1961, 5.

2. Anon., Profodcil Bull, 1975, 9, (1/2), 30.

3. Landrock, A. H., Fd Technol., Champaign, 1951, 5, 332

4, Taylor, A. A, Fd Technol., Champaign, 1961, 15, 536.

101

5. Angle, R. Y., Cultivation and Flavour Development in Mush-
rl%()?rg Cultures, Ph.D. Thesis, University of Bombay,

6. Chang, S. T and Hayes, W A., The Biology and Cultivation
%Ef)OEdibIe Mushrooms, Academic Press, New York, 1978

7. Ponting, J. D. and Joslyn, M. A., Arch. Biochem., 1948,19, 47.

8 Van Arsdel, W. B, Copler, M. J. and Morgan, A. 1. (Jr).,
Food Dehydration Vol [. 82, AVI Pub. Company, West-
port, Connecticut, 1973, 82.

9. Potter, E. F., Food Technol., Champaign, 1954, g 269.

10. Ramaswamy, S., Chemistry and Technolo% of Vegetables,
Ph.D. Thesis, University of Bombay, 1974.

11, Wilson, W. E., Ind. Engg. Chem., 1921, 13, 326.

12, Anon., J. Ass. off. Agric. Chem., 1966, 49, 551,

13. Cruess, W. V. and Mrak, E.M., Fruit Prod. J., 1942, 21, 302.

14 Von Loesecke, H. W., Drying and Dehydration of Foods,
Reinhold Pub. Corp., US.A. 1943, 113,

15. Mrak, 1E4.7M. and PtafF, J., Fd Technol., Champaign, 1947,
1, .

16. Ede, A. J. and Hale, K. C., Dept. Sci. ind. Research, F.
Invest Rep., 53, 1948.

17. Saravacose, G.D. and Charm, S. E., Fd Technol., Champaign,
962, 1s, 91.

18. Gane, R., J. Soc. chem. ind., 1943 62, 139.

Benson, S. W. and Richardson, R. L. J., Am. chem. Soc.,

1955, 77, 2585.

—_
(=]

Ethyl Acetate as a Solvent for Extraction of Spice Oleoresins
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Laboratory studies on extraction efficiency of ethyl acetate to get oleoresin from pepper, chilli, ginger and turmeric

have shown that it is comparable to ethylene dichloride and acetone in the yield of extractives and in quality.
It can, therefore, be considered as a suitable replacement for

acetate is safe and only sparingly soluble in water.
ethylene dichloride for oleoresin extraction. Ethyl acetate
slow hydrolysis.

Oleoresins, the extractives of spices are the impor-
tant source of flavouring in a wide spectrum of pro-
ducts. The most commanly employed spice extracting
solvent is ethylene dichloridel'3 which is immiscible
with water and safe against fire hazards. However
N recent years doubts “were raised about the use of
chlorinated” solvents in food preparations, Alcohol
IS an Innocuous. solvent and acetone has the advan-
tage of low boiling point. However, both are water

3

Ethyl

inflammable as most other solvents and is liable to very

miscible and hence the dilytion of solvent occurs during
repeated extractions. Besices water miscible non flavour
substances such as, carbohydrates, resins and ?ums also
get extracted diluting the product. Moreover, acetone
is said to leave a woody odour especially in the case of
pef)per oleoresin. . Hexane or heptane can be a ?ood
solvent for extraction of essential oils and fats but' the
oleoresin obtained lacks body since mare polar. com-
pounds do not generally get extracted. Carbon dioxide
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because of the high volatility and consequent need for
costly refrigeration has beenused only to a very limited
extent as an extractmg solvent. ,

Though ethyl acetaté is a recognized solvent, it has not
been uséd for extraction of spices. This pager records the
study carried oyt for extraction of some major spices
and “the F053|b|l|ty of substituting ethylene dichloride
with ethyl acetate.

Materials and methods

Pepper, chilli, turmeric and ginger procured from
local’ market were Bowdered and “extracted by cold
percolation with la oratow rea%ent grace efhylene
d|chl_(%_r|de, ethyl acetate and acetone Under identical
conditions. o . _

The pungent principles ﬁmcrmc, capsaicin and ng-
erols were “estimated by the method of Tausig et al4,
Mathew et al$_and Nambudiri ef al6 respectivély, The
ASTA method7 was employed for estimation of cur-
cumin and the colour from chilli was estimated by
E.O.A. method8

Results and Discussion

Table 1 gn_/es the resylts of anal¥3|s of varigus quality
factars. of Spice oleoresin after extraction with ethylene
dichloride, ethyl acetate and acetone. It can be seen that
as an extracting solvent ethyl acetate is as good.as ethY-
lene dichlorigé. In the case of yield of oléoresin, whilg
acetong has shown a marginal superiority, ethyl acetate is
very slightly superior to ethylene dichloride,” Acetone is
clearly & better slvent for éxtraction of colour in chilli.
All the three solvents are found . to be comparable in
the extaction efficiency of the active pungent principles.
In_pepperand 9|nger, ethyl acetate shows a slight superi-
ority In extraction while in whole chilli ethyl"acetate is
slightly inferior to acetone and ethylene dichloride.

Table 1. analysis of quality factors of spice oleoresins
OBTAINED WITH VARIOUS SOLVENTS
Spice E_th){lene Ethyl
dichloride acetate Acetone
Pepper
Extractives yield (%) * 62 6.7 14
Piperine (%) in
Oleoresin 45 45.7 433
Spice 28 31 32
Chilli
Extractives yield (%) 4 105 108 106
Capsaicin (%) in
eoresin 28 21 26
Spice 0.30 0.23 0.28
Colour value 17873 17385 22143
Ginger
Extractives yield (%)4 41 42 45
Gin?erols_(%) in
Oleoresin 20 201
Spice 0.82 092 0.90
Turmeric
Extractives yield (%)* 7.0 1.2 1
Curcumin (%) in
Oleoresin 319 318 Ll
Spice 22 2.3 24

*by cold percolation

Ethyl acetate is used in the manufacture of fruit
flavours and perfumes and is recommended as an extrac-
ting solvent.9 Table 2 gives the permitted level of some
solvent resiqles. Whilé'the limits for acetong and ethey-
lene dichloride are only 2 ppm, ethyl acetate is permittéd
upto as high as 250 ppm. Table 2also gives a compari-
son of the"properties and cost of solvents under sudy.

Table 2. general properties and iofi limits (in food as consumed) of extraction solvents
BP. Solubility in water Inflammability limit ~ Flash point (°F) Cost* IOFI max
Solvents (°C) (9’200 ml at 25°C)  (vol % in air) (Rs./kg) re5|du(es al)lowed
m
Lower ~ Upper  Open Close P
Ethylene dichloride  83.7 0.9 62 159 65-70 56 1050 1
Ethyl acetate 171-17.2 14 2.18 115 0 24 9.25 250
Acetone 56.1-56.5 © 21530 1113 15 0 1250 2
Ethyl alcohol 784 © 328 19 65 57 — -
Hexane 66-71 0.014 1.25 6.9 -14.4 -1 _
at 15°C A

‘Chemical Weekly—Sewak Publications, Bombay, eh May 1930.
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Ethyl acetate is soluble in water to the extent of 7.4 o/

) ml at 25°C_and forms an_azeotrope with watér
which hoils at 70.4°C containing 93 per cent ethyl
acetate by we|%ht. In most cases, extraction with water
saturated” solvent may not cause, a special problem.
Simple derg agents can purify the solvent unlike in the
case of alconol™and acefone Where rectification is re-

Uired.

q Anather possible objection to the use of ethyl acetae
could be its slow hydrolysis to ethyl alcohol dnd acetic
acid in presence of moisture. But both these products
are quite safe.  Since the hydrolysis is a Slow’ process,
the.chance for this to occur iS onIY In the_solvent residue
which.is usually kept to a low le 0
esterification of the acid produced and trans-esterifi-
cation of oleoresin constituents with ethyl acetate
cannot e completel){ ruled out, thouqh we fedl that this
will not be a_problem as these will be present only
in very negl|?|ble amounts, The odour characteristics
of etfyl aCefate arc described as a?reeable, mild and
fruity."Hence it is hoped that the quality of the gleoresin
will hot be affected Dy the presence of traces of solvent
and hydrolysed proddcts. “Moreover these spices are
more Valued for their non-volatile part except in the
case of ginger and to some extent in pepper where hoth
pungent principles and volatile oil are taken into con-
sideration for quality. No adverse effect was noticed

vel. The chances of
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in these studies also. Ethyl acetate like most other
solvents is inflammable and’ in this respect it will be
inferior to ethylene dichloride and Probablg slightl
superior to acetone. Cost wise ethyl acetat _?Ppeas
0 thave an edge over hoth ethylene dichloride and
acetone,
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Suitability of flexible packages and inert gas packing in sealed tins for the storage of fried ‘Nendran’ banana chips

was investigated.

It was found that for banana chips fried in fresh coconut oil, 300 gauge high density polyethylene

and 400 gauge low density polyethylene bag packing are satisfactory up to two months while packing in tins under

C02is satisfactory up to six months at room temperature (28-32°C).

The ‘Nendran’ banana chips fried in ‘marvo’

oil, a hydrogenated vegetable oil containing 0.02% BHA and packed in sealed tins under CO2 were quite good up
to 6 months whereas the chips fried in groundnut oil and packed under similar conditions were inferior in quality.
Addition of turmeric powder as a natural colourant at 0.10 to 0.15% level during frying was found to enhance the
colour of the chips which was stable up to six months in sealed tins under inert gas packing.

. Banana chips manufactured from. fully matured
Nendran’ variety banana (Musaparadrsraca are fp pular
in Kerala as snack food. " The chips are manufactured
throughout the year |n Kerala The consumers ' preference
or ananac (ps 15 ase on colour, Crispness, aroma
and faste.h2” Chips sold in the markets are inferior in
quality compared to fresh chips due t the lack of proper
technigue of packaging. Very little information is availa-
ble on the packaging materidl suitable for banana chips.
In the earlier communications, studies on the production
of good quality banana chips3and determination of the
ﬁ Imum stage of maturrt¥ or the preparation of banana

chips4 were reporte he present” Investigation was
undertaken to find cut the suitable packaging material
to improve the shelf life of banana chips.

Materials and Methods

Fully matured unripe bananas of ‘Nendran varret
collected from a selected garden were peeled, stee e
Zper cent salt squtron or15m|n wrge d with cloth, a
175 to 2 mm thick upiform srcesw re drrectychr pe
into the coconut oil frying medium at 160°C keeping
fat and material ratio as 1 The banana chr swere
fried in batches of 500 ¢ each, Two hand src rs were
used simultangously. to chrg the bananas quickly over
the frying medium. “The time taken between the start and

end of frying. was ne Irgrble The temperature came
down from 160°C to about 1203 after addition of the
chips and slowly went up to about 140°C after 4 min
towards the end of frying when salt was_added at the
rate of 0.6 per cent of the fresh material in the form of
20 per cent salt solution. The salt solution was sprinkled
over the frying chips. After addition of salt about 1 min
offryrn% \Viag necessary to get a crisp product. Towards
tlh4e5 1%% frying " the™ temperature was around

The. fried chips were acked rn different ackagrn%
materials at the rate of cmxl5 CM pouche
of 400 rI;aue low density po §et ylene (LDP- water
vapour ransmrssron rate 24°hr at 30:C and
er cent R 0 au e high density polg

et yene &:DP water vapour ransmrssron rate

hrat 3 percent R.H.-1.4) and rn

?uare tin selaed under carbon dioxide’ (L 757 kg/cma
ter_vacuumization (635 mm), Banana chips were
also fried_using “Marvo oil”, & hydrogenated vegetable
oilcontaining the antioxidant BHA “at 0.02 pér cent
level and refined groundnut oil. The coconut oil used
|n these studres rocured fresh from the factory was
o goo olua lity with no rancid smell and had “a low
3 per cent) and peroxide value F}O to 0.2
per cent The ‘marvo oil” was procured from the manu-

*Present address: Division of Food, Regional Research Laboratory, Trivandrum-695 019, India
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facturers and was of good quality. Refined groundnut
oil was also of good quality with no rancid odour.

Addition of turmeric as & natural colourant fo banana
chHJs: Aqueous turmeric 8owder suspension In 3
different concentrations, viz. 0.05, 0.10 and 0.15 per cent
were separately sprinkled alon% with 20 per cent aqueous
salt solution towards the end o frying. The fried banana
chips. treated with turmeric wére “packed in  similar
conditions as detailed above,

Analytical techniques: Moisture, fat and total_caro-
ten%%dsd wgre determined by following standard A.0.A.C.
methods.

Sensory evaluation of banana chips: Banana ch|83
fried in coconut oil, packed in 3 %au e HDP, 400
?auge LDP, packed intins under C02and Stored at rogm
emperature (28-32°C) and 76 to 92 per cent relative
humidity for 24, and 6 months were evaluated under
standard . conditions.6 ~ Banana chips packed under
C02in tins_and stored, at 0°C were given as reference
standard. The evaluation of banana’ chips at regular
Intervals was carried out in two experiements. I the
first, individual quality attributes were rategd by multiple
sam‘ole difference test and in_the second, the overall
Kua Ity was assessed on a 7-point hedonic rating test,/8

discriminative communicative panel6 was Used for
multiple sample difference test and an untrained panel
for_the hedonic rat_mg test, )

The qualit descng lon of desirable and undesirable
aspects listed in Table 1 was arrived at after a few
prellmma% festing sessions, _

In the fultiple Sample difference test, the panelists
were asked to rate the quality attributes of the test
samples compared to reference, as+5 Is superior to
reference (very large d|ffe_rence2; Ois equal to reference
Fno differencé) and -5 is inferior to " reference (very
arge difference). The reference standard was “alsd

Table 1. description of quality attributes-banana chips

Quality attribute  Desirable Undesirable
Colour & Light yellow to Light brown
appearance light brownish yellow Brown
Bright Bleached brown
Uniform Dull
Not uniform
Texture Brittle Horny
Crunchy Gritty
Crumbly Soggy
Crisp
Flavour Typica fresh aroma Bitter rancid

Off aroma/taste
Bitter/poor after taste

Balanced salt
Good after taste
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given as one of the coded samples. The discriminative,
communicative panel consisted of 20 scientific staff-
The untrained éjanel consisted. of 50 other members,
They assessed the qverall quality of chips on 7-paint
hedonic ratin ranﬁlng from “like extremely” to ™ dis-
like extremely”. The panelists were asked td rinse their
mouth in betwe,en_tasth different samples.

The scores for individual quality attributes and overall
quality were analysed by Duncar’s multiple range test.8

The effect of different frying medja on moisture, fat,
total carotenoids and the eatlng (ﬂuallt of panana chpos
packed in 18 L square tins under C02and stored for 6
months at room temperature were also studied. The
quality evaluation of turmeric treated banana chips
based’ on colour and appearance, texture, flavour and
overall quallt¥ was done by a panel of trained judges.
The scores of overall quality including the colour~are
given In Table 5

Results and Discussion

The deep-fat fried hanana chips on prolonged storage
and in exposed condition are subﬁect to ab3orption of
moisture, fading of the natural yeflow colour and deve-
lopment of rancidity. Since initial trials showed that
polyethylene bags Upto 250 gauges were unsuitable
even for a month’s storage, . flexible poIKethylene of
h|%her rc;auges and tin containers were chosen.

Jrispess and colour of fried banana chips: The
moisture and total carotenojds estimated for fresh and
stored banana chips fried in coconut oil and packed
In HDP and LDP are given in Table 2. The storage
temperature was 26-32°C and the ambient humid
was 76-92 per cent R.H. The crispness of deeR-fat fried
chips depends on the moisture content. The results
show that after 2 months’ storage at room temperature
the moisture. content in banana chips packed in 300
%auge HDP increased to 38 per cent from the initial

.2 "per cent, while that of chips packed in 400 gauge
LDP ba%g Increased to 4.6 per cent.” After three months
storage the moisture content in banana chips packed in

Table 2. moisture and total carotenoids in stored samples

_ Moisture (%)  Total carotenoids as
Storage E}erlod ft-carotene (fx g/100 g)

(months)

HDP LDP HDP LDP
Initial 32 32 3410 3410
2 38 46 3170 3080
3 44 55 — —
4 51 58 2260 1980
6 6.5 6.5 1800 1600
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HDP was 4.4 per cent while the chips packed in LDP
had a moisture content of 55 per cent; this affected
crispness of the product. _ The product lost crispness
at Rer cent moisture.  The moisture content arter 4
months storage was 5.1 Rer centin HDP and 5.8 per cent
in LDP. After 6 montns’ storage the moisture content
was 6.5 per cent in both the packages. An increase in
moisture content was observed on storage when the
banana chips were packed in polyethylené bags which
affected the crispness and in turh the overa quah[t?/
of the product. "The moisture content of 3.2 per cent
remained unchanged in sealed tins, ,
The changes in"natural colour of fried banana chips
durmq stordge were assessed by the changes in. total
extractable colour of fried banana chips packed in the
above packages. After 2 months’ storage at room tempe-
rature the Total extractable colour” as_carotenoids,
decreased to 3170 ug/lQ0g in HDP and 3080 f” /100gin
LDP hags from an initial" value of 3410 juyI0Qg. The
total carotenoid content after 4 manths, was reduced to
260 A n HDP, 1980 j/tg/IOOg in LDP showing
visually“the fading/"bleaching 0f cololir in chips. The
corresponding figres were 1800 pg/100g and” 1600ng/
Q0y after 6 Months’ storage showing thereb¥ that H
wasbetter than LDP for “protecting the yellow colour
where as, in sealed tin containers the depletion of colour
was negligible. as 1t remained at 317 p1q/IOOg.
Sensory” evaluation of banana chips:. ' The résults of
sensory evaluation of stored banana chips for indivigual
quaw attributes and overall guality are given in Table 3
2-month storage: In coloyr and appearance, all
the test samples were rated as significantly inferior com-
pared to the reference sample. Intexture, 400 gauge LDP
and 300 gauge HODP stored samples being comparable,
were rated ‘significantly inferior to reference or tin
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P_lacked samples under C02. In flavour both LDP and

DP samples were rated 5|%n|f|cantly inferior to
reference and tin packed samples,

A E)erusal of overall quality mean scores reveals that
samples packed in 300 gauge HDP and those packed
in tin under CO2 were évaluated as “like moderatel
while 400 gauge LDP samples were Hudged as, “like
slightly” for overall quality after a storage period of
twh months.

A-month storage: In colour and appearance the
difference between samples was not very clear. C02
packed and reference samPIes being  comparabel
Wwere rated s| mﬂcantlr better than 400 gaugeL P and
300 auge HDP samples. In overall quality, 400 gauge
|.DP"and 300 gauge HDP samples were rated as “néither
like nor dislike” while those packed under CO21in tins
and reference samples were rated as “like moderately”.

6-month storage: Reference or under C02 packed
samples tin Elacked samples were comparable while the

300" gauge HDP sample showed mﬁmflcanth{ Inferior
colour and apEearance texture and flavour. ‘In overall
quality both LDP and HDP samples were comparable
and were rated as “like slaghtl ", C02 packed sample
was scored as_“like moderately”.

The salient finding on an overall quality basis from
the sensory evaluation of banana chips was that 8ack|ng
in Dpolyethylene bags of 300 gauge HDP and 40 gauqe
LDP Were reasonably satisfactory uPto 2 months While
packmg[mtm under CQ2was satisfactary upto 6 months.

Effect_offrying mediim on the quality offried hanana
chips:  The “restlts on quality of banana chips frieg
in coconut oil: marvo oil and refined groundnut ol
and packed in 18,1, tins sealed under C02(L 757 kglem?)
after vacuumization (635 mm) and stored at room tempe-
rature for 6 months are presented in Table 4. The

Table 3. significance of quality mean scores of samples stored for different MONTHS(m)

sality LDP 400 gauge HDP 300 gauge Tins under C02 Reference*
attributes 2 4m  an an 4m m 4m an n 4m an
Colour and

appearance  —2.74s +0.06s NG —115% —154* —261s —159* —108s* +009* —0.065  0.35s* +0.04*
Texture —18ls —204s NG —163 _277* —273s +030* —019s —a1* +0.15* —0.08s —0.06*
Flavour —2.26s —233 NG —128* —271* —288 —007s —0.19s —006* +0.17s —0.19s  +0.08*
Overall quality

(max 7) 5100 4.02° 590*  39° 454 560* 566 5.92* NG  58* NG

"Reference sample is packed in tins under C02and stored at 0°C
Mean separation by superscripts for each attribute by Duncan’s multiple range test, 5% level of significance

NG»not given
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Table 4. quality of banana chips packed under co2 in tins—
6 MONTHS STORED SAMPLES

Total

_ carote-
Moisture Fat noidsas Colour Texture Flavour

Fiying oids
Vi i -Carotene
() () Snen

medium

Coconut oil 27 313 3060  Yellow Crisp  Good
Marvo oil 26 292 3200 BIiPht > n
yellow
Groundnut oil 28 316 100 Liﬁht Fair
(refined) yellow
with a few
bleached
pieces

banana chips fried in coconut oil were in good condition
with respect to colour, crispness and flavour. The pro-
duct had good 8/ellow colour and the total carotenoid
content was 306 q%/'IOO g. The moisture and fat con-
tents were 2.7 and 31.3 percent repsectively. The banana
chips fried in marvo oil possessed colour; crispness and
flavour. - The product had excellent yellow colour and
the total carotenoid content was 320 Ju1q/100g compa-
red to the initial value of 3410 ¢ug/200 ¢. This may possi-

bl)i be due to the effect of BHA on the retention of
colour, The fat content of 29.2 per cent was comPar_a-
tively less compared to the chips fried in coconut oil.
The “'moisture content was 2.6 per cent. The banana
chips fried in refined groundnut oil were inferior in

uahtx_ to chips fried in coconut oil and marvo_ oil.
he chips were rather lighter in colour and a few pieces
were also bleached while the quality also deteriorated.
The m?|st|ure and fat contents were 28 and 31.6 per cent
respectively.

_ ddltlonyof turmeric as a natural colgurant to hanana
chips: 1t is seen from Table 5 that after a period of
4 months’ storage at room temperature, the total organo-
leptic score differed with the type of packaging material
and the. concentration of turmeric_used. ~ However, a
suspension of turmeric of 0.10 to 0.15 ﬁ_er cent helped
to retain the yellow colour whereas the chips without the
addition of tirmeric were subjected to fading of yellow
colour and development of white streaks due'to tleach-
ing in a few isolated chips.
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Table 5. effect of addition of aqueous suspension of different concentrations of turmeric powder on the storage life of

FRIED BANANA CHIPS PACKED IN ALEXIBLE PACKAGES AND IN TINS UN

R C02

Turmeric Moisture (%) Fat (%) Total organoleptic
Packages level N initial score* (out of 100
(%) Initial M 4M

M M

LDP - control — 3.0 44 57 328 i 49
HDP - control - 32 4.0 49 323 79 54
Tins - control - 32 34 3.6 324 84 14
LDP 0.05 31 43 54 3T 80 58
LDP 010 3.2 42 53 3Ll 82 62
LDP 0.15 30 4.2 5.2 310 8 63
HDP 0.05 31 4.0 48 323 8l 60
HDP 010 32 39 48 308 83 63
HDP 0.15 30 38 4.6 315 84 64
Tins 0.15 32 33 36 310 % 7
Reference 0.05 28 28 30 321 87 80
Reference 010 28 28 30 313 8 8l
Reference 0.15 26 2.1 28 313 s 82

*Product appeared inferior in quality when the organoleptic score was < 55
Organoleptic rating:  55-60 Fair; 60-70 Good: > 70 Very good
Reference sample is packed in tins under C02and stored at 0°C.
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Effect of Dietary.Fat on Deposition of Fat and Fatty Acid
Compos}{lon ofn Tﬂagl% %Tﬂap{a mossambrcaSy
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The effect of dietary fats on the visceral and body fat of the fish tilapia (Tilapia mossambica) was studied.  Residual
oil ja groundnut cake, coconut oil, mustard oil and sardine oil were the sources of fatty acids in the experimental
diets used. Feed containing coconut oil induced deposition of maximum amount of saturated fatty acids and lower
fatty acids (C6, Cs, Cig, Cjy, Cj4) in the visceral and body fat of fishes. Mustard oil induced deposition of maxi-
mum amount of polyunsaturated fatty acids followed by sardine oil. Deposition of Cez;i acid in body as well as
viscera was very significant in the case of fish fed on feed containing mustard oil. 1t is observed that dietary fatty
acid pattern has got significant effect on the fatty acid composition of the fish.

With the increased tempo in aquaculture the nature brou?ht to the laboratory and put in large tanks with
and composition of fish feed have hecome a field of in-  plenty of water and continuous aeration. “The fish were
vestigation of paramount importance, Fat is ?_erhapsthe allowed to spawn and the Xourg]g ones when they are
most”important source of energg for the fish for its  one month oldl were separated anddivided into 4 batches
various Biological purposes, Seasonal chan%es in body  and put into 4 different tanks (60 fishes in 2001, of water)
fat were obsérved in f|sh_depend|nP upon Tactors like  with continuous aeration. The water temperature of the
intensity of feeding, environmental” condjtions, spaw- tank was kept at 271 °C.  They were provided with
ning, etct'3 Variols tyPes of fats were widely used by dlff?rent t Res of feeds (Feed J,"1], 11l and IV as in
different workers as sodrces of dietary fat in feedsd5. I Table 1). They were not allowed to hreed as these tanks
this mvest_lPanon four types of common fats namely, did not contain ang/ male ones.  After six months of
residual oil" present in g_roundnut cake, coconut ofl, growth they were taken out and analysed Immediately.
mustard oil and sardine il are used and their possible ~ Fish (20 numbers each we|rqh|ng betiveen 20 and 25 921
effect on the deg_osnmn, Interconversion and nature of - were caulqht and immediately beheaded. The visce
fatty acids deposited in the extractable lipids of muscle  (intestinal” portions with contents) _were separated.
and viscera are investigated in detail. A common fresh  Muscle was separated from the bones. The whole muscle
water fish extensively“cultured in the country tilapia was minced in a blender and I0Qg of minced. fish meat
|Iaﬂ|_a mossambica)” was subjected to detailed study was taken for lipid extraction. —The entire viscera was

or this purpose. taken for lipid ‘extraction. The lipids were exfracted
. from_the muscle and viscera by the method of Bligh
Materials and Methods =~ | and Dyerpusing cloroform-methangl (21 uf) mixae
Fresh water fish tilapia just before spawning was  successively with three volumes of solvent mixture (wiv)
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TASLE 1. COMPOSITION OF FEEDS USED FOR FEEDING*
Feed Moisture Ash Protein Carbohydrate Fat
ingredients 0 () (%) (starch} {72
£
TFeed 1
Groundnut cake
Tapicca starch 6.3 4.6 228 52:2 5 |
Feed 11
Feed 1
+
Coconut pil 6.3 4.0 22.0 47.1 6.5
Feed III
Feed 1
+
Mustard OQil 6.2 19 2”1 47.0 6.4
Feed IV
Feed 1
+
Sardine oit 6.3 4.0 221 47.1 1.2

Vitamins added per kg of all finished feed samples: Thiamine
hydrochloride, 250 mg: riboflavin, S0 mg: nicotinamide, 350 mg;
vitamin Bia, 50 mg: folic acid; 25 mg: pyridoxine, 12.5 mg;,
inositol 20 mg; vitamin A palmitate 10,000 I.U. and vitamin D,
10600 I.U.

*Period of feeding: 6 months.

until the residue is free from lipids. The lipids present
in the chloroform layer were concentrated and dried
under vacuum and kept in sealed ampules under nitro-
gzn, in a deep freezer pending further analysis. The
lipids were saponified in an atmosphere of nitrogen and
fatty acids were separated and corverted to their cor-
responding methyl esters by boron trifluoride-methanol
reagent.” Fatty acids were analysed by gas liquid
chromatography.

Gas-liquid chromatography: The methyl esters were
analysed on a gas chromatograph using flame ionisation
detector and strip chart recorder (10 mv) (Varian,

DIETARY FAT AND DBPOSITION OF FAT AND FATTY ACIDS IN TILAPIA
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Techtron) chart speed 30 cm/hr. The column used was
stainless 6ft % 1" (0.d.) packed with silar 10 C, 10 per
cent on Anachrom ABS (110-120 mesh). Operating
conditions were as follows: Column temperature 196°C,
injection temperature 250°C. detecter temp. 275°C,
carriergas nitrogen 40 mi/min. Identification and quan-
titation were done as reported earliers,

Analysis of fish feeds: The fish feeds were analysed
for ash, moisture, protein and carbohydrates according
to the methods of AOACY. Lipids were extracted by the
method of Bligh and Dyero. Free sugar and glycogen
were estimated by colorimetry using anthrone.!? The
feed composition is given in Table 1.

Results and Discussion

It is seen from Table 2 that Feeds I and IV caused
maximum fat deposition in the body of tilapia. Fish
which were fed with Feed I, whichcontained 2.1 percent
fat in groundnut cake as the only source of fat recorded
the minimum of 5 per cent fat deposition in muscle.

Effect of dictary fats on far content of viscera: The
lipids were extracted from the viscera (only that portion
of viscera containing intestines were taken) to study
the nature of lipid breakdown in the intestine and
its effect on the body fat composition. Yiscera of fish
fed with Feeds IT and IV showed maximum fat. Fish
fed with Feed I showed minimum fat. However,
fish fed with Feed I (containing caconut oil) showed
maximum visceral fat of 350 per cent,

Free sugar and glycogen: All four Feed samples
showed almost a similar pattern in the amount of free
sugars and glycogen in their body indicating that the
different types of fat apparently showed little influ-
ence.

Effect of the amount of fat on body composition: Feed
I caused the minimum fat deposition in the bedy (5.0
per cent). Feeds IT, III and IV which contained about
6 to 7 percent fat produced fish, after six menths. with
body fat in the range of 9 to i1 per cent.

TABLE 2, COMPOSITION OF FISH AFTER FEEDING FOR SIX MONTHS

Samplz No. of Moisiure Ash Protein
fishes (%) (%) %)
Feed 1 21 1.7 4.4 14.9
Feed II 53 69.4 3.4 14.0
Feed I 81 4.9 28 4.2
Feed IV 48 69.0 2 133

*Portion containing intestines with contents onfy.

Body fat *Visceral fat  Free sugar Glycogen
(%) Tad (mg/100 g)  (mg/100 g}
5.0 11.5 0.0 32
10.2 5.2 25.0 2.5
9.5 26.0 210 25
11.5 307 21.0 31




JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 18, MAY -~ JUNE 198] 110
TABLE 3. SATURATED FAITY ACID COMPOSITION OF THE BODY AND VISCERA LIPIDS AFTER FEEDING
Feed 1 Feed TI Feed ITI Feed 1V
Fatty acids N - . . — e
Feed  Viscera® Body Feed  Viscera® Body Feed  Viscerz® Body Feed Viscera®* Body
Cq = — — 23 2.3 s 1.4 g — 25 =
Cyg — 0.4 01 28 08 1.9 — 0.3 - — 0.2 —
Cig 0.2 03 0.2 45 —_ 0.8 — 04 . — 0.1 04
Ciz 0.2 0.8 0.2 14.0 6.8 6.6 0.3 0.6 0.5 — 03 1.2
€3 - 1.8 .- — 0.4 - — i 0.1 = = 0.3
Cla 03 33 2.8 11.0 10.3 8.5 0.2 19 1.6 7.0 6.9 B9
Cis 0.9 9.9 -— 0.7 0.9 — 0.6 - 0.4 -— 1.1
Cis 13.3 18.4 16.4 12,0 17.1 15.7 8.5 11.8 12.6 20.0 17.1 17.8
Cig 37 6.1 6.9 2.8 5.6 5.4 243 4.0 5.2 4.4 5:3 5.0
Cag 1.8 — — 04 2.6 — 1.8 5.2 43 0.9 — 0.3
Cy3 4.5 = v = = = 1.7 2.1 2.3 0.7 = e
Cay 2 — — 05 0.1 —_ 1.9 0.6 — 09 0.8 1.7
Total 26.8 320 27.5 50.0 46,7 42.1 16.82 289 26.6 343 324 367

*Viscera includes intestines with contents.

Sarurated fatty acids: Coconut oil containing fish
feed (Feed TI) induced maximum amount of satursted
fatty acids (46.7 per cent) (Table 3). It is significant that
the body and viscera contained higher amounts of Cs,
Cg, Cy2 and C;4 saturated fatty acids compared to fish
fed on other feeds. The fish which were fed with
Feed IIT {containing mustard oil) showed lowest level
of Cs saturated acid (1 1.8 per cent) compared to others.
Feed TV containing sardine oil induced maximum
amount of Cyg saturated acid {(17.8 percent) in the body.
Of the higher saturated fatty acids, the feed contain-

ing mustard oil produced maximum Caqq acid in the
fish. On the whole the body fat and visceral fat showed
distinct similarity in thelr fatty acid composition.
Monounsaturated fatty acids: Fish feed containing
sardine oil showed maximum amount of Cig; acid
in the body (8.4 per cent) and visceral fat (8.9 per cent)
{Table 4). However, mustard oil produced fish having
the lowest level of Cyg:q acid (3.4 per cent).
Feed T produced fish with maximum amount of Cig:
acid 1n the body (39.4 per cent) and viscera (380 per
cent) as the feed itself contained the highest amount of

TABLE 4. MONCUNSATURATED FATTY ACID COMPOSITION OF THE BODY AND VISCENA LIPIDS AFTER FEEDING
Feed 1 Feed 11 Feed ]II Feed TV
Fatty acids - M R N
Feed Viscera®® Body Feed Viscera®®  Body Feed  Viscera®™  Body Feed Viscera®* Body
Cira — 0.4 0.7 s - - — 0.4 0.2 0.9 -
0.6%
Cts.) 0.9 5.8 6.7 02 6.6 6.5 0.4 2.8 3.40 9.6 8.9 3.4
Ciy.t 39.5 8.4 394 31.40 313 27 29.3 29.0 29.2 204 326 28.5
Caou 0.3 3.l 3.1 Q.2 -— .2 31 — — 0.2 1.9 2.1
Casq 0.3 — 0.9 0.8 — — 16.8 1.2 53 1.1 0.3 1.0
Caas 0.4 0.9 0.5 s 0.7 1.5 1.6 1.9 2.0 s - s
Total 41.4 48.8 51.2 32.60 B 429 45.2 409 4an 2 1.5 44.6 230

*Unidentified **Viscera includes intestines with contents.
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Table 5.
. Feed | Feed Il
Fatty acids _ :
Feed Viscera* Body  Feed  Viscera*
C182 315 8.4 114 171 9.6
Clg:3 0.9 0.4 0.4
Cl84 2.9 25 2.0
C20:4 14 0.9 1.2
Q5 18 2.2 1.6
C23 — — —
C24 0.9 10 0.4
c25 1.6 14 0.6
C26 16 12 0.9
Unidentified — — —
Total 315 195 21.0 171 16.7

{ Viscera includes intestines with the contents.

this acid (39.5 per.cent). ~ Although Feed IV (co_ntaininq
sardine oil) contained only 20.0 per cent of Cis: i (lowes
among the four feedsl) the’body fat as well as the visceral
fat showed a[r)#arenty little arfference compared to the
other fish samples wwhich were fed on diets havmgz a
different level of this acid. This clearly showed that the
fish itself is capable of de novo s¥nthe5|s of this fatty
acid by extension of chain length from lower acids,
Among the higher monounsaturated fatfy acids Feed
1l containing C22i (10.8 per cent) indiced highest
levels of this acid jn the body fat of the fISh(]5.3 per cent).
Polyunsaturated fatty acids: Feed 1l containing
mustard oil induced ‘maximum amount of polyun-
saturated fattal acids in the bod% (329 per cent) ‘and
visceral fat (30 per cent? followed by Feed 1V contammg
sardine oil (Table 5). Although Feeds | and 111 containe
|gh amount of Ig acl 331.5 and 374 ger cent)
respectively) compared to II and IV (17.1 and 9.5 per
cent respectively), what is most significant is the fact
that Feed IIl Caused deposition Of large amount of
these acids both in body (23.7 per cent) and in visceral
lipids 0(24 per cent) of the fish. ~ °
Feea IV 'which_contained sardine oil (higher amount
of Co26 acid (8.8 per cent) caused maximum amount
of C226 acid (b per cent) in'the booy of the fish. As far
as the fatty acid composition is concerned the diet is
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POLYUNSATURATED FATTY ACID COMPOSITION OF THE BODY AND VISCERA LIPIDS AFTER FEEDING

Feed 111 Feed IV

Body  Feed Viscera* Body  Feed  Viscera*  Body
9.0 374 24.0 23.7 9.5 11.9 6.7
0.3 0.6 18 2.0 0.5 0.8 0.6
10 - — — 2.1 14 13
10 11 2.6 0.7 05 15
1.6 0.6 0.9 7.0 10 2.4
0.4 — - 0.7 0.9 0.3 0.6
0.4 - — 0.7 0.3 05
0.2 0.9 13 2.1 23 2.6
14 13 14 8.8 3.0 6.0
- 0.4 0.3 — — _
153 38.0 30.1 32.9 32.9 215 222

found to have significant effect on the composition of
the hody of the fish. On the whole it can be seen that
the diefary fat has %ot distinct influence on the fatty
acid composition of the fish. It can be seen that inclusion
of marine fish fat like sarcine.oil favours the deposition
of tglghilcyhunsaturated fatty acids in the body fat of fresh
water fish,
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Anthocyanins in Phalsa (Grewia subinaequalis L.) Fruits*

D. S Khurdiya and J. C. Anand

Division of Horticulture and Fruit Teﬁr]]incfllo

New De

5 Indian Agricultural Research Institute
12, India

Manuscript received 18 April 1980: revised 17 Nov. 1980.

Based on paper chromatography and spectral characteristics, two anthocyanin pigments viz, delphinidin-3 glucoside
and cyanidin-3—glucoside have been identified in the ‘Phalsa’ fruit.

.Phalsa (Grewia subinaequalis L.) beIon(%s to_the family
Tiliaceae, Phalsa fruits possess a very attractive colour,
ranging from crimson red to dark purple. The juice,
also possesses a dleep red colour and"has a pleasing fla-
vour, It is considered to have a cooling effect during
the hot weatherr

The colour of the fruit is due to water soluble antho-
cyanin pigments, the nature of which has not heen
réported in the literature. Investigations carried out to
identify the same are reported.

Materials and Methods

The ripe fruits (100g) harvested from the experimental
orchard of the Instittite were used. The Peels which
contain the fo|gments \Were separated from the frurt by
hand and blerded with methanol_containing 0.33 per
cent HCy, filtered and washed with the same solvent
until the residue was colourless, The combined filtrate
was concentrated in a rotary flash evaporator (below
ACFC) under vacuum. The concentrafe was shaken
twice with 200 ml of dry ether when the pigment partially
preuPnated as 4 semi-solid. mass,

Isolation of plg}ments: The p|ﬁment extract was
streaked on 46 x57 cm sheets of Whatman No. 3 paper
and devel%oed b)i descending chromatography using 1
per cent HCL for 18-24 hr. Tio distinct bands designat-
ed as Pi and P2 separated. The chromatograms were
air dried, the band eluted with methanol containin
0.1 per cent HCL, and the solvent evaporated In vacuu
below 40°C.  Each pigment was further purified using
the same solvent. _ o

|dentification: The (%Jments were identified b
spectroscopic and chr _a_to%rapmc procedures ges-
cribed by Harhome2. Visible spectra of the purified
p|gments dissolved .in 0.1 per cent HCL in methanol
Were taken using Hitachi-124 spectrophotometer, ~ Shift

in absorption maximum was determined by adding 3

drops of 5 per cent AlCIs in ethanol (wiv) to 3 ml of
pigment splution, _

Rf In different solvents (Table 1) were determined
using Whatman No._1 paper. .

Acid hydrol¥5|s: The isolated pigment was heated
with 2 N HCI at 100°C for 30 min, cooled, and the
anthocyanidin(s) extracted with iso-amyl alcohol. - The
aqueous phase ‘was extracted with di-N-octylmethyla-
mine to remove the acid, Both the solutions \ere
concentrated by evaporation.  The aglycones were
identified by, p_?ﬁer chromatography in diftérent solvents
using delphinidin and cyanidin obtained from brinjal
skin‘and red rose petals reSpectively as reference material.
The sugars were. identified usmq BAW and BPW,
solvents™and aniline hydrogen phthalate as spray re-

agentd,
Partial acid hydrolysis: The anthocyanin chroma-

tographically. separated was dissolved in 2 N HCL an

heated in boiling water bath for 510,15,30,45 and 60

Table 1 solvent systems for chromatography
Composition (V/V) and proportion

1 Glacial acetic acid-water-concentrated hydrochloric acid
(15:82:3) (AWH)

2. Concentrated hydrochloric acid-water (3:97) 1% HC1

3. Glacial acetic acid-concentrated hydrochloric acid-water
(5:1:5) (HAC-HCL)

4, n-bgtg\wl-glacial acetic acid-water (4:1:5) upper phase

5 n-butanol-2N HCI (1:1). Upper phase (BU-HC1)

6. n-butanol-pyridine-water (6:4:3) (BPW).

7. Glacial acetic acid-concentrated hydrochloric acid-water
(30:3:10) Forestal)

8 Formic acid-concentrated hydrochloric acid-water (5:2:3)
(Formic)

*Part of research work carried out by the first author for the award of Ph.D. degree.
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Table 2. r/(XIOO) vatues and SPECIAL PROPERTIES OF PHALSA ANTHOCYANIDINS

_ Solvents
Pigment
HAC-HCL BU-HCL  BAW  Forestal
Pi 2 37 4 2
P2 3 73 62 e
Delphinidin* 2 3 40 29
Cyanidin* % 76 62 13
*Authentic aglycone.
min interval and chromatographed using AWHS.
This test helped, to distinguish the :ype of glycosides.

The monoglycoside gave only two spots viz. The mono-
glycoside and the glgc_one..

Hydrogen peroxiag oxidation:  Sugars attached to the
3 position were identihed by the procedure of Chandler
and HarPerG. The pigmenit isolates were dissolved in
methanol (0.2 ml)." ~ Forty microlitre of h%/dro en
peroxide (30 per cént) was ddded, allowed to stand Tor
4 hr and treated with few grains of Pd catalyst at room
temperature to effect decomposition of excess peroxide.
After 20 hr 50 1 of ammonia was added, the solution
warmed for Smin in a boiling water bath, and the result-
ant solution chromatographed directly for analysis of

sugars.
%Ikaline_ hydrolysis: The anthocyanins were analysed
for acylation by the method of Philip.5

Results and Discussion

_The colour was dug to two types of anthocyanin
pigments viz. Pi and P2 whose own colour was purple
and pink respectively, Change of Pi and P2 colours
to hlue and violet with addition of aluminium chloride
indicated the presence of two free hydroxyl groups
In the ring.2 These pl?ments failed "to Show any
fluorescence in ultra-violet light indicating that they
did not belong to the 3,5-diglycoside types.

‘Absorption max

(MeoH-HCI) Al-shift Identification
Foimic ~ Visible — U. V.
(nm) (nm)
545 215 + Delphinidin
5 53 215 + Cyanidin
8 545 215 +
i 535 215

The anthocganidins of the Pi and P2 pigments have
been identified as delphinidin and cyanidin™res ect|vel¥
based on their Ry values in different solvents and spectrd
properties (Table 2). The R/and Sgectral values and
characteristics found were comparable to the values
reported by Bate-Smith7and Harborne.58

The sugar moieties released by aid h}(droly_sm and
hydro?en peroxide oxidation from both the pigments
consisted of glucose only (Table 3). Both Pi and Pi
Yle_lded no infermediary product on: partial acid hydro-
ysis which indicated them to consist of only 3-mcno-
glucosides of delphinidin and cyanidin resPectweI . Ce-

Chromatography of the etherextract of the alkaline

Table 3. (xIOO) values of sugar moieties in phalsa
ANTHOCYANINS

Solvents  Sugar _Colour
Sugar identified (Aniline hydrogen
BPW BAW phthalate”spray)
Pi 30 17 Glucose  Brown
P2 0 17 Glucose  Brown
Glucose 019 Brown
Arabinose H 6 Pink brown

Same values and colour were obtained for Pj and P2after H202
oxidation also.

Table 4. R/ (xI00) values and spectral properties of phalsa anthocyanins

Solvents
Pigment —
AWH HAC-HC1 BU-HCL
Pi 2 44 2

P2 3 57 2

Absorption  Absorption Al
max ratio shift
BAW 1% HC1 (MeoH-HCI) A 440
(nm) A Max
(%)
26 2 540 5 +
40 5 530 2 +
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hydrolysate indicated no acylation. Based on Re- References
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RESEARCH NOTES

STUDIES ON PECTOLYTIC AND CELLULOLYTIC
ENZYMES IN  MANDARIN  ORANGES
INFECTED BY ALTERNARIA ALTERNATA
(FR) KEISSL

Activities of pectolytic and celluloytic enzymes increased
in Mandarin oranges following infection by Alternaria
alternara  (Fr) Keissl.  Polygalacturonase (PG), and
polymethylgalacturonase (PMG) activities increased upto
10 days after infection in edible portion and tended to drop
thereafter. In rind, however, activities of PG and PMG
continued to increase upto 13 days. Pectinmethylesterasc
(PME) and carboxymethyl cellulase (CMCase) activities
also increased after infection but exhibited peaks in early
stages of pathogenesis. PG activity appeared to be
predominant in rind.

Degradation of cell wall in fruits is believed to be
the be?m,mng of the infection process. Pectolyuc and
cellulofytic enyzmes are the most important in this res-
Pect. A'tungus isolated from infected Mandain oranges
rom Nagplr area was identified as Alternaria altérnala
(Fr) Kei3sl which had been found to cause soft rot
In oranges.1 According to a recent report2, this organism
has not"heen so far reported on Mandarin oranﬁes. In
view of the importance of the pectolytic and cefluloytic
enzym_es In the Infection process and also the possibility
that different gpes of infections might lead to varym%
ualitative and” quantitative alterations in profiles
these enzymes, experiments were. conducted o study
the pattern of changes In activities of pectolytic and
cellulolytic enzymes™in Mandarin oranges infected by
A. alternata (Fr) Kejssl. _ ,

Healthy oranges of uniform size and maturity were
procured from * Telankhedi orchard”, Punjabrag Agri-
cultural Unlversng, Nagpur. ~ These were artificiall
inoculated with Spores™of Alternaria alternata (FI_X
Keissl.  Fruits were analysed for various enzyme acti-
vities at predetermined Intervals upto 13 days after
inoculatjon.  Normal, uninoculated frujts were also
analysed. Enzyme extracts were prepared according to
the procedure of Riov.3 PolygalactUronase $PGg, and
Bolymethyl alacturonase (PMG) activities were a s%ed
y the niethod of Riov3. Pectinmethylesterase (P E&
activity was assayed_by the procedure of Hancock et al
and the method "of Tra?erS was employed for the assa
of carboxymethyl cellufase, (CMCaseg. One unit of P
activity and PMG activity is that amount of the enzyme
which”catalyses liberation of 1 g mole of galacturonic

acid in 24 hr. One unit of PME activity is that amount
of the enzyme which liberates Lit equivalent of carboxyl
groups in“30 min. ~ One unit of CMCase activity Is the
?p%%of the enzyme which liberates 1 mg of glucose
Several earI&/ studies failed to detect PG act|V|t¥ in
oranges, Mandarins angd lemons; Jt was suggested that
the Citrug tissue possmlx, contains a PG inhibitor,
Rigv6 pointed out that this apparent absence of PG
activity In some Systems is dug fo an enzyme, Uronic
acid Oxidase, which oxidises the reaction products
of PG as well as the free reducmq groups of the sub-
strate. Use of sodium throsngm e-as an inhipitor. of
uronic acid oxidase was therefore, recommendeq durin
the assay of PG, e have ohserved that addition 0
sodium “hydrosulphite does not influence the PG or
PMG activity in Mandarin oranges (data nat presented).
Table 1shows the activities of pectolytic and cellu-
lolytic enzymes following infection by A alternata
(Fr% Keissl.” All enzymes showed increase following the
Inféction but the degree of such an increase was different

for different enzymes. PME activity reached a maximum

on the 3rd day both in the rind and in edible portion
and then decreased sharply. PG and PMG, activities
continued to increase upto 10 days in edible portion
and upto 13 days in rind. Alternaria rot is a centre rot
and propably that is the reason for the early maximum
prodyction ofPGandPMGin edible Portmn. CMCase
activity was found to be maximun after 3 days of infec-
tion, Hoth in rind and edible portion. In control fruits
activities of all the enz¥mes tended go up to some extent
durmg major period of the eernment after which they
tendedl fo drop. It was also Seen that, after infection,
eroducnon of PG In rind exceeded production of PMG.
0t much difference in this respect could be observed in
edible portion, _ _ _
Hussain and Kelman7 and Friedmang tried to find
a causal relationship between pectolytic acfivity and
Batho enesis,  They could not assign-a precise role to
PME out PG levels were found to e inCreased durlng
Infection. Friedman@ further suggested that exposur
of pectins hetween primary and secondary cell walls to
pectin deqardmg enzymes s possibly dependent on
prior cellulolytic"activity. 1t thus appéars IJoossmle that
n Alternaria’ rot, CMCase formed In early stages of
aatho%enesm exposes the pecting which are th%n demethg-
ated YPMEto pectic dcids, Pectic acids thus formed
probably contribute to the stimulation of PG and PMG
production. In -vitro studies carried out bl)é the authors
nave Indicated that A. alternaria (Fr) Keissl is not
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Table 1. pectolytic and cellulolytic activities in mandarin
ORANGES DURING STAGES OF PATHOGENESIS DUE TO
ALTERCARIA ALTERNATA (fr) KEISSL

Enzyme activity (units/g fresh wt)

Infection —-

Enzymes  period Control fruits Infected fruits

g - T

Rind Edible  Rind Edible

part part

PME 0 80.0 444 853 49.7
3 76.3 50.6 1119 89.7
6 85.7 434 2.8 206

10 — — 248 198

3 62.5 320 22 154

PG 0 41.8 190 415 190
3 453 178 126 66.5

6 505 245 1411 1045

10 — — 456.0 408.5

13 203 16 5605 3040

PMG 0 415 285 415 38.0
3 487 39.2 51.0 95.0

6 56.4 438 76.0 1387

10 — — 96.9 368.6

3 21 20.4 1522 76.0

CMCase 0 1200 40.0 1200 60.0
3 1245 611 400.8 166.6

6 139.2 695 168.6 1245

10 — - 1654 108.0

3 80.3 347 83.2 223

PME, Pectin methyiesterase; PG, Polygalacturonase,, PMG,
Polymethylgalacturonase; CMCase, Carboxymethyl cellulase.

capable_ of extracellular production of PME but pro-
duces PG and PMGO. It is_thus possible that PME
activity found in fruit tissues is that of host origin and
significant amounts of PG and PMG are contributed

the pathogen,
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QUANTITY AND QUALITY OF PECTIN IN SUN-
FLOWER AT VARIOUS STAGES OF
MATURITY

The pectin content of sunflower is found to increase from
the stage of full blossom to the complete matured dried
flower heads, but as the sunflower grows and matures, the
jelly grade of pectin goes on decreasing.

Sunflower (Heliunthys annus L.) is widely grown in
our country as an oilseed crop. Maturg Sunflower
without seeds IS a waste but is a good source of pectin.
According to the reports of various investigatorsib,
the flower” heads contain 14 to 26 per cent pectin on dry
weight basis.  The. obhect of this investigation was t0
find"out variations in the quantity and quality of pectin
present in sunflowers at various stages of maturity.

The sunflower variety ‘Romsun Record’, grown at
Oilseeds Research Station (C.S.A. University of A1qr|-
culture and Technology) Kanpur, was used.  The
sunflowers were Plucke_ after 1 gpnor to seed forma-
tion), 130 (seed formation), 160 (seed maturation) and
180 (harvest) days from the date of sowing, Size' (clia-
meter) of each sunflower head was measuréd, From the
heads’ of the green sunflowers of the [atter three stages,
the seeds were removed. and then the heads cut jnto
0.5 In_pieces. _These pieces were dried at 50°C in a
still air oven, The dried samples were powdered in a
Iaboratorg mill and used for extraction of pectin, The

rocedure6, mentioned below, was adopted for the ex-
S{gctgson and recovery of pectin from the samples at all

sample %10 0) was first soaked in sufficient quantity
(200 mlg of ethanol (%5 per cent) for 15min. The mixture
wes filtered and the residue washed with ethanol-diethyl
ether '(1:]2 mixture, and subseﬂuently with ether alone.
The treated sample was suspended in 300 ml solution
of oxalic acid and ammonium oxalate (0.5 per cent each)
and the mixture was heated to 90°C in a water bath for
30 min with occasional stirring. It was then cooled,
filtered, and the insoluble residue was treated again with
200 ml solution of oxalic acid and ammoniun oxalate
In. the same manner,  Finally, the residue was washed
with hot water until it was Tree from pectin, and the
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Table 1. quantity and quality of pectin of sunflowers at various stages of maturity
Sampling Diam. of Wt of ~ Wt of  Flower  Yield  Moisture ~ Ash  Free acid Methoxyl Purit
period~  flower ~ flower ~ flower Moisture (%)  in pectin (%) (meg NaOH/ contenf AU Grade
(daysl ~ (in)  with seed without (%) pectin (%) S0 mg (%) (%)
©) see)ds (dwb) pectin)
1S
W 625 390 - 87.8 16.6 6.27 3.60 0.4 1030 8900 160
6.25 310 -
5.75 343 —
5.75 297 -
5.00 21 —
130 6.25 320 237 830 206 6.38 5.00 11 8.52 86.24 140
5.50 199 116
5.25 168 9
5.00 142 93
4.00 0 64
160 600 vl 44 24.0 246 6.32 5.90 13 1.76 83.60 10
510 93 26
4.80 16 24
4.80 62 i
3.90 3 3
180 600 119 40 130 243 6.15 5.98 13 673 1832 50
5.00 92 24
4.90 3 19
4.80 5 15
3.10 30 ©
washings were included in the extract. The pectin of the ?rade of Bgctin extracted after 100 days of sowing was
extract wes precipitated by acidified ethanol, the preci- found to be maximum out decreased thereafter, There-

itate was washed by natuiral ethanol, and subsequentl
diethyl ether. The preu'mtate of pectin was mae
solvent-free by rubbing in a large_porcelain mortar and
dried at 50°C under Vacuum. ™ Then, the pectin was
stored in a desiccator over night and weighed. - Mois-
fure was determined By heatm%]lg round  pectin
(fo mesh particles) under vacuum (5-20 mm Hg) at
00°C for 4'hr. Ash content was determined by igniting
1 g pectin slowly and then heated at 60(FC tof 4 hr’
Free acidity of pectin was getermined by tltratmg_ 05
Rer cent pectin. solution with standard “0.IN sodium
Sydro>_<|ole solution using phenolphthalein as indicator.
aponification method? Was used for the determination
of methoxyl content and anhydrouronic acid (AUA).
Finally thé samples of the pettin were tested for jelly
grade by Delaware Jelly Strength Tester8 The results
are_givén in Table 1 _ _

The pectin content of sunflower increased to maximum
level in 160 days, and thereafter remained constant.
The ash contents and free acidlity of pectin samples were
found in increasing order, whilé the methoxyl contents
and anhydrouronic acid contents of pecting were found
In decreasing order with maturity of sunflowers. Jelly

4

fore, it is conclucled that one of the reasons for lowering
of Jellé/ ,%rade of pectin could be due to demethylation
of ‘pectin during the maturity of sunflowers.
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A STUDY OF THE CHANGES UNDERGONE BY
TEA POLYPHENOLS IN SOLUTION USING
HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY

The changes undergone by the tea polyphenols during
storage have been investigated using high performance
liquid chromatography. 1t was found that the principal
changes were related to the formation of a group of com-
pounds allied to the thearubigins. There was no marked
change in the theaflavin content.

. Tea extracts deteriorate rapidly on s,torage and tum
into a dull dark brown colour, de‘velo,pm{gh N Undesire-
able taste commonly described as “flat”. The prevention
of such degradativé changes I of particular importance
in the preparation of stabilised liquid tea preparations
such as canned and jced teas. This investigation was

carried,out to determine the extent to which tﬁ_ls eterio-
ration in taste could be associated with chemical trans-
formations in the polyphenolic constituents of the beve-
rage. Changes occurring during the storage of black tea
have already been reviewedl .

The solutions were analysed usmg a modification of
the HPLC procedure described by Hoefler and Coggon2
The samgle elution system consisted of a linear gradient
of EA) 10 per cent acetone, 0.5 per cent acetic acid and
895 "per cent water and (B) 40 Per cent acetone, 0.5 per
cent acetic acid and 59.5 per cent water, The eluate was
scanned at 380 pm at which wavelength the unoxidised
Polyphen_ols did not exhibit any absorbance and only
he” oxidised polyphenols were’ detected. -

The tea extracts were stored in the dark after initial
sampling. At the end of 24 hr_stora?e at room tempe-
rature it was found that the astringent taste was comple-
tely lost. The principal change In the chro_matoH am
Wes a very marked cecrease in the theaflavin gallates
with corrésponding increase in the theaflavins due to
contamination of the extract by Aspergillus. This con-
tamination was prevented in sibsequent experiment by
using 0.1 per cent sodium benzoate or preferably benzoic
acid"as a preservative.

Table 1.

sssssssssssssss

STORAGE

Period of storage (h)
24 hr 48 hr 72 hr

Satisfactory Satisfactory Poor

the quality extracts during

Storage condition
168 hr

Room tem
E Poor

(24-28°C

Aerated at room
temp ;oxy enat
30 mlmmﬁJ Satisfactory Poor

Stored at 55-60°C  Poor V.poor

V.poor V.poor
V.poor V.poor
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There was a slower but Tprogresswe loss of tea charac
ter even in the presence of a preservative. - The purpose
of this investigation was to Characterise these changes.
Experiments iere carried out using three storage con-
ditions as detailed in Table ]}to investigate the effects
of oxygen and temperature on these degradative changes,
Experiments were carried out for 7 ddys and the stored
solutions were _sampled every 24 hr for 3 days and on
the 7th day. The assessment of guality based on the
losses of liquor colour and taste is shown in Table L
It was evident that quality deterioration was most rapid
at elevated temperatures when the liquid turned dark
brown in 24 hr. " The loss in quality was very noticeable
after 48 hrin (2) and 72 hr in (tl)'

HPLC analysis was carried out every 24 hr on all the
samples.  It"was found that the principal change
occurring on storage which related to'a loss of quali
was the “appearance of a new group of peaks on the
chromatogram in the region associated with the thearu-
bigins. This is illustrated in a typical chromatogram of
the sample maintained at an elevated temperature, after
163 hr stqrage gFlg. 2). It is very significant that there
is no noticeable loss In the theaflavin content evident
when this chromatogram_is compared to Fig. L The
increase in the thearubigin fraction is accelérated pri-
marily by heat and sonfewhat by aeration.

It 15 passible to conclude that the development of the
dark colour and ‘off taste” in tea liquor on storage is

TF

TR 1

ABSORBANCE (380 NM)

{
20
TIME

Fig. 1. HPLC chromatogram of a fresh tea extract TF, Thea-
flaving; TR, Thearubigins
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Fig. 2 HPLC chromatoglram of a tea extract stored for 168
hr at an elevated temperature.

TF, Theaflavins; TR, Thearubigins.

not related to a loss of theaflaving but rather due, at
least partially, to the formation of oxidised and poly-
merised polyphenolic derivatives (thearubigin type),
from the unoxidised and partially oxidised compoUns
\évg}gpaéggtnbute significantly to"the brisk taste of the
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A NOTE ON THE EFFECT OF FREEZING GRAPE
BUNCHES ON THE COMPOSITION OF
MUSTS AND WINES*

The effect of freezing grapes on the composition of musts
and wines was investigated using live varieties. It was
observed that with most of the varieties the musts and wines
from frozen (-10°C) grapes had slightly lower acidity and
higher pH as compared to control. In general, the wines
made from frozen grapes had lower tannin content and
better colour.

(Generally, wine is made from fresh grapes. Though
wine I made from grape juice concentrate, the quali
of such wine is not Comparable to the wine made from
fresh grapes. It is reportedl that wines made from
%rapes which are frozen rapidly and thawed immediatel

evelop undesirahle odour, flavour and colour. Browri
reported. that addition of antioxidant to crushed grapes
and stormq under frozen condition prevented the”deve-
lopment of undesirable odour, flavour and colour in
wines.  However, the results presented in this note
Indicate that freezing of gra?es_ t -10°C for one month
did_not affect the. quality of wines to a great extent

. Five grrage varieties namely, ‘Anab-e-Shahi’, ‘Excel-
sior’, “Thompson  Seedless’” ‘Bangalore  Blue™ and
‘Black _Cham?_a’ grown at the Expérimental Farm of
the Indian Institut? of Horticultural Research at Hessera-
ghatta, Bangalore were used. The grapes were separated
into_two I0ts; one was crushed” and fermented by
traditional fermentation and the other was washed
thoroughly in running water, drained, packed in Roly—
ethylene hags and stored in the freezer at -10aC. Aft
oné month,”the grape bunches were removed, thawed,
crushed and fermented.  The sugar content of both
control and frozen grapes was adjusted to 22° Brix
with. cane sugar.  The' procedure “followed for wine
makln(i and thie methods ysed for must and wine analysis
have already been described3t.

Freezing Of ?rapes did not alter the sugar content of
the musts of all the varieties (Table 1). Bilt, there was a
slight decregse in the acidity of musts of all the varieties
excelot in ‘Banﬁalore Blue".  The reduction in acid
resulted in the increase of pH of musts. After one mont
st_ora?e at freezer, the berries were intact without any
visual damage. - However, there was a slight browning
in vy]mte_varleneé. :

The wines made from frozen graBes showed a slight
decrease In amdﬂg ran_g|n1q front 0.01 to 0.13 per cént
except in “Anab-e-Shahi”, The change in the pH of wines
Wes very mar(t;mal._ The significant observation was
with regard to Tannin content™and colour of wines. The

*Contribution No. 1002
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Table 1. effect of freezing grapes on the composition of musts and wines

_ Must Composition
Variety  Treatment

Wine Composition

EC;._S, Acitdity (asg  pH Aci?ityt/ (g  pH Tann/in Colour (0.D. at)*
°Bri anaric artaric mg/1 ;
B 100 ) acid /10 mi) (M9 420 m 520 am g?g
Anab-e- 'l Frozen 148 053 3.65 058 3.70 0.168 - -
shahi [ Control 150 0.57 3.60 053 3.60 856 0.301 — —
Excelsior ~ Frozen 194 0.92 3.60 0.70 3.80 742 0.301 — —
Control 192 0.95 350 0177 370 748 0.387 - —
Thompson jL Frozen 198 0.717 3.5 0.65 350 636 0.276 - —
seedless 11 Control 192 081 345 066 3.40 728 0.252 — —
Bangalore 1Frozen 176 105 3.20 0.93 325 1140 1610 1.370 118
blue [ Control 174 100 3.20 1.06 3.30 1320 1.250 1.250 100
Black MFrozen 180 0.75 3.60 0.70 375 1320 1.140 0.860 1.3
champa  Jr Control 180 0.83 340 0.71 315 1880 1.310 0.970 135

*White wines were measured undiluted, while red wines were measured with 1:10 dilution.

wmss nude from frozen grapes. had Jower tannin content
than control wines.  Though it is knownd that heating
grape musts increased the tannin content, no information
i available on the effect of freezwllP grape on tannin
content of wine prepared from it. However, storage of
wines at Jow temperature reduced the tannin contentb,
Among the three White varieties tested, the colour of
wines Tmade from frozen ‘Anab-e-Shahi” and ‘Excelsior
were better than the wines made from control grapes.
There was not much chanﬁe in case of wing from
‘Thompson Seedless’.  With regard to red varieties
the colour of control wine from™Bangalore Blue” and
the wine_from frozen grapes of “Black Champa’ wes
better. These preliminary observations suggest that
prrobably there is a varietal response to frozen storage.
his investigation indicated that freezing grape bunchies
did not alter the quality of wineS "to a great
extent and frozen grapes” could be used for Wine
making i off-season. Florab also observed that
freezing did net affect the flavour and colour o
jéuﬁ?mct)ﬁsgrapes that had been held at -283C for

The authors are thankful to Drs. G. S Randhawa
and K L Chadha for their interest jn_this work
and for rowdm? the necessary facilities, Theg
are also thankful to Drs. Rajendra Singh and H. C
Dass for growdlng the grape material” used in this
Investigation.
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SOIL-SALT MIXTURE FOR PRESERVING WET
PADDY

Problems exist in storing and handling of common salt
treated wet paddy. To avoid this, wet paddy was treated
with salt incorporated soil or soil-sand mixture for
extracting and holding the water in situ. A salt-soil
(or soil to sand in equal proporation) mixture when mixed
with wet paddy in the ratio of 0.75:1 and an optimum level
of 5% common salt by the weight of paddy -effectively
preserved the wet paddy without fungal infection or
development of heat for 10 days.

Pad%v_ harvested in rainy season cannot be dried in
sun and, it spoils rapidly. Mixing of various chemicalst 5
were tried ?arher to prevent the s&ona e. Of these,
common salt (vacins preserved the grain by with-
drawing moisture from it; but if the extracted water is
not removed from the surface, the paddy gets heated and

infected.  To overcome this problem,” different absor-
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bents-6 were used. Earth, saw dust and paddy husk

when mixed repeatedly with wet, paddy extracted mois-

ture and preserved it7. Considering the cost and labour

involved |n the above treatments,”a cheap, method of

usrn so| sat mtrxture for extracting moisture from
as heen tried

Na¥ura| saline soil (available in coastal area containing

per cent NaCl) or soil and salt mixture sreved
through 20-mesh sieve) was mixed with wet paddy an
eitherfilled injute bag or heaped over a ponthene Sheet.
The sorI salt mrxture was nzresoare dissolving the
re%urre quantity of salt in 125 1of waersoasto give,

4 and'5 per cent of salt on the weight of padoly when
it was added to padd |n the 1orescnbed proportion.
This salt solution Was ded to 100 kg_of soil or a mix-
ture of soil and san foIIowed by d mgi In sun. This
mixture was added to wet pacdy (50 ots% in 0.25:1,
0.50:1, 0.75:1 and 1:1 proportions.” Not muc drtference
was observed n the absorption of moisture in Pa
stored in the bag or heap. ~ Hence the results obtained
with the ba storage alone are reported.  Observations
were recorded for sprouting, infection, heating and
chan?e In the colour of paddy during storage. Thé grain
moisture was determined after shelving in a Satake Jrain
testing mill (without operating the Blower). The" loss
In dry weight of grain was determined in 1 kg sample as
described.  Moisture content of the soil-salt mixture
was determined in 5 sample, and the salt (NaCl)
content after extracting the salt in warm water8,

River sand or sea sand or soil alone without, salt when
mixed with wet paddy did not control soroutrng, infec-
tion and heatrn Table 1); but coasta saling” soil or
Pre ared saline sor reserve wet padaly up o 2 months,
n two days’ trme he kernel morsture drop ed front
21.0 10 165 per cent when the mixture to Ea was n
equal Proportron when the salt content was 5 per cent by
Weigh after which the lowering o morsture
Was rather slow “a decrease of 15 per cent was observed
in 13 days. In the dry salt also, a similar pattern of

Table 1. moisture and condition Of paddy during SOI|
Storage ~ Kernel ~ Temp. o ,
Medium*  days ~ moisture (°Cf Germination Infection
(No) (%)
Sea sand 4 185 34 Incipient  Heavy
Soil 4 205 3 Heavy
Soil-salt . .
mixture 155 150 30 Nil Nil

'Contained 5% salt on the weight of paddy and mixed with
paddy at 1:1 ratio
Variety ‘Co 25; Initial moisture content 25.8%
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Table 2. condition of paddy 72 hours after treating with

SOIL-SALT-MIXTURE

in soil* Kernel moisture Infection
(%) (%)

2 186 Heavy

3 18.0 Heavy

A 174 Stray

5 16.5 Nil

¢ Adjusted to the wt of paddy treated
Variety ‘Co 257; Initial moisture content 25.3%

lowering of moisture was observed.. . The above soil-
salt mixture containing 0.5 per cent initial moisture when
mixed extracted 10.3 percent moisture in 10 days’ storage
with the paday in the same manner and the’ extractéd
water did not 0oze out of the mixture; thus it avoided
the wetting.of the contamer or spoiling of the dodown
floor. A minimum salt of 5 per cent b¥we| ht o
was required s in the case of dry salt tredtmentl-3 for

E)Trggler gxtractron of moisture and to prevent infection
Sand from the river or sea confaining 5 per cent salt
Eby weight of pa ddyz when mixed with " wet pagdy con-
arnrng 5.8 per cen morsture reduced the oisture of
B to 18 per cent on [)(] the water which was extracted
Iysan oozed out of the jute bag and the grains_got
Ightly infected in a week” Similarly when the soil"in
the mixture was reolaced by sand to less than 50 per cent,
it did not etfectrve preserve the wet paddy. In 5 days’
time the pad ytemperature (é:o 25 variety with 25 r
cent initial moisture, R.H. 80-90 1oercen t) was 38°C
9 days it went up to 53°C. This indicated that the
morsture Was not ro erl extracted from the advclrlg5
When the proportion of spil-salt mixture to paddy
less than 0.75:1, the grains got damaged by héating
Table 3. condition of paddy seven days after mixing wicn
different proportions of soil-salt mixture

Soil-salt mixture ~ Kemel Paddy- .
lo paddy ratio  moisture temr);. Infection
(by wt) (%) (°C
11 137 28 Nil
0.75:1 153 28 Nil
0.50:1 173 50 Heavy
0.25:1 202 50 Heavy

Coniaining 5% common salt to the paddy
Variety ‘Co 25'; Initial moisture content 24.0%
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Table 4. yield of brown rice (1 dry basis) during storage
OF WET PADDY TREATED WITH AND WITHOUT SOIL-SALT
MIXTURE

Co 25 IR 20
Storage period
(days) Control ~ Treated Control  Treated
0 .1 1.7 75.9 75.9
3 76.7 715 144 75.6
6 76.0 7.3 - —
9 749 770 — —
12 — — 715 4.7
15 - - 69.7 147
20 1720 77.0 69.3 141

itial moisture content of ‘Co 25’ was 25.5% and IR-20 was
Zd&o;

Soil-salt mixture treated with paddy at L1:1 proportion, salt
being 5% on the wt. of paddy.

Taple 3). While using roasted earth for extractmg
oisture from wet paddy an earth to paddy ratio in th
range of 0.50:1 to 0.75:1 appeared to be optimum?.
enever Soil alone mixed with salt was used for
extracting water, its complete separation from paddy
b)(] seving was difficult; but the separation was easier
when the” mixture contained equal proportion of sand
and soil. The residual sodium chloride in paddy was
0.8 per cent and in brown rige 0.3 Per cent. The Sieved
Baddy was washed thrice with water and this on par-
oiling yielded excellent rice with practically no break-
a%e. esides arresting sprouting and de
heat, the treatment of ‘et paday with soil-salt mixtur

development of
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minimised the dg matter loss considerably (Table 4).

It was observed by Srinivas et al.1 that"mixing soll
containing 1.0 per cent acetic acid or 3.0 per cent hurnt
lime or rdasting the soil to 150°C followed by mixing
with wet paddy immediately and keeping in juite bags
didl arrest the, infection; but repeated mixing (4 times)
of roasted soil with wet paddy and hoIdm% or 2 hr
ggtf%r Ieeaeclh mixing reduced the” moisture content to a

vel.

Singere thanks are due to late Dr. V. Subrahmanyan
for his %wdance_ and constant encouragement during
the course of this study.
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ERRATUM
Effect of In?orporation of Starch hosRhate on the quality of bread by K. Leelavathi et.al, in this

Journal 1981, 18 (1

), page 6 Table 5 columh.

The title of the column shoud be read as “Loaf Volume” instead of “Local Volume”.



BOOK REVIEWS

Coffee Technology3. by M. Sivetz and N. W. Deroisier;
The Avi Pub |sh|ng7 Company Inc., Westport, Con-
necticut, 1979, pp 716.

This is a revised edition of the earlier compilation
entitled Coffee. Processing Technology (1963).  The
earlier publication consisted of 2 vollimes which have
been combined into one. _

The present edition is a slightly condensed version
compared to the earlier two_volumes. This_has been
accomplished through the omission of descriptive details
of machinery and equipment employed in" the coffee

Ingustry,
Theni?_chapters of the _Present edition in 5 Parts
cover 0 history of coffee; it) green coffee technology;
H) roast corfee technology; 1v). instant coffee
technology ; and v) coffeg” and “its Influence on
CONSUMEFS, y _

Part | of the current edition on ‘history of coffee’
corresponds to the first chapter with the sane title in the
earlier edition. However, it has heen slollt Into 3 chapters
on the development of coffee plantations, coffee
industry and coffee uses.  The changing trends in
world production, consumption and trade” have, been
discussedl In greater detail "as also the coffee drinking
pattern and habits of the population in different regions
of the world. -

Part 11 of the present edition on green coffee. techno-
logy is divided into 4 chapters on Coffee horticulture;
harvesting and handling (iree_n coffee beans; dryin
green beans; and hulling; classifying, storing and grack
ing green coffee beans.” The 3 separate chapters on
sun r_ymg of coffee, machine d mg of coffee: d mﬂ
principleS and machine drying 0f Coffee:  descriptio
of driers in the earlier edition have been combined into

a single chaPter on drylnﬁ]green coffee beans. A note-
velgdrtt&yriggm lon is on the Shiwers drier and the fluidized

Part 111 on roast coffee technology is split into 2
chapters on coffee hean processing and packaging. o
roasted ground coffee. In the formier chapter, tfe éffect
of varioUs rgasting parameters on aroma development
during roasting IS dealt with in greater detail.” The
inclusion of a“separate chapter on packaging roasted
ground coffee beans bears testimony to the %rowmg
|mp{)rt?nce of this aspect In the present day
context. _

Part IV on instant coffee technology consists of the
following 4 chapters : percolation: théory and practice;

spray drying and agglomeration of instant coffee;
aromatizing -~ souble  coffees: and freeze  dried
coffee production. In this_part, various aspects
on instant coffee-such as effect of different pro-
cessing variables on product quality and soluble
coffee” plant, de5|ﬁn-wh|ch lie W|deI%/ scattered in the
e_anrhleerC hed%?n, ave been brought together under a
sl .

art \[a\AF/)hmh is the concluding part comprises chapters
on physical and chemical aspects. of coffee; pha/smlo-
ical effect of coffee and cafferine; caffeine and ce-
affeination; and brewing technoloqy. . The treatment
decaffeination in a separate cha§> er is in_recognition

[pli=]

the growing need for providing low-caffeine Coffees
cate to an expanding segment of the population.
he new aspect covered in the last chapter-pertains to
e recent nnovation of brewing coffee with paper
ters which is rapidly comln? Into"vogue. _
In the present edition, hibliography has been provi-
ed at the end of only 6 of the 17 chapters; however,
this has been brought’up to date with emphasis on the
more recent publications. Likewise, while the earlier
edition %_IVGS extensive Jists of patents (together with an
alphabetical index of inventors in most Cases) on such
diverse topics, as mucilage removal, roasting, rPerco-
lation, spraydrying, packaging, aromatizing”and de-
caffeination’at the'end of the relevant chapter, the pre-
sent edition confines itself to the mention of some new
Patten%s I%t the appropriate places in the body of the
ext itself.

The ge_neral_(l;et up. of the publication is excellent
with  copious  jlfustrations depi th the gamut of the
steps involved in brlngln%_ both reqular and'instant coffee
from the growing plantations to the consumer. Greater
care in gvoiding some printing mistakes would have
enhanced ifs Value. To give just one example,
the title of chapter 16 in"the Contents at the he-
ginning (page vua I5 given as brewing technology
whereds 1t “should actUally read as Caffeine and
decaffeination. _ .
_The authors deserve congratulations for a signi-
ficant achievement in assémbling a_ vast amount
of coffee . processing knowle%i%e which lie W|dek/
scattered in the [itérature. The hook would ur-
doubtedly be read with Interest and profit b¥ all
those asSociated with this important phase of the

food industry. S
. uppuswamy
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A simple method of collecting and drying papaya (pawpaw
Iatepx to produce crudeg pagai% gn@ |?B{J.(pMc?ore?

Rural Technolo%( Guide 8 of Tropical Products
Institute, 56/62 Gray’s Inn Road, London—WCIX
8LU, 1980; PP, 20.

The Tropical Products Institute, London, has brought
out  series of quides for rural_ technology to provide
working qetails™ of clevices suitable for™use in rural
communities. The quicles are fully illustrated and written
in simple Ian?ua?_e. This quide describes a simple
method for collec mg and dryin pa1Qaya latex to pro-
duce crude papain of good quality. The gadgets/equip-
ment employed for drying are so Simple that production
units can be'established in rural areas with least expendli-
ture.. In the first chapter the e%wpment required for
tapping of papayas, latex collection trays made of bam-
hoo rings and canvas or P.E. cloth and latex collecting
hoxes made of wood, are_fullg described with suitablg
diagrams, which can easily be made in rural aress.
Thén the method of collection of latex, the day and time
of collection are described. In the second chapter
the designs for building a dr)(]mq shed and fabrication
of hot air drier for drying the latex are given. Full
drawings of the furnace’mdde qut of prick Construction
are given to enable one to fabricate the same with least
difficulty. Finally, the operation of the oven, methods of
dr_;gng of_latex ‘and packing of dried papain are des-
cribed. ~ This guige Will bé" very useful for extension
workers, other™field staff in_rurdl development and to
the entrepreneurs desirous of starting this industry.
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Section 1 consists of 6 tables wherein traditional use
of azadirachta, acorus, other plants, leaves, seeds
roots or powders are given. Section 2 comprises . of
information pertaining t0 oil extracted from plants which
have been tested by topical application to Storage pests
or field trials. Large scale trials carried out ‘on oils
particularly vegetable oils such as groundnut oil, palm
oil, citrus and wood il have been tdbulated in section 3
Ashes which are wicely used for_mixing with food
grains s dealt with in Section 4. Effectiveness of ash
varies considerably due to silica content of the dust
and abrasive properties of ashes. Traditional use of
sand and minerals are given in section Swhich is divided
Into silicas including diatomites, clays and_lime stones,
Last section detailS miscellaneous “materials such as
husks, smoke, fire and their use in different countries
to_keep away insects. _

. There are’ 117 references which offer very useful
information.

_ It will serve as a useful reference book, for those
involved in infestation control aspects.

N. G. K. Karanth

Basic Food . I\/I_icrobiologY:
AVI Publishing_ Co. “In
1979; pp. 780; Price: $ 22

After the hook on “Microbiology. of Foods” by

b{/N George J. Banwart
C2'2 estport, Connecticut;

G V. K rishna Ml?tl?]nﬁ]ré a similar book with updated information and

CFTRI, Expt. Station, Hyderabad.

The use of Plants and Minerals as Traditional Protectants
of stored products: by P. Golob and D. J. Webley.
gego.ZOTrop. Prod. In&t. G. 138 VI, pp 32 Price

This booklet describes the use of naturally. occurring
materials to protect agricultural produce “in storagg
from insect infestation. “The report IS in part a summary
of replies sent by correspondents in many countries In

I
published work. = .

There are six sections in which more than 160 naturall
occurnnﬁ materials. are listed along with the count
of use, the source of information and a brief description
of the use. Some of the information relates to traditional
g?ef?gig storrigfsto the application of materials in [aboratory

eslglonse to the Questionnaire and in part a review of
u

with the coverage of newer topics that have heen revealed
during subsequent years. of study was needed.  This
book Under review fills this %ap. |t contains 13 chapters.
The first chapter is of introductory nature. The second
chapter is On methodology, of enumeration of the
micrbes or. assessment 0f their metabolic a_ctwﬂg.
This 1s a critical evaluation of different methods includ-

mgrsampllné; plans. _ _
hird and forth chapters include taxonomical aspects
of common organisms, associated with food and their
metabolism and nutritional needs. Source of different
organisms and food as g carrier of illness have been
dealt with In fifth and sixth chapters. A freatise on
enterotoxins and_mycotoxins can be mentioned as a
special feature of this chapter, Seventh chapter deals
with indicator o_r%anlsms. This is ar(];a_ln a critical ap-
raisal of the existing methods and their significance {0
he quality assessment of the food.  Chapter eight deals
with food spoilage in a comPrehenvae manner mcIudm%
food composition, metaholic activity and degradatio
of the components.  This subject includes fruits and
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ve%etables, processed foods, meat, fish and poultry
products, canned foods, and fats and oils.

The ninth chapter presents the useful aspects. of
microorganisms _in the manufacture of bread, wine,
enzymes, etc, Different methods of control of undesirable
microorganisms are included in the 10th, 11th and 12th
chapters.  This chapter gives useful information qn
chemical preservatives and gaseous and liquid steril-
ants,  Thirteenth chapter gives valuable information
on_food laws, oo _

This book seems to be unique in its comprehensiveness
and in depth coverage of various topics related to food
microbiology. This will serve as a useful addjtion to the
academic Iifiraries as well as to the book collections of
individual laboratories confined to, research and develop-
ment In the area of food microbiology.

V. Sreenivasa Murthy
CFTRI, Mysore.

MaRsSs 5%ulture of Spirulina fusiforms: pp. 60; Price
The. awareness of protein shortage. in sixties and
seventies had generated great worlgwige interest for
search of newer protein Sources mcludln[q the one of
microbial on(%m. The production of algal” bigmass has
relevance in this context. Algal systems still receive
attention in_view of their efficienCy of solar energy
conversion.  The monagraph on the culture of Spirulina
fusiformis from the Resgarch Group of the photo-
synthesis and en,er% division. of Sn A M. M
Murugappa Chettiar Research Centre, Madras is to be
viewed In this context. _
Spirulina probably is the most suited algae for a fresh
water cultivation in'the Indian context and is amenable
for low level technolog%. The monograph provides
useful information_on “the cultivation ‘and process_lnq
of aI(I;ae. The details of tank construction and nutrien
supg }( to cultureshave been dealt well. Dala on the
POt ntiality. of using this in feeds of fish and cattle
hough lirited, foctses the application aspect of this

algad.
grhe final chaepter on a suggested model of algal milk
farm which presents algae & a component of an inte-
grated system along with production of fodder grass
makes interestin readm%. _

The monaggraph IS _not complete in all aspects of
alﬁal technology, nutritional testing or quality cgntrol.
The cost compuitations are meagre as it may e difficult
to make any_prediction hased on limited Studies on a
small scale.” The possible problems in produgtion have

not also merited attention. Many tables list merely
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E%Lrjgeng data which could have heen effectively con-

The monograph will certainly strengthen the Al
India effort in progress of using afligae ds biofertilizer,
biofuel and feed. and food. Thé effort of the research
team headed, by Prof. C. V. Seshadr, in develogmg the
Spirulina fusiformis mass culturing needs to be Com-
mended. - The monagraph will be Very useful to those
working in the field"of algal technology .

L. V. Venkataraman
C.F.T.R.I., M ysore.

Environmental Health Criteria 15: Tin and organotin
Compounds. ~ A preliminary review: Health and
Biomedical Information Programme, WHQ, 1211,
Geneva-27, Switzerland; pp “109. Sw. Fr. 7.

The World Health Organisation at Geneva has
published a number of manographs in the “Environ-
mental, health criteria” series. . Experts from various
countries in different specialities Collect information
which is thorou hlﬁl_d|scus_sed at meet_mgs and ulti-
mately a monogr (EJ is published. The fiftéenth mono-
graphi on “Tin‘and Qrganotin compounds” is the result
of such an effort. . The monogfraph has eight sections
dealing with biological effects ot tin in man and animals,
chemical and analytical methods, metabolic aspects,
environmental concéntrations and exposures and sources
of_environmental pollution, _

Tin occuring Infood and beverages may be derived
from tin plate”or organotin compounds used as stabili-
sers for PVC_materials.  The experts have collated all
the information and identified newer areas of work
where the research effort should be concentrated,  In a
smg%le monograph of 109 pages there is a wealth of infor-
mation botfi for the novicé as well as the expert.

I strongly recommend this WHO monogiaph to
scientists Who seek the most up, to date information cn
any aspect of tin and organotin compounds.

D. Rajagopal Rao
CFTR.I, mysore.

Food Processing Waste Management: by John H.
Green and Amihud Kramer gEd.) AVI" Publishing
SOénpg% Inc. Westport, Connecticut; pp. 629-fxil,

In recent cecades rowinﬂ concern is being experienced
about environmenfal poflution and its  consequent
danger on humanity and other forms of life. Hence,
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waste management has assumed a challenge to scientists,
technologists and engingers. The earlier cncept of treat-
ment of™“end-of-pipe” waste is slowly being replaced
by_process modification which avoid$ waste™ creation.
_The authors have brought out all the information in
five sections viz, monitoring, in-process modifications,
treatment, regulations and economics. ..
Monitoring s'neuflcally deals with initial waste
survey, various flow meters and other sampling methods
to ensure the quantities and quahg_of_ weste,
Various procedures are suggested in in-plant modifi-
cations to conserve water-energy and prevent pollutants
from entering the waste-watér stream. The authors
extensively dgalt with various house keepln(t; practices
to avoid solid waste getting into the waste-waler stream.
Detailed information) on dry caustic peeling technology,
methods to reduce the waste and energy consumption
during bIanchmg, whe% treatment and “Gtilisation, and
grs]ge erwaste recovery have also been presented in this
e third chapter on treatment deals with the varigus
treatment systems startmg with the conventional munici-
pal treatmént system andl progressing to latest innova-
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tions adapted to food processing situations, b|ologlcal
oxidations, lagoon technology. ‘coagulation and Tloc-
culation methods and the collected” waste for use In
Poultrfy industry and production of single cell protein
rom food processing wastes. The chapter also covers
waste-water treatment in meat packing, poultry pro-
cessmg and rendering industries and various miethods
adoptéd for land tregtment. =~

e next chapter gives detailed history of water and
other pollution control legislations in thé United States
and the detailed Federal Laws. These Ieglslatlons will
Eg rrﬁlpggl I drawing suitable standards Dy developing

untries.

The last chapter ceals with important items like
economic effects of treating fruit and vegetable
Brocessmlg liquid wastes and various subsidlies provided
V Several government Institutions for effecting industrial
pollution Control. y o _

The book is a welcome addition for libraries and will
be very much useful for food scientists, technologists
and practising engineers,

M M. Krishnaiah
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ISec_ortld Indian Convention of Food Scientists and Techno-
0gIists

Nearlg 200 Professmnals Soartlcnpated in the Second
Indian Convention of Food Scientists and Technologists
or,?ﬁmsed tgthe AFST(1) headquarters in collaboration
with CFTRI on February 19-20, 191 in Mysore.
Dr. D. K. Salunkhe, Vice-Chancellor of Mahatma
Phule Krishi Vidyapeeth, Rahuri and himself a
distinguished food scientist, inagurated the Convention
with dstirring assertion that Ingia could feed her milligns
by, using modem systems of agricultural production
stited t0 her_needs, bringing Cultivable waste lands
under cultivation, harnessing Water resources to ensure
timely supply, and extending food supplies through
propér. storage, handling, trangport and processmg.
“This Is the challenge to Us, food scientists and techn

logists”, he said, “t0 make our land once again sujalam
suphalam (blessed with plenty of water and food)”,
In'his address of welcome, the Director of CFTRI, Shri
C. P. Natarajan, traced the symbiotic relationship, that
had existed from. the very start between the Institute
and AFST(I), which had Teen a source of satisfaction
to both. Dr. K, T. Achaya, AFST(I) President, qutlingd
the strength of the ASsociation” as enshrined in its
recently adopted constitution, and announced that
the fifst infernational AFST conference would be
held in Bangalore on 24-28 May 1982 Dr. K. R
%ﬁeelf(antmh, ecretary ARST(I) proposed a vote of

anks.

Three s¥mp05|a were featured during the conventjon.
At each 0f these, four invited speakers Teviewed various
facets of the symposium topic, followed. by considerable
discussion. - The titles of the, symposia, the sE)eakers
and their subjects are shown inthe tabular statement.
One afternoon was devoted to research papers in the
form of poster presentations. Some 63" papers were
featured, and there was excellent audience participation
and discussion.  The subjects covered the entire gamut
of food science and technology, and included foodgrains.
proteins, fruits and vegetadles, plantation products,
dlal é)roduc,ts, animal “food, products, microbiology
foo I' ontaminants and adolitives, and sensory food

uality. . :
1 Me%y facts and iceas were thrown up b?; the symposia

resenfations and discussions.  Use of hedonic scales
or sensory evaluation have tencled to become trivialised :
unless large numbers are used, such_ ratings count for
little,  For multidimensional quantification of sensory
attributes, a useful model, of a discriminant function
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Rpe, is that of Srinivasan and Shocker (51973). Once
endall correlation data are generalised to ‘a multi-
variate situation, and the data converted to scores by
some technique, regular multivariate methods for pard-
metric cases can beused. In developing a new product,
it must fulfil a true need: the question then becomes one
of identi mq_ that need, and then of determmmg what
Pro_du_ct ualities. or attributes mn{;_ht be expected to
ulfil it In this light, rural_orientalion of a product is
no different from Urban. Consumers in |ndia must be
activated to protect their rights from various blandish-
ments, and there is need fora consumer profection Act,
such as is prevalent in many countries, to give teeth to
the other faws that already exist. =
Toxicants of all kinds are an increasing source of
concern. Outbreaks of severa] diseases in mén and cattle
have now been traced to the consumption of foods
contaminated with fungal toxicants.  This would imply
far stricter monitoring Of food materials by the authori-
ties than at O|oresent, and education of the”public regar-
ding methoas of decontamination, e.g. of raw ground-
nut oil. Many foodborne diseases are”caused by micro-
bial a%entS' animal food products are particularly grone
to such infection, and the high degree of ve?etan nism
in India can be counted a blessing.” While a few staphy-
|ococci more or less may not matter, salmonellag at any
level are taboo; methods of quantitative assay are not
too accurate and new methods are being  developed.
An increasing de(ﬁr_ee of environmental pollution” has
meant. more Metallic contaminants in food, water and
air, with consequent outbreaks of even seriqus illness
In advanced countries. India is no exception; lead,
arsenic, cadmium and mercury levels in foodstutfs
are causing concern, and maximum limits haye been
laid down In the PFA rules, ~ Particularly serious are
such practices such as the deliberate coating of turmeric
pieces with yellow lead chromate to heighten the colour
and conceal insect damage, and the high levels of lead
In vegetables grown along busy roadways and subject
to motor car exhausts.  With pesticides, contamination
m(fly occur both bly direct %pE_Ilcatl?n or indirectly from
adjacent crops or. atmospneric fallout. . Persistence of
Restu:ldes IS particularly a problem with chlorinated
ydrocarbons which aré. Pogular because they have a
broad spectrum of activifles. The answer miay lie in
using natural compounds to . manipulate the’ insect
poBuIatlon without leaving toxic resiclues,
rocessing to some degrree is essential before foed-
grains can De consumed; “any resulting nutritional 10ss
is important because foodgrains are consumed  n
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volume. Where wholemeal atta is used the problem is
less severe, but with a cereal like rice, it is desirable to
promulgate a deliberate policy to promote undermilling,
and implement it on a national scale. Recent work has
thrown new _|I%ht In such areas as unavajlable carbo-
hydrates (which in the soyahean are as high as 30 to 40
perc_entz, essential, fatty acids, and on hiriding of many
nutrients and antinutrients which render them unavai-
lable. New methods to improve nutrition have become
available, such as the fortification of suitable vehicles,
partial foodstuff processing to Ien%the_n shelflife and aid
distribution, - better packa%m? 0 improve nutrient
retention, and the like, Both Termentation and drying
represent low-cost methods, of greatly improving nutri-
tional quality and digestibility, converting virtually
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inedible,  materials into  acceptable human, foods.
Recent interest in solar dnﬂng has given a new impetus
to traditional drying technigues,”and . useful future
technologies may “emerge.  In  considering irradiation
as a food preservation method, it is worth rememberm%
that products generated by radiolysis are no differen
from those founid in foods sub{ect t0 accepte%rocessmq
techniques such as heat Sterilisation.  The recen
clearance for many irradiated foods by an international
committee must be viewed in congunct_lqn with reports
of positive domipant lethal mutagenicity in_animals
fed _freshlr irradiated material, first noticed at the
Natjonal [nstitute of Nutritign, Vlzllyderabad and now
%)Qghqgnrelg by laboratories in West Germany and

Table —Topics for Symposia

SYMPOSIUM 1: SENSORY EVALUATION AND CONSUMER PERCEPTIONS

11 V. S Govindarajan, Problems and possihilities of sensory evaluation,
12 G. Sadasivan, Some new methods of sensory evaluation.

13 Rajni Chadha, Consumer concepts and product development,

14 J. Mandanna, Consumer perceptions offood quality.

SYMPOSIUM 2: MICROBIAL, METALLIC AND MAN-MADE FOOD CONTAMINANTS

21 S G. Srikantia, Mycotoxins in foods.

2.2 J. W. Bhattacharjee, Microbial contaminants of foods.
23 0. P. Kapur and K. V. Nagaraja, Metallic food contaminants.
24 P. G. Deo, Pesticide contamination and biodegradability.

SYMPOSIUM 3: NUTRITIONAL ANGLES TO FOOD TECHNOLOGY

R. Desikachar, Some aspects of the effects of processing on the nutritive value offoods.

31 HS

32 D. V. Rege, Some changing concepts of nutrition in relation to food technology.
33 Sunit Mukherjee, |.ow-cost food processing possibilities.

34 P. K Vijayaraghavan, Experiences with irradiated foods.
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Bombay Chapter

A two-da&semmaron ‘ConvenienceFoods: Opportu-
nities and Challenges’ was held on December 20-21,
1980 at the Centau Hotel, Bombay. About 250 dele-
gates participated in the seminar.

_The'seminar was inaugurated by Dr. K. K. G. Menon,
Director, Hindusthan Lever Research Centre and the
inaugural  address of Dr. A Sreenivasan which wes
read"out in_his absence surveyed the possibilities and
prospects of the convenience food industry in India and
emphasized the aspects of quality and Self-constraint
on ﬁres_s_ure aavertising,

. The iirst session chaired by Dr. C. L Nagarsekar
included three papers. Dr. S. D. Dharkar spoke on the
recent advances in Thermally Processed Convenience
Foods. The topic of Bakery and Confectionery Products
was discussed l_lomtl}gb)bShn M. G. Sathe and Mr. J. C
Shah. Dr. H. S R Desikachar gelineated the work
done at the CFTRI, Mysore, on grain-based convenience
foods for Indian kitchen. Mr. M A, Tejani explained s
%(re&é%nr?es with the pre-mixes manufacture and
Ing.

Sessiong |1 chaired by Dr. M. V. Rajgopal included
four papers. Dr, S. Govindarajan spoke on the Role of
Frozen Foods in Hotel Industry and on developing

re-cooked frozen foods. Dr. P. K. V|éayara havan
ave an account of the convenience foods developed for
efence personnel.  Dr. R. Jayaram, read the paper
on Extrusion Technologe/: Agﬁhcatlons in Convenience
Foods by Dr..Ing. Marco Manzini of Pavan Spa, Italy.
%rddRmKesBaISya presented technical aspects of instant

IXES.

Third Session on Packaging and Machinery was
chaired by Mr. L K. Shah.” Mr. M. R. Subramanian
discussed "the practical aspects of packaging of con-
venience foods, Dr. N. Balasubramanian présented his
experiences  with packagmg of pre-mixes. Mr. R
Nadwani discussed the” alvantages of a horizontal
filling and packln% machine_for Convenience foods.

Session 1V was dbout %uahty and Marketing of Con-

venience Foods. It was chaired by Dr. K. A."Savgaon.
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Dr. Mrs. Sumati R. Mudambi in her paper on Nutri-
tignal Aspects of Convenience Foods, deplored the lack
of interest in nutritional considerations and emphasized
the need for Iaym%down nutritional stancards for food
products, Dr."S. Ranganna presented the methodology
employed for quality” control of convenience foods.
Shri N, M. Parikh, discussed Food Laws and Conveni-
ence Foods. The problems of marketing convenience
foods were discussed by Mr. N. P. Singh.

r. S P _Mang]rekar chaired session V on Food
Additives which had three papers: Role of Food
Additives in Convenience Foods by Dr. U. Y. Rege,
Additives in Relation to Texturising Convenience Fodds
by Prof._D. V. Tamhane, and Deep-fat Fried Foods
by Dr. R. Jayaram. _

Dr. P. R Krishnaswamy emphasized the need for
planning the development 0f convenience foods taking
Into consideratign the fuel famine in villages. Conveni-
ence foods needing less energ¥ at the users’ end should
therefore, be encoliraged. Prof. D. V. Rege commended
the organizations like Lijjat Papad and” Apna Bazaar
who have, introduced new" convenience foods for mass
consumption.  He also commended the small-scale
manufacturers who, ventured to market new products
based on innovative concepts.

Delhi Chapter
The new office bearers of the Chapter are:

President . Shri P. N. Narang
Vice-President ~ Dr. V. B Mitbunder
Hon-Secretary — Dr. S K Roy
Hon-T_r?asurer Dr. D. S Khurdiya
Councillor Dr. N. K Dadlani

. The Chapter has organised two special lectures, the
first by Dr. Susanta K. R%{ on “Post Harvest Techno-
logy of Fruits and Vegetaldles in United Kingdom™ on
26th September 1980 and another by Dr. K. T. Ach%ya
on “Vegetable Oil Production System in India on 3rd
November 1980,

| PROCEEDINGS OF THE SEMINAR ON QUALITY CONTROL OF PROCESSED FOODS |

. A few copies of the above publication are available for sale. The publication contains 31 papers (i

covering pl'aa\né Snroducts and animal products. 1t is.priced at Rs. 10/~ Copies may be obtained from the

i
| Presideit,
| Trivandrum-695 019,

T, Trivandrum Chapter, Clo Regional Research Laboratory, Industrial Estate, P.O., 5
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1. REVIEWS IN FOOD SCIENCE AND TECHNOLOGY — VOL IV
Royal 8vo, hard bound, P. 255.
Price: India Rs. 8/-
Abroad: $5 Surface mail
$8 Air mail.

2. PROCEEDINGS OF THE SYMPOSIUM ON DEVELOPMENT AND PROSPECTS OF
SPICE INDUSTRY IN INDIA Demi-quarto, paper back, P. 100
Price: India Rs. 10/-
Abroad: $5 Surface mail
$8 Air mail

3. PROCEEDINGS OF THE SYMPOSIUM ON FISH PROCESSING INDUSTRY IN INDIA
HELD AT CFTRI, MYSORE-1975 Demi-quarto, paper back, P. 156
Price: India Rs. 10/-
Abroad: $5 Surface mail
$8 Air mail

4, PROCEEDINGS OF THE SYMPOSIUM ON FATS AND OILS IN RELATION TO FOOD
PRODUCTS AND THEIR PREPARATIONS Demi-quarto, paper back, P. 155
Price: India Rs. 25/-
Abroad: $8 Surface mail
$10 Air mail

5. PROCEEDINGS OF THE FIRST INDIAN CONVENTION OF FOOD SCIENTISTS AND
TECHNOLOGISTS Demi-quarto, paper back, P. 123
Price: India Rs. 25/-
Abroad: $8 Surface mail
$10 Air mail

0. TECHNICAL DIRECTORY OF THE CONFECTIONERY INDUSTRY IN INDIA
Demi-quarto, paper back, P. 128
Price: India Rs. 25/-
Abroad: $8 Surface mail
$10 Air mail

7. PROCEEDINGS OF THE SYMPOSIUM ON STATUS AND PROSPECTS OF CON-
FECTIONERY INDUSTRY IN INDIA Demi-quarto, calico bound, P, 135
Price: India Rs. 30/-
Abroad: $8 Surface mail
$10 Air mail

8. PROF. V. SUBRAHMANYAN COMMEMORATION ISSUE
Demi-quarto, calico bound, P. 125
Price: India Rs. 30/-
Abroad: $8 Surface mail
$10 Air mail
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INSTRUCTIONS TO AUTHORS

o Manuscripts of papers (in triplicate) should bet;g)ewntten in douple space on one side of thick:,
preferaply, bon Paper. The manuscripts should e complete and in final form, since only minor
corrections are allowed at the proof stage. The paper submitted should not have been published
or data communicated for publication anywhere else.

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

Names of chemical compounds and not their formulae should be used in the text. Suh)erscript
and, subscripts should ke legibly and carefully placed. Foot notes especially for text should be
avoided as far as possible.

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

5. Tables: Tables as well as graphs, both representing the same set of data, should be avoided.
Tables and figures should bé numbered consecutively in Arabic numerals and should have brief
titles. They should be typed on ?ﬁﬁarate paper. Nil results should be indicated and distinguished
%early_fromlabsence of data, wnich is indicated by “—sign. Tables should not have more

an nine columns,

6. Illustrations: Graphs and other line drawings should. be drawn in Indian ink on white drawing
paper preferably art E)_aper. The lettering should be in double the size of printed letters. - For
satisfactory reproduction, graphs and lirie drawings should be at least twice the printed size
16cms on axis) X 20cms (Io axis); - photographs must be on glossy paper and must have good
contrast; three copies should be sent.

1. Abbreviations of the titles of all scientific E;|oeriodicals should strictly conform to those cited in
the World List of Scientific Periodicals, Butterworths Scientific Publication, London, 192

8. References: Names of all the authors should e cited completely ineach reference. Abbreviations
such as et al., ibid, idem, should be avoiced.

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

Citation of references in the list should be in the following manner:
ga; Research Paﬁer: Menon, G. and Das, R. P, J. scient. ind. Res., 1958, 18, 561.

b) Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc.New
York, 1952, Vol. 11, 96.

() References to article ina book: Joshi, S. V., in the Chemistry of S%(nthetic Dyes, by
Venkataraman, K., Academic Press, Inc., New York, 192, Val. II, 966,

(d) Proceedings, Conferences and S;(]mposia Papers: As in (c), if the article is not published
then the title of the article should be mentioned.

(&) Thesis: Sath¥ana_rayan, Y, Praltosociplogical Studiies on the Calcicolous Plants of Bombay,
1953, Ph.D. Thesis,” Bombay Universi

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

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

A SIMPLE KEY FOR THE IDENTIFICATION OF BACILLUS SPECIES COMMON IN FOODS
M. Seenappei and A. G. Kempton

E)EI\RA(F?)%LLULAR PRODUCTION OF FOLIC ACID FACTOR BY THE MUSHROOM COPRINUS
A. K. Ghosli and S. Sengupta

THE RELATION BETWEEN GROWTH PATTERN AND ENDOGENOUS METABOLITES IN THE
3 DSEVSEL%)ﬁlNGd ERgITDh(ﬁF EARLY MATURING FLORDA SUN PEACH
ananu an 11ion

EFFECT OF WATER ACTIVITY ON S
I_SIP'IA‘DS IN BENGALGRAM (CICER ARIE
. Arya

DEVELOPMENTAL CHANGES IN KERNEL FRACTIONS AND DIETARY FIBRE OF NORMAL
AND OPAQUE-2 MAIZE (ZEA MA'YS L)
H. 0. Gupta and Joginder Singh

EFFECT OF APPLICATION OF PHORATE ON TRYPSIN INHIBITOR IN POTATO
Kaushalva Gupta and D. S. Wagle

\
RESIDUES OF PHORATE, CARBARYL AND ENDOSULFAN IN PEAS (PISUM SATIVUM)
V.S, Kavadia and B. L. Paresk

EVALUATION OF RESIDUES OF SIX RECOMMENDED INSECTICIDES ON COTTON
R P. Chawla and Anil K Kakkar

TORAGE CHANGES IN TOTAL CAROTENOIDS AND
TINUM) DHAL AND FLOUR

Research Notes <
PRESSOR AMINES IN FOODS
S. S. Jadhav and P. R. Kulkarni

IDCE)ETIFISATIONGA(I:\ID ESTIMATION OF SOME VOLATILE CARBONYLS IN THREE TYPES
Gyanendra Kumar and M. R. Srinivasan

CORROSION OF TINPLATE WITH_PINEAPPLE JUICE
R. V. Gowramma, M. Mahadeviah, W. E. Eipeson, L. V. L. Sastry and M. V. Patwardhan

EFFECT OF STORAGE TEMPERATURES ON THE QUALITY OF PHALSA BEVERAGE
D. S Khurdiya and J. C. Anand

PREVENTION OF GERMINATION AND SPOILAGE OF SUBMERGED PADDY
B Venkateswarlu and V. Somasundara Rao

PACKAGING SYSTEMS, FOR PROTECTING, HIGH MOISTURE PADDY
V. Venkatesan, S. Anthoni Raj, K. Singaravadivel and B. S. Vasan

Printed and Published by K. R. Sreekantiah, Secretary, AFST (India), CFTRI. Mysore-570013, ai Sharada Press, Mangalore-575001



	JOURNAL OF FOOD SCIENCE AND TECHNOLOGY 1981 VOL.18 NO.3
	CONTENTS
	Seed Protein Fractions and Amino Acid Composition of Some Wild Species of Pigeon Pea
	Studies on Desi and Kabuli Chick-Pea (Cicer arietinum L.) Cultivars II. Seed Protein Fractions and Amino Acid Composition
	Analysis of Protein Patterns of an Edible Mushroom by Gel-Electrophoresis and its Amino Acid Composition
	Counteraction of Inhibitory Effects of Aflatoxin in Bacillus megaterium
	Studies on Dehydration of Mushrooms (Volvariella volvacea
	Ethyl Acetate as a Solvent for Extraction of Spice Oleoresins
	Packaging and Storage Studies of Deep-fat Fried Nendran Banana Chips
	Effect of Dietary Fat on Deposition of Fat and Fatty Acid Composition of Tilapia (Tilapia mossambica)
	Anthocyanins in Phalsa (Grewia subinaequalis L.) Fruits
	STUDIES ON PECTOLYTIC AND CELLULOLYTIC
ENZYMES IN MANDARIN ORANGES INFECTED BY ALTERNARIA ALTERNATA (FR) KEISSL
	QUANTITY AND QUALITY OF PECTIN IN SUNFLOWER AT VARIOUS STAGES OF MATURITY
	A STUDY OF THE CHANGES UNDERGONE BY TEA POLYPHENOLS IN SOLUTION USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
	A NOTE ON THE EFFECT OF FREEZING GRAPE BUNCHES ON THE COMPOSITION OF MUSTS AND WINES
	SOIL-SALT MIXTURE FOR PRESERVING WET PADDY
	BOOK REVIEWS
	ASSOCIATION NEWS



