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R E S E A R C H  P A P E R S

Presence o f  an Inhibitory Factor to Gas Production by
Clostridium perfringens in Husks o f  Chick Pea ( Cicer arietinum), 
C ow  Pea (Vigna sinensis) and H orse Gram (Dolichos biflorus)

H. A. El F a k i, T. N. B h a v a n ish a n k a r , L. V. V e n k a t a r a m a n , R. N. T h a r a n a t h a n  a n d
H. S. R. D e s ik a c h a r

Central Food Technological Research Institute, Mysore-570 013, India
M anuscrip t received  9 M arch  1983; revised 9 Novem ber 1983

Endosperm carbohydrate fractions of chick pea, cow pea and horse gram cause flatulence, while the husk and the 
derived carbohydrate fractions were inhibitory to gas formation by Clostridium  perfringens. Addition of chick pea 
husk (15%) to a fermentable substrate containing glucose, or chick pea endosperm resulted in complete inhibition of 
gas production. Similarly the water, 70% ethanol, alkali and acid extracts of the husk from chick pea were also 
inhibitory due to the retardation of growth of the bacteria. Addition of manganese chloride and ferric chloride to the 
medium enhanced the gas formation. This suggests that the inhibitory effect may be attributed to phytates and/or 
phenolic acids present in the seed coat or to some other unknown factor.

Whole seeds are consumed in the case of certain 
legumes but in the majority of cases split seeds (dhal) 
are utilized. This is practised to improve palatability 
and to reduce the cooking time. The husk does not 
contribute much to nutrition but recent studies have 
indicated that dietary fibre, a constituent of husk plays 
an important part in nutrition.1

Many people are of the opinion that dhal produces 
digestive discomfort while consumption of whole seed 
reduces the heaviness of stomach and flatulence. It 
was thought desirable to study this aspect and to com
pare the relative gas forming and/or inhibiting ability 
of whole and dehusked pulses.
Materials and Methods

Husk of the three legumes, chick pea (Cicer arietinum), 
cow pea (Vigna sinensis) and horse gram (Dolichos 
biflorus) was removed by mild heat conditioning followed 
by abrasive milling. The whole grain, the dehusked 
grain (dhal) and the husk were powdered to 60-mesh. 
Various carbohydrate fractions were isolated from the 
husk and purified as detailed elsewhere2,3. Clostridium 
perfringens of intestinal origin was used for in vitro gas 
production studies as per the procedure mentioned pre
viously4 .

The effect of the isolates from the husk was determined 
by incorporating them at 0.5 per cent level into the 
medium containing glucose or endosperm. In the next 
experiment, endosperm powder containing the husk at 
different levels (5-50 per cent) was used as substrate and

the gas pioduced after 24 hr of incubation was deter
mined. Similar studies were carried out with aqueous, 
alcoholic, acid or alkali extracts of husk. These extracts 
were obtained by refluxing the husk with 20 times its 
weight of water, 70 per cent ethanol or IN NaOH at 
96°C for 2 hr. The extracts were neutralized, concent
rated and lyophilized.

In order to study the inhibitory effect of the husk and 
its fractions on gas production through inhibition of 
bacterial growth or change of metabolic pathway, 
concentration of glucose in the basal medium was 
determined, both before and after incubation by the 
glucose oxidase method5. Acidity of the medium was 
determined titrimetrically using 0.05N NaOH and bro- 
mothymol blue as the indicator.

The effect of adding manganese chloride or ferric 
chloride at a level of 10 mg/100 ml of the media contain
ing endosperm and husk was also studied.
Results and Discussion

In vitro studies using Clostridium perfringens showed 
that neither the husks from chick pea, cow pea and horse 
gram nor the carbohydrate isolates derived from them 
were capable of inducing gas formation when compared 
to the endosperm flours (Table 1). The quantity of gas 
produced when endosperm fractions of chick pea, cow pea 
and horse gram were incorporated into the media were 
17.0ml, 15.5 ml and 16.0 ml respectively, while there was 
no gas production with the husk or the derived carbo
hydrate fractions. These husks may contain carbohy-
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T able 1. effect of addition of husk fraction on gas
PRODUCTION IN  VITRO BY CLOSTRIDIUM  PERFRINGENS

Gas formed (ml/4 ml broth) by
Medium Chick Horse Cow Glucose*

pea gram pea

Endosperm 17.0 15.5 16.0 22.0
Husk or Isolated pectin, hemi
cellulose A or B or cellulose Nil Nil Nil Nil
Endosperm with husk or isolat
ed pectin, hemicellulose A or B 
or cellulose Nil N il+
Glucose+ husk or isolated pec
tin, hemicellulose A or B or cel
lulose Nil
Endosperm-1- 5%  husk 16.5
Endosperm + 10% husk 6.5
Endosperm +15 % husk Nil
Endosperm + 30 % husk Nil
Endosperm-1- 50% husk Nil
Endosperm + 20% aqueous,
70% alcohol, alkali or acid 
extract of husk Nil
Endosperm + 20% husk+ M nCh 21.0
Endosperm +20%  husk + FeCIj 23.0
Whole chick pea flour 3.5

*Only glucose was added to medium
+ Husk or its isolate fraction added to glucose medium.

drate fractions not assimilable by Clostridia and may 
also be due to the presence of some inhibitory factors.

Chick pea husk and the carbohydrate fractions derived 
from it were added separately to the basal media con
taining either glucose or endosperm substrate. Incuba
tion of these media with the bacterial cultures produced 
considerable volume of gas only in the case of controls 
but not when husk or its fractions were added. This 
confirmed the presence of an inhibitory factor both in 
the husk and isolates from it. Incorporation of seed 
coat at more than 15 per cent level, inhibited the gas 
formation. Whole chick pea flour produced 3.5 ml 
gas as compared to 17 ml with only the endosperm. 
The husk constitutes 12 per cent of the whole chick 
pea used in this study. Thus, the gas inhibition was only 
partial with the whole chick pea. The lyophilized 
material obtained by aqueous, 70 per cent ethanol, 
alkali and acid extraction of chick pea husk flour also 
inhibited gas formation indicating that chick pea husk 
contains a soluble fraction which is very effective in 
inhibiting the gas formation.

This inhibition could either occur by retardation of 
the growth of the bacteria or by changing the metabolic 
pathways of fermentation. To ascertain this, both the 
inoculated control ("glucose medium) as well as the same 
containing 20 per cent husk were incubated and glucose 
determination was carried out. Tt was found that the 
organism utilized 60 per cent of the glucose in the 
medium which did not contain the husk. In the medium 
containing either glucose or endosperm there was a de
crease in pH consequent to increase in acidity (equiva
lent to 3.3 and 2.8 ml, respectively of O.OS'N sodium hy- 
droxide/4 ml broth), whereas the pH of the medium 
containing the husk remained unaltered. These experi
ments showed that the inhibitory effect of the husk was 
due to inhibition of the growth cf the bacteria and not 
due to change in the metabolic pathway, as reported 
in the case of curcumin6.

Addition of manganese chloride or ferric chloride to 
chick pea endosperm medium produced considerable 
gas even in the presence of 20 per cent husk indicating 
that the inhibition may be due to binding of essential 
minerals in the medium by the husk fractions and render
ing them unavilable to the bacteria. Phytates, which 
compete with bacteria for metallic ions, may also be 
the cause for the inhibitory effects shown by legume 
husk.

The results obtained with chick pea are contrary 
to the report on cereal bran (wheat and oat). Hickey 
et aP have shown that human intestinal gas produc
tion increased when wheat bran was consumed. Similar 
results were obtained by Mayer and Calloway8 with 
wheat bran and oat bran. They suggested that at least 
two nondigestible fermentable components are present 
in wheat bran. Wheat bran contains about 6 per cent 
total free sugars of which about half is oligosaccharides 
such as raffinose, stachyose, verbascose and necketose9,10, 
which are known to cause flatulence. It is also reported 
to contain cc-amylase inhibitors, which are physiologi
cally active and slow down the rate of starch digestion 
in humans11. Such studies have not been reported in the 
case of legume husks.

Rackis et al12 using an in vitro technique have shown 
in soybean meal the presence of alcohol soluble growth 
promoting and growth inhibiting factors. Some of the 
phenolic acids such as syringic and ferulic acids present 
in the soybean are effective gas inhibitors in vitro and in 
intestinal segments of dogs. This gas inhibition is report
ed to be due to bacteriostatic action. Ferulic acid is 
also reported to be present in the water-soluble hemi- 
celluloses of rice bran.13

From this study, it is however difficult to conclude 
about the exact nature of the inhibitory factor present 
in the legume husks. This inhibitory factor may be 
useful in preventing flatulence prevailing in legume based
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foods, although the possibility of concomitant lowering 
of the nutritional quality cannot be excluded.
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Studies on the Growth of Pathogenic Bacteria at Different 
Temperatures on Mutton and Pork

L. K . G u p t a *, M. S. K a lr a  a n d  A jit  S in g h  
Department of Microbiology, Punjab Agricultural University, Ludhiana-141 004, India

M anuscript received  3 January 1983; revised  20 February 1984

The growth of Bacillus cereus, Staphylococcus aureus, Escherichia coli and Salm onella typhimurium  on goat meat and 
pork at 4-5, 20 and 37°C was studied by extract release volume (ERV) method. At 4-5°C there was no growth
in goat meat till 72 hr. At 20°C, B . cereus and S . aureus showed considerable growth in goat meat within 48
hr, and E. coli and S . typhimurium  within 36 hr. At 37°C, all the organisms showed sufficient growth within 20 hr 
in goat meat. In pork, B. cereus and S . aureus showed growth in 40 hr, and E. coli and S . typhim urium  in 20 
hr. With the decrease in ERV, there was corresponding increase in pH in both goat meat and pork. Sodium
nitrite (0.02%) and sucrose (3%) inhibited the growth of B. cereus, S . aureus and E. coli in goat meat and pork
at 37°C upto 48 hr; however, S . typhimurium  was not inhibited by sodium nitrite but was inhibited to a lesser degree 
by sucrose. Sodium chloride (2%) inhibited the growth of B . cereus and E. coli in goat meat and pork upto 48 hr.
S . aureus was not inhibited in goat meat while its inhibition was very limited in pork.

Meat and meat products get contaminated by a large 
number of pathogenic bacteria—Bacillus cereusl~i, Sta
phylococcus aureus*- ,̂ enteropathogenic Escherichia coli7fi 
and Salmonella typhimurium9-11. Source of contamination 
may be environment or implements used in slaughtering

the animals or through meat-handlers. These pathogenic 
bacteria also elaborate enterotoxin, which results in food 
posioning. In India, mutton and pork are stored at 4-5°C 
or at room temperatures varying from 20-40°C before 
consumption in raw or processed state.

*Present address: Department of Microbiology, Punjab University, Chandigarh.
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Pathogenic bacteria can grow well in meat under 
different storage conditions. Stored meats are generally 
consumed within 3 days and therefore it is important 
to assess the microbial spoilage by a method which is 
rapid and at the same time gives the correct status 
of these pathogenic bacteria. Extract Release Volume12.13 
is the method adopted in this study.

Sodium chloride, sodium nitrite and sucrose are 
known to preserve meat and meat products by controlling 
the growth of pathogenic bacteria.

Growth of B. cereus, S. aureus, E. coli and S. typhi- 
murium in mutton and pork, at different temperatures 
of storage and the effect of chemicals like sodium nitrite, 
sodium chloride and sucrose in controlling them were 
studied and the results reported here.
Materials and Methods

Micro-organisms: Bacillus cereus B-57-1, Staphy
lococcus aweus B-43-3, Escherichia coli B-3-6 and 
Salmonella typhimurium B-35-1 were procured from 
Central Research Institute, Kasauli. Purity of the cul
tures was tested by colony characteristics, staining and 
biochemical tests.

Procurement and handling of meat samples: Samples
of goat and pork meat were obtained in sterile con
tainers from the local meat shops. Effort was made to 
procure the samples from the same region of the animals 
of same age group. The mutton and pork samples were 
taken from the thigh region. After trimming the 
adipose tissue, the lean meat was surface sterilized with 
alcohol. The meat was minced in a sanitized meat 
mincer and collected in sterile petri dishes.

Growth media: Mannitol-egg yolk-phenol red-plymyxin 
agar14 was used for culturing B. cereus, Staphylococcus 
medium-11015 for S. aureus, Brilliant green agar15 for E. 
coli and Salmonella-Shigella agar15 for S. typhimurium.

Preparation of inoculum: The inoculum was prepared 
by growing the organism in the nutrient broth for 18-24 
hr at 37°C, centrifuging and washing the sediment twice 
with sterile distilled water. The suspension was finally 
made in the sterile distilled water. The optical density 
of the bacterial suspension was adjusted at 510 nm 
using Spectronic-20 (Bausch & Lomb, Rochester, N. Y.) 
containing 2.4 xlO6 cells in case of B. cereus and about
5.0 X105 cells in the case of S. aureus, E. coli and S. 
typhimurium.

Measurement of growth: Fifteen grams of minced
meat, taken in the sterile petri-dish, was inoculated with 
1 ml bacterial suspension and the samples were incubated 
at 4-5, 20 and 37aC. The samples were taken out at 
appropriate intervals and analyzed for extract release 
volume (ERV)13,16. The pH of ERV filtrate was record
ed. In control samples, the inoculum was replaced by 
sterile distilled water.

Effect of preservatives on bacterial growth in meat: 
Sodium nitrite 0.02 per cent, sodium chloride 2 per cent 
and sucrose 3 per cent were added separately into the 
minced meat. The meat samples were then inoculated 
with each test organism and incubated at 37°C. The 
samples were taken at different intervals and analysed 
for ERV.
Results

Effect of temperature on growth of organisms in goat 
meat: The effect of temperature on the growth of B. 
cereus in goat meat is shown in Table 1. There was no 
growth of B. cereus at 4-5 °C upto 72 hr. At 20‘’C there

T able 1. EFFECT OF TEMPERATURE: ON THE GROWTH OF B. CEREUS
AND1 S. AUREUS IN GOAT MEAT

Temp Incubation Test Control
(°C)

(hr) ERV (ml) pH ERV (ml) pH
B. cereus

4-5 0 39.0 6.00 39 .0 6.00
24 42 .0 6.00 39 .0 6.20
48 38.0 6.10 38 .0 6.05
72 38 .0 6.10 38.0 6.05

20 0 4 1 .0 5.95 43 .0 5.90
24 43.0 6.00 4 2 .0 6.05
36 38.0 6.30 39.0 6.25
48 25 .0 6.50 36 .0 6.35
72 5.0 7.60 12.0 6.90

37 0 43 .0 6.15 44 .0 6.05
8 40 .0 6.10 44.0 6.10

12 38.0 6.20 39.0 6.25
20 20.0 6.70 28 .0 6.40
24 15.0 6.95 24 .0 6.75
26 8.0 7.50 18.0 6.85

S . aureus
4-5 0 39 .0 6.00 39 .0 6.00

24 41.0 6.20 39 .0 6.20
48 38.0 6.15 38.0 6.05
72 38 .0 6.15 38.0 6.05

20 0 42 .0 5.90 43 .0 5.90
24 43 .0 6.05 42 .0 6.05
36 39.0 6.30 39 .0 6.25
48 35.0 6.45 36.0 6.35
72 6.0 7.40 13.0 6.90

37 0 44 .0 6.10 44 .0 6.05
8 44.0 6.30 44 .0 6.10

12 38.0 6.35 39 .0 6.25
20 22.0 6.50 28 .0 6.40
24 18.0 6.80 24 .0 6.75
26 6.0 7.45 18.0 6.85
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was considerable growth of B. cereus in 48 hr. The pH 
increased from 5.95 to 6.50. At 37°C sufficient growth 
of the organism was noticed within 20 hr. Similar trend 
in growth was noted with S. aureus. Sufficient growth 
of E. coli was observed within 20 hr at 37°C and in 36 
hr at 20°C; no growth was noticed upto 72 hr at 4-5 °C 
(Table 2). Growth pattern of S. typhimurium (Table 2) 
was similar to that of E. coli which showed the fastest 
growth in goat meat at 37 aC as compared to other 
organisms. There was always a corresponding increase 
in pH with the increase in ERV.

Effect of temperature on growth of organisms in pork 
meat: Growth studies with pork meat at 37°C

T able 2. effect of temperature on the growth of e . c o l i
AND s. TYPHIMURIUM IN GOAT MEAT

Temp. Incubation Test Control
(°C) period ERV pH ERV pH

(hr) (ml) (ml)
E. coli

4-5 0 39.0 6.20 38.5 6.10
24 39.0 6.10 41.0 6.05
48 43.0 6.10 41.0 6.10
72 42.0 6.10 40.0 6.15

20 0 40.0 6.00 41.0 6.05
24 41.0 6.10 41.0 6.15
48 16.0 7.15 36.0 6.30
72 12.0 7.65 20.0 6.65

37 0 42.0 6.15 42.0 6.15
8 42.0 6.20 41.0 6.15

12 41.0 6.25 42.0 6.15
20 13.0 7.30 34.0 6.55
24 11.0 7.60 28.0 6.50
26 5.0 7.85 20.0 6.90

S. typhimurium
4-5 0 39.0 6.00 39.0 6.10

24 41.0 6.10 41.0 6.05
48 42.0 6.05 40.0 6.10
72 40.0 6.10 39.0 6.10

20 0 41.0 6.05 41.0 6.05
24 42.0 6.10 41.0 6.15
36 20.0 6.70 38.0 6.20
48 7.0 7.50 36.0 6.30
72 — — 20.0 6.65

37 0 43.0 6.10 42.0 6.15
8 42.0 6.15 41.0 6.15

12 41.0 6.15 42.0 6.15
20 25.0 6.40 34.0 6.25
24 14.0 7.00 28.0 6.50
26 8.0 7.70 20.0 6.90

T able 3. growth of different organisms in pork meat at 37°c

Incubation Test Control
Organism period

(nr)
ERV
(ml)

pH ERV
(ml)

pH

S . cereus 0 47.0 5.50 47.0 5.50
24 44.5 5.85 46.0 5.90
32 39.5 6.20 42.0 5.95
40 31.0 6.30 40.0 6.00
48 17.0 6.45 35.0 6.20

S . aureus 0 47.0 5.50 47.0 5.50
24 46.0 5.80 46.0 5.85
32 30.0 6.15 42.0 5.95
40 25.0 6.35 40.0 6.00
48 9.5 6.65 35.0 6.20

E. coli 0 47.0 5.50 47.5 5.55
8 45.0 5.60 46.0 5.65

20 7.0 6.20 25.0 6.10
24 5.0 6.30 20.0 6.15

S . typhimurium 0 47.0 5.50 47.5 5.55
8 46.0 5.65 46.0 5.65

20 13.0 6.15 25.0 6.15
24 7.0 6.25 20.0 6.15

(Table 3) indicate that E. coli showed maximum growth 
(ERV 7.0 ml) in the shortest time (20 hr), followed by 
S. typhimurium (ERV 13.0 ml at 20 hr), while B. cereus 
took 40 hr and S. aureus 32 hr. The pH also increased 
considerably.

Effect of preservative on growth of organisms in goat 
meat: In goat meat, growth of B. cereus, S. aureus and
E. coli was inhibited in 48 hr at 37°C, when 0.02 percent 
sodium nitrite was used, as indicated by ERV and pH, 
whereas sufficient growth was observed within 24 hr in 
the control (Table 4). Sodium nitrite did not inhibit 
the growth of S. typhimurium till 48 hr, whereas some 
inhibition was noticed in 48 hr.

At 37°C the growth of B. cereus and E. coli in goat 
meat was inhibited by 2 per cent sodium chloride upto 
48 hr. S. aureus was not inhibited while there was slight 
inhibition of S. typhimurium in 24 hr. But there was no 
effect of 2 per cent sodium chloride on the growth of 
S. aureus and S. typhimurium at 48 hr.

Sucrose at 3 per cent concentration inhibited B. cereus, 
S. aureus and E. coli upto 48 hr. But the pH decreased 
from 5.8 to 5.1 in 24 hr and to 4.3 in 48 hr in case of 
B. cereus, from 5.8 to 4.8 in 48 hr in S. aureus, from 5.8 
to 5.3 in 48 hr in E. coli. There was no change pH in 
24 hr by these organisms. Sucrose did not inhibit the 
growth of S. typhimurium in goat meat at 37°C. The
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T able 4. EFFECT OF VARIOUS PRESERVATIVES ON THE GROWTH OF DIFFERENT ORGANISMS IN GOAT MEAT AT 37°c
0 hr 24 hr 48 hr

Preservative Level
(% )

Organism ERV
(ml)

pH ERV
(n.l)

pH ERV
(ml)

pH

Conti ol — B. cereus 43.0 6.10 15.0 7.00 — —
S . aureus 44.0 6.15 17.0 6.90 — —
E. coli 43.0 6.10 13.0 7.55 — —
S . typhimurium 44.0 6.20 12.0 7.30 — —

Sodium nitrite 0.02 B. cereus 43.0 6.10 43.5 6.10 43.0 6.20
B. aureus 44.5 6.10 44.0 6.10 44.5 6.10
E. coli 43.5 6.15 43.0 6.10 42.0 6.15
S . typhimurium 43.0 6.15 22.0 7.05 — —

Sodium chloride 2.0 B. cereus 43.0 6.05 43.0 5.85 44.0 6.05
S . aureus 44.0 6.00 20.0 6.70 — —
E . coli 43.0 6.00 44.0 5.95 42.0 6.15
S . typhimurium 43.5 6.00 20.0 6.95 — —

Sucrose 3.0 B. cereus 44.0 5.80 43.5 5.15 40.0 4.30
S . aureus 43.0 5.80 43.0 5.80 43.5 4.80
E. coli 44.0 5.85 43.0 5.90 43.0 5.30
S . typhimurium 43.0 5.90 43.0 5.85 12.0 6.60

pH increased from 5.9 at 0 hr to 6.6 in 48 hr in the growth of B . c e re u s , S .  a u r e u s  and E. coli upto 48 hr in 
presence of 3 per cent sucrose. pork meat at 37°C as there was no change in ERV 

Effect o f  p r e s e r v a t iv e s  o n  g r o w th  o f  o r g a n is m s  in  p o r k  and pH (Table 5). But 0.02 per cent sodium nitrite did 
m e a t:  Sodium nitrite (0.02 per cent) inhibited the not inhibit the growth of S. ty p h im u r iu m  as the reduction

T a b l e  5 .  e f f e c t  o f  v a r i o u s  p r e s e r v a t i v e s  o n THE GROWTH OF DIFFERENT ORGANISMS IN PORK MFAT AT 37°c
0 hr 24 hr 48 hr

Preservative Level Organism ERV pH ERV pH ERV pH
(%) (nr.l) (ml) (ml)

Control — B. cereus 48.0 5.65 45.0 5.90 20.0 6.35
S . aureus 48.0 5.65 47.0 5.75 10.0 6.60
E . coli 48.0 5.50 47.0 5.70 7.0 6.35
S . typhimuriun. 48.0 5.60 48.5 5.75 10.0 6.15

Sodium nitrite 0.02 B. cereus 47.5 5.65 47.0 5.85 45.0 5.70
S . aureus 48.0 5.60 45.0 5.65 45.0 5.70
E. coli 47.5 5.60 47.0 5.65 47.0 5.75
S . typhimurium 47.5 5.55 48.0 5.60 15.0 6.00

Sodium chloride 2.0 B. cereus 48.0 5.65 48.5 5.80 47.0 5.90
S . aureus 47.5 5.65 46.0 5.70 22.0 6.50
E. coli 48.5 5.55 48.5 5.65 46.0 5.75

Sucrose 3.0 B. cereus 47.0 5.55 47.0 5.30 42.0 5.10
S . aureus 47.5 5.65 46.5 5.40 47.0 5.20
E. coli 48.0 5.60 47.0 5.60 47.0 5.15
S . typhimurium 48.0 5.60 48.0 5.60 30.0 5.90
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in ERV at 48 hr was almost the same as that of control 
samples.

Sodium chloride (2 per cent) inhibited the growth of 
B. cereus and E. coli while S. aureus and S. typhimurium 
were inhibited to a lesser degree in 48 hr. This was 
reflected by less decrease in ERV than that of 
control.

B. cereus, S. aureus and E. coli were inhibited by 3 
per cent sucrose in pork meat. The pH also decreased 
in these cases in 48 hr. S. typhimurium was inhibited 
to a very limited extent and pH also increased 
in 48 hr.
Discussion

The reduction in ERV may not be due only to the large 
number of bacteria per se but may also be due to the 
activity of the bacterial proteases. At 4-5 °C, the enzyme 
activity may be low1?.

The substrate on which the organism was grown also 
played an important role for enzyme production. It 
was found that pork was slightly more favourable for 
the growth of various organisms than the goat meat as 
was revealed by larger reduction in ERV by the 
organisms in pork. The decrease in ERV in control 
samples occurred possibly due to the growth of these 
micro-organisms which survived alcohol sterilization or 
which were introduced subsequently through handling. 
This inhibitory effect of nitrite was due to the undisso
ciated nitrous acid18. The greater inhibition of B. 
cereus, S. aureus and E. coli as compared to that of S. 
typhimurium by sodium nitrite in goat and pork meat at 
37°C might be due to the fact that Salmonella was more 
resistant to nitrite19. But S. typhimurium was inhibited 
less in goat meat than in pork. This was basically due 
to the higher pH of the goat meat as compared to that 
of pork, and the effect of nitrite was more under acidic 
conditions20,21. Staphylococci has been reported to 
grow faster on nitrite-free frankfurters22.

No inhibition in the growth of S. aureus upto 
48 hr in goat meat and to a sufficient extent in 
pork was due to the fact that this organisms was known 
to grow even in 10 per cent sodium chloride. Inhibition 
of .S', typhimurium by sodium chloride to a limited 
extent in both goat meat and pork was due to the 
decreased water activity (a,,,). With the decreased a,v, 
the lag phase of the organisms was increased and the 
rate of growth decreased.

Inhibitory effect of 3 per cent sucrose on the growth 
of B. cereus, S. aureus and E. coli in goat meat and pork 
might be due to the decrease in pH caused by the 
fermentation products of sucrose ('mainly acids). At 
this decreased pH, the organisms might have not been 
able to grow and multiply fully. The growth of S. 
typhimurium in goat meat and pork was not much

inhibited by 3 per cent sucrose because there was no 
decrease in pH as sucrose was not fermented by S. 
typhimurium. The minor decrease in growth might be 
due to the increased osmotic pressure and decreased 
water activity produced by the addition of sucrose.
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A method has been developed for the determination of quinine in soft drinks based on the extraction of the 1:2 
complex formed between quinine and alizarin brilliant violet R into chloroform at pH 1.0 The bluish violet complex
in chloroform showed maximum absorbance at 578 nm. Beer’s law is obeyed over a concentration range of 1.0 to 
16 and the percentage recovery in soft drinks ranged from 98.6 to 100.2 with a standard deviation of ¿ 0 .3 5 .
The method is sensitive and can be applied in the presence of other food additives.

Quinine (C2oH24N20 2, mol. wt. 324.41), an important 
alkaloid of Cinchona officianalis L. is permitted in soft 
drinks such as synthetic ready-to-serve beverages and 
tonic waters. Since excessive use of quinine may 
cause some allergic reactions, a maximum limit of 100 
ppm (expressed as quinine sulphate) has been laid 
down under the provisions of Prevention of Food 
Adulteration Act, 1954, and Rules 1955 thereof1 for 
its use in soft drinks. Several spectrophotometric 
procedures are described for its determination in soft 
drinks and medicinals2- 16. The spectrophotometric 
methods developed so far are either not very sensitive 
or having interferences from other additives, which has 
necessitated a search for an alternative method.

A sensitive spectrophotometric method is described 
in this paper by extracting the 1:2 complex formed 
between quinine and alizarin brilliant violet R (ABV R), 
C.I. No. 60730, an amino anthraquinone eye, into 
chloroform at pH 1.0. The method developed does not 
suffer from the disadvantages mentioned above and can 
be used for determination of microgram quantities of 
quinine.
M a t e r ia l s  a n d  M e t h o d

Instrumentation: Spectral and absorbance measure
ments are carried out using Perkin Elmer, Coleman 575 
model double beam digital spectrophotometer. Toshni- 
wal pH meter was used for making pH measurements.

Reagents: Quinine sulphate solution (1 mg/ml) was 
prepared from quinine sulphate (G.R. grade; Loba- 
Chemie, Wien Fischamend, Austranal-Praparate) in
0.1N sulphuric aied. The stock solution so prepared 
was diluted to give a working standard solution of 40 
jug/ml of quinine. A lx l0 -2M solution of ABV R 
(M/s Chroma-Gessllscaft. Stuttgart) was prepared in 
distilled water. pH 1.0 buffer was prepared by adding
97.0 ml of 1.0N hydrochloric acid to 50 ml of 1.0 M 
potassium chloride and made upto one litre. All other 
reagents used were of A.R. grade.

Preparation o f standard curve: To a 30 ml buffer 
solution in a 100 ml clean separating funnel were 
added an aliquot of quinine solution ranging from 10 to 
200 yug and 5 ml of dye solution. The total volume was 
adjusted to 50 ml with distilled water and extracted with 
10 ml of chloroform. The absorbance was measured at 
578 nm against reagent blank after drying the chloro
form layer over anhydrous sodium sulphate. The 
absorbance against the concentration of quinine were 
plotted to get standard curve.

Determination in soft drinks by Method A: An 
aliquot of 50 ml of the soft drink solution was taken in 
a separating funnel. Ten ml of 10 per cent sodium 
hydroxide solution was added and extracted with three 
30 ml portions of chloroform. The combined chloro
form extract was shaken with three 30 ml portions 
of 1.0 N sulphuric acid solution. The combined sul
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phuric acid extract was transferred quantitatively to a 
100 ml volumetric flask and made upto volume. An 
aliquot of this solution (1 to 5 ml) was taken and the 
procedure given under preparation of standard curve 
was followed for its determination.

Determination in soft drinks by Method B: An 
aliquot (1 to 5 ml) of the soft drink was taken directly 
and the procedure for its determination as given under 
preparation of standard curve was followed.
Results and Discussion

The absorption maximum of the bluish violet coloured 
complex in chloroform was found to be at 578 nm and 
the optimum pH for the extraction was found to be 1.0. 
A minimum of 9 fold molar excess of the dye was found 
required for the maximum extraction of the complex. 
Among the solvents like CHCI3 , CH2CI2 , CC14, n- 
butanol and methyl isobutyl ketone tried for extraction, 
CHCI3 and CH2CI2 were found to be useful for the maxi
mum extraction of the complex. CHC13 was preferred 
to CH2C12 due to its low volatality. The ratio of the ion- 
pair association complex was determined according to 
the slope analysis method1? and was found to be 1 :2  

for quinine: dye. Under the experimental conditions 
Beer’s law was obeyed over a concentration range of 1.0 
to 16 qg/ml of quinine. The molar extinction coefficient 
and Sandell’s sensitivity were found to be 2.106±0.065 
XlO4 moles/1 and 0.015 u g/cm2 respectively. The com

plex in chloroform was found stable over 24 hr.
To check the recovery of quinine by the proposed 

method, quinine was added to soft drink samples at 2 0 ,

T a b l e  1. r e c o v e r y  o f  q u i n i n e  f r o m  s o f t  d r i n k s

Type of Quinine Recovery* (%)
soft drink added M ethod A M ethod B Fluorimetric

fppm) M ean ± S .D . M ean ± S .D . method
Orange 20 98.6±0.42 98.9±0.35 98.40
flavoured 50 99.02h0.39 99 .2± 0 .22 98.80

100 99.7±0.39 99.8±0 .18 99.80
Lime flavoured 20 100.1 ± 0 .4 1 100.2±0.41 99.65

50 99.4-j-0.39 99.8 ± 0 .3 6 100.20
100 98.9± 0 .32 99.2±0.24 99.00

Cola type(l) 20 100.2±0.41 104.1 ± 21.12 99.60
50 99.3 ± 0 .3 2 102.7±0.75 99.10

100 99.4± 0 .32 ' 101.52b0.54 98.90
Cola type(II) 20 99,7 ±  0.22 103.8 2t: 0.91 99.40

50 98.8±0.35 102.3 ± 0 .6 4 100.45
100 99 A ±  0.27 101.5±0.39 98.70

♦ Values are mean of 4 analyses

50 and 100 ppm levels and analysed by methods A and 
B. The recoveries ranged from 98.6 to 100.2 per cent 
by method A and from 98.9 to 104.1 per cent by method 
B (Table 1) which are comparable with the values 
obtained by fluorimetric method after extraction of 
quinine18.

The other dyes of the same class like alizarin brilliant 
blue and alizarin varidin were also tried, but were not 
found satisfactoiy for determination in micro levels. 
The normally present food additives in soft drinks 
such as sugar, citric acid, phosphoric acid, benzoic acid, 
saccharin, dulcin, caramel and food colours were found 
not to interfere even if they were present in 1 0 0  fold 
molar excess to quinine. Caffeine, strychnine and nico
tine showed no interference upto two fold excess, but 
large excess of their presence resulted in a positive error. 
The interference due to caffeine, normally present in 
cola type beverages ranging from 70 to 140 ppm can be 
avoided by extracting quinine into sulphuric acid 
solution leaving caffeine in organic phase during extrac
tion (method A). The higher recovery ranging from 101.5 
to 104.1 per cent in the direct estimation (method B) 
in cola type beverages may be due to the presence of 
caffeine in varying amounts. However, for routine 
analysis, direct estimation from the beverage (method B) 
can be followed as a rapid method.

The proposed method is more rapid and sensitive 
among the spectrophotometric methods available and 
can be used for the determination of quinine in soft 
drinks such as aerated waters, cola type beverages and 
tonic waters.
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Glyceroglycolipids and Glycerophosphatides in Finger Millet Seeds (Eleusine coracana)
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Glycolipids (0.25 and 0.26%) and phospholipids (0.10 and 0.11%) were isolated from the total lipids of two varieties 
(Tndaf I ’ and ‘Hamsa’) of finger millet seeds (Eleusine coracana). Two glyceroglycolipids and four glycerophosphatides 
were further isolated from the glycolipids and phospholipids by column and preparative thin-layer chromatography. Mono- 
galactosyl diglyceride (MGDG) and digalactosyl diglyceride (DGDG) were the major glycolipids whereas, phosphatidyl 
chloine (PC) and phosphatidyl ethanolamine (PE) were the major glycerophosphatides, comprising 57.0 and 60.7 mole 
% of the total phospholipids in Tndaf I ’ and 18.9 and 16.9% in ‘Hamsa’. Oleic, linoleic and palmitic acids total
led 94-97% in all compounds though the proportions varied. The M GDG and DGDG from Tndaf’ contained more 
palmitic acid (30.4 and 29.4%) than did those from ‘Hamsa’ (25.6 and 24.8%). The ratio of unsaturated to satu
rated fatty acids was also different in the various phosphatides present in these varieties (Tndaf’ 2.6-2.8, ‘Hamsa’
1.7-1.9). The sugar component of M GDG and DGDG was identified as D-galactose.

Glyceroglycolipids and glycerophosphatides are 
known to be widely distributed in the plant kingdom. 
The unique chemical composition of various lipid 
classes from many cereals such as wheat1,2, rice3.4,

pearl millet5, Italian millet6 and other plant sources7 
has been reported. In all, more than a dozen different 
lipid classes, each containing several major fatty acid 
constituents are now known. The present paper descri
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bes the isolation and characterization of glyceroglyco- 
lipids and glycerophosphatides from finger millet seeds, 
an important food material in several regions of 
India.
Materials and Methods

Two varieties of seeds of finger millet (Tndaf I’, 
brown; ‘Hamsa’, white of 1976 crop) were obtained from 
the University of Agricultural Science, Hebbal, India. 
Reagents and chemicals used were of analytical grade. 
Standard fatty acid methyl esters and standard glycero
phosphatides were obtained from Sigma Chemicals, 
USA, silicic acid from the V.P. Chest Institute, New 
Delhi, silica gel G from S.M. Chemicals, Baroda, and 
Trisil reagent from Pierce Chemical Co., USA.

Extraction and fractionation o f  lipids: Millet seeds
were finely ground in a mill and extracted three times 
with chloroform: methanol (2:1 v/v). Following solvent 
removal in a rotary flash evaporator under nitrogen, 
the lipids were passed through a Sephadex G-25 column 
to remove non-lipid contaminants8. The lipids were 
further resolved into neutral lipids, glycolipids and phos
pholipids by silicic acid column chromatography9. The 
glycolipids and phospholipids recovered in the eluate 
accounted for 10 and 12 per cent and 5 and 6 per cent 
respectively, of the total eluted lipids of Tndaf’ and 
‘Hamsa’19.

Isolation o f  glycercglycolipids (M GDG and DGDG): 
The crude glycolipid fraction was subjected to separation 
on silicic acid column using chloroform: acetone mix
tures. An 8:2 (v/v) mixture eluted monogalactosyl 
diglyceride (MGDG), and a 2:8 (v/v) mixture eluted 
digalactosyl diglyceride (DGDG), both being contami
nated with small percentages of sterol glycosides and 
cerebrosides11. Each of these fractions was repeatedly 
chromatographed on silicic acid to reduce the extent 
of contamination. Final purification was done on pre
parative thin layer plates developed with chloroform: 
methanol 95:12 (v/v).

Isolation o f  glycerophosphatides: The crude phos
pholipid lraction obtained in the methanol eluate from 
silicic acid column chromatography was separated on 
TLC plates. Identification of each class was through 
Rf-values, specific colour reagents and reference stan
dards. These were further quantitated on preparative 
one mm thin layer plates using chloroform: methanol: 
water (65:25:4 v/v). The plates after drying were sprayed 
with Rhodamine 6G, visualised under UV and portions 
containing different compounds scraped off. Each 
fraction was extracted with chloroform: methanol: 
formic acid: water (94:94:2:4, v/v). The amount of 
each class was determined by phosphorus analysis12.

Infrared spectrophotometry: Infrared spectral charac
teristics of the isolated glyceroglycolipids (MGDG and

DGDG) were obtained as a KBr pellet on a Hilger 
Watts Infragraph.

Degradation o f  glyceroglycolipids and glycerophos
phatides: Isolated MGDG, DGDG, PC, PE, PG and 
PI (5-10 mg each) was refluxed with 4-5 ml of 5 per cent 
methanolic HC1 in a hydrolysis flask with a side arm for 
2 hr. Water (0.5 ml) was added and fatty methyl esters 
were extracted 3-4 times with 5 ml portions of light 
petroleum, concentrated under nitrogen and stored at 
-20°C until analysed. The methanol-water phase from 
MGDG, DGDG, PC and PE was concentrated in a 
stream of nitrogen at 45 °C almost to dryness. HC1 
(2 ml of 1.0N) was added and the solution refluxed on a 
boiling water bath for 2 hr. The hydrolysate was passed 
through a column of Amberlite IR-4 B (OH-) to remove 
chloride ions.

Paper chromatography: Methyl glycosides obtained 
from MGDG and DGDG were subjected to descending 
paper chromatography on Whatman filter paper using 
n-butanol: pyridine: water 6:4:3 for 18 hr at room 
temperature. Spots were located with silver nitrate- 
sodium hydroxide reagent.

Choline and ethanolamine obtained from PC and PE 
were chromatographed by developing with phenol satur
ated with water: ethanol: acetic acid 50:5:6. The spots 
were located with ninhydrin and Dragendorff’s reagent13.

Gas chromatography: Fatty acid methyl esters from 
MGDG, DGDG, PC, PE, PG and PI were analysed by 
gas chromatography using a Varian Aerograph, 1400 
[FID, carrier gas nitrogen, 8 ft x 1/8 in. column with 
15 per cent (w/w) DEGS polyester on Chromosorb W, 
185aC]. For resolution as trimethylsilyl ether derivati
ves14 of the methyl glycosides from MGDG and DGDG, 
an SE-30 column [5 per cent w/w on Chromosorb W, 
230 °C] was employed. Unknown peaks were identified 
by comparison with standards. Unsaturated fatty acid 
methyl esters were confirmed when occasion demanded 
by bromination and subsequent disappearance on gas 
chromatograms.
Results and Discussion

Glyceroglycolipids: The two glyceroglycolipids (MG
DG and DGDG) isolated from two varieties of finger 
millet seeds each gave a single spot corresponding to 
reference compounds. IR spectra were likewise in agree
ment with published characteristics15, suggesting that 
the compounds were pure. The glycolipid fraction from 
silicic acid column which includes sterol containing 
glycolipids showed MGDG and DGDG as the major 
components. These glyceroglycolipids have likewise 
been reported to occur in other cereals such as wheat, 
rice and bajra though in varying proportions. In pearl 
millet5 and wheat1,2 DGDG has been reported as the 
major specie.
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T able 1. fatty acid composition of individual glÿcero-
G LYC O LIP ID S  ( %  W T .)

M GD G D G D G
Fatty acid

‘Indaf I ’ ‘Ham sa’ ‘Indaf I’ ‘Hamsa’
12:0 1.0 0.8 1.4 1.0
14:0 1.0 1.0 0.8 1.2
16:0 30.4 25.6 29.4 24.8
18:0 0.8 0.6 0.6 0.8
18:1 56.9 58.7 60.7 59.6
18:2 8.5 11.2 6.3 11.0
18:3 1.4 2.1 0.8 1.6

Unsat/sat. acid ratio 2.03 2.57 2.11 2.60
Iodine value 

(calculated) 70.5 78.6 68.3 78.0

Table 1 shows that MGDG and DGDG from ‘Indaf I’ 
were considerably less unsaturated than those from 
‘Hamsa’. This is evident from the ratio of unsaturated 
to saturated fatty acids, and the calculated iodine values. 
In both compounds, palmitic, oleic and linoleic acids 
together comprised 94-97 per cent of the total fatty acids, 
only the relative proportions varying. According to the 
earlier reports, reviewed recently by Harwood16, the 
MGDG and DGDG fractions from some of the plant 
sources are enriched with linoleic constituting 80-90 
per cent of the total. The above compounds obtained 
in the present investigation contain predominantly 
palmitic acid and oleic acid which may be expected to 
reflect in the fatty acid composition of 1, 2 diglyceride 
precursor. Both MGDG and DGDG from ‘Indaf I’ 
contain about 5 per cent more palmitic acid than that of 
‘Hamsa’, with only small differences in the proportions 
of oleic acid. The percentage of linoleic acid in MGDG 
and DGDG from ‘Indaf’ was 3-5 per cent less than that 
in ‘Hamsa’. Such varietal dissimilarity in the fatty acid 
distribution pattern of the same lipid classes is evident 
from earlier reports7.

Paper chromatograms of the methyl glycosides obtain
ed from MGDG and DGDG indicated that D-galactose 
is the major sugar component in both. Gas chromatogra
phic resolution of the trimethylsilyl ether derivatives of 
these methyl glycosides yielded three peaks corresponding 
to 7-, /3- and °< -galactose, confirming galactose as the 
component sugar moiety. An additional small hump 
which appeared on the gas chromatograms in both in
stances, corresponding to °< -and 3-glucose comprised 
only 1-2 per cent. From these results, and the available 
literature data7, the molecular species in the two glycero-

TaBLE 2. COM POSITION OF PHO SPH O LIP ID  FR AC T IO N  FROM F IN G ER  

M ILLE T  SEEDS

Mole %

‘Indaf’ ‘Ham sa’
Phosphatidic acid 2.0 2.2
Phosphatidyl glycerol 8.0 7.5
Phosphatidyl ethanolamine 18.9 16.9
Phosphatidyl choline 57.0 60.7
Phosphatidyl inositol 9.8 7.0
Un-recovered 4.3 5.7

glycolipids have been deduced to be 3-0-3-D-galactopy- 
ranosyl-Sn-1,2-diacyl-glycerol, where acyl represents the 
two major fatty acids palmitic and oleic, and 3-0-[- << -D- 
galactopyranosyl-( 1 ’-6’)-0-£-D-galactopyranosyl] -Sn-1, 
2-diacyl-glycerol where acyl again represents mostly 
palmitic and oleic acids.

Glycerophosphatides: The various glycerophospha- 
tides identified and quantified by phosphorus value are 
shown in Table 2. The major phosphatides in ‘Indaf’ 
and ‘Hamsa’ varieties are PC and PE which constitute
57.0 and 60.7 per cent mole and 16.9 and 18.9 per cent 
mole respectively of the total phospholipids. No lyso- 
compounds of PC and PE were detected in the phospho
lipid fraction of ;his millet. Likewise in wheat and bajra, 
PC and PE have been reported as principal phospha
tides2,5.

The fatty acid distribution pattern in the total phos
pholipids and its various phosphatide constitutents is 
shown in Table 3. Palmitic acid ranges from 25.8 to
37.5 per cent and is often the only saturated fatty acid 
in all phosphatides, infrequently accompanied by traces 
of lauric, myristic and stearic acid. Oleic and linoleic 
are the predominant unsaturated fatty acids constituting
41.2 and 47.1 per cent and 19.5 and 26.5 per cent res
pectively. Linolenic acid only accounted for about 1 
per cent of the total fatty acids. These results are in 
agreement with the earlier reports16. The ratio of un
saturated to saturated fatty acid is strikingly different 
in the two varieties of the same millet, and this difference 
runs through all the phospholipid classes. Thus the ratio 
is between 2.56 and 2.82 for all the five phosphatides 
present in ‘Indaf F, while for the ‘Hamsa’ variety the 
ratio lies between 1.67 and 1.92. This would strongly 
suggest that a common fatty acid pool is drawn upon in 
assembly of these phospholipids.

The isolated and purified triglycerides of ‘Indaf I’ 
showed a ratio of unsaturated: saturated acids of 2.8, 
similar to that in the various phospholipid classes. In
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T a b l e  3. f a t t y ’ a c id  c o m p o s it io n  o f  in d iv id u a l  g l y c e r o p h o s p h a t id e s  (%  w i. )

Phosphatidyl
Total phospholipids Pnosphatidyl glycerol ethanolamine Phospnatidyl choline Phospnatidyl inositol

T ndaf’ ‘Hamsa’ Tndaf’ ‘Hamsa’ Tndaf’ ‘Hamsa’ Tndaf’ ‘Hamsa’ T ndaf’ ‘Hamsa'
12 : 0 Tr. Tr. 0.6 0.8 Tr. Tr. Tr. Tr. Tr. Tr.
14 : 0 Tr. Tr. 0.8 0.8 Ti. 0.8 0.6 Tr. Tr. Tr.
16 : 0 26.6 37.5 26.0 32.0 26.5 34.0 25.8 36.0 26.2 34.2
18 : 0 Tr. Tr. 0.7 1.0 0.8 0.8 Tr. Tr. Tr. Tr.
18 : 1 46.0 41.2 46.4 43.0 45.7 43.4 46.1 43.4 47.1 43.7
18 : 2 26.3 20.5 24.5 21.0 26.0 20.0 26.5 19.5 25.4 21.0
18 : 3 1.1 0.8 1.0 1.4 1.0 1.0 1.0 1.1 1.3 1.1

Unsat./sat. acids 2.76 1.67 2.56 1.89 2.66 1.80 2.80 1.78 2.82 1.92
Iodine value (cal) 92.1 96.5 89.0 91.1 78.1 92.3 77.5 92.1 92.1 80.5

*Tr: T race< 0 .5%

‘Hamsa’ however the ratio for triglycerides was 3.1, 
considerably greater than that (1.67-1.92) for the various 
phospholipids.
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Physico-chemical properties of one crack resistant variety and 3 pairs of isogenic lines differing in crack resistant properties were 
studied. I t was found that crack resistance was associated with lower equilibrium moisture content on soaking in water 
and alkali score while gelatinization temperature, pentosan content and Brabender peak viscosity of milled rice were higher.
I t is also indicated that higher pentosan content in crack resistant lines may alter the cell wall properties and cause higher 
resistance to cleavage. Existence of a wide variation in the crack resistant property among the individuals o f the 
original population ensured success in the intravarietal selection. Such wider variation was found to be associated with 
higher heteorogeneity among the grains to alkali degradation and could be initially identified by an alkali degradation 
test (Heterogeneity test). The factors contributing to crack resistance can be broadly grouped into four, namely, (i) 
hydration, (ii) starch, (iii) cell wall, and (iv) cellular structure and orientation.

The influence of grain cracking on milling breakage
was reported by Rhind1 and Angladette2. Later, Srinivas Table 1. the relationship of SELECTION INDEX WITH ALKALI
et al.i-6 showed that varieties with high tolerance to SCORE IN DIFFERENT VARIETIES AND ISOGENIC LINES OF RICE
cracking suffered minimum breakage during milling, Selection indices Alkaliand such varieties were more suitable for late harvesting. Variety Description scoreThey also reported that intravarietal selection for crack
resistance could be made in varieties in which the vari- Jaya D w arf indica 5 to 31 26 7
ation in crack resistance among the individuals was Mangala J9 1 to 19 18 3large. Pusa-150 ii 2 to  15 13 4Studies have shown that the structure and orientation Halubbulu Tail indica 0 to 2 2 2of endosperm cells influence the characteristic transverse Intan Introductioncrack formation7. Kunze and Hall8 have shown that from Indonesia 5 to  18 13 2
low cracking was related to high gelatinization tempe- Pushpa D w arf indica 18 to  55 37 2 & 7
rature(GT). In rice, the GT was known to vary inversely Vani a 2 to 50 48 2 & 7
with alkali score9 and alkali score bearing an inverse ES 18 a 3 to 66 63 2 & 7
relation with pentosan content19. Nagato and Kono11 FT  1 CR line from — — 2
have shown that rices with high GT have a harder en- Pushpa
dosperm. FT 2 CS line from — — 7

Cracking in rice grain is thus influenced by a large Pushpa
number of factors. Results of the evaluation of these FT 12 CR line from — — 2
factors are presented in this paper. FT 19

Vani
CR line from _ _ 2

Materials and Methods Vani
FT 14 CS line from — — 7The varieties used in the studies are listed in Table 1. VaniSamples were collected from the field as described ear- FT 28 CS line from _ _ 7lier5A The degree of crack resistance was measured by Vani

an index method6, in which the values were computed ____________ ________ ________________________
*V.C. Farm, University o f Agricultural Sciences, Mandya.
Part of this paper was presented in the Poster Session of Second Indian Convention of Food Scientists and Technologists, held at 

C FTRI, Mysore (India), in February 1981.

2 7 2



B H A S H Y A M  et al: P H Y S IC O -C H E M IC A L  S T U D I E S  I N  R E L A T I O N  T O  C R A C K I N G  P R O P E R T IE S  I N  R IC E 2 7 3

as the arithmetic mean of the percentages of sun-cracked, 
stress-cracked and green grains. For studying the 
association of breakage with cracking, paddy was har
vested at about 18 per cent average grain moisture. For 
other studies, harvesting was made prior to formation 
of cracks in the grain which generally coincided with 24 
per cent average grain moisture.

Evaluation o f  morphological and physical characteri
stics: The percentages of sun-cracked and stress-crack
ed grains were estimated as per the method of Srinivas 
et al.4 Shelling and nulling of paddy were done by 
McGill laboratory sheller and miller respectively. Paddy 
(160 g) in duplicate were shelled and the brokens were 
separated in a grader and the percentage of shelling 
breakage was calculated. The brown rice samples were 
milled to 10 per cent degree of polish.

Measurement of husk thickness was made in a Mitu- 
toyo Dial Caliper, length (L), breadth (B) and L/B 
ratio of brown rice were determined as per the method 
described earlier12.

Evaluation o f  physico-chemical characteristics: Ten
replicate samples of whole milled rice were prepaied for 
determining the EMC-S per cent12 and cooking time14. 
For estimating EMC-S per cent, rice samples were soaked 
in water at 30°C. After 24 hr, water was drained out and 
the grains were freed of adhering moisture by filter 
paper (Whatman No. 1) and weighed. The increase in 
weight was calculated and expressed as EMC-S per cent 
on wet basis. Data on EMC-S per cent and cooking 
time were analysed statistically using Duncon’s multiple 
test for comparison. Alkali degradation of milled rice 
was scored as per the method of Bhattacharya and 
Sowbhagya15. Gelatin ization temperature (GT), peak 
viscosity (PV) and set-back value (SBV) were determined 
in a Brabender Yiscoamylograph16. For this, a 10 per 
cent slurry prepared from a flour of 80 mesh of BSS 
grade obtained from the milled rice was used.

For determining the total amylose content in milled 
rice, the colorimetric method of Sowbhagya and Bhatta
charya17 was adopted. Defatted milled rice (100 mg) 
flour of 45 mesh of BSS grade was treated with IN 
NaOH at 30°C for about 12 hr. The dispersion was 
neutralised with acid and treated with 0.2 per cent 
potasium iodide and iodine solution. Spekol spectro 
colorimeter at 630 nm was used for measuring the colour. 
A standard curve, prepared from iodine treated potato 
amylose solution, was used for calculating the amylose 
content in the rice samples (dry basis).

Insoluble amylose content in milled rice was deter
mined as per the method of Bhattacharya et a l.18 
Defatted milled rice flour (100 mg) of 45 mesh of BSS 
grade was boiled with distilled water (50 ml) for 20 min 
over a water bath. The suspension was filtered through 
Whatman No. 4 filter paper and the soluble amylose

present in the filtrate was estimated as above and the 
insoluble amylose fraction was calculated by difference 
(dry basis).

For the determination of alkali soluble pentosans in 
milled rice, the colorimetric method of Crackrell and 
Moye19 was followed with a little modification. Defat
ted milled rice flour (2 g) of 45 mesh of BSS grade was 
treated with 1.4 per cent KOH solution (20 ml) 
in a 50 ml stoppered volumetric flask. After 20 hr, the 
volume was made up with distilled water and centrifuged 
for 15 min at 2500 rpm. The supernatant was transferred 
to 50 ml beaker, 0.4 ml of this supernatant was taken 
in a test tube and 5 ml of the reaction mixture (110 ml 
AR grade acetic acid +  1 ml 0.8 per cent D glucose+2 
ml cone. FIC1+5 ml 20 per cent phloroglucinol in 
absolute ethyl alcohol) was added to it. This mixture 
was boiled in a water bath for 16 min and cooled. The 
colour was measured at 552 and 510 nm in a Spekol 
spectro colorimeter.

A blank was run by using 0.4 ml water-f 5 ml reaction 
mixture and boiling for 16 min over a water bath.

A standard curve was prepared from D (+ ) Xylose 
by following the above procedure.

The difference in absorbance of samples at 552 and 
510 nm was calculated and the pentosan content in the 
samples was estimated with the help of the standard 
curve (dry basis).

Bulk volume and consistency of cooked rice20 were 
estimated as per the standard laboratory method. Pro
tein content in brown rice was estimated by Kjeldahl 
method (NX5.95).
Results and Discussion

Establishment o f  isogenic lines: The versatility of 
the isogenic lines (i.e., lines of the same variety differing 
in a single character) as tools in the critical investigations 
and improvement of the plant characters has been indi
cated by several workers21,22. Srinivas et al.5A 2i have 
shown that such isogenic lines could be utilised for the 
precise study of a single character, l'n the present study 
isogenic lines for crack resistant (CR) and crack suscepti
ble (CS) properties were evaluated. Data presented in 
Table 2 show that the morphological characters such 
as the husk thickness, length, breadth and L/B ratio of 
the grains were identical in the isogenic lines of each 
variety. In CR lines, the percentage of sun-cracked grains 
varied from 0 to 15 and in CS lines it varied from 48 to 
75. Similarly, shelling breakage varied from 1.8 to 17 
per cent in CR lines and from 60 to 66 per cent in CS 
lines. These results show that the pairs of lines des
cribed above were identical in all respect except in 
cracking and breakage properties confirming their 
isogenic nature.

Hydration and cracking: It is well established that
3
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T able 2. physical and culinarv properties associated with crack resistance in rice varieties“
Brown rice Cooked rice

Variety/
Isogenic
lines

Cracking Sun-crack- 
property ed grains 

(%)

Shelling —-—•—--------- -—-—-—-—■—-—— -----
bieakage Length (L) Breadth (B) L/B 

(% ) (mm) (mm) ratio
Van!

Husk
thickness

(F m )

Rice cooking time 
(min) Bulk voi. 

(m l/100 g 
raw rice)

Consis
tency

FT12 CR 5 8 7.00 2.10 3.33 95 17.5¿0.52* 420 F
FT19 CR 9 17 6.95 2.05 3.39 95 18.1¿0.73* 360 SP
FT14 CS 75 66 6.80 2.20 3.09 95 15.7¿0.68 420 VF
FT28 CS 60 64 6.90 2.20 3.14 93 15.4¿0.75 400 VF

Pushpa
FT1 CR 15 17 6.90 2.00 3.45 90 16.6¿0.57* 400 F
FT2 CS 48 60 7.00 1.95 3.59 94 13.1 ¿0 .6 1 420 F

Flalubbulu
CR 0 1.8 6.25 2.40 2.60 90 18.2¿0 .59 385 SP

C R = C rack  resistant; C S=C rack susceptible; F =F iuffy ; V F=V ery fluffy; SP=Slight!y pasty.
“Varieties harvested at about 18% (w.b.) moisture were used for cracking and breakage studies and those harvested at about 24% (w.b) 

moisture were used for other studies.
♦ Significant at P=0.01 level.

the cracking in cereal grains is influenced by hydration 
properties and the rate of hydration is known to be 
influenced by several morphological barriers, such as 
husk, pericarp, seed coat, nucellus, aleurone layers, 
etc.4.13,24. The influence of protein content on hydra-

tion, kernel hardness and milling quality are known25,26, 
although its effect on cracking has not been reported. 
The effect of differences in protein content on cracking 
could not be studied in the isogenic lines since they did 
not differ widely in protein content (Table 3).

Table 3. chemical PROPERTIES ASSOCIATED WITH CRACK RESISTANCE IN RICE VARIETIES“
Variety/
Isogenic
lines

Sun-
cracked
grains

(%)

EMC-S
%

(w.b.)
Total

amylose
%

(d.b.)

Water- 
insoluble 
amylose 
% (d.b.)

Insoluble 
amylose as 
% of total 

amylose (%)

GT
(°C)

Peak-
viscosity

(PV)
BU

Set-back
(SBV)

BU
Pentosans

(%)
(d.b.)

Protein
(% )
(w.b.)

Vani
FT12 5 28.3 ¿ 0 .3 2 28.0 16.8 60.0 72 320 300 3.9 6.5
FT19 9 27 .8¿0 .55 27.6 11.8 42.7 68 200 195 4.5 6.4
FT14 75 30.9¿0 .49* 26.8 14.1 52.6 65 230 395 1.9 6.8
FT28 60 30.6¿0.58* 26.8 13.7 51.1 62 175 370 2.0 6.8

Pushpa
FT1 15 27.1 ¿ 0 .3 0 30.4 16.7 54.9 66 355 340 4.5 6.2
FT2 48 28.6¿0 .44* 28.6 15.5 54.1 61 300 460 2.3 6.6

Halubbulu
0 26 .4¿0 .5 5 30.3 14.3 47.1 74 450 450 3.8 7.5

“ Varieties used in the study were harvested at about 24% (w.b.) grain moisture. 
♦ Significant at P=0.01 level. w .b.=w et basis; d .b .= d ry  basis;
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Starch properties are known to have relation with 

EMC-S per cent13. The differences in the EMC-S per 
cent of isogenic lines were therefore estimated as an 
index of starch properties. The EMC-S per cent of CR 
lines varied between 27.1 and 28.3 per cent and those 
of CS lines ranged from 28.6 to 30.9 per cent. The 
difference in the EMC-S per cent was significant between 
any coiresponding CR and CS sister lines (Table 3). 
The EMC-S per cent of CR variety ‘Halubbulu’ was the 
lowest (26.4 per cent) compared to other lines tested. 
These results indicate that with an increase in the crack 
resistance of a rice variety, the EMC-S per cent of the 
grains shows a tendency to get reduced.

Gelatinization temperature and cracking: Data pre
sented in Table 3 show that GT varied from 66 to 74°C 
in CR lines and 61 to 65°C in CS lines, indicating that 
crack resistance was associated with higher GT. The 
association of Assuring resistance with higher GT was 
also observed by Kunze and Hall8.

Culinary and textural properties: The milled rices 
of CR lines took 16.6 to 18.2 min and those of CS 
lines 13.1 to 15.7 min to cook. The differences were 
statistically significant (Table 2). This difference could 
be due to the higher GT of CR lines than of CS lines, 
since it is reported earlier that higher GT was associated 
with longer cooking time7.

Data presented in Table 3 show that in general the 
PV value of CR lines were higher than the corresponding 
CS lines. These results by and large are in conformity 
with those of Juliano et al, 27 who have found an asso
ciation of higher GT with higher PV values.

Alkali score and selection index: An inverse relation
of GT with alkali score has been observed9. The 
association of higher crack resistance with lower 
alkali score recorded in the present experiment 
(Table 1 and Fig. 1) indicated that the factors 
causing resistance to cracking as well as alkali 
degradation may be common.

Juliano et al.21 suggested that alkali score may be a 
simple and rapid method for estimating GT in rice 
varieties. They also suggested that alkali test could be 
an index of stability to a heritable property in lines and 
crosses since segregating populations will give varied 
reactions to this test.

Data presented in Table 1 indicate that selection for 
crack resistance was possible only when the differences 
in index values among the individuals of the same variety 
exceeded 37 as in the case of ‘Pushpa’, ‘Vani’ and 
‘ES-18’. When the differences in the index values were 
26 or below among the individuals of the same 
variety, selection could not be done, as in the case of 
‘Jaya’, ‘Mangala’, ‘Pusa-150’, ‘Halubbulu’ and ‘Intan’ 
varieties, indicating that the environmental factors 
under different conditions may bring about a variation

in crack resistance amounting upto an index value of 
about 26.

The index method of selection for crack resistance 
described above, although based on a mathematical 
principle, was somewhat time consuming, and the 
success or failure of selecting a CR line in any particular 
variety will be known only at an advanced stage of selec
tion. Therefore, an initial screening test was standardised 
by utilizing the alkali degradation properties of the 
kernel. Data summarised in Table 1 indicate that in varie
ties like ‘Jaya’, ‘Mangala’, ‘Pusa 150’, ‘Halubbulu’ and 
‘Intan’ in which alkali reaction was homogeneous (Fig. 
2), intra-varietal selection for crack resistance was not 
successful whereas in the varieties ‘Pushpa’, ‘Vani’ and 
‘ES-18’, in which alkali test indicated heterogeneity 
(Fig. 3), the selection for crack resistance was possible. 
These findings suggest the usefulness of a heterogeneity 
test by alkali treatment in rice varieties to decide 
whether the crack resistance in any particular variety can 
be developed by mere intravarietal selection or the pro
perty has to be transferred to that variety by hydridi- 
zation using a donor parent.

Amylose content: Amylose influences the textural 
property of cooked rice28,29 in general, while the GT 
and amylose tended to be independent of each other27. 
The varieties used in this investigation belong to a higher 
amylose group and therefore, all the CR and CS lines 
isolated possessed high amylose content ranging from 
26.8-30.4 per cent (Table 3). No consistant relation on 
culinary properties such as volume expansion and pasti
ness was observed between CR and CS lines. The 
interaction of amylose and culinary properties with 
crack resistance could be critically studied if isogenic 
lines for CR and CS characters possessing low, inter
mediate and high amylose content were established in 
different varieties.

Pentosan content: The influence of pentosan on the 
physico-chemical properties of cereals was studied by 
several workers. Mod et al.30 and Juliano et al.il  have 
found no consistant relationship between pentosan con
tent and amylograph viscosity of rice flour. An inverse 
relation of pentosans with milling and baking qualities 
of wheat has been reported32. Low pentosan was 
found to accelerate the degerming process in maize33. 
According to Karim and Rooney34 the kernel hardness 
in sorghum is related to pentosan.

Data in Table 3 show that pentosan content of milled 
rice in CR lines and ‘Halubbulu’ varied between 3.8 
and 4.5 per cent which is about twice as that of CS 
line (1.9 to 2.3 per cent).

Cartano and Juliano19 have observed the association 
of lower alkali score with higher yield of pentosans 
upon extraction with dilute alkali in a white core variety 
BPI-6. However, they have not studied its cracking
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Fig. 1. Milled rice grains of crack resistant (CR) and crack 
susceptible (CS) lines treated with 1.4% KOH solution to show 

the association of crack resistance with alkali resistance.
a = F T -l (CR); 6=FT-12 (CR)
c= FT -2 (CS); rf--=FT-14 (CS)

Fig. 3. Milled rice grains treated with 1.4% KOH solution to show 
the heterogeneity of grains to alkali reaction within the variety.

n= P ushpa; 6 = V ani; c=ES-18

Fig. 2. Milled rice grains treated with 1.4% KOH solution to 
show the homogeneity of grains to alkali reaction within the variety.

a = ‘Pusa—150’; Z>=‘fntan’

behaviour. It is clear that pentosan content in rice plays 
a very significant role in deciding the textural property 
of the grain and hence its cracking behaviour. Tt is 
possible that when the pentosan content increases, 
adhesion between two cell walls also increases and 
makes cleavage difficult-'5. With lower pentosan 
content, the adhesion decreases and cleavage becomes 
easy.

These results reveal that cracking in rice is a complex 
phenomenon controlled by several factors which can

be classified broadly into a 4 different groups. The first 
group influences the hydration of the grains and thus 
affects the cracking property only indiiectly. The 
factors in the second group constitute the properties 
of starch and protein which may affect cracking by 
their differences in size, density, compactness, crystal
linity, molecular size and the degree of branching of the 
amylopectin fractions. Much study is required to under
stand clearly the influence of these factors on cracking. 
The factors in the third group are the cell wall charac
teristics which may be influenced by quantitative and/ 
or qualitative variations in cell wall constituents, such 
as cellulose, pentosans and pectins, which would make 
cleavage along the cell wall line either easy or difficult. 
The factors associated with the characteristic structure 
and orientation of cells in the endosperm and cause 
differences in cracking, fall in the fourth group.

Further physico-chemical and histochemical investi
gations are being persued to understand the complex 
inheritance of the cracking properties in rice.
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Non-uniform and delayed ripening is one of the major problems encountered in mangoes during storage and ripening 
under ambient conditions. Acetylene, added as calcium carbide at 2 g/kg, ensured uniform and early ripening. The 
period being reduced to 7 days from 14-17 days in the control. Change in skin colour was associated with soften
ing of fruits which was also recorded with Instron Model 1140. There was sharp decline in acidity and increase in 
pH and total soluble solids. The rate of carotenoid synthesis in the pulp of treated fruits was higher in the initial 
stages. However, the total carotenoid content was lower than the control after the fruits were fully ripe. Aroma 
was less in the treated fruits as indicated by sensory evaluation.

In commercial practice mangoes are harvested while 
green and stored in bulk. As fruits vary in the degree of 
maturity and size, ripening is not uniform and poses a 
major problem. Calcium carbide (which releases acety
lene) is one of the chemicals used to achieve uniformity 
and quick ripening in bananas1.2 citrus fruits3.4 and 
tomatoes5.6. The same chemical is used for mangoes 
also. It is reported to accelerate and ensure uniform 
ripening without any adverse effect on the quality of 
mangoes7. But impairment of chemical and organoleptic 
qualities by calcium carbide treatment is reported in 
‘Pairi’, ‘Alphonso’, ‘Banganapalli’, ‘Totapuri’ and, 
‘Langra’ varieties of mangoes8.

In view of these conflicting observations, a systematic 
study on the effect of calcium carbide treatment on the 
ripening of ‘Alphonso’ mangoes was carried out and the 
results are incorporated in this paper.
M aterials and M ethods

Mature, green ‘Alphonso’ mangoes were harvested 
at early, mid and late stages (weekly intervals) from an 
orchard near Mysore. Fruits were sorted into water 
floaters (specific gravity< 1) and sinkers (specific gravity 
>1)9. To prevent fungal attack, fruits were dipped in 
1000 ppm Benlate solution for 5 min and air dried.

The fruits were divided into lots of 40 each and placed 
in ventilated wooden boxes (23 in. X 10 in. X 13.5 in.) 
lined with craft paper. Four packets of 5 g each of cal
cium carbide (at the level that is used commercially, 
2g/kg) were placed in each box. The fruits were covered 
with straw and craft paper. The boxes without calcium 
carbide served as control. Five replicates were kept

under each group. The boxes were kept at ambient 
temperatuie (27±4JC) and at RH 55±15 per cent. 
The boxes with calcium carbide were kept in an un
ventilated and controls in a ventilated room separately.

After 96 hr, the calcium carbide packets were removed 
from the boxes and the uncovered fruits were kept in a 
separate ventilated room.

Observations periodically carried out are given below:
(0 Visual change in surface colour was evaluated 

by suitably modifying the method10 (green turning or 
50 per cent yellow and edible ripe or 100 per cent orange 
yellow). Firmness (by finger feel) of the fruits was 
categorised as hard, turning soft and soft.

(«) Textural studies at the edible ripe stage were 
conducted of both control and treated fruits using 
Instron Model 1140 as given below:

(a) whole fruit compression: Whole fruits were 
compressed with a flat circular 25.54 cm-2 cross section 
plunger. Force required corresponding to a deformation 
of 0.5 cm was recorded and expressed in gram per unit 
cross section area (g cm-2).

(b) Disc compression: Compression of one cm thick 
discs of 2.54 cm diameter of mango-flesh was carried out 
using 25.54 cm-2 cross section cylindrical flat plunger to 
a final clearance of 2 mm. The first peak or the point 
of major slope change was recorded and the results 
were expressed in g cm-2.

(c) Magnus-Taylor puncture test11: This was carried 
out using a flat cylindrical plunger of 1.27 cm diameter 
to puncture mango-flesh. The first peak was recorded 
and the results expressed in g cm-1.

For all these tests, the cross head speed was 5 cm-min-1
2 7 8
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and the chart speed was 10 cm/min. The fruit orienta
tion in (a) and the sample positions in (b) and (c) 
were kept constant.

(Hi) Chemical composition: Chemical constituents 
in the pulp were analysed in triplicate from two 
composite samples of five randomly selected fruits each 
and the mean values are reported. Total acidity was 
determined by the AOAC method12 and total carote
noids by the partition method13. Total soluble solids 
(expressed as °Brix) were determined by the use of a 
hand refractometer.

(/v) Sensory analysis: To evaluate the sensory quali

ties, a descriptive quality profile procedure was develop
ed as shown in the score card and used for the ripe fruits 
for individual quality attributes of whole fruits and cut- 
pieces of each sample by a descriminative communi
cative panel of 15 judges. The data was compiled and 
analysed by two-way and three-way analysis of 
variance14.
Results and Discussion

The percentage of sinkers in the early, mid and late 
harvests were 55, 58 and 98 per cent respectively. Hence, 
floaters were not considered in the late harvest group.

SENSORY EVALUATION SCORE CARD
Name:

(A) DESCRIPTIVE EVALUATION O F M ANGOES— 
W HOLE FR U IT

Evaluate each sample through the descriptors in the scales below 
by crossing and writing the sample code at any position judged 

appropriate

Colour and appearance
1 1 1 1 1

Green, Glossy, Glossy appealing Slightly Dull,
yellowish greenish yellow, reddish dull shrivelling,
green yellow yellow, orange not appealing,

yellow black spots, 
discoloration

Odour (Smell)
i 1 1 1 1

Green characteristic characteristic characteristic Overripe,
unripe weak, strong less fresh, foreign/

slightly slightly off odour
unripe overripe odour

Firmness (Finger feel)
i i 1 i 1

H ard Slightly Firm Tending Soft
hard optimal to soft

Overall quality
|  |  i l l

Excellent Very good Good Fair Poor

Indicate defectives in each sample, if any, by writing the sample 
code above the appropriate descriptiors given below: 
Discolouration, black spots, shrivelling

(B) DESCRIPTIVE EVALUATION O F M ANGOES 
CUT PIECES

Evaluate each sample through the descriptors in the scales below 
by crossing and writing the sample code at any position judged 

appropriate
Colour
I  i

Uniform, less Non-uniform pale/
deep yellow yellowish white,

white patches, 
discolouration

Compactness (Visual)
I I  ICompact, N ot so compact, Not compact,

clean-cut-edge frayed cut-edge centre softening
Texture

1 |  |  1 1
H ard slightly hard firm, smooth slightly soft mashy

Aroma
|  |  |  |  |

Raw, Typical, weak, Typical, full Typical, less Over ripe,
greenish slightly unripe intense fresh, slightly off/foreign

overripe
Taste

I I I  I  IRaw, Slightly sour, Optimally sweet, N ot sour, Flat, bland,
sour unbalanced balance less sweet, off/foreign

unbalanced
Overall quality

Excellent Very good Good Fair Poor
Indicate defectives in each sample, if any, by writing the sample 

code above the appropriate descriptors given below: 
Non-uniform colour, discolouration, white patches, 
centre softening, foreign/off aroma, foreign/off taste

IUniform, deep 
yellow, orange 
yellow, reddish 
yellow

S i g n a t u r e S i g n a t u r e
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T a b l e  1. c h a n g e s  in  t h e  v is ib l e  c o l o u r  a n d  s o f t n e s s  o f  c a l c iu m  c a r b id e  t r e a t e d  a l p h o n s o  m a n g o e s

Treatment % edible ripe coloured fruits after indicated days of harvest % soft fruits after indicated days o f harvest
5th 7th 14th 17th 5th 7th 14th I7th

Early harvest
Control floaters 0.0a 0.0a 26.7a 62.5 0.0a 0.0a 33.3a 70.8
Carbide floaters 71.7* 81.7* — — 62.5* 87.5* — —
Control sinkers 0.0a 3.3a 60.0* — 0.0a 9.2a 64.2* —
Carbide sinkers 93.8a 94.4d — — 62.5* 100.0¿ — —

Mid harvest
Control floaters 0.0a 0.0a 37.1a 78.1 0.0a 1.0a 39.0a 78.1
Carbide floaters 40.0* 96.2* — — 40.9* 100.0* — —
Control sinkers 0.0a 7.7a 81.4* — 0.0a 13.6a 86.5* —
Carbide sinkers 47.6* 91.4* — — 58.1a 100.0* — —

Late harvest
Control sinkers 1.5a 4.0a 85.0 — 6.7a 9.2a 79.5 —
Carbide sinkers 96.5* 100* — — 100.0* 100.0* — —

Mean with different superscripts under each column and harvest differ significantly according to hi-square test (P < 0 .0 5 ).

(/) Changes in visible colour and firmness: Calcium 
carbide treatment significantly reduced the number of 
days required to attain edible ripe colour and softness. 
The percentage of fully coloured fruits was significantly 
higher in the treated than in the controls at their ripe 
stage. Control sinkers ripened earlier (14 days) than 
control floaters (17 days), while this difference disap
peared with treatment. Treated fruits in all the batches 
ripened in 7 days after harvest (Table 1). The changes 
in softness showed a similar trend with changes in colour 
(Table 1). Treated fruits showed edible softness within 
a short duration. Contrary to this, in banana, calcium 
carbide treatment is reported to produce firmer fruits1.

(ii) Instrumental texture changes: The force required 
to compress the whole fruit by 0.5 cm was higher for 
control floaters than for sinkers in both early and mid 
harvests. The trend was better reflected in the disc 
compression method. The control over treated samples 
recorded higher compression force. The floaters were 
more firm than sinkers in the control group. But this 
differences was narrowed by treatment. Similar trend 
was recorded by the Magnus-Taylor puncture test 
(Table 2).

(Hi) Chemical constituents: There was no significant
difference between the treated and the untreated fruits 
at the ripe stage in the levels of total soluble solids, pH 
and titratable acidity (Table 3). Total carotenoid con
tent of the treated fruits, though higher at initial stages,

was however lower than that of control at their edible 
ripe stage (Fig. 1) as reported earlier.8.

(iv) Sensory analysis: Calcium carbide trtated fruits 
developed good colour at the end of 4 days of treatment. 
Evaluation of these fruits by a small panel of 8 members 
indicated that the texture was firm, aroma development 
negligible and the taste sour. Hence, they were again 
evaluated on the 7th day.

T a b l e  2 . in s t r u m e n t a l  m e a s u r e  o f  t e x t u r e  in  a l p h o n s o  

m a n g o e s  t r e a t e d  w it h  c a l c iu m  c a r b id e  a t  r ip e  s t a g e

Method Category Early harvest M id harvest
Control Treated Control Treated

Whole fruit
compression13 Floaters 117 88 87 89
(g.cm-2) Sinkers 85 88 66 78

Disc compression* Floaters 334 232 382 295
(g.crrr2) Sinkers 294 214 316 310

Magnus-Taylor
puncture Floaters 670 444 588 546
testa (g.crrr1) Sinkers 552 464 430 520

Edible ripe stage: Control floaters-l7th day, control sinkers- 
14th day, carbide floaters and sinkers-7th day.

a: mean o f triplicates: b & c: mean of 6 replicates.
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Table 3. changes in  the chemical constituents in  calcium
CARBIDE TREATED ALPHONSO MANGOES AT THEIR EDIBLE RIPE STAGE

T able 4. sensory quality of calcium carbide treated
ALPHONSO MANGOES AT THEIR EDIBLE RIPE STAGE

Edible ripe Acidity Total solu- Sinkers from early
Treatment stage (%  maleic pH ble solids Floaters and sinkers from early and m id and late

(days) acid) (°Brix) Quality mid harvests harvests
attributes —

Early harvest Control Treated Floaters Sinkers Control Treated
Control floaters 17 0.30 4.60 17.0 Whole fruits
Carbide floaters 7 0.39 4.20 18.0 Colour &

(3.93) (3.50) (7.5) appearance 3.16° 3.95* 3.32“ 3.79d 3.53 3.77
Control sinkers 14 0.36 4.00 20.0 Odour 3.71 3.79 3.49“ 4.01a 3.97 3.77
Carbide sinkers 7 0.32 4.20 20.0 Firmness

(finger feel) 4.65“ 5.45* 4.93 5.18 4.84“ 5.89/
(4.07) (3.45) (9.0) Overali

Mid harvest quality* 79 93 75 97 89 84

Control floaters 17 0.19 4.90 15.0 Cut-pieces
Carbide floaters 7 0.26 4.60 19.0 Colour 3.94 3.40 3.73 3.62 3.90“ 3.31/

(3.93) (3.15) (6.0) Compactness 4.24 4.36 4.31 4.28 4.09 4.29
Control sinkers] 14 0.19 4.80 16.0 Texture 4.85“ 5.37* 5.12 5.10 5.17 5.57
Carbide sinkers 7 0.30 4.60 20.0 Aroma 4.84“ 3.95* 4.28 4.52 4.99« 3.98/

(3.87) (3.10) (7.5) Taste 4.91 4.85 4.89 4.87 5.04 5.14
Late harvest Overall

quality* 81 78 68 92 90 70
Control sinkers 14 0.19 4.80 18.0
Carbide sinkers 7 0.26 4.30 18.0 M ean score: 1 to 5 to 9 unripe to optimally ripe to overripe

quality.(2.95) (3.10) (8.0) Figures with different superscripts in the same row separately
Values given in parenthesis are for the raw fruits in the respective 

floaters (both control and treated)/sinkers (both control and 
treated) in the corresponding groups.

for each group differ significantly.
*%  panelists grading the sample as good.

Fig. 1: Total carotenoids in the pulp of calcium carbide treated 
Alphonso mangoes during ripening

In the treated fruits, the mean score was significantly 
higher with respect to external colour and appearance, 
and they were more soft than control fruits. In the cut- 
pieces, the treated fruits were more soft in texture and 
less intense in aroma. Between floaters and sinkers from 
both control and treated groups, the sinkers were better 
in colour and appearance and odour. No difference 
could be seen in cut-pieces for the individual attributes. 
(Table 4).

Overall quality grading in the control group showed 
agreement between the whole fruits and cut-pieces, 
whereas in the treated group it was lower for the cut- 
fruit. Sinkers scored higher grade in overall quality for 
whole fruit as well as cut-fruit than the floaters (Table 4).

When only the sinkers were considered, the whole 
fruit was more soft in the treated. This was clearly 
evidenced by the textural studies (Table 2). In the cut- 
pieces, the flesh colour was less as reflected by the less 
carotenoid content (Fig. 1) and also the intensity of 
aroma was lower (Table 4).
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Thus, calcium carbide treatment of ‘Alphonso’ 

mangoes resulted in the development of uniform and 
attractive yellow skin colour and quick softening of 
fruits. This advantage is being exploited commer
cially for ripening and marketing mangoes. However, 
there was less synthesis of carotenoids in the pulp and 
aroma development. This is in accordance with the 
report of Pattabhiraman e t  a l . ]S that the intensity of 
aroma and flavour in the mango fruits is proportional 
to the carotenoid content.
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The storage quality of ‘Totapuri’ mango pulp, as such or with addition of ascorbic acid, which was frozen as slabs 
in polyethylene bags (52 x 40 x 3 cm) and stored at -18°C for a period of 14 months was studied along with canned 
pulp for comparison. Ascorbic acid, total carotenoids, chroma and viscosity decreased in all the samples, more pro
nounced in the control during prolonged storage. Sensory evaluation of the nectar prepared from the frozen pulp at 
the end of 6, 10 and 14 months of storage indicated that the frozen product had developed an off-flavour which could 
be removed either by pasteurizing the pulp before freezing or heating the frozen pulp before use. Ascorbic acid 
added to the pulp helps to retain the colour, flavour and aroma during long storage.

Mango ( M a n g ife r a  in d ic a  L) is the most popular and nectars, ice-creams, squashes, jams etc. Freezing is 
choicest fruit of the tropical countries. Pulp from mango known to retain the quality of the product for a long 
is canned for use in ready-to-serve beverages, juices, time during storage. Mathur e t  a i d  and Adsule and Roy2
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have studied the storage quality of mango pulp frozen 
in cans using slow freezing method, in this paper, 
storage quality of ‘Totapuri’ mango pulp quick frozen 
in the form of slabs in polyethylene bags and stored at 
-18 °C  for a period of 14 months is presented.

Materials and Methods
Ripe ‘Totapuri’ mangoes from the local market were 

washed, cheeks removed and pulped. The pulp was 
divided into three portions, one was frozen as such 
(control), to the second, ascorbic acid added at the rate 
of 50 mg per 100 g and frozen and the third was canned.

For freezing, the pulp was filled into 200 gauge poly
ethylene bags of the size 52x40x3 cm and sealed. 
Each bag contained 7 kg of pulp. The sealed bags were 
kept in trays and frozen in a plate freezer at -40 °C. 
Nine slabs were made from each portion. Time required 
for freezing was 4J hr. The frozen slabs were stored at 
-18°C.

For canning, the pulp was mixed with citric acid to 
raise the acidity to 0.5 percent, heated to 85 °C, filled into 
plain A 2| cans, sealed, processed for 30 min in boiling 
water and cooled. These cans were stored at 4°C 
to prevent changes occurring at ambient temperature. 
The canned pulp was used as control.

After 3,6,10 and 14 months of storage, frozen and 
canned pulps were analysed for total soluble solids, 
acidity, ascorbic acid, total carotenoids, chroma and 
viscosity. A day prior to analysis, the frozen samples 
were transferred to a refrigerator for slow thawing. 
Brookfield viscometer at 60 rpm was used for measuring

viscosity. Reflect colour was measured by using Spec- 
tronic-20 colorimeter with reflectance attachment. The 
samples were taken in glass cells (American Company’s 
5-820 cell) for the colour measurement. Chroma was 
calculated according to the procedure outlined earlier3. 
Ascorbic acid in the samples was determined by visual 
titration method with standard 2-6 dichlorophenol 
indophenol dye4. Total carotenoids in the pulps were 
extracted with acetone and transferred to petroleum 
ether (b.p. 60-80°C). Colour was measured at 450 nm 
in Spectronic-20 colorimeter and expressed as $ -  
carotene5. All the analyses were made in triplicate and 
the mean values are presented.

Sensory evaluation of the frozen pulp after thawing 
and canned pulp was made both as pulp and after 
converting into nectar. The nectar having 20 per cent 
pulp, 15 °Brix, and 0.3 per cent acidity was subjected 
to sensory evaluation before and after boctling. The 
nectar was heated to 85°C for 5 min, filled in bottles, 
crown corked, processed in water at 75°C for 5 min and 
cooled. Colour, aroma, flavour and overall quality of 
the pulps were analysed by rank sum methods, ihe 
best one was assigned rank 1, by a panel of 12-17 pane
lists. Bottled nectar samples were evaluated by a panel 
of 17-19 members for difference and preference by 
preference matrix analysis7 in addition to rank sum 
analysis.

Resolts and Discussion
There was no significant change in TSS and acidity 

in the stored pulp from all the treatments (Table 1).

T able 1. changes in physico-chemical characteristics of frozen and canned totapuri mango pulps during storage

Total carotenoids 
Ascorbic acid as ^-carotene

Storage TSS (°Brix) Acidity (% ) (mg/100 g) ( fX g /100 g) Chroma (%) Viscosity (cp.)
period Frozen Canned Frozen Canned Frozen Canned Frozen Canned Frozen Canned Frozen Canned 

(months) c ont_ A.A. Cont- A.A. Cont- A.A. Cont- A.A. Cont- A.A. Cont- A.A.
rol added roi added ¡ol added rol added rol added rol added

0 16.5 16.5 16.0 0.45 0.45 0.50 17.0 65.0 14.0 4200 4200 4100 49.0 49.0 49.5 3950 3950 3795
3 16.5 16.5 16.0 0.46 0.46 0.51 10.0 53.0 11.5 3560 4050 4070 45.0 48.0 48.0 3760 3870 3740

(58.8) (81.5) (82.1) (84.8) (96.4) (99.3) (91.8) (97.9) (97.0) (95.2) (98.0) (98.5)
6 16.2 16.5 15.8 0.45 0.46 0.52 6.1 45.0 10.5 3250 3980 3995 42. 46.51 47.2 3452 3620 3650

(35.9) (69.2) (75.0) (77.4) (94.8) (97.4) (86.7) (94.1) (95.3) (87.4) (91.6) (96.2)
10 16.0 16.0 15.8 0.4? 0.43 0.50 1.4 29.5 9.8 2588 3570 3820 32.5 42.2 46.8 2650 3220 3525

18.2) (45.4) (70.0) (64.0) (85.0) (93.2) (66.3) (86.1) (94.5) (67.1) (81.5) (92.9)
14 16.0 16.0 16.0 0.48 0.47 0.52 0.9 12.8 8.9 2150 3240 3750 27.0 36.4 45.4 2260 2950 3410

(5.3) (19.7) (64.6) (51.2) (77.1) (91.5) (55.1 ) (74.3) (91.7) (57.2) (74.7) (89.9)
Figures in parenthesis indicate percentage of iniliai content 
A.A.—Ascorbic acid.

4
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There was reduction in ascorbic acid content in all the 
samples. After 10 months storage, the retention of as
corbic acid was 8.2, 45.4 and 70.0 per cent, in control 
frozen pulp, ascorbic acid added and frozen and canned 
pulps respectively. Loss of ascorbic acid in frozen con
trol pulp was faster than in pulp fortified with ascorbic 
acid and frozen or canned. This may be due to higher 
activity of oxidative enzymes in the control pulp. 
Ascorbic acid in the ascorbic acid fortified pulp acted 
as an antioxidant. Retention of ascorbic acid was 
better in canned than in frozen pulps, possibly due to 
(/) heat inactivation of oxidative enzymes during pro
cessing and (z7) tin in the cans acting as a protectant to 
ascorbic acid2.

Total carotenoid content in both frozen and canned 
samples decreased during storage. The losses were 
greater in the frozen natural sample (36 per cent) than 
in ascorbic acid added sample (15 per cent) and were 
least in canned samples (6.8 per cent). The values further 
decreased after 14 months of storage. Colour as per 
cent chroma also decreased during storage and the trend 
was similar to the carotenoid losses.

The viscosity of pulps before freezing and immediately

after canning was 3950 and 3795 cp respectively and de' 
creased during storage. After storage of 10 months, the 
values were 2650, 3220 and 3525 cp in the control 
frozen pulp, ascorbic acid added and frozen and 
canned pulps respectively. The decrease in viscosity 
was more in frozen pulps than in canned pulp. The 
decrease in viscosity in frozen pulps may be attributed to 
the activity of the pectin degrading enzymes.

The canned pulp had been subjected to heat treatment 
during processing but not the frozen pulps. At the end 
of 6,10 and 14 months of storage the sensory chara
cteristics with respect to colour, aroma, flavour and over
all quality of the canned pulp were significantly superior; 
pulp without added ascorbic acid was significantly 
inferior; and the pulp with added ascorbic acid was 
neither significantly superior nor inferior (Table 2). 
These results show that the canned product stored at 
low temperature is superior to pulp frozen without any 
heat treatment. The observations on the nectars pre
pared from these pulps subjected to sensory evaluation 
without any further heat treatment were similar to 
those observed in the case of pulps.

Nectars prepared from canned or frozen samples but

Table 2. rank sum data for sensory quality of pulps and nectars prepared from stored pulps 

Canned pulp Frozen pulp
Storage Judges Colour Aroma Flavour Overall Ascorbic acid added W ithout ascorbic acid
period

(months)
(no.) quality Colour Aroma Flavour Overall 

quality
Colour Aroma Flavour Overall 

quality
Pulp

6 11 13** 12** 12.5** 12.5** 25.5 19.5 22.0 22.0 28.5** 30.5** 31.5** 31.5**
sup. sup. sup. sup. n.s. n.s. n.s. n.s. inf. inf. inf. inf.

10 12 12** 13** 12** 12** >4.5 23.5 24.5 24.5 35.5** 35.5** 35.5** 35.5**
sup. sup. sup. sup. n.s. n.s. n.s. n.s. inf. inf. inf. inf.

14 16 16** 16** 16** 16** 35.5 40.5** 39.5** 40.5** 44.5** 39.5** 40.5** 39.5**
sup. sup. sup. sup. n.s. inf. inf. inf. inf. inf. inf. inf.

Nectar before pasteurization
6 11 12** 13** 16** 13** 25.5 23.5 20.5 23.5 28.5** 29.5** 29.5** 29.5**

sup. sup. sup. sup. n.s. n.s. n.s. n.s. inf. inf. inf. inf.
10 12 12** 12** 11** 11** 23.0 23.5 23.5 23.5 32.0** 30.5** 31.5** 31.5** .

sup. sup. sup. sup. n.s. n.s. n.s. n.s. inf. inf. inf. inf.
14 16 16** 16** 16** 16** 37.5 39.5** 40.0** 40.0** 42.5** 40.5** 40.0** 40.0**

sup. sup. sup. sup. n.s. inf. inf. inf. inf. inf. inf. inf.
Nectar after pasteurisation

14 20 23** 21** 23.5** 22** 44.0 41.0 37.0 38.0 53.0** 58.0** 58.0** 58.0**
sup. sup. sup. sup. n.s. n.s. n.s. n.s. inf. inf. inf. inf.

“ Significant at 1% level; Sup: Superior; Ir.f: Inferior 
n.s: not significant.
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subjected to heating before sensory evaluation showed 
no significant difference with respect to colour, con
sistency and flavour at the end of 6 months of storage. 
The observations at the end of 10 months of storage 
were similar in the case of nectar prepared from canned 

.’sample and frozen pulp containing added ascorbic acid 
while that prepared from pulp frozen without added 
ascorbic acid was significantly inferior. At the end of 14 
months of storage, the nectar prepared from the canned 
pulp was superior, from the pulp frozen without added 
ascorbic acid was inferior and with added ascorbic acid 
not significant. At the end of 6 and 10 months storage, 
the sensory evaluation was done by preference matrix 
analysis and by rank sum analysis at the end of 14 
months of storage.

The results show that the mango pulp frozen without 
pasteurization develops off-flavour during storage, the 
intensity of which is less when the pulp is fortified with 
ascorbic acid. The off-flavour produced is, however, 
heat labile. Hence, when the pulp is used for products 
where heating is involved before consumption, this dis
advantage as compared to canned product with respect 
to flavour is overcome. For such purposes, mango pulp 
frozen with added ascorbic acid is similar to canned pulp 
with regard to colour, consistency and flavour even after 
prolonged storage, while the pulp frozen without added 
ascorbic acid (control) is inferior.

The off-flavour which develops during frozen storage 
could however be overcome, if the pulp is heated before 
freezing. Avena and Luh8 have recently reported the 
changes during frozen storage of pasteurized mango 
puree with and without added sugar. No such develop
ment of off-flavour were encountered during storage. 
Hence pasteurization before freezing could overcome this 
disadvantage.

The manufacturers of ready-to-serve beverages pasteu
rize the mango pulp and store at 4°C in wide mouthed 
18 1. tins lined with polyethylene film for subsequent use. 
However, the storage life of such pulps is reported to 
be only 3-4 months. ‘Totapuri’ mango pulp having 0.5 
per cent acidity and ‘Alphonso’ mango pulp having 0.6 
per cent acidity would have a pH less than 4.0. Heating 
of such pulps to 95 °C would inactivate the heat resistant

enzymes and destroy the spoilage organisms. Based 
on the results of the present study, it may be stated that 
tha shelf life of such pulps packed as stated above could 
considerably be increased by storing at -18aC. Alter
nately, the pasteurized pulp may be filled hot into the 
narrow mouthed plain 18 1 containers, the lid is sealed 
by soldering, and the sealed container was tilted upside 
down to check leakage and to sterilize the lid and allowed 
to air cool or cooled in chlorinated water. The product 
would behave in the same way as the canned product 
when stored at 4"C or at ambient temperature. However, 
such cans are not suitable for reuse. This is based on the 
experience of one of the authors while working in a 
factory9.
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Cookability and associated tests conducted in this study involved determination of (i) rates of cooking, (ii) water uptake 
during cooking and at room temperature, and (iii) influence of seed size on cookability and water uptake. Cookability 
was found to be negatively associated with water uptake during cooking; soybean lines which absorbed 
water more rapidly tended to cook in a shorter period of time. Seed size was observed to influence cookability and 
water uptake. Generally small seeds tended to cook faster than larger seeds suggesting that breeding and selection 
for small seed sized soybean varieties may help overcome the problem of cookability encountered in soybean. In all 
experiments involving water uptake, the influence of temperature or seed size on water uptake was not the same on 
ail the lines tested.

Soybean is progressively becoming a world-wide 
potential source of major nutrients required for normal 
diet. As high as 45 per cent of the dry matter is protein 
and the amino acid pattern approaches the optimum 
recommended by FAO1. Soybean also contains about 
20 per cent oil, which is very desirable because it contains 
a large proportion of unsaturated fatty acids.

Soybean has not been a popular food crop in many 
parts of the world, despite its high nutritional value.
The Protein Advisory Group Statement 22 icentified 
cookability or difficulty-to-cook of beans as a serious, 
universal problem limiting the direct use of soybeans.
Rice2 and Muellar et aP. recommended cooking times 
of up to three hours in order to produce a food product 
from mature soybean seeds. Long cooking times dis
courage people from continuing to incorporate soybeans 
in their normal diets.

The objective of this study was to investigate factors 
that influence the cookability of soybeans in order to 
provide information that may be useful to breeders and 
food processors attempting to overcome the problem of 
cookability encountered in soybeans.
Materials and Methods

Soybean lines from the cross ‘Big Jule’/‘Bether were
•P resent address: Department of Botany, University of Dar es Salaam, Tanzania.

grown in replicated field plots at Hawkesbury Agricul
tural College of Advanced Education, Richmond, 
Australia. All soybean seed lots used in the tests were 
fully matured seeds and were stored in a controlled 
atmosphere seed storage room at 10°C and humidity of 
30 per cent for a minimum of two weeks before being 
used, so as to enable the seed lots to equilibriate at the 
same seed moisture content. Cookability and associated 
tests were conducted in the experimental food technology 
laboratory at Hawkesbury Agricultural College of 
Advanced Education.

To determine line variation in cooking time and rate 
of water uptake, seed lots representing a number of lines 
and field plot sources were pressure cooked for three 
different times at 116°C. Seeds of nearly uniform size 
(about 7.6mm in diameter) of each seed lot were obtain
ed by sieving. Clean whole seeds were weighed and plac
ed in cans (75mm X 117mm) and the cans were filled 
with tap water and sealed. The cans were then 
placed in a retort, which was steam heated at 116°C. 
The beans were cooked for 10, 20 and 30 min. For 
each of the three cooking times, timing started when 
the steam heated retort reached 116°C, which took 
about 5 min. The assumption made was that the 
cans and its content would also attain this temperature

2 8 6
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within this period given the small size of the cans and 
the quantity of the beans used. After cooking for the 
respective times, the cans were cooled in a waterbath. 
The cans were then opened, the water drained and 
the beans were weighed to determine water uptake. The 
cooked beans were then tested for hardness using a 
texture measuring instrument, the Maturomcter, 
Australian Patent No. 143316. This instrument measures 
the resistance or force required to puncture beans by 
pins. The details of the theory and mechanism of the 
instrument are described by Mitchel et al4.

To determine any influence of seed size on cookability 
and water absorption during cooking and during soaking 
at room temperatures, seeds of three sizes of each of 
six soybean lines derived from the ‘Big Jule’/'Bether 
cross were used. The three seed sizes were obtained by 
sieving the mixed seed lots as haivested from individual 
field plots. The size classes contained seeds centred on
8.4 mm diameter (range 8.1-8.7 mm), 7.6 mm diameter 
(range 7.2-8.0 mm), and 6.5 mm diameter (range
6.5-7.1mm). Cookability and water uptake of the 
various seed sizes were determined as described above, 
exepet that in this experiment a single time of cooking 
of 10 min at 116°C was used. Influence of seed size on 
water uptake during soaking at room temperature 
(20-25 °C) was determined by soaking weighed sam
ples of the three size classes for 30, 60, 180, 240, 360 
min.
Results and Discussion

1. E ffe c t  o f  c o o k in g  time on  c o o k a b i l i t y  and water up
take: A commercial product of canned beans (Sanita
rium Soybeans) was used as a reference for accpetable 
tenderness. The Maturometer reading for the commercial 
product was 27.2kg. Forty one soybean lines were used 
to test the effect of cooking time on hardness and water 
uptake. Mean squares obtained from the analysis of 
the three periods are given in Table 1. Genetic differences 
among lines were shown by the significant mean square

T able 1. m ean  squares o b ta in ed  from  a nalysis o f  va ria n ce
FOR COOKABILITY AND WATER UPTAKE OF PARTICULAR SOYBEAN 

LINES TESTED AT THREE COOK!NO TIMES

Source df Cookability W ater uptake
Blocks 1 0.68 18.40
Lines 40 714.78** 269.54**
Time 2 28081.38** 42.69**
Line x  Time 80 138.76** 34.61**
Error 122 32.49 9.00

values for lines in the analysis of variance. Significant 
line by cooking time interaction was observed indicating 
line differences in the relationship of cookability and 
water uptake with cooking time.

Fig. 1 shows the effect of cooking time on hardness for 
some of the soybean lines tested. All the lines showed a 
decrease in hardness with cooking time, however, some 
lines required shorter time to reach acceptable tender
ness. Fig. 2 shows the effect of cooking time on water 
uptake for some of the lines tested. An increase in water 
uptake with time was shown by some lines while others 
such as ‘Jeth 3’, ‘Jeth 60’ and ‘Big Jule’, showed a 
decrease in water uptake with cooking time. The 
decrease in water uptake exhibited by some of the lines 
could be due to disruption of cells during cooking with 
release of cell-bound water.

The correlation coefficient for the association of 
hardness after cooking and water uptake during cooking 
was r=0.76*\ The observed association is that, lines 
which absorb water more rapidly tend to cook in a 
shorter period of time.

Differences in cookability observed among lines 
may be due to differences in seed characteristics.

Fig. 1: Effect of cooking time on hardness o f the cooked soy
beans of particular lines
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Fig. 2. Effect of cooking time on water uptake o f particular 
lines of soybeans.

Softening due to cooking occurs because of structural 
changes which take place during cooking. With 
non-oil legumes these structural changes include the 
breakdown of the middle lamella, leading to easy 
separation of cells5. The same authors5 also observed 
that in soybeans, heating caused separation of intact 
cells with no evidence of the breakdown of the middle 
lamella. The observed differences in cookability among 
lines observed in this study could be due to genetic 
differences in cell separation during cooking and in seed 
coat characteristics affecting water uptake which is 
associated with cookability.

2. Influence of seed size on cookability and water 
uptake:

During cooking: The relation of seed size to hardness 
after 10 min of cooking is shown in Fig. 3. The six 
soybean lines showed an increase in hardness with 
increasing seed size. Within lines, small seeds tended to 
be softer after cooking than larger seeds. The effect

of seed size on water uptake during cooking is shown 
in Fig. 4. Seed size appears :o affect water uptake; 
smaller seeds absorbing more water than larger 
seeds.

During soaking: Soaking soybean is an essential step 
in preparation of soybean products for human consump
tion. Seed size was found to influence water uptake dur
ing soaking. Some soybean lines showed an increase in 
water uptake with increasing seed size while others 
showed a decrease in water uptake with increasing seed 
size (Fig. 5). Significant correlations were found between 
(i) hardness after cooking and water uptake during soak
ing (r= -0.54**) and (») water uptake during cooking 
and water uptake during soaking at 25°C (r=0.49**). 
The amount of water absorbed during soaking increased 
with soaking time for all lines and seed size classes 
studied.

Hsu tt al$. found that water uptake by soybeans during 
soaking was influenced by seed size. Small seeds were 
observed to absorb more water than larger seeds, and 
this was explained as being due to the fact that smaller 
bean kernels provide more surface area per unit mass for 
mass transfer. Calero et al.1 found that the capacity
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Fig. 4: Effect o f seed size on water uptake by seeds of particular 
soybean lines during cooking for 10 minutes at 116°C

to absorb water in soybeans was dependent on the 
shape and size of functional pores on the seed coat, 
and the amount of waxy material embedded in the epi
dermis. Small seeds were found to have near round and

Fig. 5: Effect of seed size on water uptake by seeds of particular 
soybean lines during soaking at room  tem perature for four hours

functional pores, whereas large seeds were found to have 
distorted pores due to the size effect, thus enabling small 
seeds to absorb more water than large seeds. The 
differences in water uptake between small seeds and 
large seeds observed in this study could also be due to 
differences in shape and size of functional pores, and 
other structural differences.

Within homozygous lines, differences in seed size 
are due to environmental and/or developmental causes. 
The influence of seed size on cookability observed within 
soybean lines from the cross ‘Big Jule’ ‘Bethel’ may not 
be genetically important. However, the effect of seed 
size observed within lines shows the need to have seed 
samples of uniform size when carrying out tests invol
ving selection of soybeans for cookability. All test 
samples need to be stored at the same moisture and 
temperature conditions prior to testing since cookability 
has been observed to be affected by these factors8. 
Lebedeff9 found genetic differences among lines of dry 
beans (P. vulgaris) in the development of hardseededness 
during storage, which was also affected by storage 
conditions. Storage of seeds in conditions used in 
this study (10°C and 30 per cent RH) for two or more 
weeks enables samples of various origin to attain the 
same moisture level prior to testing. No hardseededness 
was observed in this study.

The results of this study also suggest that breeding and 
selection for small seed size may help overcome the pro
blem of cookability encountered in soybean. However, 
more research is required to evaluate the genetic nature 
of the relationship between seed size and the cookability 
of soybean seeds. Mwandemele et al.10 have demon
strated genetic variation in cookability in soybean and 
observed the character to be highly heritable. This 
suggests that cookability can be improved through 
breeding and selection, which may help reduce costs of 
processing and save energy.
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The adsorption charactersitics of salt extracted fish protein on peanut oil have been studied quantitatively. The effect 
of ionic strength, pH, denaturant and temperature on the adsorption isotherm have been compared with each other. 
The adsorption was found to decrease with increasing salt concentration a t pH away from isoelectric point, denaturant 
and decreasing temperature. The adsorption of proteins is multilayer in nature and decrease in adsorption is possibly 
due to denaturation. From thermodynamic analysis of the results, the parameters such as A  G°, A  H ° and A  S° 
have been calculated quantitatively and the nature of adsorption discussed.

Proteins are good food emulsifiers1. In many pro- 
teinous foods such as fish and meat sausage, the food 
material is actually present in the form of oil/water or 
water/oil emulsion which is stabilised by the proteins. 
The stability of these food materials at various conditions 
depends on the nature of the protein film forming an 
adsorbed layer on the fat particles. The change in 
texture and toughness during frozen storage of fish have 
frequently been attributed to the denaturation of the 
adsorbed proteins during cold storage process2,3. 
These correlations are however indirect and quantita
tive data of fish protein adsorption on food materials seldom exist.

It is well known that in all biological systems proteins 
are in complicated adsorption interaction with lipids 
and other biological components. It is also known

that proteins get denatured when adsorbed at an inter
face4,5. However, some workers'5"8 have reported that 
proteins may retain a certain degree of native conforma
tion even in the adsorbed state. Fish muscle is composed 
of a heterogeneous mixture of proteins. Piesently some 
information is available on the adsorption of pure and 
single protein at hydrocarbon oil/water interface8-1«. 
But the adsorption behaviour of mixed protein systems 
is unknown. As mixed proteins actually exist in real 
biological systems, the adsorption characteristics of such 
systems will be more meaningful in understanding 
several phenomena which are known to be controlled 
by adsorbed proteins, like cellular aggregation11, 
cellular growth12 in cell membranes and digestion of 
insoluble fats13 in food materials. Moreover, as fish 
is the raw material for several processed food products,
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adsorption studies of fish proteins on food materials 
may be helpful to food processing industry.

In the present paper an attempt has been made to 
study the adsorption behaviour of salt extracted fish 
proteins at an oil/water interface. The effect of the 
change of pH, salt concentration, denaturant and cooling 
on the adsorption behavior is studied. As peanut oil 
is extensively used in India in the preparation of food
stuffs by the industry and also used as a cooking oil, 
double refined peanut oil was selected for adsorption 
study of fish proteins. Attempts have been made to 
understand the conformational aspects of the adsorbed 
fish protein and the amount adsorbed has been inter
preted from the fundamental mechanism of the adsorp
tion process.
Materials and Methods

Fish protein used for the experiment was taken from 
fresh-water fish ‘Rohu’(1-1.5 kg total wt.) procured from 
market. Skin was removed and bone was separated from 
the muscle. Water distilled oevr alkaline permanganate 
solution was used throughout the experimental work.

All inorganic salts used were of analytical grade. 
Double refined peanut oil used as the oil phase was 
purchased from the market and used without further 
purification. The interfacial tension of this oil against 
double distilled water, viscosity and density agree well 
with the reported values1*). The GLC data of this oil 
shows the same fatty acid compositions as reported else
where1*1. The oil is also highly stable as no detectable 
rancidity could be identified within one month storage 
period during which this work has been carried out.

Fish muscle was cut into small pieces after removing 
bone and skin. This muscle was extracted with salt 
solution of different molarity by rotating in a waring 
blender at high speed for 5 min. The slurry was then 
blended in an electric blender fitted with perforated 
socket rotated at 4000 rpm for 10 min. The slurry was 
then centrifuged at 5000 rpm and the centrifugate filtered 
through filter paper. This filtrate was diluted with salt 
solution having the same molal concentration as used 
for extraction. Thus, different protein solutions (each 40 
ml volume) of different concentrations were prepared 
in 125 ml reagent bottles fitted with standard joints. 
These solutions and a definite volume of peanut oil 
were separately thermostated at the experimental 
temperature for 2 hr.

The protein solutions were transferred to a 250 ml 
beaker and 5.0 ml of peanut oil was added to it from a 
burette. The mixture was blended in an electric blender, 
fitted with a perforated socket at the bottom, at 4000 rpm. 
The time of emulsification was 5 min in all cases. 
Immediately after preparation, the emulsion was poured 
into the reagent bottles and kept under controlled

temperature. During storage, the emulsions were occa
sionally shaken by hand.

The particle size and hence the surface area of the oil 
droplets in the emulsions measured after 18 hr of pre
paration was estimated by turbidometric method8 
in a Klett-Summerson photoelectric colorimeter ‘(Phila
delphia, Pa.) using red filter. Surface area was directly 
read out from a turbidity vs. surface area standard plot. 
To draw the standard plot, five emulsions having same 
composition but different particle size were taken. Defi
nite amount of emulsion was taken in test tubes and 
diluted five times with the salt solution in which 
protein was extracted. The turbidity of the emulsions 
were measured by Klett-Summerson colorimeter. To 
measure surface area, 1 ml of each emulsion was diluted 
25 to 50 times with the continuous phase. Two drops of 
this diluted emulsion were placed on a clean glass slide, 
covered with a cover slip (15x15 mm), and placed under 
a microscope (Leitz, Germany) fitted with micrometer 
scale. Magnification was kept in the range of 40x16. 
The diameters of droplets of different sizes were measured 
with the help of micrometer scale from 4/5 different 
representative field of the slide. 250/300 droplets were 
measured for each emulsion. The mean volume surface 
diameter (dvi) was calculated from the following 
relations:

Nidj3-4-N2d23 +  N3d33 +  . . . .
dvi =  N1d12 + N 2d22 + N 3d32 +  . . . .

2  ^ ¡ 3
=  J -----------  . . . .  (1)

2  N jd j2iwhere N,- is the number of droplet, having a diameter d,. 
dVJ is related to the average surface area S by the 
equation

where S is in units of square meters per milliliter of oil, 
if dvi is expressed in micrometers.

Protein concentration was determined by the method 
of Lowry et al14. After turbidity measurement, the 
emulsions were allowed to cream by keeping them 
undisturbed for nearly 5 hr. The turbid protein solution 
below the cream was taken out by means of a syringe. 
During protein concentration determination, turbidity 
corrections of these solutions against blank was 
made. Before addition of the colouring reagents, solu
tions were diluted in the range of 10 to 150 ju-g/ml. 
Readings were taken in Klett-Summerson photoelectric 
colorimeter using red filter. Protein concentration was 
determined using calibration curve made with standard 
solutions of BSA (bovine serum albumin).

Knowing the percentage concentration of the protein 
solution before and after adsorption and the mean
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volume surface diameter of the emulsion droplets, Tp, 
the amount of protein adsorbed, in milligrams per 
square meter of the interface, was calculated from the 
relation

_  5Vc (C ,-C ) dvJT p  3Y ^ . . . .  (3)
where Vc and V0 are the volumes of the continuous 
phase and the oil phase, respectively and C( and C are 
the initial and final percentage concentrations of the 

“protein solutions, respectively.
Results

The usual way to present the adsorption data is in the 
form of adsorption isotherm, in which amount adsorbed 
is plotted against equilibrium concentration. In the 
present case also, the data are presented in the form of 
adsorption isotherms and the effects of some parameters 
such as pH, ionic strength, denaturant and temperature 
on the isotherms have been shown.

The results of the effect of pH at a constant tempera
ture of 28 °C have been presented in Fig 1. Adsorption 
experiments were carried out at pH 5.7, 4.3 and 8.1. 
Salt extract of 0.50 M strength was used as protein solu
tion so that the ionic strength remains constant at 0.50, 
pH was adjusted by suitable addition of HC1 or NaOH. 
The results show that the amount of adsorption varies 
with pH. Adsorption is highest at pH 5.7 and least at 
pH 4.3 and that at pH 8.2 being intermediate between 
the two. Moreover, the initial slopes of the adsorption 
isotherm is in the same order of adsorption, i.e. pH 
5.7>pH 8.2>pH 4.3. The other interesting point that 
can be noted from Fig 1 is regarding the shape of the 
isotherm. All the isotherms pass through a maxima 
before reaching the constant saturation value and the 
maxima occurs in the equilibrium concentration range 
of 0.020 to 0.035 percent. The saturation values at pH
5.7, 8.2 and 4.3 are 37, 16 and 10 mg/m2 respectively. 
Another observation is that the initial rise of the amount

Fig. 1. Adsorption isotherms of salt soluble fish protein on 
peanut oil at different pH.

EQUiUBRIUM % PROTEIN CONCENTRATION
Fig. 2. Adsorption isotherms o f salt soluble fish protein on 

peanut oil at different ionic strength.

of adsorption with rise in equilibrium concentration is 
not linear in nature.

In Fig 2 two isotherms at different ionic strengths 
maintained by 0.5 M NaCl and 1.0 M NaCl have 
been compared. It is found that amount of protein 
adsorbed decreases with increasing ionic strength 
and saturation value ol adsorption (T™) for 1 M NaCl 
is attained at 27 mg/m2 as compared to 37 mg/m2 for 
0.5 M NaCl. Also the maxima which occurs at 0.5 M 
NaCl is not found at 1.0 M NaCl.

The effect of urea on the isotherm has been depicted 
in Fig 3 in which two isotherms, one at 0.5 M NaCl 
and the other at 2.0 M urea have been presented. It is 
seen that the isotherm in presence of urea shows some 
distinct steps. Initially at very low equilibrium protein 
contentration (region AB) adsorption is very small. 
Then adsorption increases (region BC) and ultimately 
reaches a state of apparent saturation (region CD) and 
this corresponds to only 5 mg/m2. After this region, 
adsorption increases slowly and tends toward saturation

Fig. 3. Adsorption isotherms of salt soluble fish protein on 
peanut oil in presence of urea.
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Fig. 4. Adsorption isotherms of salt soluble fish protein on 
peanut oil at different temperatures.

(region DEF) through wide range of equilibrium cocen- 
trations (0.07 to 0.25 per cent). The isotherm in the 
region ABCD is S-shaped. The maxima also dis
appears at 2.0 M urea. At the highest equbilirium 
concentration studied for 2.0 M urea, the maximum 
adsorption corresponds to 30 mg/m2.

In Fig 4 two isotherms at 28 and 6.5°C, other physical 
conditions remaining same, have been compared. 
It is found that at 6.5°C adsorption becomes less 
compared to that at 28 °C and saturation adsorption 
at 6.5°C corresponds to 25 mg/m2. Also theimtial slope 
decreases with fall in temperature.
Discussion

That the salt extract of fish muscle contains a mixture 
of proteins has been reported by Dyer and Dingle140. 
The composition and the physical characteristics have 
been studied by them by electrophoretic, ultracentrifugal 
and sedimentation techniques. The primary effect of 
changing pH of a protein solution is the alteration in 
the net charge of the protein molecule. The average 
isoelectric pH (IEP) of the mixed proteins in the 0.5 M 
NaCl extract of fish is about 5.2 in the adsorbed state as 
measured by the microelectrophoresis technique (Basu 
et al., unpublished data). So at pH 4.3 there will be a 
net positive charge on the protein molecules and at 
pH 8.2 there will be a net negative charge. Tne pH 5.7 
being very close to isoelectric pH will impart only slight 
excess negative charge on the protein molecules. The 
decrease in adsorption of fish protein on the peanut oil/ 
water interface at pH away from IEP is due to the net 
charge on the protein segments. Due to the electrical 
repulsion among the charged segments, the protein 
molecules may undergo extensive surface denaturation 
leading to the low adsorption. However, at pH 5.7, the 
electrostatic repulsion is small, so tha: the protein mole
cule may retain its compact structure. More molecules 
can now be accommodated in unit area of the surface

leading to greater extent of adsorption. It may be men
tioned in this connection that bovine serum albumin 
(BSA) adsorbs in similar fashion on peanut oil10.

One important difference between the adsorption of 
fish protein extract and BSA is that the adsorbed amount 
in case of BSA lies between 0 and 4 mg/m2, whereas that 
for fish proteins leads to a value as high as 40 mg/m2. 
Such high values of adsorption suggest multilayer adsor
ption of fish proteins. Such multilayer adsorptipn, 
specially with macromolecules, is very common9,16. 
The first layer in such adsorption is possibly surface 
denatured and additional protein molecules are adsorbed 
on this denatured film in a manner similar to the for
mation of duplex film16. However, alternative 
mechanisms are also suggested for the formation of such 
films1?,18. Such multilayer formation may lead to in
creased stability of the fish products.

The initial slopes of the adsorption isotherm indicates 
the affinity19 of tht, protein molecules towards the peanut 
oil/water interface. This affinity is primarily dependent 
on the kinetics of adsorption which is again a diffusion 
controlled process20. A protein molecule with compact 
structure should diffuse faster than an unfolded mole
cule20. This leads to greater rate of adsorption at pH
5.7 which is close to IEP than at pH 8.2 or 4.8. This 
may also explain magnitude of adsoprtion at the three 
pH studied.

The maxima observed in Fig 1 is frequently observed 
in adsorption experiments both with micro-and macro
molecules21. With proteins such maxima has been 
obtained by Bull22 and Mitia et al.25 at lower equilibrium 
concentrations. These authors attributed the formation 
of such maxima at lower values of equilibrium concen
trations to conformational alterations of the adsorbed 
proteins.

Addition of a neutrai salt increases the ionic strength 
of the medium, which reduces the electrostatic repulsions 
between the similarly charged segments of the protein 
molecule, both in the bulk as well as in the adsorbed 
state. This may favour the compact structure of the pro
tein molecule resulting in an increase of the amount of 
adsorption. However, near the isoelectric pH such 
effect will be small. Moreover, at 1.0 MNaCl concentra
tion, the protein molecules may undergo extensive de
hydration24 leading to denaturation of the adsorbed 
protein. This may lead to decrease in the amount of 
adsorption (Fig 2). Similar decrease in the amount of 
protein adsorption with increase in ionic strength was 
also reported by Suzawa et al.25. The unfolding at 1.0 M 
NaCl is further supported from the initial slopes of the 
curves at Fig 2. Decrease in the affinity at 1.0 M NaCl 
concentration is definitely a result of slower rate of 
diffusion which again should be due to unfolding of the 
protein.
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Urea is known to be a common denaturant of 
proteins26. The isotherm shows a region of apparent 
saturation (region CD) above which adsorption fruther 
increases. This behaviour suggests interfacial coagula
tion which is known to occur readily in proteins at 
interfaces27,28. The initial saturation probably corres
ponds to a monolayer adsorption and further adsorption 
increases the number of layers. Similar results were also 
found for adsorption of gelatin16 which is known to be 
a denatured protein. The very low affinity (region AB) 
may reflect extensive unfolding of the protein molecule 
even in the bulk.

The decrease in the amount of adsorption with de
crease in temperature is contrary to general observation 
where an increase in the adsorption is usually obtain
ed16,19. Tne results for the fish protein (Fig 4) may 
imply a kinetically controlled process which can offer 
an explanation of the apparent anamolous results. The 
first step in adsorption is diffusion of protein mole
cules from bulk to the interface5,26. The second step 
is unfolding and reconformation of adsorbed protein5,26. 
At lower temperature, the rate of diffusion may be slow 
compared to the rate of unfolding. As a result, the 
protein molecule which reaches the interface gets un
folded completely before a second molecule reaches the 
interface. That is, the adsorbed molecules are mostly 
denatured. At moderate temperature the rate of diffu
sion may be faster than the rate of unfolding and thus 
the adsorbed film may be partly native proteins. 
This may increase the amount of adsorption. Of 
course, some other complex factors may berespon- 
sible for the result. The results clearly imply that 
hydrophobic interaction plays the important role 
in the adsorption process. The positive entropy value 
given in Table 1 also supports this.

Thermodynamic treatment of adsorption data is 
important but is often very complex. Because of the 
complex nature of the isotherms and irreversibility of

the adsorption process22, application of equations based 
on classical theimodynamics is questionable and less 
justified. However, such treatment may be extremly 
helpful for a comparative purpose. The usual procedure 
to calculate thermodynamic parameters is to consider 
the initial slopes of the adsorption isotherm19. The 
limitation of such considerations for the adsorption 
at liquid-liquid interfaces has been discussed pre
viously16.

Free energy change (a G) for the adsorption of fish 
proteins to peanut oil has been calculated on the basis 
of Bull’s equation22 which, in simple form reads,

C p
A G - - r R T T p  I n C p - R T  f T p . . . . .  (4)

o
The limitations of the applicability of this equation to 
adsorption data has been discussed elsewhere16. The 
standard free energy change (AG°) of adsorption per 
mole of protein has been calculated from the slope of 
the linear plot of AG vs Tp (Fig 5). The standard 
enthalpy change AH0 for the transfer of one mole of 
protein to the peanut oil/water interface may be cal
culated from the relation

Here AG? and a G2 are the standard free energy 
changes at Tj and T2 temperatures respectively. AH 9av 
stands for the average enthalpy change at an average 
temperature of (Ti+T2) corresponding to an average 
free energy change AG°fll,=-|(A G c’1 +  AG‘’2). The 
average entropy change was calculated from the equation

AG°„ =  AH°, -T  AS°v . . . . ( 6)
The values of AG° calculated from various adsoprtion 
isotherms along with maximum adsorption (T™) are 
reported in Table 1. The average free energy, enthalpy

T able 1. thermodynamic and other related parameters for adsorption of fish proteins to peanut
oil/water interface

Salt pH Temp Salt concn Tm 1P [> O o

(°C) (M) mg/sq.m. KJ/mole
NaCl 5.7 6.5 0.5 25.13 -10.67 Tav=290.25°K
NaCi 5.7 28 0.5 50.71 -10 .92A H °flv =  + 8.0 KJ/mole
NaC. 8.2 28 0.5 29.06 -9.49 A G °av=  -10.8 KJ/mole
NaCl 4.3 28 0.5 12.33 -8.40
NaCl 5.7 28 1.0 27.44 -14.41 A  S°av=  +  0.064 K J/m ole/K
Urea 6.9 28 ♦ 2.0 29.50 -6.80

♦ No othei salt was used for extraction,
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Fig. 5. Plot o f A G  vs . T P.

and entropy values are also reported in Table 1. It is 
noted from Table 1 that A G" does not reflect the trend in 
saturation adsorption. Also, it is found that AH”flV 
and AS'av are both positive in agreement with the pre
vious results10,19.

Conclusion: Adsorption of fish protein is maximum 
near the isoelectric point. At pH away from IEP., 
protein gets surface denatured. Increase in the salt 
concentration increases the degree of denaturation in the 
adsorbed film leading to less amount of adsorption. 
Denaturant decreases adsorption. Cooling below room 
temperature possibly enhances denaturation. This 
indicates that the interactions of the fish proteins with 
peanut oil is hydrophobic in nature. This also explains 
the development of toughness during cold storage of 
fish.
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Forty samples of Anardana  (sun-dried seeds of ripe sour pomegranate) comprising authentic as well as commercial/ 
market samples, were analysed for their important physico-chemical characteristics. The range of values was moisture 
5.4-14.7%, acidity 7.8-15.4%, total ash 2.04-4.04%, acid insoluble ash 0.73-1.98%, crude fibre 22-30% and protein 
(NX 6.25) 4.74-6.25%. Variation in colour was also noticed. Quality standards have been proposed for the product. 
Sorption studies indicated that an initial moisture content of 8.7%  exerts an ERH of 62%. Storage studies over 
a period of 9 months revealed that friction-top tins were the best followed by glass containers. In 200 gauge 
polythene bags, there was loss of moisture during summer months which was regained during rainy season. Darken
ing in storage was the least in friction-top tins.

Dried, sour, whole pomegranate (Punica granatum L) 
seeds popularly known as Anardana, is used as an acidu- 
lant in Indian curries, chutneys, etc. in place of tamarind 
and amchur (dried raw mango) in North India. It is 
also used in Ayurvedic system of medicine1. Fruits are 
hand picked, cracked and seeds with flesh are separated 
from rind and septa which are then sun-dried. It is 
packed in gunny bags for the market. It is reported that 
the total value of Anardana produced in the states of 
Jammu and Kashmir and Himachal Pradesh is Rs. 60 
lakhs per annum1. Anardana has also some export 
market in East Asian countries. There is little published 
information on the manufacture, composition, packag
ing, storage and quality standards for Anardana2. 
Studies were undertaken on the above mentioned as
pects, the results of which are presented in this paper.
Materials and Methods

Raw material: Samples of Anardana were collected 
from Divisional Forest Officers, General Managers 
(District Industries Centres) of Jammu and Kashmir and 
Himachal Pradesh. Market samples were also procured 
from Ludhiana, Jammu, Amritsar and Simla. The

collected samples were filled into clean airtight glass jars 
and stored at 4°C.

Foreign matter in Anardana was determined by 
separating the septa, rind, stone, mud, etc from 100 g of 
the sample and weighing. Colour was noted by a 
panel of judges by visual observation. Aliquots of 
powdered samples were utilized for the determination 
of moisture, acidity, total ash, acid insoluble ash, crude 
fibre, reducing, non reducing and total sugars, ether 
extract and crude protein following standard A.O.A.C. 
methods4. For the objective evaluation of the colour of 
Anardana, optical density at 435nm of 100 ml methanolic 
extract obtained from 10 g of sample using methyl 
alcohol containing 1 per cent HC1 in a Spectrocol 
photoelectric colorimeter, model CL-23. *

Equilibrium relative humidity (ERH) studies were 
conducted by Wink’s Weight Equilibrium method3.

Storage: Anardana samples were stored in glass jar 
with screw caps, friction top tin cans, and heat sealed 
low density polythene bags (200 gauge) (LDPE) for 9 
months at room temperature (13 to 38°C) and 30 to 90 per 
cent RH. Cnanges in visual colour, moisture, acidity 
and optical density of methanolic extract were determi
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ned at intervals of 0,3,6 and 9 months storage by 
A.O.A.C. procedures4.

Frequency distribution histograms and formulation of 
quality standards for Anardana: Based on the results 
of analysis of 40 samples of Anardana for a few important 
quality attributes like absence of foreign matter, moisture, 
acidity, total ash, acid insoluble ash, and crude fibre, 
frequency distribution historgiam of each quality attri
bute was constructed which helps in subsequent formu
lation of draft quality standaids for each quality 
characteristic.

Results and Discussion
Chemical composition: All the 40 samples contained 

foreign matter like septa, rind, mud and small stone 
pieces. It ranged from 1.5 to 6.5 per cent. Himachal 
Pradesh (HP) samples had slightly less foreign matter 
(1.5-2.5 per cent). The moisture ranged from 514 to 14.7 
per cent, acidity (as citric acid) from 7.8 to 15.4 per cent, 
total ash from 2.04 to 4.04 per cent, acid insoluble ash 
from 0.75 to 1.98 per cent, reducing sugars from 9.26 
to 16.8 per cent (total sugars were almost same or 
slightly higher than reducing sugars), crude fibre from

T a b l e  1. c o m p o s it io n  o f  a n a r d a n a  p r o c u r e d  f r o m  j a m m u  a n d  k a s h m i r , h i m a c h a l  p r a d e s h  a n d  P u n j a b

Foreign M oisture Acidity Sugar Ash Crude O.D.
Source Visual matter* (as % Reducing Non- re- Total Total Acid in- fibre at

colour (%) (%) citric) (%) ducing (%) (%) soluble (% ) 435 nm
(%) (%)

Jammu & Kashmir State
D FO  Jammu LB & R 3.5- 8.3- 9 .6- 9 .3- 0 .1- 9.3- 2.52- 0.95- 22.6- 0.83-

4.5 10.4 12.9 16.2 0.8 16.6 3.51 1.05 30.0 0.98
Jammu market >> 3.5- 6 .4- 11.9- 11.8- 0.7- 14.2- 2.96 1.10- 25.0- 0.67 -

4.0 9.4 12.8 13.4 4.6 16.9 3.23 1.98 25.5 0.70
D FO  Udhampur BR.LB.DR 4.0- 7.4 11.1 13.2- 0 .3- 13.5- 2.65- 0.87- 25.6 0.83-

6.5 12.2 12.1 15.8 0.7 16.5 3.25 1.12 29.5 0.96
Udhampur m aiket ,, 4 .5 - 7.4- 12.1 13.2- 0.6- 13.8- 2.82- 1.25- 23.4- 0.86-

5.0 7.8 13.9 0.9 14.9 2.85 1.82 25.2 0.89
D FO  Batote LB & R 2.5- 5.3- 11.7- 11.2- 4.1- 16.5- 2.45- 0.91- 26.0- 0.88-

2.6 5.5 12.7 12.0 5.2 17.0 2.70 1.12 27.0 0.89
D FO  Riasi R 2.8- 8.7- 10.2- 14.3- 1.1- 15.5- 2.40- 1.05- 26.7- 1.00-

3.9 10.6 15.4 15.4 1.6 16.9 3.35 1.10 29.5 1.15

Himachal Pradesh State
D FO  Padar LB & R 2.1 10.5 10.3 14.0 0.4 14.4 2.42 0.80 25.6 0.65
D FO  Sinahan J » 2.0 10.5 11.0 16.8 0.4 17.2 2.54 0.98 25.0 0.66
D FO  Dalaha J  J 2.5 11.0 12.0 16.0 0.2 16.2 2.32 0.95 22.0 0.72
D FO  Diang J » 2.5 8.8 11.9 14.0 0.2 14.3 2.04 0.95 26.0 0.76
D FO  Nagarota » J 1.5 9.5 11.3 13.0 0.4 13.5 2.04 1.02 25.0 0.70
D FO  Simla >5 2.0 9.8 12.0 12.3 0.5 12.8 2.35 1.12 22.5 0.75
Simla market >» 2.0 6.7 12.2 12.5 3.3 16.2 3.46 1.16 23.5 0.80

Punjab State
Ludhiana M arket D R  & LB 2.5- 5.9- 7.8- 11.0- 0.2- 14.4- 3.02- 0.73- 26.5- 1.20-

5.0 12.0 12.2 15.6 4.5 17.0 4.04 1.58 29.0 1.80
Amritsar market LB & DB 3.0- 6.8 8.9- 11.0 2.7- 14.6- 2.87- 0.92- 26.5- 1.10-

4.5 14.7 11.8 13.1 5.2 17.5 3.73 1.84 28.2 1.65

Results are expressed on as is basis.
‘ Includes rind, septa, stone and mud pieces.
LB: Light brown; R : Red, BR: Bright red; D R : Dark red; DB: Dark brown.



2 9 8 J O U R N A L  O P  P O O D  S C IE N C E  A N D  T E C H N O L O G Y , V O L . 2 l ,  S E P T . / o C T .  1984

22 to 30 per cent, ether extract from 0.25 to 0.63 per cent, 
(estimated in 21 samples) and crude protein from 4.74 
to 6.25 per cent (Table 1).

Equilibrium relative humidity studies: With an initial 
moisture content of 8.7 per cent, Anardana exerted an 
ERH of 62 per cent and there was practically no change 
in colour (darkening) and texture (softening) (Table 2).

T a b l e  2 . r.h . and e q u il ib r iu m  m o is t u r e  r e l a t io n  f o r  d r ie d
POMEGRANATE SEEDS (ANARDANA)

R H (% ) E.M .C.% Colour Texture Remarks
20 3.6 Light brown Crisp, free 

flowing
No darkening

30 4.2 ,, ,, 9»

40 4.9 9 9 9 9 9 9

50 6.7 99 99 ,,
60 7.7 9 9 99 , .
70 11.8 Slight dark Slight Darkened

brown caking
80 18.8 D ark brown Heavy 99

moist sample caking
90 57.7 9 » 9 9 Darkened, 

mould appeared
Initial moisture 8.7 %

Table 3. changes IN ANARDANA DURING STORAGE PACKED IN
GLASS JAR, POLYTHENE BAG (200 GAUGE) AND FRICTION-TOP TIN

Storage Moisture Acidity (as O.D.
period (%) % citric acid) at 435-450

(months) (MFB) nm
Glass jar

0 10.9 15.8 1.20
3 9.3 14.0 1.45
6 9.9 10.0 1.70
9 9.8 9.9 1.75

Polythene bag
0 10.9 16.8 1.10
3 5.8 13.6 1.15
6 10.4 10.2 1.90
9 10.0 9.9 1.95

Tin can
0 10.9 15.8 1.10
3 9.3 14.0 1.55
6 9.6 10.5 1.85
9 9.6 9.9 1.85

Visual colour of samples in ah tne containers was; at initial,
light to  dark red; 3 months, light brown to dark brown; 6months- 
Iight brown to dark brown; and at 9 montns-dark brown to black.

Further, practically no change in colour and texture 
was noticeable upto 60 per cent RH, while at 70 per cent 
RH, slight caking took place and colour also darkened. 
Mould growth appeared only in one sample at 57.7 per 
cent moisture level at 90 per cent RH but in all other 
samples, it did not appear even at 90 per cent RH.

During 9 months’ storage of Anardana in three types 
of containers, the colour changed from red to brown. 
Samples showed slight change in moisture (1 to 1.2 per 
cent) in glass jar and tin containers, but in LDPE bags, 
moisture decreased during summer months from 10.9 
to 5.7 per cent but increased during rainy and winter 
months (5.7 to 10.4 per cent) which can be attributed
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T able 4. regional variations in the chemical composition of
ANAR DANA

J & K Himachal Pradesh Punjab
Parameters

Range Ave- Range Ave- Range Ave-
(19) rage (7) rage (14) rage

Foreign 
matter (%) 2.5- 6.5 4.2 1.5- 2.5 2.1 2.5- 5.0 3.5
M oisture (%) 5.2-12.2 8.7 6.7-11.0 9.6 5.9-14.7 10.5
Acidity (%) 9.6-15.4 11.9 10.2-12.2 11.5 7.8-12.2 10.2
Total ash (%) 2.4- 3.5 2.9 2.0- 3.5 2.6 2.8- 4.0 3.4
Acid insoluble 
ash (%) 0.9- 2.0 1.1 0.8- 1.2 1.0 0.7- 1.8 1.3
Crude fibre(%) 22.6-30.0 26.6 22.0-26.0 24.2 26.5-29.0 27.6

All the results are exp-essed on as is basis.

Figures in the parentheses are number of samples analysed.

the permeability of water vapour through the polythene 
bags. Acidity (as citric acid) decreased with increase of 
storage period, rnitial acidity was 15.8 per cent on 
moisture free basis (MFB) which decreased to 9.9 per 
cent MFB after 9 month’s storage. Optical density (O.D.) 
of methanolic extract also increased with storage period 
which confirmed the visual observations. Initial O.D. 
was 1.1-1.2 and after storage, it increased to 1.75-1.95

299
(final) at 435-450 nm (Table 3). No insect or mould 
infestation was noticed. Because of the minimum 
physico-chemical changes, storage of Anardana in 
friction top tins is recommended but cost considera
tions favour LDPE bags.

Proposed quality standards: Based on the study on 
frequency distribution histograms (Fig 1 A-F), the fol
lowing quality specifications are proposed.

Foreign matter: max 5 per cent (W/W); moisture, 
max 12per cent; acidity not less than9 per cent (W/W); 
total ash, max 4 per cent; acid insoluble ash, max 1.25 
per cent and crude fibre max 29 per cent.
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Variability in the Physico-chemical Characteristics of Spiced
Papads of Punjab
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Proximate physico-chemical composition of commercial spiced papads of Punjab was determined. Results indicate wide 
variations in moisture content from 10.7 to 18.2%, total ash from 8.4 to 11.65 %, acid insoluble ash from 0.18 
to 0.46%, ether extract from 2.1 to 3.65%, pH from 7.55 to 10.05 and alkalinity of ash from 1.38-3.07%. Fre
quency distribution histograms were constructed for physico-chemical characteristics of papads and results were critically 
examined and compared with the existing quality standards. Analysis of commercial papads also indicate wide variation 
in average weight (15-24 g), mean diameter (15.8 to 18.6 cm), and mean thickness 10.72 to 1.27 mm) which were 
in accordance with the existing quality standards.

Among the traditional savoury foods, ‘Papad’, which are popular in the Indian dietary. They are mostly 
‘Appalam’, ‘Papadam’ constitute an important group manufactured on cottage scale or home scale. During
5
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1979-80, papads worth about Rs. 221.8 lakhs were 
exported1 from India.

Physico-chemical analysis of commercial samples of 
papads in India, is reported in the literature2. The 
present paper covers the results of physico-chemical 
composition of 35 samples of salted and spiced black 
gram papads. Studies were undertaken on the variations 
in physico-chemical composition of spiced papads 
from different producing centres.
Materials and Methods

Thirty five samples of salted and spiced (black gram 
flour) papads were procured from the market in three 
important towns of Punjab, namely, Amritsar, Jullundur 
and Ludhiana. All the samples were kept in airtight clos
ed bottles in a refrigerator for analysis. These samples 
were then powdered (30 mesh) and analysed for total 
ash, acid insoluble ash, ether extract, crude fibre, alkali
nity of ash, weight, diameter, thickness and pH, by ISI 
methods3. Protein and common salt were determined 
by standard AOAC methods4.

Frequency distribution histograms were drawn for 
each physico-chemical characteristic of papads.
Results and Discussion

papads ranged from 15.8 to 18.6 cm., mean weight 
ranged from 15.7 to 24.0 g and mean thickness ranged 
from 0.72 to 1.28 mm which conform to ISI speci
fications (Table 1).

Proximate chemical composition of papads: Moisture
content of papads varied from 10.7 to 18.2 per cent, 
total ash from 8.40-11.65 per cent, acid insoluble ash 
from 0.16-0.46 per cent, ether extract from 2.10-3.75 
per cent, pH from 7.55 to 10.05 and alkalinity of ash 
from 1.38-3.07 per cent. Papad contains on an average
5.08 per cent salt as sodium chloride. Results were 
summarised in Table 1.

Frequency distribution histogram: Frequency distri
bution histogram on physico-chemical attributes viz, 
moisture, total ash, acid insoluble ash, salt, fat, alkali
nity of ash, pH, crude fibre, mean weight, mean diameter 
and mean thickness of 35 samples ot spiced papads were 
constructed and shown in Fig 1. The range and mean 
values for each parameter is represented in Table 1 and 
compared with the ISI specification3. Moisture content, 
acid insoluble ash, fat and pH of the aqueous extract 
of papads do not conform to the ISI specification while 
the remaining parameters conform to the ISI 
specification.

Physical characteristics of papad: Mean diameter of

Table 1. variation in some physico-chemical characteristics
OF PUNJAB SPICED PAPADS

Characteristics Range Mean ISP
Weight (g)* 24.00-15.67 20.48 15-23
Diameter (cm)* 18.64-15.84 17.14 5-23
Thickness (mm)* 1.26- 0.72 1.00 0.5-1.2
M oisture (% ) 18.20-10.70 13.23 12-15
Total ash (%) 11.65- 8.40 9.63 max. 12.0
Acid insoluble ash ( %) 0.46- 0.16 0.30 max. 0.2
Fat (%) 3.75- 2.10 2.92 max. 3.0
Salt (as NaCl) (%) 6.66- 3.06 5.08 max. 6.0
Alkalinity o f ash 
(as N a2C 0 3) (%) 3.07- 1.38 1.74 max. 2.2
pH aq. ext. 10.05- 7.55 8.96 8.0
Crude fibre (%) 0.54- 0.34 0.46 max. 1.0

‘ Samples analysed were only 30, whereas for others 35 samples 
were analysed.

Moisture: 85.7 per cent of samples fall between 
the moisture content of 10-15 
per cent.

Total ash: 
Acid insoluble

All the samples (100 per cent) have 
ash content of 8.0-12.0 per cent.

ash: 82.9 per cent of samples contain 
0.16-0.35 per cent.

Common salt 94.3 per cent of the samples have
(as NaCl): 3.0 to 6.0 per cent common salt.
Fat: 88.6 per cent fall between 2.0 and 3.5

per cent.
Alkalinity of ash: 72.9 per cent fall between 1.25 and 

2.0 per cent. »
pH: 77.2 per cent fall between 7.50 and 

9.50.
Crude fibre: All the samples have crude fibre 

content within the limit prescribed 
by ISI.

Mean weight: 96.7 per cent of the samples fall 
within the prescribed ISI limit.

Mean diameter: All the samples have the mean 
diameter as prescribed by ISI.

Mean thickness: 93.3 per cent of the samples have 
the mean thickness prescribed 
by ISI.
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Fig. 1. Frequency distribution histograms of papads
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Coordination compounds of silicophosphates such as tricalcium trisilicophosphate CSP-332, bulk density 0.28 g/ml; tri
calcium trisilicophosphate, CSP-332A, bulk density 0.16 g/ml; hydrogen form of tricaldum trisilicophosphate, CSP-332H, 
bulk density 0.14 g/ml; monocalcium silicophosphate, CSP-112; and monocalcium silicophosphate (hydrogen form), CSP- 
112H were tested to elucidate their effect on the development of Tribolium  castaneum, R hizopertha dom inica, O ryzae- 
philus surinamensis, S itophilus o ryzae, and Trogodenna granarium  in milled rice. The general expectation of these 
silicophosphate compounds, proved to be toxic to the test insects and toxicity manifested itself in the form of extended 
developmental period, retarded growth and lowered rate of progeny (Fj) emergence. Out of these silicophosphate 
compounds, tricalcium trisilicophosphate, CSP-332H (hydrogen form), resulted as highly effective to control all five spe
cies of test-insects at 1.0 and 1.5% concentrations in milled rice. Rice treated with 0.5% concentration of CSP- 
332H was also found to be least suitable for the development of T. castaneum  and R . dom inica. No growth indices 
of T. castaneum , T. granarium  and O . surinamensis were observed in rice treated with 1.0 and 1.5% concentration of 
tricalcium trisilicophosphate CSP-332A. Same concentrations of monocalcium silicophosphate CSP-112H (hydrogen 
form) were effective to control O . surinamensis. Moreover, no growth of T. castaneum  and T. granarium  were recorded 
in rice treated with 1.5% concentration of this compound. Rice treated with monocalcium silicophosphate CSP-112 
was found to be susceptible to the infestation of all species of test insects.

In order to prevent insect infestation in food grains, 
non-toxic grain protectants could be used which are 
highly effective against most stored grain pests. They 
do not leave hazardous chemical residues, nor influence 
the colour and flavour of treated grain nor impair germi
nation. Krishnamurthy et all. reported that tricalcium 
phosphate and naturally occurring silicate compounds 
exerted a beneficial action on growth when fed to rats 
in their diets.

Little attention is given to evaluate non-toxic inorganic 
compounds as insecticides to control stored grain pests. 
From the findings reported by Majumder et al.2, it is 
concluded that all the stored grain pests are susceptible 
to calcium phosphate in milled products and whole grain. 
Wohlgemuth3 and Singh4 observed that the glazing of 
rice coated with hydrous silicate of magnesium (mineral 
talc) has a limited effect against the infestation of some 
species of stored grain pests.

No attempt has been made to study the effect of silico
phosphate compounds on the development of stored 
grain pests. Hence, in the present study, efforts have been 
made to determine the effect of silicophosphates on the

development of five common species of stored grain 
pests in milled rice.
Materials and Methods

The silicophosphates utilized in this investigation have 
been synthesized by the procedure developed in this 
laboratory5̂ . Calcium silicophosphates of two diffe
rent compositions, Ca3(Si02)3(P04)2 and CaFL̂ SiĈ ) 
(P0 4)2  were obtained as white amorphous materials. 
Also, silicophosphate in the hydrogen form having the 
chemical formulae He(Si02)3 (P04)2 and ^SiC^o-s 
P04 were prepared as ion-exchange derivatives of cal
cium silicophosphates. Calcium silicophosphates having 
different bulk densities in the range of 0.14 to 0.28 g/ml 
were also obtained by varying the experimental condi
tions for their formation.

Five species of insects, namely Sitophilus oryzae Linn, 
Tribolium castaneum Herbst, Oryzaephilus surinamensis 
Linn, Rhizopertha dominica Fab. and Trogoderma 
granarium Everts were subjected to this study.

Milled rice was disinfested by subjecting to a tempe
rature of 55aC for 4 hr and afterwards treated separately
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with 0.3, 0.5, 1.0 and 1.5 per cent of tricalcium trisilico- 
phosphate, CSP-332*, bulk density 0.28 g/ml, tricalcium 
trisilicophosphate, CSP-332A*, bulk density 0.16 g/ml, 
hydrogen form of tricalcium trisilicophosphate, CSP- 
332H*, bulk density 0.14 g/ml, monocalcium silicophos
phate, CSP-112* and hydrogen form of monocalcium 
silicophosphate, CSP-112H*. The treated rice was then 
conditioned by keeping for three weeks in petri dishes 
in desiccators maintaining 75 per cent RH by means 
of NaCl saturated solution.

The experiment was designed to determine the degree 
of insect mortality in treated milled rice in each of four 
replicates by releasing separately 100 adults of one week 
old experimental insects. In case of T. granarium, adults 
were 24 hr old. Each replicate consisted of 250 g of 
rice and the insects were exposed for seven days. At the 
end of the seventh day, per cent adult mortality were 
noted whereas in case of T. granarium, mortality was 
counted at the end of fourth day. Wherever the control 
registered mortality, the percentage mortality in the 
treated rice was corrected for true mortality7.

Fifty adults of each experimental insects, 0-7 days 
were placed separately in glass jars containing 250 g of 
disinfested rice and left for one week. After the adults 
were discarded, the rice was allowed to remain until 
the full emergence of next generation. This was carried 
out to acclamatize the insect to the test milled rice.

The reproductivity trial was carried out with the adults 
of test insects emerged in the rice ol above trials. Fifty 
adults were released on experimental 250 g rice treated 
with different levels of silicophosphate compounds for 
one week. After the adults have been removed from the 
rice, it was left undisturbed until the first adult of Fj 
generation was seen to have emerged. These adults 
were removed subsequently at frequent intervals (usually 
each day), until all the Ft generation was seen to have 
emerged.

The suitability of rice grain coated with silicophos- 
phates was assessed for the development of insect on the 
basis of adults emerged (Fj) and length of developmental 
period (the days needed for emergence of 50 per cent 
of Fi generation), i.e., on the basis of suitability index8. 
All tests were carried out at 28 ±2aC and 75 per cent 
RH.
Results and Discussion

The biological effectiveness of silicophosphates against
T. castaneum, R. dominica, O. surinamensis, S. oryzae 
and T. granarium were judged on the basis of mortality, 
emergency of progeny and index of suitability.

Insect mortality. The results of the insect mortality 
(Fig. 1) indicate that the mortality of adults of T.

03 0-5 1-0 15jCONCENTRaTION,*/.

0-3 0-5 1-0 1-5CONCENTRATION,*/.

0-3 05 1-0 1-5CONCENTRATION,*/.

tZ2 T.ccstoneum } DR.donunic-c ; 63s.-or yzoe; GDo.5urinoffitn$U;
IH T.groi>grium .

Fig. 1: M ortality o f different insects released in the grain 
treated with different concentrations of CSP-332, CSP-332A, 

CSP-332H, CSP-112 and CSP-112H

castaneum in milled rice treated with CSP-332A at 0.1,
1.0 and 1.5 per cent levels were 82.5, 93.5 and 99.5 
per cent respectively. Whereas 73.5 per cent mortality 
of T. castaneum was recorded in rice treated with CSP- 
332 at 1.5 per cent level, and at the levels of 0.3, 0.5 and
1.0 per cent, the mortality was poor. The levels of 1.0 
and 1.5 per cent of CSP-112H registered 75.0 and 80.7 
per cent mortality of T. castaneum. In the case of this 
insect, the 0.3, 0.5, 1.0 and 1.5per cent levelsof CSP-112 
registered mortalities of only 0.5, 1.5, 5.5 and 21.5 per 
cent, respectively. It was observed that CSP-332H, pro
duced comparatively high mortality of T. castaneum and 
T. granarium at 0.3, 0.5, 1.0 and 1.5 per cent levels. In 
case of T. granarium, a 100 per cent mortality was record
ed in the rice treated at 1.5 per cent level of CSP-332H 
and CSP-332A. Whereas at level of 1.0 per cent of these

♦ These abbreviations are used throughout.
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T a b l e  1. m e a n  n u m b e r  o f  p r o g e n y  (F j ) e m e r g e d  a n d  d e v e l o p m e n t a l  p e r io d  i n  m i l l e d  r i c e  t r e a t e d  w i t h  d i f f e r e n t  l e v e l s  o f

SIL1COPHOSPHATES

Progeny emerged (nos) and developmental period Progeny emerged (nos) and developmental period
Insects (days) at the indicated levels of treatment Insects (days) at the indicated levels o f treatment

0.3 0.5 1.0 1.5 Control 0.3 0.5 1.0 1.5 Control

Tricalcium trisilicophosphate CSP-332 Sitophilus 14.25° 10.504 6.50/ 0.50« 181.50*
Tribolium 15.25° 10.00* 5.00° 2.754 47.00» oryzae (35.00) (35.75) (36.50) (37.00) (28.50)
castaneum (32.25) (33.00) (36.25) (35.25) (29.00) O ryzaephilus 5.50“* 3.004 0.00 0.00 21.00/
Rhizopertha 23.75° 13.00* 10.50*° 4.504 34.00° surinamensis (29.23) (34.00) Í - ) ( - ) (27.50)
dominica (34.75) (36.00) (37.50) (41.25) (30.00) Trogoderma 8.50* 4.50° 1.004 0.25° 35.00/
Sitophilus 85.50° 45.50* 17.00° 12.504 181.30* granarium (42.25) (45.23) (48.35) (47.00) (34.00)
o ryza e (31.25) (32.50) (34.25) (33.00) (28.50) Monocalcium silicophosphate CSP-112
O ryzaephilus 8.50“ 7.50°* 5.50°* 0.75° 21.00/ Tribolium 22.50“ 20.50° 14.00* 9.50*° 47.00»
surinamensis (29.00) (31.75) (32.50) (35.00) (127.50) castaneum (28.00) (28.50) (31.00) (31.75) 129.00)
Trogoderm a 16.50“ 14.50° 5.25* 3.00° 35.00» Rhizopertha 27.50°4 22.50° 20.50“ 8.00* 34.00°
granarium (39.25) (42.25) (46.00) (47.50) (34.00) dom inica (31.75) (31.75) (32.00) (35.50) (30.00)

Sitophilus 178.25* 141.50' 107.75/ 51.25* 181.50*Tricalcium trisilicoDhosphate CSP-332A oryzu e (28.75) (28.25) (27.25) (32.75) (27.50)
Tribolium 10.50°* 5.75° 0 .25 / 0 .25 / 47.00» O ryzaephihis 13.50/ 10.50° 10.75° 8.50° 21.00'castaneum (33.50) (36.50) (38.00) (40.00) (29.00) surinamensis (26.75) (27.75) (30.00) (29.75) (27.50)
R hizopertha 15.75* 9.50*° 7.00° 2 .00 / 34.00° Trogoderm a 28.00/ 26.00/ 25.50/ 19.00° 35.00«don.inica (35.75) (37.25) (39.00) (42.33) (30.00) granariam (35.50) (41.25) (42.75) (43.50) (34.00)
Sitophilus 26.25° 21.00° 12.50d 9.004 181.50*
oryzae (32.00) (33.50) (36.00) (37.75) (28.50) Hydrogen form of monocalcium silicophosphate CSP-112H
O ryzaephilus 7.50°* 4.50* 0.25° 0.00 21.00/ Tribolium 15.00° 12.50°* 7.75° 0 .5 0 / 47.00«
surinamensis (29.50) (34.00) (36.00) ( - ) (27.50) castaneum (36.00) (36.75) (37.50) (40.00) (29.00)
Trogoderma 3.25* 6.50* 2.25° 1.254 35.00» R hizopertha 9.50*° 7.00°4 5.004 1.75/ 34.00°
granarium (41.50) (44.50) (47.50) (42.00) (34.00) dominica (35.75) (36.50) (36.00) (41.00) (30.00)

S ito p  tilas 17.75° 13.75°4 10.504 2.50« 181.50*
Tricalcium trisilicophosphate CSP-332H oryzae (31.25) (31.00) (33.00) (33.00) (28.50)

Tribolium 7.00° 4.25° 0.00 0.00 47.00» O ryzaephilus 7.50°* 5.75* 1.75° 0.25° 21.00/
castaneum (38.00) (38.00) ( - ) ( - ) (29.00) surinamensis (30.25) (31.00) (35.15) (38.00) (27.50)
R hizopertha 5.75“ 3.504 1.25/ 0.00 34.00° Trogoderm a 20.50° 14.50° 7.00* 1.254 35.00»
dom inica (35.50) (39.00) (40.66) ( - ) (30.00) granarium (42.00) (42.75) (75.75) (54.50) (34.00)

The figures in parenthesis denote the average developmental peiiod in comparison of mean reproductivity on rice tieated with different 
levels o f silicophosphates are match of single species. The means followed by tne same ietter do not differ significantly at 0.05 probability 
level.

Each figure is the mean of foui replicates.

silicophosphates, 97.0 and 94.5 per cent mortalities, 
respectively, were recorded.

Progeny: The results obtained on the progeny 
emerged in rice treated at different levels of silicophos
phates are summarized in Table 1. The rice treated with 
CSP-112 at 0.3, 0.5 and 1.0 per cent levels registered 
significantly higher progeny emergence of all experi
mental insects, and significantly low progeny emergence 
was recorded in the rice at 1.5 per cent level. Whereas

considerably poor progeny was produced in the rice 
treated at 0.5 and 1.0 per cent levels of CSP-112H and 
the rice treated with 1.5 per cent CSP-112H was found 
to be least suitable for the reproduction of O. surina- 
mensis and T. castaneum. Similar results were obtained 
for rice treated with 1.0 and 1.5 per cent levels of CSP- 
332A. No progeny emergence of T. castaneum, O. 
surinamensis and R. dominica was recorded in the rice 
treated with 1.5 per cent CSP-332H. However,-rice
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treated with 1.0 percent level of CSP-332H was recorded 
to be immune to the infestation of O. surinamensis. 
Significantly poor reproductive rate of T. granarium and 
S. oryzae was recorded in rice treated with CSP-332H at
1.5 per cent levels. Whereas moderate progeny of T. 
castaneum and T. granarium emerged in the rice treated 
with CSP-332A at 1.0 and 1.5 per cent levels.

Developmental period: Offspring emerged in the 
experiment carried out for determining the development 
period from rice treated with different levels of silico
phosphate compounds which were exposed to oviposition 
for 7 days. The developmental period of each species of 
experimental insects is best measured from the middle 
of oviposition period to the middle of period in which 
the adult emerged. The developmental period (days) 
(Table 1) of T. castaneum varied from 32.25 to 35.25;
32.5 to 36.25 and 32.25 to 33.00 days on the rice treated 
with CSP-332 at 0.3 to 1.5; 0.3 to 1.0 and 0.3 to 0.5 
per cent level. The developmental period of all experi
mental insects on rice treated with CSP-112 was com
paratively short. The developmental period of R. 
dominica varied from 34.75 to 41.25; 34.75 to 36.00;
36.00 to 41.25 and 37.5 to 41.25 days on rice treated with 
CSP-332 at 0.3 to 1.5; 0.3 to 0.5; 0.5 to 1.5 and 1.0 to
1.5 per cent levels, respectively. Similar trend of deve
lopmental period was recorded in case of S. oryzae, O. 
surinamensis and T. granarium. The developmental 
period of T. granarium on rice treated with CSP-332H 
was comparatively longer. It varied from 48.33 to 57.00 
days on grain treated with 1.0 to 1.5 per cent levels of 
CSP-332H as compared to 46.00 to 47.00 days on rice 
treated with same levels of CSP-332A, and 45.75 to
54.50 days on rice treated with identical levels of CSP- 
112H.

The length of developmental period was found to 
be inversely proportional to the reproductive rate 
in rice treated with different levels of these silico- 
phosphates.

Index o f  suitability: The results pertaining to the 
suitability of rice treated with silicophosphates to the 
growth of five species of experimental insects are sum
marized in Tables 2 and 3. The data indicate that rice 
treated with CSP-332A at 1.0 and 1.5 per cent levels were 
immune to the attack of T. castaneum and O. surina
mensis. No growth indices of T. castaneum, R. dominica, 
O. surinamensis and T. granarium were recorded in the rice 
treated with CSP-332H at 1.0 per cent level and no growth 
index of S. oryzae was registered in the rice treated with 
CSP-332H at 1.5 per cent level. The rice treated with 
CSP-112 was comparatively susceptible to the infestation 
of all species of experimental insects. However, slow 
growth of T. castaneum, R. dominica and T. granarium 
were recorded on the rice treated with CSP-112H, at 
1;0 per cent level and no growth of O. surinamensis and

T a b l e  2. c o m p a r a t iv e  s u s c e p t ib i l i t y  o f  g r a i n  t r e a t e d  w i t h

D IFFEREN T  LEVELS OF S IL ICO PHO SPHATES

Silicophosphate
Susceptibility index* at indicated levels

0.3 0.5 1.0 1.5
Tribolium castaneum

CSP-332 8.44»'' 6.97“* 4.43* 2.86“
CSP-332A 6.62“ 4.79“ 0.00 0.00
CSP-332H 5.12“ 3.81* 0.00 0.00
CSP-112 11.11“ 10.59“* 8.51“*“ 7.09 “*c
CSP-112H 7.52“ 6.87“* 5.46“* 0.00
Untreated 13.27“ 13.27“ 13.27“ 13.27“

R hizopertha dom inica
CSP-332 9.11“ 7.12“ 6.27“* 3.64“
CSP-332A 7.71“ 6.04“ 4.98“* 1.63“
CSP-332H 4.92“ 3.21“ 0.00 0.00
CSP-112 10.40“ 9.80“ 9.43“ 5.85*
CSP-112H 6.20“ 5.33“ 4.47“* 1.36“
Untreated 11.72“ 11.72“ 11.72“ 11.72“

S itophilus o ryza e
CSP-332 14.23“ 11.74“ 8.26“* 7.21“*“
CSP-332A 10.21“ 9.00“ 7.01“* 5.82«*“
CSP-332H 7.59“ 6.57“ 5.12“* 0.00
CSP-112 18.34“ 17.53“ 17.17“ 12.02*
CSP-112H 9.20“ 8.19“ 7.19“* 2.77“
Untreated 18.25“ 18.25“ 18.25“ 18.25“

O ryzaephilus surinamensis
CSP-332 7.37“ 6.34“ 5.24“* 0.00
CSP-332A 6.83“ 4.42* 0.00 0.00
CSP-332H 5.82“ 3.18* 0.00 0.00
CSP-112 9.72“ 8.47“ 7.99“ 7.19“*
CSP-112H 6.66“ 5.64“ 0.00 0.00
Untreated 11.07“ 11.07“ 11.07“ 11.07“

Trogoderm a granarium
CSP-332 7.14“ 6.32“ 3.60* 2.30*“
CSP-332A 5.08“ 4.20“ 1.70* 0.00
CSP-332H 5.06“ 3.32* 0.00 0.00
CSP-112 9.32“ 7.89“ 7.48* 6.84“*
CSP-112H 7.19“ 6.25“ 4.25“* 0.00
Untreated 10.45“ 10.45“ 10.45“ 10.45“

The comparison of index in 
for single species and chemicals.

the different treated rice are made 
The means followed by the same

letter do not differ significantly at the 0.05 probability level. 
Abbreviations as in Table 1.
Each figure is the mean o f four replicates.

(Fi)‘ Susceptibility index=log e —— X 100d
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T able 3. g r o w t h  t e s t  i n s e c t s  i n  r i c e  t r e a t e d  w i t h  d i f f e r e n t

CO NCENTRAT IO NS OF S IL ICOPHOSPHATE

T. castaneum

Silicophosphate 0.3 0.5 1.0 1.5
CSP-332 — — — + +
CSP-332A ± ± +  + + + +  +
CSP-332H ± + + + + + +  +  +
CSP-112 — — — —
CSP-112H — ± ± +  +  +
Untreated

R. dom inica
CSP-332 — — ± ±
CSP-332A — ± ± + +
CSP-332H ± + + +  + + + + +
CSP-112 — — — —
CSP-112H ± ± ± +  +
Untreated

5. oryzae
CSP-332 — — — —
CSP-332A — — — ±
CSP-332H — — ± + +  +
CSP-112 — — — - -
CSP-112H — — — + +
Untreated

O . surinamensis
— —

CSP-332 - ± ± + + +
CSP-332A ± ± + + + + +  +
CSP-332H ± ± + +  + + + +
CSP-112 — — — __
CSP-112H ± ± + + I- + + +
Untreated

T. granarium ”
CSP-332 — ± ± +  +
CSP-332A ± ± +  + +  +  +
CSP-332H ± ± + + + +  + +
CSP-112 — — __ __
CSP-112H — ± ± + +  +
Untreated _ __ __

Abbreviations as in Table 1
+ + +  =  Immunity; ++ =  least suitability; ^  =  corresponding 
slow growth and — = m o re  suitability o f growth.

T. castaneum were recorded in rice treated with 1.5 per 
cent level of CSP-112H. The rice treated with CSP-332H 
was least suitable for the growth of T. castaneum and R. 
dominica at 0.5 per cent level. Whereas rice treated with
1.5 per cent level of CSP-332 was also least suitable for 
the growth of T. castaneum and T. granarium.

From the foregoing results, it is evident that rice 
treated with CSP-332 and CSP-112 was more suitable 
for the growth of S. oryzae than the rice treated with 
CSP-332A, CSP-332H and CSP-112H. Moreover, CSP- 
112 was not found effective to control even a single 
species of experimental insects. Poor reproduction of 
T. castaneum, R. dominica and T. granarium were 
recorded on rice treated with CSP-332. Rice treated 
with CSP-332A was found least suitable for the 
development of R. dominica. Rice treated with 
CSP-332A was immune to the infestation of T. grana
rium at 1.5 per cent level. Rice treated with CSP-112H 
was found to be effective to control T. castaneum, O. 
surinamensis and T. granarium at higher levels only. 
Rice treated with CSP-332H was immune to the infesta
tion of all species of experimental insects at 1.0 and 1.5 
per cent level and rice treated at 0.5 per cent level was 
also found to be least suitable for the growth of T. 
castaneum and R. dominica. Majumder and Banu2 
have obseived that all the stored grain pests are suscepti
ble to tricalcium phosphate in milled products and whole 
grain. Recently Wohlgemuth3 and Singh4 reported that 
glazing of rice coated with hydrous silicate of magnesium 
has a limited effect against the infestation of some 
species of stored product pests. However, rice treated 
with silicophosphate in hydrogen form, CSP-332H was 
observed to be immune to the infestation of 5 species 
of experimental insects at 1.0 and 1.5 per cent level. The 
biological effect of silicophosphates was more enhanced 
than other sorptive materials though all these compounds 
contained silica as the common radical. Among the 
silicophosphates studied, the hydrogen form of silico
phosphate was found to be highly effective to control 
test insects in milled rice as compared to silicophos
phates in calcium form. However, the calcium form of 
silicophosphate CSP-332A, having the lowest bulk 
density of 0.14 g/ml was also considerably effective in 
controlling T. granarium, T. castaneum and O. surina
mensis. This may be due to the reduction in moisture 
content in rice to certain degrees at dififferent levels. 
For similar purpose, a compound called ‘silicron’ con
taining fine particle silica is used to protect stored pro
ducts against moisture9.

Silicophosphates have been found to have ion-ex
change property by virtue of three negatively charged 
phosphate ionic bonds as fixed matrix at which cation 
exchange takes place resulting in in vitro hydrogenation 
and dehydrogenation in insects thereby killing them.

The in vitro hydrogenation and dehydrogenation of 
enzyme molecules were caused by CSP-332H and CSP- 
332A, respectively. However, the in vitro hydrogenation 
of enzyme molecules by CSP-332H was more severe than 
their dehydrogenation by CSP-332A as enzyme mole
cules seem to have more affinity for H ions (hydroge
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nation) than that for Ca ions (dehydrogenation). 
Secondly, the difference in the degree of in vitro hydro
genation with CSP-332H and CSP-112H can be attri
buted to the more number of available H ions in CSP- 
332H than in CSP-112H that can inhibit the enzyme- 
activity.

Conclusion: The results of this study lead us to the 
conclusion that 1.0 and 1.5 per cent levels of CSP-332A 
and CSP-332H, could be used as they ported the rice 
against O. surinamensis and T. castcmeum, whereas 1.0 
and 1.5 per cent levels of CSP-332H could be used to 
control R. dominica and T. granarium. However, where 
S. oryzae infestation occurs, higher level (1.5 per cent) 
of this coordination compound may have to be used. 
CSP-332 at 1.5 per cent level; CSP-332A and CSP-332H 
at 1.0 and 1.5 per cent levels and CSP-112H at 1.0 per 
cent level can be used against O. surinamensis and T. 
granarium. Moreover, 0.5 per cent level of CSP-332H 
could be used to control T. castaneum and R. dominica 
at the initial stage of infestation. As such coordination 
compounds of CSP-332H, CSP-332A and CSP-112H 
could be used as a rice protectant at 1.0 and 1.5 per cent 
levels for its safe storage.
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Defatted E ucalyptus kirton iana  seed cake was analysed for nutrient composition and amino acid profile before and after 
detoxification. A cacia  auriculaeform is seed (ASM) protein isolate was also analysed for its chemical composition in
cluding amino acid profile. Nutritional evaluations of eucalyptus seed meal of either crude (CEM) or detoxified (PEM ) 
and ASM-protein isolate were carried out with growing male albino rats. Comparison was made with casein. The 
growth promoting effects and certain biological indices were evaluated using the protein efficiency ratio (PER), biologi
cal value (BV) and net protein utilisation (NPU). The BV for the PEM  were considerably better than that of CEM.
The addition of methionine and cystine to PEM  and ASM-protein isolate diets improved growth, PER. BV and NPU 
but other amino acids had no such effect so far. CEM diet affected the blood and liver biochemical parameters 
adversely while PEM  and ASM-protein isolate diets did not reveal any abnormality in evaluations of blood and liver 
biochemical parameters.

Better and fuller utilization of waste seeds from forest facing the country today. But the nutritional potentia- 
plants is essential for meeting a variety of shortages lities of such forest resources have not been adequately
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studied, a factor that limits their utilization as animal 
food ingredients, though they are rich in protein. How
ever, based on the surveys conducted by the Indian 
Central Oilseeds Committee arid the Hindustan Lever 
Ltd., it has been shown that at present hardly 7 per cent 
of the total potential is being lapped1, which shows a 
wastage of large quantities of those seeds from forest 
plants. The main problem in the nutritional exploitation 
of these unconventional forest resources is the presence 
of antinutritional factors. This, such unconventional 
food sources need to be detoxified and then nutritio
nally evaluated prior to their vse in animal feedstuffs. 
Only a few studies on the processing and utilization of 
such forest resources have been recently reported2-4. In 
our earlier studies5-8, it has been shown that eucalyptus 
and teak seed proteins may be usefully exploited. Such 
nutritional studies are limited and scanty. In our labo
ratory, we have started a systematic study on the nutri
tional evaluation of different unconventional seed meals 
and seed proteins in raw or processed condition. As a 
part of this investigation, nutritional evaluations of 
Eucalyptus kirtoniana (eucalyptus) seed meal and Acacia 
auriculaeformis (akashmoni) seed protein isolate were 
carried out with albino rats.
Materials and Methods

Eucalyptus kirtoniana (Myrtaceae) and Acacia auri
culaeformis (Leguminosae) seeds were collected from the 
local forest of Burdwan, powdered and completely 
defatted in a solvent extraction plant.

Defatted eucalyptus seed cake (CEM) was analysed 
for moisture, crude protein (CP), carbohydrates, crude 
fibre and total ash content by AOAC method9. Tannin 
content was estimated following the gravimetric method 
based on the absorption of tannins by hide powder as 
described by Attal et a/10. Saponin content was estimated 
according to the method of Van atta et aln . Total 
nitrogen was estimated by micro kjeldahl method. 
Amino acid analysis was done by column chromato
graphy as described earlier5. Eucalyptus seed meal was 
detoxified by removal of tannins using the method in 
which seed meal was stirred with 15 per cent acetone 
in water for 5 hr and discarding the filtrate. The detoxifi
ed meal (PEM) was also analysed for its nutrient com
position and amino acid profile

The protein was isolated from, the defatted akashmoni 
seed cake following the method of Felker and Bandurski12 
and analysed for its chemical composition including 
amino acid profile.

Animals and diets: Growing male albino rats (in- 
bred in our laboratory) weighing 45-50 g, of 25-28 days 
were used in this study. The animals were individually 
caged and maintained under controlled temperature 
(21 ±1 °C) and humidity (55 per cent) conditions. The

T a b l e  1 . c o m p o s i t i o n  ( g / k g )  o f  t h e  e x p e r i m e n t a l  d i e t s

Protein-free Casein CEM PEM ASM-pro
Ingredients diet diet diet diet tein isolate 

diet
Starch 650 535 350 350 535
Sucrose 200 200 200 200 200
Cellulose powder 50 50 50 50 50
Groundnut oil 50 50 50 50 50
Mineral salts 40 40 40 . 40 40
Vitamin mixture 10 10 10 10 10
Casein — 115 — — —
CEM — — 300 — —
PEM — — — 300 —
ASM-protein isolate — — — — 115
Total 1000 1000 1000 1000 1000
Total N 
(by analysis)

0.62 16.7 16.1 16.6 16.3

CEM : Crude eucalyptus meal, PEM : Detoxified eucalyptus 
meal; ASM: A cacia  auriculaeform is.

rats were assigned six per group, equalized for body 
weight. One group was fed the protein-free diet, another 
group was given diet based on casein, the other group 
was assigned to diet containing akashmoni seed protein 
isolate and the remaining two groups fed the diets con
taining either crude or detoxified eucalyptus seed meal. 
The composition of the experimental diets are given 
in Table 1. All the experimental diets were adequate 
with respect to minerals and vitamins and provided about 
16 g N/kg (except the protein-free diet). The experi
mental animals received their respective diets and water 
ad libitum for 28 days.

Nutritional indices: PER was calculated as body- 
weight gain/unit CP intake (CP was based on actual N 
analysis of the test diet). TD and BV were calculated 
from information on carcass composition with protein- 
free and test diet. Metabolic and endogenous N were 
determined from the group of rats fed protein-free diet 
and mean values were used in the determination of TD 
and BV. NPU was calculated as BV xTD. Nutritional 
indices were measured following the methods as des
cribed by Mitchell13.

Biochemical estimations: At the end of 28 days, 
animals were sacrificed and blood and livers were collect
ed for biochemical estimations. Blood Hb was mea
sured using haemoglobinometer (Coulter Electronics, 
Hialeah, Florida, USA). Blooc sugar was estimated
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following the method of Somogyi14. Es:imation of total 
protein was done by folin-phenol method15. Total 
lipid materials of serum and liver were extracted and 
washed according to the method of Folch et a!.16 and 
estimated by evaporating the measured amount of extract 
and weighing. Cholesterol and phospholipids were deter
mined by the methods of Sperry and Webb17 and Fiske 
and Subbarow18 respectively.
Results and Discussion

The data on the nutrient composition and amino 
acid profile are presented in Table 2. The results revealed 
that the nutrient composition of the defatted eucalyptus 
seed cake before and after detoxification was essentially 
the same. Antinutritional factors, tannins and saponins 
were almost removed and about 15 per cent solids were

lost during detoxification process. The amino acid 
composition of the eucalyptus seed meal was almost 
similar before and after detoxification and contained 17 
amino acids including 10 essential amino acids. ASM- 
protein isolate also contained 17 amino acids of which 
10 amino acids were essential amino acids.

In comparision with the FAO/WHO19 amino acid 
pattern, CEM and PEM contained insufficient methio
nine and cystine and the remaining essential amino acids 
were also present at levels that were somewhat lower 
than those recommended by FAO/WHO19 (Table 3). 
The essential amino acid pattern of ASM-protein isolate 
compared well with that of FAO/WHO19 pattern except 
for lower levels of methionine and cystine (Table 3).

When the values of essential amino acids (Table 4) 
were expressed as essential amino acid content: total

T a b le  2 . c o m po sit io n  o f  c e m , p e m  a n d  asm -p r o t e in  iso l a te

Composition CEM PEM ASM-protein
isolate

Total carbohydrates (%) 51.2 52.8 —

Total nitrogen (%) 2.3 2.5 14.2
Total moisture (%) 10.0 7.0 8.0
Total ash (% ) 6.1 6.0 1.2
Cm de fibre (% ) 4.4 4.2 —

Crude fat ( %) 2.1 0.9 —
Tannins (%) 6.4 0.7 —
Saponins (%) l-2 0.4 0.5

Amino acid profile tg/16 gN)
Glycine 4.6 3.9 4.7
Alanine 3.4 3.4 4.9
Threonine 3.2 ■ 3.1 3.3
Serine 5.0 5.0 6.4
Valine 4.3 4.1 4.0
Leucine 6.2 6.2 10.6
Isoleucine 3.1 3.1 4.8
Proline 2.7 2.7 6.0
Phenylalanine 2.6 3.0 5.4
Methionine 0.9 0.9 0.9
Cystine 0.7 0.7 0.5
Tyrosine 3.8 4.2 5.8
Histidine 2.8 2.6 1.0
Arginine 8.6 7.6 8.0
Lysine 6.1 6.1 8.9
Aspartic acid 7.8 7.8 11.2
Glutamic acid 22.4 21.3 18.4
Average of three replicates. Legend for abbreviations as under 
Table 1.

T a b le  3. r e c o m m e n d e d  e s s en tia l  a m in o  a c id  (g /1 6  o n ) 
p a t t e r n  o f  f a o /w h o 19 a n d  es s e n t ia l  a m in o  a c id  p a t t e r n  o f

CEM, PEM AND ASM-PROTEIN ISOLATE
FAO/W HO CEM PEM ASM-protein

isolate
Phenylalanine 6.0* 6.4* 7.2* 11.2*
Tyrosine
Isoleucine 4.0 3.1 3.1 4.8
Leucine 7.0 6.2 6.2 10.6
Lysine 5.5 6.1 6.1 8.9
M ethionine
Cystine

3.5* 1.6* 1.6* 1.4*

Threonine 4.0 3.2 3.1 3.3
Valine 5.0 4.3 4.1 3.1
Arginine — 8.6 _ 7.6 7.9

»Combined value for the two amino acids 
Legend for abbreviations as under Table 1. r

T a b le  4 . c o m po sit io n  o f  t h e  essen tia l  a m in o  a c id  (baa)
PATTERN (m g /O  TOTAL ESSENTIAL AA> OF CASEIN, CEM, PEM AND 

ASM-PROTEIN ISOLATE
Casein CEM PEM ASM-protein

isolate
Phenylalanine 101 62 72 102
Isoleucine 87 73 74 92
Leucine 173 147 149 197
Lysine 157 144 146 168
Methionine-cystine 71 38 38 26
Valine 110 101 99 75
Threonine 82 75 73 62
Tyrosine 113 90 100 108
Arginine 59 204 183 150
Histidine 47 66 63 20
Total EAA (mg/g N) 3283 2643 2600 3244
Total EAA (Total N) 3.28 2.64 2.60 • 3.24

Legend for abbreviations as under Table 1.
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T able 5. nutritional evaluation of diets fed for 28 days containing crude eucalyptus seed meal (cem), processed eucalyptus
SEED M EA L  (PEM), ASM -PRO TEIN  ISOLATE, A N D  SU PPLEM ENTAT IO N  W ITH  AM IN O  A C ID

Protein source Body wt. gain 
<g>

CP* intake 
(g)

PER TD BV N PU
(N D xB V )

Casein 68.1 ± 2 .1 24 .6± 1 .5 2.77±0.21 0.91 ±0 .010 0.88±0.010 0.80 ± 0 .009
CEM 33.5± 1.6 22 .5± 0 .8 1.49±0.12 0.72±0.005 0.41 ±0 .006 0.29 ±0 .003
PEM 54.2± 1.8 24.1 ± 0 .9 2.25±0.15 0.87±0.007 0.56±0.008 0.48 ± 0 .006
,, +suppl with A* 62 .9± 1 .4 24.6 ±1.1 2.56±0.17 0.90 ±0 .008 0.62±0.009 0 .5 6 ±  0.008
» +  „ B 72.7± 2 .0 25 .0± 1 .2 2.91 ± 0 .1 4 0.90 ±0 .006 0.76 ± 0 .009 0.68±0.005
»> +  „ C 76.4± 2 .2 26 .1±1.3 2.93 ± 0 .1 2 0.90±0.009 0.80±0.010 0.72 ± 0 .008
ASM-protein isolate 53.0+1.1 24.3 ± 0 .9 2.19±0.15 0.88±0.008 0.55 ± 0 .006 0.48 ± 0 .0 0 5
„ +suppl with D* 63.9±1 .5 24.8 ± 1 .0 2.58±0.18 0.90±0.009 0.64±0.005 0.58 ± 0 .0 0 7
»5 +  >> E 69.1 ± 2 .1 25 .4± 0 .8 2.72±0.21 0.90 ±0 .008 0.77±0.008 0.69 ± 0 .008
>» . ^  i  Î F 72 .2± 2 .0 26.3 ± 1 .0 2.75±0.14 0.91 ± 0 .00 9 0.80±0.006 0.72±0.009

* C P = N  x  6.25
** Amino acid supplements (g/kg diet):
A and D, 4.0 DL-methionine+DL-cystine (2:1 w/w):
B and E, 8.0 DL-m ethionine+DL-cystine (2:1 w/w);
C, 8.0 DL-methionine+DL-cystine (2:1 w/w), 3.0 DL-leucine, 3.0 DL-isoleucine, 2.0 DL-threonine ana 2.5 DL-valine; 
F, 8.0 DL-methionine+DL-cystine (2:1 w/w), 3.5 DL-thieonine and 3.0 DL-valine.
Values are M ean ± S .E .
No. of animals in each group was 6.

N content, the value for ASM-protein isolate (3.24) was 
higher than those for CEM (2.64) and PEM (2.60) but 
lower than that for casein (3.28).

The results (Table 5) of feeding trials with rats 
show that at a level of inclusion of CEM in the diet 
of 300 g/kg, CP intake, growth, PER, BV and NPU 
values were comparatively lower than that of PEM 
diet. This poor performance of CEM may be due to 
its high tannin content. Similar types of observations 
have been reported by Cnang and Fuller2® and Gandhi 
et al21 with the seed meals of sorghum and sal in the 
diets of rats. Supplementation of PEM diet with essential 
amino acids improved growth, PER, BV and NPU, 
indicating a deficiency or an imbalance in the protein 
provided by the PEM. The PER (2.19) and BV (0.55) 
values for ASM-protein isolate were lower than that of 
casein (PER 2.77, BV 0.88) but addition of essential 
amino acids to ASM-protein isolate diet progressively 
improved growth, PER, BV and NPU and these 
values compared well with that of casein. It is interesting 
to note that addition of methionine and cystine (sup
plements A, B, D and E) improved the biological values 
of PEM and ASM-protein isolate markedly while other 
essential amino acids in supplements C and F had no 
significant effect so far. It is therefore likely that under

the present experimental conditions methionine and 
cystine were the most limiting amino acids of PEM and 
ASM-protein isolate.

Values for the biochemical parameters of blood and 
liver of rats fed diets containing casein, CEM, PEM 
and ASM-protein isolate are presented in Table 6. The 
results revealed that CEM in diet affects the biochemical 
parameters of blood and liver adversely. This may be 
correlated to its high tannin content. Similar toxic 
effects of tannins in animal feed are well reported22,22. 
PEM was almost free from tannins and did not reveal 
any abnormality in evaluations of blood and liver 
biochemical parameters when given in the diet of rats.

The blood sugar levels were significantly elevated in 
those animals fed diets containing PEM and ASM- 
protein isolate, probably due to inhibition of glycolysis 
by some glycoprotein present therein5. ASM-protein 
isolate and PEM also contain a low amount of 
saponins, which may have some adverse effects on 
regulation of insulin from pancreatic £-cells and on 
blood sugar. Yadav et al24 reported that some Acacia 
seed protein-supplemented diets can lead to increased 
blood sugar level in young rats.

It is evident from the the results (Table 6) that the 
nature of dietary protein influenced the lipid composition
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T a b l e  6. b i o c h e m ic a l  p a r a m e t e r s  o f  b l o o d  a n d  l i v e r  o f  r a t s  f e d  d i e t s  c o n t a in in g  c a s e in , (c e m ) c r u d e  a n e

EU C A LYPTU S  SEED M EA L  A N D  ASM-TROT E IN  ISOLATE FOR 28 D AY S
i PROCESSED (PEM )

ASM-protein
Parameters Casein CEM

Blood
PEM isolate

Haemoglobin (g/100 ml) 15.7±0.62 13.2±0.81* 15.6±0.58 15.6±0.78
sugar (mg/100 ml) 86.3±2.48 118.8±3.64*** 95.5±3.01* 99.7±3.11**
Serum total protein (g/100 ml) 6 .1± 0 .12 4.5±0.21*** 6 .0± 0 .3 2 6.2±0.21
Serum total lipids (mg/100 ml) 268.5±5.12 300.8±6.21** 256.5±5.12 218.2±4.56***
Serum phospholipids (mg/100 ml) 83.1±2.45 84.2±2.01 81.8±2.11 76.5±2.11
Setum cholesterol (mg/100 ml) 66.3 ± 1 .6 5 8 5 .1 ± 2  12***

Liver
62 .3±2.16 51.1 ±  1.85***

Total protein (mg/g) 141.7±4.12 89.3 ±3 3.21 * * * 138.8±4.06 145.3 ± 2 .5 6
Total lipids (mg/g) 165.6±4.21 190.4±5.16** 152.3±3.21* 120.2±3.01***
Phospholipids (mg/g) 78.1 ± 1 .5 8 79.3±2.12 77.2±1 .56 71.5±2.21*
Cholesterol (mg/g) 6.1 ± 0 .5 2 7.1 ± 0 .4 8 5 .6±0.45 4.1 ±0.25**

Values were significantly different from those for the corresponding casein group (Student’s t-test):
* P < 0 .0 5 ; * * P < 0 .0 1 ; ***P<0.001
Values ate  M ean ± S .E . No. of animals in each group was 6.

of serum and liver. It is generally believed that animal 
proteins show lipid elevating action while plant proteins 
have some lipid lowering action. Recently, findings by 
Leelamma et al.25 and Huff and Carroll20 have shown 
that the effect on lipid levels depends upon the nature 
of particular protein rather than its source. Thus, the 
nature of protein intake affects lipid metabolism but 
it is not clear how exactly the nature of protein can affect 
the lipid metabolism. It is possible that this may be 
related to (/) amino acid composition of protein27, 
(h) digestibility of different proteins, (//'/) nature and con
centration of non-proteinous materials in prtoeins28.29, 
(fv) possibility that small glycopeptides may be absorbed, 
and (v) the possibility that absorption of the intact 
protein may take place for which some evidence has been 
recently presented30. These factors may affect the 
enzymes involved in the synthesis and catabolism of the 
lipids. It is in this context that although the lipid levels 
of blood and liver of rats fed ASM-protein isolate diet 
varied from those of fed casein diet but still the values 
were within the normal range of variation. All other 
biochemical parameters of rats fed diets containing ASM 
protein isolate did not differ significantly as compared 
to those fed casein diet.

These observations thus suggest that the eucalyptus 
seed meal which contains about 6 per cent of tannins 
should be detoxified prior to its incorporation in animal 
feedstuff's and ASM-protein isolate may also be used as a 
source of supplementary protein. However, these un

conventional food sources are not well-balanced in their 
amino acid pattern, hence the incorporation of such 
products in various food preparations should be care
fully planned and the required amino acids added, if 
necessary.
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Wheat and Wheat Products
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Out of 31 samples of wheat or its milled products, collected from the market and flour mills, 30 were found to 
harbour storage fungi. A market survey of food products made from wheat, including bread and various pasta 
products, showed all the 23 samples to be contaminated with fungi. The contamination was particularly heavy in the pasta 
products, with A spergillus flavus as the most common fungus, eventhough some analysed samples were free from aflatoxin.

Wheat is more susceptible :o insect and fungal attacks belong to osmopkilic species of Aspergillus and Peni-
in storage than rice. Fungi commonly encountered cillium, some of which are known to produce mycotoxins. * **

P resen t A ddress: *Dept. of Botany, M adras Christian College, Tambaram,, Madras-600 059.
**Dept. of Eotany, B.M.S. College for Women, Basavanagudi, Bangalore-560 004.
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Since information on these species of fungi occurring 
in wheat and its products in India is very scanty, this 
study was taken up and the results presented here.
Materials and Methods

Samples: The samples, 54 in all, included 20 of whole 
wheat, 11 of milled products of different grades such as 
whole meal, maida, (refined wheat flour), raw a (semolina) 
and bran, 14 of pasta products such as vermicelli, 
spaghetti and macaroni, and 9 of bakery products 
including brown and white bread made in small bakeries 
and factory-made white bread (Table 1).

Analysis of mycoflora: Storage fungi were selectively 
isolated from the commodities using standard methods1 
with a few modifications2. Czapek-Dox agar with 50 
per cent sucrose w/'v was used throughout. When 
bacteria had to be avoided, Streptopenicillin (20 jug/ml) 
was added to the medium prior to pouring.

In plating whole grains, 100 grains per sample were 
used. In analysing milled products, direct plating using 
10, 50 and 100 mg of the sample, and dilution plating 
from 10-2 and 10-3 dilutions were followed, using a total 
of 10 plates per sample. Pasta products were broken 
up into bits and the bits picked out at random for 
plating. Depending on the diameter, 100 (vermicelli), 80

TABlE 1. DETAILS OF SAMPLES USED IN THE STUDY
Commodity/Product No. of 

samples
M oisture 
range (%)

Soft white wheat 4* 00 bo 1 VO 4̂

a 3+ 9.6-10.0
5 J 1* 11.2
i t 1 8.8

Soft amber wheat 1* 10.0
. I t 1 10.0

Red wheat (P.V. 18) 1 8.4
Hard wheat (Kalyan) 1* 9.6

i t 1 + 8.2
f t 2 7.6- 8.6

Samba wheat (Sarbati) 1 + 8.4
„ 3 10.2-11.4

Whole flour (a tta ) 3 9.6-12.6
Extracted flour (m a id a ) 3 11.4-12.0
Semolina (ra w u ) 2 12.0
Bran 3 10.2-12.2
Vermicelli 5 —
Spaghetti 4 —
Macaroni 5 —
White bread 3 —
Brown bread 3 —
Factory bread 3 —

—Not done. The samples are collected from *TNCSC godowns; 
+Co-operative shops; and others are from private shops.

(spaghetti), or 40 (macaroni) bits per sample were plated. 
In the case of bread, 25 fragments per loaf were cut out 
aseptically from different regions of the loaf and plated.

Surface sterilization was done using 0.1 per cent 
mercuric chloride solution which was allowed to act for 
one minute and washed off repeatedly with 7.5 per cent 
sodium chloride solution. Whole grains were plated 
only after surface sterilization, while pasta products 
were surface sterilized only in some cases.

The plates were incubated in the dark at 30 °C and 
examined after 5 days for enumeration, isolation and 
identification of fungi. The Aspergilli were identified 
after Raper and Fennell3.

Fungal infestation was expressed in terms of percen
tage of infested grains (the term infestation is used in 
preference to infection which connotes pathogenic 
fungi), of infested bits of pasta and of infested loaf 
in the case of whole grains, pasta and bread, respec
tively and in terms of number per gram in the case of 
milled products.

A few samples showing an abundance of Aspergillus 
flams were analysed for aflatoxins using standard 
methods4.
Results and Discussion

Storage fungi: Of the 20 samples of whole wheat,

T a b l e  2. i n f e s t a t i o n  b y  s t o r a g e  f u n g i  i n  w h o l e  w h e a t  a n d  

i t s  m i l l e d  p r o d u c t s , a r r a n g e d  i n  t h e  d e s c e n d i n g  o r d e r  o f

MAGNITUDE
Whole wheat Milled products

M oisture Extent o f M oisture No. of
Varieties content Infestation Grade content propa-

(%) (% ) (%) gules/g
Soft white 11.2 100 Bran 12.2 2930

t t  i t 8.8 100 M aida 12.0 2280
Samba (Sarbati) 10.2 100 i  i 11.8 1830
Soft white 9.8 86 R aw a 12.0 1830
Sam ba/Sarbati) 11.4 77 A lia 11.6 1740
H ard (Kalyan) 7.6 60 Bran 10.2 1650

t  i  t i 8.2 40 M a id a 11.4 1200
Samba (Sarbati) 8.4 30 A tta 9.6 960
Soft white 9.4 26 Bran 10.8 510

i t  i t 9.0 16 A tta 12.6 420
H ard (Kalyan) 9.6 14 R aw a 12.0 10

i t  t i 8.6 10
Soft white 8.8 9

a  t t 9.6 8
Soft amber 10.0 8
Soft white 9.0 6

i t  i t 10.0 6
Red (P. V. 18) 8.4 4
Samba (Sarbati) 10.6 3
Soft amber 10.0 0
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19 harboured storage fungi (Table 2). The infestation 
level varied from 3 to 100 per cent with an average of 
35 per cent, but the differences were not correlatable 
with variety or moisture content.

All the 11 milled samples showed heavy fungal infesta
tion averaging 1800 propagules per gram, a sample 
of bran showing the highest, and one of rawa showing 
the lowest figures. There was wide variation within each 
category, but on an average, maida and bran recorded 
the highest and rawa, the lowest fungal numbers per 
gram (Table 2).

Qualitatively, the storage fungi included Aspergillus 
glaucus group comprising A. amstelodami (Mangin) 
Thom & Church, A. chevalieri (Mangin) Thom & 
Church and A. repens De Bary, all referred to for con
venience as A. glaucus.

A. flams Link, A. candidus Link, A. niger V. Tiegh, 
A. terreus Thom, A. sydowi (Bain & Sart.) Thom & 
Church, Penicillium sp., and Mucor sp. Alternaria sp., 
Isaria sp. and a few others, rarely seen and referred to 
as ‘other fungi’. Osmophilic bacteria occurred in a few 
milled products.

Of these fungi, A. glaucus was the most abundant in 
whole wheat as well as in its milled products. Among 
others, A. flavus was more abundant in whole wheat 
while A. candidus and A. terreus were more common in 
the milled products (Table 4).

The pasta products were heavily infested, the level 
being 100 per cent in spaghetti, 99 per cent in macaroni 
and 61 per cent in vermicelli. All the samples of bread 
also showed fungal growth, the level being highest in 
brown bread (69 per cent average) and lowest in factory-

made white bread (12 percent average)-(Table 3). Quali
tatively, the most striking feature .was the abundance of 
A. flavus in pasta products as well as in bread. Only 
vermicelli and factory-made white bread recorded a low 
occurrence of A. flavus. Among the less common fungi, 
A. terreus was not recorded in these food products, 
while A. fumigatus Fresenius and A. wentii Wehmer, not 
recorded in whole wheat or flour, were sometimes found 
(Table 4).

The occurrence of storage fungi in wheat and wheat 
flour is well known, and our results show some 
qualitative and quantitative differences from those of 
others. Qualitatively, our results for flours are com
parable with those of Bothast et al5. who also reported 
A. glaucus and A. candidus as the dominant flora. Basu 
and Mehrotra6 on the other hand have reported numer
ous species of Aspergilli and Penicillia. In our experi
ence, A. candidus usually occurs in the interior of the 
grain and hence its predominance in the flour.

Mouldiness in bread is an oft-studied phenomenon, 
but studies on pasta products are relatively rare. Chris
tensen and Kennedy7 reported Aspergillus flavus- 
oryzae, including toxigenic strains, to be the dominant 
fungus in most of the 47 pasta samples studied by them.

Aflatoxins: No aflatoxin was detected in any of the 
3 samples of spaghetti, 2 of bread or one of macaroni 
tested (Table 3). However, toxin production in these 
foods cannot be ruled out, as there are reports of the 
occurrence of toxin in dry spaghetti8; while bread 
and cake have been found to serve as good media for 
aflatoxin production9, the toxin being able to survive the 
baking process19.

T a b l e  3 . INFESTATION BY STORAGE FUNGI IN PROCESSED PRODUCTS OF WHEAT
Sample Product Infestation (%] Sample Type of Infestation

No. Untreated Surface sterilized No. bread/source (%)
1 Vermicelli 8 5 . 0 — *1 White/Bakery 4 0
2 »» 68.0 — 2 >» 4 0
3 > J 66.0 — 3 »> 3 6
4 , , 3 2 . 5 — *4 Brown/Bakery 100
5 »» 3 2 . 5 — 5 ,, 7 6
6 Spaghetti 100.0 — 6 »» 3 2

*7 »» 100.0 100.0 7 W hite/Factory 2 4
*8 >» 100.0 8 0 . 0 8 >> S
* 9 >■ 100.0 6 0 . 0 9 „ 4
10 Macaroni 100.0 —

*11 »» 100.0 8 5 . 0
12 , , 9 9 . 0 —

1 3 , , 9 7 . 5 8 7 . 5
1 4 9 7 . 5 7 2 .5

♦ Samples analysed for aflatoxin 
—N ot done
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T a b l e  4 .  average pattern of distribution of species of storage fungi in  wheat and its products

Variety/Product Av. in
festation

A .
gl-

A .
fl-

A .
cand

A .
nig

A .
ter

A .
sy d

A .
fu m

A .
wen

Pen
sp.

M ucor
sp.

Other
fungi

Bacteria

♦ Whole wheat (%  infestation)
Soft white (9) 39.7 20.0 7.7 0.7 9.2 0 0 0 0 0 3.4 3.5 0.1
Soft amber (2) 4.0 1.5 0.5 0 1.0 0 0 0 0 1.0 0 0 0
Sarbati (4) 52.5 19.5 12.3 0.3 3.5 0 0 0 0 0 17.3 0 0
Kalyan (4) 3.10 14.5 7.5 1.8 0 0 1.8 0 0 0 0 5.8 0
PV 18 (1) 4.0 0 0 0 0 0 0 0 0 2.0 0 2.0 0

Milled products (colonies/g)
A m  (3) 1040 385 17 539 28 10 2 0 0 52 5 8 80
M a id a  (3) 1770 510 177 300 11 422 0 0 0 200 153 0 46
R aw a  (2) 920 754 5 27 1 2 0 0 0 125 0 7 2
Bran (3) 1700 314 188 579 6 503 0 0 0 49 47 0 823

♦ Pasta (%  infestation)
Vermicelli (5) 61 36.7 14.3 1.0 3.0 0 0 1.0 0 2.2 0 0 0
Spaghetti (4) 100 0 93.0 0 10.1 0 0 0 1.2 0 0 0 0
Macaroni (5) 99 36.5 52.2 4.0 9.9 0 0 0 0 0 4.0 19.0

*Bread (%  infestation)
Bakery, white (3) 39.0 8.0 29.0 0 0 0 0 0 1.3 0 0 0 0
Bakery, brown(3) 69.3 8.0 31.0 0 8.0 0 1.3 0 21.3 0 0 0 0
Factory, white (3) 12.0 2.7 0 0 0 0 0 1.3 0 0 8.0 0 0

*The total o f individual species may exceed the percentage o f grain infestation, as a single grain frequently produces more than one 
colony.
A .gl'.— A . glaucus; A . f l = A .  f la m s;  A .n d = A . Candidas; A .n ig .= A . niger; A .te r = A . terreus; A . s y d = A .  sydow i; A .fu m  =  
A . fum igatus, A .w e n = A .  w eniii; P e n s p .— Penicillm m  sp.
Figures in parentheses indicate num ber of samples tested.

Sources of contamination: The high levels of fungi 
in the flour suggest that the raw material itself 
might be the source of contamination of these food 
products.

In the case of the pasta products, those with a thicker 
diameter had a higher percentage of infestation, mainly 
with A.flavus. This suggested that the enriching additives 
and the microenvironment of the slow and prolonged 
drying process might have selectively favoured the 
growth of A. flams within the sticks. In order to verify 
that the fungus was present within the product and not 
as a surface contaminant from spores in the air, we 
plated some samples of spaghetti and macaroni after 
washing in a dilute detergent solution (Tween 80, 0.1 
per cent aqueous) and after surface sterilization. The 
washings were plated separately. The washings recorded 
very low counts and A. flavus was not generally found 
in these, but the washed or surface sterilized bits showed

the same fungus as the whole bits. This suggested that 
the fungus occurred as mycelium within the product, 
although we could not detect it by microscopic ex
amination (Table 3).

In the case of bread, the high degree of contamination 
of brown bread, made from whole flour including bran, 
which usually recorded high fungal numbers, indicated 
that the flour was the major source. This could act 
directly by growing in the dough and surviving the 
baking process, or indirectly by contaminating the bakery 
atmosphere and settling on the baked bread. The latter 
possibility was suggested by the results of our limited 
aeromycological survey of the interior of a bakery 
(Table 5).

Discussing the presence of toxigenic Aspergilli in pasta, 
Christensen11 suggests that the fungi enter the dough 
during or after mixing and grow during drying. Those 
who study mouldiness in bread, however, usually point

6
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T a b l e  5 .  a e r o m y c o l o g y  o f  a  b a k e r y

Av. colonies (no.) per plate at different processes 
Fungus o f bread manufacture*

Kneading Fermen- Baking Slicing Total
tation and

packing
Aspergillus fumigatus 3 2 1 2 8
A . niger 1 1 1 1 4
A. candidas 4 0 0 0 4
A. glaucas 1 0 0 2 3
A. flavus 1 0 1 0 2
A. ter reus 0 0 0 1 1
A. foetidus 1 0 0 0 1

♦ Exposure time: 5 to 10 min.

to low-grade flour as the cause12,13. Studies are now 
under way in our laboratory to establish the actual man
ner of contamination of bread. At this point it may be 
said that the use of good quality raw materials, and the 
maintenence of proper environmental hygeine would 
make these wheat foods less hazardous.
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Mango pulp of Cv. ‘Lucknow Safeda’ was stored in poly
propylene pouches (200 gauge) with thermal sterilization 
(TO and with 350 (T2) and 100 (T3) ppm S 0 2, a t  32-35°C 
(ambient) and at 4-6°C. All the samples stored at ambient 
temperature were spoiled after two months, while those stor
ed a t lower temperature were in good condition after 4 
months. There was rise in pH, protein content and tannins. 
There was decrease in total sugars and soluble solids in 
treatments T i and T3. There was no appreciable loss of 
moisture or vitamin C. There was almost complete loss of 
available S 0 2 during storage. The treatment T2 was found 
to be the best for preserving mango pulp.

The exhorbitant price of tinplates has necessitated 
the use of polyethylene (HDPE) and other flexible

packaging for food material1,2. Since HDPE containers 
cannot withstand high temperatures, bulk preservation 
of pulp is achieved by sulphitation and subsequent lower 
temperature processing, which also preserve the delicate 
mango flavour. However, there are some constraints 
to sulphite treatment because of the residual off-flavour 
in the pulp3. Shrilchande et ctl.4 have reported storage 
of mango pulp for 6 months after thermal process and 
bulk packaging in HDPE containers, without sulphita
tion. Recently, polypropylene/aluminium foil/poly- 
propylene pocuhes2 and asceptic packaging5 have been 
introduced in developed countries for packaging of food 
products and these may be adopted by the industry in 
our country in the near future.

We have designed an experiment to assess the storage 
quality of mango pulp in flexible polypropylene pouches. 
Mango pulp from Cv. ‘Lucknow Safeda’ was expressed 
and was filtered to remove fibres. Two hundred and fifty 
gram of pulp was filled into polypropylene pouches (2/3 
capacity), sealed and heated in boiling water for 20 min 
(Tj). In the second treatment, the pulp was heated to 
80 °C for 10 min, cooled to about 50 °C, mixed with

Table 1. changes in chemical characteristics in  mango pulp (cv. lucknow sapeda) during storage in  polypropylene pouches

Storage Storage Acidity
Treatment period

(months)
temp
(°C)

M oisture
(%)

pH (%  citric 
acid)

TSS
(%)

Total
(% )

Reducing
(%)

Vitamin C 
(mg %)

Protein 
(mg %)

Tannins 
(mg %)

s o 2
(ppm)

— Initial 78.2 4.6 0,32 21.4 18.1 4.5 5.8 4.1 102 —
Ti 1 32-35 76.4 5.2 0.13 18.4 10.2 6.7 4.4 4.1 232 N ot added
Ti , , 4-6 77.6 4.7 0.20 19.8 15.7 5.7 4.8 4.2 160 99

Ti 2 32-35 81.8 5.9 0.15 17.8 11.1 8.7 4.5 4.6 271 99

Ti 99 4-6 79.3 5.1 0.26 18.9 13.6 6.8 5.6 4.3 209 99

t 2 1 32-35 79.5 4.5 0.19 20.2 19.8 5.5 4.5 5.3 226 160
t 2 4-6 79.6 4.8 0.20 21.2 19.4 5.4 6.6 5.6 186 250
t 2 2 32-35 70.8 5.3 0.26 19.4 17.6 7.9 3.5 5.2 292 70
t 2 99 4-6 78.8 5.0 0.21 20.5 18.3 5.7 6.8 4.3 210 160
t 2 3 32-35 — — — — — — — — — —
t 2 99 4-6 77.1 5.0 0.31 20.4 16.4 5.6 4.1 5.5 184 64
t 2 4 32-35 — — — — — — — — — —
t 2 99 4-6 76.2 5.2 0.22 19.8 17.0 6.0 2.6 4.6 176 50
t 3 1 32-25 77.8 5.2 0.20 20.4 14.6 6.7 4.5 5.5 246 64
t 3 4-6 79.6 4.8 0.20 18.8 14.4 4.8 5.7 4.0 178 80
t 3 2 32-35 80.9 5.7 0.25 18.6 11.3 8.7 3.3 6.2 239 nil
t 3 99 4-6 79.7 5.2 0.11 18.9 13.8 5.8 5.0 4.9 284 64
t 3 3 32-35 —- — — — — — — — — —
t 3 99 4-6 80.0 5.4 0.16 19.3 12.1 6.4 4.3 4.5 195 50
t 3 4 32-35 — — — — — — — — — —
t 3 99 4-6 79.3 5.3 0.28 15.4 11.7 8.5 3.3 5.9 151 nil

(—) No estimation made due to spoilage 
T i - T 3=Treatm ents.

♦ Contribution No. 78/82 of I.I.H .R ., Bar.gaIore-560 080.
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350 ppm S02, filled in pouches and sealed (T2). 
Thirdly, the pulp was mixed with 100 ppm S02, filled 
in pouches, sealed and heated in boiling water for 
20 min (T3). Pouches in each treatment were stored 
at room temperature (32-35 °C) and at low tempera
ture (4-6°C). The analysis6 of various physico-chemical 
characteristics was carried out at monthly intervals. 
The initial composition of the pulp is given in the 
Table 1.All the treatments under ambient and Tt in cold 
conditions, developed mould growth, clots and preci
pitation after 2-3 months of storage. Sulphur treatment 
at higher temperature (32-35°C), might have been less 
effective due to high pH (4.55) of mango pulp. However, 
these observations were in accordance with the reports of 
Krishna Murthy et al.1 The material kept well in this 
treatments for 4 months. Generally, there was no signifi
cant loss of moisture during storage. Further, the pulp 
under ambient conditions exhibited an increase m 
reducing sugars (from 4 to 8  per cent) and a decrease in 
total sugars (from 18 to 11 per cent) and TSS (from 21 
to 18 per cent) with the exception of T2. Changes were 
still less in cold condition. Sulphitation (350 ppm) seems 
to help in preserving sugars and TSS. There was a slight 
increase in pH (from 4.55 to 5.20 in cold and to 5.9 at 
room temperature) of stored pulp, but there was no 
concurrent decrease in titrable acidity. Very low con
centration of vitamin C was present initially in the 
mango pulp and there was no further loss during storage. 
Soluble protein increased but more so under ambient 
temperature. Tannins rose sharply at room temperature 
but in cold treatment it increased from 102 to 284 mg 
per cent upto 2  months and then declined to 15C-170 mg 
per cent. There was no deterioration in colour or organo
leptic quality of the pulp or the juice prepared from the 
stored pulp. Determination of available S02 content 
showed meagre amount, 50 ppm in T2 and absent in T3 

at the end of 4 months.
It may be inferred from this study that flexible poly

propylene pouches ( 2 0 0  gauge) may not be suitable for 
long storage (over 2-3 months) of mango pulp under 
North Indian conditions of high temperature, even 
with sulphitation (350 ppm S02). Higher levels of S02 

and acidity may improve the preservation of mango 
pulp in flexible pouches.

The authors are thankful to Dr. J. C. Anand for 
technical and Mr. H. C. Lohani, for analytical assistance. 
The project was funded through PL-480 grant No FG- 
In-561 (IN-ARS-49).
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Studies on moisture uptake of evacuated and untreated 
paddy revealed that it was higher in evacuated paddy under 
different time-temperature conditions. I t  is indicated that 
soaking of evacuated paddy may substantially reduce the 
process time of parboiling.

Soaking of paddy is important during parboiling and 
its duration decides the total period of the process1-?. 
Duration of soaking mainly depends upon the soaking 
characteristics and the variety of paddy. Once the 
soaking characteristics of paddy are known, the con
ditions of treatment can be easily worked out to attain 
a desired moisture content of paddy suitable for par
boiling, steaming, poha (rice flakes) making etc2-8. 
Achieving desired moisture level in short time leads to 
reduction in total time of parboiling.

Possibility of reducing the soaking time during par
boiling by evacuation of paddy prior to soaking was explored.
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‘Jaya’ variety of paddy having 13.2 per cent moisture 
(d.b.) was used in this experiment. Samples of 150 g 
each were mixed with 225 ml hot water in a beaker and 
placed in pre-stabilised waterbath at desired tempera
ture for soaking (Table 1). The initial moisture content 
of the paddy was determined by standard air oven 
method .̂ The moisture content of soaked sample(s) 
was calculated as follows:

Wj (100+M2)=W 2 (100+M j) ............................  (1)
Where,

Wi=initial weight of the sample at moisture content 
Mi, g.

W2=final weight of the sample at moisture content 
M2, g.

M!=initial moisture content of the sample, per cent, 
d.b.

M2=final moisture content of the sample, per cent, 
d.b.

These values of moisture content of soaked samples 
were used for analysis.

Table 1. moisture of paddy (var. jaya) soaked under
DIFFERENT CONDITIONS**

Soaking
period

(hr)

Paddy moisture (%  d.b.) at ciff soaking temp.

30°C 40rC 50rC 60°C 70°C 80°C

Under atmcspheric pressure
i 20.2 21.0 21.9 23.4 25.6 28.9
1 21.0 22.2 23.7 25.0 26.9 32.7
4 22.1 23.8 26.1 27.6 29.5 36.0
1 22.9 25.1 27.2 29.1 32.8 41.2
2 24.8 27.4 30.1 31.9 37.0 46.6
3 27.1 29.9 32.5 35.0 41.5 62.3
4 28.6 32.1 34.2 36.3 45.2 77.2
5 30.1 33.8 36.0 37.8 49.3 104.1
6 31.7 35.4 38.7 40.5 53.9 118.3

Under vacuum
4 30.6 32.2 34.0 35.0 35.7 37.1
i 31.8 33.1 35.3 36.0 37.2 38.5
i 32.2 34.7 36.8 37.5 38.5 41.2
l 32.7 35.7 37.7 39.3 39.9 43.7
2 35.2 37.5 39.6 42.5 43.5 52.8
3 36.6 38.3 41.9 43.5 46.0 68.5
4 37.0 39.0 42.5 44.5 49.4 90.1
5 38.2 40.6 44.2 46.2 51.6 134.9
6 39.8 41.4 46.1 47.3 54.1 167.2

Initial paddy moisture content: 13.2% (d.b.) 
* ‘ Average of three replicats.

Another set of paddy samples were subjected to 
vacuum (-76 cm of Hg, as indicated by the compound 
gauge) for five minutes and 225 ml hot water was let 
into the flask soon after. The sample was then transfered 
to waterbath. Moisture content of sample was calculat
ed (equation 1) after soaking for appropriate period as 
per schedule (Table 1).

Water uptake: Persual of data in Table 1 reveals 
that there was sudden rise in moisture content at initial 
stages of soaking at all the soaking treatments. It has 
been reported3 that this phenomenon may be due to 
(0 the filling of void space between the husk and pericarp 
with water immediately after grains were immersed in 
water, and (z7) capillary action by pores in the hull 
causing rapid absorption.

According to Becker the initial moisture gain in soaked 
wheat grains was a measure of the amount of water 
required for saturation of pericarp. It can be stated 
supporting the above statement4, other reported results3 
and the test data (Table 1) that the initial moisture gain 
was low, in case of direct paddy soaking, as compared to 
evacuated paddy soaking. This may be due to the pres- 
sence of air gap between hull and rice kernel in case of 
direct soaking. The evacuation of paddy prior to soaking 
might have expelled most of the air from the void spaces 
and neutralised the resistance to entry of water resulting 
in high initial moisture gain.

The moisture content values (Table 1) also indicate 
that the total moisture gain increased with increase in 
soaking temperature and this was true for all the tests. 
Two reasons can be put forth for this phenomenon:
(i) Air present in the micropores might not have been 
removed completely during evacuation of paddy, which 
would have expanded with the rise in temperature and 
quickly replaced by water, (n) water is dipole 
compound and is regarded as a polymer of hydrogen 
bond. The bonds are broken when water is heated, 
which results in the dissociation and entry of water 
molecules into the weakened starch due to heat.

It was observed that air bubbles were liberated at the 
surface of evacuated paddy grain during the first 2-5 
min of exposure to water. The time of air bubble 
liberation was inversely proportional to the soaking 
temperature7. This phenomenon confirms the obser
vation on vacuum4 and also supports the statement 
indicating the presence of unexpelled air in evacuated 
paddy.

It is also evident from the moisture content values 
(Table 1) that the evacuated paddy would attain the 
desired level of moisture in less soaking time and at 
lower soaking temperature than direct soaking of 
paddy. Hence, the evacuated soaking would help in 
reducing the soaking time and severity of heat 
treatment to grain.
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T able 2. rate of moisture absorption, per cent db per hour
FOR JAYA PADDY WHEN SOAKED UNDER DIFFERENT CONDITIONS**

Soaking M oisture absorption ( % db) at different soaking temp 
period ------------------------------------------------------------------- — —

(hr) 30°C 40°C 50°C 60°C 70°C 80°C

Under atmospheric pressure
0.125 28.1 31.0 34.8 40.7 49.4 62.6
0.375 3.0 5.0 6.9 6.2 5.2 15.2
0.625 4.6 6.2 9.6 10.3 10.3 13.3
0.875 3.0 5.1 4.6 6.0 13.6 20.8
1.5 1.9 2.4 2.9 2.8 4.2 5.5
2.5 2.3 2.5 2.4 4.1 4.5 15.6
3.5 1.5 2.2 1.7 1.3 3.7 15.0
4.5 1.5 1.7 1.8 1.6 4.1 26.8
5.5 1.5 1.6 2.7 2.7 3.7 14.2

Under vacuum
0.125 65.9 76.1 82.3 87.2 89.8 95.7
0.375 4.6 3.3 5.0 4.0 6.2 5.4
0.625 2.0 6.5 5.9 5.8 5.2 10.7
0.875 2.5 4.2 3.8 7.5 5.6 10.2
1.5 2.5 1.7 1.9 3.1 3.6 8.6
2.5 1.4 0.9 2.3 1.0 2.5 16.2
3.5 0.4 0.7 0.6 1.1 3.4 31.6
4.5 1.2 1.6 1.7 1.6 2.2 54.8
5.5 1.6 0.7 1.9 1.2 2.5 32.3

Initial moisture content of paddy is 13.2% (d.b.) 
♦ ♦ Computed from Table 1.

The rate of moisture absorption: The values in Table 2 
indicate the slow rate of moisture absorption up to 50°C 
for both the tests. In all the cases the moisture 
absorption rate was high in the initial stage of soaking 
and decreased with increase in soaking time. However, 
after some time of soaking (1.5 :o 2 hr) at 80 °C, i: increas
ed in both the cases, due to bursting of grains. Com
parison of subsequent (after initial stage) values of rate 
of moisture absorption indicate low rate in evacuated 
paddy soaking than in direct atmospheric pressure soak
ing. This may be due to substantial increase in the 
moisture content at the initial stage of soaking of evacu
ated paddy causing decrease in moisture potential 
(saturation moisture-initial moisture content of sample). 
Thus, the low rate of moisture absorption in the subse
quent soaking is an indication of high total moisture 
uptake by the sample (Table 1 & 2).

Conclusion: It is obvious that due to high moisture 
absorption, gelatinization of starch may take place 
earlier, for evacuated paddy soaking than fcr direct

soaking, at higher (70 and 80°C) temperatures. This 
phenomenon would be desirable and help reducing the 
total time of parboiling process.
References

1. Ali, N ., Studies on S om e Engineering A sp ec ts  o f  P arboiling
o f  P addy, 1974, Ph.D. Thesis, Indian Institute o f Tech
nology, Kharagpur, India.

2. Ananthachar, T. K., Narasirrha, H. U., Shankara, R.,
Gopal, M. S. and Desikachar, H.S.R., Improvement of the 
traditional process for rice flakes. J. F d  S ci. Technol., 
1982, 19, 47.

3. Bandvopadhyay, B. and Ghose, T. K., Studies on the hy
dration of Indian Paddy. Part I. A rate equation for the 
soaking opeiation. Indian J . Technol., 1965, 3, 360.

4. Becker, H. A., On the absorption of liquid water by the wheat
kernel. C ereal C hem ., 1960, 37, 309.

5. Borasio, L. and Gariboldi, F., Parboiled rice—production
and use. Part I. Production. R ice J ., 1965, 68(5), 32.

6. Hall, C. W ., D rying Farm Crops, Lyall Book Depot, Ludhiana
India, 1970.

7. Kulkarni, S. D ., E ffect o f  H ydration  on S om e Q u a lity  Cha
racteristics o f  P addy, 1977, M. Tech. Thesis, Indian Insti- 
tutre of Technology, Kharagpur, (India).

8. Kulkarni, S. D. and Bal, S., Kinetics of moisture absorption
by the paddy. R P E C  R ep ., 1978, 4, 8.

BIOLOGICAL EVALUATION OF LOW GLUCOSI-
NOLATE VARIETY OF RAPESEED (BRASSICA 

CAMPESTRIS VAR. TORI A) MEAL
J. S. UPPAL, S. K. VEENU AND S. K . GA RG 

Biochemistry Laboratory, Department o f Biology, G uru N anak 
Dev University, Amritsar-143 005, India

M anuscript received  15 January 1983; revised  30 January 1984

A 4-week trial was conducted with male albino rats to as
certain the biological quality (PER, FE, PU, FU and NPR) 
of repeseed meal (RSM) having low glucosinoiate content.
The RSM  proved to be an inferior quality protein due to less 
efficient utilization in contrast to casein. Thus, it is deduc
ed that RSM  can be better utilized only after partial or com
plete removal of crude fibre and toxic components.

Brassica campestris var. toria is an important oil seed 
crop. Seed residue after expression of oil is mostly being 
utilized as animal feed or manure1,2. Since it is a rich 
source of protein with well balanced amino acid com
position3,4, this note presents data on its biological 
quality by evaluating PER, FE, PU, FU and NPR in 
male albino rats.

Male albino rats (wistar strain) 21-28 days young
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T able 1. nutritional evaluation of rapeseed meal

Casein (10%) Rape seed meal (10%)
7 days 14 days 21 days 28 days Total

(g/28 days)
7 days 14 days 21 days 28 days Total

(g/28 days)
Food intake (g) 50.00 43.90 45.51 48.50 187.91 31.06 34.60 36.00 30.00 131.66

—3.00 ± 2 .1 0 ± 3 .5 0 ± 1 .7 5 ± 8.41 ± 3 .0 0 ± 1 .5 0 ± 3 .7 5 ± 2 .0 0 ± 5 .8 4
Protein intake (g) 5.00 4.39 4.55 4.85 18.79 3.10 3.46 3.60 3.00 13.16

± 0 .3 0 ±0.21 ± 0 .3 5 ± 0 .1 7 ± 0 .8 4 ± 0 .3 0 ± 0 .1 5 ± 0 .3 7 ± 0 .2 0 ± 0 .5 8
Wt. change (g) 32.50 85.05 99.00 107.60 — 64.00 67.00 75.00 82.50 —

± 6 .0 0 ± 5 .0 0 ± 5 .3 2 ± 6 .0 0 ± 4 .3 2 ± 6 .7 2 ± 5 .2 2 ± 4 .7 8
Wt. gain (g) 5.50 2.55 13.95 8.60 30.60 -13.00 3.00 8.00 7.50 5.50
PER 1.100 0.580 3.065 1.773 1.628 -4.193 0.867 2.222 2.500 0.417
PU .909 1.721 0.326 0.563 0.61 0.238 1.153 0.450 0.400 2.39
FE 0.110 9.058 0.306 0.177 0.162 -0.419 0.086 0.222 0.250 0.041
FU 9.09 17.21 3.26 5.63 6.14 2.38 11.53 4.50 4.00 23.92
NPR 6.660 6.913 9.175 7.505 3.10 13.161 8.901 9.944 11.766 2.530

Initial body weight of an im a ls= 7 7 .0 ± 5.72 g 
Net weight lost by N PG  anim als=27.80 g
PER =Prote in  efficiency ratio; PU —Protein utilization, F E = F eed  efficiency; F U = F eed  utilization N P R = N et protein retention

maintained at H.A.U., Hissar, were housed individually 
in cages. Standard diet (M/s Hind Lever Ltd., India) 
was supplied for 5 days to adapt the animals to new 
environment with ad libitum water. The animals were 
weighed and allocated into'two groups (6 rats/group) 
with similar mean body weight. Each rat was weighed 
weekly and handled daily for feed intake.

The untreated toria seeds grown in Amritsar district 
(Punjab) were procured and defatted using successive 
extraction with petroleum ether for 24 hr. Diets contain
ing casein and RSM (rapeseed meal) at 10 per cent pro
tein level were prepared5 and fed to respective groups for 
28 days. The glucosinolate content cf RSM was also 
determined6. Similarly the third group (NPG) was led 
protein free diet for the same number of days. The 
biological indices like PER, FE, PL, FU and NPR 
were calcualted from food intake and weight change 
data.The effect of diets on various biological indices is 
presented in Table 1. The casein fed animals showed al
most a constant intake and progressive growth pattern 
while RSM depicted a weekly variable intake and gained 
weight only after an abrupt loss during first week.

The decreased food intake by RSM group during the 
first week of feeding trial is probably due to poorly

acceptable and non-palatable nature of the meal7,8. 
Later, these animals tend to eat more to meet the energy 
requirements as the RSM contains a high level of non- 
digestible carbohydrate fraction (13 per cent) and 
protein (16 per cent) associated with the hull9,16. The 
intake, however, drops to basal value (fourth week) 
as if to state the inadequacy of RSM to act as a good 
quality protein. The casein fed animals, depicted a nor
mal consumption. The weight change data (Table 1) 
reflects a progressive gain by casein in contrast to RSM 
animals. The loss of weight by NPG was obviously due 
to active catabolism11.

The various biological indices indicate that animals 
fed RSM diet proved inferior. The PER of casein, 2.50, 
was however not presently achieved and seems to be 
affected by factors like environmental temperature as 
well as rat strain differences. The above findings provide 
support to the earlier reports12,13.

The values of PU/FU indicate that utilization is a 
measure of feed required for a unit gain of weight14, 
which qualifies RSM to be a poorer quality protein 
because more food is consumed for a unit gain in con
trast to casein. Furthermore, better utilization probably 
promotes greater retention (NPR) as observed in the 
casein fed animals (Table 1). On the other hand, RSM
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fails to gain proportionally to the amount of food 
consumed, possibly due to tie explanation proposed 
above.

One of the authors, S. K. Veenu is grateful to CSIR 
for the award of junior research fellowship.
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Sal (Shorea robusta) fat samples, extracted in the laboratory 
from fresh kernels as well as procured from commercial 
sources, were analysed for epoxystearic acid content by a 
titrimetric method and hydroxystearic acid by thin layer 
chromatography. All the samples contained these acids with
in the limit (3%  together). Alkali refining and bleaching did 
not affect the concentrations of these acids.

Possible presence of epoxystearic acid in the fatty 
acid profile of sal (Shorea robusta) fat is a special feature 
of the fat1. During storage, this epoxy acid or trigly
cerides containing epoxy acid gradually decrease and 
give rise to dihyroxystearic acid or triglycerides con
taining this acid2. The Central Committee for Food 
Standards, Ministry of Health, Government of India, 
based on the toxicological studies3 has allowed the use 
of refined and bleached sal fat in confectionery and 
bakery products with the proviso that 9,10-epoxy and 
9,10-dihydroxystearic acid contents of the sal fat 
together4 should not be more than 3 per cent. The 
review5 on sal fat contains very little information on 
oxygenated fatty acids and no data on the oxygenated 
fatty acid contents vis a vis quality of kernel on effect 
of processing crude sal fat are available.

The present study reports the results of study on (a) 
variation in epoxy acid content of different quality of 
sal seed kernels from forests of Madhya Pradesh and 
Orissa and (b) effect of processing (alkali refining and 
bleaching) of sal fat having epoxy acid. In addition, 
dihydroxystearic acid content along with iodine value 
and free fatty acid (FFA) of the sal fat are reported in 
this note.

Samples of fat were extracted in the laboratory from 
freshly collected sal seeds. Commercially fresh samples 
both crude and refined and bleached were obtained 
from M/s K. N. Oil Industries, Mahasamund (M.P.) 
and M/s Orissa Oil Industry, Sambalpur.

Moisture content of kernel was determined by drying 
the sample in a vacuum oven at 6 0 ± 5 ° C . Fat was 
extracted using petroleum ether (40-60°C) in a Soxhlet 
apparatus. Free fatty acids and iodine value estimated 
according to AOCS methods6 and oxirane oxygen 
content was estimated by the titrimetric method7 using 
tetraethyl ammonium bromide. Oxirane oxygen was 
multiplied by factor 18.6 to get the value of epoxy acid
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Table 1. analysis of sal kernels and the quality of extracted fat from different areas

Stearjc acid
Type of sal seed Moisture Fat FFA Epoxy Dihydroxy Total stearic

(%) (%) (as oleic acid %) (%) (%) acid (%)
Mahasamund

Fresh kernels (3) 6.73 ± 0 .6 7 16.37±  1.35 0 .8 3 ±  1.35 1.17±0.51 Nil —
Commercial fresh 9.8 ± 1 .2 0 16.2 ± 0 .8 4 1.24±0.84 1.07±0.28 Nil —
Old samples (7) 8.53 ± 0 .1 0 15.1 ± 0 .3 3 4.4 ± 0 .2 2 0.37±0.00 0 .80± 0.17 1.17±0.22

Sambalpur
Commercial fresh (2) 10.25 18.55 1.45 1.19 Nil —
Old samples (3) 7.53 ± 0 .2 6 13.67 ±  0.30 4.63 ± 0 .2 6 0.41 ± 0 .1 4 0 .76± 0 .20 1.17±0.10

Figures in parentheses indicate number o f samples analysed.

expressed as 9,10-epoxy stearic acid. 9,-10-dihydroxy- 
stearic acid was estimated by the thin layer chromato
graphy as described by Belavadi et alfi

It may be seen from Table 1, that the fat content from 
different sources did not vary significantly. Epoxystearic 
acid was present in both fresh and nld samples. But 
the old samples had less of epoxystearic acid than the 
fresh samples and dihydroxystearic acid was present only 
in the old samples. This is in confirmation with 
the results obtained by Bringi et a ’..2 The moisture 
content varied from 8 to 10 per cent. Equilibrium 
moisture content of sal kernel corresponding to 70 per 
cent RH has been reported to be 11 per cent9. Fat 
content of samples ranged from 13.5 to 18.0 per cent. 
Fresh samples had free fatty acid content ranging from 
0.8 to 2.0 per cent whereas old samp.es from 4.0 to 5.7 
per cent. It has been reported9 that during storage of 
kernels having moisture content of about 10 per cent at 
ambient temperature, FFA increases at the rate of 0.5 
per cent per month.

Epoxystearic acid content of fresh samples was found 
to vary from 0.19 to 1.82 per cent. In the old samples 
the epoxy acid content was less and the presence of 
dihydroxystearic acid was observed. However, there 
was no quantitative inverse relationship between epoxy 
and dihydroxy acids.

Table 2 gives the epoxy acid and dihydroxystearic 
acid contents in original, refined and bleached sal fat 
from different areas. It could be seen that refined and 
bleached sal fat (old samples) had a low epoxy acid 
content and presence of dihydroxystearic acid was also 
observed. The dihydroxystearic acid content was a 
little higher in Sambalpur samples compared to Maha- 
samund samples. But the total of epoxy-and dihydro
xystearic acids did not exceed 3.0 per cent. Iodine 
values were in the range of 38.5 to 40.2 from both 
regions and this was within the range reported by others5

Table 2. analysis of original fat and refined and bleached
SAL FAT FROM DIFFERENT AREAS

FFA Stearic acid Total
Type of fat tas oleic 

acid %)
stearic
acidEpoxy Dihydroxy

(% ) (%) (%)
Mahasamund
Original fresh (3) — 1.04±0.3  Nil . —
Refined and bleached 

fresh (8) ____ 1.0 ± 0 .2 2 —

Refined and bleached 
old (2) 1.28 0.22 0.86 1.08

Sambalpur
Original old (5) 4.1 ± 0 .8 9  0 .32+0.1  1 .2 2 ±  0.44 1.54 ± 0 .39
Refined and bleached

old (3) 1.28±0.1 0.2 ± 0 .0  2 .17± 0.66  2 .36±0.70
Figures in parenthesis indicate number of samples analysed.

and within the limits prescribed by Central Committee 
for Food Standards.

Presence of epoxy acid in the refined and bleached sal 
fat showed that the process of alkali refining and bleach
ing had no effect on it. Similar observation has been 
made earlier by Krewson and Scott also10.

Summing up, it was observed that epoxystearic acid 
is a natural component in the sal fat. As the fat gets 
aged the epoxy acid content was reduced and dihydroxy
stearic acid appeared. The process of alkali refining and 
bleaching had no effect on the epoxy acid and dihydroxy
stearic acid.

Authors are thankful to M/s K. N. Oil Industries, 
Mahasamund (M.P.), M/s Orissa Oil Industry, Sambalpur 
and Sri Bisweswar Das, l'FS, Department of Forest, 
Government of Orissa (Retd), for their help in collection 
of samples and thanks are also due to the Director,

7
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Comparative studies carried out on the quality showed that 
the bread containing cooked potato mash was softer (com
pressibility : 10.8 kg/V) than those of bread containing drum 
dried potato flour (compressibility: 15.0 kg/V) or flour 
from dried chips (compressibility: 12.8 kg/V) a t 15% level 
of incorporation (on equimoisture basis). The result indicate 
the possibility of reducing the cost of production.

In countries where wheat is in short supply, use of 
available tubers in bread formulations will help in 
reducing the wheat imports. Incorporation of potato 
flour in bread has certain advantages in aiding the 
fermentation by yeast, improving the flavour, texture

and retention of crumb moisture, which in turn helps 
in delaying the onset of staling1-'1. Energy required for 
dehydration of potatoes calls for development of alter
nate methods.

Sun-drying adopted to get dry potato chips, is depen
dent on the vagaries of weather and is rather slow and 
often not a hygienic process.

Comparative studies on the utilisation of cooked potato 
mash and potato flour in the bread formulation were 
undertaken and the results are presented in this paper.

Wheat flour: Wheat flour was milled from a com
mercial variety ‘WG-357’ grown in Punjab, to an extrac
tion rate of 71 per cent in a Buhler laboratory mill- 
MLU 202.

Flour from dried potato chips: A locally popular 
variety ‘K. Chandramukhi,’ well known for its high 
specific gravity and hence high yield of flour was pro
cessed according to the method of Chandra Shekara 
and Shurpalekar5. The yield of potato flour was about 
20 per cent on the basis of raw tuber.

Flour from drum dried potato flakes: Drum dried
flakes were processed according to McG McBean6 
from the same potato variety. For improving the spread
ing and drying characteristics during dium drying, the 
level of solids was adjusted to an optimum of 12 
per cent on the basis of preliminary trials. Drying was 
carried out on an Escher-Wyss double drum drier— 
Masc 231 using the following conditions: (/) Steam
pressure: 5 kg/cm2, (if) drum clearance: 0.5 mm, and 
(Hi) speed: 8 rpm.

The flakes were ground in the Kamas hammer mill- 
Slaggy 200A using a sieve with an aperture diameter 
of 0.8 mm.

Cooked potato mash: In the preparation of cooked 
mash, the steps followed were essentially the same as in 
the case of drum dried flakes with the elimination of 
dilution and drum drying operations.

Blending of potato flour/cooked mash with wheat flour: 
According to Chandra Shekara and Shurpalekar7, a 
maximum level of 15 g potato flour from dried chips 
could be blended with 85 g wheat flour in the preparation 
of wheat-potato bread. Drum dried potato flour and 
cooked potato mash were also used for blending at same 
levels viz., 15.3 and 79.0 g respectively on equimoisture 
basis.

Bread making quality and evaluation: Bread making 
trials were conducted according to Malt-Phosphate- 
Bromate method of Irvine and McMullan8 with the 
modifications of using 1 per cent fat in the formulation 
and a fermentation time of 105 min instead of 165 min. 
The level of water was 4 per cent less than farinograph 
water absorption at 500 B.U. in the case of potato flours 
to avoid stickiness in the dough, while, in case ol cooked 
potato mash, the same level was maintained by adding
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Table 1. effect of addition of 15% solids from differently processed potato on the
QUALITY CHARACTERISTICS OF WHEAT BREAD*

Form of W ater added Loaf voi. Crust colour Crumb Overall
potato as (ml) (cc) Colour Compressibility

(kg/V)
acceptability

Dried chips flour 77.6 505 D aik brown Cream 12.8 Satisfactory
Drum dried flake flour 76.5 500 Blackish brown Brown 15.0 Fair
Cooked mash 20.0** 510 Dark brown Cream 10.8 Satisfactory
Wheat (control) 65.4 600 Brown Cream 7.0 Excellent

♦ All the breads except control had a slightly coarse and somewhat non-uniform crumb grain. 
**After taking into consideration the high moisture content.

only 20ml water, after taking into consideration the 
moisture present in the mash.

Overall acceptability of the breads was arrived at 
on the basis of a maximum score of 100, using the weight- 
age for different parameters according to Pyler9. On 
the basis of total score obtained, the different breads 
were graded as follows: Excellent: 91-100, Good: 81-90 
Satisfactory: 66-80, Fair: 51-65, Poor: 50 or less.

Crumb texture was studied by recording its compres
sibility on General Foods Texturometer-GTX using 
slices of 1.3 cm thickness.

The results presented in Table 1 indicate that, bread 
based on wheat-cooked potato mash blend was com
parable to those based on a blend of wheat and potato 
flour processed from dried chips, in contrast, the bread

Fig. 1. Crust appearance of breads based on 85:15 blends 
of wheat flour and differently processed potato

I. Flour from dried chips. 2. Flour from drum dried flakes. 
3. Cooked mash.

containing drum dried potato flour was unacceptable 
with an excessively dark crust and a somewhat brownish 
crumb (Fig 1 and 2.). Further, when compared with 
bread containing potato flours, the bread based on cook
ed potato mash had a better flavour and softer crumb, 
as indicated by the values for compressibility 
(Table 1).

The results have shown the possibilities of avoiding 
the high cost of dehydration in processing of potato 
flours, by utilising equivalent quantity of cooked potato 
mash solids, for obtaining comparable breads with 
improved crumb softness. This finding highlights the 
practical importance of using cooked potato mash in the 
preparation of wheat-potato breads, in view' of fast 
increasing energy costs in several countries.

Fig. 2. Crumb appearance of breads based on 85:15 blends 
of wheat flour and differently processed potato

1. Flour from dried chips. 2. Flour from drum dried flakes.
3. Cooked mash.
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Preliminary experiments have explored the possibility of 
substituting breadfruit for meat at levels up to 30% and 
corn grits for meat at levels up to 20% in dendeng, an 
intermediate moisture beef product of Indonesia. The 
substitution of a combination of 15% breadfruit and 10% 
corn grits for meat gave a product with acceptable orga
noleptic properties.

Breadfruit (Artocarpus altilis Fosberg, with synonyms 
Silodiitm atile Parkinson, Artocarpus communis Forse 
and Artocarpus incisa L.F.) is a tree-borne fruit fit only 
for cooking and is often eaten as a vegetable. It is 
consumed baked, boiled, roas.ed or fried and when cut 
in slices it tastes much like bread or roasted ootatocs1.

Recently, Graham and DeBravo2 studied the nutrient 
content of the skin, stem plus heart and the pulp of very 
immature, immature, mature and very mature bread
fruit (Artocarpus communis J. R. & G. Forse). The

major component and the principal carbohydrate in all 
three sections and at all stages of maturity was starch, 
while the protein content varied from 4.6 to 5.9 percent,
6.0 to 7.6 per cent and 3.8 to 4.1 per cent in the skin, 
stem plus heart and the pulp, respectively. Compared 
to other starchy staple foods eaten by natives of the 
tropics, breadfruit can contribute appreciable amounts 
of the principal nutrients and is also a relatively good 
source of iron, calcium, potassium, riboflavin and 
niacin.

Corn grits are used as a main food in some regions 
of Indonesia; Lie-1 reported in the National Socio
economic Survey (1969-1970) that the average con
sumption of maize in Indonesia was 74 g/person/day; 
they contain 7.2-7.8 per cent protein, 05-1.0 per cent 
fat and 72.3-75.0 per cent carbohydrate4.
&The preparation of dendeng5 involves slicing of a 
whole cut of meat, but it may also be made from minced 
meat in the form of strips, a product known as dendeng 
giling. As meat is quite expensive, attempts were made 
to use breadfruit and/or corn grits as a partial subs
titute of meat. Dendeng giling contains approximately 
25 per cent protein, 9 per cent fat, 40 per cent sugar, 6 
per cent salt and 20 per moisture.

The quantities of the ingredients used for 1 kg minced 
meat (round steak) are 200 g coconut sugar, 55 g cooking 
salt, 60 g coriander, 7 g garlic, 8 g tamarind and 2 g roots 
of greater Galangal. The flow sheet for dendeng giling 
preparation is given in Fig. 1. The AOAC procedure 
for the determination of moisture content of meat 
and meat products was followed-' and a Vaisala HM 11 
humidity meter and probe calibrated against seven 
saturated salt solutions in the RH range from 52 
(sodium bromide) to 97 per cent (potassium sulphate) 
was used for water activity (aH,) determination. A scoring 
difference test as recommended by Larmond7 was used 
to determine differences between samples due to the

Fresh meat
i

Minced using manually operated mincer
i

Mixed with the ground spices, coconut sugar and cooking salt
i

Formed into strips
i

Put on trays
1

Dried in the sun for 2-3 days
1

D endeng g iling

Fig. 1. Flow sheet for preparation of traditional dendeng giling .
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Table 1. Aw, MOISTURE CONTENT AND ORGANOLEPTIC SCORES OF 
BREADFRUIT AND CORN

DENDENG GILING PARTIALLY 
GRITS

SUBSTITUTED WITH

Minced Breadfruit* Corn grits M oisture content ( °/„) Organoleptic score+ Overallmeat
(%)

(%) ( / ) A h> (wet wt basis) 

Experiment I

Colour Flavour Texture acceptability

100 — — 0.67 21.7 7 7 6 7
90 10 — 0.62 16.4 6 6 6 6
80 20 — 0.59 18.0 6 5 6 6
70 30 0.61 19.9

Experiment 11
5 5 5 5

100 — — 0.63 18.8 7 7 7 7
90 — 10 0.61 17.2 6 5 5 5
80 — 20 0.59 17.9 4 5 4 5
70 30 0.63 19.6

Experiment III

3 3 4 4

100 — — 0.59 19.1 7 7 7 6
75 15 10 0.59 20.2 6 6 6 6
50 30 20 0.59 19.9 3 3 4 5
25 45 30 0.60 19.5 3 3 4 2

‘ Samples were sun-dried for 2-3 days; temperature on the trays was in the range of 37° to 57cC
+ Mean scores of 60 panelists for rankings on a 9-point hedonic scale, 9 = like  extremely, 5—neither like nor dislike l= d islike  extremely.

substitution by breadfruit or corn grits. The data obtain
ed was examined by analysis of variance and Duncan's 
multiple range test to find out if there was a significant 
difference between samples.

The results shown in Table 1 indicate that increasing 
the amount of boiled breadfruit decreased the aw and 
moisture content compared to the control. The moisture 
content increased with higher additions of breadfruit 
which reduced the high evaporation rate and also 
absorbed water from the meat during drying. Organo
leptic tests showed that colour, taste, texture and flavour 
of dendeng substituted with 10, 20 anc 30 per cent of 
breadfruit were not different to that prepared from 100 
per cent minced meat.

Dendeng prepared using corn grits substituting for 
meat at levels of 10, 20 and 30 percent also had a promis
ing shelf life, but organoleptic tests for these products 
showed that the texture, colour and flavour were affected 
by the substitution of corn grits (P<0.01).

The colour of dendeng prepared with 20 and 30 per 
cent corn grits was different to that containing 10 per 
cent or no added corn grits, with the yellow corn grits 
giving a lighter colour compared to traditional dendeng 
which is dark in colour. The texture and flavour of the 
samples were also affected by the substitution, with an 
elastic and chewy texture obtained from the gelatinised

corn starch produced during cooking of the corn grits.
Dendeng prepared from a combination of breadfruit 

and corn grits (Table 1) with meat content varying from 
100 to 25 per cent was also examined. The combination 
of substitute agents gave no effect on either aw or 
moisture content of dendeng giling. The organoleptic 
tests showed that colour, taste, texture and flavour 
were again significantly affected by the substitution 
(P<0.01). The texture of 100 per cent minced meat 
dendeng was not different from the dendeng prepared from 
75 per cent minced meat, 15 per cent breadfruit and 10 
per cent corn grits, but was different to samples prepared 
from 50 per cent minced meat, 30 per cent breadfruit 
and 20 per cent com grits and to that from 25 per cent 
minced meat, 45 per cent breadfruit and 30 per cent 
corn grits. The substitution of 45 per cent breadfruit 
and 30 per cent corn giits for some of the meat gave 
worst product as it showed a light uneven colour, a 
strong flavour and a taste of corn grits which was un
usual in dendeng.

Since these products were prepared by sun-drying, 
no uniform production conditions could be obtained. 
However, these findings indicate the value of further 
study on the use of a combination of breadfruit and corn 
grits as less expensive and readily available local meat 
substitutes for incorporation into modified dendengs
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which cost less to manufacture but still contain reasona
ble levels of animal protein.

The authors wish to thank the Australian Universities’ 
International Development Programme (AUrDP) for 
funding this work.
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Cow and buffalo milks were analysed for dissolved oxygen 
content by oxygen analyser which worked on poiarographic 
principle. Buffalo whole milk contained significantly higher 
amounts of dissolved oxygen than that of cow, while in the 
skim milk, it was similar in both the cases. This may be 
attributed to higher fat content as well as the nature of tri
glycerides in buffalo milk, Though dissolved oxygen content 
of milk decreased with increase in holding temperature, in
terestingly, milk chilled and held at 5°C showed significantly 
lower levels of dissolved oxygen than that held a t room 
temperature.

Dissolved oxygen in milk causes oxidative changes 
in milk and milk products involving autoxidation of 
lipids1, destruction of water soluble vitamins2,3 and 
influences the bacterial quality of milk4. Dissolved

oxygen in milk can be determined by simpler devices 
working on poiarographic principle5. A comparative 
study of dissolved oxygen content of cow and buffalo 
milk and effect of holding temperature on it is reported 
in this paper.

Milk samples collected directly from five animals, in 
sterile glass bottles were pooled together and a small 
quantity from this composite samples was centrifuged 
at 1500 Xg, cooled and the skim milk portion was drain
ed off by puncturing the hardened cream layer. Pre
cautions were taken to obtain the skim milk in asceptic 
condition, which was then covered with a layer of liquid 
paraffin to avoid diffusion of oxygen from the 
atmosphere. The content of dissolved oxygen in milk 
was determined with the help of “Biochem oxygen 
analyser” which worked on poiarographic principle. 
The measurements were done at 40°C with previous 
calibration for air saturated water at 6.6 ppm of dissolved 
oxygen.

In order to study the effect of holding temperature on 
the quantity of dissolved oxygen in milk, the asceptically 
collected pooled raw milk samples were divided into 
4x200 ml portions and were subjected to different 
treatments viz., (/) immediately chilled to 5aC, (i7) 
heated to 70aC, (Hi) heated to boiling temperature 
(96-97°C) and (/v) brought down to room temperature 
(25 aC). After the treatments, samples were held at 
respective temperature for 15 min and were covered on 
top with a layer of liquid paraffin to prevent exposure 
to oxygen.

The dissolved oxygen contents of whole milk (soon 
after milking) and skim milk (soon after separation) of 
cow and buffalo are given in Table 1. The dissolved

Table 1. dissolved oxygen (p.’m) in whole and skim milk„ of cow AND buffalo
Sample Cow miik Buffalo milk

No. Whole Skimmed Whole Skimmed
1 5.3 4.9 6.0 5.2
2 5.3 5.0 6.0 5.2
3 5.1 4.8 5.9 5.4
4 4.9 4.7 6.0 5.2
5 5.4 5.2 5.5 5.0
6 5.2 5.0 5.7 4.9
7 5.7 5.3 5.7 5.0
8 5.3 5.1 5.7 5.1
9 5.6 5.4 6.0 5.0

10 4.7 4.5 5.9 5.0
Mean 5.25 4.98 5.85 5.16
“ t”  value 2.24* 5.91 # *

Significant at *5 per cent and **1 per cent levels.
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T able 2. effect of different holding temperature on dis
solved OXVGEN CONTENT (PPM) OF COW AND BUFFALO MI^K

Sample Temp at which cow milk Temp at which buffalo milk
no. held for 15 min held for 15 min

5°C 25 °C 70°C 96-97 °C 5°C 25 °C 70°C 96-97 °C
i 4.7 5.2 4.9 4.6 4.8 5.7 5.4 5.0
2 4.8 5.3 5.1 4.7 4.9 5.8 5.4 4.9
3 4.5 5.1 4.8 4.4 4.8 5.6 5.3 4.9
4 4.8 5.3 5.0 4.7 4.9 5.7 5.4 4.9
5 4.5 4.9 4.7 4.4 4.8 5.8 5.4 5.0
6 4.6 5.2 4.9 4.5 5.0 5.9 5.5 5.2
7 4.8 5.3 5.0 4.6 5.2 6.0 5.6 5.2
8 5.0 5.6 5.2 4.8 5.2 5.9 5.6 5.3
9 • 4.3 4.7 4.5 4.0 4.7 5.5 5.2 4.8

10 4.7 5.2 4.8 4.5 4.7 7.8 5.3 4.9
Mean 4.67 5.18 4.89 4.52 4.9 5 77 5.41 5.01

oxygen content in whole milk of buffalo was signifi
cantly higher (P<0.05) than that of cow. However, 
there was no significant differences in the oxygen con
tent of cow and buffalo skim milk. The dissolved 
oxygen content of whole milk was significantly higher 
than that of skim milk in both cow (P<0.05) and buffalo 
(PcO.Ol). Buffalo milk fat is shown to contain signifi
cantly higher quantities of dissolved oxygen than cow 
milk fat7. The absorption of oxygen by buffalo milk 
fat is also shown to be at greater rate than cow milk 
fat8. Hence, it can be concluded that the higher 
levels of dissolved oxygen noticed in buffalo whole milk 
but not in skim milk, may be due to the differences in 
the nature of triglycerides and also higher fat content 
in buffalo milk than in cow milk.

The effect of temperature on dissolved oxygen level 
in cow and buffalo milk is shown in Table 2. Analysis 
of variance of the data showed that the dissolved oxygen 
content of both cow and buffalo milk decreased signifi
cantly with increase in the holding temperature. The 
decrease in dissolved oxygen with respect to holding 
temperature was significant between all the treatments.

This may be due to the slow escape of oxygen in milk 
as the temperature is raised. However, interestingly, 
milk chilled and held at 5°C also showed significantly 
lower levels of dissolved oxygen than the unchilled milk 
held at room temperature. This may be due to greater 
degree of solidification of fat in chilled milk which may 
hinder the absorption of oxygen by milk fat and account 
for lower levels of dissolved oxygen.
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Rats with severe hypercholesterolemia were continued with 
10% vanaspati or fed with walnut kernel to provide 10% 
oil or cold pressed unrefined walnut oil.. Growth during 
4 and 8 week period of this feed intake was normal and 
there was no difference between treatment means with 
respect to body weight. During the 4-week period choleste
rol in serum decreased from 230 to 125 mg per cent with test 
fats, and this decrease was not further observed with 
continued feeding upto 8 week period.

The hypocholesterolemic effect of a test fat was 
asssesed by the following method. Rats are first made 
hypercholesterolemic with a diet containing tallow or 
vanaspati (partially hydrogenated vegetable oils), chole
sterol and bile salt. Subsequently, the diet is changed to 
include the fat to be tested in partial or whole replace
ment of tallow or vanaspati. Efficacy is judged by
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change to lowering of elevated serum cholesterol observ
ed with the test fat. The second period of feeding (test 
period) is generally of 4-8 weeks duration1-3.

Longer the test period, more is the time to get the 
results and in addition, more :he requirement of diets, 
test fat and associated facilities for maintenance of rats. 
At the same time, the test period should be of such 
duration that would allow the serum cholesterol to an 
equilibrium level to enable proper evaluation of the 
efficacy of the test fat.

In order to find out the optimum period of test feeding, 
which brings down serum cholesterol level of rats to its 
equilibrium level, experiments with test periods of 4 and 
8 weeks duration was conducted. The test materials used 
were walnut kernel and its oil. Walnut (Juglans regia) 
kernel contains about 65 per cent of oil of which about 
60 per cent is accounted by linoleic acid which has esta
blished serum cholesterol lowering effect. Design of the 
experiment and the composition were same as described 
by Sen et a l.3

Adult male rats of Wistar strain weighing about 150 g 
on an average were fed pre-test diet containing 0.5 
per cent cholesterol, 0.5 per cent bile salt and 10 per cent 
vanaspati for a period of 4 v/eeks (pre-test period) to 
ensure severe hypercholesterolemia, The rats were

divided into six groups by randomised design, each 
group having 9 rats. Two groups (A & B) were continu
ed to be given pre-test diet i.e., containing 10 per cent 
vanaspati while in two groups (C & D) vanaspati was 
completely replaced by walnut kernel to provide 10 
per cent oil from it. In remaining two groups (E & F) 
vanaspati was replaced completely by cold pressed un
refined walnut oil.

Vanaspati of a standard brand and walnut obtained 
from Kashmir and stored at 2-3 °C were utilised in the 
experiment. Walnut oil was obtained by cold pressing 
of kernel in a Carvar press with a free fatty acid content 
of 0.6 per cent as oleic acid and with linoleic acid content 
of 60.7 per cent on the weight of fatty acids. Kernel 
had 2.1 per cent moisture, 66.5 per cent crude fat, 67.1 
per cent total lipids, 18.3 per cent protein and 2.0 per 
cent ash. Weight and diet consumption were recorded 
at weekly interval. At the end of test period, rats were 
fasted overnight. The animals were anaesthetized and 
blood collected from heart by cardiac puncture, serum 
was analysed for total cholesterol according to the 
method of Sackett4.

Growth during 4 and 8 weeks period was quite normal 
and there was no difference between any treatment means 
either at the end of 4 or 8 weeks period (Table 1).

Table 1. food intake and increase in bodv weight during 4 and 8 weeks test period

Mean body weight (g) M ean food intake (g) in test period
Diet Initial (pre-test Initial Wt. increase during test period 4 weeks 8 weeks

period) (test period) 4 weeks 8 weeks
Vanaspati 160.6 229.7 7 0 ^ 4 . 8 “ — 692 ¿ 9 . 7« —

Vanaspati 154.7 231.8 — 1 2 3 ^ 6 . 0 “ — 1288 ¿ 1 0 .7 “
Walnut kernel 155.2 229.0 7 6 ^ 4 . 8 “ — 675 ¿ 9 .7 “*

-  do - 156.4 230.0 — 1 2 3 ^ 6 . 0 “ — ^ ¿ 1 0 . 7 “
Walnut oil 157.1 229.9 75.8 ¿4 .8 « — 655 ¿9 .7 * —

-  do - 153.3 232.3 — 1 1 3 ^ 6 .0 « — 1265 ¿ 1 0 .7 “
Means carrying the same superscript in a column are not significantly different (P < 0.05)
Values are M ean ^S .E .

T able 2. comparison of terminal serum total cholesterol (mg per cent) after feeding test fat for 4 and 8 weeks

Test period (weeks) Vanaspati (G r A & B) W alnut kernel (Gr C  & D) Walnut oil (Gr E  & F)
M ean ¿ S E Tr value ¿ S E Mean ¿ S E Tr v a lu e¿S E M ean ¿ S E Tr value ¿ S E

4 228 ¿ 2 6 2.3566¿0.0464 123 ¿ 3 0 2.0765¿0.1136 ^ ¿ 2 6 2.0891 ¿0 .0 9 3 9
8 243 ¿ 2 4 2.3834¿0.0409 ^ ¿ 2 7 2.0633¿0.1116 ^ ¿ 1 0 ¿ ^ ¿ 0 . 0 3 2 4

Test of significance* 15 0.0268 4 0.0132 . 7 . 0.0316
Tr value: Transformed value
•Results oi test o f significance by students test fby two tailed test at 5 % level); none of the n  eatnient means were significant at P < 0 .0 5  
Groups A, C  and E  are 4 weeks test period; and groups B, D  and F  are 8 weeks test period.
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Serum cholesterol conforms to a log normal distri
bution5 and so in the present study, the statistical analysis 
for terminal serum cholesterol values was also carried 
out on the transformed variate using logarithmic 
transformation (Table 2). In 4 weeks period, cholesterol 
level came down from about 230 mg per cent to about 
125 mg per cent with test fats and there was no further 
decrease with continued feeding. Difference between 
two means for 4 weeks and 8 weeks period for any one 
of the fats tested, vanasapti (Groups A & B), walnut 
kernel (Groups C & D) and walnut oil (Groups E & F) 
was not significant (P<0.05).

The results indicate that test period (excluding pre
test period) to evaluate a fat for possible hypocholestéro
lémie effect in cholesterol bile salt stressed rats may be 
confined to 4 weeks.

We offer our thanks to Dr. B. L. Amla, Director of 
the Institute for his keen interest in the investigation. 
Our thanks are also due to Mrs. Indira A. S. Murthy, 
for statistical analysis of the results.
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T h e  rev iew  cove rs  a spects lik e  co llection  and  separa tion  o f  w ater m elon  seeds, p roce ssin g  fo r  o il e x tra c tio n ; ph y sic a l 

and  chem ica l com posit ion  o f  seed; com posit ion  o f  seed ca k e ;  n u trit iona l q u a lity  o f  m e lon  seed s; s to ra ge  b ehaviou r o f  

seed o il;  enzym es present in  seed; a n d  ogiri, a  food  cond im ent from  ferm ented m elon  seeds.

Introduction
M elo n s b e lo n g  to  the fam ily  Cucurbitaceae w hich  in 

clu d es m usk  m elo n , ca n ta lou p e, w ater m elo n , cucum ber, 
pu m p k in , and squash . G en era lly , on ly  fleshy part o f  
the fru it is con su m ed  and  th e seed s, w h ich  are rich in 
protein  and  fat are d iscarded. A  sm all q u a n tity  o f  seed  
k ern els o f  som e m elon s is u sed  in  th e  bakery, and co n 
fection ery  p rod u cts. T h ese seeds are a lso  con su m ed  
after roastin g  in  th e preparation  o f  beverages. T h e seeds  
are a  rich source o f  en zym es, particu larly  urease and are 
con sid ered  as a  d iu retic  and  beneficia l in  ch ron ic  or 
acute eczem a. T h e seed cake is rep orted  to  be free from  
a lk a lo id s and cy n o g en ic  g lycosid es and  can  be used as 
ca ttle  feed 1. T h u s, m e lo n  seed s can  form  an im portant 
fo o d  artic le .

In th e ab sen ce o f  sufficient in form ation  on  m elon  
seed s, an attem p t h as b een  m ad e in  th is  review  to  com p ile  
and co lla te  th e availab le in form ation  o n  th e  chem ical 
and b io -ch em ica l aspects o f  th e m elo n  seeds.
Collection and Processing

T here is n o  defin ite set pattern  for co lle c tin g  m elo n  
seeds. Som e vend ors co llec t th e seeds in sm all qu antities  
and sell th em  to  shop s after w a sh in g  and  drying. Som e  
h ou se-w ives a lso  co llect th em  for their ow n use.

Separation o f  seeds from  th e p u lp  is d on e  cu stom arily  
by drying th e seeds a lo n g  w ith  the p u lp , w hen  th ey  can  
ea sily  be separated. A n o th er  m eth od  fo llo w ed  is a llo w 
in g  th e seeds w ith  p u lp  to  ferm ent for 1-2 days, w ash in g  
and drying in  the sun . In th e  ch em ical m eth o d 2 th e pu lp  
is treated w ith  hyd roch loric  acid  and su lph uric acid  
(C .P .), w ash ed  and dried.

A  h igh ly  eco n om ic  and lab ou r sav in g  tech n iq u e has 
been d eve lop ed  by K irp al S in gh  et a l l  w herein the seeds 
are spread on cem en ted  floor and dried in  the sun w ith  
occa sion a l turnings. F eel o f  the seed is an index o f  
proper drying for safe storage. O p tim u m  cry in g  is 
ascertained em p erica lly  by pressin g  th e seed s betw een  
fingers.

P re se n t add ress: *CFTRI Experiment Station, Lucknow.

T able 1. dehulung of wafer melon and musk melon seeds

Water melon4
Product Trial 1 Trial 2 Musk melon5

M e a t s

Whole and coarse (%) 
Powder with contamination

29.0 20.0 43.15
of hulls (%) 22.0 32.0 25.28

Total meat fraction (%) 51.0 52.0 68.43
H u l l s

Whole and coarse (%) 
Powder with contamination

39.0 34.0 27.38
of meats (%) 9.5 14.0 3.50

Total hull fraction (%) 48.5 48.0 30.88

R ep orts on  large scale p rocessing  o f  w ater m elo n  and  
m u sk  m elo n  seeds for  o il extraction  are scan ty .4.5 
C leaned , d ehu lled  seeds are crushed in  an expeller to  
obtain  o il. C haracteristics o f  hu lled  seeds are g iven  
in T ab le 1. H ow ever, 45-65 per cent o f  th e kernels are 
reported  to  be con tam in ated  w ith  p ow d er and h u ll.

Physical Composition of Seeds
D ata  co llected  at our laboratory, on  ph ysica l co m p o 

sition  o f  th e water m elon , m u sk  m elon  and lon g  m elo n 6 
seed s are recorded in  T ab le 26. C haracteristics o f  4  
varieties o f  m usk m elon  are g iven  in T ab le 37.

T able 2. physical composition of melon seeds

Dry seed Bulk density
Fiuit Yield c f  composition________ (kg/1.)

seeds Kernel Hull Kernel/ Seed Hull Kernel (%> (%) <%) hullratio
Water melon 0.80-1.20 42 58 0.73 0.46 0.20 0.50
Musk melon 1.35-2.00 75 25 3.00 0.45 0.10 0.54
Long melon — 68 32 2.13 0.46 0.12 0.56

332
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Table 3. physical composition of m u s k  melon seeds (dry) of
DIFFERENT VARIETIES

Yield of Av. Bulk Composition ofVariety seeds wt. density seed
( % dry) (mg) (kg/1.) Kernel Hull

(%) (%)
M.F. 1.35 30 0.47 59.1 40.9
Punjab Sunehri 0.90 33 0.51 69.0 31.0
Hara Madhu 2.10 42 0.52 73.0 27.0
Punjab Hybiid 1.50 31 0.52 72.3 27.7

A b d el A k h ei■ et al.8 stu d ied som e o f  th e ph ysica l
characteristics and  ch em ical p rop erties o f  3 varieties o f  
w ater m elon  seeds and  reported  th e m ean  k ernel/shell 
ratio to  be abou t 0 .9 4 , w hereas th e m ean  k ernel/shell 
ratio o f  com m ercia l w ater m elon  seeds w as fou n d  to  be 
0.736.

R ak h im ova9 stud ied  th e p h ysica l ch an ges in  th e seeds  
during m aturation . T h e w eigh t o f  th e seed and th e ratio

o f  kernel/seed  w eigh t increased  w ith  increasing  m atura
tio n . A lso , overall d im en sio n s o f  m elon  seeds increased  
m o st rap id ly  at 30-50 days after b lo ssom in g , it  is  a lso  
observed  th at th e seeds from  th e early  m aturity  m elo n s  
deteriorated  q u a lita tiv e ly  du ring  storage w hereas storage  
o f  seeds from  th e average m aturin g  m elo n  d id  n o t  
seriou sly  dam age th e seed s. F o r storage o f  m elon  seeds, 
th e recom m en d ed  m oistu re  level is reported to  be less  
than 6 per cen t2.

Chemical Composition o f Seeds
C o m p o sitio n  o f  seed s, kernels and h u lls  o f  w ater m elon  

and m u sk  m elo n  is g iven  in T ab le 4. M elo n  seeds are 
rich in  o il, protein  and m in era ls1.4,5,7-13. C rude protein  
con ten t in w ater m elo n  seed kernels ranges from  24 .2  
to  37.0  per cen t. T h e fat con ten t in  w ater m elo n  seed  
kernels ranges from  4 4 .4  to  57.0 per cen t. In  m u sk  m elo n  
seed  kernels, crude p rote in  ranges from  31.0  to  35.8  
per cen t and o il ranges from  4 2 .02  to  4 7 .0  per cent.

C h em ica l co m p o sitio n  o f  w ater m elo n  seed s from  vari
o u s parts o f  th e fruit16, du ring  m atu ration  o f  the fru it;9 
carb oh ydrate co n ten t du ring p ost-h arvest p e r io d 15 and

T able 4. CHEMICAL COMPOSITION OF MELON SEEDS, KERNELS AND HULLS

Moisture Crudeprotein Fat FFA of oil Carbohydrates Crudefibre Ash Acid insoluble ash
(%) (%> (%) (%  oleic acid) 

W a te r  m elon

(%) (%) (%) (%)

Kernels1 7.1 34.3 44.4 — 4.8 6.7 2.7 —
Seeds8 4.85 18.98 26.70 — — — 2.4 —
Kernels10 — 31.37 54.57 — — — — —
Kernels11 2.7 24.2 54.8 — 1 1 .6 3.0 3.7 —
Kernels11 3.1 28.8 48.4 — 9.3 6 . 8 4.2 —
Seeds12 — 31.02 2 2 . 2 — — — — —
Seeds4 5.4 19.7 27.4 0.4 12.3 32.9 2.3 0 . 1 0

Kernels4 4.9 34.2 51.9 0.7 4.4 1.7 2.9 0 .1 1

Hull4 8.5 2.2 2.3 5.4 
Musk melon

23.6 61,9 1.5 0.31

Kernels1 —. 35.8 44.6 — - — 5.6 —
Kernels7 5.37 — 45.10 — — — 4.79 —
Kernels7 4.57 — 45.90 — — — 4.59 —
Kernels7 4.51 — 42.02 — — — 4.94 —
Kernels7 4.75 — 43.40 — — — 4.10 —
Seeds5* 6.8 21.3 33.0 — 5.2 30.0 4.0 Nil
Kernels5 6 . 2 31.0 47.0 — 7.2 3.3 5.3 Nil
Hulls5 8 . 6 2.2 2.7 — 6.1 79.0 1.4 Nil

*The analysis is of sound seed washed in water to free it from pulp and adhering soil, and wiped with filter paper and
air dried.

Superscript indicates reference numbers.
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th e m ineral c o n ten t1 <U7 have been stu d ied . P roteins, 
fat and carbohdvrates increased  betw een  20 and 60 days  
in m elo n  seeds du ring  m aturation  o f  th e  fru it and th en  
decreased. A rtific ia lly  m atured fru its exh ib ited  low er  
co n ten t o f  carbohydrates, p rotein  and fat in  the seeds. 
Seeds from  th e  va rio u s parts o f  th e fru it differed in 
w eigh t, m oistu re  and co m p o sitio n  w h ile  the seeds from  
th e central p o rtion  had th e best rep rod u ction  character. 
T h is character deteriorated  on storage.

D a tta  et a / .18 stu d ied  th e o il d istr ib u tion  in  different 
parts o f  som e cu curb it kernels. W ater m elon  and p u m p 
kin w h ich  h ad  th e h ighest 1000 kernel w eigh t (42-91 g) 
a lso  had th e h igh est en dosperm  ratio  (12-13 per cent) 
and h igh est o il co n ten t (50 .8 -51 .8  per cent).

F rom  T ab le 5 it is seen  th at th e  w h o le  seed has got  
ex ce llen t storage stab ility4. T h e o il co n ten t, free fatty

T able 5. storage behaviour o f  water melon seed, kernel,
KERNEL POW DER AND CAKE4

Storage period in daysCharacteristics Initial 30 50 90 120 150 180
M o is t u r e  ( % )

Whole seed 5.7 4.8 5.6 6.1 7.2 7.0 7.9
Kernel 3 .4 4.0 7 9 4.6 5.3 5.3 6.4
Kernel powder 3.4 4.8 3 8 4.8 5.4 5.4 7.7
Cake 3.8 6.1 5.9 7.0 8.1 7.7 9.3

O i l  ( % )

Whole seed 27.5 28.5 28 3 — 28.5 28.5 27.6
Kernel 52.9 53.1 — 53.1 51.5 53.0 53.0
Kernel powder 46.9 46.0 46.2 45.5 45.5 45.7 44.0
Cake 8.8 8.8 8 2 8.6 8.0 8.7 8.0

T o ta l p rote in  ( % )

Whole seed 19.7 21.4 19.7 19.4 19.5 19.8 19 5
Kernel 36.0 36.0 — — 35.0 32.6 34.2
Cake 42.4 41.8 42 8 — 38.5 39.0 39.0

Fre e  fa tty  a c id s

Whole seed 0.0 — — — 0.8 1.0 1.2Kernel 0.91 1.47 2.7 3.5 5.3 6.4 6.6
Kernel powder 2.3 5.0 12.1 17.7 23.6 30.5 36.8Cake 2.9 2.9 3 5 3.8 4.0 5.2 —

P e ro x id e  va lue

Whole seed 1.9 4.5 3 6 6.3 3.8 9.1 2.8Kernel 3.3 2.2 1 8 11.1 4.5 9.3 6.7
Kernel powder 3.3 5.2 6 1 3.3 3.8 4.3 3.7

K re is  co lou r o f  o il

Whole seed
in  red un its

3.4 9.6
in  10

9.1
m m  cell

6.0 4.8 10.0Kernel 1.8 4.8 9.1 — 3.3 3.5 7.6Kernel powder 2.6 5.7 4 9 — 3.4 4.1 4.2

acid  and p rotein  co n ten ts  o f  w h o le  seed d o  n o t ch an ge  
even after 6 m on th s o f  storage. C oarse kernels can n ot  
be stored  for m ore th an  2 m o n th s w ith o u t a llo w in g  free  
fatty  acid s to  rise beyon d  perm issib le  level. K ernel 
pow d er keeps very b ad ly; its free fa tty  a cid s r isin g  
rapidly. It is, th erefore, recom m en d ed  th at d eh u llin g  
o f  w ater m elo n  seed be d o n e  o n ly  w'hen required for  
co n tin u o u s cru sh in g4.

Protein: M u sk  m elon  seeds con ta in  a ll th e essen tia l 
a m in o  acid s, a lth o u g h  tryp top h an  occurred  in  low  
a m ou n ts (0 .3 -0 .4  g /16  g  n itrog en )19.

A k p ap u n am  et al.n  exp lored  th e p o ssib ilit ie s  o f  
protein  su p p lem en tation  o f  co w  p eas w ith  w ater m elo n  
seed protein . A m in o  acid  co m p o sitio n  reported  is g iven  
in T ab le 6. N itro g en eo u s m atter1 is p resen ted  in  T a b le  7.

T able 6. amino ACID (G PER 16 
WATER MELON

G nitrogen) composition of
SEEDS11

Watei melon seeds Scoring pattern
Amino acids Nigerianvar Americanvar FAO/WHO/

1973
Isoleucine 3.5 3.3 4.0
Leucine 6.6 6.4 7.0
Lysine 2.9 2.7 5.5
Methionine 2.4 2.5 3.5
Cystine 1.0 1.1 —
Phenylalanine 5.0 4.9 4.0
Tyrosine 2.6 3.0 —
Threonine 3.9 3.8 4.0
Tryptophan 1.8 1.9 1.0
Valine 4.6 4.2 5.0
Alanine 5.5 5.4 —
Arginine 12.0 12.2 — ;
Aspartic acid 7.4 7.8 — •
Glutamic acid 13.8 14.2 —
Glycine 4.8 4-.4 —
Histidine 1.8 1.8 —
Proline 2.7 2.6 —
Serine 4.4 4.2 —

Table 7. nitrogenous matter in w a t e r  m e l o n  s e e d s 1

Component Per cent
Glutelin 9.4
Globulin 73.4
Water soluble protein 6.3
Proteoses 3.5
Peptones 1.1
Arginine Traces
Canavanine Nil
Citrulline Nil
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Globulin has been isolated in crystalline form. The seeds 
do not contain canavanine or citrulline fractions either 
in free or combined form and only contain traces of free 
arginine.

Morgue e t  a l .2<>-25 studied in detail.the soluble and 
insoluble proteins of water melon seeds. Euglobulin 
prepared from seeds of water melon was a mixture of 3 
proteins, one of which was most abundant. The 3 
fractions resembled those of C u c u rb ita  m a x im a  seeds. The 
molecular weight of the largest fraction was 343,00020.

All the 3 fractions were rich in glutamic acid and 
arginine; and a regular decrease in the amount of 
glutamic acid from fraction 1 to fraction 3 was noticed. 
Arginine was predominant while valine was low in 
fraction 2. The concentration of aspartic acid was also 
high. Cystine and methionine were present in small 
amounts (only traces in fraction 1). Methionine, histi
dine and arginine were lowest and lysine and glutamic 
acid highest in fraction l21. Soluble protein components 
of water melon seeds were detected and the conditions 
studied22-24.

O’ Kennedy e t  a l .26 observed that the percentages of 
globulin from cotyledons of dormant seeds of 8 species 
of the C u c u rb ita c e a e  family including musk melon seeds 
were similar. After 4 days of germination, the globulin 
fraction decreased with a concomitant increase in the 
water soluble protein fraction. Small changes in total 
protein occurred26.

Amino acids were determined in defatted musk melon 
seed cake in an amino acid analyser. The defatted seed 
contained 62 per cent protein. The amino acid analysis 
and calculated chemical score indicate that this seed 
is adequate in furnishing essential amino acids in the 
human diet. Leucine and phenylalanine values are high 
and the supply of lysine, methionine and tryptophan is 
good. The limiting amino acid in the seed appear to 
be the S-amino acids (cystine and methionine) which 
together have a chemical score of 58. The melon (egusi) 
seed is particularly high in arginine, aspartic acid and 
glutamic acid27.

Stafford e t  a l .2% determined protein in water melon 
seeds extracted with alkali and salt followed by 
precipitation at the isoelectric pH. The protein in 
partially defatted meal was 21 per cent. Water 
melon piotein isolate contained high amount of crude 
protein (82.5 per cent) and virtually all the nitrogen was 
protein nitrogen. The principal bands of electrophoresis 
of the isolates corresponded to the molecular weights 
21.200 and 32,600. Furthei, it was observed that lysine 
was the limiting amino acid in water melon with chemi
cal score of 57. However, the poor methionine content 
could be;partially overcome if the protein isolate con
centration- were used as additive to cereals in which 
lysine rather than methionine is limiting.

Alekseeva29 studied the composition of the protein 
complexes in the axial pait of the embryo and cotyledons 
of water melon seeds by Sephadex G-200 gel-filtration 
and gradient column extraction. Aleurones were isolated 
from cotyledon flour. A difference was shown in the 
ratio of primary and secondary globulin components 
of proteins of the axial part of the embryo and cotyledons 
which corresponded to the observed differences in 
these seed parts. Differences were noted in the content 
of secondary components of the total salt soluble protein, 
in particular nucleo protein, in the axial part of the em
bryo and in the cotyledons.
Composition of Seed Cake

Water content of cake ranged from 6.5-11.56 per cent, 
protein 28.2 to 69.78 per cent, fat 0.8 to 7.0 per cent, 
carbohydrates 8.3 to 27.7 per cent and ash 3.9 to 9.12 
per cent1,io,n (Table 8). The protein and amino acid 
composition of defatted seed meal of C. v u lg a r is , C . m e lo ,  
C . m e lo  u til is s im u s  and L . vu lg a r is  were determined by 
Bhatnagar e t  a l .20 All plants exhibited high protein 
contents which ranged from 40.57 per cent in C. v u lg a r is  
to 57.07 per cent in C. m e lo  u til is s im u s . Of essential 
amino acids, tryptophan was absent.
Nutritional Qualities of Melon Seeds

Oyenuga e t  a l .>o studied the nutritive value of the 
water melon seeds. In feeding experiments with rats, 
raw and fried full fat and defatted melon seed meals 
had true digestibility in the range 91-93 per cent and 
protein efficiency ratio, net protein retention, net protein 
utilisation and biological value which were significantly 
inferior to those of soyabean meal and hen’s whole egg; 
deficiency in lysine and methionine and threonine being 
marginal.

T a b l e  8 . c o m p o s i t io n  o f  m e l o n  s e e d  c a k e

Water melon Musk
Constituent Wealth of Oyenuga Akpapunam melon

India1 e t  a l .10 e t a/.11Nigerian American
seedkernel

Watei (%) 8.6-10.1 — 6.5 6.6 11.56

Protein (%) * 28.2-58.8 69.78 51.4 51.5 66.0
Fat (%) 7.0 1.2-2.7 4.0 0.8 4.03

Carbohydrates
<%)

8.3-14.3 — 11.1(by diff.) 27.7(by diff.) 9.29

Fibre (%) 12.2-39.2 — ‘ 2.6 5.6 —
Ash (%) 3.9- 4.9 — ’ 7.8 7.9 9.12

*% N X  5.3
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T a b l e  9. c o m p a r a t iv e  n u t r i t io n a l  c h a r a c t e r i s t i c s  o f  w a t e r  m e l o n  s e e d s  w i t h  o t h e r  l e g u m e s  a n d  n u t s

Protein efficiency ratio Digestibility B.V. N.P.U.
Akpapunam 

e t a/.11 Umoh 
e t  a l .32

Stafford 
e t  a l 33

Oyenuga 
e t a/.10 Stafford 

e t  a l .33
Umoh 
e t  a l.32

Umoh 
e t  a l .32

Umoh 
e t  a l.32

Water melon 1.07 1.23-1.61 2.4 91-93 88.1 87-99 71-83 69-81
Cowpeas 1.71 — — — — — — —
Sesame 1.22 — — — — — — —
Walnut — — 9 — 87.2 — — -
Locust bean — 0.88-1.20 1.81 — 96.6 87-99 73-75 59-65
Irv in g ia  gaebo n en sis — 0.17-0.49 _ — — 87-99 73-75 59-65
(African mango kernel)

B.V.= Biological value; N.P.U. =  Net protein utilization.

Oke13 reported water melon with net dietary protein 
per cent of calories as 12.8. Amino acid analysis showed 
that lysine is the first limiting amino acid in watermelon. 
The chemical score is 63.1.

Vigo e t  a/.31 have determined the essential amino acid 
composition, nutritive value, true digestibility value, 
biological value, protein efficiency ratio, and net protein 
efficiency of melon seeds.

Umoh e t  a l .32 have studied the nutritive value of 
water melon seeds and concluded that water melon fruit 
is nutritious. Staffard e t  a/.33 have also ascertained the 
nutritive value of water melon seeds and concluded 
that lysine was the limiting amino acid. The comparative 
nutritive characteristics of water melon seeds with other

F a t:  The seeds from different varieties and locations 
contain fat in varying percentages. The oil is yellowish or 
greenish in colour with a pleasant odour and taste and is 
used for cooking and as illuminant1. Many authors have 
reported the characteristics of the extracted oil1.10-34.36 
(Table 10) and its fatty acid composition1.10.34*36 
(Table 11). Bhatia e t  a l .37 found similar fatty acid 
pattern in seeds of water melon, musk melon, pumpkin 
and cucumber. Among palmitic, stearic, oleic, linoleic 
and linolenic acids, oleic and linoleic acids together 
constituted more than 80 per cent of the fatty acid 
content of the oil. In another study Bhatia e t  a l .2S 
identified eight classes of polar lipids. Tandon e t  a l .26 
reported an yield of 35.6 per cent oil from the seeds oflegumes and nuts are presented in Table 9. ripe melon. Abdel Akher e t  a/34, studied the stability

T a b l e  10. c h a r a c t e r i s t i c s  o f  m e l o n SEED OIL

Specific Sapon. Iodine Acid Unsaponifiable Refractivegravity value value
M usk melon

value matter (%) index

Wealth of India1 0.9174

(2 3 .5 ° C )

294.3 125.5 3.9 0.6 — .
Ramakrishna e t  a l .3 0 .9 1 7 0

(3 4 ° C )

193 128(wijs)
W ater melon

2.6 0.9 1.4682  

(4 0 ° C )

Wealth of India1 0 .914 -0 .923

(1 5 ° C )

190 -198 115 -125 — 0.7-1.3 1 .463-1.467

Lakshminarayana e t  a lA 0 .9 1 6 6

(3 0 ° C )

193 123(wijs) 3 1.6 1.4668

(4 0 ° C )Oyenuga e t  a l .10 — 192 .8-194.6 11.3-1-118.7 — ----- - ___ .

O’Kennedy e t  a l .2*> 0 .9 2 2 5 170.1 112.4 1.75 1.31 1.4723Badami e t  a l 35 278.3 126.6 1.1 1 .4682

(3 0 ° C )
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T a b u -' 11. f a t i  y  a c i d  c c m v o s it io n  o f  t h e  m e l o n  s e e d  o il  

Water melon Musk melon
. atty acids Wealth Oyenuga Abdel- Badami Wealth of India*ofIndia1

e t  a l io Akher 
e t  a l34

e/a/35 (Sardavar) (Punjabvar)
Caprylic 0.2 — - — — 2.0
Capric 1.1 — — 1.20 — —
Laurie 0.5 — — 3.26 — —
Myristic 0.2 — — 0.74 2.0 1.1
Palmitic 7.6 11.1 18.6 — 13.24 3.2 7.3
Stearic 6.1 13.6-16.8 — 0 74 5.4 0.2
Oleic 35.5 13.6-21.7 15.64 47.77 32.7 43.1
Linoleic 48.7 52.3-57.9 57.05 25.40 55.2 45.1
Arachidic — - — — 0.9 —
Caproic — — — — — 1.0
Hexadecenoic — — — 0 45 —

of oil extracted from two varieties ‘Ko.igo chillian black’ 
and ‘Giza I’ of water melon seeds and reported 9-12 and

6-9 days stability, respectively at 62°C and 72-76 and 
48-72 days stability, respectively at room temperature 
(33°C). Potato chips fried in Kongo seed oil had the 
same quality as those fried in cotton seed oil.

Gumus39 separated the seed lipids of C . n ie lo  by TLC 
and found that they contained 60-70 per cent linoleic 
acid; lecithin, cephalin and cerebroside were also 
identified.
Storage quality of seed oils

From autoxidation point of view, crude oil is the 
stablest, followed by refined and bleached oils in the 
decreasing order of stability. The peroxide value rises 
steadily in crude, refined and bleached oils during 
storage. Free fatty acids of all categories of oils remained 
more or less the same as the respective initial values 
the entire period of 6 months storage4 (Table 12).

In the case of musk melon seed oil, it is seen that on 
storage, the free fatty acid contents rise very slowly in 
120 days. Rise of peroxide value is also not considerable 
in the case of raw oil. The increase of oxidative rancidity 
is in the following decreasing order, refined, bleached 
and raw5 (Table 13).

It is observed in these studies that the peroxide values

T a b l e  12. s t o r a g e  b e h a v io u r  o f  c r u d e , r e f in e d  a n d  b l e a c h e d  w a t e r  m e l o n  s e e d  o il s 4

Storage Free fatty acids Peroxide value Kreis colour (red units in 10 mm cell) Lovibond colour (Y + 10R) units in 1” cell
(days) Cr. Re. Bl. Cr. Re. BI. Cr. Re. Bl. Cr. Re. Bl.

0 1.35 0 .1 4 0.15 2.6 6.2 4.1 6 9 5 22.3 13.4 4 .0

30 1.59 0 .2 4 0.18 11.2 14.5 13.1 10 14 7 26.0 15.5 4.2

60 1.37 0.10 0 .09 17.2 24.1 28.9 14 15 11 18.8 11.3 2.2

9 0 1.57 0.11 0.13 25.4 32.0 48 .4 — — — — - —

120 1.50 0.12 0.13 28.2 36.5 53.1 12 13 12 24 .0 12.2 4.2

150 1.51 0 .15 0 .16 35.7 46.5 79.2 14 14 14 23 .0 7.4 3.5

180 1.54 0 .14 0 .16 44.8 54.3 89.4 15 15 14 21.0 9 .0  3.1

Ct: Crude; Re: Refined, Bi: Bleached

T a b l e  13. STORAGE BEHAVIOUR OF CRUDE, REFINED, BLEACHED MUSK MELON SEED OILS5

Storageperiod Free fatty acids Peroxide value Kreis test red coloui Lovibond colour in l"cell Yellow + Red
(days) Cr. Re. Bl. Cr. Re. Bl. Ci. Re. Bl. Cr Re. Bl.

0 1.2 0.08 0.07 5.8 — 6.5 20 16 12 4 2  + 8.2 1 8 + 1 . 8  4 . 6 +  0.4

30 1.25 0 .09 0.08 9.8 23 .2 18.8 19 17 14 37 +  7.8 1 5 + 1 . 6  4 . 1 + 0 . 3

6 0 1.3 0.1 0 .0 9 18.8 43 .0 32.7 23 21 15 35  +  5.2 1 0 .5 + 1 .3  2 . 7 + 0 . 2

90 1.4 0.11 0.1 21.2 48 .0 37.8 25 22 16 33 F 4 .2 7 . 8 + 1 . 1  2 . 3 + 0 .1

120 1.45 0.12 0.11 25.4 53 .0 42 .7 26 22 17 3 0  +  5.0 —  2 -1 0 .5

Cr: Crude; Re: Refined; Bl: Bleached
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o f  refined o ils  are h igher th an  th ose  o f  b leached o ils , 
w h ile  in  w ater m elo n  seed  o il, th e p erox id e va lu es o f  
refined and b leach ed  o ils  w ere m ore or less sam e upto  
60 d ays, after w h ich  the v a lu es  o f  b leach ed  increa
sed  faster th an  th ose  o f  refined o il. T h e decreasing  
order for K reis test is crude, refilled and  b leach ed  oil. 
T h e L ov ib on d  co lou rs decrease p ercep tib ly  w ith  storage  
in th e case o f  crude, refined as w ell as b leached oils.

Enzymes
M elo n  seeds are rich source o f  en zym es and  m ain ly  

a m o n g  th em  is urease. T n is en zym e has been  iso lated  
and  characterised  from  m elo n  seeds.

T h e en zym e urease has been  iso la ted , ch arterised40-44 
and k in etics  stu d ied 45. T n e en zym e derived  from  seeds 
o f  w ater m e lo n  appears to  be m ore p o te n t th an  th ose  
o f  Jack and soyab ean  in  th e determ ination  o f  b loo d  urea. 
O ne g fresh seed  from  water m elo n  h ad  urease activ ity  
o f  2030  ju. m oles am m on ia /m in . T h e p H  o p tim a  for  
urease w as 7 .4  and  th e  K m  35 m M .

D ikh tyarev e t  a l 46. in  their stud ies to  search for raw  
m aterial co n ta in in g  urease, determ ined  urease activ ity  
in seeds o f  33 native and 30 foreign  w a term e lo n  varieties. 
H igh est urease activ ity  w as fo u n d  in seeds o f ‘Ju b ik e’ and  
‘K lo n d ik e  R  57’ (22 ,500  and 18,600 u n its/k g  seed s res
p ective ly ). S om e varieties tested  h ad  n o  urease activ ity .

M alh otra  e t  a l .41 iso la ted  a urease in h ib itor  from  
m elo n  seeds as an am orp h ou s pow d er. It inh ib its urease  
o f  C a fa n u s  in d icu s and o f  jack b ean s n on -com p etetive ly  
w ith  a lm o st K i va lu es 0 .6 4  and  0 .45  m g/m l respectively . 
T h e in h ib itor did n o t g ive  any  co lou r  w ith  n in hydrin  by  
itse lf, bu t d id  so  after treatm ent w ith  trypsin . It m oved  
as a  'single sp ot on  paper chrom atograp hy in  a Ph  
O H -H 2O m ixture (4:1 v o l/v o l. R y = 0 .7 8 )  bu t fa iled  to  
m o v e in  a  Bu O H -H O A C -H 20  (4:1:1 v o l/v o l)  m ixture.

Acid phosphatase
Seeds o f  11 p lan t species in clu d in g  m elo n  seeds were  

stu d ied  w ith  th e object to  observe th e rela tion  betw een  
the acid  p h osp h atase  con ten ts and th e germ inating  cap a 
city48. In th e  dorm an t state, seeds co n ta in ed  varying  
a m o u n ts o f  acid  p h o sp h otase , w h ich  shared no relation  
to  th e co n ten ts o f  sugar, p rotein s and  lip id s. A cid  
p h o sp h a ta se  co n ten t fou n d  in  seed s w h ich  fa iled  to  
germ inate relative to  th ose  in in h ib itio n  stage w as th e  
sam e in  w h eat and  sunflow er, h igher in  ch ick  pea , flax  
p ea  and m elo n  and  low er in corn , len til, lu p in e, 
k id n ey  bear, and  so yb ean 48.

Lipase
Seeds o f  m u sk  m elo n  from  g a r m a  con ta in  significant 

lip o ly tic  activ ity . T h e lip ase in b oth  th e resting and  
germ in ated  seeds exh ib its 2 p H  op tim a  i.e . 4 .0  and 6.0. 
L ip ase  activ ity , how ever, increase con sid erab ly  on  germ i

n a tion ; from  3.4  u n its/g  at p H  6.0  in  th e  resting  stage, th e  
activ ity  increased  to  11.1 u n its /g  after g erm in ation  to  a  
prim ary root length  o f  3 cm . L ipases h a v in g  p H  op tim a
4.0  and 6 .0  sh ow ed  d ifferent stab ilities at p H  6 .0  and  
40°C  w h ich  further su ggests th e presence o f  2 d ifferent 
lip ases in th e seed s o f  m usk m elo n 49.

T h e op tim u m  tem perature for th e en zy m e activ ity  
under th e assay co n d itio n s  w as 40 °C and th e en zy m e w as  
rap id ly  in activated  at tem peratures a b ov e  40 °C . T h e  
en zym e w as activated  by low  co n cen tratio n s o f  C a2+ 
and N a + . T h e lip ase hyd rolysed  r ic in o le ic  a cid  g lycerid es  
o f  castor o il faster th an  th e g lycerid es o f  m ustard  o il or 
soyb ean  o il. T he order o f  activ ity  in  th e decreasin g  order  
o f  th e organ ic so lv en t system  w as E t, M e  k e to n e , di 
isop rop y l ether, h ep tan e, cy c lo h ex a n o l m o re  th an  or 
equal to  c y c lo  h exa n e49.

O g ir i a food condiment from fermented melon seeds
O d u n fa59 stu c ied  th e m icrob io log y  and  a m in o  acid  

co m p o sitio n  o f  O g ir i— a fo o d  co n d im en t from  ferm ented  
m elo n  seed s. T h e trad ition a l m eth od  for preparing O g ir i  
is described . M icro  organ ism s associa ted  w ith  th e  
v ariou s stages o f  ferm en tation  w ere m ain ly  b a cter ia ; the  
genera  freq u en tly  iso la ted  are P e d io c o c c u s ,  P r o te u s ,  
K le b s ie l la ,  E sc h e r ic h ia  and  B a c illu s . T h e p red om in en t  
am in o  acid s are a lan in e , lysin e and g lu ta m ic  acid . 
A rg in in e and p rolin e  are present in  lo w  q u an tities. 
T h reon in e is com p lete ly  a b sen t50.

Concluding remarks
It is apparent from  th e fo rego in g  rev iew  th at m elo n  

seeds are rich in  p roe in , fa tty  acids, and  m inerals, 
H en ce , th e variou s p o ssib le  w ays o f  u tilisin g  th e seeds  
as fo o d  adjunct and ad d itive  in sw eets, snack s and  other  
fo o d  item s, need  im m ediate ex p lo ra tio n . H o w ever , at 
present th e  o n ly  com m ercia l u tilisa tio n  o f  seed s in  Ind ia  
is as an  adjunct in  som e o f  th e  sw eets and  snack s. T h e  
draw backs, p rob ab ly , are lack  o f  organ ised  co lle c tio n  
o f  seed s and ted io u s m an u al d eh u llin g . S om e w ork  on  
m ech an ica l d eh u llin g  o f  m e lo n  seed s, prior to  o il ex 
tractio n , has b een  rep orted4,5. But 45-65 per cen t kernels  
ob ta in ed  w ere con tam in ated  w ith  p ow d er and  h u ll. 
H ow ever , recent6 tria ls o n  m ech an ica l d eh u llin g  have  
resu lted  in  pure kernel fraction , w ith o u t any  p ow d er  
and  h u ll.

T h e n eed  to  d ev e lo p  varieties o f  m e lo n  fru its rich in 
seeds w ith o u t adversely  affecting th e q u a lity  and  q u an 
tity  o f  th e fleshy p o rtion  and y ie ld  is apparent from  th e  
review . V a g an o v  e t  a l 51. w ork ed  o n  th e  ro le  o f  trace  
elem en ts in increasing seed p rod u ctiv ity  o f  w ater m elon  
and squ ash es. Seed  treatm ent w ith  0.1 per cen t trace  
elem en ts (C u , Li, M o , C o , B, M n  or Z n ) so lu tio n  in 
creased  th e y ie ld  o f  w ater m e lo n  and  squ ash  fru its and  
seed s.



T E O T IA  A N D  R A M A K R I S H N A :  C H E M IS T R Y  A N D  T E C H N O L O G Y  O F  M E L O N  S E E D S 339

D eo iled  m elo n  seed  cak e, th ou gh  n o t av ailab le  co m 
m ercia lly  at present, is a  g o o d  sou rce o f  p rotein  and can  
be u sed  as p rote in  su p p lim en t.

M o st o f  th e  w o rk  rep orted  so  far is m a in ly  on  w ater
m e lo n  seeds and very litt le  o n  m u sk  m e lo n  seed s. N o  
w o rk  is rep orted  o n  th e rest o f  th e m e lo n  seeds.

A part from  th e  m ech n ica l d eh u llin g  o f  m elo n  seeds, 
stud ies on  th e fo llo w in g  areas m ay  be u sefu l for a  better/ 
in tegrated  u tilisa tio n  o f  m e lo n  seed s: ( i )  h u ll co m p o si
t io n  and u tilisa tion , (it) ch an ges in  kernel q u a lity  during  
storage, (iii) d ifference in  q u a lity  o f  m u sk  m elon  kernel 
obta ined  by trad ition a l and  ch em ica l m eth o d s o f  sep a
ration  o f  seed  from  p u lp , and (i'v) level o f  fat so lu b le  
v itam in s in th e kernels.
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M a n u f a c t u r e  o f  W h e y - s o y  B e v e r a g e s :  A  R e v i e w

G . R . Pa til , A . A . P atel, S. K . G upta  and  R . B. R ajor 
D airy  T ech n o log y  an d  E n gin eerin g  D iv is io n , N a tio n a l D a iry  R esearch  In stitu te, K arn al-132  001, Ind ia

Soybean and milk whey in combination provide a low cost nutritious beverage which can be utilized in institutional feed
ing programmes of developing countries like India. Manufacturing aspects such as types of initial ingredients, pro
cessing, fortification, flavouring, drying and reconstitution have been reviewed in this article.

Introduction
B everages, b o th  a lc o h o lic  and  n o n a lco h o lic , c o n 

stitu te  o n e  o f  th e largest group  o f  fo o d  prod u cts. N o n 
a lc o h o lic  beverages in clu d e carb on ated , non carb on ated , 
fru it-based  and  m ilk -b ased  drinks, and a lso  drinks 
su ch  as coffee and  tea . T h e  use o f  beverages o f  o n e  
k in d  or o ther natu ra lly  co n stitu tes  a part o f  fo o d  hab it 
a ll over the w orld . T h is  has resu lted  in  th e d eve lop m en t  
o f  certain  types o f  beverages. A m o n g  th ese  th e  protein  
en rich ed  beverages are in ten d ed  to  fu rn ish  nutrient 
req u irem en ts for th e target p o p u la tion  in  nu trition

orien ted  program m es. In recent years, so yb ean  p rotein , 
w h ich  ranks h igh est a m on g  vegetab le  p rotein s h as been  
in  use in m an y  p rote in  fo o d  p rod u cts e sp ec ia lly  p ro
tein  rich beverages. S im ilarly , ch eese w h ey , a dairy  
byproduct can  be used  as a fluid base for bever
age p reparatien s. O ne im portant co n sid era tion  in  
co m b in in g  w h ey  w ith  soyb ean  is th at so y  p rotein  
is kn ow n  to  have a b a lanced  a m in o  acid  p rofile1, 
a lth ou gh , m eth io n in e, a su lphur a m in o  acid , is the  
lim itin g  am in o acid  in it2, w h ile  w h ey  p rote in , is rich  
in  su lph ur a m in o  a c id s3,4. A  co m b in a tio n  o f  the
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tw o  p rote in s co u ld , th erefore , y ie ld  a m ixtu re o f  e x 
cep tion a l n u trition a l v a lu e 5-9 .

A  ‘m ilk  lik e ’ w h ey-so y  beverage w as p rod u ced  by  
Sasaki and T su g o 10 as early as in  1953 in  Japan. H o w 
ever, th e  w h ey-so y  com b in ation  cam e to  ligh t o n ly  in  
th e late six ties. H o ls in g er  and  co -w ork ers11, h ave briefly  
review ed  literature o n  p rote in  rich  w h ey-so y  beverages. 
Su b seq u en tly , th e gro w in g  in terest in  w h ey-so y  drinks 
an d /o r  w h ey-so y  ‘m ilk  ex ten d ers’ d eve lo p ed  in  th e recent 
p a st w arrants an in -d ep th  treatm en t o f  th is  subject. 
In th e present paper, an  a ttem p t h a s  b een  m ad e to  h ig h 
ligh t th e d eve lop m en ts th at h a ve taker, p la ce  in  th e area  
o f  beverage p rod u ctio n  fro m  w h ey-so y b ean  p rotein  
m ixtu res.

Type of whey and whey products
Sw eet ch eese w h ey  h a s  g en era lly  been  u sed  for  the  

p reparation  o f  w h ey-so y  beverages p resu m ab ly  o w in g  
to  its sw eet (n on -ac id ) flavour. H o ls in g er  et a l12. 
observed  th at rep lacem en t o f  sw eet ch eese  w h ey  w ith  
co tta g e  ch eese  w h ey  in  th eir  beverage form u la  based  
o n  fu ll fat so y  flou r13, adversely  affected  th e flavour  
o f  th e  p rod u ct. T h e beverage prepared  by T su g o 14 
w as based  o n  n eu tra lized  acid  w h ey. C o tta g e  ch eese  
w h ey  has a lso  b een  u sed  a lo n g  w ith  soyb ean  for  th e  
preparation  o f  a  drink  h av in g  th e ta ste  o f  egg  n o g 15. 
C o tta g e  ch eese  w h ey  can  preferab ly  be u tilized  in  citrus  
ty p e  beverages as has been  d em on strated  by G u y  et al.16 
T h ese  beverages co n ta in ed  2 .7  per cen t p rotein  and  16.5 
per cen t to ta l so lid s .

T h e lac tose  co n ten t o f  w h ey-so y  drinks m ay  som etim es  
m ake th ese less su ita b le  for  lac to se  in to leran t p erson s17. 
L actose can  be su b stan tia lly  red uced  either th ro 
u gh  h yd ro lysis or by its  rem oval from  th e system . 
H o lsin ger  and  R o b er ts18 u sed  w h ey  o b ta in ed  from  
la c to se  h yd ro lysed  m ilk . T h e resu ltin g  w h ey-soy  
beverage had a  flavour com p arab le  to  th e o n e  prepared  
from  n orm al ch eese  w h ey. A n  im p rovem en t in  th e  
flavour o f  w h ey-so y  beverage w as rep orted  by H o lsin ger  
et a l19. w h en  w h ey  w as sub jected  to  /3-galactosidase  
pretreatm en t. P a til and  G u p ta 29 u sed  lac to se  reduced  
co n d en sed  w h ey  in  th eir  form u la tion  o f  a  h igh  p rotein  
(4  per cen t) beverage. T h e lac to se  level in  th e above  
preparation  w as decreased  b y  p artia lly  rem ovin g  
crysta llized  lac to se  fro m  co n d en sed  C heddar ch eese  
w h ey.

Form o f soybean material
T h e soyb ean m ateria l has p red o m in a n tly  been  used  

in  th e form  o f  w h o le  beans, or fa t free flour or flakes 
for w h ey-soy  beverage p rod u c tio n . W h ile  defa tted  soy  
prod u cts offer an ad van tage o f  u tiliza tio n  o f  th e b y
prod uct o f  th e soyb ean  o il in d u stry , fu ll fa t soyb ean

m aterial h as o ften  b een  used  o n  a cco u n t o f  its  fa t co n 
ten t and  for im p rovem en t o f  flavour.

T h e co n v en tio n a l soy  m ilk  o f  th e O rient is essen tia lly  
a h eat treated w ater extract o f  soak ed  soyb eans. 
Sasaki and  T su g o 19 used  h o t w h ey  to  ex tract soyb ean  
in  order to  p rod u ce a beverage. M ix in g  soy-m ilk  
w ith  w h ey  b efore p rocessin g , is  an oth er w a y  o f  pre
parin g  a  w h ey-soy  beverage. A  p rod u ct resem b lin g  
evap orated  m ilk  w as m a d e by com b in in g  soy  m ilk  w ith  
w h ey, fo llo w ed  by co n d en sin g  th e  m ixtu re14. T he  
procedu re described  b y  B ad u i21 a lso  in v o lv ed  m ixin g  
so y  m ilk  w ith  w hey. R ecen tly , H o d e l et al22. p atented  
a process for  preparing a  very fine a q u eo u s d ispersion  
o f  soyb ean  w h ich  co u ld  be m ixed  w ith  w h ey  to  prod uce  
a co w  m ilk  su b stitu te .

S om etim es soyb ean s are b o iled  or b lan ch ed  before  
grin d in g  in  w h ey  as is th e  case w ith  th e p rocess for  
p rod u ction  o f  a  w h o le  m ilk  s im u late23. T h e process for  
th e  m anu facture o f  th e w h ey-so y  beverage d eve lop ed  at 
th is In stitu te29 in v o lv ed  m ix in g  o f  d eh u lled  b icarb onate  
b lan ch ed  soyb ean s24 w ith  con d en sed  w h ey  before  
h o m o g en iz in g  th e m ix  in  tw o  stages at 208 k g /cm 2 
(3000 p si)  and at 35 k g /cm 2 (500  p si). N ev erth e less, th e  
advan tage o f  bo ilin g  cracked, d eh u lled  and soak ed  so y 
bean s in  w h ey  before grin d in g  as in d icated  by P en g25 is d i
fficult to  com p reh en d , sin ce  su ch  a  treatm en t m igh t lead  
to  lip o xy gen ase -in d u ced  off-flavour besides d estroyin g  
certain  h eat la b ile  v itam in s co n ta in ed  in  w h ey.

C erta in  procedu res h av e b een  b ased  o n  fu ll fa t soy- 
flour. T h e research  carried o u t at th e  Eastern U tiliza tio n  
R esearch  and D ev e lo p m en t D iv is io n , W ash in g to n , D C  
and at th e Eastern R eg io n a l R esearch  C en tre , P h ilad el
ph ia , U .S .A ., is sign ifican t in  th is  regard. G u y  et al.26 
prepared n u tr itio u s beverage (p ro te in  efficiency ratio , 
P E R , 2 .42) by stirring fu ll fa t soy  flour (co n ta in in g  20 
per cen t fa t, 42  per cen t p rote in ) in to  w h ey  to  o b ta in  a 
to ta l so lid s co n ten t o f  10 per cen t. T h e m ix  w as p a steu 
rized , h o m o gen ized  and  co n d en sed  prior to  drying. T h e  
ab ove w o rk ers16 h a ve a lso  u sed  fu ll fa t so y  flour for  
preparation  o f  citrus fru it beverage. H o lsin g er  et a ln . 
o b ta in ed  a  protein -rich  w h ey-soy  drink by p asteu rizing  
and h o m o g en iz in g  a  m ixture o f  fu ll fa t soy  flour, sw eet 
ch eese  w h ey , soyb ean  o il and  corn  syrup so lid s. A  sim ilar  
beverage fo rm u la tio n  from  F o rem o st F o o d s  C o m p an y27,
U .S .A ., co n sisted  o f  41 per cen t sw eet w h ey  so lid s, 37 
per cen t fu ll fa t soy  flour, 12 per cen t soyb ean  oil and 9 
per cen t corn  syrup so lid s. A  beverage in ten d ed  for the  
A g en cy  for In tern ation a l D ev e lo p m en t P rogram m es also  
co n ta in ed  36.5 per cen t fu ll fa t soy  flour28.

B o th  th e  o il and  p rotein  con stitu en ts o f  so yb ean  have  
b een  u sed  in  a  con cen trated  form  as has been reported  
by P a til29. T h e p rotein -lip id  concentrate ob ta in ed  by 
acid  precip ita tion  o f  so y  m ilk , gave a  w h ey-so y  beverage  
o f  accep tab le flavour and low er v isco sity  com pared

8
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to  a  p rod uct in  w h ich  the untreated  soy  m ilk  w as  
used .

D efa tted  m ea l, flour and  flakes h ave a lso  fou n d  their  
p laces, in  com b in atio n  w ith  w h ey, in  w h ey-soy  beverages. 
A rn d t30 described  th e u se  o f  11-25 per cen t a q u eo u s  
slurry o f  neutra lized  fat-free soyb ean  m eal/flak es a lo n g  
w ith  89-75 per cen t sw eet ch eese  w h ey. T h e ab ove b len d  
w as adjusted  to  p H  6 .6 -7 .0  and a  w h iten in g  agen t (n ot  
specified  in  th e report) w as ad d ed  to  it before drying  
fo r  th e  p rod u ctio n  o f  sim u lated  dry sk im  m ilk . T he  
use o f  d efatted  soy  flour fo r  preparation  o f  beverage has 
a lso  b een  reported  b y  B ad u i21. T h e co lou r  o f  th e resu lt
in g  prod u ct m ay  fa vo u r th e  u se  o f  fat-free soy  flour as 
has b een  ob served  by H o ls in g er31 w h o  co m p a rée  several 
co m m ercia l sam ples o f  w h ey-soy  drink m ixes.

Iso la ted  soyb ean  p rote in  m ay  be u sed  to  m in im ize  
th e u n w an ted  flavours o ften  associa ted  w ith  o ther form s  
o f  soy  p rotein  m aterial. B y  v irtue o f  its ex ce llen t fu n ctio 
nal characteristics32, th e soy  p rote in  iso la te  is expected  
to  im p rove th e  p h ysica l p rop erties su ch  as v isco sity , 
em u lsification , su sp en sion  stab ility , recon stitu tab ility , 
etc. o f  the beverage. N o n eth e less , com p aratively  high  
co sts  seem  to  forb id  th e  ap p lica tio n  o f  th e p rotein  iso late  
in  beverage p rod u c tio n . T h e m eth o d  for  th e m an u fac
ture o f  sim u lated  m ilk  described  in an oth er p a ten t33 
con sisted  o f  h eatin g  and  vap ou r flash treatin g th e  m ixture  
o f  so y  p rote in  iso la te  and sw eet w h ey  fo llo w ed  b y  add i
t io n  o f  vegetab le  o il and  readjustm ent o f  p H  and  
h o m o g en iza tio n  o f  th e m ix  w h ich  can  be dried su b se
q u en tly .

H eat processing
D u rin g  th e p rocessin g  o f  soyb ean s, adeq uate heat 

treatm ent is  an essentia l prereq uisite to  ensure destruc
tio n  a n ti-n u trition a l factors such  as trypsin  in h ib itors34. 
H ea t treatm ent a lso  inactivates lip o xy g en a se , an enzym e  
w h ich  has been  im p licated  in  th e  d eve lop m en t o f  ‘bean y’ 
flavou r in  soyb ean  p rod u cts35. In th e  co n tex t o f  m a n u 
factu re o f  so y-w h ey  beverages, th e soyb ean  m ateria l, 
u n lik e  w h ey , requires a som ew h at severe heat treatm ent 
and is u su a lly  processed  separately  before m ix in g  it w ith  
w h ey. T h u s, the final m ix  needs o n ly  a  m in im u m  p a steu 
riza tion  treatm ent. N everth e less, u n h eated  soy in gred i
ents have o ften  been  m ixed  w ith  w h ey, and th is m ixture  
is  fina lly  heat treated  as in  the procedu re suggested  by 
P en g25 w herein  th e  m ixture o f  un treated  soyb ean  and  
w h ey  w as b o iled . In th e process paten ted  by British  
A rk ad y  C o . L td36, th e  m ixture o f  soy  ingred ients and  
w h ey  w as h ea led  a t 1 k g /cm 2 fo r  10 m in . A rn d t33 
heated  th e w h ey-so y  p rotein  m ixtu re to  141 to  150 ”C  
before subjecting it to  a vapour-flash  treatm ent. Such  
in ten se heat treatm ent is lik e ly  to  cau se  sub stan tia l losses  
in  v itam in s in w hey  and m ay a lso  decrease its protein  
va lu e.

Fortification o f beverage mixes
E n richm ent o f  w h e y -so y  sim u lates o f  w h o le  m ilk  

w ith  o il or fa t37 becom es n ecessary, s in ce  so yb ean  p ro 
ducts, particu larly  defatted  flour, flakes and m ea l are 
low  in o il con ten t. Soyb ean  o il is th e  m ajor o il u sed  in 
‘en gin eered  m ilk s’ o f  soyb ean and w h ey  o r ig in 13.27.38. 
H o lsin g er  et al.33 sub stitu ted  soyb ean  o il w ith  an oil 
fra ction  o f  ed ib le  b e e f ta llo w  in  a  w h ey-so y  b everage m ix  
con ta in in g  19.2 per cen t o il, and  n o  sign ifican t ch an ge in 
flavour w as n oticed . T h e ad d ition  o f  o il w o u ld  n ot 
o n ly  raise th e  ca lorie  co n ten t o f  th e drink bu t a lso  
en h an ce its  protein  qu a lity . G u y  et al.26 n o ted  th at 
th e P E R  o f  a w h ey-soy  flour-corn o il b len d  w as 2 .64  
as again st a P E R  o f  2 .42  for th e w h ey -so y  flour  
m ixture.

D esp ite  th e  presence o f  app reciab le a m o u n ts  o f  B- 
com p lex  v itam in s in  w h ey , th e  overall v itam in  co n ten t  
is in ad eq u ate in th e w h ey-so y  b len d s. T h u s, th e  beverage  
requires to  be su itab ly  fortified  w ith  v itam in s. F ortifi
ca tio n  o f  th e w h ey -so y  beverage w ith  p rop er a m ou n ts  
o f  certain  m inerals w o u ld  a lso  be desirab le to  up grade  
th e n u trition a l q u a lity  o f  th e  prod u ct w h ich  is 
exp ected  to  m atch  that o f  m ilk . H en ce , v itam in - 
m ineral prem ixes are freq u en tly  in corp orated  in  
w h ey-so y  beverage fo rm u la tio n s,13. 2° . 27 n o t w ith 
stan d in g  a  sligh t increase in  co s t  o f  p rod u ctio n . T h e  
vitam in -m in eral p rem ix  is  gen era lly  dry b len d ed  w ith  
th e  p ow d ered  p rod u ct so as to  k eep  th eir  lo sses  to  a 
m in im u m  w h ich  o therw ise are co n sid era b le  (so m etim es  
o f  th e  order o f  80 per cen t) during p rocessin g  as h as been  
observed  by H o ls in g er  a n d  co -w ork ers19.

A p p aren tly , th e w h ey-so y  p rotein  m ixtu res have  
g o o d  am in o  acid  balance40 sin ce  th e  w h ey  p rotein  
p lays a  n o ta b le  com p lim en tary  ro le . H ow ever , fortifi
ca tio n  o f  th e  m ixture w ith  m eth io n in e  h as been  fo u n d  to  
further en h a n ce  th e p rotein  q u a lity 8. E n richm ent o f  the  
beverage d eve lop ed  by P atil and  G u p ta9 w ith  0 .75  and
1.13 per cen t (o f  to ta l p rote in ) D L -m e th io n in e  raised  th e  
P E R  from  2.3  to  2 .8  and  3.1 resp ectively . It m ay  
be p o in ted  o u t th at a d d itio n  o f  m eth io n in e  had  
an adverse effect o n  th e flavour o f  th e p rod u ct  
w hen it w as subjected  to  h eat treatm en t41. H ow ever, 
m ixin g  m eth io n in e  w ith  th e  p ow d ered  beverage can  be 
su ccessfu lly  em p lo yed , sin ce  th e use o f  su ch  ready-to- 
recon stitu te p rod u ct in v o lv es o n ly  a d d itio n  o f  co ld  w ater  
to  o b ta in  a  co ld  drink.
Additives

C ertain  ad d itives are o ften  em p loy ed  to  im p rove th e  
p h ysica l a n d /o r  sensory  ch aracteristics o f  b everage. 
G u y et al.16 sh ow ed  th at citru s b everage co u ld  be 
su b stan tia lly  im proved  by a d d itio n  o f  certain  stabilizers. 
S od iu m  citrate, reported  to  am eliorate  th e d ispersib ility  
o f  a w h ey-soy  b len d42, has been  show n to  be a va lu ab le
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add itive. T h e  w h ey-so y  beverage p ow d er d eve lop ed  by  
P atil and G u p ta 20 con ta in ed  0 .25  per cen t sod iu m  citrate. 
W hile w h ey-soy  protein  in  th e m ixtu re it s e lf  w o u ld  im part 
con sid erab le tu rb id ity  to  th e  drink, w h iten in g  agents m ay  
be in corp orated  to  im p rove th e ap p earan ce o f  th e p ro
d u ct as has b een  rep orted  by A rn d t37.

C o m  syrup so lid s  (C S S) is an oth er add itive th at has 
been used  in  th e p rep aration  o f  w h ey-so y  d rin k s13*27. 
H o lsin ger  et a /.43 observed  n o  im pairm ent o f  th e flavour  
o f  th e  beverage w h e n  42 D E  C SS w as rep laced  by 28 
D E  C SS or 10 D E  h y d ro lyzed  cereal so lid s. T h e n u tri
tio n a l q u a lity  o f  th e beverage a lso  rem ained  a lm ost  
unaffected , th e P E R  and n itrogen  d igestib ility  b e in g  2.35  
and 83.5 per cen t for th e  28 D E  p rod u ct, and 2 .38 and
83.3 per cen t for  th e 42 D E  p rod u ct, resp ectively .

Flavour o f whey-soy beverages
T h e flavour o f  a w h ey-so y  drin k  is th e  m ost im portant 

a m o n g  a ll th e sensory  ch aracteristics w h ich  decid e its  
accep tab ility . T h e ty p e  o f  th e soyb ean  and th e m eth od  
o f  p rocessin g  are o f  u tm o st sign ifican ce for th e flavour  
o f  th e  resu ltin g  prod u ct. W h ile  it is n o t w ith in  the  
pu rview  o f  th is  pap er to  g o  in to  th e  d eta ils  o f  soy  m ilk  
flavour, it w o u ld  be p ertin en t to  in clu d e p rocessing  
asp ects o f  w h ey -so y  beverage w h ich  have a defin ite  
bearing o n  its  flavour.

T h e heat treatm ent d u rin g  p rocessin g  o f  w h ey-soy  
beverages has been  d iscu ssed  earlier. D ep en d in g  on  the  
nature o f  th e in itia l soyb ean  m ateria l, a  m in im u m  heat 
treatm ent is n ecessary to  prevent off-flavour d eve lop m en t 
or to  e lim in ate  o b jection a b le  flavours present in  the  
w h ey-soy  m ix. V a cu u m  treatm en t o f  th e  m ix  is anoth er  
n otab le  p o in t in  th e  processin g  o f  th e  soy  based beverages. 
C on cen tration  o f  th e liq u id  m ix  under va cu u m  n ot on ly  
facilita tes su b seq u en t dryin g, but a lso  sub stan tia lly  
im proves its flavour. T h erefore , a nu m ber o f  proceses  
for m ak in g  w h ey-so y  beverages have been reported  
w h ich  in clu d e vacu u m  co n d en sin g  o f  th e m ix 13*14*16*26*44. 
T h e vacu u m  treatm en t has o ften  b een  com b in ed  w ith  
heat treatm ent. A rn d t30*33,37 term ed th e p atented  
vacuu m -heat treatm ent a  ‘p h ysico -th erm o -v ap ou r’ flash  
treatm ent th at w as cap ab le  o f  rem ovin g  ob jection ab le  
flavours from  th e p rod u ct. H o ls in g er  e? a / .18 fo u n d  that 
a ‘va cu u m  flash’ deod orizer  p roced u re w as as effective  
as vacu u m  ev ap o ra tion  in  red ucin g  th e ‘b ean y ’ flavour  
in th e  w h e y -so y  m ix .

It is n eed less  to  p o in t o u t here th at in  p laces other th an  
th o se  w h erein  th e con su m ers are tra d ition a lly  accu stom 
ed  to  th e soyb ean  taste , th e  soy p rod u cts m u st be su itab ly  
flavoured to  m ake th em  m ore p a la tab le . Syn th etic  
flavourings are th u s very va lu ab le  in  en h an cin g  th e accep
ta b ility  o f  w h ey-scy  drinks. G u y  and co-w ork ers26 
rep orted  th at w h ile  th e  consu m ers expressed a  slight 
d islik e  fo r  w h ey-soy  m ix tu res ,’in corp oration  o f  flavours

lik e ch erry-van illa  and ch o co la te  greatly  im proved  their  
accep tab ility . Strawberry flavour w as preferred m ore  
th an  eith er  p in eap p le  or v a n illa  flavour in a  sugared  
w h ey-soy  beverage d eve lop ed  by P a til29. T h e  sugared , 
citrated and  flavou red  w h ey-so y  beverage form u lated  
by G u y  et a l.16 scored  6 .0 -6 .5  o n  a  9 -p o in t h ed o n ic  scale . 
It is th u s clear th at w h ey-soy  drinks, w h en  su itab ly  
flavoured are q u ite  ap p ea lin g  to  th e consu m ers. T h is  
p o in t has a lso  been  a m p ly  p roved  by stud ies con d u cted  
o n  w h ey-soy  beverage a ccep ta b ility  to  m oth ers and  
ch ildren  in  several d e v e lo p in g  co u n tr ies38.

Drying and reconstitution
M an y  beverages have been  con verted  in to  a  co n 

cen trate or p ow d er fo rm  in  order to  p rov id e  con v en ien ce  
in  th eir  h a n d lin g  and  u se , and  w h ey -so y  beverages are 
n o  ex cep tio n 25*36. E n h an ced  storage stab ility  o f  dried  
beverages add to  th e v a lu e  o f  d ry in g 12-26,45.

Spray dryin g  is u su a lly  p refered  to  o th er  m eth o d s o f  
con vertin g  w h ey-soy  beverages in to  p o w d er13.20*23,26*44,46. 
T h is can  ea sily  be ascribed to  th e  w e ll estab lish ed  advan 
tages o f  th e  spray dried p rod u ct w ith  resp ect to  
its fu n ctio n a l prop erties and sensory  characteristics over  
th e  ro ller dried prod u ct. T h e la c to se  con ten t and  
som etim es th e  sugar co n ten t in  th ese beverages h ave  
n ecessita ted  th e u se  o f  a  re la tive ly  lo w  drying tem p era
ture. H o ls in g er  et al.12 spray dried a m ixture o f  so y  flour  
and  co ttag e  ch eese w h ey  at an in le t air tem p erature o f  

H igh er  dryin g  tem p eratures are rep orted  to  have  
a deleter iou s effect o n  th e  co lo u r  o f  th e  p rod u c t31. 
H ow ever , as h igh  a tem p erature as 190°C  h as been  used  
by P a til29 w h o  dry m ixed  sugar w ith  th e  pow d ered  p ro 
du ct. S in ce th e w h ey-so y  beverage u su a lly  con ta in s an  
app reciab le a m ou n t o f  o il th at is  su scep tib le  to  autox i-  
d atio n , a  m ild er heat treatm ent during dryin g  .w ould  
be m ore desirab le for better k eep in g  q u a lity  o f  th e fin ish
ed p rod u ct.

O ther m eth od s such  as fo a m  spray dryin g  and vacuum  
sh e lf  dryin g  have a lso  been  ad op ted  th ou gh  o n ly  to  a  
lim ited  ex ten t. G u y  et al.16 vacu u m  sh e lf  dried  
citrus beverage, w h ile  fo a m  spray dryin g  procedu re  
w as su ccessfu lly  em p loyed  b y  H o lsin g er  et a / .13 A n o th er  
beverage form u lation  o f  G u y  et al.26 w as converted  
in to  p ow d er by m ix in g  th e  co ld  m ix  con cen trate w ith  
n itrogen , spread ing it in  th in  film s o n  trays fo llo w ed  by 
dryin g  under v acu u m  in  a sh e lf  dryer. T h ey  suggested  
that concentrated  b len d s o f  w h ey  and soy  flour can  
ea sily  be spray dried or fo am  dried under vacuum . 
H ow ever , th e fo am  spray drying tech n iq u e m u st be used  
for su ch  prod u cts w herein  th e  so lid s con ten t is a b ove  
45 per cen t. A cco rd in g  to  H o lsin g er  et al,19 w hen  
la c to se  is hyd ro lyzed , fo a m  spray drying w ith  nitrogen  
in jec tio n  is necessary.

D ifferen t m eth o d s  o f  dryin g  m a y  resu lt in a product



3 4 4 J O U R N A L  O F  F O O D  S C IE N C E  A N D  T E C H N O L O G Y , V O L . 2 1 ,  S E P T . /O C T .  1 9 8 4

w ith  varying p h ysico -ch em ica l prop erties w h ich  m ay, 
in  turn , affect its recon stitu tab ih ty  and storage stab ility . 
A lth o u g h  n ot m uch  in form ation  is availab le on  th is  
subject, th e w o rk  o f  G u y  et al.26 deserves b r ie f m en tion . 
T h ese w orkers fo u n d  th at th e va cu u m  sh e lf  dried p ro
du ct has su b stan tia lly  h igher am ou n ts o f  free fat (13.8  
to  18.5 per cen t o f  th e  to ta l fa t) th an  th e  spray p rocess  
p rod uct (0 .9  to  1.3 per cen t). W ith th e  fo a m  spray dried  
w h ey-soy  drink, th e  b u lk  d en sity  increased  (from  0 .24  
to  0 .33  g /m l) on  decreasing th e am ou n t o f  air in jection .

T h e structure o f  th e beverage pow d er particles largely  
determ ined by th e m eth o d  and co n d itio n s  o f  drying, 
is th e prim e factor in fluencing  th e recon stitu tab ility  o f  the  
beverage. A  recent stud y u sin g  ligh t and scan n in g  e lec 
tron  m icroscop y  show ed  th e presence o f  s lig h tly  co lla p s
ed  spherical particles w ith  a  sm o oth  surface ar.d som e  
aggregates in  a  spray dried w h ey-soy  beverage47. R ed u c
tio n  in  th e in let air tem perature co u p led  w ith  increased  
to ta l so lid s  in th e feed  caused  an increase in th e num ber  
o f  th e aggregates, m an y  o f  w h ich  w ere coated  w ith  fat 
drop lets. T h e h y d rop h ob ic  surface w as stated  to  inh ib it 
th e  dispersal o f  th ese aggregates d u rin g  rehydration , 
thereby en h an cin g  p h ase  separation  after recon stitu tion .

Since th e  w h ey-so y  beverages are, in  essen ce, b len ds  
o f  w h ey  so lid s and so y  so lid s  :n o n e  form  or another, 
practical con sid eration s m ay favour m ix in g  th e tw o  
ingred ients in a  dry form . G u y  et a /.44 reported  that 
th e  dried w h ey -so y  flour m ixtu re recon stitu ted  m ore  
ea sily  and had a greater p h ysica l stab ility  th an  a  dry 
blen d  o f  w h ey  p ow d er and soy  flour. H o ls in g er  et al.19 
fo u n d  that th e  so lu b ility  ind ex  o f  spray dried w h ey-soy  
drink m ix  increased  w h en  recon stitu ted  m ed iu m  heat, 
sw eet w h ey  so lid s rep laced  fresh, flu id  sw eet w hey  in the  
m ix  b efore drying.

T h e nu trition a l sign ificance o f  th e  recon stitu tion  
tech n iq u e w as dem on strated  by D e lla m o n ica  and co 
w orkers48 w h o  investigated  losses in  v itam in s A  and C  
o n  h o t w ater recon stitu tion  o f  a w h ey-soy  beverage. A  
lo ss  o f  50 per cent o f  th e v itam in s w as n oticed  after  
m ixin g  th e  p ow d er in  bo ilin g  w ater for o n e  m inu te, 
w h ile  5 m in  o f  b o ilin g  resulted in 65 per cen t loss o f  the  
vitam in s. T h ese  w orkers have recom m en d ed  recon sti
tu tio n  by b len d in g  th e dried prod u ct in  b o ilin g  water  
fo r  30 sec fo llow ed  by c o o lin g  at am b ien t tem perature  
so  as to  m in im ize  v itam in  losses in th e prod uct.
C onclusion

T h e w h ey-so yb ean  co m b in ation  seem s to  h o ld  g o o d  
prom ise tow ard s u tiliz in g  th ese va lu ed  fo o d  m aterials in  
th e  m an u factu re o f  nu tritio u s beverages. Su ch  beverages 
h a ve been  fou n d  to  be h ig h ly  accep tab le as flavoured  
drinks. H ow ever , as m ilk  a n a lo gu es, w h ey-soy  beverages 
n eed  to  u n dergo  sub stan tia l im provem en t particu larly  
in  resp ect o f  their flavour. C heddar ch eese w hey  or

sw eet ch eese w h ey  has generally  been preferred to  acid  
w hey. L im ited  attem pts have been m ade in the d irection  
o f  u sin g  lactose-red u ced  w h ey  ob ta in ed  th rough en zym e  
hyd rolysis or rem oval o f  crysta llized  lactose . T h e  
en zym e treatm ent o f  w h ey  deserves greater con sid eration  
in  v iew  o f  th e fa ct th at it offers an added advantage in 
increasing  sw eetn ess and thereby en h a n cin g  th e taste  
app eal o f  th e p rod u ct.

S oyb ean  is processed  as w h o le  bean s or con v erted  
in to  a flour or p rotein  iso la te  for its in corp oration  in to  
w hey. T h e m eth od  o f  soyb ean  p rocessin g  in  th e  first 
instance and th e treatm ent o f  th e w h ey-soy  blend later, 
largely  determ ine the flavour o f  th e fin ished  p rod uct. 
In sp ite  o f  the ‘im proved’ or ‘accep tab le’ flavour attri
bu ted  to  certain beverage form u lation s, th e prob lem  o f  
‘cerea l-lik e’ flavour inherent even  in prop erly  p io cessed  
soyb eans co n tin u es to  be a ch a llen g e  for  th e fo o d  
tech n o lo g ists . U n d o u b ted ly , synth etic  flavou rings have  
been used  w ith  com m en d ab le  success in  raising th e  
flavour q u a lity  o f  w h ey-so y  beverages.

F req u en tly , w h ey-soy  fo rm u la tio n s have been  fortified  
w ith  fat, v itam in s and m inreals in order to  m ak e th e  
nou rish in g  drinks m ore w h o leso m e. W h ile  m eth ion in e  
fortifica tion  is n o t so  desirab le o w in g  to  the off-flavour  
resu ltin g  from  heat treatm ent o f  th e  fortified  m ixtu re, 
in corp oration  o f  th is am in o  acid  in to  th e dried beverage  
can be o f  d istin ct va lu e w h en  th e recon stitu ted  drink  
is in ten ded  to  be con su m ed  in  co ld  co n d itio n . A d d itives  
lik e so d iu m  citrate and corn  syrup so lid s  have been  
em p loyed  to  en h an ce th e recon stitu tion  or sensory  
characteristics o f  th e w h ey-soy  beverages. Spray dried  
beverage pow d ers appear to  have a great p o ten tia l for  
use in  certain  in tern ation a l fo o d  program m es.
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BOOK REVIEWS

Physical Properties o f  Foods: E d ited  b y  R o n a ld  T o w itt,
F e lix  E scher, B engt H a llstro m , H a n s F . T h. M effert,
W alter E . L. Sp iess and G ilbert V os, A p p lied  Scien ce
P u b lish ers Ltd, L on d on  and N e w  Y ork , 1983; pp .
425; £46 .00 .

T n is b o o k  is the proceed in gs o f  a sem inar held  under 
th e au sp ices o f  C O S T  90 (E urop ean  C o o p era tio n  in  
Scientific and  T ech n ica l R esearch ) to  m ark  th e co n 
c lu s io n s  o f  the C O S T  90 project o n  th e  p h ysica l proper
ties  o f  fo o d s  at th e  C ath o lic  U n iv ersity  o f  L euven , 
B elg iu m . K n o w led g e  o f  p h ysica l prop erties o f  fo o d  
su ch  as w ater activ ity , rh eo log ica l an d  therm al p ro
perties is essentia l for p rocess d evelop m ent and  con tro l. 
T h e b oo k  com p rises fo u r  parts and d eals w ith  im p ort
ant p h ysica l prop erties o f  fo o d , d eve lop m en t and  
stand ard isation  o f  sim p le m eth od s o f  m easu rem en t and  
corre la tion  o f  qu a lity  o f  fo o d  in  re la tion  to  p h ysica l p ro
perties.

Part o n e  o f  th e b o o k  co n ta in in g  seven  pap ers d iscu sses  
at len gth  th e w ater activ ity  o f  fo o d s , practical ap p li
ca tion s o f  so rp tion  data , w a:er sorp tion  o f  b io log ica l  
m ateria ls, G A B  m od el o f  co n stru ctin g  sorp tion  
isoth erm s, and  a lso  survey on  ex istin g  sorp tion  data  
resu lts o f  th e C O S T  90  project o n  w ater activ ity  and  
fina lly  th e fu ture n eed s in  w ater sorp tion  in  food stu ffs.

Part tw o  co n ta in in g  seven  pap ers deals w ith  fo o d  
rh eology , its relevance to  fo o d  p rocessin g , use o f  rh eo lo 
gical data  o n  structure analysis and their ap p lica tion  in  
fo o d  en gin eering; gu ide lin es to  m easu rem en t o f  rh eo lo 
gical prop erties o f  fo o d  stuffs and  u se  o f  em itin g  data. 
O ne paper deals w ith  rela tion sh ip  o f  th ese properties  
on  th e ty p e  o f  flow  and its im p lica tio n  o n  fo o d  rh eology . 
C om m en ts o f  C O ST  90 project o n  rh eo log ica l p rop er
ties o f  liq u id  fo o d s  are a lso  in clu d ed .

Part three con ta in s five pap ers on  h istory , a im s, 
resu lts and  fu ture o f  th erm c-p h ysica l prop erties w ork  
w ith in  C O S T  90. C a lcu la tio n , m easurem ent o f  th erm o
p h ysica l p rop erties o f  fo o d s  and  their critical eva lu a tion  
are ou tlin ed . In fo rm ation  and p red iction  o f  ph ysica l 
p rop erties o f  n o n fo o d  m ateria ls are a lso  to u ch ed  u p on .

Part fo u r  co n ta in in g  three pap ers d eta ils  som e obser
vation s o n  C O S T  90 and  p resents general co n c lu sio n s  
and  recom m en d ation s o f  th e project. W nile  eva lu atin g  
th e ab ov e  prop erties, n eed  for assessin g  param eters such  
as accuracy, p recision , rep eatab ility  and rep rodu ceab ility  
o f  resu lts, m eth o d o lo g y  and reference standards, relatin g  
o f  exp erim en ta l m eth o d  to  practical s itu a tion s and  p arti
cu lar versus general u seab ility  o f  data  are h igh ligh ted .

O ne im p ortan t featu re o f  th e b o o k  is th e  in c lu sion  
o f  active d iscu ssion  o f  each  pap er after presen tation . It

a lso  g ives in  th e  b egin n in g  a  list o f  con trib u tors to  the  
C O S T  90 project and at th e  end g ives list o f  particip an ts  
o f  th e sem inar. T h e ed itors have a ttem p ted  to  bring  
o u t con c ise  in form ation s a n c  o p in io n  o f  scientific  
w orkers o n  th ree im portant p h y sica l p rop erties o f  fo o d  
and their rela tion  to  fo o d  p rocessin g , p reservation  and  
p ack agin g . P roceed in gs o f  th e sem inar is a im ed  to  p ro 
v id e u sefu l first hand in form ation  o n  th e  sub ject. T h e  
top ics covered  are broad en ou g h  to  draw  th e  a tten tion  
o f  th e  sp ecia lists in th e field  o f  fo o d  sc ien ce and  tech n o 
lo g y  w h o se  c h ie f  concern  is fo o d  p rocessin g  and pre
servation .

N . Balasubrahmaniam 
C.F.T.R.I., M y s o r e

Yeast Genetics— Fundamental and Applied Aspects:
E dited  by J .F .T . Spencer, D . M . Spencer and A . R . W .
S m ith , Springer-V erlag P o stfacn , H eid el-b erger P la tz
3, D -1 0 00 , Berlin  33, 1983; p p  533; U S  $  57.50.

T here has Deen rem arkable grow th  in  th e  field o f  
m olecu lar  b io lo g y  du ring th e  p ast few  decad es. A d 
vances m ad e in  th e field  h ave h e lp ed  us to  un derstan d  
th e  m olecu lar m ech an ism s u sed  by nature for  rep licating , 
d istrib u tin g  and m o d ify in g  b io lo g ica l in form ation . 
G reat deal o f  in form ation  has been  gathered  a b ou t the  
ch em ical and p h ysica l nature o f  m a cro m o lecu les , n u cleic  
acids and  p rotein s and  th e m an n er in  w h ich  ca rb oh y
drates, lip id s and sm aller m o le cu le s  w ork  to g eth er to  
provide th e m olecu lar  settin g  o f  liv in g  system s. Springer- 
V erlag  is b rin gin g  o u t a  series o f  m on ograp h s on  m o le 
cu lar b io lo g y  and  th is b o o k  deals w ith  fu n d am en ta l and  
app lied  aspect o f  yeast gen etics. T h e b o o k  co n ta in s 15 
chapters group ed  in to  fo u r section s. T h is  v o lu m e op en s  
w ith  a  series preface fo llo w ed  by p reface to  th is particu lar  
b o o k  w h ich  gives an overa ll rev iew  o f  th e  co n ten ts w hich  
is  q u ite  ex ten sive , h ig h ly  in form ative  and critical.

T h e first ch ap ter by C arter and  o thers d eals w ith  the  
con tro l o f  ce ll p roliferation . G en es in v o lv ed  in  cell 
d iv ision , p rod u cts o f  g en es in v o lv ed , o rg a n isa tion  o f  
cell cy c le  even ts, co n d itio n s  necessary  to  start th e  cell 
cy c le  such  as nu trien ts and  size, ro le  o f  h orm on es in 
m atin g , d eve lop m en t o f  a lternatives to  m ito sis  are 
discussed .

S exu al cyc le  in Saccharomyces cerevisiae, in  th e  norm al 
as w ell as in adverse co n d itio n s , are rep orted  in  th e  
second  chapter. W h ile  o u tlin in g  th e sp oru la tion  in  S. 
cerevisiae, th e au th or d iscu sses th e  life  cy c le  o f  h etero-  
th a llic  y east, m o rp h o lo g y  and p h y sio lo g ica l and b io 
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ch em ical ch an ges. Sp ecia l gen etic  tech n iq u es, gene  
fu n ctio n  and  expression  du ring  sp oru la tion  and factors  
resp on sib le fo r  m ito sis  and m eio sis  are a lso  presented  in 
th is chapter.

T h e p h en om en o n  describ in g  the g en etic  b eh av iou r o f  
yeast, th e  fu n d am en ta l natu re o f  th e recom b in a tion  and  
g en etic  a lteration s are presented  in th e  th ird  chapter  
by F o g e l and h is associates. V a lu e  o f  recom b in ation  as 
a to o l for  strain  im p rovem en t in  yeasts  h as b een  detailed , 
coverin g  all asp ects o f  th e  tech n o lo g y . T h e to p ic  o f  
m eio tic  gene co n version  d eals w ith  (a) m ech an istic  
overview  o f  the p h en o m en o n  (b)  ex am in ation  o f  a sp ec i
fic recom b in ation  m o d el (c) p rop erties and attributes o f  
m eio tic  gen e con v ersio n  based  o n  g en etic  stud ies in  fungi 
and (d) analysis o f  th e new er k n ow led ge  obtained  from  
th e recom b in an t D N A  structures. M ito tic  recom b in ation  
and yeast cy to lo g y  d o es  n o t get a tten tion  in  th e article.

T h e n ext ch ap ter con cern s th e  rad ia tion  sen sitiv ity  
in  yeast and  repair o f  g en etic  d am age by U V  and X -ray  
irradiation . G am e g ives th e o tu lin es  o f  earlier stud ies on  
radiation  b io log y  o f  Saccharomyces cerevisiae, m ajor  
classes o f  rad ia tion -sen sitive  m u tan ts th at have been  
iso la ted  and  d iscu ss their co n trib u tio n  in  un derstan din g  
th e gen etics o f  repair in  yeast. T h is chapter a lso  des
cribes the recent w o rk  o n  th e  gen es th at con tro l repair  
o f  ion iz in g  rad ia tion  d am age w h ich  are a lso  required  
for  norm al m eio sis , as w e ll as m e ito tic  and  m ito tic  
recom b in ation  in  yeast. R o le  o f  X -ray  sen sitive  
m u tan ts in  current research in  th ese  areas h av e a lso  been  
projected .

Strain im p rovem en t th rou gh  breeding is on e  o f  the  
m eth o d s o f  p rov id in g  b etter m icrob ia l strains for  fer
m en ta tion  ind ustry . T ill recen tly  m o rp h o log ica l criteria  
a n d  p h y sio lo g ica l tests  w ere b e in g  used  in  th e c lassifi
ca tion  and  id en tification  o f  yeast. It w as based  o n  the  
ab ility  o f  th e  iso la te  to  ferm ent sugars and  u tilize  certain  
n itro g en o u s co m p o u n d s. N o w  sop h istica ted  im m u n o 
lo g ica l test and  determ in ation  o f  th e  co m p o sitio n  o f  the  
D N A  and  u ltim a te  criterion  o f  th e structure o f  D N A  
i ts e lf  are m ade u se  o f  in  th e  yeast ta x o n o m y . In th e  
fifth  chapter, K u rtzm an etal. rev iew  th e  w ork  carried o u t 
in  th e p a st 15 years w herein  th e p o ss ib ility  o f  w h o le  
g en o m e co m p a rison s th rou gh  D N A  reasso cia tion  w h ich  
is n o w  b e in g  used  to  define sp ec ies. T h e ch ap ter gives  
deta ils  on  n u c le ic  acid  iso la tio n  and p u rification , D N A  
basic co m p o sitio n , D N A  related ness and  co n c lu d es  w ith  
an em p h asis on m o lecu la r  ta x o n o m y  as an aid  to  gen etic  
research .

S ix th  ch ap ter is d evo ted  to  a rev iew  o n  th e gen etic  
app roaches to  th e stu d y  o f  p rotease  fu n c tio n  an d  p ro 
teo ly sis  in  Saccharomyces cerevisiae. D r. Jo n es  d iscu sses  
th e  ro le  o f  p rotein ase , p ep tid es, an d  in h ib itors in th e  
fu n c tio n in g  o f  th e ce ll an d  stresses th e  im p ortan ce o f  the  
recent find in gs.

F lo ccu la tio n  is o n e  o f  th e m o st im p o rta n t desirab le  
character o f  yeasts, w hether in  brew ing, en o lo g y  or 
ind ustria l a lco h o l ferm en ta tio n . T h e term  is used  to  
d en ote  aggregation  o f  d ispersed  y ea st ce lls  to  floes  
ev en th o u gh  there are other form s o f  aggregation  nam ely , 
‘c lu m p y  g row th ’ an d  ‘ch ain  fo rm a tio n ’. E ven th ou gh  
‘flo ccu la tio n ’ is  a cell surface p h en om en o n , it is  a lso  
rep orted  to  be g en etica lly  co n tro lled . It is a  property  
associa ted  w ith  structure o f  th e cell w a ll and  m o st lik ely  
w ith  ce ll w a ll p rote in s. In  th e seven th  ch ap ter o f  the  
b o o k , J o h n so n  and R eader p resent th e m eth o d o lo g y  
fo r  th e  m easurem ent o f  flo ccu la tio n , or ig in  o f  strains, 
p h en o typ ic  varia tion , cell w a ll d ifferences, sta b ility  o f  
floccu len ce  and industria l ap p lica tion s.

T h e natu re and  fu n c tio n  o f  p la sm a  m em b ran e is 
o n e  o f  th e im portant factors in  stu d y in g  the p h y sio lo gy  
and  m a ta b o lism  o f  th e organ ism . T h e m em b ran e c o n 
ta ins p rotein s, lip id s and  carb oh ydrates, o f  w h ich  the  
the lip id s  have received  m u ch  a tten tio n . R a n k  and  
R o b ertso n  review  th e ro le  o f  p rote in  a n d  lip id s in  
m aterial and  energy tran sp ort an d  th e g en etic  co n tro l  
o f  their fu n ctio n , in  th e e igh th  chapter. T h e auth ors  
report th e procedu res em p loyed  in  th e iso la tio n  o f  p lasm a  
m em b rane, cy to lo g ica l pu rity  o f  m em b ran e preparations  
and describe th e w id e range o f  g en etic  and  p h y sio lo g ica l  
m a n ip u la tio n s p o ssib le  to  stud y th e structural and  fu n c
tio n a l re la tion sh ip  o f  th e m em brane.

S o m a tic  h yb rid iza tion  tech n iq u e  h as b een  ad op ted  
fo r  strain  im p rovem en t in  fu n g i and yeasts. M o st o f  the  
industria l strains o f  Saccharomyces cerevisiae u sed  in  
brew in g, b ak in g  and  a lc o h o lic  ferm en ta tio n  m u ltip ly  
p rin cip a lly  by b u d d in g  o n ly ; sex u a l activ ity  is  se ld om  
observed . A ttem p ts have b een  m ad e to  stim u late  th em  
to  behave lik e  lab oratory  strains. T h e u se  o f  p rotop last  
as to o ls  o f  gen etic  recom m en d a tio n  in  y ea sts  h ad  proved  
fru itfu l. F lybrids have been ob ta in ed  b etw een  S. cere
visiae a n d  Saccharomycopsis lipolytica. S p en cer et al. 
have a lso  p rod uced  both intergeneric  and interspecific  
som atic  hybrids. T h e n in th  chapter by F reem an and  
P eperdy describe the tech n o lo g y  o f  p ro top la st iso la tio n , 
fu s io n  and reversion  a n d  th e co n seq u en ces  o f  p r o to 
p last fu sio n .

T h e ten th  ch ap ter by W ilk ie  is d evo ted  to  g en etic  
and fu n ctio n a l aspects o f  m itoch on d ria . W ilk ie briefly  
describ es th e m ito ch o n d ria l g en o m e recom b in a tion , 
rep lica tion  and  tran sm ission  togeth er  w ith  som e aspects  
o f  b io g en esis  and  fu n ctio n  o f  the organalle . H e  
em p h asises th at yeast cell m akes a usefu l m o d el o f  the  
eu k ory o tic  ce lls  to  stud y th e prob lem s relatin g  to  the  
activ ity  o f a n tim ito ch o n d ria l drugs because they have  
som e im p ortan t fu n ctio n s in  ce llu la r  p io cesse s  apart 
from  p ro v id in g  A T P .

E vens presents an  exh au stive and  h ig h ly  in form ative  
review  on  m olecu lar  genetics o f  yeast m itoch on d ria  in
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chapter e leven . C lear ev iden ce for D N A  in  m itoch on d ria  
w as first estab lish ed  in 1962 an d  sin ce  th en  in ten se  
research activ ity  is b e in g  carried ou t o n  m ito ch o n d ria l  
D N A  (m t D N A ). M itoch on d ria l D N A  o f  d ifferent 
o rgan ism s vary in  fo rm , size an d  base co m p o sitio n  even  
th ou gh  there are so m e broad sim ilarities in  m ajor p h y
lo g en etic  group . S ize and co n fo rm atio n  o f  m t D N A  
o f  p ro to zo a , m yxom ycetes, fu n g i-b o th  yeast and  
filam en tou s, m etazoa , a lgae a n d  som e p lan ts are g iven  
in  a  tabular form . T h e to p ics  d iscu ssed  in  th is chapter  
a r e : D N A  seq u en cin g  o f  m t D N A , yeast m itoch o n d ria l 
gen om e, varia tion s in  the size o f  d ifferent m t gen om es  
o f  different yeast strains, base co m p o sitio n  o f  yeast m t 
D N A , m ap p in g  y ea st m t D N A , g en etic  m ap p in g , 
gen es o n  yeast m t D N A , gen es o f  rib osom al R N A , tR N A  
gen es and  th e  m ito ch o n d iia l gen etic  co d e , sim p le p ro 
te in -co d in g  m itoch on d ria l gen es, co m p lex  p ro te in 
co d in g  m itoch on d ria l genes, u n assg in ed  read ing, fram es  
and  in tron s, m itoch on d ria l tran scrip tion , m itoch on d ria l  
p ro te in  syn th esis, th e p etite  m u ta tio n  and  m t D N A  
rep lica tion  an d  th e ev o lu tion ary  aspects have a lso  been 
presented  in  d eta il.

T h e tw elfth  chapter is  d evoted  to  Sc V  ‘K ille r ’ virus 
in  y ea st. C e ita in  stra in s o f  Saccharomyces cerevisiae 
(an d  a lso  of o ther genera) secrete a p rote in aceou s tox in , 
th e killer to x in , w h ich  is lethal to  o ther strains o f  the  
sam e species. T o x in  p rod u cin g  strains are term ed k illers  
and  th e su scep tib le  strains are term ed sensitives. K iller  
strains p ossess tw o  species o f  ds R N A , th e L  an d  M  
gen om es w h ich  are separately  en cap su la ted  in  iden tical 
protein  co a ts as th e Sc V -L  and  S cV -M  viruses, and  
h en ce can  be refered to  as v iru s-lik e particles. T hese  
tw o  p a itic le s  p o ssess  a ll th e attrib u tes o f  a segm ented  
virus excep t in fectiv ity . M itch a ll and  B eavan  have  
d ea lt in  d eta il variou s ch aracteristics o f  th ese p articles  
lik e  electron  m icroscop y , p h ysica l prop erties an d  a lso  
the m o lecu la r  stu d ies o f th e g en om es. D e ta ils  o f  the  
k iller to x in  are a lso  presented .

G en etic  an a lysis  and breed in g  o f  brew er’s yeast is the  
title  o f  th e ch ap ter th irteen . T ech n iq u es used  in  th e  g en e
tic  im p rovem en t o f  brew ing yeast strains are d iscu ssed  
in  an expert m anner. T h e n ext ch ap ter is d evo ted  to  the  
im provem en t o f  w in e yeasts. A fter  tracing  th e  origin  
o f  w in e  yeast, S n o w  describes th e life  cycle  and  p lo id y  
and variou s m eth od s fo llo w ed  in  y ea st  im p ro v em en t. 
D esira b le  characteristics o f  th e w in e  yeast and  the w ays  
o f  in co ip o ra tin g  it in th e n ew ly  d eve lo p ed  strain are 
a lso  d iscu ssed .

S in ce several th o u sa n d s  o f  years, sp ec ies o f  th e g en u s  
Saccharomyces h ave b een  u tilized  to  p rod u ce e th a n o l  
both  tor p o ta b le  an d  in d u str ia l p u rp oses. Y easts are 
th e  o ld est cu ltivated  p lan ts and  c o n v e it  sugars, in  su b 
stan ces such  as grape an d  other fruit ju ices, m alted  
grain  extracts, m ilk  etc ., in to  a lc o h o l effic ien tly  and

rapidly. T he m ain  defic ien cy  o f  th ese a lco h o l p rod u cin g  
yeasts is their in a b ility  to  ferm ent p en to se  sugars and  
polysaccharides. H ow ever, a few  yeasts cap ab le  o f u t ili
z in g  p en toses, dextrin , starch and  ce llu lo se  have been  
iden tified . A ttem p ts are bein g  m ade to  d ev e lo p  new  
stra in s o f  yeasts w h ich  can  p rod u ce  a lc o h o l from  th e  
u n co n v en tio n a l substrates. T he rev iew  w ill be o f  great 
h elp  to  th ose  research w orkers en ga g ed  in  th is  task .

In recent tim es, yeasts are a ssu m in g  greater im p ortan ce  
in  g en etic  en gin eerin g  and  m olecu lar  b io lo g y  over E. 
coli as th e  form er have estab lish ed  their sa fety  as non  
p ath o gen ic . T h is b o o k  w ill serve as a usefu l reference  
b o o k  to  a ll th ose  w h o  a ie  co n cern ed  w ith  m od ern  
b io tech n o lo g y .

K . R . S r e e k a n t ia h  
C.F.T.R.I., M y s o r e

Nutritional Standards: by L ew is J. M in or, A V I, P u b lish 
in g  C om p an y  In c., W estport, C o n n ecticu t, 1983,
pp. 281, $  20.75.

T n is b o ok  is a im ed  at h e lp in g  to  exp la in  th e  basic  
factors th at in flu en ce the w h o leso m en ess , nu tritive  
valu e, flavour, co lou r, tex tu te , app earance, and preser
v ation  of fo o d  prod ucts. Ju st as im p ortan t, it a lso  p ro 
v id es g u id e lin es u sed  to  set q u a lity  stan d ard s for in sti
tu tion a l and  com m ercia l d ietary services. It em p hasises  
th at th e stud y o f  fo o d  sc ien ce and n u trition  is critical 
to  o u i a b ility  to  provide h ealth y  d iets  to  fu ture gen era
tio n s. F o od  has been defined as a co m p lex  su b ject and  
its  prop er fo cu s em braces th e  p h ysica l, ch em ica l, b io 
log ica l and  so c ia l scien ces. It has m ade a co n certed  
attem p t to  id en tify  q u a lity  param eters, a cco rd in g  to  
w h ich  q u a lity  fo o d -serv ices sh o u ld  o p e ia te . A lth o u g h  
sou rces o f  stand ards m ay vary th ey  em a n ate  fro m  pro
fess io n a l, con su m er, g overn m en ta l a n d  other con cern s  
and  further th ey  a ll have several th in g s in  co m m o n , 
n a m ely ,

(1) F o o d  service stand ards id en tify  g o a ls  and  re
p resent p erform an ce in d icators th at can  and  
sh ou ld  be u tilized  to  structure a n d  ev a lu a te  
o p eration al perform ance.

(2) F o o d  service standards provide a fo u n d a tio n  o f  
in fo rm a tio n  that stu d en ts o f  h osp ita lity  m ust 
acquire in  order to  im p rove our fo o d  ind ustry .

(3) E xem plary stand ards o f  excellen ce  m ust be k n o w n  
so  as to  be u tilised .

T h is b o o k  has 9 chapters d ea lin g  w ith  in tro d u ctio n  
to  th e stu d y  o f  fo o d , p rod u cts stand ards, fo o d  ad d i
tives stand ards, a prim er on  m o n o so d iu m  g lu tam ate, 
fo o d  flavour standards, stand ards in  n u tr ition , new  
fo o d  prod u ct d eve lo p m en t stand ards, lab oratory
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guide for  fo o d  f la vo u r  e v a lu a tio n -b o th  th eory  and  
practice.

T h e first m a in  ch ap ter em p h asises th e  basic k n o w 
ledge o f  fo o d , th e cu lin ary  arts and  th e sciences  
o f  preserving fo o d s  im p ortan t to  fo o d  service m a n a 
gers. A ccep ta n ce  o f  fo o d  is d eterm in ed  b y  such  
factors as age, so c io  eco n om ic  back grou n d , travel 
experiences, fam ily  size and  m ak e up in c lu d in g  acti
v ity  patterns w h ich  are, o f  course , different for each  
in d iv id u a l.

T he 2nd chapter o n  fo o d  prod u cts stand ards em 
phasises th at th ese are essen tia l in  th e m ark etin g  o f  fo o d s  
and  relate to  q u antity , w eigh t, q u a lity  an d  valu e o f  the  
fo o d  p rod uct. It d ea ls  w ith  stan d ard s o f  egg  prod u cts, 
processed  eggs, p ou ltry , m eat, m ilk  and  m ilk  prod ucts, 
fru it and  vegetab le prod u cts, cereal prod u cts in c lu d in g  
sp ices an d  tea  in  d epth .

T he fo o d  add itives stand ards are d ea lt in  ch ap ter 3 
w here fo o d  a n a ly sis , con su m er p rotectio n , sources  
and lim its f o i  fo o d  add itives, in c lu d in g  ad d itive con tro l 
by leg isla tion  w ith  b ib liograp h y have been h igh 
ligh ted .

T h e 4 th  chapter d eals w ith  m o n o so d iu m  g lu tam ate  
in d ica tin g  its h istory , its  ro le  as a  fo o d  flavour  
en hancer, in c lu d in g  use levels as w ell as safety  
aspects.

F o o d  flavour standards in c lu d in g  lab oratory  cod e  
for  flavour ev a lu a tio n -b o th  th eory  and  p ractice-have  
been h igh ligh ted  in  ch ap ters 5, 8 a n d  9. T h ese deal 
m ain ly  w ith  th e im p ortan ce o f  flavours an d  od ou rs;  
studies in c lu d in g  od ou r d eterm in ation  and  taste evalu a- 
a tion , e sp ec ia lly  w ith  regard to  tem perature and  b len d
in g  effects.

C hap ters 6 and  7 h igh ligh t th e  fo o d  se iv ice  
n u tritio n  standards. V ariou s n u trien ts u sed  fo r  fo r ti
fication  as w ell as em u lsify in g  agents, n eed  o f  cai b o-  
hydrates, p rote in s, lip id s, fa t so lu b le  v itam in s, w ater  
so lu b le  v itam in s, m in era ls, their d ig estio n , absorp
tio n  and nutrient u tilisa tio n  in c lu d in g  nu trition a l 
lab ellin g .

N ew  fo o d  p rod uct d eve lop m en t stand ards w ith  re
gard to  th e step s in v o lv ed  in  th e d eve lop m en t o f  new  
p rod ucts h a ve b een  rev iew ed  in  ch ap ter 7.

T h e fo o d  serv ice in d u stry  is  vast and  com p lex  a n d  
the scop e o f  its a ctiv ities  and  job -re la ted  k n ow led g e  
required to  op erate w ith in  it, is  very broad.

T h is b o o k  w ill be a  u sefu l gu id e for  p rofession a ls , 
consu m ers, n u trition a l experts, govern m en t agen cies and  
m anufacturers w h o  strive to  ach ieve h ig h  q u a lity  fo o d  
service stand ards by d eve lo p in g  a n d  m arketin g  on  
m o d em  lin es th e  fo o d  m a n u fa c tu r e /fo o d  service  
system .
. . . .  O. P.  Kapoor
0 C.F.T.R.T., M y s o r e

Developments in Food Preservation:— 2. E d ited  by
Stuart T h orn e , A p p lied  S c ien ce  P u b lish ers, L o n d o n ,
1983; pp . 184; £  24.00.

D ev e lo p m en ts  in  F o o d  P reservation-2  com prises six  
chapters covering  a w id e range o f  aspects o f  preservation  
o f  fresh  a n d  p rocessed  fo o d s . T h e first ch ap ter w h ich  
deals w ith  co n tro lled  atm osp here (C A ) storage o f  fruits 
and  v eg etab les d iscu sses briefly th e benefits a n d  lim ita 
tio n s; recom m en d ed  a tm osp h eres for va rio u s h orti
cu ltu ra l crop s; a n d  th e  p o ten tia l in  th e  tran sp orta tion  
o f  certain  fru its and  vegetab les. C on stru ction  and  opera
tio n a l aspects o f  C A  stores are d ealt in a  l itt le  m ore  
d eta il. A lth o u g h  th e u sefu ln ess o f  C A  in  co n ju n ctio n  
w ith  in term ediate tem p eratures has b een  fo u n d  to  be  
beneficia l for th e  storage o f  ch illin g  sen sitive  cu ltivars, 
th e  com m ercia l a p p lica tio n  is m o stly  lim ited  to  apples  
and to  a  lesser ex ten t to  pears a n d  cabb ages. S in ce  C A  
storage is effective m o stly  in  co n ju n ctio n  w ith  refrige
ra tion , eco n om ics is o ften  th e lim itin g  factor  in  th e  w id er  
a p p lica tio n  o f  th is m eth od .

C hapter 2 o n  fo o d  irrad ia tion  d iscu sses briefly th e  
in ten sive  research and  d eve lo p m en ta l w ork  un dertaken  
in  several cou n tries d u rin g  th e  la st th ree d ecad es and  
p rov id es an in sigh t in to  th e  fa ctors th at have hindered  
th e practical a d o p tio n  o f  th is  n e w  p reservation  m eth od  
d esp ite  its m a n y  p roven  a p p lica tion s. S in ce  safety  o f  
irradiated fo o d  has been th e  m ajo i co n cern  for  its  
accep tan ce b y  th e ind ustry  and  th e con su m er, th e  author  
has d ev o ted  m ore a tten tio n  to  the m assive  scientific  
data  generated  on  to x ico lo g ica l, n u tr itio n a l, chem ical 
and m icro b io lo g ica l aspects o f  irradiated  fo o d s , w h ich  
finally  led  to  the F A O /W H O  IA E A  J o in t Expert C o m 
m ittee  in  1980 to  co n c lu d e  th at irrad ia tion  o f  a n y  fo o d , 
u p to  a d o se  o f  10 k G y , presents n o  to x ic o lo g ic a l hazard. 
C om m ercia l fo o d  irrad iation  fa c ilitie s  currently  in 
o p eratio n  in  som e cou n tries and  th e o u tlo o k  for fu ture  
a p p lica tion  o f  th is new  tech n o lo gy  are d iscu ssed  briefly.

T h e p h ysica l b ack grou n d  to  h eat a n d  m ass transport 
in  so lid  fo o d  stuffs o f  h o m o g en o u s, h e terog en eou s and  
p o rou s m aterials and th e relevant th erm al processes, 
essentia l in form ation  fo r  th e  d esign  o f  any  p rocessin g  
o p eration , are described  in  ch ap ter 3. C on v ective  
h eatin g  by m ean s o f  air is a n a lysed  in  d eta il and  
eq u a tio n s are g iven  fo r  th e transfer o f  heat and  m ass in  
different zo n es  o f  th e p rod u ct during dryin g  operation .

U n t il  recently , in spray dryin g  o f  fo o d  stuffs, m eetin g  
pow d er q u a lity  requirem ents w as con sid ered  m ore  
im p ortan t th an  fu el con su m p tion . W ith  th e ch an ged  
s itu a tio n , how ever, m u ch  d eve lop m en ta l activ ity  is 
currently  ta k in g  p lace in to  w ays o f  red ucin g  energy  
co sts  th ro u gh  im proved  w a ste  h eat U tilization a n d  energy  
sa v in g  o p tio n s. T h ese asp ects as w e ll as th e  practical 
asp ects  and  basic principles: o f  spray drying fo o d  stuffs



3 5 0 J O U R N A L  O F  F O O D  S C IE N C E  A N D  T E C H N O L O G Y , V O L . 2 1 ,  S E P T . /O C T .  1 9 8 4

are d esc iib ed  in  chapter 4. D ev e lo p m en ts  in  prod uct 
q u ality  im p rovem en t and op eration  o f  spray driers to  
m eet en viron m en ta l standards are briefly d iscussed .

C hapter 5 d eals w ith  th e use o f  com pu ters in fo o d  p ro 
cessin g  op eratio n s. T h e d ifferent d ig ita l system s in  
use are described  in  very general term s an d  th eir  p o ssib le  
ap p lica tio n s in  variou s fo o d  p rocessin g  op eration s are 
briefly ou tlin ed . T h e reader m ay n o t And m u ch  in fo r 
m a tion  o n  th e basic p rin cip les but m ay get an  idea as to  
h o w  com p u ters can  be put to  use to  im p rove and  m a in 
ta in  stand ards o f  prod uct q u a lity  and to  reduce w astage  
o f  m ateria l and  energy.

E th y len e, a gas at p h ysio log ica l tem perature ar\d pres
sure, is recogn ized  as an  en d o g en o u s  p lan t h o rm o n e  
co n tro llin g  variou s p h y sio lo g ica l processes o f  p lan ts  
particu larly  m atu ration  and rip en in g  o f  fruits. E th ylen e  
is a lso  released  in to  th e  atm osp h ere as a byp rodu ct  
o f  p la n t m etab o lism  and  its presence can  cause serious  
p rob lem s o f  com m ercia l im p ortan ce in  th e refrigerated  
or co n tro lled  atm osp here storage o f  fresh  fru its and  
vegetab les. T h e b iosynth esis and  p rod u ctio n  o f  eth y len e  
in  different fru its and vegetab les, its ro le  in  th e  rip en in g  
o f  fru its, storage disorders, a n d  recent d eve lop m en ts  
in  th e  m eth o d o lo g y  fo r  th e rem oval o f  e th y len e  from  the  
storage atm osp heres are d iscu ssed  in  th e last chapter.

T h is b o o k  th ou g h  p rov id es an  overv iew  o f  th e d eve
lop m en ts tak in g  p lace in  the ab o ve  m en tio n ed  areas o f  
fo o d  preservation , lacks an in d ep th  coverage o f  th e  
top ics.

Paul Thomas
B h a b h a  Atomic R e s e a r c h  C e n t r e , Bombay-400 085

Tomato Production, Processing and Quality Evaluation: 
W ilbu r A . G o u ld , 2nd E dn. A V I P u b lish in g  C o . Inc., 
W estp ort C on n ecticu t, 1983; pp . 445; $ 57.50.

T h e b o o k  com prises three parts, (a) p rod u ction  (b) 
p rocessin g  an d  (c) tech n o lo g y . Further each  part is 
sub divid ed  in to  several chapters.

T n e first part o n  p rod u ction  is m ad e up o f  seven  
ch ap ters. T h e first chapter covers in tro d u ctio n  and  
history  o f  to m a to  in d u stry , w h ich  traces th e  orig in  o f  
to m atoes , im p ortan ce o f  to m a to es  a m o n g  th e vegetab les  
and  th e  h istory  o f  to m a to  p rocessin g  ind ustry  in  U S A  
starting  from  1847 to  date. In  th e secon d  chapter, field  
se lection , c lim atic  co n d itio n s, ap p lica tion  o f  fertilisers, 
cu ltivars, d isease co n tro l, irrigation  etc. have been  
discussed . G en etics  an d  breed in g  o f  processin g  to m a 
to es  form s th e subject m atter in  th e  th ird  chapter. F ourth  
ch ap ter exp la in s ch aracteristics required, prob lem s en 
cou n tered  and  costs in v o lv ed  in  m ech an ica l harvesting  
o f  to m a to es . T h e fifth  chapter tou ch es u p o n  variou s

con ta in ers used  for  tran sp orta tion  o f  harvested to m a to es  
from  th e  field to  th e p rocessin g  p lan t. R ecen t d eve lo p 
m en t o f  u sin g  w ater tan k s for tran sp ortin g  is o f  particu lar  
in terest. F o u r  basic system s o f  g rad in g  fo llo w e d  in  
U S A  a lo n g  w ith  instru m ents u sed  fo r  eva lu atin g  th e  
sam e sub jectively  and objective ly  are described  in  
chapter 6. T h e seventh  chapter elab orates th e  variou s  
u n it op eration s in v o lv ed  in  p rep aration  o f  to m a to es  for  
p rocessing .

T h e secon d  part o n  p rocessin g  com prises five chapters  
from  8-12 d ea lin g  w ith  th e p rocessin g  aspects o f  to m a 
to es . Im p ortan ce o f  prop el fillin g  to  get drain ed  w eigh ts  
required u n d er the U S A  grades A , B a n d  C , firm ing  
agents, p rocess tim e an d  tem perature, n ecessity  o f  acid ifi
ca tion  have been d iscu ssed  in th e 8th chapter. In  
chapter 9, under to m a to  ju ice  m an u factu re in  ad d ition  
to  preparatory m eth od s and eq uipm en ts in v o lv ed , fou r  
in -can  p rocessin g  and  tw o  bulk p rocessin g  m eth ods  
h ave b een  described  w ith  em p h asis o n  th erm al in a cti
va tio n  o f  flat sour sp o ilag e  organ ism s. C hapter on  
to m a to  p u lp  an d  paste m an u factu re describes the  
d efin ition s u n d er the F o o d , D ru g  and  C osm etic  A ct  
for th e ab ove a lo n g  w ith  various co n cen tra tio n  system s  
used . B ulk  storage m eth od s o f  asp etic , freezin g  and  
acid ified  storage are o f  specia l in terest here; D efin tio n  
o f  to m a to  catsup , m eth od  o f  m an u factu re, in gred ien ts  
a n d  qu a lity , form s th e  sub ject m atter o f  chapter 11. 
In  chapter 12, form u las and  m eth od s o f  prep aration  for  
tom a to  soup , cream  o f  m u sh ro om  sou p  a n d  vegetab le  
b e e f sou p  have been  described.

T h e th ird  part o n  tech n o lo g y  is th e largest part 
in  th e b o o k  com p risin g  ten chapters from  13-22, coverin g  
com p reh en sively  quality  con tro l and  ev a lu a tion  m eth ods. 
T h e chapter 13 deals w ith  qu ality  d efin itio n , standards, 
m eth od s o f  determ in ing  and pur p o ses and bases o f  
q u ality  assurance program m e. Standards and p ro 
cedures for  d eterm in ing  th e fill o f  a con ta in er for p ro
cessed  to m a to  p rod ucts are described in  chapter 14. 
F a cto rs con trib u tin g  to  tom a to  co lou r, co lou r  percep tion  
and v ariou s system s and instru m ents used  in  co lou r  
m easu rem en t form s th e subject m atter o f  ch ap ter 15. 
M eth o d s and instru m ents used  fo r  m easu rin g  v iscosity  
have b een  desci ibed  in  chapter 16. P roced ures o f  deter
m in in g  acid ity  and  p H  and  the variou s m eth od s availab le  
for ev a lu a tion  o f  flavour in  to m a to  p rod u cts have been  
described in  chapters 17 and  18. D ro so p h ila  l ife  cycle , 
habits, its detrim ental effects on  to m a to es  a n d  its p ro 
ducts, its d e tectio n  a n d  co n tro l have b een  described  in  
chapter 19. C hapter 20 deals w ith  m eth o d s o f  m o u ld  
co u n tin g , genera  o f  m o u ld s  in  to m a to  p rod u cts and  
their characteristics, cau ses o f  flat sou r sp o ila g e  in  
to m a to  ju ice , its ch aracteristics and  p rev en tio n  a lo n g  
w ith  nature o f  sp o ilage en cou n tered  in can n ed  to m a to es  
and catsup s are described in  ch ap ter 21. C o m p o sit io n
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o f  to m a to es  and  its p rod u cts a lo n g  w ith  facto rs affecting  
th e reten tion  o f  n u trien ts have b een  described in  the  
last chapter.

T h e b o o k  a lso  co n ta in s  three ap p en d ices, A , B and
C. A p p en d ix  A  gives U .S . standards fo r  id en tity  and  
grades, fill o f  a  con ta in er, factors o f  qu a lity , d efin ition s, 
in sp ection  and  score sheets. A p p en d ix  B  describes  
“ F o o d  and  D ru g  A d m in istra tion  part 53— T o m a to  
p rod u cts” . A p p en d ix  C  g ives q u ality  co n tro l and  evalu a- 
a tion  form s.

T h e b o o k  gives an  ex cellen t, exh au stive  and  u p to  date  
basic in form ation  (su p p orted  by illu stra tion s, charts 
and excellen t p h otog rap h s o f th e  eq u ip m en ts used) on  
the m ain  factors in vo lved  in  p rod u ctio n , p rocessin g  and  
q u ality  con tro l and ev a lu a tio n  o f  to m a to  and  tom a to  
products. O n e lacu n a  w h ich  can  be p o in ted  ou t is that 
in fo rm ation  o n  and  d eve lo p m en ts in  th e  m anu facture  
o f  to m a to  ju ice  p ow d er h as n o t b een  covered  in  th e b o ok . 
A lso  it w o u ld  have been  m o re  app ropriate i f  th e  part
1-7 is sh ifted  to  p art II a n d  part III-22  to  p a it  I. T h e  
b o o k  seem s to  have b een  w ritten  sp ec ia lly  to  cater to  
the needs o f  m anu facturers o f  to m a to  p rod ucts in  U S A . 
H ow ever, it w o u ld  be extrem ely  u sefu l as a g o o d  refer
en ce  b o o k  to  fo o d  scientists, fru it tech n o lo g y  stud ents  
and  tech n o lo g ists  w ork in g  in  th e fo o d  ind ustries as 
w ell as experts d ea lin g  w ith  q u a lity  assurance p ro 
gram m e in  th e  co u n try .

G . R a d h a k r is h n a ia h  S e t t y

C.F.T.R.I., Mysore

Drying Technology, Vol. 1, No. 1, 1 9 8 3 -8 4 : P ub lished  
by M arcel D ek k er In c ., N e w  Y o rk , su b scrip tion / 
a n n u m : In stitu tio n s $  95 .00 ; In d iv id u a ls  $ 47.50.

T h is is a  n ew  jo u rn a l in  the field  o f  d ehydration . 
It is p rop o sed  to  p u b lish  orig in al research papers, 
review  articles p erta in in g  to  dryin g  tech n o lo g y  cover
in g  agriculture, fo o d  prod ucts, m in era ls  and w aste  
co n so lid a tio n .

F o r th e year 1 9 8 3 -8 4  tw o  vo lu m es are b e in g  brou ght 
ou t, v o lu m e o n e  h av in g  tw o  in d ep en d en t num bers and  
v o lu m e tw o  w ith  fou r num bers i.e . six num bers for  the year  
1 9 83-8 4 . V o l. 1, N o . 1, co n ta in s  five research papers  
o f  fu n d am en ta l and ap p lied  nature coverin g  (a) drying  
granular p o ro u s m ed ia ; (b) drop let-gas in teraction  in  
counter-current spray dryers; (c) w ater rem oval from  
m ine slim es and  slu d ge u sin g  d irect current (ap p lied  
res. paper); (d) d ryin g  o f  sm all w o o d  p articles; and  (e) 
tem perature d istr ib u tion s an d  h eat transfer d u ring  the  
dryin g  o f  lum ber.

T h is n ew  Journal a lso  p rop oses to  p u b lish  rev iew  o f  
books..

B . S. R a m a c h a n d r a  
C.F.T.R.l,, M ysore

Toxicology Data Profile on Saccharin: by R . R .
K h an  and  G o m ath y  Iyer, T h e L u ck n o w  P u b lish in g  
H o u se , L u ck now , In d ia , 1983; pp . 56; P rice n o t  
m en tion ed .

A t th e tim e w h en  th ere w as a  d ilem m a  to  b an  th e  use  
o f  saccharin , th e release o f  th is p u b lica tio n  has n o t on ly  
led  to  th e co m p lete  u n d erstan d in g  o f  th e to x ico lo g ica l  
data  on  th is n o n -n u tr itive  sw eeten er, but a lso  cleared  
several d ou b ts th at ex isted  t i ll  n o w  o n  its use. T h e b o o k  
is  a co m p act co m p ila tio n  o f  a ll th e  data  su ch  as ch em i
stry, prop erties, m an u factu r in g  processes an d  m a n u 
facturers, m etab o lism , to x ico lo g y , carc in o g en ic ity , m uta- 
gencity , em b ryotox icity , tera to g en ic ity , im m u n o to x i-  
co lo g y , ep id em io lo g y  and  leg a l status a vailab le  on  
saccharin . R eco m m en d a tio n s o f  A m iic a n  and  E u ropean  
com m ittees o n  the safety  o f  saccharin , references an d  
classified  b ib liograp h y  from  1927 to  1982 are a lso  in 
clu d ed  at th e en d . It is a n  u sefu l gu id e  to  a ll fo o d  
to x ic o lo g is ts  and  b ioch em ists in  gen era l as w e ll as 
n u trition ists  in  particular.

Saccharin  is  ex ten siv e ly  used  in  the m an u fa ctu re  o f  
syrups, m ed icin es, so ft drinks a n d  fo o d s . It is rap id ly  
m eta b olized  and  excreted m o stly  in  urine and  a litt le  in  
fa eces  in  m o st o f  the m a m m alia n  sp ec ies. It h as been  
fo u n d  to  be w eak ly  carcin ogen ic  in  urinary bladder o f  
m ale at h ig h  levels. T h e in tak e o f  saccharin  by w om an  
in  th e ch ild  b earin g  years and ch ild ren  sh o u ld  be actively  
d iscou raged  u n less th ey  have a  m ed ica l c o n d itio n  for  
w h ich  saccharin  has a defin ite h ealth  benefit.

A m o n g  three h ab its in  U S A , cigarette  sm o k in g , coffee  
drin k ing  and  th e use o f  saccharin , th e  artificial sw eetener  
appears to  con trib u te th e low est risk  fo r  th e  d eve lo p m en t 
o f  b ladder cancer. T h e benefits o f  saccharin  to  d iab etic  
p atien ts are certain ly  m ore th an  w ith o u t ta k in g  it. I t  is 
u sed  in  th e  co n tro l o f  ob esity , d enta l caries and  hyperk i
nesis. T h e ep id em io lo g ica l data  p rov id e  n o  clear  
ev id en ce th at saccharin  a lo n e  or in  co m b in atio n  w ith  
cyclam ates causes urinary bladder cancer. It is stated  
th at b a n n in g  saccharin m ay, th erefore, cause great 
harm  to  m a n y  c itizen s w h ile  p rotectin g  a th eoretica l  
few .

S. C . B a s a p p a  
C.F.T.R.l., M y s o r e
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I G F O S T  » 8 5
A S S O C I A T I O N  O F  F O O D  S C I E N T I S T S  

A N D  T E C H N O L O G I S T S  ( I N D I A )
Theme: FOOD INDUSTRY OUTLOOK— Emerging Scenario in Developing and Developed World.
Venue: Vigyan Bhavan, New Delhi, April 3-5, 1985.

The Fifth Indian Convention of Food Scientists and Technologists— ICFOST'85 will be held in 
April 3-5, 1985. in New Delhi. It will be the biggest convention of food processors, scientists, techno
logists, project managers, R & D and QC personnel, government offic als and representatives of national 
and international developmental agencies. Key speakers include representatives from developed and 
developing countries as well as international organisations. Technical sessions will include key-note/ 
lead paper presentation as well as contributed papers in diverse areas of food processing. Current R & D 
work in different areas of food science and technology will be represented in poster sessions. An ex
hibition of catalogues highlighting the wide range of food ingredients, products, process equipment 
and machinery, packaging systems, analytical instruments, books and journals will also be a part of the 
convention.

If you are a food scientist, technologist, processor, supplier of raw materials and ingredients, 
equipments and machinery including packaging systems and materials, you cannot afford to miss 
ICFOST'85. Plan now to be in New Delhi for ICFOST'85.

ICFOST'85 is being co-sponsored by the Ministry of Food and Civil Supplies, Ministry of Industry, 
Government of India, Central Food Technological Research Institute, and All India Food Preservers 
Association.

Write for full particulars to: Mr. Laljeet Singh, President, AFST( I), Modern Food Industries (India) 
Ltd., Palika Bhavan, 3rd Floor, R. K. Puram, Sector XIII, New Delhi-110 066, India.
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I N S T R U C T I O N S  T O  A U T H O R S
[. M an u scrip ts o f  pap ers (in triplicate) sh ou ld  be typew ritten  in  d o u b le  space on  o n e  sid e o f  bon d  

paper. T h e m anuscrip ts shou ld  be com p lete  and in final form , sin ce  o n ly  m in or correction s are 
a llo w ed  a t th e  p r o o f  stage. T h e paper sub m itted  sh ou ld  n o t have b een  p u b lish ed  or d ata  co m 
m un icated  for  p u b lica tion  anyw here e lse . R ev iew  pap ers are a lso  accep ted .

1. Short com m u n ication s in th e nature o f  R esearch  N o te s  sh ou ld  clearly  in d icate th e  sco p e  o f  the  
in v estig atio n  and th e sa lien t features o f  th e  results.

1. N a m es o f  ch em ical co m p o u n d s and n o t their form u lae sh ou ld  be used  in  th e tex t. Superscripts  
and sub scrip ts sh ou ld  b e  leg ib ly  and carefu lly  p laced . F o o t  n otes esp ecia lly  for tex t sh ou ld  be  
av o id ed  as  far as p ossib le .

1. A bstract: T h e abstract sh ou ld  ind icate th e principal findings o f  th e  paper. It sh o u ld  be a b o u t  
200 w o rd s. It sh ou ld  be in such  a  form  th at abstractin g period ica ls can  read ily  use it.

). T ab les: T ab les as w ell a s  graphs, b o th  rep resen tin g th e sam e set o f  data , sh o u ld  be a vo id ed . 
T ab les and  figures sh ou ld  be num bered co n secu tiv ely  in  A rab ic  num erals and sh o u ld  h av e b r ie f  
titles. T h ey  sh ou ld  be typ ed  o n  separate paper. N il resu lts sh ou ld  be ind icated  and  d istin gu ish ed  
clearly  from  ab sen ce o f  data , w h ich  is ind icated  by ‘— ’ sign . T ab les sh o u ld  n o t  have m ore  
th an  n in e co lu m n s.

3. Illustrations: G rap hs and  o th er  lin e  draw in gs sh o u ld  be draw n in Indian ink o n  tracin g  pap er or  
w h ite  d raw in g paper preferab ly  art paper. T h e letterin g  sh o u ld  b e  in  d o u b le  th e size o f  prin ted  
letters. F o r  satisfactory  rep rod u ction , graphs and lin e  draw ings sh ou ld  b e  at lea st tw ice  th e  
prin ted  s ize  16cm s (o x  ax is) X 20cms (o y  a x is); p h o tog rap h s m u st b e  on  g lo ssy  paper and  m ust 
have g o o d  con trast; three copies sh ou ld  be sent.

7. A b b rev iation s o f  th e titles o f  a ll scientific period icals sh ou ld  strictly  con form  to  th ose  c ited  in 
th e W orld L ist o f  Scien tific P eriod ica ls, B utterw orths Scientific P u b lica tio n , L o n d o n , 1962.

i. R eferences: N a m es  o f  a ll th e  auth ors a lo n g  w ith  title  o f  the paper sh o u ld  be cited  co m p le te ly  in 
ea ch  reference. A b b rev ia tion s such as et al., ibid, idem, sh ou ld  be a vo id ed .
T h e list o f  references sh ou ld  b e  includ ed a t th e end o f  th e article in  seria l order and th e  resp ec
tive serial nu m ber sh ou ld  be in d icated  in  th e  tex t as sup erscrip t.
C ita tion  o f  references in th e lis t  sh o u ld  be in  th e fo llo w in g  m anner:
(a) Research Paper: Jadhav, S. S. and  K u lk a rn i, P. R ., Presser a m in es in  fo o d s , J. Fd Sci. 

Technol., 1981, 18 , 156.
(b) Book: V en kataram an, K ., T h e C hem istry  o f  Syn th etic  D y es , A ca d em ic  P ress, In c ., N ew  

Y o rk , 1952, V o l. I I , 966.
(c) References to article in a book: Josh i, S. V ., in  th e C hem istry  o f  Syn th etic  D y es , by  

V en kataram an, K ., A ca d em ic  Press, In c ., N ew  Y o rk , 1952, V o l. II, 966.
(d) Proceedings, Conferences and Symposia Papers: N a m b u d ir i, E. S. and  L ew is, Y . S ., C o co a  

in  co n fectio n ery , Proceedings o f  the Symposium on the Status and Prospects o f the Confectionery 
Industry in India, M ysore, M ay  1979, 27.

(e) Thesis: Sathyanarayan , Y ., P h y to so c io lo g ica l S tu d ies o n  the C a lc ico lou s P lan ts o f  B o m b a y , 
1953, P h .D . T h esis, B om b a y  U n iversity .

( f )  Unpublished Work: R a o , G ., u n p u b lish ed , C entral F o o d  T ech n o lo g ica l R esearch  Institu te  
M y so re , Ind ia . 9

9. C on su lt th e  la test co p y  o f  the Journal for  gu idan ce.
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Contents of forthcoming issue Nov./Dec. 1984Vol. 21. No. 6 
Research Papers
COMPARATIVE STUDIES ON THE PACKAGING OF MILK IN GLASS BOTTLES AND POLYETHYLENE POUCHES b y  P . S .  K a d a m  cm d J .  L .  B h a n u m u rtk i
HEAT PENETRATION STUDIES IN PALM WINE PRESERVATION b y  P . E . O k e c h u k m ,  C . M .  O d i li  a n d  

J .  C . O k a k a
STUDIES ON FLOUR PARTICLE SIZE AND ENDOSPERM TEXTURE IN SORGHUM b y  D . S .  M u r th y , H . D . P a t i l  

a n d  L .  R .  H o u se
STUDIES ON THE MILLING, RHEOLOGICAL AND BAKING CHARACTERISTICS OF TRITICALE AND WHEAT BLENDS b y  H . P . S .  N a g i, R .  P a l  S in g h , K . L . S e h g a l a n d  K . S .  S e k h o n
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