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Biochemical Changes During Fermentation of Cocoa Beans
Inoculated with Saccharomyces cerevisiae (Wild Strain)

Othman Abdul Samahl Mohd Fared Putihland Jinap Selamat?2
‘Department of Biochemistry and Microbiology,
department of Food Science, University of Agriculture-Malaysia, 43400 Serdang, Malaysia

Received 17 July 1991; revised 28 July 1992; accepted 22 August 1992

The overall pH profile of the cotyledon in the inoculated beans during fermentation was slightly higher than the control
beans. The percentage of glucose remaining in the pulp of both the inoculated and control beans at the end of fermentation
were 20% and 3% respectively. Ethanol and acetic acid production are generally higher in the inoculated beans as compared
to the control beans. The intensity of chocolate flavour obtained from the inoculated and control beans was almost the same.
However, in the inoculated beans, bitterness was reduced by 28%.

The acids and flavour produced during fermentation
determine the overall quality of cocoa beans. Cocoa
produced by Malaysia and Brazil are described in the
world market as being characteristically acidic. Attempts
have been made to overcome the acidity problems by
means of aeration or reqular turning over, of the bean
mass using the shallow box fermentation or extracting
the pulp sugar. Although these techniques might reduce
the pH of the beans, the ultimate result would be a weak
cocoa flavour. It appears that controlling of microbial ac-
tivities is of significant importance in minimizing acidity
problems. Under natural fermentation conditions, the
dominant organisms play a major role in acids formation.
In a majority of studies of this nature, the results always
indicated that acetic and lactic are the major acids produced
by a mixed floral Very little work had so far been done
on the effect of employing a selective organism for cocoa
fermentation. This paper illustrates the flavour potential
including the changes in pH, glucose and other products
formed during the cocoa fermentation using yeast inoculum
as compared to a normal mixed flora fermentation.

Materials and Methods

Cocoa pods of mixed ‘Sabah’ hybrid, obtained from
the estate of University of Agriculture, Malaysia, were
processed by two methods: (i) the beans were inoculated
with Saccharomyces cerevisiae (wild strain) and (i) beans
were left under a natural fermentation process as control.
The yeast culture was obtained from cocoa beans that
have been fermented for 5 days and identified by standard
method?2. It was propagated and maintained on Sabouraud
Dextrose Agar (Merck, Darmstadt,Germany) and suspended

in sterilized saline solution (0.85% NaCl) for adjusting
the cell concentration to 1x10s cells mI'l and 20 ml of
this suspension was then sprayed on to fresh cocoa beans
weighing approximately 10 kg. Both the inoculated and
control beans were placed separately in plastic bags (60x35
cm) with round holes (0.5 cm in dia), 2 cm apart on all
sides instead of the traditional shallow fermentation box3.
They were left to ferment 6 days in a dark room.

The temperature of beans mass was recorded at 24 h
intervals. Ten grams of bean samples of both cotyledon
and pulp were mechanically crushed for 3 min in 100 ml
solution of 0.2% (w/v) benzoic acid and the pH measured.
The respective solutions were filtered and the suspensions
obtained were centrifuged at 12000 g for 30 min at 4°C
(Model JA-2, Beckman centrifuge, USA). The supernatant
was then filtered through a millipore filter (0.45 (am pore
size membrane filter).

Acetic acid and ethanol were analysed by GLC in ac-
cordance with the procedure of Henderson and Steedman4
(Pye Unicam 204 series, USA, steel column; porapak Q,
80-100 mesh, oven temperature: 180°C; injector and detec-
tor temperature: 200°C; gas carrier: flow rate of 40 ml
nitrogen minJ. Non-volatile organic acids were determined
by IIPLC (Shimadzu LC-6A, Chromatopac, Japan) fitted
with a variable detector and injector (column: Hibar RP-18,
25x4.6 mm; mobile phase: water + H2504 0.008 N, pH
2.8, flow rate: 0.8 ml min'L the detector programmed at
230 nm, oven temperature at 40°C, gas carrier: 0.5 Ib
compressed air sq in"). Ethanol as well as non-volatile
and volatile acids were determined from peak areas by
referring to a standard curve prepared with known amounts
of pure ethanol or acids.
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Glucose was determined by total carbohydrate assay
method>5. Sensory evaluation test was conducted in accord-
ance with the procedures established by MARDI Cocoa
and Coconut Research Division, Malaysia6. All chemicals
were of analytical reagent grade, obtained from Oxoid,
Difco, Merck and Sigma.

Results and Discussion

pH changes: The overall pH profile in pulp and
cotyledons in both the techniques was found to be similar,
but the pH of the control (normal) beans was lower com-
pared to the inoculated beans (Fig.l). Liau7 reported that
the internal pH of fermented beans was directly correlated
to the acetic acid concentration in the beans.

1

o 08 1

1 | 1 i
16 2 25 3 356 4 45 & 565 6
FERMENTATION TIME (DAYS)

Fig.l. pH profile in the.f)ulp and cotyledon of the beans inoculated with
S. cerevisiag (wile strain! (—) and control (—).
(1 ) cotyledon, (¢ ) pulp.

GLUCOSE (%)

T T T L
] 1 2 3 4 L] 6
FERMENTATION THWE (DAYS) A

Fig.2. The level of ?Iucoae present in_the pulp and cotyledon of the
beans_inoculated with S. cerevisiae. wild strain (=) and control

(). The amount of glucose was expressed as percentage of the
amount in g/10 g of beans. (1 ) cotyledon, (* ) pulp.
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Sugar content: The percentage of glucose decreased
rapidly throughout the fermentation process (Fig.2). In tire
early stages of fermentation, there was a high concentration
of sucrose present, but it decreased rapidly as the fer-
mentation process proceeded. Sugars, in the pulp of cocoa
beans, provided carbon sources for microbial activity. Be-
cause of low pH, higher sugar content and anaerobic
environment in the pulp during the initial stages of fer-
mentation, yeast activity is favoured, which converts sugars
in the pulp into alcohol.

The glucose in the cotyledons increased when fermen-
tation began (due to inversion) and reached a maximum
stage on the second day of fermentation. After the first
turning over which occurred on die second day of fer-
mentation, it dropped gradually until the fourth day. The

Y} 1

Fig.3a. The amount of ethanol and acetic acid present in the pulp (=)
and_ cotyledon 1—) of the bean inoculated with S.cerevisiae ((jvwld
strain) “Ethanol and acetic acid production was expressed as
percentage based on ¢ of ethanol or acid produced/y wt of beans,

%) acetic acid. (H) ethanol.

ETHANOL AND ACETIC ACID (%)

1 o
0 1 2 3 4 5 [}
FERMENTATION TIME (DAYS)

and cotyledon (—) of the control bean. Ethanol and acetic aci
production was expressed as percentage based on g of ethanol

or acid produced/g wt of beans. () acetic acid, (1 ) ethanol

Fig.3b. The amount of ethanol and acetic acid present in the pulp (—g
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Table 1. Levels of organic acids in cocoa beans during fermentation
_ Salts of organic acids, mg/g dry cotyledon
Fermentation . .
period, days Oxalate Tartarate Malate Lactate Citrate Succinate
A B A B A B A B A B A B
1 0030 0082 ub ub UD 00078 000014 0417 0043 0622 0022 052
2 0013 007 Uub UD 0072 000159 000085 025 00095 0792 0036 0.364
3 0023 0084 0009 0677 0041 0105 0040 993 0415 0325 002 0320
4 0034 0065 0116 1709 0083 085 0077 2280 0303 0635 0057 0861
5 0024 0063 00260 0498 0411 0498 0511 L1091 0216 0487 0167 0318
b 0029 0078 0029 058 0320 0312 008 206 0582 0569 0070 0843

UD: Undetectable, A: Fermented with wild strain of S. cerevisiae, B: Control

increase of pH in the pulp (Fig.l) and also decrease of
acetic acid (Fig.3a) during the third day of fermentation
were in agreement with the above findings. It was also
observed that the percentage of glucose in inoculated beans
with yeast (wild strain) was slightly higher than control
beans. This may be due to the oxidation of alcohol produced
by yeast to acetic acid by the Acetobacter.

Production of ethanol and acetic acid: Ethanol level in
the pulp of the beans inoculated with yeast reached a
maximum level on the second day of fermentation and
declined thereafter (Fig.3b). The ethanol concentration was
higher (95%) than in the cotyledon (57%), but after the
third day, it was approximately the same in both samples.
The acetic acid was at the maximum level during the
third day of fermentation. Maximum temperature of the
bean mass observed was 46°C which occurred during the
third day of fermentation. Generally, acetic acid is an
essential component of the fermentation process as the
acid contributes to bean death, prevents colonisation by
microorganisms and creates environment conducive to the
formation of flavour and aroma precursor within tire bean
cotyledon8,

Other organic acids such as oxalic, tartaric, lactic, malic,
citric and succinic were produced during fermentation
(Table 1). The data showed no consistent pattern. Thus,

FLAVOUR 8CORE

GHANA BEANS NORM
pH 8.84 pH

pH 8.Ub
SS Acid

E | Chocolate E H Bitter

Fig4. Mean of cocoa flavour score.

1 § Aetrlnaent

the concentration of individual acids after their initial
production may fluctuate considerably.

Flavour intensity analysis: Fermentation is one of the
most important processes for the development of cocoa
aroma and chocolate flavour. Fig 4 shows some of the
parameters which affected the flavour within the Malaysian
cocoa beans as compared to Ghana cocoa beans. The
intensity of the chocolate flavour in Malaysian beans is
low because of the acidic taste, astringency and bitter
flavour. Production of chocolate flavour depends on many
factors such as pH, hydrolytic enzyme activity and the
fermentation processd. Quesnell) has shown that the C3 to
C5 volatile fatty acids produced towards the end of fer-
mentation and also during the drying phase, may also
reduce the flavour.
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Bacillus brevis, B. cereus, B. circulons, B. coagulons, B. laterosporus, B. licheniformis, B. pumilus, B. stearothermophilus and
B. subtilis were isolated from Indian snack and lunch foods. Higher count of 4.2 logl0 (efu/g) and a lower count of 2.6 logl#
(efulg) were observed in bisibele bhath and uppuma, respectively. The isolated cultures were positive for production of either
one or more of the following: hemolysins, phospholipase, protease, lipase and amylase. A Tew selected cultures of Bacillus
species occurring as post-processing contaminants in plain cooked rice reached cell populations which were sufficient to cause
health hazards. These findings indicate the significance of Bacillus species as post-processing contaminants in processed foods.

Several kinds of popular indigenous snack and lunch
items of foods are being catered to a large group of
consumers in our country. The various steps involved in
the preparation and distribution of these foods provide
ample scope for contamination with pathogenic and spoilage
microorganisms. As a majority of these foods are cereal
and/or pulse-based and involve restricted heat treatments,
the commonly encountered contaminants are mainly Bacil-
lus species. Bacillus cereus has been recognised as an
agent of foodbome disease in early 1950s1 The close
association of B.cereus with rice preparations (cooked,
fried and dried products) have been well documented25.
Besides, other Bacillus species namely, B. licheniformis,
B.subtilis and/?, pumilus have been implicated in foodbome
illnessess6 and it may not be prudent to ignore their role
as causative agents. However, the low incidence of B.cereus
poisoning may be attributed to the little attention it has
received, as only small numbers of li.cereus are shed in
the faeces following intoxication5.

Only one report exists on the presence of Bacillus
species in indigenous foods which are consumed on a
large scale7. The present study reports the occurrence of
B. cereus and other Bacillus species in a few selected
Indian snack and lunch foods and their ability to grow
in a rice preparation.

Materials and Methods

Enumeration of Bacillus infoods: Samples of idli, vadai,
uppuma, plain cooked rice, curd rice and bisibele bhath

from catering centres of institutions, restaurants and railway
canteen located in Mysore City, were collected in sterile
polythene bags (Stomacher Lab. blender bags), brought to
the laboratory in an ice-box within 60 min of collection
and enumerated for Bacillus. Fifty grams of sample was
blended in a Stomacher using 450 ml sterile 0.1% peptone
water, appropriate dilutions of the sample were surface
inoculated in triplicate on pre-poured plates of polymyxin
pyruvate egg yolk mannitol bromothymol blue agar
(PEMBA)8 and incubated at 37°C for 20 to 36 h. Typical
colonies of Bacillus appearing on the plates were counted
and expressed in log,0 colony forming units per gram
(efulg).

Isolation and characterisation of Bacillus cultures: Dis-
tinct individual colonies appearing of PEMBA were isolated
at random with preference to those colonies which had
fimbriate margin and peacock blue colour with a sur-
rounding zone of precipitation. Isolates were maintained
on nutrient agar slants and sub-cultured at 15 day intervals.

Isolates were identified by morphological, cultural and
biochemical characteristicsd. The morphological tests in-
cluded appearance of cells. Gram’s reaction, motility and
presence and position of spores. Isolates were tested for
their growth in anaerobic agar, 7% NaCl, at 45, 55 and
65°C and for the Voges-Proskauer reaction. The biochemical
characteristics included production of catalase and
lecitliinase, nitrate reduction, citrate utilisation, hydrolysis
of starch, gelatin and casein and acid from refined sugars
- glucose, mannitol, xylose and arabinose.
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Production of extracellular enzymes: One isolate each
of identified Bacillus species was grown in 20 ml brain
heart infusion (BHI) broth for 20 h at 37°C, centrifuged
aseptically at 8000 rpm for 30 min and the supernatant
was stored in pre-sterilised screw capped tubes at 6°C,
50 pi was used for determining the activities of different
extracellular enzymes by well-assay plate method ( 5 mm
diameter wells) and the results expressed as zone diameter
in mm. Productions of hemolysin, phospholipase, protease,
lipase and amylase were tested in blood agar, PEMBA
without polymyxin, milk agar, tributyrin agar and starch
agar, respectively. For phospholipase activity, the diameter
of opacity formed around the individual wells1) while the
diameters' of the zone of clearance around the wells in
blood agar, milk agar and tributyrin agar plates were
measured. In case of starch agar plates, zone diameter of
hydrolysis formed on exposure to iodine vapours was
measured. In all these tests, the activity was categorised
on the basis of zone diameter, less than 10 mm as weak,
10 to 15 mm as moderate, 15 to 20 mm as strong and
more titan 20 mm as very strong.

Growth of Bacillus species in plain cooked rice: The
test cultures included one isolate each of the identified
species, B.brevis, B.cereus, B.licheniformis, B.laterosporus
and B.stearothermophilus. A cell suspension of IxIO2 cfu
in 1.0 ml normal saline was preparedl and inoculated
into 100 g lots of plain cooked rice and placed in pre-
sterilised glass beakers. Two types of cooked rice were
used: (i) laboratory prepared rice, taking care to avoid
post-processing contamination and (ii) cooked rice collected
from an institutional catering centre. Inoculated and
uninoculated (control) rice samples were stored at ambient
temperature (15-26°C) and analysed for counts of Bacillus8,
mesophilic aerobes and enterobacteriaceae2 and pH values
at 12 and 24 h. Fresh samples of both the types of rice,
prior to inoculation were also analysed for the respective
bacterial counts. Bacterial colonies appearing on the respec-
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tive incubated plates were counted and expressed in log1
(efulg).

Results and Discussion

Counts of Bacillus species and their identification:
Counts of Bacillus species in the samples of snack and
lunch foods did not show much variation (Table 1). A
higher count was recorded in bisibele bhath in contrast
to the lowest in uppuma, while Bacillus was absent in
plain cooked rice. Out of 120 isolates of Bacillus obtained
from the samples, 39 isolates were characterised to their
species namely, B.brevis (6), B.cereus (2), B.circulans (4).
B.coagulans (1). B.laterosporus (6), B.licheniformis (8), B.
pumilus (2), B.stearothermophilus (3) and B.subtilis (7).
The distribution of these species in relation to their sources
is also shown in Table 1. The remaining 81 isolates had
doubtful reactions.

In the absence of any reports on the incidence of Bacillus
species in indigenous snack and lunch foods, the counts
observed cannot be viewed either as very high or very
low. Earlier studies 24513 on B. cereus in selected dried
food products, including different pulses and cereals, boiled
and fried rice have shown the counts in the range of 2.0
to 5.0 log10 (efu/g) as against those of more than 2.0 logs
in 28 samples of various foods collected from Chinese
“take-out" restaurants which were poorest in overall bac-
teriological quality3

In a study7 conducted on outbreaks of food poisoning
over a period of 5 years (1981-86) in Maharashtra, an
average B. cereus count of 7.5 log10 (efu/g) was recorded
in samples of left-over foods such as cooked rice and
pulav (spiced fried rice) which were implicated in food
poisoning outhreaks. Bacillus counts recorded in the present
study were on a lower side, as these foods were obtained
from different catering centres and not involved in any
food poisoning outbreak. Only two isolates of B.cereus
were obtained, while there was a predominance of

Table 1 Incidence and distribution of bacillus species in indigenous snack and lunch foods

e BE g
Idli 8 56 33
M%%ﬂma 1[7) 8(1) %g
o e 1 % %
Curd rice 6 51 31

Bacillus counts . :
|entified species
Max Awr.
[Log|(%§efu/g)] 35 b lichenif
. o B. brevis (I); B. licheniformis
B. st |I|s(()1) B, stearothermoé?lus (1)
32 26 B licheniformis (1
SR R 0 S
icheniformi ubtili
N N Kil
58 42 B brevis (4); B, cereus (
B. IaterosRorus (]3 ); B. Pumllu 11
B. stearot ermo lius (1) B subtl s
37 32 B. Drevis ( cereusl urculons 3
B. Iaterosporus 3 B. I|chen| ormis (4):
B. pumilus 5 stearothermoplitlus (1);
B. subtilis

Figures in parentheses indicate number of isolates of each Bacillus species
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B. licheniformis, B.subtilis, B.laterosporus, B.brevis and
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very strong, indicating their toxigenic potentiality (Table

B. circulons which are known to bring about spoilage of 2). Apart from B. cereus, the production of hemolysin

food. Other Bacillus species such as, B.licheniformis, B.
subtilis and B.pumilus have also been implicated in food-
borne illnessest.

Production of extracellular enzymes: Cultures of
B.cereus, B.laterosporus, B.licheniformis and B.stearo-ther-
mophilus were positive for production of hemolysins and
phospholipase, with the activity ranging from moderate to

Table 2. Productlon extracellular enzymes by

U S SPECIES
P[]oductlon of
Cultures Hemol- P _ {krrg
ysin B ease Lipase  fas
ase
(Zone diameter, mnF)
B. brevis Nl N Nl 2
B. circulans \ N|‘ 219 2 N||
B. coagulans Nl NI NI 0 N
B. cereus 27 2 16 RI" 2
PR 2 B &N N
1 e L
steargthermophilus
B. subtilis P % Nil 1 7 ﬁ
“Includes initial diameter of agar well (5 mm)
ity < = \Wal
Degre of ety 10- 11&9 m = X“erate
15-20 mm = tron%
>0mm = frong
Table 3. Growth of bacillus species in plain
COOKED RICE
cillus Bacterial counts, logX0 (cful
cﬁ\turf | g0 (cfulg)
Inoculated 3acilus Mes%%hlhc Entero-
aer bactenaceae
Storage period (
L A 2 A 2 U
Control <Fél%m cooked nce of Tg 90 Q0
brews 43 % Q8 <20
{ TR
aterosporus . : . . .
B. licheniformis 4.% 18 <2.8 <20 <2.8 <.
B. stearothennophilus 3/ 60 <20 36 <2.0 <20
Plain cooked rice of Tgpe
Control 200 23 45 6h 49 68
B. brevis 43 o5 49 19 48 1]
B. cereus 4.? 2.8 49 79 4.2 1.2
B. Iateros,)orus 4, {48 18 56 82
B. licheniformis 48 068 54 (5 46 80
B. stearothermophilus 40 73 50 79 49 77
Fresh sam es h d <20 ogm cfu/? count QI all microbial types ex-
ce me[ ount 0 meso h| ic aer e3| ||
?1% e|n|| 5"1) §|
es respecnvely an ese varig etween and 64 du e

and phospholipase by B. licheniformis indicate their role
in foodbome illnesses as reported earlier6. Cultures of 3.
pumilus and B. subtilis were only positive for production
of hemolysins and negative for phospholipase. These tv/o
characters are considered as indicators of toxin production
along with other positive animal model tests1).

Cultures of B.brevis and B.cereus possessed strong
proteolytic and amylolytic activities (Table 2) and may
have potential in bringing about spoilage of foods. Cultures
of B. stearothermophilus and B. subtilis showed moderate
to strong proteolytic, lipolytic and amylolytic activities,
while B. circulans had strong proteolytic and lipolytic
activities. Cultures of B.laterosporus and B.licheniformis
possessed only strong proteolytic activity, while 3.
coagulans and B.pumilus had a strong and moderate
lipolytic activity, respectively.

Growth of Bacillus species in plain cooked rice: The
results presented in Table 3 reveal the ability of a few
selected cultures of Bacillus species to grow in plain cooked
rice. In type (i) rice which was almost free from initial
microflora, except for B.stearothermophilus, other test cul-
tures of Bacillus species grew well, reaching counts of
7.0 to 7.9 loglo (cfulg) in 24 h. The growth of B. stearother-
mophilus might have been slower due to tire lower storage
temperature (15-26°C).

In case of type (ii) rice, B.stearothermophilus recorded
a count of 7.3 log® (cfulg), while with the other Bacillus
test cultures, the count was 6.5 to 6.8 logD (cfulg). The
lower counts of Bacillus in type (ii) rice may be attributed
to the competitive microflora present initially, as counts
of mesophilic aerobes and enterobacteriaceae in these
samples were in the range of 7.2 to 8.2 log10 (cfulg). The
better growth of B. stearothermophilus may be due to
slight increase in the storage temperature as a result of
metabolic activities of other microflora. Further, the good
growth of Bacillus cultures in type (i) rice may be due
to the moisture content which was 82.3% as against 60.8%
in type (ii) rice. The variation in pH levels observed was
not significant.

The infective dose of B.cereus sufficient to induce illness
is variable. 1t was shown that counts of B.cereus in foods
ranging from 4.5 to 9.0 logD (cfulg) resulted in enteritis.
Further, occurrence of B. cereus (>104 cfulg) in food has
been considered as one of the epidemiological criteria for
implicating B.cereus in food poisoning outbreaks

In both types of rice preparations, the count of B.cereus
was sufficient to cause health hazards. The Bacillus counts
recorded and (lie ability of different Bacillus species to
produce extracellular enzymes indicate their toxigenic and
spoilage potentialities.

The results indicate a need for proper hygienic and
sanitation principles to avoid any post-processing con-
tamination of tlie processed foods. Further, a long storage



period -hetween preparation and catering may lead to public
health hazards when prepared foods are not adequately
protected from post-preparative contamination. Several in-
vestigators515*5 have studied hazards involved in the
preparation of cereal-based foods and made a few recom-
mendations: (i) prepare small quantities of rice as required,

(ii) keep prepared rice hot (>55 to 63°C), (iii) cool cooked

rice quickly and (iv) reheat cooked rice thoroughly before
serving. However, reheating of cooked foods before serving
will not eliminate preformed heat stable toxins.
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Five improved and a local variety of chickpea were evaluated for their physical, chemical, hydratln% cooking and parching
characteristics. ‘PBG-1" variety had the lowest seed weight, seed volume and hydrating properties; but required the highest
force for breaking and crushing. The varieties ‘PBG-1* and ‘GL-76%% after 60 minutes of cooking, indicated low cooked
kernel yield, solid losses, lower overall acceptability and were rated poor for cooking. These varieties had poor putting
properties, while the local variety was found to be the best for pulling purposes.

ched and canned. However, the quality of processed chick-
pea is lowered by the presence of variable quantities of
"Hardshell" seeds which resist cooking and even do not
germinate. The resistance to cooking may be due to

Production of chickpea (Cicer arietinum) ranks fifth
among legumes in the worldl In 1989, it constituted 37%
of the total pulses production of 137 lakh tonnes in India2
Chickpea is consumed in different forms e.g. cooked, par-

Contribution No. FTR-16. 347



348

hardshell impervious to water or the seed may become
harder to cook due to the non-softening of cotyledons
even if the seed imbibes water35. Plant breeders are engaged
in developing varieties free of hardshell seeds. However,
some seeds develop harder-to-cook-character during
storage™8. Though wide variations in the suitability of
different varieties of legumes for cooked and parched
products have been reported, the studies with respect to
chickpea variedes are grossly lacking. The present inves-
tigation was undertaken to evaluate physico-chemical, cook-
ing and parching characteristics of some important variedes
of chickpea culdvated in Punjab.

Materials and Methods

Representative samples of five improved chickpea cul-
tivars viz. ‘C-214’, ‘C-235’, ‘GNG-146’, ‘GL-769" and
‘PBG-1" from 1989-90 harvest were obtained from die
Department of Plant Breeding of Punjab Agricultural
University, Ludhiana. One local variety (‘LV’), not grown
in Punjab but used for commercial parching, was obtained
from die local market.

Physical characteristics: Seed volume, density, hydration
capacity, hydration index, swelling capacity and swelling
index were evaluated using mediods of Williams et alo
Percent hardshell grains were calculated after 10 h soaking
at room temperature. Physical hardness of grains (moisture
content 10.5 £ 3%) was determined using Instron Universal
Testing Machine (Model 1111). Mean force required to
break and crush the grains was determined using crosshead
speed of 5 cm/min, chart speed of 20 cm/min, force range
of 490.5(N) full scale and a die diameter of 2.5 cm with
4 mm deformation. It resulted into two peaks for each
of the sample, the first peak corresponding to the force
required to break and the second to the force required to
crush the grains.
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Composition: Ash and protein contents were determined
as per AACCH0 Cellulose was determined according to
die procedure of Crompton and Maynard”. Method
described by Goering and Van-Soest2 was used for the
estimations of neutral detergent fibre (NDF) and acid deter-
gent fibre (ADF).

Cooking: Cooking quality was evaluated using the
method of Williams et al.o with minor modification. Fifty
grains were boiled in 200 ml water in 500 ml flask under
reflux. After 60 min of cooking, sample was drained and
percent cooking grains free of white core were noted. The
samples were organoleptically evaluated by panelists for
overall acceptability using 9-point hedonic scale.

Parching: One hundred g sample, uniformly mixed with
calculated amount of water to bring the moisture content
of grain to 12.5 £ 0.3% was rested for 10 min. Thereafter,
it was parched in sand for 40 sec. at 190°C. Then the
sample was taken out and rested for a period of 5 min
and again parched (40 sec.) in hot sand (190°C). The
moisture content of parched samples was 3.8 £ 0.5%. Seed
volume, puffing capacity and puffing index were determined
as stated earlier.9 Percent unpuffed (hard) grains was cal-
culated by counting. The samples were organoleptically
evaluated as ahove.

Statistical analysis: All the results were expressed on
a 14% moisture basis unless otherwise stated. The data
were statistically analysed using randomized block design
as described by Steel and Torrield Least significant dif-
ferences (LSD) were calculated.

Results and Discussion

Physical and chemical properties: Chemical composition
varied significantly among varieties. The protein content
ranged from 18.75 - 24.00%, lowest being in LV’ and
highest in ‘C-214" (Table 1). ‘PBG-1" and ‘GL-769’ con-
tained lower amounts of acid and neutral detergent fibres,

Table 1 Chemical composition and physical characteristics of various varieties of chickpea

Attributes
Cay CY
Izrc%qet(o?{]ent i (4 a4
Neutral detergent lre (%) 142 14
At o
Hemicei? Ioge (%) 4.3 58
weight3 ]I?O seeds 132 140
% a/grl]sr__ne3 I 00 seeds) 110 21
G D ol
Crui |fn§ force 2487 264.%
T%ta ocebi 3140 40,
a, respectivel

values are ‘means of three and five roeeplicates
LSD: Differences between two means excee

aing this Value are significan.

Chickpea variety
GNG-146  ‘GL-76  PBG-I" LV LSD (009
Chemical composition8
29 23 2038 187 03
Ll 2 20 83 0.2
120 98 101 133 0.3
24 13 12 11 0.1
53 42 43 6.8 0.2
43 43 36 o) 0.2
Physical characteristics
129 143 26 34 045
1218 136 1o 247 882
765 16}.% 1 % 16%.'% 2050
7.? 33 Blo 1313 1150
. 2ol 05 Ml 2850
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Table 2. Hydrating, cooking and parching characteristics of various varieties of chickpea

Attributes Chickpea variety
o204 ‘C23y  'GNG146' ‘GL-76  PBGI" LV LSD (005
Hydrating characteristics3
In ca /seed 0.135 0.104 114 054 0040 0340 Q2
el s 127 AN o o A
o iy SO N S S N G
rashelled grain(%) N 285 '.8 60.0 84'.8 0.0 14
Cooking characteristics
Cooked qr ins3 (% 9.0 18, 870 740 12 190 48
Thil o TS N A G
Fyraton e 10} §1 w3 0 w5 7d 2
Parching characteristics
volume3 (mi/100, seeds 168 172 ) . . . .
PUTTINg ) 106 568053 ) 3.8 LY lgé 12(7) 1g§ ﬁé 68
i g o4 % ¢ &7 0
Overall accetabiy™ () 2 o b By n 06

a, bvaIL#s are means of three and six replicates, reﬁctlvelg/ o
LSD: Differences between two means exceeding this Value aré significant

lignin, cellulose and hemicellulose. The varieties showed
significant differences in physical characteristics of grains
(Table 1). The variety (‘LV’) had highest seed weight,
seed volume and seed density, ‘PBG-1" showed lowest
seed weight and volume. The seed density was lowest in
variety ‘GL-769",

Very high force was required to break and crush ‘PBG-1’
and ‘GL-769 grains, the total force being highest for
‘PBG-1". The total force required was lowest for the local
variety and ‘GNG-146". Grains of local variety and ‘GNG-
146" required least force to crash and break, respectively.
The data revealed that the grains of varieties ‘PBG-1" and
‘GL-769" were very hard and those of local variety and
‘GNG-146" were soft. It seems that the constituents like
fibre, lignin, cellulose and hemicellulose are the factors
responsible for hardness of grains. Varieties with lower
contents of these constituents had more harder grains and
vice versa.

Hydrating properties: Swelling capacity per seed, swell-
ing index, hydration capacity per seed and hydration index
were lower for ‘PBG-1" followed by ‘GL-769‘, while the
local variety had highest value for all these characteristics
possibly due to the absence of hardshell grains, large seed
size and soft grains texture (Table 2). Williams et al.o and
Singh et al.-4 have also reported strong positive correlation
between seed and weight size with hydration capacity.
Hardness of grains and the amount of hardshell grains
seem to he the other factors which accounted for variations
in hydration and swelling properties. Bourne3also reported
that the hardshell grains do not swell during soaking.

Cooking and parching quality: Cooking time has several

definitions such as the time at which 50% of seeds hecoming
soft (cooked) or 100% softening915. Actual cooking time
should be the time between the beginning of the test and
when the seeds are ready for eating. This means that
seeds are soft enough to masticate without having to chew.
Trials conducted showed that the varieties differed con-
siderably for the cooking time. Cooking for 60 min was
considered to be the most appropriate for comparative
evaluation of cooking behaviour of different varieties.

Percent cooked grains in local variety after 60 min
cooking was lowest, thereby indicating its longer cooking
time requirement. This could be attributed to its larger
seed. Williams et al.o reported positive correlation between
seed size and cooking time. Seed size governs the distance
to which water must penetrate in order to reach the in-
nermost portion of seeds. Due to its under cooking, the
variety showed least gruel solids and lowest acceptability
score for cooked kernels (Table 2). Among other varieties,
‘PBG-1’, and ‘GL-769" had low hydration index and
cooked grains, possibly due to their higher contents of
hardshell grains. Various workers have reported that beans
resist cooking mainly because of the presence of hardshell
grains458. These varieties also showed comparatively lower
gruel solids and poor acceptability scores. ‘C-214’, on the
other hand, had highest hydration index and number of
cooked kernels as well as showed the greateat gruel solids
and acceptability score. Thus, ‘C-214" was rated the best
followed by ‘GNG-146" and ‘C-235" in terms of cooking
time.

Local variety showed the highest puffed seed volume,
puffing capacity, puffing index, least number of harder



grains on puffing and registered the highest acceptability
score for puffed grains (Table 2). The variety was, therefore,
rated best for puffing purposes, while PBG-1 with the
least volume of puffed seeds, puffing capacity per seed,
puffing index and overall acceptability was rated poorest.
Varieties ‘GL-769" ‘C-214" and ‘C-235" also showed very
poor puffing quality, but ‘GNG-146" was comparatively
better. The results showed that the proportion of hardshelled
grains is a most important factor in determining the hydrat-
ing, cooking, parching characteristics and consumer ac-
ceptability.
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Two traditional methods of dehulling - manual and home-processing (stone chakki); and two laboratory methods - barley
pearler and tangential abrasive dehullln% device (TADD) - were employed to studr the dehulling quality of eight pigeonpea

genotypes. Dhal yield by TADD was the

ighest (80.0%) for ‘ICPL 87052" and the

owest (54.1%) for ‘ICPL 87049’ indicating

significant (P<0.01) differences among genotyﬁes. These results were further substantiated by dhal yield values obtained by
the barley pearler. The stone chakki gave highly variable and erroneous results on dhal yield. The TADD and barley pearler

methods were comparable and relial

le. The theoretical dhal yield (manual method) was not correlated with dhal Kields

obtained by stone chakki, barley pearler and TADD. Grain hardness and grain volume were negativelg correlated with the
0

dhal yields obtained by the TADD and barle% pearler methods, whereas swelling capacity and grain

not correlated with dhal yields obtained by these methods.

Considering the production and consumption, pigeonpea

atation values were

(decorticated split cotyledons) and cooking in water to a

or redgram, is the second largest pulse crop in India and  desirable softness. Most of the nearly 2 million tonnes of

accounts for nearly 85% of the World’s supplyl In India,
it is mostly consumed after dehulling in the form of dhal

pigeonpea produced annually in India is converted into
dhal2. Not only does dehulling improve palatability and
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digestibility of pigeonpea; but it also reduces remarkably
its cooking time3. Several methods are employed for dehull-
ing pulses in India4®.

Variability in dehulling characteristics of pigeonpea may
be influenced by variety and agro-climatic factors, but the
role of these factors has not been established. In additon,
several factors such as pre-treatments like soaking in salt
solutions, water and oil application and sun-drying influence
the dehulling of pigeonpea?. Some laboratory methods have
been used to study the dehulling quality of pigeonpea
genotypes89. A machine that removes barley bran was
used to study the variability in dehulling characteristics
of 19 pigeonpea genotypes8. In another study, variability
in dehulling quality of 23 pigeonpea genotypes was
described using the TADD method9. The objectives of this
study were to compare different methods of dehulling to
evaluate dehulling quality of pigeonpea genotypes, and to
examine tire relationship between the physical charac-
teristics of the grain and dehulling quality of pigeonpea
genotypes.

Materials and Methods

Grain samples of eight genotypes ‘(C -1\ ‘BDN 2,
and ‘T 15-15"as control, and ‘ICPL 87049,” “ICPL 87052,
‘ICPL 87053,” ‘ICPL 87066 and ‘ICPL 87075 as newly
developed genotypes) of pigeonpea were supplied by the
pigeonpea breeding unit of Legumes Program at ICRISAT.

Pre-treatment of whole grain for dehulling: Soaking in
water at room temperature followed by drying in the oven
was the pre-treatment employed for dehulling. Grains of
all genotypes were separately soaked in excess distilled
water for 4 h at room temperature (25 + 1°C). After soaking,
excess water was discarded and the samples were dried
in an oven at 55°C for 16 h and used for dehulling.

Dehulling methods: Two traditional methods, i.e., manual
method and home-processing method (stone chakki), and
two laboratory methods, barley pearler (Scott Seedburo,
USA) and tangential abrasive dehulling device (TADD)
as described by Ehiwe and Reichert9 were used.

Manual method: The dhal yield was determined by
manually separating the husk from the cotyledons. The
seed coat and dhal fractions (cotyledons) were dried
separately in the oven at 55°C overnight (16 hr) and weighed
to calculate dhal and husk percentages.

Stone chakki (quern): A stone chakki consisting of lower
(immovable) and upper (rotating) stone pieces each of
345 cm diameter and 5.5. cm thickness were used. A
100-g grain sample of pre-treated pigeonpea was slowly
and uniformly added through a central hole in the upper
stone which was gently and continuously rotated manually
until the material was processed. The upper stone was
removed and the processed grain material was collected
and separated into dhal, brokens, powder and husk fractions.
Both unsplit and split decorticated cotyledons were included
as dhal.
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Barley pearler: A 100-g grain material was dehulled
for 4 min and the processed material was separated into
dhal, brokens, powder and husk fractions. As mentioned
earlier, both unsplit decorticated and split decorticated
cotyledons were Included together as dhal.

Tangential abrasive dehulling device (TADD): After
standardizing the TADD for dehulling of pigeonpea, a
100-g grain sample was dehulled for 1 min by putting
an approximately equal mass of grain material in 12
cups/holes of the TADD plate. After dehulling, the
processed material was separated into dhal, brokens, pow-
der, and husk fractions. As above, both unsplit and split
decorticated cotyledons were included as dhcd.

Physical characteristics: Moisture content was deter-
mined by drying the grain at 110°C for 18 h. Grain colour
was visually recorded. The 100 grains were weighed in
five replicates and the mean 100-grain mass of die sample
recorded. For determination of grain volume, 20 ml of
water was taken in a measuring cylinder and 50 grains
were transferred into it. The increase in volume by the
addition of grains was recorded as the volume of die
grains. A floatadon test was carried out by using sodium
nitrate solution of 1.303 g/cc density. Fifty grains were
dropped into the solution and shaken well. The number
of floating grains was determined and calculated as the
floatation percentage. Swelling capacity was determined
by soaking 5 g of grains in distilled water at room tempera-
ture (25 £ 1°C) for 16 h. Excess water was discarded,
traces of water wiped out and the samples weighed. Swell-
ing capacity was expressed as g increase in mass per g
of the grain material. An Instron food testing machine
(Model 1140, High Wycombe, Buckinghamshire, UK) was
used to measure the grain hardness. Fifty grains of each
genotype were randomly selected and compressed to a
breaking point at a crosshead speed of 80 mm per min
with a 2:1 ratio. An average Instron force (Kg) was recorded
as the grain hardness of the sample.

Statistical analysis: All the determinations were done
in 3 to 15 replicates. Standard errors (SE) were determined
by a one-way analysis of variancel) and are indicated in
the Tables as the pooled error of replicates.

Results and Discussion

The theoretical yields of dehulled grain determined by
the manual method ranged from 85.2 to 88.4% with mean
being 86.7% showing a small variation among the genotypes
(Table 1). These dhal yield values primarily depend on
the content of seed coat (husk) of pigeonpea genotypes
as shown in Table 2. Excluding manual method, average
dhal yield was highest (71.3%) in TADD followed by
barley pearler (67.6%) and lowest in stone chakki (50.5%),
(Table 1). The average dhal yield of pigeonpea genotypes
analysed by TADD is comparable with that of the com-
mercial dhal mills (70.1% dhal) in India5 but is considerably
lower than that of the improved commercial dehulling
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Table 1 owat YIELD, BROKENS, POWDER AND HUSK FRACTIONS OF PIGEONPEA GENOTYPES OBTAINED BY DIFFERENT
METHODS OF DEHULLING
pnal yield (%9 Broken (%) Powder (%) Husk (%)
Genotype MNM SNC BRP TADD SNC  BRP TADD SNC BRP TADD SNC  BRP TADD
- &8 $He 78 Il A7 40 25 60 53 b 99 1Bl U
‘BDNZ 852 299 69 16t 25.8 99 41 40 58 5.8 119 124 13.%
T 1515 884 M4 132 BS D 43 19 47 67 60 97 14 126
‘|CPL 87049’ 324 47 5Hb gd.l nh9 1 A8 48 1 6.8 113 12% 114
:ICBk 8%052: 0 2510 %%7 7g.0 23 b1 %.2 14'3'1 LY} %1.4 13.1 %[116
B EEEEERIEEEE
N W oMo 9 % Mg Bom oo
SEM 1036 184  H051  H028 212 H042 HRB 104 032 014 046 05 020
MM = manual. method.  SNC = stone chakki, BRP = barley pearler, TADD = tangential abrasive dehulling device.
Means of three independent determinations.
Table 2. Physical characteristics of grains of pigeonpea genotypes
Genotype Grain colour  Moistre ~ 100grain ~ Gyain Floaﬁation Swellin Grain hardness-
mass volume V@%e caFaC| force Hyssk
(%) l(9) (m) & %/9) (l;%) (4/0
e g N YR 1:% i '.4:§
T 1515 Cream 10 88 64 120 1 3, 1
‘ICPL 87049 Cream 101 116 %2 g.z 099 97 134
‘ICPL 87052 Brown 18.1 18? 0 2 0. 191 134
CPL 871 g: Brown 104 . (4 138 104 180 4.1
e dE W ok 0% 8§ 9m m K
Ve »om 8 8 I 6 3
SEM 12 #1 1 104 10,02 #5 #0.38

Means of five independent determinatons.

technology developed for dehulling of pigeonpea”. The
value for dhal yield was the highest (80.0%) for ‘ICPL
87052" and the lowest (54.1%) for ‘ICPL 87049" when
dehulled in the TADD. Similar variations in dhal yield
of these genotypes were observed when dehulled by using
the barley pearler (Table 1). This indicated significant
(p<0.01) differences in dehulling quality of pigeonpea
genotypes. The dehulling losses in terms of brokens were
the highest (24.6%) in the stone chakki and this might
have been due to the attrition action of the stones employed
for dehulling in this method. A large variability in dehulling
quality of pigeonpea genotypes was observed when they
were dehulled by the TADD9and the machine that removes
barley bran8. Eventhough the dhal yield primarily depends
on the type of machine employed for dehulling, other
characteristics such as size, shape and hardness of the
grain seem to play an important role in determining dehull-
ing losses and these have been discussed in the following
sections. Some newly developed genotypes of pigeonpea
‘(ICPL 87049” and ‘ICPL 87066°) produced dhal yield
lower than the control genotypes, ‘BDN 2,” and ‘C 11
which yielded 76.7% and 75.7% dhal respectively when
dehulled by TADD (Table 1). No large variability in dhal
yield of these genotypes was obtained when dehulled in
the stone chakki that also produced the lowest dhal yield.

A statistical comparison between dehulling methods in-
dicated that the standard error (SE) and coefficient of
variation (CV) of the procedures were the highest for
stone chakki and the lowest for TADD. Not only did the
stone chakki produce the highest percentage of brokens
as dehulling losses (Table 1), it also produced highly vari-
able and erroneous results on die dhal yield. Further, dhal
yield obtained by a stone chakki was neither correlated
with the TADD nor with die barley pearler. But there
were significant (P<0.01) and highly positive correlations
(r=0.97**) and (r=0.95**) between TADD and barley pear-
ler for dhal yield and broken fractions, respectively. These
results indicated that TADD and barley pearler methods
are highly comparable.

Seed coat colour of genotypes varied widely from white
to light brown to dark brown. There was no large variation
in moisture content of these genotypes (Table 2). The
100-grain mass, grain volume and floatation value of these
genotypes showed significant differences (P<0.01). Grain
hardness ranged between 17.3 and 19.7 kg (Instron force)
indicating a small variation. Also, the grain coat content
of these genotypes did not reveal a large variation.

The moisture content did not influence the dhal yields
as there were no significant correlations between these
characteristics (Table 3). Although die correladons are not
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TABLE 3. CORRELATION COFFECIENT EE[WEEN PHYSICAL CHARACTERISTICS AND owat YIELD

. i 2 3

1 Moisture o

2. 100-seed mass -).38 1.00
i. E;ram yolume 8%8 8 & 1.00

. Ioe“atlon value . 0.3 .28 1.00
5. nelling capacity QL 0.05 Q01 Q4o
6 Grain hardness -0.20 081* 02 029
_Dhal Y| 003 {.16* 08 024
8. onal Vieldp -0.20 0.6/ Q1 036
9. phal Vieldo 02 052 034 020

. ohal Vield py T
g. Bﬂal' é’gg Bé bﬁPel? pearler
C. phal Yield by manual” operation

** Significant at 0.01 level, * Significant at 0.05 level.

statistically significant, grain hardness was negatively cor-
related with the TADD and barley pearler dhal yields,
whereas it was positively correlated with the dhal yield
obtained by the manual method (Table 3). It has been
shown that greater than 75% of the variability in dehulling
efficiency or yield could be accounted for by grain hardness
and resistance to splitting of the grain into individual
cotyledons'2. The present results suggest that losses in
terms of brokens and powder fraction would be more, if
grains of genotypes are hard, requiring more abrasive force
during the operation. Grain volume was negatively and
significantly (P < 0.05) correlated to dhal yields, obtained
by the TADD (r=-0.82) and the barley pearler (r=0.71).
There was a positive and significant (P<0.01) correlation
(r=0.94) between grain volume and 100-grain mass of
these genotypes (Table 3). It appeared that dhal yield in
TADD and barley pearler depended on the size of grains,
implying that bolder grains would reduce the dhal yield.
Swelling capacity and the floatation values of these
genotypes were not noticeably correlated with the dhal
yields obtained by different methods (Table 3). Further,
the theoretical dhal yield obtained by the manual method
was not correlated with the dhal yields obtained by the
TADD and barley pearler. This indicated that the seed
coat content of a genotype obtained by the manual method
cannot be used to predict the dhal yield of mechanical
methods, which are commonly employed for dehulling
pigeonpea in India. However, it is emphasized that the
observations of this study may be used with caution, as
these are based on the analysis of a limited number of
genotypes.
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A N-acetyi-a-D-galactosamine specific lectin from the seeds of Amaranthus paniculatus was purified to homogeneity by affinity
chromatography on immobilized desialyated porcine gastric mucin and found to be a homo dimer and a glycoprotein (10.5%
carbohydrate wiw) with molecular weight of the subunit being 27,000 ( + 1410). Its amino acid composition revealed high
contents of valine, leucine, and acidic amino acid residues. This lectin also had high contents of methionine, tryptophan and
lysine. A. paniculatus lectin agglutinated normal and papain-treated rabbit and human A, B and O erythrocytes.

Grain amaranth is cultivated as a minor food crop in
Central and South America, Mexico and in some areas
of Asia and Africa. It is considered as potentially high
food and feed resource due to its high quality and quantity
of proteins23 Amaranthus paniculatus, an Asiatic species,
is cultivated throughout India. The tender shoots and leaves
are used as a leafy vegetable, while the seeds are used
to prepare sweets consumed especially on fasting daysé.
Presence of anti-nutritional factors such as phenolic sub-
stances, trypsin inhibitors and cytoagglutinins have been
reported in grain Amaranth134 I'rom the Amaranthaceae
family, only two leetjns from the seeds of Amaranthus
leucocarpus and Amaranthus caudatus have been repor-
ted ‘A In the present paper, the purification, physical and
chemical characterization of the lectin from the seeds of
Amaranthus paniculatus are reported.

Materials and Methods

Chemicals: Amaranthuspaniculatus seeds were obtained
locally. Porcine gastric mucin, mclibiose, N-acetyl-D-galac-
tosamine (D-GalNAc), a- and (3-methyl-D- galactopyrano-
sides, raffxnose, p-nitrophcnyl a- and P-D- galactopyrano
sides, ovomucoid, were obtained from Sigma, U.S.A.
Sephadex G-100 was purchased from Pharmacia (Sweden),
and all other chemicals used were of analytical grade.
Human A, B and O type blood samples were obtained
from K.E.M. Hospital, Pune. Rabbit blood was supplied
by the Institute of Veterinary and Biological Products,
Pune. Protein concentrations were determined by absor-
bance measurements at 280 nm using bovine serum albumin
(BSA) as standard.

Preparation of the affinity matrix: Desialyated porcine
gastric mucin was immobilized by entrapment in glutaral-
dehyde crosslinked gelatin gel granules essentially as
reported earlier6.

Lectin purification: Finely ground seeds of A,
paniculatus (10 g) were suspended in 50 ml of saline
solution I (0.145 M sodium chloride containing 0.02%
sodium azide), and stirred for 4 h at 4°C. The extract
was centrifuged and residue re-extracted with saline as
before. The supernatants were pooled, pH adjusted to 4.0
(using 1.0 M acetic acid) at 4°C and allowed to stand
for |hr, followed by centrifugation (12080 xg). The su-
pernatant thus obtained was dialysed exhaustively against
saline solution I, until sugar-free and clarified by centrifuga-
tion (12080xg). This solution (Fraction A) was used for
isolation of lectin by affinity chromatography using im-
mobilized desialomucin. Fraction A was applied on a
column (18 cm length x 3 cm outer diameter) packed
with die immobilized desialomucin gel. The unadsorbed
proteins were removed by washing with saline solution
|. The adsorbed lectin was eluted with D-GalNAc (10
mM). Fractions of 5 ml were collected. The lectin con-
taining fractions were pooled, dialysed extensively against
distilled water, lyophilized and preserved at -20°C.

Homogeneity of die purified lectin was determined by
polyacrylamide gel electrophoresis (PAGE) at pH 4.57 and
8.38 and sodium dodecyl sulphate PAGE (SDS-PAGE)9
under reducing and non-reducing condidons. llaemag-
glutinadon assays were done at room temperature (26-28°C)
in PBS (0.02 M phosphate buffer pH 7.2, containing 0.1
M sodium chloride), using two-fold serial diludon proce-
dure in microdtre plates. A 4% (v/v) suspension of normal
or papain treated rabbit erydirocytes was used. For blood-
group specificity studies, a 4% (v/v) suspension of normal
as well as papain-treated human A, B and O erythrocytes
was used. Inhibidon of haemaggludnation induced by A.
paniculatus lecdn was studied with different sugars and
glycoprotein solutions in PBS as follows: 100 pi of pure
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lectin solution containing 4 haemagglutination units was
added to 100 |il of varying sugar concentrations and in-
cubated at R.T. for 1 hr. Rabbit erythrocytes suspension
(100 Jil) was then added to the above mixture and the
contents were further incubated for 30 min before observing
agglutination under the microscope.

Physical and chemical studies: The temperature stability
of the A. paniculatus lectin was studied by incubating the
pure lectin samples (0.1 mg/ml) at different temperatures
for 20 min. The pH stability of the lectin was studied by
pre-incubating the pure lectin (0.1 mg) in buffers (0.25
ml) of different pH at room temperature for 1 hr. After
1 h, the haemagglutination activity of the lectin was deter-
mined at pH 7.2 in PBS by the two-fold serial dilution
method. The buffers used were 0.2 M glycine adjusted
to a desired pH with 0.2 M 1ICl or 0.2 M NaOll.

Structural studies: Molecular weight of the lectin was
determined by SDS-PAGE and gel filtration. Gel filtration
was performed on a column of Sephadex G-100 (45 cm
length x 2 c¢m diameter) at 4°C and eluting the protein
with saline solution I. For gel filtration as well as SDS-
PAGE, tire marker proteins used were BSA, ovalbumin,
pepsin, trypsin, a-chymotrypsin and cytochrome ¢. Amino
acid analysis was performed thrice by IIPLCID using an
amount of protein corresponding to 1.85 nm i.e. 50 g.
Tryptophan content was determined spectrophotometrically
according to tire procedure of Edelhoch™. Isoelectric focuss-
ing was done on 5% polyacrylamide gels containing 2 %
ampholine (LKB’s of pH range 3.0 to 10.0), in glass
tubes. Catholyte was sodium hydroxide (0.02 M), while
phosphoric acid (0.01 M)2 was used as anolyte.

Results and Discussion

Saline extract of Amaranthus paniculatus seeds showed
tire presence of a lectin which agglutinated human A, B
and O erythrocytes as well as rabit erythrocytes. A
paniculatus lectin was purified by affinity chromatography
on immobilized desialomucin as described earlier. Purifica-
tion of tire lectin could be obtained by two steps, with
an yield of 15 mg/10 g seeds (Table 1). On PAGE, the
affinity purified lectin gave single bands at pH 4.5 and
pH 8.3 (Fig. 1) indicating the homogeneity of the purified
lectin. On SDS-PAGE, under reducing and non-reducing

TABLE 1 PURIFICATION OF THE amARANTHUS

PANICULATUS

Fraction Proteln vty Specific  Reco- Fold
(ACt % a%‘t%; verX J)Uflll

ation

Saling extract 11090 600 51 10
Fr Ic?o 540 510 1015 85.3 19
. 384 25940 640 480

or g Iﬂl%/ 148
chromatography
* from 10g of seeds HAU: Haemagglutinating units
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A B C

Fig. I. PAGE and SDS-PAGE patterns of A, paniculatus lectin.
(A o 45 (B) pH 83'(C) SOSPAGE

conditions, the lectin gave a single band, indicating presence
of a single subunit and absence of disulphide bridges. On
PAGE and SDS-PAGE, the lectin was stained with both
Coomassie Brilliant Blue R-250 and the periodic acid -
Schiff (PAS) reagent13 indicating its glycoprotein nature.

Blood-group specificity: A. paniculatus lectin showed
an equal haemagglutination activity towards normal and
papain-treated human A, B and O erythrocytes indicating
that it did not have blood-group specificity and papain
treatment did not enhance the susceptibility of the
erythrocytes to agglutination by the A. paniculatus lectin.

Sugar specificity: A. paniculatus lectin agglutinated nor-
mal and papain treated rabbit erythrocytes. Hence, for the
study of sugar specificity of the lectin, by inhibition of
haemagglutination induced by lectin, rabbit blood was used.
D-GalNAc was the most potent inhibitor of the lectin
(Table 2). A marked preference was shown for the a-anomer

_ MINIMUM CONCENTRATION OF SUGAR/GLYCOPRO-
FCESSARY TO INHIBIT FOUR HAEMAGGLUTINATING
Fa. panicuratus LECTIN USING RABBIT ERYTHRO-
CYTES
Sugar

Conen (mM)
D-GalNAc |

D-Galactose 10
a -Methyl-D-Galp

R/l e—J«\g?g%I-D-Galp

8
:
Bag Pactosamme HC1 §
8

TABLE
TEIN
UNITS

OZI\J

-fitrophenyl- « -DGal
b NI E)hen))// -P-D-Gal pp

actos t ) 200
8\ycob)ro gms (mg/m 100
K-casein 100
Mucin 0.5
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Table 3. Amino acid composition of amaranthus

panicuLaTus LECTIN

Amino acid Residue %a Residues/27,000h
artic acid 59 v

?ﬁﬁeonme %8 ﬁ
e . . .

Eﬁ mic acid 47 10

Proline 11 2

Gl clng 58 v
| .

hline . gg %

Methionine 18 4

[soleycine 108 %6

Leucine 191

Tyrosine . 59 12 (13)!

Phenylalanine 50 ¥

Histidine 18 4

Lysine 21 6

Arginin 20 4
torg) an 48 (10
elne ND.

D, not d?tecta?l% . .

gcean valle of three independent analysis,

|culated to nearest Integer. _ _
* %1ues efween %racskets re determined spectrophotometrically

and the a-galactosides. Lactose, which is a p-galactoside
is a poor inhibitor. Glycoproteins ovomucoid and mucin
were also inhibitory.

Physical and chemical studies: The temperature stability
studies showed that the A. paniculatus lectin activity was
completely lost by heating at 70°C for 20 min. The lectin
was stable in the pH range 4.0 to 9.0. On storage and
under alkaline Condition (pH > 8.0) the lectin had a marked
tendency to aggregate.

Structural analysis: The A. paniculatus lectin was found
to be a glycoprotein. The carbohydrate content was 10.5%
(w/w) as determined by phenol-sulphuric acid methodl4
using D-glucose as standard. On isoelectric focussing, the
lectin focussed as three very closely spaced bands in the
pH range of 6.2 to 6.4, probably due to microheterogenity.
The molecular weight of the subunit determined by SDS-
PAGE was 27,000 ( £1410). The molecular mass of tire
native protein, determined by molecular sieving on
Sephadex G-100, was 48,000 £ 1,130. Thus, the lectin is
a dimer under physiological conditions, the two subunits
being held together by non-covalent interactions.

Amino acid composition:The results of amino acid
analysis of A .paniculatus lectin are summarized in Table 3.
No half-cystine residues were detectable. The lectin con-
tained valine, leucine, isoleucine and acidic residues at
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high levels. 1t also had unusually high amounts of
methionine, tryptophan and lysine. A. paniculatus lectin
was very similar to A. caudatus and A. leucocarpus lectins,
with regard to blood-group specificity. A. leucocarpus lectin
was found to be inhibited by only D-GalNAc, while other
galactose containing saccharides were non-inhibitory. How-
ever, in addition to D-GalNAc, A. paniculatus lectin was
inhibited by other D-galactose containing saccharides,
though to a lesser extent, except lactose.
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Effect of improvers on the quality of whole wheat flour bread showed an increase in the specific loaf volume to varied
levels. Sodium stearoyl-2-lactyiate showed highest response in improving the specific loaf volume followed by polyoxyethylene
sorbitan monostearate, %!ycerol-monostearate, polyoxyethylene sorbitan monopalmitate, diacetyl tartaric acid esters of mono-

glycerides and soya lecit

In. The crumb characteristics of whole wheat flour bread are also improved, while the crust shape,

crumb colour and typical wheaty taste of whole wheat flour bread were unaffected.

Even though bread making potential is largely related
to the quality and quantity of protein in the flourl the
action of additives in increasing the loaf volume and crumb
characteristics is well known2 The inclusion of emulsifiers
or surfactants in bread is a well established practice in
the baking industry. Sodium stearoyl-2-lactylate complexes
with starch and proteins to form a huge aggregate and
increases the dough stability3. Shogren et at showed that
addition of surfactant to the blend of wheat flour, wheat
bran and vital gluten substantially improved the loaf
volume.

Baking industry is one of the largest organised food
industries in the country. The wheat production in India
is expected to rise to 75 million tonnes by 2000 AD from
the present production of 54.0 million tonnes. The produc-
tion of bread in India is estimated to increase from 1.52
million tonnes in 1990 to 2.7 million tonnes by 2000 AD.
There exists a considerable scope for introduction of newer
bakery products. Whole wheat flour bread would be ideal
since it offers wholesome, typical, wheaty taste. With this
background, studies on the effect of improvers on the
quality of whole wheat flour bread were undertaken and
the results are presented in this paper.

Materials and Methods

Commercial sample of Triticum aestivum procured from
local market was milled into whole wheat flour in hammer
mill (Model: Apex). The chemical and rheological char-
acteristics of the whole wheat flour have already been
reported>.

Preparation of whole wheatflour bread with improvers:
Whole wheat flour bread based on sponge and dough
method was prepared according to AACC6 procedure with

a reduced proof time of 40 min instead of 55 min. The
loaves were prepared separately with guar gum (0.5%),
potassium bromate (20 ppm), ascorbic acid (200 ppm),
gluten (2.0%) enzyme active soya flour (0.5%), sorbitol

(0.5%) and emulsifiers (0.5%) like soya lecithin,
polyoxyethylene sorbitan monostearate  (Tween-60),
polyoxyethylene sorbitan monopalmitate (Tween-40),

sodium stearoyl-2-lactylate (SSL), glycerol-monostearate
(GMS) and diacetyl tartaric acid esters of monoglycerides
(DATEM). Sensory evaluation of loaves after 24 h of
preparation for crust shape and colour, crumb colour, grain
and texture and eating quality was carried out by a panel
of six judges.

Changes in quality of bread during storage: The loaves
without and with 0.5% each of SSL and sorbitol were
prepared and packed separately in polypropylene bags of
150 gauge after cooling for 4 h for determining the changes
in quality of bread during storage. Swelling power of
bread crumb was measured according to modified method
of Cathcart and Luber7. The compressibility of bread crumb
was measured in a General Foods Texturometer (Model
GTX) equipped with brass plunger of 50 mm diam and
flat aluminium platform using the following settings: at-
tenuator-1, bites-6/ min, chart speed - 750 mm/min, and
volts-0.5. The force required for 90% compression of a
bread slice of 1.0 cm thickness was measured.

Results and Discussion

Effect of various improvers on the quality of whole
wheat flour bread: The data on the improvement brought
about by the addition of improvers on the quality of whole
wheat flour bread are presented in Table 1

The results indicate that improvers increased the specific
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Table 1 Effect of improvers on the quality* of

WHOLE \NI-IEFAT FLOUR BREAD
Improver Level S(ﬁeciﬁc Iri?f Cumb  Crumb
volume (mllg)  texture grzug ,
score

Control 3l Soft 10
Guar gum (%) 05 %.45% \fery sot 75

s
Egoﬁsigc m o n W s
(ppmS 200 3.69f Soft 15
%uten (og C)t " 20 3627 Soft 75
Spfor Uy 05 b st 75
Sarbitol (%) 05 3.60c \fery soft 70
Soya lecithin ) 05 34T \forysot 75
Tween-60 (%) 05 3 7def \fery soft 7.0
Tween-40 (%) 05 3.68* Xaysoft 75
SL (%) 05 3.75f \fery soft 75
GIVIS (% 05 J0¢f \fory soft 7.0
Ry (2 LA -
SEM 1002

Means of the same column followed by different letters differ significantly

P<005

* Al b(reads had) normal crust, dark brown crust colour, light brown
crumb colour anc wholesome typical wheaty faste.

* Breads with é}luten enzyme active soya flour, soHa lecithin, Tween-40,
SSLand DATEM had fine uniform and afl others had medium
fine uniform crumb grain.

** Maximum score - 8,

loaf volume of who.e wheat flour bread to varying levels.
Ascorbic acid, gluten and sorbitol showed better improve-
ment in specific loaf volume of whole wheat flour bread
than enzyme active soya flour, potassium bromate and

-+ Control
-0 Control +SSL (0-5%)
-aControl +Sorbitol (0-5e7

25 50
20

g 10 1 aﬁ

210

N 05. 20

' 2 3 4
Age of breads(Days)

Fig. 1 Effect of storage on the sweIIinF power of crumb and crumb
compressibility“of whole wheat flour bread.
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guar gum. The overall improvement in quality of whole
wheat flour bread due to addition of guar gum was mar-
ginal when compared to tine improvement reported by
Venkateswara Rao et al8in white bread. Potassium bromate
did not show any change in crust and crumb characteristics.
Rogers and Hoseney9 reported that whole wheat doughs
did not respond to potassium bromate within the range
0f 0-50 ppm. Addition of ascorbic acid improved the overall
quality of whole wheat flour bread. Addition of gluten
improved the specific loaf volume, crumb grain and score.
Gan et al™ reported similar findings stating that the non-
endosperm components play a prominent role in disrupting
the continuous gluten protein matrix in whole wheat bread
resulting in coarse and thick cells. But the gluten sup-
plemented whole meal bread was thicker, smoother and
more continuous indicating strengthening effect of gluten.
Shogren et at also reported that the adverse effects of
15 parts wheat bran per 85 parts of wheat flour were
essentially eliminated by adding 2% vital gluten and an
emulsifier. Improvement in the quality of whole wheat
flour bread due to enzyme active soya flour could be
attributed to the enzyme lipoxygenase. Faubion and
Hoseney™ reported that lipoxygenase present in enzyme
active soya flour has strengthening effect on dough similar
to that obtained by oxidation. Wu et al'2 obtained good
results when 1.0% enzyme active soya flour was included
in the recipe in short time bread making systems. Sorbitol,
soya lecithin, Tween-60, Tween-40, SSL, GMS and DATEM
improved the crumb softness. Improvement in loaf volume
and crumb texture with addition of DATEM was reported
by Galliard and Collins13 and Lorenz14 SSL proved to be
the best among the additives tried for improving the quality
of whole wheat flour bread. It brought out the highest
improvement in the specific loaf volume and showed
marked improvement in other crumb characteristics.
Changes in quality of bread during storage: The effect
of storage on swelling power and softness of crumb from
whole wheat flour bread is presented in Fig 1. Katzb
reported that swelling power of bread decreases during
staling and this change is attributed to starch rétrogradation.
The results showed that the volume of the sediment which
was 2.0 on the first day for all the three breads, decreased
by 0.8, 0.4 and 0.6 cc for the control, SSL and sorbitol
containing breads respectively after four days of storage.

* The results confirmed that breads with SSL retained the

capacity of highest swelling power compared to the control
bread as well as sorbitol-containing bread. Lorenz4 made
similar observation that emulsifiers act as anti-staling
agents.

The softness of breads improved with addition of SSL
and sorbitol as indicated by the decrease in crumb com-
pressibility values by 0.5 and 0.1 kg/v respectively measured
by General Foods Texturometer. The crumb compressibility
values increased by 2.4, 1.3 and 2.3 kg/v on four days
of storage for control and breads containing SSL and
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sorbitol respectively. The increase was gradual for all the
breads during four days of storage. Szczesniak and Halll
illustrated the application of General Foods Texturometer
to the quantification of the firmness of bread on staling
and reported the increase in firmness values with the age
of bread. The results indicated that the rate of firming of
crumb was slower with the addition of SSL, while the
effect was only marginal with the addition of sorbitol.
According to Tenneyl7, emulsifiers improve the softness
and retain it for a longer period of storage and the maximum
improving effect was found with SSL.
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The improvement in the quality of whole wheat flour bread with 8% fat, 0.5% sodium stearoyl -2-lactylate (SSL) and 20
ppm potassium bromate was better by sponge and dough method compared to that by straight dough and mechanical dough
development methods. The specific loaf volume decreased with the increase in sugar content beyond 5.0% in straight dough
and sponge and dough methods but remained unaffected in mechanical dough development method. Maximum increase in
specific loaf volume was caused by 200 pﬁm ascorbic acid in mechanical dough development method and by 0.5% SSL in
straight dough and sponge and dough methods. With optimum levels of all ingredients, maximum improvement in the quality
of whole wheat flour bread was obtained by sponge and dough method.

Demand for whole wheat fl gur bread has rncreased le/lh saccordrng 0 r(ehf]rx mprooedure oJ Irvrne and
?nsrd%rabl In last few years In advanced oountrres ecause an3 with a1 duce ermentation and proor times
Its Lte nutrréronal and sensory la rtreél Upto §0% 5 min for the dough respectively. For the
o tew eat produced in Ind r%rs consume orm songe an doughmthod standard AA Cﬁro %dure Was
aoal h) N and arota There exists g con% iderable  used “wath a reluced proof time of 25 min. The breads
scoe rte rntro tron of newer varretres ﬁ akery based on mec anrcal dough gevelopment meéhod were

[ ucts in India, to meet the increasing demands for the  prepared using Tweedy mixer N 23 F-G In
B rg products. Whole wheat ffour b%ad vvoué be one B artial vacuur% of 15¥nohes 0 hh%?cu The ou?Rya%
rde% choices srnce It offers? amjliar wholesome eve#) trra/the expendjture of% energ% goré
rca Wneaty taste. The resul fl stuclies on the effec(} and ortr p 5grven Was 20 mrn eou?
rngredrents on the quality of whole wheat flour bread  proofed for 25"min and baked for 2
are rénorted in this paper. Breads were made by all the three methodsb changsnog
the ingredients with 30% geast 40 and 8.0% fat
7.5 and 10,0% sugar, 0.5% SSL, 10 and 20 pi) m potassiym
Materials and Methods bromate and 100 ahd 200 ppm of ascorpic acla
Chemical and Theolo Cférll ch?rac eristics: Commerﬁral Breads with optimum Ievelsofrngredrents Breatls hased

Triticum- aestivum whea? om loca flf et was milled on strar%ht dough sgonﬁg and dou han mechanical dough

Into whole wheat flour i hammer mill (Model: Apex).
Maisture, total ash, Hagnerg’s falling. number, désptat? ?anape %m etThr% in ré%@h?@ usedus\;\rlre op\ronl}r m i ?S

actrvr damaged starch” were_determined according t0  veast® 3.0 malt” 05%. sa su ar
rocedﬂresF Cruﬁ e protein %NxS?)wase?tlm tﬁd XO% ?amr)nonrum hy o] en hos hate 0. % SSL 05%

%mrcro Kjeloahl” method. Dou ro erties o Ole ascorbcacr d: 0,02% (]g %

Wheat four Were studrd usin lhe arnogr Evaluation of reags The eV uatron of breads were

Agrag amy ograph and mixog ap a

separately,

apn, exten-
ccording E)stan ard carried out after 24 h by a panel of six judges.
procedures

ffect of v:ilryrn Ievgls f ingredients on %ua*
whole wheat flour "hreay ergredrents Used 10 the Results and Discussion
Werparatron of whole wheat flour breads in all the cases  Chemical and rheological characteristics of whole wheat
g four, 2/0 east 0.1% yeast food, 2.5% sugar, flour: The protein contert (11.9% dmagedstarch £107/
1.0% salt” 0.5% mal 8 otassium_ bromate 3nd  farinograph water absorption f 6,3%), “valorimetér value
66.3% water. The methodology of preparation of straight  (44),  extensograph ratio figure (5.0), extensograph area
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830 0n2, mixograph area (73.1 cm2 indicated that_ the
ittr%hc&hha%eesg]vumgvdheat used in the stldy was oq medrum

Effect of various ingredients on the quality of whole
wheat flour bread:
Yeast: Increasing the yeast from 2 to 3% improved
specific loaf volume of Dread I aII the three methods
ﬁ le 7). The im rovemené In specific loaf vol ume Was
i . R L
(s, wed Ul N
mechanical dough develop r%ent rﬁethod The other crust
and crumb characteristics of breads were not affected. An
Improvement In crumb texture was found qlue to |ncrease

In"volume of bread by mec ﬁnrcal doug] deveLopment
method. Lai et at reporteq that yeast an the

her t
B h P g
vol ume of brea i n the reeéhreadc mah sg ds Wi

In
t eecaﬁ(drtroar% \% 4m%n\dv 8/hrfaes§ in strai h?‘rd%uI nrcreaestehorn
R |easth mectlranrcafsd %p develop mgnt metﬂ dm

ever, flying top was observed n case of straignt dough

361

and mechanical dough development methods due to under
maturation ofa dou% Brea sp made with addition ort ?at
showed |mprovement N crump fexture and crumb grain
score.. Baldwine et 15 repprte hat ‘at lmproxes the ges
retﬁntrolnI capacity fft In tt?r vords In
cell walls. eueo an uarmroves e
of whole wheat oug ducqron 0 pecrar (h/oty
meaI breadsa Pomer nz/ also reported an Increasé in loaf
volume of (gp "6 and Improvement in crumb rarn
vY]hh drea]d do gt07t030d at. Junge and Hoséne ¥
showed that dough containin sortenrn remarne
panded for Ionger ime and hence roduce hrgher Vol ume
Sugar:_Incr asrngtesu ar om25to % level n
creased the s ecrfrc loaf vOlume (pe to increase In gas
ro uctron rrng fermentatron an proo mg n case o
ystrar ht ouhan song d ugn
ods Ie1 Fu her rn ease p uga lev% had
verse a ect on the specrfrc oaf volume with the values
reve srn amost to those 0 control This may be attributed
tot ncrefase] g Rro uction an poor as retention
ropertjes of the ou% This observation Was aIso sup-
edb the reduction In dou hrarsrnge capacrty of flo r9
h InCrease in su]gar contént. Rogers ‘and * Hoseney1
reported that with addition of 6% sugar the gas productron

Table 1 Effect of ingredients on the quality of whole wheat flour bread* by different methods

Ingredient Level Specific( Ip/a;‘ volume Crumb texture Crumb grain score™
miig
Method Method Method
| Il 11l | Il Il | Il Il
Control 231 244 213 Soft Soft ~ Slightly hard 1.0 1.0 6.5
Yeast /(%) 30 238 249 2.56 Soft Soft Soft 1.0 1.0 6.5
Fat (%) 40 211 28 2.3 Wry soft -~ Wry soft Soft 15 15 7.0
8.0 284 288 2.49 Wr% soft WS% soft Wiy soft 15 15 70
Sugar (%) 50 250 265 2.14 ft S 1rgh(tjly 7.0 1.0 15
15 246 256 2.15 Slightly ~ Slightl Slightl 1.0 1.0 15
A
10.0 235 246 217 Slightly  Shightly Slightly 1.0 1.0 8.0
SSL (% 05 287 316 2.38 Whard ft Whard ft 15%% 15 8.0 15
) . : . Iy S0 Iy S0 \ . : :
tF)’otas(sg(t)r)m 10.0 231 28 213 S>oft S%ft rgh&ly 10 10 65
o 00 239 250 237 stk oosmy 00 100 T
Ascorbic acid 1000 240 246 2.34 Soft Soft Soft 7.0 15 7.0
(ppm) 200.0 241 281 2.58 Soft Soft Wry soft 10 15 1.0
Method | Straight dough method
Il Spon%e and dough method
I11. Mechanical dough development method™*

* %

B thiat SSL had dark
BFSSS? W’tnf%t ashj aésﬁn?n methodl ar

medium fine uniform crumb gr
Breads wtth sugar had

* Maximum score - §

hrown ar&d
at sugar an

*

SSL in' rrethod

*

Breads withfat in methods | and Il had flying top and all others had normal crust shape
all others had

brown crust co
II"'and sugar and) SSL in method 111 had fine uniform and all others had

Sweg sﬁ taste and all others had wholesome typical wheaty taste.
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during fermentation wi adeﬂuate but g’its retentron farIed b 051n breads from sﬁonge and dough and mechanical
fo cope with dlie pro uction thus restiiting in low |oaf ou\%h devel ogment method
vqu e of whoew at breads However he 3pecrfrc |oaf Omission of05% malf from die dou h resulted
volume of ?P [y canrca doug eveIoPment b ecrﬁase In specific Ioa[)vol me for the breads n]ade
method wrth di eren levels of su agar showed neg Igible %/ | the three ethods (Table 1). The brown crustc olour
effect on loaf vo ume. This could™ be attrrbute to re changed t pale brown " g to’lagk of enoug enzyme
Insufficient time for any Increase In gas, prooucU on actlv production 0 reducrno ugars . which are
Increase In su?ar IeveI eneraII chan ed |he c ﬁu 0 our neege for brownrng reactrons and caramelization. Crumb
from_ brown ﬂ own a erse ected die grarn was fine, ¢ ézseg unrf]orm w{ue crumb rarg
crumb texture making it sli l%ht har V\/hrI dre sweetness core was75 for reads without malt when compare
of breads rncreased graoually, crump rarn and. crumb to those of medium fine and uniform grain and scare of
grain score of breads” remairied unaftec ed with increase for the breaéis With m It. The results rndrg ted that
in su%ar r? dre flour required malt supp ementatron due to rcrency
actants are wrgel% used in bread makrn% for n aam Iase activity. Thrs Wes also SLﬁ) ﬂ d die
strenu renrn% Sodiu stearo 2ac late alfing number” valug of 489, which "incicated low
pIexes wid sarch and protelns to orm a utge agareq ate aamylase activityd
nd ncre est dou hstabrlr 1 ho [en wed o ,
lat addidon o surf ctant to d|e d of w eat lour, Effect of optimum levels of ingredients on the quality
Wh?at ran and vital Iuten s stant|a imoroved die of whole wheat flour bread made with three different
loar \o me Adaing ? 05/0 ev rnrased dre methods:
secrfrc oaf vqume o rea are throu strar i The songe and dougO tetho]d 5 tﬂe most su)tab de
Spon n mec anical dough develgp-  mediad for die preparat wnole w eat flour brea
men mediodis gn%b hest rum ra|n score, f |Re Bread made tIII medrod showed re hl hest S eCific
and uniform cr s (i textueshowmg max-  10d V8|Um llowed by mec élﬂlg a%b eve pment
Imum Improvement e oL %a s \vere observed  mediod and straight dotgh mediod (T:
widi the ‘addition of SSL In a the three bread making 0 trmum IeveIs of all 1 ]oredrents to edrer rm roved dre
mediods. eorfrc loaf volume bly 3 ml q and also en anced tne
Potassium bromete: Addition of potassium bromate at  Crumb_ grain oharacte stics by the sponge and dougn
10 and 20 pm levels showed neglrgrble effect on specific medrod However, diemechanical douoh deveIoPment
Ioaf vou cr st and clru(mb g aracter trgs and sensorg mediod had shown a very marked improvement In the
qua |t[¥ rea 5 from all die diree medio ogers an PneCIfI? IOaf volume. It oweéi that an oxrdant an
Hos 1also regorted that whole whe% doughs™djd_not USI ler are necessa eraFfm ucmgd gloo loaf VO ume
resr%on to potassium bromate widiin the range of 0-50 m bread mae by mechanical dolign dey (Pment metho
op A similar observation was mage Gallra and CoIIrns]S
Ascorbrcacrd GaIIrard]2reported dratatradrdonal whole  The jmprovement in the sbecrfro oaf volume after inco-
meal loaf has a lqw épeu ic volume and a dense crumb  porating, optimum levels of all ingredients, was Jowest rn
structure; but permrtte Use Of ascorbic acid and emulsiriers dle stragnt dough medrod The crumb g rmg (ovg
%ro uces aood loaf volume bre?d and soft crumb texture.  from uniform medium-fine to uniform finé cells and die
oksma; attrrbuhed the effect 0 oxrdants on doura; J)ré)per
tres 10 Cle Interchange reactigns of sup rcy nd disu o
B\/ e(i groups present in protein network. Ascorbic_acid s Table 2. Effect of o trmum Ievels of ingredients
r

sed or improving die quality of bread. Though ~ ON T QUALITY OF WHOLE WHEAT FLOUR BREAD* MADE

s rc acid 15 a educrng . 1 pets die efe of T TERGE DFFEREAT HETHODS

X ISIH% entthon (!t oug ; rPrto ertr -L Method Specrfrc(rlf](al[ar!t) volume Crustcgbglﬁrre and  Crumb texture
mechanrsm volves the oxidation - re ction asco Ic
Cl yegzurges ascorbic acid oxid ash g/ro a5 Straight dough 302 Normal Soft
cor r? ? uctase resPecérverJS ermprov ment rn Sponge and dough 382 Normal and  Very soft
ecr ic loaf volume ofb was 0,02 to 021 dark brown

U7 1 045 m D S0l e Nomd ard Very o
respectivel ggv Iree breada makrn% ediods, T emax ' dark brown Y
(Ijmunﬂ il r?vemendwastﬁ Served n Mect amca ?u * All breads had light brown crumb colour, fine and uniform crumb
evelopment metiiod as erqurremnso oxr ants 1n
D0 A Kaneto b FEECNAS Ol opcat fln T3 cumb drn scor ot of mainum of § and whoksone

characteristics remained same, tﬁe crump score improved
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Effect of Phosphate, and Spent Hen Yolk on the Quality of
Chicken Patties and Kababs from Spent Hens

N. Kondaiahl ASR. Arzljaneyulul Mir Salahuddin]
~_ RP. Singh? and' B. Panda2
'Division of L|ve%ock P%oducts Technology,
Indian Veterinary Research Institute, Izatndgar,
Lentral Avian Research Institute, [zatnagar-243 122, India

Received 20 November 1991; revised 15 July 1992; accepted 21 August 1992

Addition of phosphate and ova yolk to chicken patties and kababs formulated with deboned meat and by-products (skin,
gizzard and heart) from spent hens significantly improved emulsion stability, reduced c_opkm% losses and imparted better
acceptability to both the products. Shrinkage in diameter of patties was small and 5|%n|f|canty lower in phosphate added
samples. - Sensory scores indicated significantly higher overall paiatability scores in both cases.

Profitable disposal of the tough meated spent hens has  industry and increased availability of spent hens. Many
become a problem with the rapid development of broiler - workers12 have attempted to develop ground or emulsion
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(p rproduct for eﬁrcrent utiljsatioin of spent hen com
nents Ad ition of skin, neck meat, g ard and hearts
at varjous levels was trr dio| Improe e texture f chicken
fran urters 34 Ova go was found fo_have similar com-
posttional and emulsi rng1 characterrstrcs as that of con-
ventional egg Yokma erfaln uand demonétratd
the antroxr caRacr of eqq Yyolk p osvrtrn Adaition
of salt and phosphate Was found to rmprove the quali
of severaI red m at and oultrx products 9 In the prese 1t
o teres Its of sfu es% he effect of addition o
os hate and ova Yolk on t duarty Of Chicken patties
and kababs formulafed with meat and” by-products  (skin,
gizzard and heart) from spent hens are”reported.

Materials and Methods

Layer type spent hens of above 500 days were
?Iaug tered and ressed. Hot bonrnl%was done within_ 3
or eparatron of components eat Was frozen in 1

Si otr o]%trhe 8 ags at 10Cf8r35day Itemﬁrf;

oarse mince
rzzard and eart were also similarl froze
mince g hoIe 1pate twice 10 red the aﬂ(ce
Size. Frozen chicken fat was coarse- mrnce
different size follicles was collected by hand and ept at
°C for 3-5 days beforg use

Patties formulation: FOUT formulations are presented in
Tabe L Emul sro e Mix was] prepared usrng a howl

per P atties o MIX €acn Were prepare using a
mou 5 mm diameter and 15 mm er htb oven
cookrn% at 160°C for 20 min to a(tﬁ) in erna é)(e
fre 0 5C KababsWere prepare ytra Itiona roc ure
usin Igmrx pr each kabab, Mouldin ont skievers

harh Diled

Mot el %%%ectssdtteutéﬁgr%y o i B

re
before sa [ ana

To recor}t)t r%ulsr?n stahrlr of the emulsion mix
nd heated at 80°C f

npace rnapo%\eneb
In In a water a gcookoué Was draingd, t
cooe mass Was cooled an werdhe 10 determing the

weight loss. The cooking oS OF patties and kababs
Table L Formulations of chicken patties and kababs

Ingredients, Control Phosphatel Ova yolk Phosphate
g * Jolk

Deboned meat 9075 9975 997.5 997.5
GH mix2 305 3105 3p15 3015
Chicken fat 120 1320 1200 1200
Yolk : , 450 450
Phosphate ) 15 : 15
00 25 30.0 225

Al the formulations contained 37.5, 22.5, 75 and 105 g each of maida,
spices mix, condiments and ice flakes respectively.

"Tetra. sodium pyrop]hosphate (anhydrous).
ISkin, gizzard and heart in the natural proportions of 115:26:7
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pro ort|oned rgto % loss of solids, % loss of mois urg
rom th solidls and moisture contents of raw and cooke
atties. grm agep cooke p tties Was expressed as %
Toss In ramet? he cooke patties (pnltjpare fo raw
patties. SPear force values were recore I Wame
Bratz er shear press where rectand dar Strips of tesamp £
1 ¢m) were cyt and shedre points and- the
average force was caIcuIated per gram of sampIe Senso
evaluation was done by an eg\rperrence pane of 81
Memners and patties OTkababs ere served after reheating
in ve?etable oll. A structured 8 point heponrc sc%Ie wag
used 0 repor senso cores (8 extremely desirabl a
extreme Undesir A values and sensory quall
were evalu ted on refri erated stored chicken_pagties at
aey rnten/as upto 20 days storage. Histological sections
Were cut from the cooked patties and Staned with
haemotoxylin and eosin stain to eval uatg fte emulsion
qr]galrtytT reg trials were conducted using different batches
méa

Results %nd Discussjon

afe contarnrn? samples showed a considerable

increase (apout 0.3 un| H_compared to control or
o(tk sam@es (TabIe2 )EffeP of aIk rne pnos hées 0
NCrease H of meathgsro been reporte 7]0]1
Addition o olk Io tt ect on com are
fo control. Phos ate and hos hate + go signifi ant
Improved emulsi n stanily rgrndrcaie(d lower va Ue
co gared to control or addition of yolk alone, Even thoug

aker et col\ observed that egg yolk (4% level) was

Table 2. Emulsion quality composition and
SENSORY SCORES OF CHICKEN PATTIES

Parameters n  Con- Phosp- "“folk Phosphate
frol  hate + yolk
PH 3 56 60 57T 6.0
Emulsion stability % 11 226a 45 130b  57e
Cooking loss % 0 243 5Sle LN 5.0e
Shrinkage % 5 1642 9le 1478 1l7h
Shear orce ky/g 6 008 006 006b  0.06b
Raw emulsion
Moisture % 9 621 612  6L6 615
Protein % 3 150 149 158 158
Fat % 6 29 26 195 198
Cooked patties*
Moisture % 8 %8 598 579 5.3
Protein % 3 195 175 181 173
Fat % 6 29 204 206 216
Sensory scores 3
Appearance 62 728 6.1b Tla
Flavour 6lc 6% 63b 6.78b
Juiciness 60b 6% 02 6.8a
Texture 5% 672 6lb 6.7a
Mouth coating 70 70 10 7.0
Overall palatability 5% 672 63  7.0a
Means with the same superscript do not differ significantly (P<0.05).

* Mean differences were not tested.
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Table 3. Cooking yield and sensory scores of
KABABS

Parameters n Control Phos-  Yblk Phosphate
phate + yolk
Cooking yield % 13 7100 8022 7750 8la
Sensory scores 23
Appearance 60 63 63 6.3
Flavour 59 62 63 6.2
Juiciness 53 5% 57  60a
Texture 56 60 58 6.1
Mouth coating 10 11 7.0
Overall palatability 56 62 60 6.4
Means with the same superscript do not differ significantly (P<0.05)

detrrmental o the stabrlrty of the emulsion, addition. of

Yolk fn o level) was found fo |mRrove ‘the emulsron
sta co paredt control. Kond |a nd Pandal) a(
re orted the esmbe effect fo rholl tron In chic
sa sages particular |nt or atron contarnrn meat

nd by- products etren of cooking loss . of crcken

atties Was found near similar to that ofemulsion staili
hoentecoo mp l0sS % was partit |oned Into solids loss
% and moisture foss %, the respective losses in the four
treatments vvere control 15 19.14; phosphate 0.6, 4?}0
yolk 143 10.74 and yolk + phosphate 0.13, 4.90. T
mdrcated that 1 éhe |ovyef copkrn IoBseE In pgosphate added
samples were due to lower losses in both solids and moisture
which was marnly due to combined effect of phosphates
on Water and fat inding /.

Per cent s nnka% e n the diameter of the patties Was
|east EP<0 05) In phosp ate added samples followed_by
phosp ate + Iy ¥olk added samples and control. The
atter two We nrfrcant (CP>0 b). Shear force vaIues
Were srdnr |cant hrghe{ TJn ontral compa{ed to other
reatmen ercre 5 rmness In control Was ue 0

% er cooking osses resy trng In less juicy product”.
The rmulations " were developed to have similar com-
posrtron However, in cooked paties higher moisture and
QU OB b e Orres st O S
Posses Tg vaIues |nd|c tedj1 g frttle drfferences betweeﬂ
eatments, Since the val p(esh Eenera were very Jow
0.09 to 0.20 mg malonaldehyde/ky during 0 to 20 days
storarTre penodl) e desirable effect (pf one treatment Qer
the 0 er could nt e demonstrate The n orm low

A values and g sensorg scores of chic enpattres
obs %d In aIIthe freatments urrn% the 20 days, of storage
C afhr buted to the, anti-oxidant and anti-microb
ect o erent spices incorporated12

365

?tolo%rcal sectrons of the e(ooked pattres mdrcated
tatp e hate + yolk added sam Dles S owed
bette ulsr |caton f at, the fat globules being well
surroune g Rrotern matrix and there was no vrdgnce
of fat coalestence compared to control and yolk adoed

sam
S%nsory evaluation of pat |es gablez mdrpated thag
Bhosp ate o phosphate + yolk p fainin fampes score
etter compared t0 other formu auons okaone aded
samples scored better than control. In general, the effect
of treatment on kabebs (Table 3) was Similar'to that on

The study has demonstrated that addition of phos hate

or phospht%] f(has mcreased the qual h)d a cep
npattres and kababs frOM spent hens

ven though ad itionof Yolk with or without phosphate

did nof restlt | mp] lgnifican esrrable effect compared
to addr lon of ? pbate d as facilitated utilisation of
ova yolk, an edible"by-product from spent hens,
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Glycolipids, from six varieties of cottonseeds showed the prominence of diglucosvl and monoglucosyi drglycerrdes which
accounted for 62-71% in addition to the presence of steryl glucoside (SG), acylated steryl glucoside (ASG) and an unidentiGed
component. The fatty acid composition of total and component glycolipids showed the presence of mrrrstrc palmitic, oleic,
stearic, linoleic acids as major acids. Glucose was identified as a sugar moiety. The ratio of sugar-sterol-fatty acid was nearly
L1:1:1 in ASG and that of sugar-sterol was nearly 1.1 in SG.

}rcoérplos the com ounds with s ublrrh/ frope #t s The glgc lipids were ?eparated into |nd|vrd al_com-
ave a comp ex structure. The uctron 0 onents as . mono ucosyr cerrc MGDG
coIr |ds 15 still otfscure out it 15, assymed that th Iuco Iy eride d&D DG), ste lucoside (SGLad
vrd su ar molecules to the ce ls for di grr functronrn ac ate ste ucosr y preparative TLC, Using
lycol |p| exert a strong influence i dlie |osynte the solvent sys em7 chloroform methanol 28% ammonia
of orIs an fats in die Seeds2 The fi\ctrvr es of many (70:20:2, V), The bands Were vrsualrsed by 1odine
mem rane oun enz mes_are controlled by die extet v ours, aPpro rrateaeas scrap(g)fe off eu d with acetone

an quall o |e|g) environment wrdnn e membrang. rac jons ‘rpr weresotted
ome WO een [e orter% on_the % crd con- ate n éjeveoe wifn” solvent s stem

posttion 0 orIs rom Varje es o cottonsee eongrng 0 ots wer vrsua 1Sed With he perrodate benzr Ine reagent
drtferent ?ossjyprum species. This paper reports resu ItS on RY values wer? com are wrth aut entic sta rda
teggco posrtron ftgracr composition of fofal rs Were, |dent| |ed8b yro Y:zrng die aamp es widl
and component g coIrprds and sterol composition of SG urrc acid h'at ] G and ASG were

and ASG com o enté w,th comoon nt molar rados of ana%se for d
variedes of cottonseed helonging fo the . arboreum, 6.

hirsutum N0 G. barbadense SPACIES. r{ %ters (ﬁ)roce ure of % risg et and
?{r nty %as liquid chromato rap Y? LbC? havrn
Materials and Methods a |on|s tion dete torat240C |ecoumg0 ngpac

Varieties of codonseeds namely Y-I” (; Goss&dnum ar- Widi 15% EGSS-X on chromosorb-W (40-60 mesh). The
boreun), L&XMI" (Gossypiu, irsutum) (65~ condifions of GLC were: chart sPeed 0cm/|| |nJeco
gy i), 13 (Gossypum arhgreum) Rort temPerature 0°C cqumR em eratﬁre
atlaxmi’ (S ossypium opibacersc) MCU-9" (gos- |trogen low rate 60 mi/min. The quandta onwascarne
Yl prsuion ) WeTE O Alﬁ ed fom et rashtra Statg out By a programmed computer B cEntfcaon
llseed Corp ora on Ltd, oa Standar yco Sprds an
methyl estgrs Were obéarne from Anaas Results and Dlscussron
decorccate owdered seeds were extracteg wrth The gyc Ipidcompos lb f I ids from drtteren}
chloroform; met anol (2:1, viv) by the rocedure of Folch varredes of co tonseeds a hows die p rfsence
et at. 1NE N0 tr% “EFS gl co Ipids and rrP phorb) h{t G ASG as com onent glycolipigs
e se aratﬁ r?oro >200 mes some uni entrfred compon réts Va |a on In

chromatograpny _Usin orm, acefone and’ met anoq cofr id composition are due t dre ITferent varieties,
2222v9a\9 yThe gcholrprds were eluted on acetone. ¥ P cg gomposrr?1 n of total ahd component

Presented at the 45th Annual Convention of OTAI, Hyderabad, 1991,
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|edr com onents
acl s We converted into_ their respeedve

aCl
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Table 1 Glycoupid comé)osition of varieties of Table 4. Sterol composition of steryl glucoside
COTTONSEEDS (SG) AND ACYLATED STERYL GLUCOSIDE Glzl RACTIONS
OF LIPIDS FROM VARIETIES OF COTTONSEEDS

Seed var Glycolipids (wt.%)a
_ Seed var RRT of SG RRT of ASG
MGDG DGDG SG  ASG  Unidentified Y
Y’ 238 428 18 163 13
‘Laxmi’ H4 M4 160 126 16 YA 70 53 185 52 31 711 204 54
B-1007 208 435 198 145 14 ‘Laxmi’ 05 55 187 53 33 WBH 17l 61
Cl-13 241 22 185 139 13 B-100r 724 57 168 51 25 743 172 60
\hrlaxmi 47 5 178 128 12 C73 716 59 Il 54 31 725 186 58
244 28 1B 130 13 ‘Ndaxmi® 733 51 157 59 28 747 168 57
Mears of tiolct ‘MCU-5 708 52 189 51 36 709 200 55
2 eans 0 r|p |cae analysis, | Sitosterol (RRT=L00
0650 Dol e | (gnn %%%g
% gl IV Brassica-sterol, (RRT=0.70

ASG ACY ated sterylglucosice RRT :Relative retention timel

Table 2. Fatty acid composition of total glycoup-
1S O VARIETES O COTTONSEEDS glggr?(lzlpo?elc(gﬁgl?lnglefg %\g%stgfonga |t%cnqlsnarS uaﬁlr%lﬁlis
Seed var Fatty acids (ut %)a o 20,140, 20:0. 22:0 and acids,
160 180 181 182  Others BIENCeS regardlng the canﬁes n te atty acid com-
o %5 20 %2 4 g1 Position oftotal and comporient g ¥c0 lipids may also be
L axmi VIV R BT eﬁtnbut%d fo varietal dlfferences varie con ained
B-1007 B 14 01 8232 est percentage of unsaturated fatty acids follo
%gr-(aSX’mi, %(9)11 %-g %}1 ﬁ-g 353 t m ; vane i fﬁ \A}gonents Table 3 contamDed
rriaxm : : : : e highest unsaturation follo
MCU-5 me 25 b 4l 05 o Qe comp oSS of SG and ASG
a: Means of triplicate analysis components were found to be nearly similar, p-sitosterol
Others: Fatty acids 12.0, 14:0, 16:1, 20:0, 22:0, 24:0 bem t £.Mmaj Or C nent G|UC B \Was |dei}'[%f|ed .
sug a Ie%l ec ar ratio of sugar-sterol-atty. aci

Tl oo s oot WS ey £ oA and O s v
Seed var ~ Glycolipid Fatty acids (wt%)a aTe |CO?IpId 00 posmc?n of these seeds from dlfferent
60 180 181 182 Others  COUON vanetles agreed well with the genera gycon)

' ' ' Eartern of other seeds such as Behada a\ g Briza

picata’2 rice branZ kenat4, palmbband ElaeiS guineen-

Y MGDG N1 25 231 231 02
DGDG 08 22 25.3 01 11
ASG 12 37 202 49 .
Laxmi’  MGDG 04 22 00 364
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Suitability of indigenously available glass containers has been studied for packing mango juice, banana puree, tomato puree
and processed peas. Reduction in (3-carotene was found to be less in amber coloured bottles compared to colourless bottles.
Corrosive products like banana and tomato puree could be safely packed in glass bottles. Acidification of brine was found

essential for packing processed peas in glass hottles.

Heat sterrlrzable lass cont rners re used as an alter
natr(Ye {0 trnp ate ¢ ntarn g(?c %Proce sed food
fs, nsome of the eveo countries, anout 40%

of, the processed f?od oo %cts are packed In glass con-
tarners In vewo he n cost f metal con Iners and
corrosion problem, tere % scope for introducing
such érlass containers for packr g processed food products

The quality of the product in qlass containgrs was com-
arable with Products acked In tinplate containers eéce t
or slight colour deter ora%ron due to_ the pa sa%e 0

ttrug the walls of the contgrners can be
re uce y incor oratrng cenum OXIdg In composition or
Rro ucrn% coloured H

Indlia, at present, ?ht Werght heat sterrlrzable |ass

con!arners ﬁre ot available and ence aﬁe mpts have een
made In this Investigation to utilize the existing glass
bottles for gackrng some of the fruit and ve getable pro Ucts.
The results of these studies are presented in this paper.

Materials apd Methods i
BananaS(l’\‘/lusacavendrshrr pachabale Valle 3 tomatoes
{Lycopexsicum esculentum) dN processed as (Prsutn
sativu ) WEre obtained from the Jcal market. For grepara
tion 0 man o(onan |fera indica Aurce canned and stored
(6 months & OCA Ip 0nsp m waé Used,
Contarners used fo pac Ing ¢ e b 0V i)l’O Ucts 5(\)A)/€ED

) Al tall plain cans (e X 116 mm) -
11.256 g/mz higher coating Inside

A1) Used amber-colodired begr bottles (680 ml)
il 8?4%%rlgrss hon%iars [(350 ml); Height: 125 mm;
Mango juice: MANgO juice was prepared so as o contain
%aS;hctH(i ag%)Brrx ofal soluble solics) and 0.3% aciciity
nang pyree: BANANAs were peeled, blanched in boilin
WatBear il ptheeteemperature n tﬁg centre ofa the %rurt reacheg
The fruits were macerated in Stephen’s machine.
The Brix, acidity and' pH were determined in the pulp
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and the f,nal Brix and pH were adjusted to 34° and 4,
respectively2

Tomato puree: TOMAI0 juice Vs extracted by hat break
method, To prepare tomafo g é # o 8 rrx%was
concentrated to” 12° Brix In 4 forced circulation evaporator
under vacuum at a tem erature o 42°C.

The prepared juice/ uree was heated to 85°C, puree
was heated o 85°C, filled info different types of containers
Sealed and processed in boiling water for 25 minutes and
then cooled In water,

Processed peas: PEas Were soaked |n Wwater overnrght

18 h) a3 were washed in runnin
Srra anc e8¥ 50 min rn hoiling water, coolgd an
frIIed into

o]ans and hottles. In ne set. the peas were
covered with 2% hot brine (85;C), a in the other et
the peas were covered with acigified bring (0.2% acefic
acid'In brine), exhausted and sealed The seale contarnera
were processed In a retort usrng a mixiure Qf steam an
water for 1 hat 115°C (L1 ps d) and cooled with the
ar%)hcatron of overhead preSsure. Tor processing and cool-

torage conditions: The products packed in Ihn cans
gass bottles were stored af 3/°C.. The samp %s \Were
wrth fawn a{oerrodrcagf for analysis of various  pnysical,
chemical parameters and sensory. qualities.

Methods of analysis; A ple Clng ty g vacuum gaugi
was used to measure die vacuum In Inches of Hg, while
a hand refractometer Was used to measure °Brix. tratable
acidlity was dletermined by the standard method of A
vr/[lret e salt content In rrne Was deter mg ti trtratrng

a known quantity ot the sample with standard silver nitrat
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ao(lzgtr)oré using potassium chromate solution as the in-
p-carotene was determined accordin e nrocedure
descrrbed% Amerrcan Assa fC Vrtar%r lh]erhlrsts 4 As-
corpic ao] determine hratrn against
drchloro enoI rndo enoI ve, while n rat Was deter-
mrne co orrmetrrc Wg/s after red ucrno It to pitrited
Chlorophyll con(gent determined by Tollowing the pro-
cedure d scribed b an%annaa

For senso ev |uatio of the products, a numerrfal
scorrng scae oint scale) was prepared and samples

Wwere scored by Ite anelrss {s., with respect to colour, flavour,
taste and ovefall a cepta lity.

Results and Discussion
Shelf-life studies;

Mango juice: The ¢ans.retaine ood vacuum dlurin
storage There Was no ds dnrfrcant diffe ence amono ditfere
gyrf ontarners ung storaﬂe with reépe 0 tota

u eso g , &l |ty colo taste ang flavour upto

6 weeks of storage tteenét 8 weeks, there, was
slight reduction I ascorbic acid content I mango juice
packed in bottJes a5 com ?red 0 cans. SrrnJIarIy, P-Car0 r]
content was less In bottles as compared to” cans, while
ta]res rfductron was higher i mango juice packed in honey

Alt

houoh the product wa? iving caramelised taste and
fIavour It aceta(?erna et reecontarnﬁrs Medium
feat errn wasnot ced In the can interior and the condiition

of the bottle was r?O(hd Similar observations wero noticed
by Wartenourg/ i the case of orange and apple juices

Table t. results of analysis of products packed in glass bottles

Mango juice Banana puree
(8 weeks at 31°C) (6 weeks at 37°C)
B C A B C

Physical and chemical
characteristics

A
Vicyum (inches of Hg) 12
Total soluble solids%™ 21 v I A )
PH. . B I N SR K r427 423 421
Acidity (% citric acid) 037

036 030
Ascorbic acid

(rmplloo 0 697 651 571 424 371 371
ofal chIorophyII
mg/100 g)
-carotene
{\I o /100 mi) 2987 2656 16%
rate m) - - - 5705 9396 93.96
Overall qualry Slight Slrdht N N N
cararreli- metallic
sed taste taste and
and flavour
flavour

N rmal FL: Flavour loss
- Can (control),

(6 weeks at 37°C)

Peas in acidified

Peas in non-acidified
brine
(10 weeks at 37°C

Tomato puree
brine
(10 weeks at 37°C)

A B C A B C A B C
0 3 5 3 7 -
“ B B
395 386 388 590 5.8 548 52
161 15 149
1562 1382 0.864 0892 -
FL FL N N N N

B- Amber coloured beer bottles, C - Colourless honey jars.
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Racked in glass containers and laminated board without  _There was a sllght reduction of vacuum in cans_from
eadspace. 10" to 7 at the end of 10 weeks storage; but no sr?nrfrcant
ana puree: Vacuum in the can was considerably ~difference in PH and salt content was observed. In terms
sfrom ther It IsfagS owev ther was no significant  of chloro h?/ the uaH ty of the Jar rf<t I glass hotges
an e|n tota 50 ub oli sacr yan oH auringstorage  was comparable with the’ products packed in“cans and Tt
8”\%/ different tgpes of cont arner Reduch?n In"ascorbic ~ Was arifeptable Th gurPle featherrng In the can interior
acr A oundt e more Inb es of glass bottles gragl#a dv |ncrease stor ﬁe T us the peas In
Cpare to ¢ans, Banana %w rrch |n nitrate, the cidified brine could esu 0esStU % 2Pace |nﬂ 55 eon
Lnrtra Hcentrgtron being 95.25, 82? Pm In %rners (Table 1% Similar method "nas, been fotlowe
eer hotoe an honey fr resiectrve)( Afte 6wee tne National Canner’s Association of USA for pac |n

storagg, asrgnr ficant” redyction of nitrate wBs B g easr ass hottlesd
cans & compared to bottles (Table 1). This may be attribute In the present r\vestr aﬁron wrinkled vgrretres 0‘ peas
to the constmption of nitrate during corrosron Process In - were used and similar results were obtained in metal cans
cars, as well as gﬁss hj)tt €s. H uality of th 0 uct
In glass bottles, the,%e was no role of nitrate |n such  quite acceptable in eatrngt at. eaceptah Irtye
corfosion process and hence tire product was quite safe.  be obtarned ackin peas in glass containers.
er 6 weeks s?ra e, the col Hrr of th% roduct Was osu ma dz man IJurce packed In amber coloureg
ig tbrownrs %/e In cans, whnile more orownish trnP beer hotoe and honey Jar was ~ comparable with canne
WeS notrcefr In the bottl snear the headsp%ces gt metalfic  product and 1t was acceptable. However, there was more
faste and tlavour, were ound In th ecanne Pro ct ereas []eductron of ;ﬁ] -Carotene cont%nt in mango &urce packed in

It Was nﬂrmal in bot Pes 0 3 one?/ J ana uree rich I nitrate” content, which |
Interior, terewas ea an edium detagnng considered as pote '[Ifi accilerator 0 Corrosion (de Inner
Overall qualr e ro uct In"glass bottles was better n cans can be safe ed In glass bottles, “althou
aecegtabe th |n tin’ containers. diere is  slight (folor terroratron Tf afto puree IS aﬁ
Tomato puree: ow] vacuum  was notreed in hottles & a corrosive aving short she Ife |n Interna w
comp are 0 Cans. ere was no significant change In Plarn cans. ass hotdes, especially beer botfies) we
d. acial ound to be more suitable for tomato puree for a satisfactory

total’ soluble soIrds
nrtr\ he colo r 0 We r ducé Was brlght bmk shelf-life. Acidified brine was found to be essential fo
an b weeks, tne colour deterjorated sligntly pack peas in glass botdes.
|n t e r%;as bottles. At the end of 6 weeks storage; the
tase and flavour of the ro uct In honeY é e N0t Referenc
satrs actory. Durin stora eathering In th can |nter|0r 1 Mahadevrah M., Recent developments in the Federal Republic of

ua,] Increased. At the end of b avy featherin Germany on the packaging materials for packing processed food
S % etrnnrlng Was notice v(Ta fe BV¥ he sun’reg o, tan P Feter, 101 Y000/

Cameg lég%este that it was not_pigment 2. chrl}agg EI;:dGTueyc?rrn &ndlgghck%onlgsB Cannrng of acidified banana
(egracation that cause eCrease in re ness t %n 3. Official Method's of Analysis, “Association of Official Analytical
I ease |n non- enz matiC rownrn as indicated oy the Chemists, 11th Edn., 1975,

OVEfa colour and pearan ',' emrcaL rn]et OdS Of 4 Methods of Vitamin Assay. The Association of Miamin Chemists, In-
evaluation gave resu thatcoseytal led with the sensory terscience Publishers, New Tk ~ 1966, 3rd Edn. 287,
evaluation %ec hnigues. 5. Kamm L, Mckewn G G and Smith D M, New  colorimetric. method

for determrnatron of nitrate and nitrite content of baby foods. J

Processed \)Jeas In non-acidfied brhne There was ?Irght Asso off agric Chem. 1965, 48, 690

g UCtlon In vacuum in Can Wrereas fnere was no Slgm jcnt ¢, Ranganna S, Manual ofAnaIysrs of Fruit and Veﬁetable Products.

| erence In F! nds tcontet There was a signi lcarar Tata McGraw Hill Publishing Co. Ltd, New Delhi, 1972, 80,

0SS In chloro y SS Ot'[ €S as om ared 0 canned 7. Wartenberg E W Problems of minimum keeprng ualr&y of it Jérrces

roducts during storace (Table 1) nd of 10 e in various packs, Verpackungs Rundsheu, 1982

Eoraﬁe DEas SRQV\‘] g t brownis ?reen CO Pur turoi 8 Al AE M, Some studies on tomato paste and solar dehr_ydratron of
and sljght 0

avour - In bott United Nations University Fellowship, 1979 p.12. TR under
e Qua "X of t UCt dce pt fan the (J 9. National Canner’s Association, Pracess for low acid canned foods in
aS Com r tte Was e athe ree rom i glass containers. Bulletin 30-L NCA ~ Wishington D.C, 1963
eat Erng . Was notrce N can_ Interior,

P ocessed geas In acrdr led bring: In view of the problem

hove experiment, peas were packed In brine
wrth 0% acetic aerdp P P

es' In can tomatoes and other vegetables. Report submitted to C
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Storage Stability of Canned Jackfruit (Artocarpus heterophyllus)
Juice at Tropical Temperature
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Internal plain tinplate can corrosion and depletion of vitamin C in canned jackfruit juice, with or without added nitrate,
were found to follow zero-order kinetics during storage at 30°-50°C. The activation energy followed the order of iron
dissolution > tin dissolution > vitamin C depletion. The presence of nitrate accelerated all three processes without signiGeantly
(P<0.05) affecting the Ea values. Based on a maximum permissible tin level of 250 mg/kg, tin dissolution appeared to be the
predominant factor limiting the shelf-life of the product rather than delpletron of vitamin C. It was estimated that properly
processed jackfruit juice packed in plain tinplate cans could keep well for > 17 months at storage temperatures < 30°C

and in the absence of corrosion accelerators such as nitrates.

Several s of canned exotic troprcal fruits and their
Juices are rocesse In Malaysra However
|nf0rmat|o on terr sh It-life"especially “under  tropical

condrtrons of

Iron and tin
Paramerers fo determrne he
Tt éurces Excess tevr%so

séora e IS Iaclg \9
ISs0lution and vitamin C Ioss are |mponant
keepi r;iuar (antn
iron artd tin I anne ult
1urce limit their shel 1ércausrng Unacceptable ch anges
In colour, taste orcan%/ he possible toxicity of h
levels of tin to human%f eilso makes It Irfrudent 0 ef(tab fs
a maximum permissible limit, norma or
this metal n'such productsey/ Lowerrn o1 it 10
200 mg/kg 15 now being considered. in Malaysia. In-terms
of nutrrtronal quality, it rs the retention of the total vrtamrn
rﬁo ency or antl- Sfor hutic activity, conérrbuted by {
combineq Rresenceo L-ascorbic acid, and
acr w |c is of Bnma concern.
i er discusses the results of studies concerrfrrn
interna corrosron a vrtamr C retention in jackfru
j[UICE packed In arntr ecans urrn storage at tempera-
ures (30°-50°C) ty rca o hose preva Ing | non-arr-con
ditioned warehous In the tropics.

Materials and Methods

rIEreparatron and cannrtn of jackfruit juice: The edible
ortion 0 ackfrul Artocarpus heterophyllus) WaS
Pnrtra?g steanE % anched at atmosghenc Rresfiure for % min
fo Ina trvate enzymes and fo soften t Jac kfruit
uree rfe(ﬁ é) \ adding water to he fruit in tn
atro 0 owed by grinding t roug a pulper. T

ehydroas orbrc 4

resulting puree was then mechanically pressed to obtain
}he juice. The ;(u dce SR obtained Wi é)assed t roréqp 3
rne screen, mixed with cane suqar Brix), acidifle
grtnc acid to 8ve a total, titrata qu acidity, of 0.5%
ase on_cItric acr and enriched with vitamin C 1o a
evel of Smg/& Iof uice. The pH oJ the juice was
38 ﬁnd his did not cgan e érn})re%r urrn stora?
T qurce SO prepared w In tvvo 1S Nrt ate
|n the orm of NaN03 was added to one lot to a eveI
% nghe other lot wrthout nrtrate serve ﬁscontr
ach of of the Jurce was heated to 85°C, followe
hot-filling into 211x301 E)Iarn electrol |c “tinplate cans
with enamelled ends) With ross hea s ace of 5 mm.
he cans were then seame ar]r grocesse for 20 min In
oiling water. After cool rn? ans were stored at 30°
and 50°C. Two cans each lot of the | Jurce ar]d

at each temperature were wrth rawn at appropriaté nterva
of time and the contents analysed for dissolved iron and

tin and total vitamin C.
Methoiso anahysrs Dissolved i |r?n and tin were deter-
mrned f Iowrng f roce ures outlined by Seow et alz
1 atomic_ahsorption s ectrometér at 248.3 or
2354 nm Was, Used ort e analysis. Total vitamin C was
determined usrnri the micro-fluorimetric method of the

AOACE All analyses were carried out In duplicate.

Results and Discussion

Iron, and tin dissolutjon: FIg' and 2 show the con-
centrations oJ drtssolved rron] d tin, res ectrvelg érftg
Various perro SO storage at the three temp ratures U
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lig.l. Changes in dissolved iron concentration in canned jackfruit with
[closed symbols] or without [open symbols] added nitrate during

storage at 30° [A, AJ, 40° i o] and 50°C [4,0]

Quer the 60-day storage period, the Kinetics of jron and
tin ajssolution may be taken to be of zero-order in nature
which Is I good” agreement with the findings of Nagy
and Nikcel9on canned s’q ﬂle strength rapef{urt JUICE,
3 xmgen entrapped wit ﬁhe eadstp % the cana
an that remainin ?solved It ejurcep? i IP/accountﬁ
or te initial dissolution of tin and"also Ifon
freshl Y canned ackfrurt juice, the dissolved tin content

The 1550 r& f hoth metals Was temperature- epend
ent and con rme to Arrhenjus. kinetic gFg 3). Rate
consﬁants for rron an tin drssolutron Were calctlated from
teso es of the plots in F an 20 X linear regrefsron
anaysrs and activation ener Iu s from the slopes
of Arrhenius plots as shown |n | anapproxrmatron
the rate of internal corrosion Woul double” with eve
thC rse In storage. tem 0per tur eactrvatr
or rron rssolutrorn 647 kJ Was consrdera
than that for tin utron 3_klimol). atrs caI
analysrs showed that t e prese e of added nitrate at a
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Fig.2. Changes in dissolved tin concentration in canned jackfruit juice
during storage. [Symbols as in Fig.|)

level of 15 my/kg sr%nrfrcantly increased (P<0012 the
rate of internal corrosion by about 1.6 fimes, but had no
significant effect (P<0.05) on the Eavalues of either iron
or trn drssolut]on It 15 a well-known fact that active de-
PO arizers suc as nrtrates promote rapid detinning In plain
In- Fg)ate cans of acld Froduets P

revious studies of inferna trnplate can corrosron have
S R e b
show a somewhat curvrlrnear reVatronshr \Bhrch nertlhey
the presence of nitrate nor storage temperature seems to
af[e tt Itdrs Irdkel y that, as detHnnan (thethertnotrmal Qr
nitrate-induced) progresses, the degree of protection
for edB the trPt cgoatrn to the t()Jase steei) mcreasrnéty
drrprnrshs thus Ieadrng to progressively larger tronftin
uptake ratio,

(Y AamrnCretentron Iti ?enerallg ?ﬁted thatascorb,
acr egradatron In canned Truit r‘ure WS g primarily
slow .anaeronic pathway, usua%r after an initlal sharp
aerobic (ecrease over a'matter of a few days by reaction



SEOW AND SHANMUGAM : STORAGE STABILITY OF JACK FRUIT JUICE

1000
>
©
T
g
e 100+
(/)]
o
O
(1
o
e |~
SR RN
| ol \\~
>< \A\\\
1 | |
3.06 3.15 3.25 3.35
1/TX 103

1ig.3. Arrhenius plots of (A) iron dissolution and (B) tin dissolution in
canned jackfruit juice with [ A] or without [A], added nitrate.

v%rth residual headspace and dissolved %)( enB As Fig.
st vjtamin C coneen ratronr ac urce ace
|npa|n tinplate cans Wrt or wr uta e nrtrae a
peared to dlecrease linear g with, time at any artrcu ar
storage temperature. Zero-Oder kinetics for ascorbrc acid
degradatron In canned fruit juices have been similarly ob-
serve y several other mveshgators
Smoot¥ have shown that the content of
y corbrc acld in canned rgara efrurA {Hrce Was un-
il ect stora etrrrf]e or temperature and that T1he reten-
trono total vitamin C olowed e same pattern of retention

of reduced corl acid here | no. reason t
beljeve tﬁat this er not aso OIJ true or other canneg
frurtHurces

The rate of loss of vitamin C, as exgected increased
with an |ncrease In storage temperature and It is obvious
fro 8 5 that the ﬁ% radatio reactron conforms to the
Arr enills %uatron T tﬂresence of a% w
also obse to mcrease e rate of ascoroic acl e?rada
trr%n at anrg particu Tr storaﬂe tem\;rerature withoy srg
cantly (P<0.05) altering the activation energy. Nitra
acts as an electron acceptor or depolarizer in the corrosion
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Fig.4. Changes in total vitamin C content in canned jackffuit juice during
storage. [Symbols as in Fig. 1]

ro ss and is reduced to nitritelL which is known to react
() e R ADn B K00

Q’Y‘" orbrc acldl/ 88unt or
theace ratrvee ct of nrtrate on aseor |c aCl e?ra &
tion.. The, Ea val ue of 29-30 klimol. {6.9-12 keal/mol)
obtained in the present study js considerably lower than

that (182 keal/mal). reported by Nagy and” Smoot¥ for

CanFr’]Fedrgte esrér # llli!rlaceTrn drssoluéron and vitamin %(i
t|?n may be used as cntengrp etermrnrrl)a

rly processed canned fruif [uice ert er on

ﬁre tn?r ¥e$urre ?or accumy atran f tin to 3 cerain
eveIBor 0 complgte de rnle lon of ascorbr% acldBh A
ered un le on such

roduct may thus be cons coept
grounds even E)e fore external Signs 0% s ori1 e (such as
ﬁ dﬁrgelf -lIves
ed nitrate

ellin 81‘ th%ans are evrdent The H]edrcte
at the three stqrae temperatures s%u led, ?e on a

cane Jackirult juices with or without a
Maximym per IS? le tin content o %'(eqlol#]ﬂ gr

Malaysian ‘fooq legislation/ or comBIZete e
vitaniin C, are given'in Table L The frg res Were cglculatﬁ
using the Tinéar regression equations obtained In

storage studies.
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Fig.5. Arrhenius plots o' vitamin C depletion in canned jackfruit juice
] or without [A], added nitrate.

Table 1 Predicted shflf-ttff. of canned jackfruit

JUICE (WITH OR WITHOUT ADDED NITRATE) BASED ON TIN
DISSOLUTION OR VITAMIN C DEPLETION

Predicted shelf-life (days)

Temp (°C)
Tin dissolution Vit. C depletion
With Without With  Without
no3 no3 no3 no3
30 517 276 537 300
40 254 193 400 220
50 173 105 268 138
It is g éParent Ero Table %.that the product would
become_H coeptable P/vgrtueo It re%c ng the maximum
ermissiole tin"content of 250 ma/kg before complete ex-
au[sglop of vitamin C occurred. The difference In predicted
shelf-life based on these two criteria 1S small ‘at 30°C

but becomes more pronounced wherktlre _produ%t IS ex oseg
to higher stogarge_ te _Eer'imtures._T 1S hs t0 he ex eche
since the Ea for tin dissolution is mucn higher than that
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for (fscorblc acid Pf radation. Tin dlfssolutlon i5, thus, tire
precominant shelf-life getermining factor, particularly at
storage temperatures >40°C. .
J%ckfrwt JUIﬁ pacde In Rlam tg]plate cans. exhibits
satistactory Stability only when stored at temperatures not

Sﬁéeﬁﬁ’g'ﬁ%ﬁ?ﬁ% e I et e
, hereba/I dshortenln the § e_ltf-llfe considerably. The

|
BTO ?em wola get aggravated IT corrosion accelerators
are present.
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Cooking time, volume and firmness of cooked cowpeas were not affected by foliar application of plants with gibberellic acid,
cycocel and white wash under non-saline conditions. Salinization increased cooking time and decreased volume and firmness
of cooked seeds. Soaking in water for 12 h before cooking, decreased cooking time and firmness, but increased volume of
cooked seeds, whereas the effect of soaking in hot water was more pronounced. Rate of water imbibition during cooking of
dry and soaked seeds was linear to cooking time. Soaked seeds in distilled water gave the highest weight at any time of
cooking. More solids were leached out due to cooking in 2% NaCl solution compared to cooking in plain water subsequent
to hot water soaking for 12 h. Soaking in hot water before cooking retained more nutritional components. Soaking in hot
water improved markedly the sensory properties particularly appearance, texture, colour and reduced the beany flavour.
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300 ml distilled water for 12 h (The amouné of water Sensor% evaluation; Ataste anel of 10 members from
absorbed. per Enrt werght (? owpea rnfrease with, fhe  the Food Scie %e and Tech }/D nPt ofteUnrversr
rncreaser soa Ing timeé an reaehede utlibrium con rtron evaluated the effect ofdr erent eatments of cooked seeds
after 12 h of soak] rrrzﬂ Aroom temper ure AnotaersamPIe er [ppearance texture colour and flavour using the score
was soaked In distifled water after eatrng to boilin et as used by Molandcrd
temperature, then heafl gsource was removed and soakin
continued o 12'h. Afte rrnsrng the soaked samaes See
were cooked under atmosp errc B)ressure ejther ndrstrlled Resulfs an? Discussion
water or in- 2% NaCl until %/0 of seeds were sg Effect 0 soakrng and cooking on some physical char-
Nutrient com osrtron Starc thramrn and, iboflavin acten%trcs of treated and untreated cowRea segds: Results
were getermined accorging to AOA Reducing Sugars In Table 1rlltrstrate the effect of Ahe Interaction hetween
fere determined Ir, 70% ethlanol extract bg Aae method  salinity and foliar & IrcaHons esides soaking and cookrng
?Dubors etat, usrng gurg r%;ucose 8 stﬁ rq. Availa Ie treatients on S0 ﬁ rP ysica characterrst S_Of COOke
ysrne was analyzed accordinig to the method of Conkerton  Seeds  such as COOKi ?trme volume and firmness of
and Frampton. Nutrient concentrations were calculated & c00 ed seeds No cons derabe variations were Qoserved
means from triplicate determinations on dry matter weight in ¢ o trmeaswe asv? ume and firmness of cooked
%s seeds petween control and all foliar treatments under non-
Physical characteristics: Firmness_was determined usrng saline condrtrons However, 60 mM NaCl salinization In-
fruit and vegetable tester (John ChatrIIon and Sons nc ?reased co?krn time 3nd decreasd both volume and
Kew Garens, New York SA) srngr R Irmness of cooked sees. The follar substances tested
gauge with 0.07 cm unger drametg he vol ume o thg showed, a favourable, effect under saline conditions 1.

ooked seeds was determined by seed displacement method  decreasing cooking time and slight Ingrease Jp volume
asmodrfredjb Griswolag, The loss of tgtat solubﬁe so rds and ?rrm ess of cooked Seeds. Sogakrn% In distilled wateé
or 12 h at room temperature decreased cooking time an

In. water remainin a er soa Ing and coorrrrwas deter-
mined by using Ahbe’ refractometer. The foss in tofal firmness of the cooked seeds, hut it increased volume of
solids (s wluble nd rnsqubIe soIrds was determrnedb cooked seeds. On the Pther hand, seeis cookeda er soaking
d rng ater remarnrn a er soaking and cook mg In hot water were S ght% ower rnterr cooKing time,
? g ccor fo AQA The oss Of total volume and rrmness compareqd to those cooked after

rnso eso S during soakrng and cqoking Jn water was  soaking In distilled water. It 1S Important to pojnt out
e(rmrned bg drﬁgrence The ra(se of mbjbition of poth  here tat prior to cooking, it is advisable that the IeEume

soae and eeds w eermrned 0y Welgnin % seeds he soaked In hot weller, since this process remarkably

the. sample after soakin COOKING, The ‘Increase 1N (lecreases cookrng time which, In turn decreases, the Ioa
wfer\%ht of sog edag RO ed aample indicated the quantity  In the nutritive omponents]d In addition cookrn seeds
ater imoibed Dy the Seeds I water coptainin gcreahed GOOKIN trme
volume %nd firmne ofcooke sgeds. The action ofSodjum

salts on bean softening occurs by fon exchange and possibly

Table 1. Effect of salinity and foliar aBplrcatron substances on some physical characteristics of

UNSOAKED AND SOAKED COOKED COWPEA SEEDS

Cooking time

Foliar application (mr‘cr]r) _ \bl. of cooked seeds (cm3 Firmness (g./0.17 cmd)

substances AL " B B Ci c2 A A B B ¢ 2 AL N B B ¢ ¢2
0 mM NaCl

Unsalrnrzed control ¥ B3 302220 41 39 39 37 36 34 3524 3481 3498 3377 3583 3HH9

bl BERDAE BN R I 2

White ‘wash E% BLD2UAD 44 42 41 39 38 36 100 3392 336 3491 3477
60 mM NaCl

SaIrnrzed control B 4 5 BB AU 38 36 35 34 34 33 3405 3379 3383 3286 3453 3434

cemin  EBHADEA B RELN R R

White ‘wash % W niwaomn 41 39 38 37 36 35 3386 3339 335 3302 3502 3476

A = Cookrng without 2% NaCl under atmos. pressure after soaking in dw. for 12 hr, A2 = Cooking with 2% NaCl under atmos. pressure
after soaking "in dw. for 12 hr., s, = Cooking wrthout 2% NaCl under atmos, pressure after soaking”in hot dw. for 12 hr, e = Cooking
with 2% NaCl under atmos, rEressirre after soaking in hot dw. for 12 hr, A =" Unsoaked, cooking Without 2% NaCl under atmos. pressure.,
C2 = Unsoaked, cooking without 2% NaCl under“atmos. pressure.
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(I) Under non-saline conditions (I1) Under saline conditions
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Fig 1 Effect of cooking time on the rate of imbibition of cooked cowpea Seeds from plants
grown under non-saline () and saline (I1) conditions

chelatlon Ions Eﬁponsmle for Cfllular firmness are e|ther in stllled Water gelxve thep ghest weight a anY fime oJ

replaced lons or leached out,. resulting I cooking glg s0, cookiflg n 2% NaCl solution le

$O|UbI|I atlon of ectlc substances auring oakln and cook- 10 a remarkabié i m&rease In Water absolptlo 1.8, g*
ersu e In aregment Wlé those qbtained Rf 6 ((iisees is may be attributed to the abilit

It could be noticed that the Increase  Na to issoclate or to dlter the structure of the protein

we|g to cooked seeds after soaking or without soaking  molecules éo monomeric subunits which may have more
was linear with the cooking time and the Soaked seedS water binding sitesL

Table 2. Effect of salinity and fcliar application substances on the loss of solids in cooking media
of unsoaked and soaked cooked cowpea seeds

Foliar application Insoluble solids (%) Soluble solids (%)

substances A* A B Y, A M B B¢ ¢
0 mM NaCl

Unsallnlzed control 0.28 0.45 0 0.63 0.74 0.88 0.98 145 0.60 110 2.25 2.60

om0t Mo 1 W R o % I m ah

White wash 8% 031 040 03 08 02 084 1 10 0/ L0 200 27
60 mM NaCl

Salinized, control  0.42 0.58 048 0.76 0.89 1.20 1.20 1.6 0.9 1.30 2.60 2.80

sopn Wb oMo W oM OB B 2O B

White washp% 046 053 04 078 081 119 % 1% 1I» 1 230 2%

{ A, A2 Bh B2 C[, and C2 as in Table 1
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* Al, Aj, B, Br Ci and C as in Table 1 DM = Dry matter

Effect of soaking and cooklnq processes on the loss
of splids in cooking media of treated ang untreated cow ea
seeds: The resolts ,n Table 2 show arations In é
centage loss of soluble. and |nsou eso sm erent
treated samples. The highest loss, of solids occurred n
sam Ig cooe in salte wat r without soaking, especlall
nse Tom antsgro rsali econ itions, General-

the er cent osses squ S0 |ds Were hlqher than

ose o Insoluble soI| 5 for a samples. The “Increases

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 29, NOV/DEC 1992

Table 3. Effect of salinity and foliar application substances on some nutrients
OF UNSOAKED AND SOAKEB COOKED COWPEA SEEDS
NaCl Foliar application
mM substancgg Raw a2 B B C, c2
Starch content (%)
0 Unsalinized control 439 30.2 293 36.2 339 216 184
8 GA3 100 Bpm 452 33 34 38 350 232 201
CCC 1500 ppn 417 284 258 45 24 209 164
0 White wash 6% 475 33 27 383 365 248 23
60 Sahmzed control KEN| 168 16.2 218 188 150 143
60 8pm 35.6 196 189 239 213 169 155
60 CCC 150 321 147 140 20.2 170 141 136
60 White Wash 95 36.8 204 193 247 229 179 16.7
Reducing sugars (as glucose, %)
0 Unsallnlzed control 8.3 8.2 84 15 78 8.6 8.8
0 lS)pm 8.7 9.6 8.9 176 179 9.2 9.3
0 CCC 150 8.0 7.7 8.0 71 74 83 85
0 White Wash % %% 8.8 %18 é& 8.1 93 95
60 Salinized control 8.7 84 91 9.3
60 GA3 100 8p 92 %é 93 85 95 %é
60 CCC 150 pgm 84 9.0 79 84
60 While wash' 6% 94 9.0 94 83 98 9.8
Available lysine content (g/16gN)
Unsalinized control %é 54 53 Efﬂ 5.6 50 48
00 Bpm 57 5.4 58 52 51
CCC 1500 ppm 51 5.0 5.6 %6 48 48
White wash 6% 59 57 6.3 54 51
60 Salinized 49 48 53 5.0 47 45
60 GA3 100 Bpm 51 5.0 55 53 49 48
60 CCC 1500 ppm 48 46 51 49 44 42
60 White wash 6% 6.3 5.6 55 58 5.1 52 50
Riboflavin (mg/l00g DM)
Unsalinized cortrol 033 % 07 0D oﬁ 016 015
GA3 100 ppm 0.39 . 018 023 017 8}3
CCC 1500 p 8 0.30 017 8&3 013 J
White wash 6% 042 . 0.24 . &ﬁ
60 Sahmzed contre! 0.27 , 8% 0.16 .
60 GA3 10 Bpm 031 0.16 . . 6 Bﬁb ,
60 CCC 1500 pam 0.5 011 , Pﬁ . ,
60 White wash” 0% 0.34 017 0.16 019 013 .
Thiamin (mg/100g DM)
Unsallnlzed control 105 058 055 (088 062 050 047
GA3 6) pm 107 061 0.60 071 0.67 055 052
ccC 150 grr 19% 0.4 051 059 053 047 045
White wash 6% 0.70 067 0.82 071 063 0.60
60 Sahnlzed control 085 0.44 042 049 0.46 041 0.40
60 [51 pm 092 050 048 05 050 046 044
60 CCC 150 grr 0.90 040 037 044 041 0.35 0.33
60 White wash 6% 099 053 051 059 0.5 048 047

in the losses in soluble. solids duiring cooklng of seeds
maY be due to the addition of salt in” the cooking water,
%I can be omitted duhng mhng to be added later at
the tlme of servm This” observation agrees with that
‘hentlon h}/ El As wah et alu. No differences In tn
ﬁsses ot solids In cooking meglia dug ot

three foliar su stances

Effect of soaking and cooki

g e effect of t
w re o Serve

g ProCesses on some con-
stituents of treated™and untreatéd

cowpea seeds: Results
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Table 4. Effect of salinity and foliar aﬁlthan n substances on the sensory characteristics of unsoaked

COOKED COWPEA*
NaCl  Foliar application
mM

substances A A B, % c, ¢2
Appearance
0 Unsalinized control 76 73 1.1 75 53 50
0 0 B.p.m 74 13 16 14 52 51
0 CCC 1500 p.p.m. 14 74 15 14 54 55
0 White wash 6% 7.6 13 76 13 53 52
88 Salinized control %t % %t ;% 28 gtg
pm. . . . . . .
60 CCcC 1508 12 12 13 170 52 4.6
60 White Washp U 13 71 74 70 55 4.1
Taste
0 Unsallnlzed control 7.0 1.2 19 16 6.5 55
0 8 p.m. 14 70 .1 15 6.2 52
0 CCC 150 B 13 71 18 14 6.6 53
0 White wash 6% 12 12 179 13 6.0 51
60 Salinized control 6.8 7.0 13 14 58 52
60 8 6.7 6.3 1.2 13 55 50
60 CCC 150 pam 65 6.6 13 1.2 53 47
60 White wash 6% 6.3 6.9 72 73 54 45
Colour
0 Unsalinized Control 179 16 16 13 59 55
0 8 p.m. 1.1 14 12 70 58 52
0 CCC 150 5) 13 12 13 11 53 50
0 White wash 6% 70 7.0 7.0 13 59 51
60 Salinized Control 13 13 6.8 1.1 56 53
60 GA3 100 8 1.2 12 6.3 19 53 52
60 CCC 1500 p. 68 6.7 70 6.1 .1 5.6 51
60 White wash 6% 6.5 6.7 6.3 173 52 50
Texture
0 Unsallmzed control 6.5 6.0 6.9 6.7 49 43
0 6) 6.3 5.1 6.7 6.1 4.1 44
0 CCC 150 r[]) 6.0 5.6 6.7 6.3 46 4.6
0 White ~ wash 6% 6.7 55 6.3 61 4.1 45
60 Salinized control 6.2 6.1 6.6 6.0 4.7 40
60 GA3 100 6} p.m 6.0 51 6.3 53 44 38
60 CCC 150 58 56 6.7 59 43 44
60 White Wash A) 56 52 6.3 6.2 43 45
Odour
0 Unsahnlzed control 170 6.8 73 15 55 51
0 6) p.m 1.1 6.1 11 13 55 48
0 CCC 150 73 7.0 1.2 15 53 47
0 White Wnsh AJ 1.2 11 1.3 76 54 45
60 Sahnlzed control 1.3 6.7 12 13 54 47
60 61 72 6.7 11 1.2 50 4.6
60 CCC 150 6.7 6.5 7.0 70 43 49
60 White wash /o 6.5 6.3 12 6.8 49 50
* Each figure of quality characteristic number is on the scale range from 19

i, B2, Ci and C2 as in Table 1

in TabIe 3 indicate that salinization with 60 mM NaCl value of seeds because of their sti ulatlve eﬁect OH
of plants decreased starch, ava||ab|e I sme th|am|n and Proteln caroonydrates an vitamin synthesis by plants an

oflavin contents of raw seeds b helr accum Iat|%]1 In see Theh| hest Ioss n the nutritive
18 % re { [pctlveYaalhst c%ngol ThIS C étld be relate va,%e Was ou In seﬁcooe aCl solution
tot that safinity distyr rotem and vitamin syn-  without pre-soaking, which can be attr|bute t0 the |0n?er
tes|s However, a|n|%v Increa %% red ucm% U ars €00 In% tlme and consetiuent deSHuctlon o s
In seeds. Fo |ara |cat| nW|t erehc acid and white  acids and vitamins. th erest 19 t erelatve (\;/ ét
wash brought abo ab ta favourabe effect on the nutritive Ing sugar content of these treatments may be cue
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and cooking condifions on texture and microstructure of cowpeas

N AL, e o CKing ADE Vs [y (v 1 s e

1 U gt : 5 Official Methods of Analysis, Association of Official Analytical
be petween 1115 min in samples SUblFCted 10 Soakm% Chemists, Washington, 5C 1960, 16 €0
periods of 12 h in hot distilled water. “These results are 6. pubois M Gilies K A Hamilton J K Reters P A and Smith F,
Bartl%ly lmBaccgrga%ce with tt]gxse obtained on cowpeas Colrinetic metfod for deeminaton of suges and relted i
y EdijalaB and Canezas ef a stances, Analyt Chem, 1956, 28, 3%0. ,
i o o oo e sany Gl o U1 ot g
¢cnaracteristics o1 COOKe COV}\igJea seeas. Data In Taole 81 130 ’ i

to the ffFCt, of heat durin% the |8g er cooking time on 4 Sefa-Dedeh S Stanley D W and \bisey P W Effect of soaking time
"

indicate that pre-tregtments g p“ed In the preparation of 8, Griswold R M, The Experimental Study of Foods, Houghton Miffin

COWpeas have an effect on the appearance, texture, taste, Co., Boston, 1962 _

odour and colour of cooked seeds. No noticeable differences 9. Molander A'L, Discrement of Primary Taste Substance Probable

w&re, four]gd In tlhe sens_?mc clharetxctetnstlcts %f %ooked Seﬁdé ?\Otwéty 1tt9)68udge Food, lowa State Univ. of Sci. and Tech, Ames,

0 ameéi rom plants with foliar treatment. Boiling In salte , D00 : :
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Textural properties of tomato were evaluated with different packaging conditions on vibration table under simulated
transportation. The colour of tomatoes changed from greenish to pink and from pink to red. Firmness decreased and decay

increased with longer duration of vibration and storage period.

Fresh fruits and vegetables are susceguble 0 si)on%ge
due to their high moistlire content (75-90%). Even 10-15%
|oss of moisture affects the textural quality and subsequently
the prie to @ greater extent. Horticuftural produce, by
nature, IS locatiof specific because of their specific climatic
requirements. Therefore, the distribution of these local
surplus, over a vast gonsumer horjzon becomes necessarz.
Packaging is one_of the major factors which influences
the quality of fruit during transportation and distribution,
till it reaches the consumer. ThiS paper deals with quality
of tomatoes as affected by different packaging materials.

Different types_of packaging and cushioning materials
used include;"a) Deodar wooden box 50 x 33 x 14 cm
size of 17 kg Capacity and 535 x 33 x 47 cm size of
50 kg capacity, bl rigid cardooard box 505 x 195 X
21 ¢ size of 12 kg capacu% (c) Eucalyptus wood 44
X 295 x 18 cm siz& of 17 kg capacity ‘and (d) plastic
crate 51 x 205 x 16 cm size"of 18 kg capacity. Padd
straw and mat were used as cushioning materials at the
bottom of the box with 15 cm thickness. The boxes were
Packed with tomatoes and were given controlled vibrations
or 6, 12 and 20 Iy on vibration” table poviered by a 2.68
KW ?12 HP? electric motor. A gear box with oné. reverse
and three forward gear speeds was used in conjunction
with puIIe){s for adjusting frequency of the vibration table.

Texturdl quality; firmness and Oecay rates were deter-
mined. Force per” unit deformation of tomatoes was con-
sidered as the index of firmness and was measured on
the Instron Universal Testing Machine. For subjective or
sensory evaluation, a trained panel of six persons was
constifuted. Scoring or rating was done usmq a Standard
9-paint hardness Scalel  Vibration-free d(con rol) tomato
samples brou%ht from field were sortea out into three
categories such as green, pink and red tomatoes and stored.

Firmness of these” stored samples is given in Table 1

along with the correlation values between the two methods
oft hrénness evaluation. High degree of correlation was
note

Table 1 Firmness (Kg) at different levels of

Storage _
perio Green Pink Red
(days)
Instron ~ Panel Instron  Panel  Instron  Panel
value score  value  score value  score
0 9.2 8 85 8 6.1
4 6.3 7 58 7 49 5
8 5.6 5 48 6 40 5
2 49 4 40 4 32 3
16 47 4 36 4 24 2
2 39 4 31 2 . .
3ix.Coeff.(1) 0.96 091 097

Data are average of 3-5 replicates; Average dimension of tomatoes:
length 6.1 cm: diameter 31 cm

X Head speed - 5 cmimin.

Deformation 1 cm.

Effect of vibrations on tomato texture: Tomatoes at the
bottom of the hoxes were found to be totally deformed
with flattened faces. Other tomatoes in the boxes lost 15
t0 20% of their round shape. Colour also changed in
boxes stored for 24 h. Few tomatoes of green colour were
found and the number of pink tomatoes almost remained
the_same and those. with red colour increased.

_The changes in firmness values of the tomato samples
with respect”to storage period are presented in Table, 2
Durmg storage, maximum dry bulb temperature_varied
from 43-45°C and relative humidity from 45-50% General-
I}{ firmness decreased as the storage period increased In
al the treatments. Lonqer duration™of vibrations resulted
In decreased firmness. Tn general, every sample showed
il prOX|mateI¥ 15 IF% decrease In firmnéss over six days.
|t was found that saniples from 47 cm deep hoxes exhibited
lower firmness compared to samtples_ from 14 cm aepth
of tomato in the same box. These findings are in agreement
with those of O'Brine and Guillon3 Further comparison
shows that the firmness is not affected hy the material

31
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Table 2. AveraglE VALUES OF FIRMNESS (Kg) AT VARIOUS STORAGE PERIODS

Type of box Depth of  Duration
fill h) 2
(cm)
Deodar wood 1 6 51 49
12 46 42
20 45 41
Plastic crate 16 6 50 47
i) 48 43
Eucalyptus wood 18 6 5.0 46
12 45 43
20 49 46
Rigid cardboard 2 6 51 47
12 49 46
10 48 45
Deodar wood 4 6 46 42
12 44 43
20 39 30

Storage period (days)

Table 3. Cummulative decay (%) for different storage periods

Type of box Depth Duration
of fill" (cm) (D) 2
Deodar wood 14 6 11 37
V) 17 48
20 21 8.0
Plastic craft 16 6 11 48
12 13 50
Eucalyptus wood 18 6 11 39
V] 29 18
20 45 120
Rigid cardhoard il 6 0.5 24
1 14 37
20 29 91
Deodar wood a7 6 36 91
1 49 119
_ 20 01 2l
Decay was 100% at 20 days in Deodar wooden box

of construction of boxes. Firmness s also related to the
maturity Jevel of tomatoes. It is noted that with an increase
I matdrity level, firmness decreases (Table 2)..

Decay ‘of tomatoes: Decay % of tomatoes in all the
treatmentts increased with an increase In: storage period
Table 3). Longer duration of vibration resulted in"enhanced
ecay. The décay rate is practically same for 6 and 12
h auration of vibration but increased rapidly in 20 h vibra-
tion. Apprommately, 90-95% of tomatoes have decayed
for all the. treatments at the end of 14 days storage. The
depth of fill of tomatoes in the boxes has a proriounced
effect on the decay. It i observed that the samples from

4 6 8 10 iV, 14
4.2 38 32 26 24 2.0
39 34 29 24 21 17
38 30 28 22 20 15
44 38 35 31 28 2.2
40 35 30 24 21 18
42 36 21 22 .
38 33 2.2 18 14
33 31 25 20 16
42 37 31 30 27 25
38 32 30 23 19 12
35 32 28 23 17 13
39 33 30 26 24 21
39 31 28 28 24 18
26 25 21 16 15 -
Storage period (days)
4 6 8 10 iV, 14 16 18
83 162 38 623 806 9L7 971 992
104 180 332 644 823 920 96 93
164 R4 639 83 930 93 93 100
12 25 B0 722 BRI 995 100
1 29 P4 M4 R 92 00 -
97 22 46 695 849 %1 982 996
U6 24 B9 Bl 8Ly %2 B2 96
209 348 622 794 890 94l 983 100
90 243 403 734 86 %1 95 100
83 203 40 h2 89 972 10 -
wr R7 %5 71 895 970 100 -
41 94 690 &7 26 %L 985 100
210 B3 20 &1 N5 %7 91 100
a6 541 W7 89 BRI 90 97 100

47 cm depth show higher deca%/ compared to 14 cm depth
in Deodar wooden hox (FI? ) _
Cushioning material was Tound to influence the firmness
to a greater extent4 Both paddy straw and mat lowered
the damage and increased the “firmness of tomatoes as
compared"to those without cushigning. Further, it was
noted that with the same material bok, lower firmness
values were observed in case of mat as cushioning materjal
als: _colmpared to loose paday Straw as cushioning material

igl.
Erom this study, it is concluded that the firmness of
tomatoes decreaseS and cecay rate increases with increase
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Enterotoxin Production

by Staphylococci Isolated from

J Fd Sci. Technol, 1992, Voi. 29, No. 4, 383-384

in depth of fill, duration of vibration and storage period.
Material of construction of hoxes does not affect the quality,
Whereas cushioning materjal helped i mamtaining- the
quality. Loose paday straw is more appropriate as compared
{0 mét type cushioning material,
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The studies on enterotoxin production by staphylococci isolated from pork, kabab, salami and other sources as detected with
ELISA, indicated the production of toxin by both coagulase positive and negative isolates. Few of the isolates produced
enterotoxins C and D, while others produced either B, C or D toxins. The quantity of enterotoxin C produced by the isolates

was in the range of 20-45 pg/ml.

Enterotoxing A B, C, D produced b stap ]zlococcl
have been |mEI|cated in food 0|son|n out reak
FEnz me Linked Immuno - Sorbent ssag has heen used
or their detection in foods3 The presence’ of stapnylococe
in food can be a possible risk of food poisoning, if they
are_enterotoxigenic.
Enterotoxirm production. by staphylocacci isolated from
ah, salami, salami casing, air and working surface of

chill rooms Is reported In the present communication,
Staph ococc| 157 Nos.) isolated from kabah (38),
saarmg( salami casmg 13), salami- stuff @ trekker
133< trekker casmg 6?( trekKer stuff SP coarseyc op ed
minced por lsampe water stpp ¥
and working surface of chil

sU ace of knife_( v% air
room (4) from Go

An overnight growth in Brain Heart Infusion Broth EBHIB)
of each was centnfuged 0 obtam cell-free supernatant for
use in ELISA. The method of Notermans and, Duferenned
and as described in the literature_supplied with standard
stap v&Iococcal enterotoxin test kit_obtained from Labor

Bommeli, Langassc-Strasse 7, CH-3012 Bern were

Resuqts of ELISA test showing the types of enterotoxins
produced by staphyrococm and their Source of 1solation
are summarised in Table L Type D enterotoxin producmg
stralns constnuted the maximum g12/19) followed b

Ero ucing straln Tw isolates produced
bot SEC an D. The E)ro duction of any one or more
than one enterotoxins by staphylococei isolated from food

Bacon Factory, Ranch| were studied8 poisoning outreak has been feported®3 It Is interesting

*Present address: Department of VPH, College of Veterinary and Animal Sciences, Mannuthy - 680 651, Trichur, India.
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Table 1 Results of elisa test showing the types
OF ENTEROTOXINS PRODUCED BY STAPHYLOCOCCI
ISOLATED FROM PORK PRODUCTS AND ENVIRONMENT OF
MEAT PROCESSING PLANT

Source No._ofI f%r%anic Toxin production by isolated cultures
isolate
coagulase  Coagulase +ve Coagulase -ve
tve © -le Nooof typeof Noof  type of
isolates  toxin isolates  toxin
Kabah 9 29 1 C % B
Salami 21 30 D 1 C
o 1 c&D 1 C&D
Salami casing 0 13 - 1 B
Salami stuff~ 0 ' i ;
Workmq sur-
face chill
room air 1 7 1 D 1 B
Others 0 A - ; . )
Total 3 20 13 6

to note that all the 11 coagulase positive enterotoxigenic
isolates from salami prodticed enterotoxin D and” one
produced C in addition. Against this, two coa%JIase negative
cultures produced enterofoxin Cor C and D, Thus, there
were 19(12.1%) . staphylococcal isolates which ielded
various enterotoxins. Six of these enterotoxigenic cultures
were coagulase negative. Omort and Kato5and Bergdoll
et al6alsh observed enterotoxin |productlon b coa%ulase
negative staphylococci. The enterotoxin C production by
thé isolated cultures ran?ed between 20 and 45 pg/mi

It Is of interest o note that none of the isolates from

trekker, trekker casing, trekker stuff and park was found
to be enterotoxigenic. The presence of toxigenic staphy-

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL . 29, NOV/DEC 1992

lococei in kabab, salami and salami casing and their absence
in salami stuff, coarsely chopped or minced pork suggest
the role of environmental contamination. This is further
supported b% the presence of enterotoxigenic isolates In
the environmental “samples like air and Working surface
of chill room. Such environmental contamination with
enterotoxigenic strains of staphylococei indicates possible
risk of fo0d poisoning. N _
Financial assistancé from ICAR and facilities provided
by the Dean, Facylty of Vieterinary Science and’ Animal
usbandry and Dirgctor of Research, Birsa Agricultural
University, is grateful{x/ acknowledged. The adthors are
rateful to DI, SHW Notermans, Water and Food
icrobiology, National Institute of Public Health, 3720
BA Bilthoven, The Netherlands, for supplying standard
gtnatgp(})/tlgc%cscal enterotoxins and HRPO “conjugated anti-
Xins,

References o _

L Gilbert RJ, St%)hglococcal food poisoning and botulism; Post-graduate
med J, 1974, 50, 603. _ _

2. Wieneke A A, Enterotoxin J)roductlon by strains of Staphylococcus
aureus isolated from foods and human beings, J Hyg, 1974, 73,

3. Wieneke A A and Gilbert R J, The use of sandwich ELISA for the
detection of staphylococcal enterotoxin A in foods from outbreaks
of food poisoning, J Hyg, 1985 %, 13L

4. Notermans 'S and Dufererine J B, A Simple purification method for
enterotoxin F produced bY Stephylococcus aureus and  some
%nggenfgs ﬂ?the toxin, Anfonie Van Leeuwenhoek J Microbiol,

5 Omori G and Kato Y, A staphylococcal food poisoning caused by
coagulase negative strain, Biken's J, 1959, 2, 92. _

6. Bergdoll M S Weise K F and Muster M J; The production of
staphylococcal enterotoxin by a coagulase negative microorganism,
Bactériol Proc, 1967, 12

ANNOUNCEMENT

THIRD INTERNATIONAL FOOD CONVENTION - IFCON ’93

Theme: ‘Food Technology for Health and Prosperity’

Revised Dates : 7-llth September, 1993
(Instead of 5-9th July, 1993)
n Circular will be released shortly



J. Fd. Sci. Technol, 1992, Vol.29, No.6, 385-387

Effect of Addition of Soy Flour on the Quality Characteristics of Blackgram
(Phaseolus mungo L.) Papads
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The effect of addition of soy flour (10-70%) to blackgram papad making, showed no change in the dough texture, though
rolling property was affected. Greater amounts of water were needed for mixing the dough with an increase in soy flour
concentration. Elasticity was reduced to a minimum at 40% and was completely absent at 50%. Quality characteristics
remained the same for both the raw papads. However, the quality of fried papads decreased beyond 60% addition of soy
flour. Acceptability decreased with increase in percent soy flour added. The results suggest that an addition of 30-40% of
soy flour would not make a significant difference in the physical and sensory characteristics of blackgram papad.

Singe centuries, papad has been a popular snack item
of India and many Varieties are available commerciallyt4
Blackgram flour (BGF) I the principle constituent of ‘the
Papads, .8 it contains’ mucilaginous principle necessary
or obtaining a dough of desirable consistency and rolling
property. The enhanCement of nutritive value by the addition
of S fl(ﬂjr (BF% in bread, hiscyits ch%r)all and textured
prodlucts has “heen demonstrated No dttempt has been
made so far to incorporate SF in papads. Hence, the present
Investigation was undertaken to study the effect of incor-
porating SF on the quality charactéristics of blackgram

adls,
apGoqd quality blackgram dhal (Phaseqlus mungo L.)
from dlie local market was cleaned, gz_round Into fine powder
and passed through 60 mesh (British standard). Full fat
soy flour (Glyciné max L.) was obtained from the Univer-
sify of Agricultural Sciences, |lebbal, Bangalore and passed
dirough 60 mesh. Common salt, spices (ctimin, seeds, black
peppér, asafoetida) and refined groundnut oil were pur-
chased locally. Sodium carbonaté and bicarbonate of LR
orade were used Instead of paPad khar,

Fonnulation qf blends for the preparation of Papads:
Soy flour was incorporated to BGF in different ratios
with BGF (100%2 serving as the control. Hundred grams
of each blend with common salt (7 g), sodium carbonate
and bicarbonate (1 g), cumin seeds (L2 93 asafoetida

roundnut oil (2-3 g) ‘and Dla

f
0.2 ,refinedg ) ck pep#er
t2.49 were kneaded with water to prepare dou?h, vlv |(Ije d

e amount of water added varied from blend o blen
Manual kneading took 7-10 min. The dough was divided
into small balls” of 10 g each and pressed to 0.8 mm
thickness using the chapali press to make 9-10 cm discs.

* To whom all correspondence should be addressed.

The papads were dried at 50°C and sealed in polythene
COVers until used. »
Physical and chemical characteristics; All p_aPad sam?Ies
round to a fine powder were analysed for moisture, protein
X0.25), crude fat and total ashi by the standard AOAC
rocedure6. Carbonydrate content was derived by difference.
hysical characteristics stydied included colour of the dough
ad, fhickness (using screw 8auge) and

and of the dry pap using the

percentage expansion after frying Wwas Calculate
formula:

diameter after frying - diameter of raw papad

diameter after frying

Sensory properties; The raw papads fried in the refined
?rqundnu oil at  190°C were served to a group of ten
rained panelists for the evaluation of colour, aroma, taste,
texture and overall quality as per the methiod of Govin-
darajan et af on a 10 point scale. Quality attributes were
also” evaluated after storing the raw papads in sealed
E)olythene bags for a period of three’ months, at room
f(,etrtnperlf_i(tjure 8°C) kept in plastic containers with tightly
itted lick, » . :

Physical characteristics and rolling properties of Pa ads:
The amount of water needed for the preparation 0 ough
Increased as the Bropornon of _SF 'In papads increased
L(f47 to 74 ml (100% 30}( flour)]. Increased requirements
water for making sa |sfactor% dough apPeared to be
Ue to higher water absorgtlon fy the” full"fat soy flour,
The yield™of papads for 100 ? of blend was about 1385
gnfor those contal_nmtg soy flour as a%amst 1455 ag for
e control b WEIﬁh. Though the texture of the dough
remained soft to hanafeel in all the blends, pliabili
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Table 1 Acceptability scores of fried papads

Blackgram dhal: Colour Appearance Texture
soy blend

100:0 8.20 6.80c T4
70:30 8.0d 14C 8.2C
60:40 14d 8.2C 1.20c
50:50 5.8C 5.8 6.4»
40:60 4.2d 541 4.6a
30:70 38 4.6 4.2
10:90 4.8hc 5.6ah 444
0:100 3.6a 5.0a 4.2

+ SEM (63 df) 042 057 047

* Mean of scores by 10 ganelrsts
Any two means in rows bearing different superscripts a b, c...

Acceptability scores*

Aroma Taste After Overall Total
faste quality
1.2 7.6d 7.68 7.8C 52.0
7.68 7.6d T4k 7.8C 54.0
7.6" 7.6d 7.0 8.0° 516
5.6“% 5.8C 6.00d 6.2h 416
4 8tc 4.6kc 5.2kc 5.0b 330
38D 38h 34a 3.2 26.2
36 3.6 428 3.0a 29.3
32 34a 32 3.0a 26.8
046 047 0.56 047

. differ significantly (P <0.05)

Table 2. Proximate composition ((/i00g) of raw papads on dry basis

Blackgram dhal: Moisture Total Protein Fat Carbohydrates
soy blend h (by difrerence)
100:0 2.5 8.5C 25.71a 48b 57.4%
70:30 2.5 9.0d 3127 20 45.23d
60:40 35 9.0d 32.13 14.0d 4237¢
50:50 5.0C 9.5 33,32 16.0e 36.180

BIackFram dhal flour 5.5C 350 26.07a 13 63.63f
Sog flour 5.5C 3.0a 39.57h 23 5f 2843a
+ SEM 56 df) 0.16 04 2.16 0.15 0.03

Mean values ‘carrying different superscripts a, b, ¢ ... in columns differ significantly (P < 0.05).

diminished as the })rogortron of the si) rour rn
rncrease uto 30% addition of soy flour. Te try
remained re same and above that Ieve the rolli m roe

fies of the papacs were poor and more dustrnq materra
was required. However, It was possible to roll papads
without having cracked ' edges,

The colour™of the papads chanrqed from yellow to dark
brown as die proportion of soy flour increased. However,
the papadls did not vary.in diickness, diameter and texture
remaired brrttle to handfeel in all the blends. Blends havrng
upto 50/0 F were bright yellow with an appealing a
earance hey were crrsP and the taste was accep able
wr rout ang Fnerceptrbe avour of soy flour. Widi" more

rng die colour cranged from yellow

to rown with poor aBpearance Papads with 100% soy
flour wyere crrs but Ditter in taste. The percentage of
expansion for o n}n Papads at_all levels of incorporation
remained ‘nil’, 100% BGF papads showed an ex-
pansron of 38 506, Based on the our%h characteristics, of
raw an fried })apas it was evident that incorporation
upto 40 was accepta le for making papacs. Even

dre papads prepared from a blend of 50:50"compared well
with diose of 100% BGF, except in Irabrlrtycharacterrstrcs

Sensory evaluation: The acce ta ility score was similar
to the control upto 40% of SF and decreased with the
Increase In the level of SF in the product (Table 1). The

qualrty of fried rnagads with SF upto 40% was ver%/ close
{0 the’ control, i terms af colour, aroma taste, an Exture.
Though flavour of so flour was not erceptr le, the ex-
pansion percentage 0 paaswrth soy flour was negligible.
Amaong the blends, papads of 70:30 (BGF:SF) were Superior
0 dre control an scored the highest. Further, papads
stored upto 3 months at room, temperature (28°C) did not
show significant differences in the quality attributes of
papads (graw and fried).

|t was evident from the data on physical characterisdcs
and acceptabrlrty scores that papads aving SF upto 50%
Were acceptable; Hence, proximate composition was deter-
mined only in drese roducts (Table 2. Moisture conten
ranged from 25 /o as compared to 15% (maximum)
recommended b)ﬁ The fat and ash contents increaseq
while th e carhonydrate content decreased with, increased
levels of SF In ﬁapas The Increase in protein and faf
content of papaas, on incorporating sqy flour amounted
to 15-22% respectively, However, The increase jn protein
content due to the adaition of soy flour was not significant,
Perhaps, the protein value may’ further be increased and
fat decreased with the use of efatted soy flour i place
of full - fat soy flour. This may be_essential in view of
the_probable risks associated with high fat fopds,

e authors are grateful to Shri S.”Dhanaraj, Scientist,

CFTRI, Mysore, fof the statistical analysis of the data.



References
L Shurpalekar S R, Prabhakar J V, Venkatesh K V L, Vibhakar S and

J Fd. Sci. Technol, 1992, Voi. 29, No. 4, 387-389

4. Saxena A K, Kulkami S G, Manan J K and Berry S K, Studies on
the blends of different pulses (Bengalgram, Greengram, Lentils and
Arhar) in the preparation of North™Indian spiced papads, J Fd Sci

AmlaB L, Some factors affecting the cluallty of blackgram (Phaseolus E
mun%m) papads, J Fd Sci Technol, 19729, 26. Techniol, 1989, 26, 133

2. Shurpalekar S R, Venkatesh L V, Prabhakar J V and Amla B L, 5. Venkatesh K V'L, Shurpalekar S R, Prabhakar J.V and Amla B L,
Physico-chemical ~ characteristics ~and qzuah%y assessment  of Physico-chemical characteristics of papad (Sajji) Khar, J Fd Sci
commercial papads. J Fd Sci Technol, 1970, 7, 100. _ Technol, 1970, 7, 106. N N ,

3. Govindarajan V'S, Dhanaraj S, Lalitha Subramanyam and Sastri B 6. Official Methods of AnaIEsm, Association of Official Analytical,
N, - Sensory quallt¥ evaluation of papads: Quality profile techniques Chemists, Washington DC, 1976, 12th edn. .
aig%degelgwent of a composite scoring scale, Indian J Nutr Diet, 7. Sp?\(‘:éyvca[t)lgl%,for Papads 1S: 2639-1972, Indian Standards Institution,

1 1 . I.

Crisp and Spicy Soybean Snack
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Use of soybeans as snack food of the type exemplified by roasted peanuts was explored by roasting hydrated beans, hull
removal and splitting. The product had @ crunchy texture, mild nutty flavour and was devoid of urease activity. Shelf life
of the unspiced product was 4 months in ordinary storage and one year in air-tight containers,

Soybean, a unique crop, containing about 40% protein
and 20% fat, has an undesirable beany flavour. The ma{or
off-flavours are of lipid origin and are produced by the
action of the enzY_me lipoxidase on polyunsaturated fatty
acids, principally finoleic and linolenicZ Roasted peanus
have a high degree of acceptibility .as snacks among all
aqe-group Th posmbﬂﬂg of utiljsing soybeans to make
rélated types of crunchy snacks could open tp Iarrqe domes-
tic markets if an accgptable product is available. In this
communication, roasting has, been explored as a means
to destroy the enzyme ‘associated with off-flavour,

\Wholé soybean (Bra%g variety), procured from local
market and Containing 8'5% mdisture, was graded and
Cleaned. Water uptake™data were obtained b¥ soaking 10g
soybeans in 40 ml tap water at 28-29°C tor 2 "4 R
Th% beans, were removed from water, superficially dried
with facial tissue, and weighed to calculate we%t gram
as the difference between™ the measured weight. The
dehyarated soybeans were spread on a paper fof /2h to
remove adhering water to avoid sﬂckmg f beans durln%
sand roasting, The dried beans were roasted using san
and an electrically operated heater at 150-250°C for 5-15
min. The roasted  products were. cooled |mmed|atelg/.
Dehulling was carried out by pressing the heans between
the palms. The cuticles, alréady looséned during roasting,
dlsmte(h;rated reaqily. Sensory evaluation bX members
from the scientific Staff was Carried out using a 9 - point

hedonic scale for apPearance, odour,_flavour, texture and
overall acceptance of the Pr,oducta The average score of
4 tests was calculated. Proteins, fat and ash contents were
determined by AOAC methodsd Moisture content of roasted
beans was détermined using an Infra-red moisture balance.
For determining the ureaée activity, the ISI method (SP:18,
Part VI-1982)5 was used. _

The effect of soaking period on water_absorption at
room temperature (28 -29°C) is given in Fig. 1 As the
soaking period increases, S0 dogS the amount of water
imbibed. Alonq3|de, the_shape of the beans changes from
round to an oval shape with a smoath surface by préterential
elongation along the Ienqthwme axisa After 4 h soaking,
whel the beanS were almost saturated with water, the
Proﬂle resembled that of a peanut (Fig. 2{._ Table 1 shows
hat as the time ang temperature of foasting increase, the
moisture contents of roasted soybeans decreaSe. A tempera-
ture above 150°C caused charring of the products. Roasting
at 150°C for 10 min gave a product which wes free from
charring and beany  flavour. |t was also gudged superior
to thosg produced using other time-temperature combination
and this was adopted”as the optimym.

Loss of urease activity In soyabeans is_an acgepted
measure of the nactivation of othér anti-nutritional factors
present, viz. trypsm inhibitor, haemagglutinin, and
90|trogen|c factor” It was found that urease activity of
aw soybeans was 14 units and as the time and temperature
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Fig. L Effect of soaking period on amount of Water imbibed by SOybeans
soaked in water at room temperature (28-29°C).

Fig. 2. Appearance of soybean at different stages of processing for
preparation of a crisp snack food

Whole soybeans: A - Raw, B - Soaked for 4 h, C - Soaked for 4 h
+ oasted at 150°C for 10 min., Dehulled soy splits, Af - Raw
fBojr -1080n%kned for 4 h, C - Soaked for 4 h + roasted at 150°C

in..

of roasting increased, urease activity decreased. Soybeans
roasted for 5 min at temperature ranging from 170°C to
250°C showed a mgmﬁcant de,cllnm% trénd'In rease activity
from 0.15 units T 0.02 units. Soybeans that had been
roasted af 150°C for 10 min showed no urease activity,
the time factor being more important than the temperature
applied. Analysis of Soybeans processed under the optimym
conditions of soakln? and roasting showed that it Contains
19.4% fat, 4.5% total ash, 0.2% acid insoluble ash and

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 29, NOV/DEC 1992

Table 1 Effect of time and temperature of
ROASTING ON THE QUALITY AND MOISTURE CONTENT OF
SOYBEANS

Time of  Temperature of ~ Moisture content ~ Colour and taste
roasting roasting after roasting of product?
(min) (°’C) (%) (average tassess-
men
5 150 194 soft with poor
flavour
160 166 soft with poor
flavour
170 86 fair
180 50 good
200 30 good
250 12 charred
10 150 28 very good
160 2.2 fa!rry !
170 16 fair
180 12 fair
200 0.6 charred
250 ' charred even
more
15 150 15 ?QOd
160 0.9 air
170 08 ood, but some
¢ arnng.
180 0.1 good, but even
more charring
200 yet more charring.

a. Evaluated by a 8-member panel.

8.6% crude fibre. Roasting reduced the moisture content
to 2.8%. A protein content of 43 to 45% would merit the
term “high protein” for these snacks. _

The protein-rich ready-to-eat crisp snack items were
stored at room temperature, _Samsol s were removed at
Intervals and evaluated for quality. Samples stored in LDPE
bags (which are permeable to oXygen) at room temperature
for 4" months were acceptable.” Thereafter, the moisture
content of the product Increased considerably_and as a
result, 1ts crispness was lost o a great extent. “The quality
of the Produc_t remained good for more than one yedr
when stored in HDPE containers, PVC containers “and
aluminium pouches, all of which did not permit free access

to the atmosphere. o
it is_concluded that

n the b ié of these results,
soybeans soaked in water for 4 1 and roasted at 150°C

fof 10 min are readily gehulled even by hand to_¥|eld a
high protein ready-to-eat snack for a type exemplified by
roasted peanuts or cashewnuts. Mixing with salt or masala
enhanceq the sgncmess, and could widen popular apgeal.
A masala-soy Snack made by the above method would
at the present seed prices, cost less than roasted and salted

eanus.
: The author is_thankful to Dr. KT. Achaya for his
quidance and useful suggestions.
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Dehusked isabg_ol seed had low oil content with a lipid profile high in free fatty acids, sterols and hydrocarbons making
the oil a non-edible type. The defatted meal had high proportion of protein with high albumin, high lysine, medium methionine

and digestible protein comparable to red gram dltal.

India holds a near monopoly in the production and
export of isabgol seed husk i the world market. It is
now cultivatedin 40,000 ha land in Gw[%a,rat and Rﬂasthan
producmg about 39,000 tons of seed which, In turm, yielo
over 11,600 tons of processed seed husk for export. The
dehusked seed, about 70% by welght of annual Seed crop,
does not find an effective ‘use other than animal feed
Lack of scientific information about seed composition
e\rlecludes its proper _exglmtatlon. Recent interest in the

estern countries for jsabgol as cholesterol reducing agent
has led to renewed interest in its detailed compasition.
Kanitkar and PendseLfound the seed ml_possessm% property
of reducing cholesterol level of serum in rabbit. Proximate
composition of |sabqol seed is known for a Iong time,
The mucilage constitutes over 30% of the wholg seed,
Pendse et a2, reported about 5% pale yellow ail, 8.3%
moisture content, 6.8% ash content in”isabgol seed of
Gtgar_at, region. In the present communication, the protein
and lipid Compositions of these dehusked seeds, commer-
ualéy known as gola, are reloorted.

. Dehusked seeds were collected from market, ground
in a Sumeet grinder and sieved through 60° mesh” sleve.
The powder vias analysed for oil contént by Soxhlet ex-
traction in n-hexane. Free fatty acid contents of the extracted

oil were determined by titrimetry3 and fatty acid com-
Posmon by gﬁs chroniatography4. Total lipids_ were ex-
racted by Chloroform: methanol (2:1), “purified5 and
separated ‘jnto I|R|d compnents by TLC' using J)etroleum
ether. diethyl etner : acetic acid (80:20:1) as” aevelopin
solvent and treatment with sulphuric acid for visualization
and then quantitated by densitometry. Triolein, stearic acid
and stigmasterol were"used, as standards. Polar lipids were
senarated from the total lipid by solvent ParutlonmP In
90% methanol from hexane solution. Total phospholipid
contents of these polar lipids were determined spectro-
photometncaIIYz , _

. Crude protein content was determined by, micro-
kjehldahl method and proteins were fractionated into five
categories as per Landry and Moureaux§ Lysine and tryp-
tophan were, estimated”according, to V|II|%as and_Mef
and methioning by the. method of McCurthy and Pailly
In vitrg protein digestibility of isabgol seed protein Was

determined tg pépsin-paricreatin  digestion ‘method of
Akes,_?n and tﬁhm nil N _
Qil,.FFA, phospholipid, MFA composition of isabgol

seed qil, lipid classes, crude Proteln and protein classes,
essential amino acids, generally re%arded 8 |imiting I
cereals and pulses (lysirie, tryptophah and methionine) and
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Table 1. Analytical composition of dehusked
ISABGOL SEED

Total oil (%)
Total free fatty acids (%)
Phospholipids (%)
Crude protein % in seed
Crude protein %. i dethted mTaI,
Mixed Fatty Acid Profiie (Relative %)
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid
Polar lipids
Monoglycerides
SDterlfJIs 4
iglycerides
FFA

o —gJw© oo

o

LB = PO
H I+ 4 1+ 1+

I+ 1+ I+ 1+ 1+

DO D—

Trlglycerldes

Hydracarbons and sterol esters
Protein fractions (% Protein)
Albumin

Globulin

Prolamine

Gluteline

NPN

Essential amino acids (% Protein)

Lsngeh
ryptopnan

M%%io%ine

FAQ Pattern
sine

L

ryptophan

M%/#],io%ine o .
In vitro Protein digestibility (%) 63.1-64.6

digerstig)lle pirotein content of dehusked seed. are presented
In" Table
seed protein revealed one dark, two_light and three diffused
banas, the first one being the major” and less mobile.

. Results (Table 1) showthat the rélatively low oil content,
hlg[i; FFA, “sterol and hydrocarbon fractions_do not make
Isdngol seed oil very promlslng as edible ail, although in
fatty acicl composition, oleic/linleic ratio Is in the desirable
range with low consent of easily oxidizable linolenic acid.

rotein content of isabgol seed was found fo be high
(defatted meal 29.3%) with very high proportions of al-
bumin and_low content of prolamirie which is generall
a good Indicator of easily digestible edible Prade protein,
Lysine content of seed pratein(4.14%) was refatively higher
thian cereal proteins like wheat, maize, sorghum anid pearl-
millet, somewhat comparable to rice, but 1&ss than inpulse
protein. Tryptophar. content in isabgol seed protein was

o

—

I+ 1+ 1+ 1+ I+

=

1+ 1+ 1+

—
EOO Lo oo~

(S

w

Electrophoretogram of alumin fraction of
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found adequate as ﬁer FAQ pattern. Methioning content
was much higher than pulse protein like plgeonﬁea and
chickpea and™ comparable to cereals, but less than the
FAQ ‘provisional pattern which is for total sulphur amino
acids, The data reported here are, however, only for
methioning and do not include cysteine and cysteic”acid.
In vitro Fro,tem dlgGSthIh%/ stucliés showed that digestiple
?roteln n isapgol was 63,1-64.6% whnich is comparable
0 the reported Value for p|%eonRea dhaln. Tannin content
of seeds were qetermined by AOAC method® and was
found slightly higher (L50%) than redgram (0.61-1.14%)
as reportéd py Makkarl4, _

The results indicate that defatted isabgol seed has the
potential to be used as edible grade protéin which stands
In hetween cereals and pulses “In ifs status of nutritional
quality. However, long term animal feeding trials are neces-
sary {0 ascertain 1ts biological effect, If ary, before recom-
mending its use as additional source of edible grade protein,
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Comparison of physical and chemical characteristics of Chinese sarson (Brassica chinensisz seeds and ol with other mustard

varieties indicated that the Chinese sarson seeds are low in ail but high in protein conten
value of Chinese sarson ail are slightly higher compared to other

less linolenic add than other varieties.

Rapeseed-mustard constitutes an important source of
edible oil in Incia next only to groundnut.. Different
varieties are being cultivated &s oilséed crops in Punjab,
Haryana, Rajasthan, Uttar Pradesh, West Bengal and Bihar
with a total production of about 4.5 million tons. Recently,
a new variety of mustard, Chinese sarson has heen intro-
duced in Punjab especially as a leafy vegetable to replace
Raya variety for making Saag\ The' plant is non-heading
fype, hqh, foliage nature and with good seed settmg ability
In the plains, y|eldlng about 41800 kg of green [Baves in
e|9ht Dickings per hectared A seed Vield "of about 1000
kg/ha is obtained3 The, present paper”reports the physical
and chemical characteristics of ‘seeds and. oil of Chinese
sarson In comparison to other sarson varieties. ,

The seeds, of the four Brassicag viz,, ‘Toria', TL-15
B. compestrls)3 ‘Gobbi sarson’, ‘GSL-T (B. compestrls%

aya, RL-1359° (F juncea)_ ‘Chinese’ sarson’, Sel-
(B. ‘chinensis), and  ‘Taramira, ITSA’ (Eruca saliva) were

rocured from Punjab Agricultural Umversﬂgl, Luchiana.
hese were examined for”physical characteristics namely,

ntent Specific gravity and saponification
rassicae seed oils. Oil contains more erucic acid and

colour (visual), size and shape (visual), wei?ht per 100
seeds and pungency of crushed and’ moistened seeds
(odour). Moisture, protein and oil contents in the seeds
were determined according to AQAC methods4. Volatile
oil (as allylisothiocyanate) Content in seeds was determined
according’ to, IS methodsa The oil was examined for  its
specific Qravity, refractive index, acid valug s,aPon|f|cat|on
vale, and fodine value using’' AOCS official methodst
The tatty acid composition of the oil was defermined by
%Stte?hert g\%tography on a BDS column as described by

The physical and chemical characteristics of Chinese
sarson and other Brassicae seeds are gwen in Table 1
The Chinese sarson seeds, as compared o other Brassicag
seedls, are low in il content and hqh In protein. The ol
is of light brown colour and has Tight pungent odour.
Specific gravity and saponification value of the oil are
slightly higher than for other Brassicae seeds oils (Table
2)."The fatty .acid composition of the oil (Table 3) Shows
that the oil"is composed of over 95% unsaturated fatty

Table 1 Physical and chemical characteristics of different brassicae and taramira seed varieties

_ Size/ Wt per
‘Seed variety’ Colour Shape 100 seeds
©)
‘Chinese sarson’ Light to Small, 0.2
reddish round
hrown
‘Raya’ Dark Bold, 0.5
_ amber round
Toria’ Dark Medium, 0.3
, amber round
‘Gobhi sarson’ Amber small 0.2
_ round
Taramira’ Earthy Medium, 03
yellow oval

- Volaltile Mo(i&t)ure Pr(%}e)in ((3)I)
ungenc 0l 0 0 0
FY oy w)

Light 28 6.2 214 258
pungent

Very 3.0 15 22 35.0
Bungent

ungent 29 52 188 310
Light 2.8 72 2.1 36.7
ungent

trong 31 15 24.2 212
pungént

31
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(22:1), an undesirable fatty acid, was highest in the seed
oils of ‘Raya’ and ‘Chinese sarson’. The oils of ‘Gobbi
sarson’ and ‘Chinese sarson’ contained least amounts of

Table 2. Characteristics of the oil from
DIFFERENT BRASSICAE AND TARAMIRA SEED VARIETIES

Seed Variety Sp@lelC Refractive S&pOﬂiﬁCﬁtiOﬂ lodine linolenic ac|d’ a desirable property from storage pomt of
AR vale Ve yiew a5 s with high linolenic acid content tum rancid
_ rapidly. The quality of the oil from Chinese sarson seeds
‘Chinese sarson” 09102 14697 172 102 is thus comparable with that of the oils from other Bras-

:Ray_a’, 0.9098 1.4700 167 103 sicae Varie“esl
IR wm B The oilseed cake may have better animal acceptance
Taramira’ 0909 14691 163 10  because of the low pungency compared to other sarson
o varieties. The Chinese sarson crop will, thus, provide
+ Average of two determinations higher income to the farmers through green leaves as

. o vegetables and seeds as source of edible oil.
Table 3. Fatty acid composition (per cent of

TOTAL METHYL ESTERS) OF THE OIL OF DIFFERENT
BRASSICAE AND TARAMIRA SEED VARIETIES
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acids. The ratio of oleic acid: linoleic acid which plays
an important role in nutrition, was 1:1. The erucic acid

Effect of Frozen Storage on Protease and Lipase Activities of Oil Sardine
and Ribhon Fish
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Highest protease activity was observed in whole gut of oil sardine and ribbon fish. On the contrary, lipase activity was
found to be the highest in liver of both the sf)emes: S'[a'[IStICE_l”E, significant decreases in the activities of proteases and lipases
were found to occur in various tissues of oil sardine and ribbon fish during frozen storage.

Degradation of muscle protein by endogenous proteases
especially cathepsin, bacterial activity or both is a major
reaction n spoilage of fish'. The measurement of enzyme
activities could help in predicting early changes in quality
of frozen stored fish2. Most fish enzymes exhibit significant
losses following freezing and thawing and the enzymes
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have significant activity in partially frozen systems35 The
Fresent study was undertaken to assess the proteolytic and
ipolytic activities in Indian oil sardine (Sardinella lon-
giceps) and Ribhon fish (Trichiurns sp.) during frozen
storage. These fishes form two commercially important
species caught along South West coast of India.



SENTHILVEL et al: EFFECT OF FROZEN STORAGE OF FISH

Oil sardine (50 kg) of 0+ age group from a single
shoal, was directly brailed out of the purse-seine net into
an insulated box with sufficient crushed ice. Ribbon fish
(40 kg) of v age group, caught by n(ljght trawling, was
transported to the processing hall in‘iced” condition. These
were washed with chilled water so as to remove extraneous
material. Lots of oil sardine (500 g each) were arranged
in galvanised trays lined with polyethylene sheets, while
ribbon fish (10 numbers) were covered individually with
polyethylene sheets and arranged neatly on long trays.
After adding sufficient chilled water, the fishes were frozen
in a coil freezer (-28 £ 2°C} for 48 h, were packaged in
master cartons and stored at -18° + 2°C. Whole gut (intestine
with stomach), liver and muscle cf the fish were used
for assay. The samples were drawn from fresh fish, im-
mediately after freezing and at 30 day interval during
frozen storage. The tissue was extracted with chilled glass
distilled water (20 ml/g) and centrifuged at 6000 x N? for
45 min at + 4°C (JANETZKI Cooling Centrifuge, Model
K 24). The resultant supernatant was employed for enzyme
asay. :

Proteolytic activity was determined by the method of
Laskowski6 using casein as substrate at pH 8.0. Protein
concentration was measured by the method of Lowry
et af. Protease activity (PU) was defined as the amount
of crude enzyme which, under defined conditions, (30
min incubation at 37°C; 2 ml final volume of the mixture)
increases OD by 1.0 at 720 nm in one min. Llpase activit
was based on the titrimctric determination of fatty acids
liberated from esters by hydrolysis of Tween - 80s, after
incubating at 37°C for 10 min. and 8.3 pH. One ml of
0.01 N NaOH was considered equivalent to 100 lipase
units.

Among the various tissues analysed for the protease
and lipase activities, the highest protease and lipase ac-
tivities were observed in the gut and the liver, respectively
of both the fishes. The protease in whole gut of oil sardine
showed steep decline during storage upto 120 days in

=

PROTEASE ACTIVITY(PUxI0)
o~
i

M X X XK RXXK XA

Fresh 0 120 150

STORAGE DAYS
Fig.l. Protease activity at BH 8.0 in frozen stored oil sardine
03 Gut | Liver 03 Muscle
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Fig.2. Protease activity at pH 8.0 in ribbon fish during frozen storage.
(X Gut M Liver [J Muscle

[=a)
1

=
1

ACTIVITY(LUx!OZ)

8 -

LIPASE
~

X
120 150

o _ STORAGE  DAYS
Fig.3 LgJase activity at pH 8.0 in frozen stored oil sardines.
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Fig4. Ligpase activity at pH 8.0 in ribbon fish during frozen storage.
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contrast to the increase in liver and muscle till 30 and
90 days, respectivel (FI(%: 1). During frozen storage,
protease activity in ribbon fish decreased in all the tissues
analysed, after a moderate increase upto 30 days in case
of qut and liver (Fig. 2). However, in muscle tissue, peak



aedvity was observed at 90 days and showed a gradual
decrease thereafter. Changes in lipase activity of oil sardine
and ribbon fish during frozen storage at pH 8.0 are depicted
in Fig. 3 and 4. In general, lipase activity decreased steeply
after 60 days of storage at low temperature. .

~ Even though protease and lipase activities of various
tissues of oil sardine and ribbon fish decreased durln%
frozen storage reaching the least activity at the end o
180 days, statistically significant decreases in the activities
of both proteases and lipases were ohserved in oil sardine
gut (P<0:01), and liver (P<0.05) in contrast to onl
proteolytic activity in case of ribbon fish gut (P<0.0
and Ig)olytlc activity of ribbon fish liver “and” muscle
chO. ). The decreases in the activities of proteases and
Ipases  during frozen storage of oil sardine and ribbon
fish maY be due to loss of enzyme configuration, formation
of catalyticaliy inactive enzymes, more tight folding of
enzyme " proteins, aggregation reactions, and  enzyme
denaturation and formation of low molecular weight com-
pounds with ability to inhibit the enzymes5310. The role
of autooxidation of lipids as well as formation of FFA
%nd. their %ossmle role in enzyme denaturation may also
e involved.
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Composition Characteristics and Potential Uses of South Indian Tea Seeds
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The analytical data on tea seed and the seed oil indicate the possible use of tea seed oil for edible purposes.

All species of the genus camellia produce large
oleaginous seedsL Seme tea plantations, especially those
in China and Japan, grow the ornamental shrubs, Camellia
japonica, Camellia sasanqua a_nd Camellia oleifera, malnly
for seed and subsequent oil production2 Thoth the
beverage tea plant, Camellia sinensis, is mainly cultivated
for its prolific vegetative growth, it also produces oil-rich
seeds’. Numerous tea plantations in different parts of the
world are shifting from seed ban cultivation to clonal
propagation techniques and India is no exception. While
much research and development have taken place in the
a%]ncultural and production aspects of tea, only sporadic
attempts have been made regarding the utilization of tea
seeds, especially in India. Itis reported that, China produced

1,80,000 tons of tea seeds during 1958, with an annual
production of 28,000 tons of tea seed oil3

It is claimed that 50,000 ha of China hybrid-type tea
can produce 14,000 tons of seeds and 3,000 tons of tea
seed oils, besides its beverage valuel CIo.ughIe?/zl reported
that 4,000 ha under local %]at in Malawi could produce
350 tons of tea seed and 50 tons of seed oil. India with
tea cultivation of over 4,00,000 ha, go_es through biennial
cycles of seed production and no official seed estimates
are available on the Indian tea gardensl

The oil contents of Camellia seeds show wide variations,
ranging from 20% in C.sinensis t0 45% in C. sasanquak
Tea seed oil was reported to resemble groundnut and
olive oils in chemical compositionl2 The residue after

*Present address: Department of Analytical Chemistry, University of Madras, Madras-600 025, India
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RAVICHANDRAN AND DHANDAPANI: USES OF SOUTH INDIAN TEA SEEDS

the extraction of oil and saponin, possesses a high content
of protein (12.6%) with all essential amino acids, indicating
its usefulness as cattle feed. The present study examines
the composition of three varieties of South Indian tea
seeds and characterization of the oil derived from them.
Biclonal mature tea seeds were collected over the main
seed-drop period (April-May) from three genetically
diverse, commercial cultivars, viz. ‘China clone’, ‘Assam
clone’ and ‘Combod clone’, which are available in a breed-
ing plot of an estate in Valparai (Anaimalai Hills), one
of the important tea growing districts in South India. Seed
samples were sun-dried for two days and the hulls were
removed manually. The kernels and hulls were oven-dried
at 105°C to constant weight and ground well (separately)
for_chemical investigations. . .
The hulkkemel weight ratio was determined by taking
their respective weights from 100 seeds. Moisture, nitrogen,
total ash and crude fibre contents were determined by
AOAC methods5. The total carbohydrates were estimated
by phenol-sulphuric acid method6 and saponins b}/ the
method of de Silva7. The ground seeds were defatted
by extractlr]? with petroleum ether (40-60°C) and the
recovered oil was analysed8 Fatty acids were analysed
by GLC9using a Pye-Unicam 204 series 5gas chromatograph,
and 80Igester columns were used at 205°C with flow rates
0f 60-80 ml of helium (pre-heated) per min. The polyester
dissolved in acetone was added to the solid support (Celite
60-90 mesh) in the ratio of L:4 (w/w) and was packed
in a coiled _copper column (6 ft long with 0.22 inch
inner diam). The detection system employed two filament
Gow-Mac thermal conductivity detectors in the reference
channel and two in the sample channel. The sample

Table 1 Composition of south Indian tea seed

Components China clone  Assam clone ~ Combod clone
Hulhkernel 31:69 33.67 32:68
wellqht rtio)
oisture (%) T.1* 6.6* 6.9*
_ 39 41 40
Nitrogen (%) 0.9 08 0.6
_ 35 34 31
Protein (N x 625 %) 58 5.2 39
2.1 2.1 2.1
Carhohydrate (%) 101 118 109
185 185 198
Total ash (%) 11 14 10
_ 40 42 4.6
Crude fibre (%) 703 745 0.7
, 102 19 98
Saponins (%) 0.5 0.8 0.9
, 99 113 110
Qil (%) 28 21 23
_ 310 302 3L5
*The values in the two rows down refer to hull and kemel,
resEJectlver, ,
Values aré average of three trials.
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ing']ected into the gas stream was 5 pi of a petroleum
ether solution containing 500-1000y of the esters.

The hulkkemel ratio in China, Assam and Combod
clonal seeds was 1:2 (Table 1). The moisture content
ranged from 6.6 to 7.1% in the hull and 3.9 to 4.1% in
the kernel. The protein content of the kernel ranged from
20 to 23%, which is higher than the values reported so
farld The contents of carbohydrates ranged from 18 to
20% in seed kernel. The values of ash and crude fibre
contents _a%ree with the reported figures4. The kernel pos-
sessed high contents of saponins ?11%).
~ The kernels yielded oil in the range of 30 to 32% and
it was clear, free-flowing and had acceptable organoleptic
properties. Differences among the oils in chemical char-
acteristics and composition can be seen in Tables 2 and 3.

Table 2. Characteristics of tea seed oil and
SOME EDIBLE OILS

Refractive ~ lodine ~ Thio  Saponifi-

_ Index (27°C) value  cyanogen  cation  Acid
Qil value value  value
China 146469 9 67 9 23
Assam 146471 93 68 197 2.5
Combod 146870 8 5 19 31
Groundnut*  1.41061 9 o4 191 12
Olive* 146701 8 7 18 25

EdVaIues taken from CRC Handbook of Biochemistry (1970), 2nd
n.

Table 3. Fatty acid composition of tea seed oil
AND SOME EDIBLE OILS

Qil Saturated fatty acids ~ Unsaturated fatty acids

, 16:0 180 181 182 18:3
China 14.8+0.2 31401 571103 225103 15101
Assam 12.0+0.2 27102 587102 243102 14101
Combod ~ 86+0.1 12101 787102 98101 12101
Groundnut* ~ 8.340.2 31101 560103 260101 -
Olive* 6.910.1 23102 844102 46101

* As %iven in Table 2
@ 14:0 was present only in trace amounts.
Mean + SD

It is of interest to note that South Indian tea seeds
had about three times the Froteln content compared to
other tea seeds in the worldl Data re?ardlng the car-
bohydrates and crude fibre indicate that tea seed flour
can be used in animal and human nutrition. Saponins
constituting 11% of the kernel are another valuable by-
product that can be obtained from tea seeds. They are
plant glycosides, with good emulsifying properties and
are widely used in industries7. Tea saponins exhibit anti-
exudative and anti-inflammatory properties7. Saponins may
also be toxicl



The oil content of tea seeds was about 31%. It is to
be noted that the oil obtained from China and Assam
clonal seeds, closely resemble groundnut oil and would,
probably, be equally acceptable. Cloughley?2 reported that,
tea seed oil is edible and foods fried in tea seed oil
were indistinguishable from those fried in groundnut oil.
At the same time, the keepln? quality of tea seed oil was
found to be excellentd The oil would also seem acceptable
from medicinal and nutritional considerations, because of
the high unsaturated fattg acid content, particularly of
linoleic acid. The oil can be readily hydrogenated to give
vanaspathi-Wke procuctl In India,” where tea production
is plentiful and where there is an acute shortage of edible
oils, tea seed oil could be considered as a potential substitute
for the traditional edible oils. . .

_The oil obtained from Combad variety resembled olive
oil in its chemical composition and characteristics. In fact,
oil from Camellia rasanqua has been used to adulterate
the costly olive oil, due to their close similarity2 The
Combod oil can be a possible substitute for olive oil in
the cosmetic and pharmaceutical industries.

J. Fd. Sci. Technol, 1992, Vol. 29, No. 6, 396-397

References

L Seshadri R, Nagalakshimi S, Madhusudhana Rao J and. Natarajan
C P, Utilization of by-products of the tea plant : a review, Trop.
Agric (Trinidad), 1986, 63, 2 _

2. Cloughley J B, Production of an edible oil from tea seed, Trop Agric
(Trini ag), 1983, 60, 139, S .

3. Sengupta C, Sengupta A and. Ghosh A, Tri IYcerlde composition of
tea seed oil_JSci Fd Agric, 1976, 27, 1115, _

4, CIouPhIe_y J B, Preliminary study of the characteristics and yield
potential of tea seed oil, Report of the Tea Research Foundation

of Central Africa 1977778,_Mu|anje, Malawi, 1979, 1%,

5. Official Methods of AnagIXsm, Association of Official Analytical
Chemists 14th ed.n, 1984, _

6. Dubois M, Gills K A, Hamilton J K, Rebers P A and Smith F,
Colorimetric determination of sugars and related substances, Analyt.
Chem, 1956, 28, 351,

7. de Silva U L L and Roberts G R, Products from tea seeds, Tea
?uart, 1972, 43. 91, _ . _ .

8. Official and Tentative Methods, American Gil Chemists Society,
Champaign, llinois, U.S.A, 1973 3rd Edn. ,

9. Metcalfe LD and Schmidt A'A, The rapid preparation of fatty acid
énsethggsesters for chromatographic analysis, Analyt Chem, "1961,

Glucosinolate Contents of Commonly Grown and Consumed Vegetables of
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On fresh matter basis, hi%h glucosinolates were found in mustard seeds (3.1%) and mustard leaves (2.7%) followed by

fenugreek leaves (19%). T

e values for cauliflower, turnip, cabbage and knol-khol were 1.7, 1.2, 0.7 and 0.6%, respectively.

When exBressed an dry matter basis, the glucosinolate contents were highest in mustard leaves (26.3%) followed by cauliflower

(18.2%)

_ Goitrogens, the sulphur containing organic compounds,
viz, isothiocyanate, thiocyanate and gilucosmolates, oceur
in plant foods and cause thyroid enlargement and other
disorders such as reduced body weight and brain size due
to inadequate uptake of iodinel2 Keeping in view the
interference of goitrogens with iodine metaholism and
Kangra valley of Himachal Pradesh noted as goitrous belt,
the present study was undertaken to determine the contents
of glucosinolates in commonly consumed vegetables.

dietary survey was conducted in Ghuggar, Lona-
chowki and Aria villages of Kangra district, Himachal
Pradesh with respect to frequently consumed vegetables.
The vegetable samples were thoroughly washed, cut into
small pieces, dried, ground (1 mm% and defatted using
petroleum ether. A comparison was made for the glucosino-

ut lowest in knol-khol (8.7%) and cabbage (8.3%).

late contents in fresh and dried vegetables and between
fresh and defatted samples. Glucosinolate contents were
determined3 with some modifications. The method is based
upon the reaction of excess silver with glucosinolates
and the determination of unreacted silver volumetrically
with a standard thiocyanate solution us.mgi.ferrlc ammonium
sulphate as indicator4. During standardisation of the method,
it was found that the volume of alcohol (during refluxing)
had an insignificant effect on the end point.

Dietary survey revealed that the mustard and fenugreek
leaves and cabbage, cauliflower and turnip were frequently
used.  Production and consumption of knol-khol was
sparse, while mustard seeds were used in small quantities,
but quite often. Glucosinolate contents of commonly grown
and consumed vegetables in Kangra valley, on fresh and
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Table 1. Glucosinolate contents of locally
GROWN AND CONSUMED VEGETABLES OF KANGRA
VALLEY, HIMACHAL PRADESH

Moisture % Glucosinolate content
_ content (%)  Fresh basis DM ha
Brassica oleracea
g\/ar._Capltata), Cabbage 919 0.7 83
rassica oleracea
E\/ar._Bot is), Cauliflower 90.8 17 182
rassica oleracea
([V_ar. Caulorapa), Knol-khol 92.7 0.6 87
rigonella _
foenumgraecum, Methi 8.1 19 139
Brassica compestris
Var. Sarson), 89.8 27 26.3
ustard leaves
Brassica nnapa
Tumip 916 12 139

Brassica nigra

Mustard seeds 85 3l 34
The Elucosmolate contents of dried and defatted turnip, cauliflower
and knol-khol were 182, 5.7 and 8.7%, respectively.

dry matter basis are presented in Table 1 The moisture
content of all the vegetables ranged from 86.1 to 91.9%.
On fresh matter basis, glucosinolate content was found to
be highest in mustard seeds f3.1%), followed by mustard
leaves (2.7%) and fenugreek leaves (1.9%). In cauliflower,
turnip, cabbage and knol-khol the values were 17, 12,
0.7 and 0.6% respectively. On dry matter basis, glucosino-
late content was highest in mustard leaves (26.3%()] followed
by cauliflower (18.2%). Concentrations of glucosinolates

J. Fd. Sci. Technol, 1992, Voi. 29, No. 6, 397-398

in turnip and fenugreek were similar. For knol-khol and
cabba%e, the values were 8.7 and 8.2% respectively.

In 22 varieties of Brussels, glucosinolate contents were
reported to range between 90 and 390 mg/l0Og DM5. The
reported glucosinolate contents in cabbage (0.03-0.13%)6
and in turnip (0.08-0.20%)7 are on the higher side than
observed in the present study which could be due to the
(f;eneuc andlor agro-climatic differences. Direct comparisons
tor other vegetables were not possible for want of litera-
ure.
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Different food preservatives were screened for their efficacy in the control of penitrem-B production by Pénicillium
aurantiogriseum. Acetone, sodium metabisulphate and propionic acid were found to be effective in the control of penitrem-B
production by P. aurantiogriseum. Rest of food preservatives were ineffective in  checking the production of penitrem-B

In recent times, use of food additives to prevent spoilage
of food and feedstuffs has increased considerably. The
efficacy of certain food preservatives in the control of
Aspe(?illus flavus proliferation and aflatoxin production
in different substances has been reported b% various
workersI2 Similarly, different food preservatives have been

used in preventing mould infestation during storage35.

The utility of different food preservatives in checking the
growth of Penicillium citrinum, Aspergillus terreus and
Penicillium  griseofulvum and citrinin, patulin  and
cyclopiazonic acid (CPA) production, respectively, have
been reported68. Penitrems which are reported to have a
wide range of tremorgenic activity are responsible for
various neurological disorders in man and animal91) Hence,
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in the present investigation, efficacy of different food Fre-
servatives in preventing growth and penitrcm-B production
by P.aurantiogriseum was studied. .
Monosporic cultures of Penicillium aurantiogriseum iS0-
lated from stored nee fodder maintained on PDA (potato
dextrose agap_fmedlum were employed in the present in-
ifty S

vestigation. ml of Richard’s Medium (KN03 10 %;
KH 04'1'ﬂ; MgS04 7THD 2.5 g; Sucrose 35 ¢ FeCl2
traces, distilled water 1000 ml,  pH 55) contained in

250 ml Erlenmayer conical flasks  was sterilized at 1
k1g/cm2pressure for 30 min. Different food preservatives
(Table 1) were prepared freshly and added aseptically to
the flasks before inoculation of the fungus and incubated
at 27-29°C for 15 days. At the end of Incubation period
cultures were harvested on previously dried and weighe
Whatman filter paper No.42 for determining the growth
of the fungus. The pH of culture filtrates was also recorded.
For the extraction of penitrem-B, mycelial mat was
emﬁl?(ed. Known .quant|t¥ of dry mycelium was extracted
with diethyl ether in Soxhlet for penitrem-B and estimated
as su ?ested by Hou et aln. R

Table 1 reveals that the food preservatives inhibited
the growth and penitrem-B production by P. auran-
tiogriseum which, “however, varied with the compound.
Propionic acid, acetone and sodium metabisulphate were
also res(s)onsmle for total inhibition of penitrem-B produc-
tion and growth. Similarly, Krishna Reddy and Reddy8
have reported the inhibitory effect of propionic acid and
sodium metabisulphate on the production of CPA by P.
griseofulvum. The use of boric acid (50-200 m% benzoic
acid (5-40 mg), crystal violet (0.1 to 1.0 ml), sodium

Table 1 Effect of food preservatives on growth
and penitrem-b production by p. aurantiogriseun

Name of the ~ Concentration  Final pH  Dry Wt Penitrem-B
compound (mg/ml) d (nr1y ml)  (mg/gm)
Potassium meta- 5 6.0 6.1 38
bisulpnate ) 15 08 35
, , 15 50 26
Sodium chloride ) 10 19 40
100 10 10 39
L 200 70 65 31
Citric acid 200 45 11 2
;00 45 60 ZL
80 i 18
Control 70 88 41
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acetate (50-200 mg) and P-aminobenzoic acid (25-100 mg)
in 50 ml medium resulted in the production of about 4
mg penitrem-B per gm of dry biomass and growth to the
extent of 8 mg dry biomass per ml. Potassium metabisul-
phate and citric acid were effective only at higher con-
centrations. pH changes were minimum wherever mycelial
growth was less or absent, while in the rest of the media,
the final pH was near neutral.

From the present investigations, it can be concluded
that propionic acid, acetone and sodium metabisulphate
are effective inhibitors of growth and penitrem-B production
by P. aurantiogriseum and can be used for preventing
growth of P.aurantiogriseum in fodders.

The authors are grateful to Head, Department of Botany
for providing facilities and financial assistance of UGC
is gratefully acknowledged.
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The changes in hydroxy methyl furfural (HMF) during honey storage and utility of Fiehe and aniline chloride tests to detect
low levels of HMF were studied. Usefulness of parameters like fructose/dextrose ratio, acidity and organoleptic quality as
possible indices of honey deterioration has been reported. Formation of HMF appears to be auto-catalytic.

Adulteration of honer by acid hydrolysed sucrose is
detectable by aniline chloride and Fiehe testsl However,
sugar and saccharine are known to develop HMF on
heating, storage and treatment with acids24. Hence, even
a genuine sample of honey can contain HMF which, in
requisite amounts, may respond to the above tests. The
Codex Alimentarius Commission of FAOAVIIO has recom-
mended that the concentration of HMF in honey should
be below 40 ppm5to check old, badly stored and adulterated
(with invert sugar) honey. In the present study, formation
of HMF on storage and limit of detection of HMF - to
serve as limit tests - in honey have been investigated.

The samples received from the Central Bee Research
Institute, Pune, in sealed tins were thoroughly mixed,
divided into two parts in glass stoppered hottles and stored
at room temperature (120-31°C and at 37°C. Aniline chloride
and Fiehe tests], analyses of HMF5' and other parametersl
were done. o

The composition of honey samples at the beginning of
the storage is given in Table 1 A progressive increase
of HMF on storage was noticed (Table 2), the rate of

increase being more at higher temi)erature, Initial HMF
was found to be appreciably correlated with those after
12 months storage Fcorr. coefficients being 0.78 and 0.74
at room temperature and 37°C, respectively). The correlation
and progressively higher and higher rates of formation
imply that formation of HMF is auto-catalytic.

Positive Fiehe and aniline chloride tests indicate that
HMF concentration is not less than 70 ppm and 210 or
more, respect!vel){_ (Table 3). Thus, these can serve as
semi-quantitative limit tests. It may be possible to reduce
the limit to_ 40 ppm, the CAC recommended limit, by
performing Fiehe test Iin the form of rapid TLC (microscope
slide or mini column). _

The factors responsible for varying degrees of colour
and viscosity could not be identified on enquiry from the
supplier of ‘the samples. The colour and viscosity were
presumably contributed to some extent by the flowers and
some sort of heat treatment during manufacture. The
effect of heat treatment on HMF promotion in honey is
positively correlated. The fructose/dextrose ratio does
change during storage and thus, has limited or corroborative

Table 1 Initial characteristics of honey samples

Sample Description Moisture Total** Total Sucrose Fructose/ Acidity HMF
No. % ash % reducing % Dextrose s formic ~ ppm
sugars % ratio acid %
1 Straw yellow 190 03 1 0.9 12 0.1 Nil
coloyr,” low viscosity
2 206 01 124 12 11 01 25
3 " 194 01 133 12 12 01 88
4 Reddish brown 194 0.3 T41 08 11 0.1 Nil
colour,t medium
viscqst
5 wy 160 0.2 133 19 11 01 25
6 " 180 03 1.2 23 13 01 37
I Dalrk brﬁwﬂ scosit 174 0.5 739 14 11 0.2 15
coloyr, high viscosity
' 234 04 65.5 6.2 10 0.2 41
g " 68.6 11 12 03 120

186 0.6
4 Fiehe and aniline chloride tests were found negative in all the samples.

*#* Ash insoluble in dilute HCL was nil in all casés except 0.02% in sample No.9
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Table 2. Hmr (ppm) IN HONEY SAMPLES UNDER STORAGE AT ROOM TEMPERATURE (20-31)°C AND AT 37°C*

Storage ﬁenod
Sample No. months
0 3 6 9 2
1 Nil 08 (120 10 34.06 25 61.02) 46 (1360
2 25 98 (49, 122 (123 250 (252 350 [430.
3 88 135 (2120) 170 (395. 215 (450 46,0 (685.
4 Nil 09 (130 11 43.02) 28 93.02) 64 (1650
5 25 128 (66. 180 (135. 28.0 (300. 310 (5075
b 37 150 (256.0) 220 (4210 36.0 (465. 475 (690,
1 15 42 (830 71 (1400 99 (2200 165 (3200
8 41 130 11621 225 306({} 53.0 (640. 700 010.8
9 120 46,0 (598, 105 (775.0) 100.0 (835, 1200 (1150,
v Description_of the sample 1-9 s & in Table 1
** Values at 37°C are inparenthesis.
Table 3. HMF ippm) fieiie and aniline chloride REferenCGS
TESTS V. EU S OF HONEY SAMPLES Off|0|e1l anq ehtatjve Methods of AnaI 5|s éﬁsoc ation of Official
_ Analytica C emIsts, Washtm?ton
Samples HMF, ppm Fiehe test Aniline 2. Roy B Hyd roxFy dy furfural as a tracer In detect|on of caramel
ana}lgsed chIonFe fest in Toodstuffs rocee ngs of Indian Sci. Cong., 19/, |
0-66.0 Al -)ve Al (-pe 3. M|traS N, Sengu pta P N Mathew T V. Dhar tud|es on the
1 06.0 I\WC g)ve Ve specification fhone 3 Inst. Cliem, 1962 3, 2.
0 10-200 +)v ve 4 Luh B'S and Kamber P J, Chemical_and colour changes in canned
1 20h Hi hy Trace (+)ve apple sauce, J Inst Chem, 1963, 17, 105,
5 210-775 High (e b Recommended Eure&ean Rerqlonal Standard for Honez\ no. CACRR
2 1010 & 1150 H| Il Highly {+)ve o ex |menta us Comm|s5|on
0% 1 e O iy o
evidence for the age of honey. Similarly, acidity and or- U U I RYD)’ €S, N
. . termination of5 hydroxy methyl-2-
ganoleptic properties (smell, taste and colour) do not change furaldehyde in hgney Analyst 1972 97 9 y Xy y

perceptibly or appreciably (Results not shown).
The authors are thankful to Prof. B.R. Roy, Ex-Director,
Central Food Laboratory, for constructive criticism.
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BOOK REVIEWS

Microbiology Applications in Food Biotechnology: ed. by
B.H. Nga, and Y.K. Lee : Elsevier Science Publishers
Ltd, Crown House, Linton Road, Barking, Essex IG11
8JU, England; 1990; pp 232; Price: £ 31.00

The book published under the broad category of
microbiology applications in food biotechnology records
the proceedings of the Second Congress of the Singapore
Society for Microbiology, held for four days during October
- November 1989 in Singapore. The timeliness of the
holding of this congress and the publication of the proceed-
ings speak for the thoughtfulness and the efforts put up
by the Congress organisers, editors and publisher, especially
at the time when the food biotechnology is forging ahead
with rapid developments of both scientific and industrial
significances. The book consists of sixteen papers dealing
with current advances in molecular genetics, production
of useful biomolecules and biotechnology of microbial
enzymes. It also provides details of various aspects such
as food standards, food safety, rapid methods of charac-
terizing microorganisms, microbial criteria, etc. All these
papers are not strictly related to each other; but this
non-cohesiveness appears to be intentional for covering
novel and exciting ideas as well as the new development
in the field of food biotechnology. Afterall, the subject
itself is multidisciplinary and of the magnitude without
boundaries.

The first five papers deal with the successful genetic
improvements of microorganisms such as Saccharomyces
cerevisiae, Bacillus pumilus ipo, Corynebacteria and Yar-
rowia Iipolytica, all of which have definite roles in food
biotechnology. These improvements were made to enhance
the production of metabolites such as xylanase, B-
xylosidase, proteases and threonine. Various principles such
as mitotic segregations in heterogenous hybrids, molecular
cloning, chromosome engineering, sub-cloning, deletion,
inversion, reciprocal recombination, promoter-probe vec-
tors, multiple chromosomal integrations, autonomous
replicating plasmids, protoplasm fusion, intergenic crossing
and sequencing have been covered systematically with
aspects such as expression of the foreign gene. The authors
have given critical accounts from scientific and practical
points of view. These papers collectively would serve as
an excellent guide and base for researchers and students.

The paper on mass cultivation of microalgae, then-
genetic manipulations and the improvements in the tech-
nology by Y.K. Lee, gives an excellent and concise com-
pilation of the products from these unique biotechnological
tools. The details on bioreactor design, diurnal light cycle
and light energy conservation efficiency are useful for
technological exploitation. The paper on biotechnology
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of enzymes and pigments is a master-piece, a quality
apparent in most other works of A.L. Demain and
coworkers. It reports the unusual properties of cellulase
elaborated by Clostridium thermocellum under submerged
fermentation. The parameters for optimal production of
the pigment by M0Nascus spp. in chemically defined media
have been dealt with critically. This paper is a mirror
of the trends in production and utilization of new enzymes
and natural colours in food biotechnology.

The topic on microbial production of acrylamide, an
industrially important chemical produced from nitriles
through the action of nitrile hydratase of PSeudomonas
chlororaphis B23, has been presented critically by vyet
another excellent team of researchers from Japan, H.
Yamada and T. Nagasawa. In addition, the aspects on
nicotinamide synthesis by Rhodococcus rhodochrous g1
are cited. This chapter highlights the role of bioconversion
processes in food biotechnology and also indicates as to
how these technologies can find applications in totally
unrelated industries such as petrochemical one. It stresses
the future promises of biotechnology for producing fine
and commodity chemicals.

Javelot and co-workers have critically discussed the
theoretical and practical aspects of the biosynthesis of
monoterpenes by ergosterol auxotrophs of Saccharomyces
CErevisiaé for production of geraniol and linalool. Another
mutant with ability to practically suppress ergosterol
auxotrophy and prevention of reversion as well as the
above auxotrophs were shown to produce a strong mus-
catcl-like aroma during the fermentation and thus, show
promises for imparting novel flavours to fermented
beverages.

The theme that the new drugs of the space-age will
emerge from the seas and the oceans is substantiated by
Halevy by giving a number of examples in his critical
review, thereby stressing the value of this richest known
source which covers about 70% of the land surfaces. It
is stressed that the marine bioactive agents are more com-
patible with terrestrial animals, than those from terrestrial
plants and microbes due to phylogenetic relation existing
between marine animals and their terrestrial offsprings.
An elaborate description of the origin of marine animals
and marine algae and their use in the synthesis of variety
of bioactive molecules with antibiotic, antiviral, antifungal,
antipyral, antitumour and
have been cited. The objective for inclusion of this paper
is probably to stress the microbiological applications in
health-care of animals which form the source of meat and
meat products. It may further stimulate interest for develop-
ing processes for production of biomolecules useful in
food processing. The role of intestinal flora in health with

immunomodulating activities
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emphasis on their control by dietary components forms a
subject matter of the paper by T. Mitsuoka. The aspects
on the role of vitamins C and E, dietary fibre, bifidobacteria
and fermented milk in preventing various harmful diseases,
liver and kidney disorders, atherosclerosis etc., are dis-
cussed vividly. Improvements in intestinal flora due to
dietary intake of oligosaccharides like raffinose and soybean
oligosaccharides has been suggested. The whole paper
is interesting to microbiologists/immunologists and opens
an exciting field of research and development.

The critical review on food regulation and safety by
J.H.B. Christian as well as on microbiological criteria in
regulatory standards by R.G. Bell and C.O. Gill define
the substances that make foods unsafe and give the methods
to prevent these hazards. The reasons and rhetoric for
formulating microbiological criteria make a mind - provok-
ing reading. The paper on safety assessment of genetic
manipulations of microorganisms and plants, as applied
to foods, by J.E. Smith gives an account which can be
adopted by all those engaged in food biotechnology. The
foodbome outbreaks of Salmonellosis are recurrent
phenomena in many countries. An exhaustive and critical
account on the organism, its occurrence and prevention
in foods by W. Budnik will be highly useful to those
dealing with these aspects. The last paper on the application
of DNA probes in food microbiology by K.H. Schleifer
reports the details of this rapid approach for detecting
microbial contamination of foods, especially by the food-
bome pathogens. A number of examples are given along
with the discussion on the non-isotopic test for detection
of LISEria and the account of future developments.

Except for a few typographical errors, this book certainly
would serve as an excellent source of information to re-
searchers and students of like - interests, since the book
covers a wide range of topics of interests to microbiologists,
molecular biologists, environmentalists and
food processers. It will be an added asset to any library
catering to the demands of advanced information by these
specialists dealing with food biotechnology.

BK_LONSANE AND
SRIRAM PADMANABHAN
CFTRI, MYSORE

nutritionists,

Principles and Practices of Solar Energy, by c.p. Ananta

Krishnan and D. Sethu Rao, Sri Lakshmi Publications,
Madras; 1991; pp:221; Rs. 125/-

Usefulness of solar energy in various fields has been
well recognised and development of this subject in different
fields of application is enormous and fast. Presenting these
vast developments in a concise form is undoubtedly a
hard task, if not impossible.
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The book on "Principles and Practices of Solar Energy"
has been basically written for beginners to make them
aware and interested in this area. It deals with different
aspects of solar energy utilisation including some basic
definition and explanation of the terminologies. The chapter
on solar radiation discusses the solar physics, some
relevant solar radiation data and the measuring instruments
including some worked out examples which would be
very helpful in designing the solar devices. Next chapter
on solar collectors encompasses a concise discussion on
the application, important constructional features of dif-
ferent types of collectors, comparison of principle types
of collectors and possible trouble-shooting which are es-
sentially good guidelines. The chapter on solar thermal
storage briefly discusses the different terms of storage
systems where non-convective solar pond storage has been
elaborately explained. The next chapter on physics of optical
surfaces, however, lacks thoroughness as properties of op-
tical surfaces in a Solar collector are very important in
designing and these should have been appropriately dealt
with. The chapter on solar energy into electricity is al-
together an another aspect of application, wherein solar
cell technology has been briefly incorporated. Some fun-
damentals on semi-conductors and photovoltaic effects
necessitate in understanding the solar cell functioning and
efficiency have been included. Section on factors affecting
solar cell efficiency may be a helpful topic for the begin-
ners. The chapter on applications of solar energy is too
concise which should have been dealt otherwise, giving
more about the designs of some specific systems. Never-
theless, to begin with, it would be obviously beneficial
to understand die potentiality of this renewable energy
sources. The chapter on indirect solar energy describes
other forms of energy namely, wind, tidal, ocean, thermal
and biomass which individually is a big subject. The
audiors could devote discussion on the solar energy in
somewhat more detail which have not been or insufficiently
covered in this book. In the last chapter on solar energy
and environment, the authors have envisaged to highlight
the relationship among utilisation of different types of
energy and the environmental pollution which have not
been properly organised to focus appropriately.

In general, the present book may be well suited for
any person desiring to know some preliminary about solar
energy. This entire volume, however, does not contain
any reference. The figures presented in the book are illegible
and far from the standard. The price of the book is within
the reach of the students.

SK_DAS
LLT., KHARAGPUR
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Food Technology in the Year 2000 (Bibliotheca Nutritio
et D|eta, NO. 47, (Series Editor J.C. Somogyi), Volume
Editors: S. Lindrolh and S.S.I. Ryynanen, Copy right
1990 by Karger, A G., P.O.Box, CH-4009 Basel
(Switzerland), pp. 122, Price: £ 5740 or US S 105.75

It was a pleasure for me to go through the book which
is the outcome of the International minisymposium "Food
Technology in the year 2000" held on November 14, 1989
at Helsinki, Finland. This report comprises of nine invited
papers on various aspects of food technology in Western
Europe, USA and Japan.

This book begins with an
speech by J. Kuusi of Finland, which briefly illustrates
the need for national and international R & D activities
in the field of food technology.

Papers 1,2 and 3 describe various developments in food
technology in Finland. Paper 1 presented by E.li. Koshinen
deals with the technological innovations taking place in
Finland and future needs for the possible research priorities
in food technology by collaboration between universities
and research institutes as well as with industry. It was
also pointed out that priority should be given for inter-
national cooperation. Paper 2 presented by T.M. Enari
deals with the topic "New opportunities in food technology
created by biotechnology". It covers the role of biotech-
nology in the development of agricultural products used
as feed stock in the food industry, industrial production
methods, analytical procedure, quality control and new
food products. A comprehensive review of the various
recently developed biological methods in terms of tech-

introduction of welcome

nological advances has been illustrated.

Paper 3 presented by E. Nurmi and J. Him on the
topic “Integration of Hygiene into Food Technology"
provides, in detail, the work carried out on various aspects
of hygiene and sanitation in raw as well as processed
food products at National Veterinary Institute, Helsinki.
Some predictions on the changes in food processing
methods and consumers, acceptability for food products
in the year 2000, have been projected. Some recommen-
dations for the food processing industry have also been
made by the authors to avoid any microbiological spoilage.

Fourth paper presented by T. Sasaki, concerns the role
of Japanese Agriculture, Forestry and Fisheries Research
Council Secretariat in assisting the food industry to maintain
and improve its competitive edge in the year 2000. This
paper gives in detail the changing scenario of various
aspects of food technological research in Japan. Information
on the joint activities of different research organisations
(Government - Industry - University) engaged in food
technological research in Japan, has been given. It also
gives future plan of research work in these sectors to be
carried out in the 21st century in Japan.

Fifth paper presented by M. Solberg and J.L. Rossen,
of the Centre for Advanced Food Technology, Rutgers,
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USA,
University, Industry and Government in the development
of food technology in the year 2000. It deals with the
caft model which has been successful in achieving the
ultimate goal of all the three organisations by way of
cooperation.

In sixth paper, attempts have been made by D. Arthey
to review the subject matter "The Challenge of the Year
2000 for Food Technological Research in an Industry-based
Research Association in UK". It covers, in detail, the
activities of Campden Food and Drink Research Association
in UK. It is stated that the primary aims of the Research
Association are to carry out research in cooperation with
government and industry and provide services including
training in  processing efficiency, product safety and
product quality by a team of trained personnel.

Eighth paper presented by J. Olkku of Finland on the
topic "The Capability of the Food Industry in a small
Country to Utilize Technological Innovations" enlightens
the problems of food industry in a small country. Various
to improve

reviews the importance of coordinated efforts of

ways and means have also been suggested
the existing food industries in the country. It is indicated
that international cooperation can partly solve the problems
faced by food industry in a small country like Finland.

Ninth paper presented by W .E.L. Spiess, of FRG on
"Technological Development in the Food Industry in the
Outgoing 20lh Century", covers the important factors (social
changes, ecological changes, new approach towards nutri-
tion and changes in raw materials) which may, in one
way or other, contribute to changes in the food industry
in the year to come in Germany. Various possibiltics
towards changing the food industry pattern in Germany,
have been explored, keeping in view the technological
innovations in the related scientific fields.

The summary remarks on the above papers have been
presented by S. Findroth of Helsinki, Finland, in the last
chaper of the book. The outcome of each paper has been
briefly indicated in a concluding manner.

The editors have done a commendable job in compiling
these different papers and bringing out this volume. The
subject matter discussed here is pertinent to all food scien-
tists and technologists, and industrialists too. The contents
are well organised, easy to read and are supplemented
with 18 figures and 17 tables, indicating the future pos-
sibilities of food technological research in the years to
come. The new ideas projected in the text will definitely
stimulate much research in the field. It will be a good
addition to libraries of research institutes and universities.
The editors and the publishers are thanked for bringing
us a very resourceful book.

LP. RAJPUT
JNKVV, JABALPUR, (MP)
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Bioinstrimentation and Biosensors: by ponatd L. wise
(Ed) published by Marcel Dekker, Inc., New York,
1991, pp 824, bound, illustrated. Price $ 165 (U.S. and
Canada) and S 189.75 (all other countries).

The book is envisaged to be an important reference
text in the newly emerging field of instrumentation, cou-
pling modem biotechnology and advanced electronics.
There are 25 contributed chapters by experts directly car-
rying out research and development in this new field of
bioinstrumentations and biosensors. The chapters can be
broadly divided into three types (1) biosensors based on
immobilised enzymes and microbes (2) new medical diag-
nostic instruments based on magnetic, ultrasonic and
electro-chemical methods and (3) computer modelling.

The use of microbes as sensors for online measurements
of acetic acid, alcohol, glutamic acid, ammonia etc. has
been described in chapter 1. The assimilation of the sub-
strate by specific microorganisms immobilised in
membranes results in decrease of dissolved oxygen reflect-
ing in the current decrease of the oxygen electrode till it
reaches steady state. The time taken for tire analysis is
of the order of 15-20 minutes. Determination of cell number
by potentiometric method with sufficient sensitivity for
practical applications has also been described.

The combination of the action of enzymes immobilised
physically or covalently on a membrane or gel matrix
with polarographic, potentiometric or conductometric
electrodes for the analysis of a host of substrates is surveyed
in detail in chapters 2,9,12,19 and 22 with ample illustra-
tions. The developments which have been taken place in
configurations of
bio-catalytic electrodes, selectivity and sensitivity of these

different methods of immobilizations,

electrodes have been dealt with in these chapters exten-
sively.

The chapter on fish freshness with a biosensor system
is based on the analysis of substrates on decomposition
of ATP to ADP, AMP and related compounds in fish
meat. Inosine and hypoxanthine are accumulated with in-
creased storage of time. Die freshness indicator is governed
by the ratio of inosine + hypoxanthine to total amount
of ATP related products, the individual constituents deter-
mined by sequential analysis using specific bio-catalytic
electrodes. Mention has also been made to determine fresh-
ness based on amines and glucose content of fish meat
and blood. There is also a mention about the development
of an enzyme strip test for the hypoxanthine assay which
made the estimation of hypoxanthine in fish rapid and
simple on a visual basis.

The human skeletal motor system functions normally
to control posture and movement. Understanding the
mechanisms of a muscle-load oscillations is aided by study
of the parts of the system producing oscillation. A particular
tremor of a limb may be mechanical resonance oscillation,
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it may arise from the rhythmical bursting of neurons, it
may arise from within the muscle itself or it may involve
an interaction between either the muscle or the muscle
load system and CNS. Chapter 4 reviews the findings
and hypothesis of many workers regarding both voluntary
and including the
authors’ work in the field. Die subject has been dealt
with clarity and forethought.

The development of rare earth magnets with large mag-
netic force has made it possible to use tiny magnets in
dental prosthesis. Chapter 6 describes the materials, con-
figurations, magnetic forces and use of magnetic devices
in dentistry and some clinical cases in which the devices
are used, are given.

Increased intracranial pressure (ICP) is a life threatening
situation in which early intervention can be of great im-

involuntary muscle-load oscillations,

portance if detected in time. Raised ICP may be due to
head trauma, hydrocephalus, brain tumour, intracerebral
haemorrhage or cerebral oedema. A variety of non-invasive
techniques have been used to measure ICP, like changes
in skull diameter, changes in anterior fontanelle pressure
and changes in tymphanic membrane tension. Changes in
evoked potentials using standard electroencephalogram
recording electrodes by signal averaging techniques is non-
invasive. Chapter 7 describes the use of sensory stimuli
like auditory, visual and somatosensory evoked potentials
in relation to changes in the wave form latency or amplitude
with elevations in ICP. Visual evoked potential offers
good promise as a non-invasive technique giving reliable
estimates of ICP and be of use in diagnosis and management
of raised ICP as a consequence of a variety of etiologies.

Chapters 23 and 24 also deal with systems for monitoring
brain functions, effect of visual stimulation or body equi-
librium and automated monitoring and interpretation of
sensory evoked potentials. The development of new type
of EEG with evoked potentials, processing and display
techniques is highly developed, yielding information on
the brain functions hitherto not available. The opto-kinetic
stimulation reflects the brainstem oculomotor region and
reveals the integration function of eye movement and of
body sway reaction.

In chapter 10, the author presents the basic methods
developed for continuous blood gas monitoring. The prin-
ciples of invasive and non-invasive monitoring of mixed
venous oxygen saturation, arterial oxygen saturation,
oxygen tension, pH and carbon dioxide tension using
electrochemistry, spectrophotometry, gas chromatography
and mass-spectrometry techniques are briefly reviewed.

The chapter on electronically simulated hearing loss
and the perception of degraded speech describes the poten-
tial usefulness of a realistic simulation of hearing loss for
an increased understanding of the origin of perceptual
problems of the hearing impaired.
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Chapters in parallel information processing biological
system, from photo transactions to neural networks; modell-
ing and identifications of lung parameters; and charac-
terisation of conduction properties of nerves with the
distribution of fibre conductions velocities deal with math-
ematical modelling of the different biosystems for infor-
mation and understanding.

The chapter on simultaneous analysis of serum uremic
toxins and ionic compounds by chromatography using an
immobilised enzyme column combined with a column
switching method has made it difficult to attain simul-
taneous determination of these toxins and
electrolytes possible.

The application of radiation pressure and force in an
ultrasonic field has found application in separation of blood
and it is described in detail in chapter 15.

Magnetic resonance imaging (MRI1) is rapidly becoming
accepted as a valuable diagnostic tool in modem radiology.
Chapter 14 deals exhaustively with the use of this technique
in atheroscoerosis and breast lesions.

Chapter 17 deals with non-contact temperature meas-
urements in medicine. The human body is a very efficient
thermal radiator emitting about 6 to 8 mW from every
square centimeter of exposed skin under normal conditions.
That lost energy can be utilized to determine the surface
temperature without touching die body. The chapter gives
a basic understanding of the principles of thermal radiation,
definitions, theory, interrelations, estimation and mediods
of instrumentation design and deals exhaustively on the
latest developments in the field.

All die chapters in die book have given extensive ref-
erences which will be very useful for the researcher in
the emerging fields described in the took.

It has been a formidable task to review a book of this
nature as it touches a broad spectrum of specialised fields.
| completely agree with the editor of the book that the
text will be extremely valuable for persons working in
the areas of modem biotechnology, advanced electronics
and instrumentation. The publishers, Marcel Dekker, Inc.,
should be complimented to bring out a book of diis nature.

CS. NARAYANAN
RRL TRIVANDRUM

Protein Immobilization: Fundamentals and Applications.
by R.F. Taylor, (Ed) Marcel Dekker, Inc., New York,
1991, pp. 392, Price: $ 100 (US and Canada), $ 126.50
(all other countries). This is the 14th volume of a
series of publicadons on Bioprocess Technology. Series
editor is W.C. McGreger.

uremic

A decade or two ago, protein immobilization almost
meant immobilization of enzymes. However, now, in ad-
dition to enzymes, a wide variety of proteins including
antibodies, structural proteins, binding proteins, receptors,
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etc., are immobilized. Immobilization of proteins may be
considered as a good example of application-oriented basic
research which has resulted in a number of successful
commercial products useful in food and drug industries,
environment monitoring, and diagnostic and therapeutic
agents in medicine. Appropriately, this book deals with
both these basic problems of protein immobilization and
the development of technologies for application.

In all, the book contains 11 chapters. The introductory
chapter (chapter 1) outlined by the editor spells out the
importance of protein immobilization technology at the
present context. The remaining 10 chapters are grouped
under two parts. Part | consists of four chapters, each
one dealing with the basic aspect of protein immobilization.
The immobilization techniques are conveniently classified
into non-covalent immobilization techniques which include
adsorption, aggregation, entrapment and micro-encapsula-
tion (chapter 2) and covalent methods (chapter 3). Almost
all the immobilization methods have been clearly described
with specific examples. However, new-comers to the field
should be cautioned that these are not standard procedures
applicable to any protein. Chapter 4 gives information on
commercially available support materials for protein im-
mobilization, which many books of similar type either
fail to provide or hide it somewhere in the middle of
text. Characterization of immobilized proteins, which again
in many books on immobilization is not adequately covered,
is well described in chapter 5. Chapters under Part Il
mainly deal with the application aspects of immobilized
proteins. Chapter 6 on immobilized enzyme reactions in
organic solvent medium, an apparently new application
of enzyme for catalysis is very well presented. Yet another
new field wherein immobilized proteins find wider ap-
plication is that of biosensor. The use of immobilized
enzyme in the biosensor field is elegantly described by
G.G. Guilbault and colleagues in chapter 7, while immo-
bilized antibodies and receptors for biosensor is dealt
separately in chapter 8. Therapeutic use of immobilized
protein in the medical field is described in chapter 9.
Immobilization of microbial and animal cells are discussed
in chapter 10. Lastly industrial applications of immobilized
proteins are presented in chapter 11.

There is a fine mixture of industrial and academic
contributors to the book. The contributors, in general, are
distinguished groups in their respective specialized fields.
In general, each chapter has a concise introduction to the
subject and has a well surveyed up-to-date reference list,
should the reader wish to pursue any topic further. On
the negative side, a small book of this size should have
restricted itself to the immobilization of proteins only
(true to its title) instead of attempting to cover immobi-
lization of whole cells (chapter 10) which, by itself, is a
vast field. Immobilization and application of plant cells
and subcellular organelles are not covered in this book.
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Also, a repetition of immobilization techniques in chapters
7,8 and 10 should have been avoided as all immobilization
techniques are elaborately dealt under chapters 3 and 4.

I found very few print-mistakes in the book. In a
remarkably little space, this book manages to cover a lot
of ground. It does represent a very up-to-date account of
a commercially important field of research and technology
development. Overall, the book is to be recommended for
both beginners and people already working in the field.
However, the price of $ 126 for pp. 392 might defer few
individual buyers, but should be a worthy addition to

libraries.
S.G, BHAT
CF.TRI, MYSORE

Fish Processing Technology: by G.M. Hall, (Ed) Published
by Blackie Academic & Professional, An imprint of
Chapman & Hall, 1992, pp. 309. (Price £ 65/-)

Technological advances particularly in relation to preser-
vation and processing have played a significant role in
rapid development and utilisation of fishery resources. In
recent years, there have been many exciting and innovative
developments in the utilisation of economically unviable
or the so called ‘Trash fish’ for the production of value-
added products.

This book, edited by George M. Hall is an attempt in
updating the knowledge of traditional areas of fish process-
ing viz. curing, freezing, canning and fishery by-products
and highlights important new areas such as membrane
filtration. Besides providing an account of recent
tions such as mined fish, surimi, etc., efforts have been
made to highlight the biochemical aspects of fish process-
ing, rapid microbial methods and assessment of fresh fish
quality.

The first chapter is an authoritative review on biochemi-
cal dynamics and quality of fresh and frozen fish and
offers an updated information on biological condition and
the role of lipids, proteins, pH, pigmentation, flavour com-
pounds and minerals in governing fish quality and proces-
sability.

Preservation of fish by curing, including drying, salting,
and smoking, is dealt in detail in chapter 2. Limiting the
water activity for the growth of microorganisms is very
important from the point of view of long term preservation
of fish. Fundamentals of drying, salting and smoking
processes have been discussed with mathematical expres-
sions wherever necessary.

Chapter 3 deals with SUrimi and fish mince products.
The success of SUriMI products depends on the process
control and gel forming ability of proteins. An excellent
overview of SUIMi and mince products is provided by
die audiors. The essential difference between SUTIMI and

innova-
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fish mince, exploration of new species and consideration
of mixed species for SUTIMI production, the role of
myofibrillar proteins, problems with high lipid fiShES, ap-
plication of cryoprotectants for preventing protein dénatura-
tion have been well presented.

The next three chapters are devoted to conventional
areas of processing. Attention is focussed on modified
atmospheric packaging and freezing. Mathematical models
have been worked out for heat transfer during freezing
process. A review of different methods of freezing and
the changes in quality of chilled and frozen stored fish
has been furnished. Quality criteria due to thermal process-
ing and mathematical aspects of process lethality, D,L,Z
and F values have been described lucidly. Many develop-
ments such as rigid plastic fishiness and their advantages
and disadvantages have been clearly brought out. Produc-
tion methods of various by-products have been covered
with the aid of flow charts. However, the classification
of surimi, as by-product, is debatable considering the
enormous developments in this area. The details of surimi
production process would have been more appropriate in
chapter 3.

Lactic acid bacteria (LAB) are widely used in preser-
vation and processing of foods. Marine LAB, their isolation,
production of seafood fermented products using LAB cul-
tures, inhibitory effects of LAB by production of bac-
teriocins and antibiotics, technological, biochemical and
microbiological aspects of fish fermentation have been
dealt in the chapter on application of lactic acid fermen-
tations.

The chapter on membrane filtration for waste water
protein recovery is a significant contribution towards our
understanding the principles and application of membrane
filtration in the treatment of waste waters from fish process-
ing industries. Apart from recovery of proteins, the most
likely application of membrane filtration is in the treatment
of effluents. An insight to the theory and practice of this
technique is furnished in chapter 8.

Functional properties are the overall physico-chemical
behaviour of proteins in food systems during processing,
storage and consumption. Chapter 9 is restricted to func-
tional properties of fish protein hydrolysates and other
byproducts. It would have been more appropriate to have
dealt with the functional properties of products by different
processing methods considering the nature of the book.

The last chapter deals with rapid microbial methods
and fresh fish quality assessment. Assessment of quality
of fresh fish by sensory,
methods have been outlined. Alternative microbiological
techniques such as impedimetric and conductimetric tech-
niques have been extensively reviewed and compared with
organoleptic quality.

A special feature of the book is a fair coverage of
carefully chosen research literature at the end of every

chemical and microbiological
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chapter. This book provides a valuable and updated over-
view on various aspects of fish processing technology and
will serve as a useful reference for students and
academicians of fishery science, fish processing technology
and those involved in the fish processing industry.

LN, SRIKAR
UNIV. AGRIC. SCIENCES., MANGALORE-575 002

Food Extrusion Science and Technology, by sozef .
Kokini, Chi-Tang Ho and Mukund V. Karwe, (Eds)
Marcel Dekker, Inc, 270, Madison Avenue, New York,
1992 pp: 760, Price $ 175.00 (US and Canada), $
201.25 (all other countries)

Food extrusion is receiving utmost attention and their
use dates back from 1930s. Single-screw extruders were
first used to form and shape food products such as macaroni
and ready-to-eat cereals. In these operations, relatively little
heating or cooking was accomplished with the extruder.
single-screw cooking extruders, having large
electrical drive motors, were later developed in the 1940s
for making puffed snacks from cereals. This extrusion
consists of a thermo-mechanical processing operation in
which the raw material is fed into a hopper and forced
through the passage between a rotating screw and a sta-
tionary barrel. The processed material comes out through
a die of specific shape. The high shear and temperature
environment inside the screw channel resulted in mixing
the material which lead to chemical reactions constituting
tire cooking process.

The book is divided into five sections. Part |
transport phenomena during extrusion both for single and
twin effect of different extrusion
parameters and the flow of both Newtonian and Non-

However,

covers

screw extrusions,
Newtonian fluids under isothermal and non-isothermal con-
ditions. The operations under partially filled conditions
were also investigated. Transport phenomena in extruders
were simulated to overcome the emperical approach and
accordingly, it optimized the existing processes and also
the development of new technologies. Product properties,
which depend mostly on molecular transformations that
are generated in various parts of extruders by temperature,
pressure, shearing and residence time were studied.
Residence time distribution, mass flow, mixing and numeri-
cal simulation of fluid flow and heat transfer
screw extruder were presented at length. The rates of
reactions in extrusion processes, which are typically fast,
were affected both by thermal and shear energy inputs.
Good kinetic models are valuable for ensuring optimum
product quality. Starch conversion kinetic model as well
as water diffusivity in the extrusion cooking of starch
materials were dealt with extensively. With investigations

in twin
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on moisture diffusion and gelatinization in extruded rice
noodles, this part came to a close.

Part 11 deals with rheological properties of cereals during
extrusion. It is difficult to characterize the rheological
behaviour of food materials in an extruder because of the
fact that the melt is typically Non-Newtonian. Its apparent
viscosity is mostly a function comprising shear rate,
temperature and moisture level. Various models based on
integral and differential constitutive relations such as Con-
vective Maxwell model, Leonov model, BKZ constitutive
model and Bird-Carreau model, were discussed. On-line
rheological measurements of food dough and experimental
investigation of the rheological behaviour of rice flour
water system with an extruder mounted with slit die vis-
cometer were extensively presented. Rheology of starch-
based materials and factors affecting the viscosity and
structure of extrusion-cooked wheat starch were discussed
in detail. It is also a common knowledge that pre-gelatinized
starches are useful in a variety of prepared and convenience
foods because of their relatively high viscosities at fairly
low concentrations in products. The chapter ends with
numerical models of cooking process with a reasonable
hint that it is not yet possible to predict accurately the
performance of a single-screw cooking extruder. However,
the system of non-linear dimensional equations were solved
using finite-element method and two/three - dimensional
models were also presented to illustrate the potentiality
of a numerical simulation of cooking extrusion.

Chemical and physico-chemical transformations during
extrusion are presented in chapter IlIl. The combination
of sheer, temperature and pressure during extrusion process-
ing created many opportunities for molecular transforma-
tions. The fragmentation of starch, is, however, fairly
documented in this chapter. Changes in non-covalent bond-
ing between carbohydrates, proteins and lipids have proved
much more difficult to quantify. Much of the emphasis,
therefore, will continue to blend methodology-development
with the application of existing chemical properties. The
twin screw extrusion cooker, as a bioreactor for starch
processing, has demonstrated that cooking could be used
in the thermo-mechanical gélatinisation and liquefaction
of cereal starches and grains for the subsequent production
of various starch-based syrups and ethanol. Other ad-
vantages for the production of syrups of high maltose
content and simultaneous saccharification and fermentation
for ethanol production were also highlighted. The other
major topics discussed at length are: structural changes
in biopolymers, dénaturation and texturization, and ap-
plication of extrusion cooking to dairy ingredients. Ex-
tensive coverage given to lipid-protein,
lipid-carbohydrate interactions, lipid binding during ex-
trusion cooking and lipid oxidation in extruded products
during storage as affected by extrusion temperature and
selected anti-oxidants.

was
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Chapter IV deals with the scale-up and control of ex-
truders. Scale-up of food extruders deals with three distinct
methods, such as common scale-up factors, scale-up for
heat transfer and scale-up for mixing. In the first article,
the author provided the data by actually performing the
scale-up experiments. This topic is of paramount importance
for food scientists/technologists to translate their laboratory
data into commercial scale and for technology transfer.
Other important articles include barrel and screw wear in
Twin-screw cooker extruders when manufacturing breakfast
cereals, effect of screw speed on the process dynamics
and product properties taking a most specific example of
com meal and constant product quality by electronic
process control through closed loop.

The concluding part bridges the gap between
functionality and physical properties, chemistry and tech-
nology. Articles deal with, among others, systems ap-
proach to extrusion, rheological and process properties,
operation variables on functionality, properties of ex-
panded rice products, application of extrusion cooking to
simulate traditional Korean foods, soybean texturization
and processing parameters for various rice-based products.

This compilation of articles, contributed by specialists
in the field of food extrusion, covers all aspects of extrusion
cooking and is a useful compilation for graduate students,
fundamental scientists and application-oriented R&D and
industry personnel. Figures comprising sketches, drawings,
illustration of profiles, operating principles, graphs are well
presented and the get-up of the book is excellent. The
editors of this compilation should be complimented for
their painstaking efforts to bring the entire subject of ex-
trusion cooking in the form of a book. The book will be
of immense use to food/feed research institutions, univer-

sities and others interested, in general, food science and
technology.
MM. KRISHNAIAH
CF.TRI. MYSORE

Surimi TGChﬂOlOgy: (Food Science & Tech. Series 150)
by Tyre C. Lanier and Chong M. Lee, (Eds) Marcel

Dekker, Inc., New York, N.Y., 10016, 1992; pp. 554,
Price $ 150 (U.S. and Canada), S 172 (All other
countries)

The word SUIMI was virtually unknown to the world
outside Japan a decade ago. However, SUMIMI, which is a
minced form of fish meat, has been an important inter-
mediate for several traditional Japanese products, especially
‘Kamaboko’ and was quietly undergoing changes in produc-
tion methods and improvements in product quality during
the past several hundred years. Two factors must have
prompted the stormy entry of SUrMI into the Western
world, especially U.S.A. There was a mounting need for
profitable utilization of the abundant trawler by-catch, and
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also the marketable surplus of ever-increasing pelagic fish
landings. Secondly, the advent of a new genre of processing
machinery, the large-scale meat-bone separator in particular,
and developments in newer processing techniques like the
coating technology, have opened up avenues for fabrication
of several novel products from minced fish meat. The
crab analogue, for instance, exemplifies some of the popular
delicacies manufactured from SUIMI.

Despite its close resemblance to meat sausage emulsion,
SUFIMI differs from meat mince, in that it is free from
water solubles and lipids and subsequently dewatered to
form a concentrate of the principal myofibrillar proteins,
specifically myosin (or actomyosin). The chief quality at-
tributes of SUIMI are dependent on the emulsifying and
gel-forming properties of these proteins. These properties
being largely species - dependent, and prone to changes
during post-harvest handling and freezing, large-scale
manufacture of SUIIMI has become inbred with a multiplicity
of scientific and technological hurdles, opening up of a
new R&D area during the eighties.

The book under review is a joint effort of over 25
experts from both U.S.A. and Japan and covers the science
and technology of SUIIMI and its products in erudite detail.
The authors have drawn information from nearly 750 ref-
erences, a fact which bears testimony to the growing im-
portance of this commodity on the one hand and to the
thoroughness of the effort on the other. The volume contains
18 chapters grouped in 5 parts, covering the following
aspects: (1) historical perspective and resources; (2) con-
ventional technology using white fish; (3) newer tech-
nologies; (4) SUIMI - based products and (5) the science
of SUMNMI. The technology sections cover essential manufac-
turing details, complete with information on material han-
dling, processing schedules,
product testing methods and packaging. A chapter on the
labelling requirements in the U.S. for surimi products in-
directly tells the reader the various control measures needed
in the manufacture and marketing of these products. Since
freezing of SUIIMI has become an essential pre-requisite
to ensure uninterrupted supply of raw material, a full
chapter is devoted to cryostabilization and the choice and
application of cryoprotectants. New approaches like utiliza-
tion of dark-fleshed species and the feasibility of dehydrat-
ing SUFIMI have been described, so as to widen the scope
for product development. Interestingly, the removal of water
solubles and consequently the natural flavours have paved
the way for incorporating exotic flavours of choice to the
finished products. There is a detailed treatment on the
interlink between rheological characteristics of SUllMI and
the texture of the products made from it and how they
are reflected in the respective microstructures of both.
The molecular basis of conversion of sol to gel, the forces
(bonds) which influence attributes like viscosity, elasticity
and stability of the gel, the water-binding mechanisms

equipment and machinery,
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and the positive role played by additives, have been
discussed using mathematical models. There is also a chap-
ter on the microbiological aspects of SUIlMI, and the ap-
plication of H.A.C.C.P. concept in its production. It is
however, surprising that, in such an exhaustive treatment
on this commodity, this section appears to be dispropor-
tionately small. The source of information derived specifi-
cally on SUMMI microbiology is limited to just three
publications. Perhaps, this is a case
in future editions.

to be taken note of

AFST (1) News

World Food Day was celebrated on 16th October,
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This is probably the first publication in book form
fully devoted to the theory and practice of SUIIMI and its
products. It is gratifying to note that the editors and authors
have carried out the task with diligence and objectivity.
This volume is certainly a major contribution to the litera-
ture on aquatic foods.

RB. NAR
CETRI,
MYSORE

1992 under the auspices of the AFST(l)

Headquarters in the 1FTTC Auditorium of CFTRI, Mysore. Dr. P. Narasimham, Vice-President,
AFST(l) welcomed the gathering. Dr. S.R. Bhowmik, Director, CFTRI, presided. Dr. Rao N.
Maturu, Former Food Standards Officer, Food Policy and Nutrition Division, FAO, Rome was
the chief guest and delivered a talk on "Role of Food Quality and Standards in Food Security,

Trade and Health".

Dr. M.N. Krishnamurthy, Hon. Exec. Secretary proposed a vote of thanks.

OBITUARY

We record with deep regret the passing away of Dr. S.P. Manjrekar at his residence in Srirangapatna
near Mysore on 4th December 1992, following cardiac failure. Bom on 28th July 1931, Srikant P Manjrekar
had his early education in Bombay, leading to B.Sc(Tech) of Bombay university. He joined the faculty
of the Department of Food Technology at the University of Bombay in the early fifties. Subsequently,
he obtained his Ph.D. in Food Technology from the University of Kiel, West Germany. On his return,

he continued his career in University of Bombay. Later,

he became Professor and the Head of the

Department of Food Technology at the Punjab Agricultural University, Ludhiana.

Dr. Manjrekar joined CFTRI

in the year 1965 and became the Chairman of the International Food
Technology Training Centre (IFTTC). Later, he was the Head of the Department of Microbiology

and

Sanitation, CFTRI, Mysore till his retirement in July 1991.
He was the Secretary of the Association of Food Scientists and Technologists(India) in the year 1970
and later its vice-president during the year 1989-90. He was also the Editor of Indian Journal of Microbiology,

Published by the Association of Microbiologists of India during 1984-86. He was

loved by all his

colleagues and friends. His death is a great loss to the Scientific Community. AFST(l) joins the bereaved

family in mourning his death.
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