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RESEARCH PAPERS

D evelopm ent o f  a Continuous Process for M aking Rice Flakes
H. V. N a r a sim h a , T. K. A n a n t h a c h a r , R. S h a n k a r a , M. S. G o pa l  a n d  H. S. R. D esik a c h a r  

Central Food Technological Research Institute, Mysore, India
M anuscrip t received  6 M a y  1981; revised  12 February 1982

A continuous process for making rice flakes (beaten rice, A va lakk i, Polia) from paddy has been developed. The soaked paddy 
is roasted in a continuous roaster (similar to the one used for roasting Bengal gram), immediately shelled in a modified centri
fugal type shelter and gently polished in a cone type rice polisher. I t  is flaked in a heavy duty roller flaker. Several 250 kg 
batches were run by the continuous process and the average yield of rice flakes is about 70 %, which is 6 -7  % higher than that
obtained by the traditional process.

Flaking of rice is an important industry in India. 
Flaked rice is produced from milled rice in the West 
by a process similar to that used for corn flaking1. The 
indigenous process consists of sand roasting of soaked 
paddy followed by flaking. Possibilities of improve
ment to the traditional process for making rice flakes 
(Avalakki, Poha) for improving product quality and 
yield have been indicated earlier by us2,3.

The roasting and flaking steps in the traditional 
process are batch operations handling only about 2 kg 
per batch and increase of capacity can be achieved only 
through more number of roasting and flaking units. 
Also, roasting is a strenuous labour intensive and 
costly manual operation involving skill and fine judge
ment of the termination of roasting. Even a short 
departure from the optimal stage may entail loss of 
yield caused by puffing grains through over-roasting 
or breakage during flaking due to under-roasting. 
It was therfore, felt desirable to develop and standardise 
a continuous schedule for roasting and flaking and 
optimise the process conditions for the same. Such 
a process can be adopted for large or semilarge scale 
processing.

The possibility of using the ‘gram roaster’4 normally 
used for frying Bengal gram, has been investigated. 
For continuous flaking of the roasted paddy, use of 
‘edge-runner’ machine was impractical and so the 
paddy was first shelled in a centrifugal type shelling 
machine, subjected to slight polishing in a rice polisher 
followed by flaking in a roller flaking unit used for 
making corn flakes.5 Optimal processing conditions 
for operation with this combination of machines were 
worked out. Paddy used for roasting in the traditional 
process was too moist to flow freely to the mechanical 
roaster. Also, such paddy after roasting, could not be 
easily shelled in a centrifugal sheller. Optimal moisture

had therefore, to be worked out as also other mechanical 
and processing factors. The results of our study are 
reported here.
Materials and Methods

Optimal moisture in paddy for shelling in centrifugal 
shelter: Paddy was soaked in water at 70°C for 18 
hr. After draining off the soak-water, it was allowed 
to temper in a heap, mixed frequently and at hourly 
intervals its moisture content and free flowing char
acter while feeding from the belt conveyor of the gram 
roaster unit was noted. A portion of the paddy was 
also roasted in Bhatti with sand immediately after 
which its shelling properties in a centrifugal sheller 
and flaking properties in a roller type flaking machine 
(Akti Bolaget-Swedish) were determined (Table 1).

Standardisation of roasting conditions in the gram 
roaster: As initial trials indicated that sand tempera
ture and r.p.m. of the roaster as adjusted for Bengal 
gram (10 r.p.m. and 200°C) resulted in overheating 
and high puffing of paddy, roaster speed as well as 
sand temperature combinations were adjusted for 
optimal shelling and minimum puffing of paddy. 
Roaster speed was varied by changing the pulley 
diameter of the roaster motor, while temperature was 
adjusted by varying the feed rate of the paddy into 
roaster keeping the fuel supply to the burner at a con- 
tant low level.

Shelling and polishing of roasted paddy: Shelling was 
carried out in a centrifugal sheller. This unit had an 
impeller rotational speed of 3200 r.p.m. Shelling 
efficiency was tested upto 5000 r.p.m. The rubber ring 
normally fitted into the sheller unit had to be removed 
to improve the shelling efficiency. The shelled rice was 
polished in a cone-polisher (Dandekar make) to 
different degrees and flaked in a heavy duty roller

2 3 3
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T a b l e  1. s h e l l in g  c h a r a c t e r is t ic s  o f  s a n d  r o a s t e d  p a d d y  a t  d if f e r e n t  m o is t u r e  c o n t e n t s

Draining
time
(hr)

M oisture content Nature o f soaked 
of soaked paddy and drained paddy 

(% ) (DB)

M oisture content 
of roasted paddy 

(%) (DB)

Puffed
paddy
(%)

degree of 
shelling on the 

centrifugal sheller* 
(%)

Suitability for 
flaking of 

shelled rice

0 42.0 High surface
moisture, lumpy

23.0 0.65 70 Cup shaped flakes 
(Poor)

1 40.5 Some surface
moisture, not easily 
free flowing

22.5 0.75 80-82 -  do -

2 39.0 Very little surface 
moisture, free 
flowing

20.8 1.00 90-91 Moderately good 
flaking

3 37.0 Dry appearance, 
free flowing

18.5 2.30 92-95 Good for flaking

4 35.0 Very dry appearance, 
very well free 
flowing

16.0 4.20 98 Cracked appearance 
and some breakage 
o f flakes

*Paddy was roasted at 260°C for 30-35 sec in B hatti.

flaker to a thickness of about 0.06 cm. Data on yield 
of flakes and broken? were collected by sieving on an
8-mesh sieve (BSS).

The continuous flaking process was operated on 
250 kg batch of paddy and yield data were collected 
and a comparison was made with the traditional 
process under standardised conditions3.
Results and Discussion

The relationship of initial moisture content of soaked 
as well as roasted paddy to its shelling characteristics 
is presented in Table 1. Paddy with initial moisture 
content of 37 per cent on roasting contained 18.5 per

cent moisture which could be shelled to about 95% 
in the centrifugal sheller. Lower moisture (35%) im
proved the shelling efficiency to 98%, but caused 
cracked appearance in the flakes and also more puffing 
during roasting and breakage during shelling. Higher 
initial moisture (42%) posed difficulties both in shell
ing and flaking.

For each speed (r.p.m.) of the roaster, the temper
ature of sand to be maintained for minimum puffing 
and satisfactory shelling efficiency has been worked 
out and presented in Table 2. Optimal conditions 
were 14 r.p.m. of roaster permitting a retention time of 
40 sec in the roaster. The final temperature of sand-

T a b l e  2. r o a s t in g  c o n d it io n s  f o r  d if f e r e n t  r o a s t e r  s p e e d s

Roaster Retention time Initial sand Sand-paddy temp. M oisture content Puffed paddy Degree of
speed

(r.p.m.)
of paddy in 
roaster (sec)

temp (°C) at discharge (°C) of roasted paddy 
(%) (DB)

(%) shelling (% )

Control 
(B h atti)

35-40 230 20.80 1.00 92

10.0 60 160 T25—135 
: (10 kg)

22.16 1.00 85

12.5 50 180 150—160 
(S kg)

23.60 1.00 80

14.0 40 200 165—175 
(7 kg)

21.30 0.75 95

18.0 30 200 175—180 
(6 kg)

24.80 1.40 75

Figures in the parenthesis indicate the feed rate/min.
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T a b l e  3. COMPARATIVE YIELD OF FLAKES IN CONTINUOUS FLAKING AND TRADITIONAL PROCESSES

Degree o f polish Whole* flakes Brokens Powdering during Husk Colour
(% ) (%) (%) flaking (%) (%)

Continuous process
0 72.6 1.0 2 .80 2 2 Dull
2 70.4 2 .0 2.85 2 2 Acceptable
4 68.5 2.3 2 .2 0 2 2 >>
6 66.0 2.5 2 .50 2 2 Very bright

Traditional flaking with edge-runner
64.3 5.2 _ 29.8 Acceptable

* All flakes were flaked to  0.06 cm thickness.
The shape o f the flakes are roundish in continuous process and normal elongated in traditional flaking.

paddy mixture was 165-175°C and the roasted paddy 
was at 100-102CC and had a moisture content of 
21 per cent and could be shelled to about 95 per cent.

Impeller speed in relation to shelling efficiency: The 
centrifugal sheller which is usually adjusted to about 
3200r.p.m. for milling of paddy gave very low shell
ing efficiency for the roasted paddy. Increasing the 
impeller speed upto 5000r.p.m. gave higher shelling 
efficiency without causing breakage. The shelling 
should be done immediately after roasting when the 
husk is dry and loose from the grain and the endosperm 
is plastic resisting breakage. The rubber ring normally 
used for shelling of raw paddy could be dispensed 
with while shelling of roasted paddy. A speed of 4800 
r.p.m. was employed for further tests at which the 
shelling efficiency was 98%.

Comparison of traditional edge-runner and roller 
flaker: The yield of whole and broken flakes by the 
continuous process consisting of roasting in the 
mechanical roaster, immediate shelling in a centri
fugal sheller and polishing in a cone polisher followed 
by flaking in a roller flaker are presented in Table 3. 
It is seen that the increase in degree of polish given to 
the roasted rice prior to flaking correspondingly 
reduced the yield of whole flakes and also slightly 
increased the breakage. A polish of 4% give flakes 
comparable in whiteness to those obtained by the tradi
tional method; the yield increase at this stage is about 
4%. Reducing the degree of polish increased the pro
duct yield, but such flakes are somewhat dull in colour

and may pose difficulties of consumer acceptance. It 
may also pose problems of lower shelf life caused by 
higher retention of bran. The results obtained with 
250 kg batch lots are being repeated with larger batches 
to obtain costing data which would be helpful in trans
lating the results to commercial application. The 
results so far obtained indicate that the continuous 
process would be economically feasible and would be 
superior to the traditional batch process.
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Studies on Pressure Parboiling of Rice
S. Z a k iu d d in  Ali a n d  K. R. B h a t t a c h a r y a

Discipline of Rice and Pulse Technology 
Central Food Technological Research Institute, Mysore, India

M anuscrip t received  17 J u ly  1981; revised  18 February 1982

The long cooking time and hard texture of pressure-parboiled rice have been investigated. Paddy adjusted to various moisture 
contents (12-30%) was steamed under different pressures (0-3 kg/cm2) for different times (5-80 min). Translucence index (per 
cent rice area not covered by white belly), gelatinization index (equilibrium moisture content attained by paddy immediately 
after steaming when soaked in water at room temperature, or immediate EMC-S), rétrogradation index (per cent fall in EM C-S  
of rice after drying and milling as compared to immediate EM C-S), cooking resistance index (per cent fall in water uptake 
during cooking of parboiled as compared to that of raw rice), colour and head-rice recovery were studied. Degree of each 
property increased with increase in moisture content, pressure and time of steaming. Complete parboiling (100 per cent trans
lucence) could be achieved even at very low grain moisture (12-20 per cent) when steamed under high pressure. However, 
such rice was too bard to cook. A translucence index of about 80 per cent was the maximum in pressure-parboiled rice that 
was acceptable in terms of cooking quality and colour. Its milling breakage was negligible. With this modification, pressure- 
parboiling process will be acceptable.

Parboiled rice is produced by soaking paddy in 
water until it is saturated, steaming it to gelatinize the 
starch, followed by drying and milling. Recently, a 
novel method of parboiling has been evolved in which 
the soaking step is partially or completely eliminated 
and the paddy is steamed under pressure of 0.75-2 kg/ 
cm2. The high-pressure steaming brings about com
plete gelatinization of the grain upto the centre even 
at a low moisture level1'2. The whole process is com
pleted in an hour or less, thus increasing the plant 
turnover considerably. Further, due to the relatively 
low moisture content of the final product, the time 
and cost of drying is also reduced. These advantages 
have led to its enthusiastic adoption by rice millers 
in Punjab where rice is not a staple food, but is pro
cessed almost entirely for export to other states.

However, such pressure-parboiled rice has been 
found to have a very long cooking time, hard texture 
and high colour, which have caused much consumer 
resistance. In fact, it has been nicknamed ‘iron rice’ 
in Kerala, where it was mostly marketed.

Therefore, a comprehensive study of the effects of 
different processing factors—viz., initial paddy
moisture, and the time and pressure of steaming—on 
the properties of the rice was carried out to identify, 
if possible, a suitable combination of processing con- 
dions which would reduce the disadvantages while 
retaining the inherent advantages of the method. Since 
starch rétrogradation has been shown to play a key 
role in reducing the cooking rate of parboiled rice4' 6,

the extent of rétrogradation and its possible prevention 
or reduction was also studied.
Materials and Methods

Materials and processing: Two varieties of paddy, 
both high-amylose type, purchased from the local 
market were used. These were Ratnachudi, a 
traditional Indian variety of grain type MqS7 and 
Gowri Sanna, a fine-grained modern semidwarf of 
grain type MqT7.

Paddy was soaked in water at room temperature, 
portions being removed at intervals and tempered in 
closed bottles to obtain paddy having various initial 
moisture contents. Five moislure levels selected were 
in the ranges of 12-13 (original unsoaked paddy), 
16.0-17.7, 20-21, 23.2-24.5 and 27-30 per cent (wet, 
basis). These will be nominally referred to as 12, 17, 
20, 24 and 28 per cent, respectively. These samples 
represented paddy thoroughly equilibrated (by temper
ing) at the respective moisture. In the second series of 
studies, paddy barely washed with water or soaked 
briefly was immediately subjected to steaming. The 
moisture contents of these second series samples 
represented only the mean moisture contents of the 
grains, for the grains were not equilibrated at the 
respective moistures. Steaming was carried out in a 
line-connected autoclave, the paddy being kept in a 
wire-mesh tray.

All samples were dried in shade for 1-2 days to 
approximately 12-13% moisture and milled with
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laboratory McGill equipments under standard con
ditions. Broken grains (less than three-fourths) were 
separated using an appropriate indented plate. Per cent 
head rice yield was calculated n terms of milled 
rice.

Analytical: Equilibrium moisture content attained 
by rice when soaked in water at room temperature 
(EMC-S) was determined, both immediately after 
steaming (termed ‘immediate EMC-S’) and also after 
shade drying and milling (‘final EMC-S’) by methods 
described earlier6. The rise in the immediate EMC-S 
of a parboiled rice as compared to that of raw rice 
(38 per cent moisture, d.b.) gave an estimate of the 
extent of its gelatinization4. On the other hand, calcu
lation of the per cent fall in final EMC-S as compared 
to immediate EMC-S gave an estimate of starch 
rétrogradation6 and is called rétrogradation index. 
Water uptake by rice when cooked at 96°C for 1 hr 
was determined as described4; however, for simplicity, 
the moisture content (dry basis) attained by rice after 
cooking (M) was itself considered as the water uptake. 
The per cent fall in M value of a parboiled sample 
as compared to that of raw milled rice gave a measure 
of its resistance to cooking and is called the cooking 
resistance index. ‘White belly' (ungelatinized opaque 
central core) area was estimated visually and the 
translucence index was calculated as 100—mean per cent 
area covered by white belly.

Colour score was as follows: raw rice, 1; normal 
mild parboiled rice (paddy fully soaked at room 
temperature and steamed at atmospheric pressure for 
10 min), 4; normal moderately severe parboiled rice 
(paddy fully soaked at room temperature and steamed 
at atmospheric pressure for 60 min), 6-7; the most

Fig. I. Photograph of a few samples to illustrate the colour 
score. Scores: No. 1 = 1 ,  No. 2 = 4 , No. 3 = 6 ,  No. 4 = 2 0 , 
No. 5 = 3 0 , No. 6 = 5 0 , No. 7 = 7 5 , No. 8= 100 .

coloured sample (17 per cent moisture paddy steamed 
at 3 kg/cm2 for 15 min), equivalent to medium amber 
coloured glass bottle, 100. A comparative idea of the 
colour score is given in Fig. 1.

For studying the effect of quick drying in preventing 
or reducing starch rétrogradation, the paddy, im
mediately after steaming, was dried at 60-80cC in a 
Kilburn cabinet dryer to 16—18 per cent moisture 
(wet basis) and then finish-dried in the shade.

All moisture contents of paddy ready for steaming 
are expressed on wet basis (w.b.). But EMC-S and M 
are expressed on dry basis (d.b.) to facilitate calcu
lation of percentage drop after processing.
Results and Discussions

Effect of processing conditions: In these studies, 
Ratnachudi paddy was adjusted to moisture contents 
ranging from 12 to 30 per cent (w.b.) and then steamed 
under different pressures (0, 0.5, 1.0, 2.0 and 3.0 kg/cm2) 
for different time periods each (5-80 min). The 
immediate EMC-S of the material was determined, 
giving an idea of its gelatinization index. Paddy was 
then dried in shade and milled. The final EMC-S, 
water uptake, colour, white belly area and head rice 
yield were measured. Rétrogradation, resistance to 
cooking and translucence indices were calculated.

In view of the large volume of data, the results are 
only presented schematically in Fig. 2. It will be seen 
that the extent of each property increased as one 
moves from left to right and top to bottom, i.e., with 
increasing moisture content, pressure of steaming and 
time of steaming. The pressure seemed to have the 
maximum effect. More specifically, the following 
points emerge:

Translucence index was 100 per cent or so (i.e., 
complete or nearly complete parboiling upto the 
centre of the grain) under any condition of steaming 
at 24 per cent moisture and above. However, the 
same could be achieved even at much lower moistures 
when the samples were steamed under high pressure. 
The minimum levels of treatment to achieve full trans
lucence with different paddy moistures were:

Paddy moisture 
(%  w.b.)

Steaming pressure 
(kg/cm2)

Steaming time 
(min)

24 any any
20 1.0 20

2.0 10
17 2.0 10

3.0 10
12 3.0 15

tie^ cru fi n: 3Jì  yifjifn?i ̂  ü
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PRESSURE OF STEAMING, kg / cm:
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Fig. 2. Effect of paddy moisture, steam pressure and steaming time on properties of parboiled rice. Steaming time: a, b. c, d represent 
10. 20, 40 and 80 min for 0 kg; 10, 20, 40 and 60 min for 0.5 kg; 5, 10, 20 and 40 min for 1 kg; 5, 10, 15 and 30 min for 
2 and 3 kg/cm2 steam pressure respectively. Meaning of the symbols is as follows.

Symbol Translucence Immediate EM C-S % D rop in % D rop in Colour Head rice
index (% ) (%  d.b.) EM C-S water uptake(M)* score %

□ 10 37-45 0-5 0-8 1-4 0-10

□ 20 46-55 6-10 9-13 5-7 11-30

PI 40 56-70 11-20 14-18 8-10 31-50
60 71-90 21-30 19-23 11-15 51-65

¡j 80 91-120 31-40 24-28 16-25 66-80
ggg 90 121-150 41-50 29-33 26-50 81-90
rs« |
bU I 98 151-200 51-60 34-38 51-75 91-96

■ 100 201-250 61-70 39-42 76-100 97-100

0 * As compared to raw rice.
0-5 (-ve) - — —
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These results explain the rationale of the pressure- 

parboiling process, i.e., how the soaking step can be 
minimized or eliminated by steaming under pressure.

The gelatinization index (initial EMC-S) increased 
as the severity of treatment increased. From previous 
experience in this laboratory, mildly parboiled rice 
(represented by paddy fully soaked at low temperatures 
followed by steaming at atmospheric pressure for 
10 min, equivalent to the top right corner sample 
under 0 kg/cm2 in the figure) gives an immediate 
EMC-S of about 80-85 per cent moisture (d.b.), 
which may be considered as the minimum acceptable 
level of gelatinization for parboiled rice. Minimum 
conditions needed to give such minimum gelatinization 
were:

Paddy moisture Steaming pressure Steaming time
(%  w.b.) (kg/cm2) (min)

20 0.5 20
1.0 5-10

17 1.0 10-20
2.0 < 5

12 2.0 10
3.0 <  5

These conditions were much milder than those to 
achieve full translucence enumerated above. Such 
rice, accordingly, usually had very low translucence 
indices, i.e., big white bellies.

Starch rétrogradation (i.e., per cent fall in final 
EMC-S as compared to immediate EMC-S) was 
directly proportional to the immediate EMC-S. In 
other words, higher levels of moisture, steaming pres
sure and steaming time led net only to increasing 
levels of gelatinization but also to increasing degrees 
of rétrogradation. This would explain why normal 
pressure-parboiled rice has been found to be so diffi
cult to cook and hard in texture. In fact, the greatest 
rétrogradation was not necessarily in the extreme 
right and bottom corners in the diagram but some
where in between. This may be because, as has been 
pointed out eatlier6, starch rétrogradation is maximum 
at an optimum moisture content, falling off on either 
side. Maximum rétrogradation, unfortunately, coincid
ed precisely with those conditions of intermediate 
moisture which are presently employed in commercial 
operation (Incidentally in a few cases of negligible 
gelatinization, the rétrogradation was negative i. e., 
the final EMC-S was more than the immediate EMC-S. 
This anomaly remains to be explained).

Cooking resistance index (i.e., per cent drop in 
water uptake of the processed rice as compared to that 
of raw rice, the latter being 460 per cent moisture, d.b.) 
largely parallelled the above two properties. The

water uptake was extremely low in severely treated 
samples, which fully accounts for the consumer resist
ance encountered by pressure-parboiled rice. Based on 
our previous experience in this laboratory, ordinary 
severely parboiled rice of commerce obtained by pro
longed steaming at atmospheric pressure—more or 
less equivalent to the bottom right corner sample 
under 0 kg/cm2 in the figure—has an M value on 
cooking of about 75 per cent of the corresponding 
raw rice4 (The cooking rate of this rice however, is 
still less, as the water uptake vs. cooking time curve of 
rice is not linear but falls off progressively with time)4. 
This water uptake value (75 per cent of rawrice) may be 
considered as the least acceptable level of cooking rate 
in parboiled rice, as also verified by sensory testing of a 
few samples. On this basis, no fully translucent 
pressure-parboiled sample had an acceptable cooking 
rate. The upper limits of treatment for acceptable 
cooking rate were:

Paddy Steaming Steaming Translucence
moisture pressure time index
(%  w.b.) (kg/cm:) (min) (%)

5* 24 0.5 10 100
20 0.5 40 80-90

1.0 10 80
17 1.0 20 80

2.0 5 80
12 2.0 10 40

3.0 5 40

The last column in these data would show that for 
steaming at 1 kg/cm2 or more pressure, the maximum 
permissible degree of translucence for acceptable 
cooking quality in parboiled rice is about 80 per cent 
(i.e., 20 per cent area covered by white belly). Any
thing more severely parboiled would be unacceptable 
for cooking. This may be one index of determining the 
acceptability or otherwise of pressure-parboiled rice.

Colour of rice increased greatly with severity of 
treatment. From sensory point of view, it appeared 
that a colour index of 7-10 was the maximum that 
could be reasonably acceptable to the consumers. 
On this basis, the following were upper limits of treat
ment for acceptable colour:

Steaming pressure Steaming time Paddy moisture
(kg/cm2) (min) (%  w.b.)

0.5 all all
1.0 20 all

40 12
2.0 10 ^ 2 4

15 12
3.0 5 ^  17
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Since the upper limits observed for cooking quality 
earlier are well within these upper limits for colour, 
once the cooking quality is acceptable, the colour also 
would be reasonably acceptable. Interestingly, in the 
pressure-parboiled batches, the maximum intensity cf 
pure brown colour was given by the 17 per cent 
moisture rice. The brownness remained more or less 
same with increasing moisture but the grayness of the 
samples progressively increased, giving an impression 
of darkness. In other words, 17 per cent moisture rice, 
gave deep but light (i.e., more white) brown colour, 
while 28 per cent moisture rice gave dark (i.e., more 
gray) brown colour.

Head rice yield was significantly lowered only in 
those treatments that combined a very low moisture 
content with low pressure of steaming, being satis
factory in all other treatments. Therefore, within the 
acceptable limits of treatment discussed above, rice 
breakage would not be a problem.

The moisture content of paddy increased slightly 
after steaming, but the extent of increase was almost 
constant for all conditions except that there was a 
slight rising trend with time of steaming (Table 1).

Incipient soaking: Having understood the general 
trend of effects of the three primary process variables 
on rice quality, it was necessary to study the effects 
under more practical process conditions. The samples 
discussed above had been soaked and then equilibrated 
at the respective moisture contents. Such would not be 
feasible in industrial practice where paddy would be 
only briefly soaked and immediately steamed, for 
quick turnover is one of the important rationales for 
going in for pressure parboiling. Most of the added 
moisture under such circumstance would be absorbed 
only by the outer layers and hence the results might be 
somewhat different.

To test this aspect, several samples of Gowri Sanna 
paddy were incipiently soaked (or steamed at atmos
pheric pressure to increase the moisture) and then 
immediately pressure steamed under a variety of con

ditions. Some typical results are shown in Table 2. 
These results were on the whole similar to those in 
Fig. 2, except that corresponding properties were 
produced at 3-4 per cent higher mean moisture levels. 
On this basis, it can be said that brief soaking for 
about 15 min (with adhering moisture) followed by 
pressure steaming at 1-2 kg/cm2 for 10-20 min would be 
the upper limit of treatment for giving rice with reason
ably acceptable cooking quality and colour. Such rice 
had a maximum translucence index of 80 per cent. 
Cooking quality would further improve under milder 
conditons of steaming, but then the translucence index 
would be too low.

Initial open steaming of paddy instead of washing or 
soaking had been suggested as a method3. But as the 
results in Table 2 show, this has no advantage. On the 
contrary, the rice often showed much grain-to-grain 
variation in white belly and a high colour.

Attempts to reduce rétrogradation: It has been 
shown by us earlier that quick drying by hot air 
reduced the rétrogradation with concomitant increase 
in final EMC-S6. Several samples were therefore, 
pressure-parboiled, half of which were shade dried, 
the remaing half being dried quickly at 60-80°C. 
The results of EMC-S and M (Table 3) showed, how
ever, that while the final EMC-S did improve by 
quick drying, thus suggesting reduced rétrogradation, 
there was hardly any difference in the cooking time. 
The reasons for this anomaly are not clear at this time. 
Perhaps drying at still higher temperatures, to hasten it 
further, might be successful.

It can be concluded that no fully translucent 
pressure-parboiled rice would be acceptable to the 
consumer. But rice processed by presure parboiling 
such as to have a translucence index of about 80 per 
cent could be within limits that could be acceptable. 
The slightly higher degree of colour of this rice would 
not be a disadvantage particularly to consumers in 
Kerala and West Bengal. Such rice would cook like 
normal severely parboiled rice (say, paddy soaked at

T a b l e  1. in c r e a s e  i n  m o is t u r e  c o n t e n t s  o f  p a d d y  o n  s t e a m in g

M ean increase in moisture content0 (percentage points) at stage*
Variables 1 2 3 4 5

Pressure of steaming 4 .8± 1 .1 4 .8 ± 2 .5 5.1 ± 0 .6 5 .0 ± 0 .9 5 .4 ± 2 .6
Time of steaming 4.2 ± 1 .7 4 .5 ± 1 .5 5.1 ± 1 .7 5.5 ± 1 .4 —
Initial moisture 6 .2 ± 2 .0 4.4 ± 1 .7 5 .0± 0 .7 4.6 ± 0 .9 4 .4 ± 0 .9

content o f paddy
° Values are mean ( ±  SD) of all results except for the variable studied.
* Stages 1 to 5 represent increasing steam pressure, steaming time or initial moisture; see Fig. 2 for actual values.
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T a b l e  2. e f f e c t OF SELECTED CONDITIONS ON QUALITY o f  p a r b o i l e d  r i c e

Soaking M oisture Steaming Water Translucence Colour
time content“ Pressure Time uptake (M) index score

(min)
Steam

(%  w.b.) (kg/cm2) (min) ( % of raw) (%)

30* 18 1.5 20 85 15“ 4
2.0 10 76 50“ 6

15 73 60“ 8
20 71 60“ 15

5 19 1.0 10 98 10 3
20 83 20 4

1.5 10 90 40 5
20 73 80 8

2.0 10 79 60 8
15 74 90 8

40 21 1.0 10 99 10 2
15 91 20 3

20 75 80 5
1.5 5 98 0 1

10 87 40 4
15 75 80 5

2 .0 5 87 40 3
10 77 80 5
15 69 100 8

a There were slight batch-to-batch variations in the moisture. The data shown are averages.
b Not soaked but steamed at 0 kg/cm2 for 30 min to permit some initial rise in moisture.
c The translucence index varied considerably from grain to grain.

T a b l e  3. e f f e c t  o f  h o t - a ir  ( q u i c k ) DRYING ON  STARCH RETROGRADIATION AND COOKING RATE. OF "PARBOILED RICE“

Steaming E M C -S (% d .b .)  after W ater uptake (%  d.b.) after
Pressure Time Shade Hot-air Shade Hot-air
(kg/cm2) (min) drying _ drying drying drying

1.0 20 64 84 389 393
1.5 20 94 114 341 343
2.0 10 100 126 361 362

15 134 141 341 340
a Paddy (1.5 kg) soaked in water for 40 min and steamed as indicated.

room temperature, followed by steaming at atmosphe
ric pressure for 1 hr). However, since this rice would 
have about 20 per cent white belly, it might evoke 
consumer resistance, for white belly in parboiled rice 
is normally associated with undersoaked, underpar
boiled rice8 having rather too soft and sticky eating 
qualities®. Fortunately, a simple means to differentiate

the pressure-parboiled white-bellied rice from normal 
undersoaked parboiled rice (that is not pressure- 
parboiled) is that the former is more coloured than 
the latter. This would ensure to the consumer that 
the white-bellied product is a pressure-parboiled rice, 
wherein the white belly is not a disadvantage, but 
an advantage. -
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Though at 12 per cent level, the addition of soya flour adversely affected the quality, a highly acceptable bread comparing well 
with wheat bread could be obtained by including in the recipe (i) 5 per cent sugar and 5 per cent fat in case o f  small/cottage 
scale bakeries and (ii) 5 per cent sugar, 2 per cent fat and 0.5 per cent each o f lecithin and G M S in case o f commercial bakeries. 
Depending on the level o f yeast (0 .5 -2 .0  per cent), the durations o f fermentation and proofing arrived at were 165-105 min 
and 75-4 5  min respectively for a 100 g loaf o f bread.

Though soya flour has been used extensively for pro
tein fortification of bread, most of the studies reported 
from the Western countries are based on the use of 
hard wheat flours1"8. A few studies by Indian workers 
cover only some varieties of Indian wheats4"6 or 
imported wheat’, which are not available to the baking 
industry.

The preparation of protein fortified bread of accept
able quality often poses problems due to wide as well as 
frequent variation in quality of commercial refined 
wheat flour (maida) in India. As the commercial maida 
often contains lower protein compared to maida milled 
from imported wheats, more soya flour has to be added 
for obtaining bread of required protein content. Also 
the non-wheat flour carrying capacity of medium 
hard Indian wheat flours in bread making is lesser 
than that of hard US or Canadian wheats, because of 
relatively inferior quality of gluten. As such, addition 
of more soya flour to obtain the required protein content 
in bread further affects its quality. The results of 
studies to improve the quality of soya fortified bread 
through modification of the recipe, processing con
ditions and use of additives, are presented in this 
paper.

Materials and Methods
Materials: Commercial refined wheat flour (maida) 

samples were procured from 6 different roller flour 
mills. One of these samples having a composition 
comparable to the mean values, ‘Sigma’ make soya- 
lecithin, SSL and edible grade solvent extracted soya 
flour were used in different bread making studies. 
Maida-soya flour blends containing 8, 10, 12, 14 and 
16 per cent soya flour were prepared by mixing and 
sieving the blends through 80 mesh.

Chemical analysis: Moisture, protein and total ash 
in maida as well as soya flour were estimated according 
to standard procedures of AACC8.

Farinograph studies: Brabender Farinograph was 
used to study the dough characteristics of maida-soya 
flour blends according to AACC8 procedures.

Bread making trials: ‘Re-mix’ procedure of Irvine 
and McMullan9 was followed for the preparation of 
breads using the following modified recipe and pro
cessing conditions: maida—100 g, dry yeast—2.0 g,
sugar—2.5 g, fat—2 g, salt—1.0 g, cereal malt—0.5 g, 
ammonium dihydrogen phosphate, 0.1 g, potassium 
bromate—1.5 mg, water—as per farinograph water 
absorption, mixing time—3.5 min in Hobart mixer
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(at speed position 1), bulk fermentation for 165 min at 
30°C and 75 per cent RH, kncck back followed by 
recovery time—25 min, proofing 55 min and baking— 
(a) maida bread for 25 min at 450°F and (b) soya- 
fortified bread2 for 20 min at 435CF. In case of soya- 
fortified bread, proofing of the dough was continued 
till a constant height of 7.5 cm was attained.

Evaluation of bread: One hour after removing the 
bread from baking oven, loaf volume was determined 
by the rapeseed displacement method. The cooled 
loaves were stored in closed tin containers overnight 
and were evaluated for crust and crumb characteristics 
as well as eating quality by a panel of six judges using 
the scoring system of Pyler'o. The total score of 100 
consisted of: leaf volume—15, crust appearance—15, 
crumb characteristics (texture, grain ar.d colour)—35, 
aroma—15 and taste—20.

Effect of varying the levels of ingredients and processing 
conditions: Sugar (2.5-10 per cent), fat (0-6 per cent) 
and dry yeast (0.5-2.5 per cent) were tried at different 
levels in bread making to arrive at their desired level. 
Similarly, fermentation (85-165 min) and proofing 
(40-75 min) were also carried out for different periods 
and additives such as GMS, lecithin and SSL were 
also added at levels of 0.5 and 1.0 per cent each. 
Potassium bromate was tried upto 70 ppm. Finally, 
breads were prepared using optimised recipe as well as 
processing conditions.
Results and Discussion

Effect o f addition o f soya flour on the quality of bread: 
Analysis of 6 commercial samples of maida showed 
that the ranges and mean values (given in parentheses) 
for different chemical constituents expressed as percent
ages were: moisture 11.80-12.80 (12.28); crude protein

(Nx5.7) 9.15-9.92 (9.68); total ash 0.58-0.82 (0.74). 
Hence, the sample with moisture 12.10 per cent, crude 
protein 9.60 per cent, and total ash 0.72 per cent was 
chosen as a representative commercial sample for 
different bread making trials. However, its ash content 
was higher than 0.5 per cent, which is desirable for 
good quality bread11. Moisture, protein and total ash 
of solvent extracted soya flour used were 7.25, 55.43, 
5.76 per cent respectively. (Values expressed on as is 
basis).

Farinograph studies (Table 1) indicated that water 
absorption increased by about 1 per cent for every 
2 per cent increases of soya flour in the blend. Kiran 
Surana et alA have used only arbitrary level of water 
for the preparation of the dough, while Tsen12 et al 
have reported that about 1 per cent extra water is 
required for every 1 per cent soya flour added. When 
compared with control dough, however no significant 
changes were observed in the dough development 
time (5-6 min) and stability (7.5-8.5 min) of dough 
containing soya fleur. Mixing tolerance index of 
dough containing even 8 per cent soya flour decreased 
considerably.

The data on the effect of incorporation of increasing 
levels of soya flour on the quality of bread presented 
in Table 1 show a gradual adverse effect on the overall 
quality based on loaf volume, crust and crumb char
acteristics as well as eating quality. However, bread of 
satisfactory grade could be prepared by including upto 
10 per cent soya flour; any further addition resulted in 
breads of fair to poor grade. To obtain breads of about 
18 per cent protein, which is generally used for feeding 
programmes in different states, inclusion of 12 per cent 
soya flour in the recipe was considered necessary and 
hence this level was chosen for further studies to

Table 1. EFFECT OF IN C O RPO RAT IO N  OF SOYA FLOUR ON FA R IN O G RA PH CHARACTER IST ICS A N D  THE Q U A LIT Y OF BREAD

Soya flour Farinograph Mixing Loaf Total score Grade**
(%) water absorption* tolerance

(%) index (BU) Volume Specific vol Protein*(cc) (cc/g) (%)
0 64.8 80 640 4.44 11.5 100 Excellent
8 68.0 50 560 3.76 15.4 76 Satisfactory

10 69.1 50 530 3.51 16.5 66 Satisfactory
12 70.1 50 505 3.30 17.8 54 Fair
14 71.0 40 480 3.10 18.9 42 Poor
16 72.2 40 440 2.80 19.8 30 Poor

* Expressed on 14 per cent moisture basis.
** On the basis of total score—Excellent: 91-100; Good: 81-90; Satisfactory: 66-80; Fair: 51-65; Poor; 50 and less. 
+ N x 6.25 on moisture free basis.
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Table 2. effect of yeast on FERM ENTATION  A N D PROOF PER IO D S A N D  O N  THE Q U A L IT Y  OF B R E A D ’* C O N T A IN IN G  12%
SOYA FLO UR

Yeast Fermentation Proof time Loaf vol Specific vol Total score Grade
(%) time (min) (min) (cc) (cc/g)
0.5 165 75 510 3.38 58 Fair
1.0 155 60 510 3.35 58 Fair
1.5 130 50 505 3,33 56 Fair
2.0 105 45 500 3.30 56 Fair
2.5 85 40 490 3.20 48 Poor

* Receipe contained 2.5% sugar and 2% fat.

Table 3. effect of sugar and fat ON  THE Q U A L IT Y  OF B R E A D *  C O N T A IN IN G  12% SO YA  FLO UR

Sugar Fat Loaf vol Specific vol Total score Grade
(%) (%) (cc) (cc/g)

2.5 2.0 505 3.34 55 Fair
5.0 2.0 510 3.33 61 Fair
7.5 2.0 515 3.32 62 Fair

10.0 2.0 515 3.26 62 Fair
5.0 0 380 2.48 24 Poor
5.0 1 430 2.82 45 Poor
5.0 2 510 3.36 60 Fair
5.0 3 545 3.59 67 Satisfactory
5.0 4 560 3.66 77 Satisfactory
5.0 5 580 3.77 84 Good
5.0 6 580 3.74 88 Good

* Prepared by using fermentation time of 165 min and proof time of 75 min. Recipe contained 0.5% yeast.

Table 4. EFFECT OF A D D IT IV ES  ON THE Q U A L IT Y  OF B R E A D * C O N T A IN IN G  12% SO YA  FLO UR

Additives Fat Loaf volume Specific volume Total score Grade
(%) (%) (cc) (cc/g)

Nil Nil 375 2.50 25 Poor
0.5 GMS Nil 495 3.29 53 Fair
0.5 lecithin Nil 500 3.31 55 Fair
0.5 SSL Nil 505 3.34 68 Satisfactory
Nil 2 510 3.36 62 Fair
0.5 GMS 2 535 3.50 71 Satisfactory
0.5 lecithin 2 540 3.53 76 Satisfactory
0.5 GMS -t-0.5 2 560 3.64 87 Goodlecithin

* Prepared by using fermentation time of 165 min and proof time of 75 min. Recipe contained 0.5% yeast, and 5.0% sugar.

improve its quality through modification of recipe, yeast at various levels showed that increasing the
processing conditions and use of additives. quantity of yeast in the recipe resulted in only in-
Improving the quality of bread containing 12 per cent 
soya flour

Level of yeast: Studies on the effect of addition of

significant reduction in loaf volume as well as total 
score; the duration of fermentation and proofing 
however, decreased considerably (Table 2). Yeast at 
0.5 per cent level required 165 min fermentation time
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and 75 min proof time, while the corresponding 
periods for 2 per cent yeast were 105 and 45 min 
respectively. Use of yeast beyond 2.0 per cent level 
resulted in poor quality bread.

Sugar and fat: It is evident from Table 3 that 5 per 
cent sugar gives a bread with a total score of 61, besides 
overcoming the bland and beany taste due to addition 
of soya flour. Hence, further trials were carried out 
with 5 per cent sugar. Fat at 2 per cent level gave 
acceptable quality bread with a total score of 60, while 
addition of 5 per cent fat increased the score to 84; 
also the crumb grain as well as texture were more 
uniform and nearer to the control bread.

Use of additives: The effect cf additives on im
proving the quality of bread was studied using 
modified recipe and processing conditions and the data 
are presented in Table 4. Though Tsen et aid2 and 
Ofelt et a/.13 have suggested increasing the level of 
potassium bromate for reducing the deleterious effect 
due to the incorporation of soya flour, the present 
studies have indicated no improvement in the quality 
of bread, possibly because, the oxidation requirement 
of soya flour depends upon the changes in its physical 
and chemical characteristics due to processing14. A 
level, of 0.5 per cent of GMS or lecithin was found 
optimim as (i) even without fat in the recipe, the quality 
of bread improved considerably, (ii) along with 2 per 
cent fat, the beneficial effect increased further and
(iii) with 2 per cent fat and 0.5 per cent each of GMS 
and lecithin, highly acceptable bread comparing favour
ably with wheat bread or soya fortified bread with 5-6 
per cent fat could be obtained.

Though the beneficial effect of 0.5 per cent SSL was 
comparable to that of GMS or lecithin with respect to 
loaf volume, the total score of 58 was significantly 
higher than 56-58 in case of GMS or lecithin, mainly 
due to better crumb softening effect of SSL. Also 
keeping in view, the prevention of Food Adulteration 
(PFA) regulations, a level of 0.5 per cent SSL was 
considered optimum.
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Effects o f  Date o f  Sow ing and Harvesting on Characteristics and 
Fatty Acid Com position o f  Sunflower Seeds
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The effects o f date o f sowing and harvesting were investigated on characteristics and fatty acid composition o f sunflower seeds 
(Var. ‘EC 68414') grown at Kalyani (W est Bengal) in prt - k h a r i f ,  k h a r i f  and ra b i seasons.With advance in harvesting date in all the 
seasons, the 100-seed weight increased and the contents o f  moisture decreased, oil increased, oleic acid decreased and 
linoieic acid increased. The 100-seed weight, oil content and linoleic acid content were highest for the longer duration (118 
days) ra b i (fourth week o f November) crop than for the other two crops o f shorter duration (99 days). Protein content did not 
vary significantly. Sowing from third week o f April to third week o f M ay yielded oleic-rich oil. Sowing in first week o f June 
yielded lowest oil content.

Sunflower was introduced in India a decade ago as a 
drought-resistant oilseed crop to augment vegetable oil 
resources. Various factors such as environmental 
temperature and water availability, which in turn depend 
on the region and season, are known to affect seed 
yield, oil content and composition1- 5. It is therefore, 
necessary to study the sunflower cultivation in different 
parts of the country. Tne present investigation deals 
with the effects of date of sowing and harvesting of 
seeds grown in West Bengal during pr t-kharif kharif 
and rabi seasons on seed characteristics and fatty acid 
composition.
Materials and Methods

Sunflower seed (Variety ‘EC 68414’) was sown 
during the pr t-kharif (mid-April, May 1st week), 
kharif (May 3rd week, June 1st week) and rabi (Nov
ember 4th week) seasons of 1978, in randomised block 
with 4 replications at the university farm. Gross plot 
sizes were 4.0x4.0 m. The seeds were sown in lines 
50 cm apart with distance of 15 cm between plants. 
The fertilizer inputs were 60, 40 and 40 kg/ha of N, 
P2OJ and K2O respectively. The pre-kharif and kharif 
crops were rain-fed and the rabi crop was twice 
irrigated. Seeds were collected from each plot from 
flower heads having same diameter and same date of

flowering, at 6-day intervals starting from the 75th 
day after sowing (DAS) for the pr e-kharif and kharif 
crops and at 7-day intervals starting from the 90th 
DAS for the rabi crop. Chemical and physical analyses 
were done in duplicate and averages are reported.

Moisture content was determined by heating in an 
air-oven to a constant weight and oil content estimated 
by extraction with n-hexane in a Soxhlet apparatus. 
Protein content was estimated6 by multiplying N content, 
as obtained by the kjeldahl method, by factor of 5.53. 
Fatty acid composition (wf.%) was determined using 
a Toshniwal Gas Chromatograph equipped with a 
hydrogen flame ionisation detector. A stainless steel 
column (2.4mx3.2 mm) packed with. 10% EGSS-X/ 
Gas Chrom Q (80-100 mesh) and maintained at 190°C 
was used. The detector and injection port were main
tained at 250°C, and 260°C respectively. The flow of 
carrier gas, nitrogen, was 40ml/min. Peak areas, 
representing wt.% composition, were calculated by 
multiplying peak height with peak width at half
height.
Results and Discussion

The effects of date of sowing and harvesting on 
100-seed weight and contents of moisture, oil and 
protein in sunflower seeds and on fatty acid compo

* P r e s e n t A d d re ss : Agronomist and Scientific Liaison Officer, International Crops Research Institute for the Semi-Acid Tropics (ICRISAT), Patar.cheru-502 324, A.P.
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sition are shown in Table 1. The 100-seed weight on 
dry basis continually increased during maturation in all 
the seasons, though the increase was more for the rabi 
crop than for pre-kharif and kharif crops. It was, 
highest for the crop sown in the 4th week of November 
and lowest for the crop sown in the 1st week of June. 
This is not surprising since the cloudy weather in 
kharif season does not contribute to the high rate of 
photosynthesis as in rabi season. The duration was 
also longer for the rabi crop than for the pre-kharif and 
kharif crops, which could be another contributing

factor. These results are in agreement with those of 
earlier workers3. The moisture content decreased 
continuously during maturation, up to 10 to 13 per cent 
irrespective of the season.

Bulk of the protein was synthesized in the early 
stages of seed maturation. Significant variations with 
season were not found in the protein content of 
mature seeds, confirming the observations made in an 
earlier study3.

Oil content in mature seeds was more and the oil 
accumulation period was longer in the longer duration

T a b l e  1. e f f e c t s  o f  v a r y i n g  s o w in g  a n d  h a r v e s t i n g  d a t e s  o n  c h a r a c t e r i s t i c s  a n d  f a t t y  a c i d

CO MPOSIT ION  OF SU NFLO W ER  SEEDS

Sowing Harvesting Mois- 100-Seed Oil* Protein* Fatty acids (Wt. %) UFA / Oleic/time (days after sowing) ture
(%)

wt. (g) (%) - SFA** linoleicV. Zo) 16:0 18:0 18:1 18:2April3rd week 75 75 3.94 17 19.4 4.5 9.5 75.4 10.6 6.14 7.11
81 65 4.88 24 19.9 — — — — — —
87 57 5.48 33 20.5 6.8 10.0 57.6 25.6 4.95 2.25
93 29 5.65 36 21.0 5.9 5.9 61.5 26.7 7.47 2.30
99 12 5.70 39 22.1 6.5 5.9 65.0 22.6 7.06 2.87

May 1st week 75 61 3.77 19 16.6 5.7 4.8 79.3 10.2 8.52 7.77
81 51 4.72 27 20.5 3.6 5.2 77.5 13.7 10.36 5.65
87 43 4.89 31 21.6 5.7 8.0 70.8 15.5 6.29 4.57
93 27 5.30 35 22.1 5.4 1.1 74.1 19.4 14.38 3.82
99 13 5.50 38 22.1 6.0 5.2 65.1 23.7 7.92 2.75

May3rd week 75 73 2.69 19 18.2 3.2 6.6 78.8 11.4 9.20 6.91
81 70 3.34 21 18.8 5.6 6.9 68.1 19.4 7.00 3.51
87 45 4.61 27 19.9 5.1 5.1 66.5 22.7 8.26 2.93
93 23 5.10 36 21.0 5.1 7.8 68.0 19.1 6.75 3..56
99 13 5.21 38 21.6 5.6 6.6 65.1 22.7 7.19 2.87

June1st week 75 75 2.35 19 16.6 — — — — — —
81 59 3.00 24 17.7 5.3 5.0 63.3 26.4 8.71 2.40
87 — — — — 4.7 4.1 49.5 41.7 10.36 1.19
93 19 4.50 34 19.4 6.9 5.1 44.7 43.3 7.33 1.03
99 10 5.01 34 19.4 11.4 8.3 38.1 42.2 4.07 0.90

November 4th week 90 68 4.05 25 16.6 7.1 9.3 36.8 46.8 5.09 0.79
97 51 4.93 29 18.8 6.8 7,1 38.3 47.8 6.19 0.80

104 39 5.8C 30 19.4 6.5 8.2 37.5 47.8 5.81 0.78
111 22 6.19 38 21.0 — — — — —
118 11 6.3C 42 22.1 7.8 4.7 24.5 63.0 7.00 0.39

* Dry weight basis.
** UFA, total unsaturated fatty acids; SFA, total saturated fatty acids;. 

Values are averages of duplicate determinations.
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rabi crop than in the shorter duration pre-kharif and 
kharif crops, as was generally observed by Sen et al.1. 
The highest oil content (42%) was observed for the 
November 4th week sowing and the lowest (34%) for 
the June 1st week sowing.

The ratio of unsaturated to saturated fatly acids 
during seed maturation does not show a definite trend, 
particularly for May 1st week and June 1st week crops, 
due to variations in total saturated fatty acid contents 
which are small. The ratio of unsaturated to saturated 
fatty acids in mature seeds is rather constant, irrespective 
of the sowing date, except for the June 1st week-sown 
crop for which the environmental temperatures prevail
ing during seed maturation period (August-September) 
are usually between those of pr e-kharif and rabi seed 
maturation periods (June-July, March). The absence 
of considerable variations in this ratio was also 
observed by other workers4,5,7-9. However, large 
variations were observed in the oleic to linoleic acid 
ratio. This ratio generally decreased with maturation. 
The linoleic acid content was more for the November 
4th week-sown rabi crop than for the other two crops. 
This may be due to lower environmental temperatures 
during seed maturation period for the November 
4th week-sown crop Lower temperatures are known 
to be conducive for formation of more linoleic acid 
and higher temperatures for formation of oleic acid1,7,9.

For oleic acid-rich sunflower seed oil, suitable as 
cooking and salad oil, sowing during pre-kharif and 
kharif seasons; and for linoleic acid-rich oil, valued in 
nutrition and in surface coating formulations, sowing 
during rabi season are recommended in the humid 
regions of West Bengal. Within the rabi season late 
November sowing yielded linoleic acid rich-oil com
pared to late December and January sowings due to

lower temperatures prevailing during seed maturation 
period in the former case than in the latter8. Harvesting 
of pxe-kharif and kharif crops about 99 days after sowing 
and rabi crop after about 118 days is recommended for 
higher oil yield.
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- -Five varieties o f  soyabean viz ‘H M -1 ’, ‘Bragg’, ‘Ankur’, ‘PK  7 1 -6 ’, and ‘PK 7 1 -2 1 ’ and two crosses viz ‘H -1 9 ’ (H M -lX  

Bragg) and ‘H -2 0 ’ (H M -lX  Ankur) were analysed for fatty acid composition and free fatty acids. Free fatty acids and total 
nnsaturated fatty acids ranged from 0.5 to 1.4 and 84.0 to 92.4 per cent respectively. Palmitic, stearic and linoleic acids 
varied from 5.6 to 1 1 .0 ,1 .7  to 6.0 and 7.6 to 18.0 per cent respectively. ‘H M -1 ’ contained the highest amount o f  oleic acid.

Soybeans contain large amount of protein and oil1, presence of linolenic acid, which is largely responsible 
Storage stability of soybean oil is poor due to the for rancidity2. Flavour changes may be caused by the
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enzymic oxidation of polyunsaturated acids in the 
beans3.4 and linolenic acid in particular. Attempts 
have been made to breed plant materials with low 
linolenic acid content. Level of lipoxygenase of soy
bean varieties have been reported to be variable and 
may be under genetic control6-7. The Haryana Agri
cultural Univesity has developed two crosses of soybean 
namely, ‘H-19’ (H M -lx  Bragg) and ‘H-20’ (H M -lx  
Ankur). An attempt has been made to evaluate these 
crosses, their parents and other varieties of soybean 
for fatty acid composition of the oil.
Materials and Methods

Five varieties of soybean namely, ‘HM-1’, ‘Bragg’, 
‘Ankur’, ‘PK71-6’ and ‘PK 71-21’ and two crosses, 
‘H-19’ (HM-lxBragg) and ‘H-20’ (HM-1 XAnkur) 
were procured from the Department of Plant Breeding, 
Haryana Agricultural University, Hissar. Sa.mples 
were dried in an hot air oven at 60°C and ground to 
pass through 100 mesh sieve. Oil was extracted by 
keeping flour in petroleum ether solvent (60-80°C) 
overnight at room temperature. The extract was 
filtered and the solvent was evaporated on boiling 
water bath.

Free fatty acid content in the oil was determined8. 
Fatty acid methylesters were prepared using 0.4 N 
sodium methylate by the method of Luddy et. al?. 
Tnese were separated by gas liquid chromatography 
using AIMfL NUCON model—5500 series gas chromat
ography under the following operating conditions:

Column: Stainless steel tube (1/8" O.D. and 2 m 
length) packed with 15 per cent diethylene glycol 
succinate on 60-80 mesh chromosorb W.

Fixed temperatures of: Column 190°C; flame ionisa
tion detector 250°C; injector port 240°C.

Gas flow: Carrier gas nitrogen 20 ml/min; fuel gas 
hydrogen 30 ml/min and air just minimum flow to 
maintain the flame (275 to 300 ml/min).

The fatty acids were identified by comparing the 
retention times with those of authentic standards. 
Peak areas were calculated by triangulations and 
expressed as per cent.

Results and Discussion
Fatty acid composition of soybean oil from different 

varieties is given in Table 1. ‘H-19’ showed higher
amount of free fatty acids (0.8 per cent) as compared 
to its parents (HM-1 and Bragg). The amount of free 
fatty acids present is reported to indicate the age and 
quality of the fat3. ‘Bragg’ contained the least amount 
of free fatty acids, while ‘Ankur’ contained the highest 
amount of freee fatty acids. Total unsaturation ranged 
from 84.0 to 92.4 per cent amongst these varieties of 
soybean. Palmitic and stearic acids varied from 5.6 to
11.0 and 1.7 to 5.9 per cent respectively. Palmitic acid 
is low in all the varieties when compared to other 
reports2. The differences may be due to environmental 
or agronomical conditions. Stearic acid content in 
these varieties is in good agreement with the results of 
other workers1,2.

Both the crosses ‘H-19’ and ‘H-20’ contained lesser 
amount of oleic acid as compared to their parents. 
Similarly, the amount of linoleic acid was lower in 
‘H-19’ as compared to its parents, whereas ‘H-20’ 
had higher (53.3 per cent) amount of linoleic acid 
than its parents. Other workers1 reported the variation 
in fatty acid composition as follows:

Palmitic acid 17.4 to 9.3, stearic acid 7.0 to 2.2; 
oleic acid 29.6 to 15.2; linoleic acid 59.6 to 33.8 and 
linolenic acid 15.0 to 4.3 per cent in soybean seeds. 
‘H-19’ and ‘H-20’ contained slightly higher amount of 
linolenic acid i.e. 18.4 and 15.2 per cent respectively as 
compared to their parents. The other varieties ‘HM-1’ 
‘Bragg’ and ‘Ankur’ contained 7.6, 15.1 and 14.0 per 
cent linolenic acid respectively.

T able 1. fatty acid composition and free fatty acids content of oil of different varieties of soybean

Variety Palmitic Stearic Oleic

H-19 8.1 3.8 22.0
H-20 8.1 2.0 21.4
HM-1 10.1 5.9 26.6
Bragg 10.9 2.4 22.8
PK 71-6 5.6 2.0 23.8
PK 71-21 5.6 2.3 21.2
Ankur 8.2 1.7 24.5

Linoleic Linolenic Totalunsaturation
(%)

Free fatty acids 
(%)

48.1 18.0 88.1 0.8
53.3 15.2 89.9 0.8
49.8 7.6 84.0 0.6
48.8 15.1 86.7 0.5
51.0 17.5 92.4 1.3
55.5 15.5 92.5 0.6
51.6 14.0 90.1 1.4

2
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Effect o f  A ge on the Fatty Acid Com position o f  Tilapia
( T i la p ia  m ossa m b ica )
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M a n u s c r ip t  rece iv ed  2 N o v e m b e r  1981; r ev ise d  16 F eb ru a ry  1982
The changes occurring in the fatty acid composition of T ila p ia  m o ssa m b ica  during growth were studied. Fish grown in the 
same environmental conditions were fed an artificial diet. Fatty acid composition of the body and intestinal fat of fish at the 
age of 1, 6 , 12 and 24 months was determined. The polyunsaturated fatty acid content was found to increase 
upto 6  months and to slowly decrease thereafter, and this was particularly marked in the 22 : 6  fatty acids of Tilapia muscle lipids. 
Statistical analysis showed that provided other factors like diet and environment, etc., remain unchanged, age has little influence
on the overall fatty acid composition of fish fats.

The influence of environment, dietary lipids, sex and 
spawning on the fatty acid composition of many species 
of fish have been reported by a number of workers1' 4 
and also the effect of temperature, starvation and 
stress1' 8. Ota9 reported changes in the lipid content 
and fatty acid composition of muscle lipids of juvenile 
masu salmon in the early stages of sea-water life. 
Sasayma & Takahashi19 worked on the development 
of the pituitary gland of Tilapia mossambica, and 
Nakumara & Takahashi11 on the sexual development 
of Tilapia mossambica. The effect of age on the fatty 
acid composition of Tilapia mossambica is now re
ported.
Materials and Methods

Matured Tilapia were brought to the laboratory and 
grown in fresh water tanks with provision for continu
ous aeration. The temperature of the water was 27±40C 
(depending on atmospheric conditions). The fish were 
allowed to breed in the tank and the young ones were

separated and put in different tanks containing fresh 
water. The fish were fed a standard diet (Feed No. IV), 
whose formula and fatty acid composition have been 
reported earlier12. Sixty fish were caught when they 
reached an age of 30 days, killed, minced and the total 
lipids extracted as per Bligh and Dyer1-1 method. As 
the fish were small, intestines were not separated.

The fish were allowed to grow in the same environ
ment for 2 years. Samples were taken when they w'ere 
6, 12 and 24 months of age. In each instance, lipids 
were extracted separately from the muscle and intestines.

Preparation of methyl esters: The chloroform-
methanol extract was concentrated in a rotary flash 
evaporator and methyl esters prepared using BF3 
methanol reagent14. The methyl esters were sealed in 
ampoules under nitrogen and stored at -14°C pending 
further analysis. Fatty acid composition was deter
mined by gas-liquid chromatography.

Gas-liquid chromatography: The methyl esters were 
analysed in a gas chromatograph (Toshniwal, India
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Ltd.) fitted with a flame-ionisation detector and strip 
chart recorder (10 mv, Varian Techtron) at a chart 
speed of 30cm/hr. The column used was stainless 
steel, 6 ft x0.25-inch (o.d.) packed with Anakrom ABS 
(110-120 mesh), coated with 10 per cent silar IOC. 
The operating conditions were: column temperature 
196°C, injection temperature 25D°C, detector tem
perature 275°C and carrier gas nitrogen at 40 ml/min. 
Identification and quantitation were done as reported 
earlierts. The fatty acid composition (weight percent) 
is presented in Table 1.

Statistical analysis: The individual acid percentages

for body fat of one month old fish were plotted on a 
graph in decreasing order of magnitude; then the 
composition of body fats of other age groups were also 
plotted in the same graph as shown in Fig. 1. As the 
figure shows a logarithmic trend in the measurement, 
the natural logarithm of the weight percentage were 
used to get a linear trend. The log percentages show 
significant correlations (Table 2A & 2B) with the fatty 
acids arranged from 0 to 24 according to the order of 
magnitude. To judge whether the composition of the 
fatty acids remain the same for all age groups, it is 
only necessary to see whether the linear relationship

T able 1. effect of age on the fatty acid composition of t i l a p i a  m o s a m b i c a

Fatty 1 month 6 months 12 months 24 months
acid Whole Body Intestines

Saturated
Body Intestines Body Intestines

8:0 — — 2.50 — — — —
10:0 0.10 0.40 0.20 — — — —
12:0 0.50 1.20 0.30 1.59 1.70 0.88 1.1
13:0 0.40 0.30 0.30 — — — —
14:0 4.87 8.90 6.90 5.23 5.79 7.84 7.57
15:0 2.38 1.10 0.96 2.14 1.37 1.26 0.53
16:0 23.56 17.80 17.10 26.07 24.24 25.35 19.23
18:0 8.97 5.00 5.30 7.85 8.62 9.10 9.26
24:0 — 1.70 0.80 — — — —

40.78 36.40 34.36
Monounsaturated

42.88 41.72 44.43 37.69

16:1 13.85 8.60 8.90 10.86 11.01 11.62 12.33
18:1 22.36 28.90 32.60 28.41 25.21 27.00 32.40
20:1 — 2.20 1.90 — 0.50 1.00 0.61
22.1 — 1.00 0.30 — — 0.22 0.31

36.21 40.70 43.70
Polyunsaturated

39.27 36.72 39.84 45.65

18:2 6.93 6.70 11.90 6.61 6.91 5.94 6.98
18:3 3.62 0.60 0.80 2.80 4.10 1.47 3.61
18:4 1.08 1.30 1.40 0.47 1.38 1.26 0.98
20:2 0.27 — — 0.19 0.59 1.26 0.50
20:3 0.59 — — 0.31 0.53 — —
20:4 2.46 1.30 0.50 1.79 1.92 1.54 0.98
20:5 0.98 2.40 1.00 0.39 0.59 0.78 1.14
22:2 0.34 0.60 — — — 0.28 0.31
22:3 0.39 0.50 0.30 0.78 0.59 — —
22:4 1.13 0.50 0.30 0.52 0.46 0.56 —
22:5 1.06 2.60 2.35 1.12 1.34 0.70 0.93
22:6 4.18 6.00 2.98 2.87 3.34 1.96 1.18

23.03 22.50 21.53 17.85 21.75 15.75 16.61
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F i g . 1. Fatty acid content of T ila p ia  m o ssa m b ica  of different age groups arranged in ascending order of magnitude in respect of one month old fish.

Table 2a. regression equations and correlation
COEFFICIENTS FOR THE DIFFERENT AGE GROUPS (BODY FATTY ACIDS)

Age group (month) Regression line Correlationcoefficient
1 Y -— .51623 i .12929X 0.94582**
6 Y -—.05001+ .09572X 0.75947**

12 Y -—.57510+.12762X 0.00066**
24 Y -— .41059 + 11513X 0.83136*

Table 2b. regressions and correlation coefficients
FOR THE DIFFERENT AGE GROUPS (INTESTINAL FATTY ACIDS)

Age group (month) Regression line Correlationcoefficient
6 Y -—.048141+ .12476X 0.92295**

12 Y -—.026452+ .10794X 0.78869**
24 Y -—.40720 +.11187X 0.78026**

Y - Natural log of measurements of fatty acids. 
X = Codes of fatty acids as mentioned. 
• ‘Highly significant (P>.001).

for the different age groups is the same. This can be 
done by the method of analysis of co-variance16. The 
equations to the straight line regressions for the 
different age groups and the analysis of co-variance 
are given in Tables 2A & 3A for body fats and in 
Tables 2B & 3B for intestinal fats.
Results and Discussion

Lipid content of body and intestines were maximum 
in fish aged 6 months, after which it decreased 
gradually. Intestinal lipid was highest at 6 months (41.7 
per cent) and lowest at 12 months (6.25 per cent).

Saturated fatty acids: In body lipids, saturated 
fatty acid deposition was maximum in 12-year old fish 
(44.4 per cent), and the major fatty acid was always 
16:0. The saturated fatty acid content was minimum 
at 6 months (36.4 per cent). Palmitic acid (16:0) was 
highest in one year old fish (26.1 per cent) and lowest 
at 6 months (17.8 per cent) and 18:0 acid was highest 
in 2 year fish (9.1 per cent) and least at 6 months (8.0 
per cent). Myristic acid (14:0) was maximum at 
6 months (8.9 per cent) and minimum at one month 
(4.9 per cent).

In intestinal lipids, 16:0 was highest at one year 
(24.2 per cent) and least at 6 months (17.1 per cent); 
14:0 was highest at 2 years (7.6 per cent) and least 
in the 1 year old, fish. Traces of 15:0 were also present 
in all samples.

Monounsaturated fatty acids: There was no signi
ficant variation in the total monounsaturated fatty 
acids in the body lipids of all age groups studied. 
Individual fatty acids showed slight variations. The 
highest concentration of the major acid, 18:1 was 
seen in the 6 month old (28.5 per cent) and least in the 
1 month old (22.4 per cent); 16:1 acid was maximum 
in one month old (13.9 per cent) and minimum in the 6 
months old (8.4 per cent). Both 20:1 and 22:1 acids were 
below detectable levels in the body fat of one-month 
and one-year old fish. Fish of other age groups con
tained traces of these acids.

The deposition of monounsaturated acid was highest 
in the intestines of two-year old fish (45.7 per cent), 
followed by 6-month old fish (43.7 per cent). The 
largest individual monenoic acid, 18:1 was at a 
maximum at 6 months and 2 years of age (32.6 and
32.4 per cent respectively) and minimum at one month 
(22.4 per cent). The 16:1 acid was maximum at two 
years (12.3 per cent) and minimum at 6 months (8.9 
per cent).

Polyunsaturated fatty acids: Deposition of the two 
polyunsaturated fatty acids, 22:5 and 22:6 was greatest 
in the early stages of life. The concentration of 22:6 
increased from one month of age (4.2 per cent) to six 
months (6 per cent) and then slowly decreased to 2.0
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Table 3a. analysis of co-variance (body fatty acids)
f SX 2 2  XY 2Y* b f 2d* M.S

1 month 24 1300 168.0787 24.29211 .129229 23 2.56099 .11135
6 months 24 1300 124.4375 20.65066 .09572 23 8.73936 .37997

12 months 24 1300 165.9019 26.09980 .12762 23 4.92792 .21426
24 months 24 1300 149.6735 24.93244 .11513 23 7.70001 .33478

Within 92 23.92828 0.26009
Reg. coeff. 3 0.93608 0.31203
Common 96 5200 608.0916 95.97501 .11694 95 24.86436 0.26173
Adj. means 3 0.27051 0.09017
Total 99 5200 608.3016 96.29465 98 25.13487

Diff. between slopes: .31203 
" .26009 ” 1.9997 N. S. f- 3,92

„ ,, elevations: .09017F ■= -------- <.26173 ; 1 N.S . f -  3,95

T able 3b. analysis of co-variance (intestinal fatty acids)
f % x 2 2XY 2 Y 2 b f 2 d 2 M.S

6 months 24 1300 162.1855 23.40713 .12476 23 3.17318 .13796
12 months 24 1300 140.3190 24.34843 .10794 23 9.20272 .40012
24 months 24 1300 145.4367 26.72532 .11187 23 10.45468 .45455

Within 69 22.83058 .33088
Reg. coeff. 2 0.20124 .10062
Common 72 3900 447.9412 74.48088 .11486 71 23.03182 .32439
Adj. means 2 0.13163 .06581
Total 74 3990 447.9412 74.61251 73 23.16345
Diff. between slopes: .10062: F - ——  <1 N.S f .33088

.06581- 2,69; Diff. in elevations: F - <1 N.S f =  2,71
f- degrees of freedom, 2  X2, 2s Y2 and 2s XY are the corrected sums of squares and cross products.
b - reg. coeff., d - deviation from regression and M.S - Mean square, N.S means not significant.

per cent in 2 years. This is in agreement with earlier 
results^.

More or less the same trend was observed in the 
intestinal lipids also for polyunsaturates.

Statistical analysis: The straight lines in Table 2A 
do not show significant differences in slopes and 
elevations, and the four straight lines can be considered 
identical. This means that the overall fatty acid com
position of the body fat of fish of the four age groups 
can be considered identical. Table 2B shows an 
identical trend for the fatty acid composition of 
intestinal fat of different age group of Tilapia fish.
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Studies on the C om position and Characteristics o f  
Indian Radish Seed Oil

P. Sengupta and B. R. Roy 
Central Food Laboratory, Calcutta, India

Manuscript received 8 September 1981; revised 12 February 1982
Different varieties of radish seed (Raphanus sativus) L) were analysed for oil content and the oil extracted therefrom for 
chemical characteristics, fatty acid composition by GLC, glyceride composition by pancreatic lipase hydrolysis and GLC, 
essential oils and phospholipids. The study showed that the oil is similar in composition to mustard oil; this indicates its use 
as a possible substitute for, or an adulterant in, mustard oil. It has less of erucic acid than mustard oil, but is comparable to 
mustard oil in pungency.

Radish seed (Raphanus sativus Linn.) contains gluco- 
sidically bound mustard flavours of which allyl methyl 
and isopropyl isothiocyanates and sulphoraphene have 
been reported in different varieties1. Schmid ar.d Karrer2 
isolated from the seed sulphoraphene which occurs as 
glucoside. The radish seed yields an oil apparently 
similar to those obtained from other cruciferous plants 
mainly, mustard and rye. It is a non-drying oil, light 
yellow in colour with a pungent smell and contains 
considerable amount of sulphur.

The radish plant is cultivated in all parts of India and 
can be grown throughout the year. As some seeds and 
oil are also available (quantum and potential not

known with certainty), the present study was under
taken to know more of the oil.
Materials and Methods

Neutral lipids: Different varieties (red and white) of 
radish seeds (Raphanus sativus L) belonging to West 
Bengal, Meghalaya, Assam and Bihar were pro
cured from the National Seeds Corporation of India. 
The air dried and ground seeds were extracted with 
n-hexane in Soxhlet extractor for 12 hr. The residue 
was again extracted with a mixture of chloroform and 
methanol in equal volumes. From this extract solvent, 
were removed and the residue was re-extracted with



SENGUPTA AND ROY: STUDIES ON THE COMPOSITION AND CHARACTERISTICS OF INDIAN RADISH SEED OIL 255

n-hexane. This hexane extract was mixed with the 
first hexane extract. Solvents were removed by distil
lation and the oil content of seeds were determined.

Physical and Chemical characteristics: B. R. reading, 
smoke point, sap. value, iodine value, etc. were 
estimated according to the standard methods of IUPACL

Fatty acid composition: Methyl esters were pre
pared from the oil according to AOCS method4. Gas 
chromatography was carried out using a Pye Unicam GC 
versatile gas chromatograph with a flame ionization 
detector (FID). The detector was set at 250°C, column 
temperature at 190°C and injector port at 240°C. The 
stainless steel column (6 ft. x  1/4 inch) was packed 
with 10% polyesters of diethylene glycol adipate on 
60-80 mesh Gas chrom Z. The flow of carrier gas was 
40 ml/min. The fatty acids found were identified and 
quantified with reference to known concentration of 
standard fatty acids.

Glyceride analysis: The triglycerides from the oil 
were isolated by column chromatography according to 
Quinlin and Weiser5 and then the positional distri
bution of the fatty acids within the glycerides were 
determined by a combination cf enzyme hydrolysis, 
TLC and GLO. Pancreatic lipase (Sigma, U.S.A.) 
was used to effect the lipolysis of the fatty acids at the 
1 and 3 positions. The monoglycerides were separated 
by preparative TLC and fatty acid composition of the 
recovered 2-monoglycerides was determined by GLC.

Essential oil determination: The essential oil of the 
radish seed was separated by steam distillation and 
estimated by chloramine T method7. It was further 
studied by GLC8 (10% PEGA on 100-120 mesh dia- 
tomite, detector 240°C, injection 200°C and oven 
125°C, N2 30 ml/min., FID) and UV spectrophoto
metry comparing with known available standards.

The ultraviolet absorption spectrum of the thio
urea derivative of radish seed oil was carried out 
according to Ettlinger et al9.

Phospholipid determination: Phospholipids Were ex
tracted from the seeds after removal of free neutral 
lipids from the seed with petroleum ether in Soxhlet 
apparatus. The material in the thimble used for the 
extraction of free lipids, after complete removal of 
petroleum ether extract, was re-extracted with chloro
form to methanol ratio of 2:1. The solvent was filtered 
to remove any particles, evaporated under reduced 
pressure and weighed. About 95% of phospholipid 
content was found to be present in the bound fat 
fraction. Hence this fraction was used for the determi
nation of phospholipid constituents. The phospholipid 
was then separated from less polar and mono and 
diglycerol sulpholipids by silicic acid column chromato
graphy8. One part was used for the determination of 
phospholipid content of the seeds by Marinetti 
procedure^» and another portion was subjected to TLC 
analysis for characterisation of different phospholipids.
Results and Discussion

Oils from different varieties of seeds compared 
closely and showed narrow ranges of variation in their 
characteristics (Table 1).

Fatty acids: The fatty acid composition of the oil 
(Table 2) is comparable to the earlier findingsi1"1̂ . 
Some variations observed particularly in the erucic 
acid and oleic acid content may be attributed to 
genetic, environmental and cultural variations.

Glyceride composition: Glyceride composition of the 
radish seed oils was calculated from the fatty acid 
composition (mol%) of the triglycerides and the corres
ponding 2-monoglycerides using the assumption of

T a b le  1. CHARACTERISTICS OF OIL OF RADISH SEED (R. S  A T I VUS  L.)

W e s t B e n g a l M e g h a la y a  & A ss a m B ih a r
R ed . var. W h ite , var. W h ite  var. W h ite , var.

Yield % 38 40 42 35
B. R. at 40°C 58.8 60.8 61.0 60.4
Smoke point °C 240 240 242 240
Sap. value 179.0 180.0 178.6 181.0
Iodine value 102.8 104.0 106.8 104.0
Unsap. matt % 0.3 0.5 0.5 0.4
F . F. A . (as Oleic acid %) 0.18 0.4 0.58 0.3
Essential oil % 0.03 0.04 0.05 0.04
Phospholipid % 0.12 0.15 0.14 0.15
Values are means of 5 samples except var. from Meghalaya & Assam which is the mean of 4  samples. 
Colour of the oil was straw yellow in all cases.
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VanderWal16 and Coleman17. Results are presented 
in Tables 2, 3 and 3a. It is found that oil is composed 
of SSS 0.10, USU 3.3, USS 1.0, SUS 1.5, UUS 21.1, 
and UUU 73.0%; percentage of the chief components

Table 2. fatty acid composition, triglyceride and 
2 -mono-olyceride content of radish seed oil

Radish Oil
Fatty acids Fatty acids Triglyceride Monoglyceride

C14:0
(% wt.) 
Trace

0 6 :0 5.6 6.9 0.7
0 6 :1 — —
0 8 :0 1.7 4.2 3.7
0 8 :1 18.0 19.0 53.4
0 8 :2 11.5 12.4 21.3
0 8 :3 10.9 11.9 11.3
C20:0 2.4 — —
C20:l 1 2 . 0 11.7 3.4
C22:0 — — —
C22:l 38.0 33.9 6 . 2
C24:0 Trace — —
C24:l — — —

Table 3. triglyceride composition in  radish seed
ESTIMATED ACCORDING TO VANDER WAL METHOD16

SSS 0.10
SSU 1.00
SUS 1.50
USU 3.30suu 21.10
UUU 73.00

S-represents saturated fatty acids; U -  represents unsaturated
fatty acids.

Table 3 a triglyceride composition in  radish seed
ESTIMATED ACCORDING TO COLEMAN17

SSS - 0 . 1 0 OOO - 26.90
SSO - 0.80 OOL - 16.60
SSL - 0.30 LOL - 2.50
OSO - 1.90 SLS - 0.70
OSL - 1 .2 0 SLO - 6 . 2 0
LSL - 0 . 2 0 SLL - 1.90
SOS - 1.30 OLO - 13.90
SOO - 1 2 . 0 0 OLL - 8.60
SOL - 3.60 LLL - 1.30

S -T o ta l saturated acid; O -T otal monoenoic acid; L=Linoleic 
and remaining unsaturated acid.

of the glycerides are OOO (monoenes) 26.9, OOL 16.6, 
SLO 6.2, OLO 13.9 and OLL 8.6. It is found that the 
oil is particularly rich in glyceride type OOO and OOL. 
Similar results were obtained by Osman and Fiad18, 
only difference being that they found arachidic acid 
as the predominant saturated acid in the oil.

Volatile essential oil: The volatile essential oil 
component in the oil ranges from 0.03 to 0.05% as 
determined by chloramine T method7. The GLC analysis 
of volatile essential oil shows four peaks; two of them 
were identified. One corresponds to n-butenyl isc- 
thiocyanate and another to allyl isothiccyanate. The 
UV spectral curve o: the thiourea derivative of volatile 
essential oil showed maximum absorption peak bet
ween 241 and 243 nm which corresponds to that of 
pure samples of 4-methyl-thio-3-butenyl thiourea.

Phospholipids: Phospholipids content of the oil was 
determined18 both in free and bound lipids. Methanol 
fraction of free lipids do not contain any phospho
lipid, but that from bound lipid had phospholipids 
from 0.14 to 0.15%. Lecithin and cephalin identified 
by TLC were 16.2 and 8.8 mg% respectively.
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Changes in the Chemical C om position o f  Papaya 
(Thailand Variety) During Growth and D evelopm ent

Y. Selvaraj and D. K. Pal
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M a n u s c r ip t  rece iv ed  18 O cto b er  1981; re v ise d  8 F eb ru a ry  1982
Fruits of ‘Thailand’ variety of papaya harvested at various developmental stages were analysed for sugars, vitamins, minerals 
and respiration. The fruit pulp was mostly composed of water 87.6-93.8 per cent and carbohydrates 1.2-8.4 per cent at different 
developmental stages. Sucrose, glucose and fructose formed 10.8-41.6; 19.9-66.5 and 17.5-37.5 per cent respectively of total 
sugars during fruit ontogeny. Dry matter content which remained more or less at the same level increased in pre-ripe and ripe 
stages. During this period vitamin C, vitamin A, tannins, calcium, phosphorus and potassium contents also increased. Iron 
content showed little change during fruit development. Respiration pattern followed a typical climacteric rise.

Papaya (Carica papaya L) grown luxuriantly underw eigh t of sample was blended with distilled water and 
tropical climate, is an important source of v itam insm ade upto a known volume after filtering. An aliquot
and minerals in addition to papain extracted from 
raw materials. Comprehensive studies on physico
chemical and biochemical changes during the growth and 
development of papaya varieties were done earlier1“3. 
The present paper describes the changes in sugars, 
vitamins, minerals and respiration during the growth 
and development of ‘Thailand’ variety of papaya.
Materials and Methods

One year old healthy papaya plants grown at the 
Experimental Station, Hessaraghatta were used for 
this study. Twelve such trees were selected1. Fruits 
were collected at thirteen stages in the development 
and were analysed for various constitutents. For 
chemical analysis the pulp portion was composited. 
A known amount of fruit pulp was extracted with 80 
per cent ethanol in a Soxhlet extractor. The alcohol 
insoluble residue was used for estimating starch4. 
After evaporating alcohol the extract was used to 
estimate sugars5. For measuring acidity, a known

was titrated against standard NaOH and acidity ex
pressed as grams of citric acid per cent. Tannin 
content was estimated by A.O.A.C. method4. Vitamin C 
was measured using 2, 6 dichlorophenol-indophenol 
dye titration method4. /8-carotene was estimated 
using solvent extraction procedure and vitamin A 
content was calculated from 8-carotene values4. Fruit 
samples dried at 70°C were used for nitrogen estimation 
by Kjeldhal’s method4. A known amount of dried 
fruit sample was digested with tri-acid mixture and the 
digested material was used for estimation of minerals6,7. 
Phosphorus content was determined by vanadomo- 
lybdate yellow colour method7, and potassium and 
calcium by flame photometric methods*. Iron content 
was estimated by orthophenonthroline colorimetric 
method6. Respiration measurements were made by 
tissue slice method using Warburg technique8.
Results and Discussion

The data on carbohydrate constituents and acidity

Contribution No. 1260 of Indian Institution of Horticultural Research, BangaLore-560 080.
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T able 1. SUGARS AND ACIDITY IN DEVELOPING PAPAYA FRUIT VAR. THAILAND

Daysafteranthesis'
Alcohol inso luble soiids 

(%)
Starch
(%)

Totalsugars
(%)

Sucrose
(%)

Glucose
(%)

Fructose
(%)

Acidity (as citric acid) 
(%)

Sugar/acidratio Total soluble amino acids (mg%)
15 4.78 0.14 1.20 0.23 0.75 0.21 0.155 7.7 869
30 4.12 0.14 2.78 0.30 1.85 0.61 0.139 20.0 587
45 4.16 0.17 3.27 1.07 1.08 1.06 0.091 35.9 262
60 3.06 0.09 3.70 0.90 1.73 1.02 0.077 48.1 221
75 3.30 0.04 3.76 0.77 1.77 1.18 0.057 66.0 119
90 3.25 0.12 4.95 0.78 2.30 1.83 0.072 68.8 205

100 2.24 0.09 5.01 1.00 2.08 1.88 0.062 80.8 137
110 2.34 0.13 5.16 0.86 2.60 1.65 0.048 107.5 333
120 2.72 0.12 5.23 1.18 2.20 1.79 0.048 109.0 392
130 2.52 0.09 5.60 1.25 2.19 2.09 0.048 116.7 185
140 2.22 0.11 7.38 2.84 1.94 2.46 0.048 153.8 217
150 2.32 0.07 7.38 3.07 1.47 2.68 0.049 150.6 155
160 1.92 0.09 8.43 3.41 1.74 3.10 0.046 183.3 107

are given in Table 1. The fruit pulp was mostly 
composed of water 87.60—93.83 per cent and carbo
hydrates 1.20—8.43 per cent, together forming 
59.03—96.03 percent at different developmental stages. 
The principal carbohydrates were sugars (sucrose, 
glucose and fructose) with starch constituting minor 
proportions. Alcohol insoluble solids decreased from 
anthesis to ripe stage. Starch content was low 
and very little changes were observed in their con
centrations during fruit development. In common 
with other fleshy fruits, total sugars increased pro
gressively from anthesis up to 130 days, and thereafter, 
the increase was at a higher rate till the ripening of 
fruit. Sucrose, glucose and fructose formed 10.8—41.6; 
19.9—66.5 and 17.5 to 37.5 per cent respectively of 

total sugars during the ontogeny of papaya fruit. 
Sucrose content which didnot show much variation upto 
110 to 130 days cf fruit growth increased three fold 
thereafter. This increase coincided with the colour 
break stage of papaya fruit-. The predominant sugars 
upto 130 days were glucose and fructose. However, 
at pre-ripe and ripe stages sucrose content was more 
than fructose and glucose. Similar results were 
recorded with ‘Coorg Honey Dew’, ‘Pink Flesh Sweet’ 
and ‘Sunrise’ varieties2. Fructose content was more 
than glucose in pre-ripe and ripe stages. Earlier develop
mental stages had either more of glucose than fructose 
or at the same level as that of fructose.

Compared to other fleshy fruits, the total titratable 
acidity-a measure of all neutralisable acidic groups, 
was considerably low in papaya fruit throughout 
ontogeny. Total acidity decreased gradually till 130 
days of fruit growth and then remained more or less

at the same level. Sugar to acid ratio on the contrary 
increased upto ripe stage. Papaya fruit had very low 
tannins (3.1 to 50.3 mg%). Perhaps the low acid 
and tannin content accounted for the pleasant sweet 
taste of papaya. Total soluble amino acids ranged 
from 869 mg per cent in 15-day old samples to 107 mg 
per cent at harvest. The paper chromatographic 
separation of soluble amino acids indicated no qualitat
ive changes in their pattern. The amino acids tentatively 
identified were alanine, amino butyric acid, asparatic 
acid, aspargine, citrulline, cysteine, glutamic acid-f- 
gluthmine, glycine, isoleucine 4-leucine, lysine, serine, 
threonine, tryptophan, tyrosine and valine. Similar 
results were obtained with four varieties of papaya2.

The data on vitamins, minerals and respiration are 
given in Table 2. Papaya fruits are reported to be an 
excellent source of vitamins A and C. Vitamin A 
values calculated from £-carotene data, were low upto 
130 days of fruit growth and then increased four fold 
at ripe stage. This sudden increase in vitamin A content 
also coincided with colour break stage. Compared to 
other four papaya varieties studied earlier2, the variety 
‘Thailand’ recorded lowest vitamin A level at ripe 
stage. Vitamin C content was maximum in 15-day 
old samples. It decreased abruptly in 30-day old 
sample and remained more or less at the same level 
upto 150 days of fruit growth and then increased con
siderably till ripe stage.

Dry matter content remained more or less at the 
same level from early development stage to 140 days 
of fruit growth, thereafter it increased considerably. 
Protein content was more in 15-day old sample and 
decreased gradually upto 130 days. A marginal
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T a b l e  2 . v it a m in s , m in e r a l s  a n d  r e s p ir a t io n  i n  d e v e l o p in g  p a p a y a  f r u it  v a r . Th a il a n d

Daysafteranthesis
Vitamin A (T.U./100g) Vitamin C(mg%) Drymatter

(%>
Crudeprotein
(%)

Phosphorus (mg %) Potassium (mg %) Calcium (mg %) Iron(mg %) CO2 evolved (/Ul/hr/100g)
15 262 65.0 8.54 1.46 4.93 376 59.8 0.43 4600
30 312 a, 25.0 7.47 0.88 4.55 209 29.9 0.24 3590
45 363 26.9 8.14 0.89 4.24 205 29.3 0.19 1700
60 338 20.0 7.40 0.62 4.02 233 20.7 0.11 1190
75 363 19.4 7.65 - 0.60 3.40 212 29.1 0.20 1040
90 390 13.7 6.57 0.58 3.11 263 34.1 0.11 960

100 363 17.1 6.65 0.56 3.24 254 32.1 0.10 710
110 363 13.1 6.70 0.43 2.36 268 30.0 0.14 590
120 338 13.1 6.73 0.48 1.50 203 23.2 0.10 630
130 496 11.9 6.17 0.45 1.24 202 22.5 0.14 670
140 701 15.6 7.73 0.60 2.33 244 25.5 0.18 1130
150 1219 20.6 10.00 0.62 2.74 230 25.0 0.15 1000
160 2199 46.5 12.40 0.57 2.28 211 24.6 0.18 890

increase in protein concentration was observed in 140 
and 150—days old samples. Our earlier studies with 
four papaya varieties2 and two grape varieties9 indicated 
similar increase in protein content which coincided 
with the enhanced enzyme activity. Phosphorus, 
potassium and calcium contents were higher in early 
developmental stage and decreased gradually upto 
130 days of fruit growth. Their content again increased 
in 140 days and remained at that level till ripe stage.

Very little changes were observed in iron content 
during the developmental stages. Similar type changes 
in mineral composition were observed in our earlier 
studies in pineapple10, grape11 and papaya varieties2.

Respiration rate which was high at 15 days decreased 
considerably at 120 days of fruit growth. It started 
increasing at 130 days of fruit growth and climacteric 
peak in respiration was reached between 130 and 150 
days after anthesis i.e. at the colour break stage. 
Though papaya fruit contained very little starch, it 
showed a climacteric respiration pattern during ripening. 
In conclusion, it could be said that the ripening period 
in ‘Thailand’ variety of papaya is characterised by an 
increase in sucrose content rather than glucose and fruc
tose, increases in vitamins A and C, drymatter, tannins, 
phosphorus, potassium and calcium contents. Fruit 
tissue showed a typical climacteric rise in respiration, 
but no marked changes were observed in the contents 
of other chemical constituents studied.
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T oxicity o f  Some Petroleum  Fractions Used in Pesticidal
Em ulsions to Albino Rats
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Three petroleum fractions viz., solvent C IX, Deobase and kerosene were intragastrically administered to adult female albino 
rats to determine the acute oral LD5 0  values. Solvent C IX proved relatively more toxic, its LD5 0  being 6.3 ml =  5629.2 mg/ 
kg body weight. Kerosene caused 33.3% mortality at the dosage of 15 ml=12,750 mg/kg body weight (minimum lethal dose, 
MLD), whereas Deobase did not prove lethal at a similar dosage. The petroleum fractions elicited typical signs of central 
nervous system depression in rats. Liver showed minor hlstopathological alterations in solvent C IX poisoned rats.

Various petroleum fractions either in the crude 
state or as treated fractions are being employed as 
pesticide diluents or carriers because of their intrinsic 
insecticidal potencies, physical properties as well as 
inherent solvent and stability characteristics*. Ex
tensive use of such fractions alone or in pesticide 
emulsions has always caused concern as they often 
possess herbicidal properties2,3 and involve hazards 
to non-target species including man. The toxicity of 
new petroleum fractions such as Iomex(R) and Aromex(R) 
to albino rats have been reported earlier3' 5. This study 
reports the single dose toxicity of fractions such as 
solvent C IX, Deobase and kerosene to adult female 
albino rats.
Materials and Methods

Animals and Diet: Adult female albino rats (Rattus 
norvegicus, Wistar-CFTRI strain) weighing 175-200 g 
were grouped by randomized block design and assigned 
to different petroleum fractions. Caged individually, 
they were conditioned for two days by feeding on 
uncooked basal diet6 and water ad libitum.

Petroleum Fractions: The petroleum fractions,
solvent C IX and Deobase were of proprietary grade 
and obtained from M/S Volrho Ltd., Andhra Pradesh, 
India. Kerosene (commercial) was purchased from 
the local market. Some of the physico-chemical 
constants of the fractions used are outlined in 
Table 1.

Experimental design: The rats were starved over
night prior to the oral intubation of the petroleum 
fractions. Six rats were included in each group. 
The range of dosage employed for each fraction 
is outlined in Table 2. The control group received 
distilled water at the dosage of 15ml/kg body weight

(b.w.) The individual doses were calculated according 
to the body weights of rats. Treated animals were not 
fed on the day of intubation.

Observations for onset of any noticeable symptoms 
were made and mortality was recorded. Survivors were 
maintained for a period of 3 weeks, recording the 
daily food intake (7 days) and weekly body weights. 
At termination, survivors were autopsied after a chloro
form anaesthesia. After recording the fresh weights of 
liver, kidney, heart, spleen and adrenals, portions of 
them were fixed in 10% neutral formalin. Paraffin 
embedded sections (6p) were prepared and stained 
with haematoxylin and eosin for histopathological 
examination. The mortality data was statistically 
analysed by probit analysis7 to arrive at LD3o and LDgo 
values in case of solvent C IX and only minimum 
lethal dose (MLD) was computed for kerosene.
Results

Mortality: The mortality expressed as per cent has 
been presented in Table 2.

Solvent C IX  poisoning: Lower dosages of 3.0 and 
4.0ml/kg b.w. did not evoke any noticeable symptoms 
or proved lethal. However, beyond 4.0 ml/kg b.w. 
symptoms manifested were: initial prolonged state of 
dullness, severe lacrimation, nasal discharge, severe 
diarrhoea and ataxic hind limbs. Deaths occurred after 
coma and within 48-72 hr.

Deobase and kerosene poisoning: Dosages upto, 
10 ml/kg b.w. did not evoke any noticeable symptoms, 
beyond which rats appeared very dull, drowsy and 
showed unsteady gait. In kerosene poisoned rats, 
deaths (33.3%) occurred only at the dosage of 15 ml/kg
b.w. No diarrhoea was observed at any of the dosages 
employed.
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T a b l e  1. some physico-chemical constants of the
PETROLEUM FRACTIONS

Solvent C IX Deobase Kerosene
Distillation Range (°C) 160—210 200—300 200—300
Flash point (°C) 24 65—85 65—85
Specific gravity 0.89 0.81 0.85
Aromatics (% by vol.) Min. 85 — —
Kinetic viscosity (Centipoise units) 3.0 1.0 1.0

T a b l e  2 . d o s a g e  s c h e d u l e  a n d  m o r t a l it y  r e sp o n se  
o f  r a t s  o r a l l y  a d m in is t e r e d  p e t r o l e u m  f r a c t io n s

Fraction Dosage (ml/kg b.w.) Mortality0//o
Remarks

Solvent C IX 4.0 0.0
5.0 16.6
6.0 33.3
7.0 66.6 Deaths
8.0 83.3 within
9.0 100.0 48-72 hr

Deobase 15.0 0.0 Not lethal
Kerosene 10.0 0.0 Deaths

12.0 0.0 within
14.0 0.0 48 hr
15.0 33.3

Food intake and body weight: Anorexia was observed 
during the first three days of post-treatment and the 
rats also consumed significantly less food (<25% of 
controls). However, food consumption resumed to 
normal thereafter. A slight decreasein the absolute body 
weights of treated survivors was observed at the end of 
first week, but they regained weight on par with 
controls during subsequent weeks. No significant 
difference in body weights was observed at the end of 
third week among the treated survivors and controls.

Organ weights and microscopic examination: No gross 
alterations were observed in any of the vital organs 
and the fresh relative organ weights of treated rats were 
comparable to those of controls. Liver sections of 
solvent C IX administered rats showed mild cellular 
hypertrophy, mild vacuolisation at lower dosages, 
whereas few necrotic changes could be observed at 
higher dosages. Kidney sections showed slight desqua
mation of tubular epithelium. Liver sections of Deobase 
and kerosene poisoned rats showed slight cellular 
infiltration and mild vacuolisation, whereas kidney 
tubules were slightly dilated.

T a b l e  3 . a c u t e  o r a l  t o x ic it y  v a l u e s  o f  p e t r o l e u m  
f r a c t io n s  to  a d u l t  fem alf  a l b in o  r a t s

Petroleum fraction LD so ml/kg b.w. LD90
95 %  confidence limits Lower Upper

Solvent C IX 6.3(5629.2) 5.4(4798.2) 7.3(6534.4) 8.9(7931.7)
Deobase 15.0*(12,150) — — —

Kerosene 15.0** — — —

(12,750)
Values in parentheses are in mg/kg b.w.

* Not lethal upto this dosage.
** Minimum lethal dose (MLD)—33.3% mortality.

Mortality: The statistically computed LD50 values 
and LDqo values for solvent C IX and minimum lethal 
dose (MLD) for kerosene and Deobase have been 
presented in Table 3.
Discussion

On intragastric administration, the petroleum frac
tions induced typical signs of central nervous system 
depression in rats. The depressent action of petroleum 
fractions in various mammalian species has been well 
documented1,5,8. Solvent C IX poisoned rats showed 
severe lacrimation and nasal discharge pointing out that 
the fraction could be spreading rapidly over the mucosal 
layer of mouth causing irritation due to its low surface 
tension. From its LDso value, solvent C IX appears to be 
more toxic than the other fractions. However, repeated 
dosing trials would provide more data on the inherent 
toxicity of this fraction.

Rats tolerated kerosene upto 14ml/kgb.w. without 
showing any severe symptoms except drowsiness. The 
tolerance of rats and rabbits to single and repeated 
doses of kerosene without any pulmonary injury8 and 
pneumonia in animals dosed orally with large amounts 
(15-36 ml/kg b.w.) of kerosene8 has been shown. 
In the present study, the total volume of the petroleum 
fraction administered was 3ml/rat (15 ml/kg b.w.) as 
large dosage would cause regurgitation and aspiration 
since the stomach becomes distended. Further, it would 
be physiologically more sound to keep the volume 
dosed at a minimum. In fact, a volume corresponding 
to 5% body weight has been suggested as an excessive 
load for rats and mice in their acute oral toxicity 
studies10. The obtained MLD value is in conformation 
with the earlier reports and kerosene has been rated 
in the class of relativity harmless chemicals since its 
LD5o is reported to be 15 g/kg b.w. or greater11.



262 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 19, NOV./dEC. 1982

Deobase appeared to be safer as rats tolerated 
dosage upto 15ml/kgb.w. without any clinical poison
ing or lethality. It has more advantages than commercial 
kerosene as it is specially processed to eliminate the 
disagreeable odour which is of prime importance for 
household and agricultural applications.
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RESEARCH NOTES

CHANGES IN TOTAL PHENOLICS DURING 
DEVELOPMENT AND MATURITY OF 

SUB-TROPICAL PEARS
Total phenolics were estimated from the developing fruit of 
sub-tropical pear cv. ‘Patharnakh’ (Pyrus pyrifolia) and 
‘LeConte’ (Pyrus communis/P. pyri folia). Phenolic con
tent was very high during the first 2 0  days after full bloom, 
which fell down to 30 days after full bloom and then main
tained at that level with minor fluctuations till harvest.
The total phenolics were high in cv. ‘Patharnakh’ than cv. 
‘LeConte’ during development and maturity.

The phenolics are known to affect the level of auxins 
at all stages of fruit development, thus controlling the 
fruit growth. Relatively high tannin and polyphenolic 
contents were observed during the early stages of pear 
fruit development, followed by a concurrent decrease 
thereafter1. Smock and Neuberff, however, observed 
a continuous increase in the tannin content upto 75 
days after full bloom and a decline thereafter upto 
maturity. As the level of phenolics in pear fruit has been 
reported to vary greatly with species, variety, season 
and location3, the present investigations were, there
fore, initiated to know the level of total phenolics at 
different stages of fruit development in cvs. ‘Patharnakh’ 
and ‘LeConte’.

Thirteen year old trees of ‘Patharnakh’ (P. pyrifolia) 
and ‘LeConte’ (P. communis x  P. pyrifolia) pear culti- 
vars, uniform in vigour and having been subjected to 
uniform cultural practices and fertilizer application, 
at the Regional Fruit Research Station, Bahadurgarh 
of the PAU, Ludhiana were used for the studies during 
1979-80. The fruits were collected randomly from all 
sides including internal and peripheral areas of the 
trees. The first sample was collected after ten days of 
full bloom and the subsequent were taken at the same 
intervals till harvest. Duplicate samples of the fruit 
flesh weighing 10 g were preserved in 80 per cent 
methanol and stored in a deepfreeze till analysis. 
The total phenolics were estimated by the method of 
Swain and Hillis4 by developing colour with Folin and 
Ciocalteu’s phenol reagent. The absorbance of the 
developed colour was measured at 630 nm using red 
filter. The results are expressed as mg gallic acid/100 g 
of the fruit flesh.

In ‘Patharnakh’ cultivar during 1979, the total 
phenolics increased after fruit set and reached the 
highest level (690 mg/100 g) at 20 days after full bloom 
(Table 1). There was a sharp decline in its level at 30

Table 1. total phenolics content in the flesh of 
‘patharnakh’ and ‘leconte’ pear fruit during* 

DEVELOPMENT IN 1979 AND 1980
Days after Total phenolics content (mg/100g flesh)full bloom ‘Patharnakh’ ‘LeConte’1979 1980 1979 1980

10 410.0 425.0 290.0 287.5
20 690.0 280.0 480.0 250.0
30 230.0 175.0 290.0 181.2
40 260.0 212.5 180.0 168.7
50 260.0 212.5 140.0 162.5
60 270.0 231.2 140.0 143.7
70 240.0 206.2 140.0 143.7
80 210.0 187.5 140.0 125.0
90 165.0 106.2 84.0 112.5

100 105.0 112.5 77.5 106.2
110 137.5 150.0 67.5 81.2
120 135.0 131.2 60.0 73.0
130 135.0 126.5 55.0 56.0
135 52.5 37.5
140 130.0 121.8
150 147.5 118.7

days after full bloom and with minor fluctuations, this 
level was maintained through the remaining development 
period. The mature fruit contained total phenolics of
147.5 mg/100 g flesh. During 1980, however, the 
highest level of total phenolics were observed 10 days 
after full bloom. Its level declined ten days later and 
more or less this level prevailed during the remaining 
part of the fruit development. In ‘LeConte’, the level of 
total phenolics were low in both the years as compared 
to ‘Patharnakh’ at all stages of fruit development. 
The highest level was reached (480 mg/100 g) during
1979 at 20 days after full bloom and thereafter, the 
level fell down sharply and remained nearly constant 
till final harvest when a level of 52.5 mg/100 g flesh was 
recorded. As in ‘Patharnakh’, the total phenolics in 
‘LeConte’ were high at 10 days after full bloom during
1980 and its content decreased continuously towards 
the maturity.

Similar variation in the total phenolic content within 
varieties and season has also been reported by Buren3. 
The results of Ryugo1 and Tewari3 on the content of 
total phenolics in the developing fruits of P. pyrifolia 
and P. pashia are also in line with the present findings. 
The synthesis of total phenols, tannins, total flavonoids,
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hydrocinnamic esters, chlorogenic acid, catechin and 
flavonols was reported to be very active in young 
fruits of cv. ‘Passe-Crassane’6, Since the ‘LeConte’ 
fruit contained less phenolics than ‘Pathernakh’ fruits 
at harvest maturity, it was more sweet than ‘Pather
nakh'. The decrease in total phenolics has been reported 
to be due to their dilution by other materials2 and 
hydrolysis into component sugars, acids and other 
compounds7.
Department of Horticulture, S o h a n  S in g hPunjab Agricultural University, B. S. D h fllo nLudhiana, India.
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ELECTROPHORETIC AND SOLUBILITY 
CHARACTERISTICS OF PROTEINS IN 

SOYBEAN VARIETIES
Two hybrid varieties of soybean ‘H-19’ (HM-lxBragg); 
‘H-20’ (HM-1 XAnkur) along with their parents and 
two other varieties (‘PK 71-21’ and ‘PK 71-6’ were 
studied for their seed protein fractions. ‘H-20’ variety 
contained the highest amount of albumin. Globulin con
tent ranged from 4.7 to 12.6 per cent, while prolamine 
varied from 1.8 to 3.7 percent. Proteins were separated 
by polyacrylamide gel electrophoresis and scanned in 
a Beckmann spectrophotometric scanner at 600 nm. 
Maximum number of bands (11) were obtained in ‘H -19’ 
and ‘Bragg’, while ‘Ankur’ contained only 8  bands.

Nutritive value of pulses can be predicted by study
ing the protein fractions1, since globulin is known to be

resistant to digestion2' 3. Bajaj et alA"5 were able to 
demonstrate the importance of water soluble proteins as 
indicators of protein quality since these contributed to 
superior nutritional value. In the present investigation, 
two crosses, ‘H-19’(HM-1 xBragg)and ‘H-20’(HM-lx 
Ankur) newly evolved by this university were studied 
along with their parents and other soybean varieties 
‘PK 71-2T and ‘PK 71-6' for protein components.

Newly evolved varieties of soybean along with other 
varieties of soybean were procured from the Department 
of Plant Breading of the University. Samples were 
dried in a hot air oven at 60°C and were ground to 
pass through 100 mesh sieve and stored in air tight 
containers. Depending upcn the solubility character
istics, albumin, prolamine and gluten fractions were 
separated by the method of Osborne and Mendal as 
modified by Naik6. Nitrogen in different extracts was 
determined7 and converted into protein by multiplying 
with 6.25. Anionic system of polyacrylamide gel (7.5 
per cent) electrophoresis was employed to separate the 
soluble proteins.

Soluble proteins were extracted in 0.05M tris buffer, 
pH 7.6, containing 5 m mole ^-mercaptoethanol and 
measured by the method of Lowry et al.9 Equal amount 
of protein (200 jug) was applied on each gel column 
and all the samples were run concurrently. Electro
phoresis was conducted in cold for about 90min at 
5 mA current per gel column. After completion, gels 
were stained in one per cent amido black in 7 per cent 
acetic acid. Rf of each band was determined by com
paring against reference dye. Gels were scanned at 
600 nm with the help of scanner using a Beckman 
spectrophtometer.

Results on protein fractions viz. albumin, globulin, 
prolamine and glutelin content in soybean varieties are

F ig . 1: Seed protein bands of soybean varieties separated by acrylamide gel electrophoresis



F ig . 2 : S c a n  o f  s e e d  p r o te in  h a n d s o f  s o y b e a n  v a r ie tie s  s ep a r a te d  b y  a c r y la m id e  g e l e le c tr o p h o r e s is
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shown in Table 1. The cross, ‘H-v20’ (HM-1 xAnkur) 
contained the highest amount of albumin fraction. 
A significant variation in albumin content among 
these varieties of soybean was noted. Tnere was a 
significant difference in the content of globulin and

T able 1. protein fractions (per cent of total 
protein) in soybean varieties

Variety Albumin Globulin Prolamine Glutelin
H-19 35.6 12.6 2.8 25.1
H-20 40.6 12.4 3.7 24.8
HM-1 33.2 10.4 2.7 26.1
Bragg 36.8 8.2 2.2 22.4
PK 71-6 33.7 7.6 2.5 22.7
Ankur 28.8 4.7 1.8 30.4
PK 71-21 37.8 6.7 2.2 20.2
Mean 35.21 8.94 2.56 24.53
S.E ±  1.43 ±  I-« ±  0.22 ±  1.23

Table 2. r/  values of soluble proteins inSOYBEAN VARIETIES
R/  values of indicated soybean varieties

H-19 H-20 HM-1 Bragg PK 71-6 PK 71-21 Ankur
0.18 0.18 0.18 0.18 0.18 0.18 0.18

— — - — — 0.22 —
0.24 — — — — — —

— — — — 0.26 — —
— — 0.28 0.28 — — —

0.30 0.30 0.30 0.30 0.30 0.30 0.30
0.34 — — — — - —
0.38 0.38 0.38 0.38 0.38 0.38 0.38

— 0.43 0.43 — 0.43 — —
0.48 — — 0.48 — 0.48 0.48

— 0.54 0.54 0.54 — — —
0.58 — — 0.58 0.58 0.58 0.58

— — — — — 0.62 —
0.68 0.68 — — — — —
0.75 0.75 

n sn
0.75 0.75 0.75 0.75 0.75

0.89
U.oU
0.89 0.89 0.89 0.89 0.89 0.89

0.93 0.93 0.93 0.93 0.93 0.93 0.93
— — — 0.95 _ 0.95 _

prolamine among the cross and their respective 
parents. Prolamine and globulin content ranged from
1,8 to 3.7 and 4.7 to 12.6 per cent respectively. Crosses 
contained the highest amount of globulin, which how
ever, is known to be resistant to digestion. Thus, the 
globulin content of beans could be of value in predict
ing the nutritive value2,3.

Rf  values of soluble proteins of different soybean 
varieties separated by gel electrophoresis are presented 
in Table 2 and the pattern of proteins in anionic 
system scanned by Beckmen spectrophotometer at 
600 nm is shown in Fig 1 along with visual photograph 
of gels, and with the migration of proteins bands and 
polarity of electrodes (Fig. 2).

Bands of R/values 0.18, 0.30, 0.38, 0.75, 0.89 and0.93 
were common in all these soybean varieties, whereas 
differential bands of R/  values of 0.28 in ‘HM-1’ and 
‘Bragg’; 0.43 in ‘H-20’, ‘HM-1’ and PK71-6’; 0.54 
in ‘H-20’, ‘HM-1’ and ‘Bragg’ and 0.58 in ‘H-19’, 
‘Bragg’, ‘PK71-6’, ‘PK 71-21’ and ‘Ankur’ were 
noted. Thus, it shows that presence or absence of a 
particular band could be under genetic control1®. 
Similarly, bands of Rf  values of 0.24, and 0.34 are 
found only in the cross ‘H-19’ and that of 0.68 is 
observed in ‘H-19’ and ‘H-20’, while R/value of 0.95 
was noted in ‘Bragg’ and ‘PK 71-21’.

In Fig. 1 and Fig. 2 the number of peaks in scan 
coincide with the number of bands observed. Maximum 
number of 11 bands were obtained in ‘Bragg’ and 
‘PK 71-21’, 10 in ‘H-19’ and ‘H-20’; 9 in ‘HM-1’; 
8 in ‘PK71-6’ and ‘Ankur’. Tnus, the genotype could 
be screened for quality by determining the soluble 
protein fractions.
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A SIMPLE WAY TO PRESERVE POTATO FOR 
CHIPS MAKING

Potato tubers were stored successfully upto one year 
in a solution containing 0 .6 % acetic acid and 0 .2 % pota
ssium metabisulphite. Chips prepared from these tubers 
retained better colour during storage as well as after frying.

Recent studies carried out in our Institute showed 
that vegetables such as cucumber, cauliflower, peas and 
turnip can be easily preserved upto one year by steeping 
the material in water containing 5 per cent salt, 0.1 per 
cent potassium metabisulpite and 1.2 per cent glacial 
acetic acidi. As potato is an important commercial 
crop and is consumed extensively, it was thought worth
while to study this method for the storage of potato 
tubers. Initial studies carried out showed that potatoes 
could be safely stored by this method for over three 
years without any morphological or histological changes. 
However, the preserved tubers even after prolonged 
refreshing in cold and hot water remained sour and 
saltish and took considerably longer time for cooking. 
Steeping the preserved potatoes in sodium bicarbo
nate for 24 hr or even cooking them in the presence 
of alkali did not improve the cooking quality. In 
contrast, alkali treatment imparted an insipid taste, 
although it helped to reduce the tuber acidity to half 
of that obtained in steeped tuber.

It is a known fact that salt increases the cooking time 
of vegetables. Therefore, the acetic acid and salt content 
of the steeping solution was further reduced. Further 
studies have indicated that the concentration of acetic 
acid could be reduced from 1.2 to 0.6% with complete 
elimination of salt and the solution could still preserve 
potatoes. No microbial activity was observed either 
in the stored potatoes or in the steeping solution. 
Reduction in various chemical constituents of steeped 
potatoes after 2 month’s storage was found to be 24.2 to 
22.8% for dry matter; 2.89 to 2.66% for ash; 12.9 to 
3

11.6% for starch; 113.2 to 60.0 mg% for total phenols 
as tannic acid and 0.3 to 0.1% for reducing sugars. 
Acidity however, increased from 0.12 to 0.30 per cent 
as acetic acid. It was observed that the phenolic 
compounds were leached out of potato tubers into the 
steeping solution; and during a storage period of one 
month the quantity leached out was 34 mg/100 ml of 
steeping solution. Some of these compounds are 
known to have antimicrobial activity2. Phenolic com
pounds thus played a complementary role in the 
preservation of potato tubers even at a lower con
centration of acid. However, lowering the acid con
centration of the steeping medium by half did not 
improve the cooking quality of potato tubers.

Tne effects of substitution of acetic acid with citric, 
tartaric or malic acid in the solution on the cooking 
quality of steeping potatoes were studied with 
solutions containing 0.6 per cent of each of the 
above acids and 0.2 per cent potassium metabisulphite. 
Storing the samples in these acids for one month 
affected the cooking quality of tubers in the same way 
as in acetic acid.

Organoleptic acceptability of the final product was 
assessed after drying. Potato chips of 2 mm thickness 
were prepared from steeped potatoes and kept in 
water for an hour, drained and dried in a cabinet drier 
at 60-70°C. On storage at ambient temperature (30- 
34°C), dried chips retained better colour as compared 
to potato chips prepared from fresh potatoes.

On frying, chips from steeped potatoes retained 
whiter colour and gave better taste. The two com
pounds viz. polyphenols and reducing sugars which 
take part in the browning reaction during storage and 
processing were leached out. This helped in the prepara
tion of better and whiter product.

This method is simple, cheap and does not con
siderably affect the quality of the stored product. As 
such, it can be used to store the potatoes which can be 
used for the preparation of better quality chips (whiter) 
having a better storage life.

This research has been financed by a grant made by
U.S.D.A. Agricultural Research Services, authorised by 
Public Law 480. Thanks are due to Dr. Hari Kishore, 
Regional representative, The International Potato Centre, 
Region VI, for providing technical help and con
structive criticism during the course of this work.
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STUDIES ON SHELF-LIFE OF VEGETABLE OILS 
PACKED IN USED TIN CONTAINERS

Mustard oil, sesame (til) oil and groundnut oil were 
packed in new as well as once-used and repeatedly-used 
tin containers and stored under ambient room conditions 
for a period of about one year. The quality was assessed 
by organoleptic score, acid value and peroxide value. It was 
found that the keeping quality of these vegetable oils packed 
in new tin containers remained generally stable upto one 
year in case of mustard and til oil and 8 months in case 
of groundnut oil. These oils when packed in once-used 
containers retained their stability for 4-5 months and 
when packed in repeatedly-used containers, they were 
not acceptable beyond a period of 3 months.

The vegetable oils and fats are packed to protect 
them from oxygen, moisture and light so as retard or 
prevent the development of oxidative rancidity. Tin 
acts as a protective surface in the tin containers. The 
tin plate steel used in the manufacture of tin containers 
is coated with a very thin protective layer of tin 
(approximately 1 % of total thickness). The steel base 
provides the strength and fabrication qualities, whereas

the tin coating provides lustre, corrosion resistance and 
solderability. By repeated use of tin containers for 
packing vegetable oils, the protective tin layer gets 
reduced and may give access to the contents, to come in 
direct contact with rust or iron1,2. Most vegetable oils 
have some degree of unsaturation apart from the 
presence of various minor constituents. As such, they 
are susceptible to oxidative rancidity or other types 
of deteriorations during storage period3. There is a 
likelihood of formation of organic tin salts the toxicity 
of which is rated very high4.

The raw vegetable oils (mustard, sesame (til) and 
groundnut oil samples graded under Agmark and 
from the same lots) were packed in new, once-used 
and repeatedly-used tin containers and stored under 
commercial conditions for about a year. The lids of 
the containers were opened for periodical sampling 
of oils. The sensory evaluation was conducted by 
adopting subjective panel technique. The consumer 
acceptability test versus organoleptic score was stand
ardized at this laboratory and the following pattern 
for their quality assessment was adopted.

Consumer acceptance Organoleptic scores 
(Out of 100)

Very good (readily acceptable) 75 and above
Good (acceptable) 64—75
Fair (fairly acceptable) 60—64)
Poor (not acceptable less than 60

The results of the experiment (Table 1) show that the

Table 1. changes in mustard oil packed in  new  as well as used tin-containers during storage

Storage Organoleptic score of oil Acid value of oil Peroxide value of oil in containerperiod in container types in container types types (me/kg.)(days) New Once-used Repeatedlyused New Once-used Repeatedly-used New Once-used Repeatedlyused
0 78 (R.A.) 78 (R.A.) 78 (R.A.) 1.5 1.5 1.5 0.6 0.6 0.6

31 76 (R.A.) 76 (R.A.) 76 (R.A.) 1.6 1.6 1.6 0.8 0.8 0.8
70 75 (R.A.) 73(A) 70(A) 1.7 1.7 1.7 1.6 2.7 7.4

104 75 (R.A.) 71(A) 6 8 (A) 1.7 1.7 1.7 4.5 6.0 9.0
130 73(A) 68 (A) 63 (F.A.) 1.7 1.7 1.7 4.5 6.0 9.8
160 71(A) 64 (F.A.) 58 (N.A.) 1.7 1.7 1.8 4.5 6.0 10.5
193 68 (A) 59 (N.A.) 55 (N.A.) 1.7 1.7 1.8 4.5 7.5 12.0258 6 6 (A) 57 (N.A.) 50 (N.A.) 1.8 1.8 1.9 4.8 9.6 16.3320 65(A) 56 (N.A.) 45 (N.A.) 1.8 1.8 2.0 5.0 10.0 18.0
366 65 (A) 55 (N.A.) 40 (N.A.) 1.9 2.0 2.3 5.0 10.5 18.5

The tests for argenome oil, mineral oil, castor oil and linseed oil were found negative. The iodine value, saponification value and B.T.T. did not change much during the storage period.R.A. - Readily acceptable; A= Acceptable; F.A. - Fairly acceptable; N.A. - Not acceptable.
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quality of mustard oil packed in new containers did not 
significantly deteriorate even at the end of storage 
period. The Kreis test was found negative. The 
mustard oil packed in once-used container was accept
able upto a period of 5 months (the Kreis test also 
showing positive thereafter), whereas those packed in 
repeatedly-used containers started deteriorating after 
3 months and became unacceptable after 4 months 
(as also evidenced by positive Kreis test). During the 
subsequent experimental studies for mustard oil packed 
in used containers, a sharp deterioration occurred 
in its general quality, rendering the oil unfit for human 
consumption (Table 1). The oils in once-used and 
repeatedly-used containers started developing poor 
flavour which turned into metallic flavour and thereby 
the oil became unacceptable.

In case of til oil also more or less similar results were 
obtained except that the Kreis test became responsive

at slightly variable stages of storage period (Table 2). 
Metallic flavour is the typical off flavour developed and 
is the reason for the non acceptability.

The stability of groundnut oil was found compar
atively poor. Groundnut oil packed in new containers 
was found acceptable only for about 8 months. The 
quality characteristics of this oil when packed on once- 
used containers remained acceptable for about 4 months 
only, whereas those packed in repeatedly-used con
tainers started deteriorating after 2 months and became 
unacceptable after 3 months. A sharp deterioration was 
found to occur in case of oil packed in used containers, 
when assessed at subsequent periods. It was rendered 
unfit for human consumption due to emission of 
off-metallic flavour. Kreis test was found positive 
after 6, 4 and 2 months of storage period for this oil 
packed in new, once-used and repeatedly-used con
tainers respectively (Table 3).

Storageperiod
T able 2. changes in til oil packed in new as well as used tin containers during storage

Acid value of oil in container typesOrganoleptic score of oil in container types
Peroxide value of oil in container types (me/kg.)

(days) New Once-used Repeatedlyused New Once-used Repeatedlyused
New Once-used Repeatedlyused

0 76 (R.A.) 76 (R.A.) 76 (R.A.) 4.8 4.8 4.8 0.5 0.5 0.5
31 75 (R.A.) 75 (R.A.) 75 (R.A.) 5.0 5.0 5.0 0.6 0.6 0.6
75 75 (R.A.) 75 (R.A.) 73 (A) 5.0 5.0 5.0 0.8 0.8 1.0

104 73 (A) 72(A) 70(A) 5.0 5.0 5.0 0.8 0.8 1.0
130 72(A) 70(A) 64 (F.A.) 5.2 5.2 5.2 0.8 0.8 1.2
160 72(A) 64 (F.A.) 58 (N.A.) 5.3 5.3 5.6 1.0 1.0 1.6
193 70(A) 59 (N.A.) 56 (N.A.) 5.3 5.3 5.6 1.8 2.3 2.7
258 68 (A) 55 (N.A.) 53 (N.A.) 5.7 5.7 6.0 1.9 2.8 4.4
320 6 6 (A) 52 (N.A.) 45 (N.A.) 5.7 5.7 6.2 5.1 6.8 8.6
366 64 (F.A.) 50 (N.A.) 40 (N.A.) 6.0 6.0 6.3 7.1 9.5 10.2

The tests for argemone oil, mineral oil, castor oil and linseed oil were found negative. The iodine value, saponification value and B.T.T.did not change much during the storage period.R.A. = Readily acceptable, A - Acceptable, F.A. = Fairly acceptable, N.A. - Not acceptable.
Table 3. changes in groundnut oil packed in new as well as used tin containers during storage

Storageperiod Organoleptic score of oil in container type Acid value of oil In container types Peroxide value of oil in container types (me/kg.)
(days) New Once-used Repeatedlyused New Once-used Repeatedly used New Once-used Repeatedlyused

0 75 (R.A.) 75 (R.A.) 75 (R.A.) 2.9 2.9 2.9 2.8 2.8 2.8
26 75 (R.A.) 75 (R.A.) 73(A) 2.9 2.9 2.9 3.6 3.6 3.6
56 74(A) 72(A) 68 (A) 2.9 2.9 3.0 4.0 5.0 6.0
89 70(A) 64 (F.A.) 59 (N.A.) 3.0 3.0 3.0 6.6 7.2 8.3

154 65 (A) 59 (N.A.) 55 (N.A.) 3.3 3.3 3.5 7.8 8.9 12.0
216 60 (F.A.) 55 (N.A.) 50 (N.A.) 3.3 3.3 3.5 9.6 13.2 17.1
262 56 (N.A.) 50 (N.A.) 40 (N.A.) 3.7 3.7 3.7 11.8 15.9 23.2

The tests for argemone oile, mineral oil, castor oil and linseed oil were found negative. The iodine value, saponification value and B.T.T. 
did not change much during the storage period.R.A. - Readily acceptable; A-Acceptable; F.A.-Fairly acceptable; N.A. - Not acceptable.
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From these studies, the inference may be drawn that 
it is not advisable to pack vegetable oils in used tin- 
containers. The internal environment of such con
tainers may adversely affect the general quality of 
vegetable oils when packed. The corroded tin coating 
or exposed steel base readily reacts with moisture/free 
fatty acids in oil leading to the development of 
oxidative rancidity or formation of organic tin salts 
which are rated highly toxic.

Thanks are due to Agricultural Marketing Adviser 
to the Govt, of India for permitting to conduct this 
experimental study and publish this paper. The parti
cipation of many other independent panelists for 
consumer acceptability test is also thankfully acknow
ledged.
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CONTAMINANT YEASTS OF SUGAR CANE 
PRODUCTS OF SRI LANKA

Twenty two strains of yeasts isolated from samples of 
sugar cane products were characterized and identified using 
both biochemical and morphological characteristics. The 
yeasts belonged to six genera viz: S p o ro b o lo m y c e s  (two 
strains), C and ida  (three strains), T o r ttlo p s is (one strain), 
S a c ch a ro m y ce s  (three strains), B re tta n o m y c e s  (one strain), 
K lu yv ero m y ces  (one strain) and H a n sen u la  (one strain).
The predominant species was S a c ch a ro m y ce s  cerevisiae  
(ten strains).

Sri Lanka produces in addition to sugar and molasses, 
a number of traditional sugar cane products such as 
jaggery (crude sugar lumps) and cane syrup (treacle) 
which are used for the preparation of traditional sweet 
meats and beverages. The manufacture of jaggery and 
cane syrup is mainly done on cottage industry scale 
and the quality of the products vary depending on the 
conditions of manufacture. Due to adulteration, the 
sugar contents of these products are often found to be

below desirable levels needed for good keeping quality. 
Spoilage by alcoholic fermentation is common in sugar 
cane products and therefore, yeasts are expected to 
play a significant role in their spoilage.

In the present study, 22 strains of yeasts isolated 
from samples of molasses, jaggery and sugar cane 
syrups were characterized and identified using both 
biochemical and morphological characteristics. Yeasts 
were isolated by plating on a medium which had the 
following composition (in g/1 of distilled water)1: 
glucose 20.0, yeast extract 300, peptone 5.0 and agar
20.0 (pH 3.5). Plating was done by streaking a loopful 
from enrichment cultures prepared by inoculating 
small amounts of the sample into tubes containing 
broth (10 ml) of the same medium. Methods used to 
study the biochemical and morphological character
istics were same as those described by Jayatissa et al.2 
The isolated yeast strains were characterized and 
identified using the following criteria: fermentation 
pattern, assimilation pattern, morphology and sporul
ation. Some of these criteria were represented by 
codes as described by Beech et al.1 The results and the 
completed identification codes1 with the binomial 
names of the yeasts are given in Table 1.

Various yeasts have been found in sugar, syrups and 
and molasses; and they can be frequently traced to the 
original cane3“5. Many of the yeasts observed by 
earlier workers are osmophilic or at least tolerant of 
high concentrations of sugar. These yeasts are re- 
ponsible for the fermentative spoilage of sugar cane 
products. In Sri Lanka, jaggery and cane syrups are 
processed at temperatures around 90°C which are 
usually capable of destroying any yeast present in the 
juice. Although there have been reports of yeasts 
tolerant of such high temperatures4, most of the yeasts 
found in local sugar cane products appear to be due to 
contamination taking place after processing. Sugar cane 
products such as jaggery, syrup and molasses are 
hygroscopic and surface dilution occurs due to the 
absorption of moisture from the surroundings. Since no 
preservatives are used in these products, yeasts con
taminating the surface layers bring about active fer
mentation causing spoilage.

The yeast strains (twenty two) isolated in this study 
belonged to six genera. They are Sporobolomyces 
(two strains), Candida (three strains), Torulopsis (one 
strain), Saccharomyces (thirteen strains), Brettanomyces 
(one strain), Kluyveromyces (one strain) and Hansenula 
(one strain). The most prédominent out of the twelve 
species isolated was Saccharomyces cerevisiae.

Most of the yeast species encountered in this study 
have been isolated by earlier workers from sugar, 
syrups or related materials. Saccharomyces cerevisiae, 
Saccharomuces elegans and Hansenula anomala have
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T able 1. identification of yeasts in sugar cane products

Ferment- Assimilation Morphology Completed StrainationSugar Code“ 
O

Eth N

+

titrate Code* 

N

Sugar -------------Code0 Cell shape
ISM Oviod,

Ascospore Ps
+

My Pe
+

-------  Code0Code0
2/COL 0/N1SM/2/C0L S p o ro b o lo m yc es  roseu s (Ml)

O + 0 ISM
cylindrical 
Oviod, to + + + 2 O/OlSM/2 C an d id a  m esen tr ic a  (Ml)

O + N IS
oblongate 
Oviod, few 1/COL O/NIS/l/COL S p o ro b o lo m y c e s  o do ru s (Ml)

D + O 1
elongate
Ovoid — — -- ■— 1 D/Ol/1 T o ru lo p s is  g la b ra ta  (Ml)

MA + O ISM Spehrical Spheroidal or — — 2B MA/01SM/2B S a c ch a ro m y ce s  b a va n n s

MS + N 4
ovoid or cylindrical
Spherical or

ellipsodal

+ + 2 MS/N4/2
(Ml)

B re tta n o m y c e s  la m b icu s

A + 0 3
ellipsoidal
Ellipsoidal Spheroidal + 2B A/03/2B

(Jl)
S a c ch a ro m y ce s  e leg an s

GA + O 3
to cylindrical 
Subglobose Crescentiform + 2B GA/03/2B

(JS1)
K lu y r e r o m y c e s  m a rx ia n u s

GA + O 4
ellipsoidalcylindrical
Spheroidal

or reniform 

Spheroidal + 1 GA/04/2B
(JS1)

S a c ch a ro m y ce s

GMA + O 4
or ellipsoidal 
Spheroidal Spheroidal 1 GMA/04/1

c h e v a lie r i (Ml) 
S a c ch a ro m y ce s

GMA + O 4
orsubglobose
Subglobose + + 2 GMA/04/2

cerev isia e  (MI, SS3) 
S a c ch a ro m y ce s

GMA 4- N 4 Spheroidal Hat-shaped + _ + 2 GMA/N4/2
cerev isia e  (Ml, JS3, SS2) 
C a n d id a  p e llic u lo sa  (FM2)

GMS + N 4 Spheroidal Hat-shaped + — + 2 GMS/N4/2 H a n sen u la  a m o m a la  (SSI)
Abbreviations: Ps, Pseudomycelium; My, mycelium; Pe, pellicle; M, molassess; J, jaggery; JS, jaggery scum; SS, sugarcanesyrup; FM, fermenting molasses; Gl, glucose; Ga, galactose; Su, sucrose; Ma, maltose; Ra, raffinose; Eth, ethanol; KNO3, potassium nitrate.
Code“: (Based on method by Beech e t  a l).
S u g a r  F erm en ta tio n . O - : No Fermentation; D - :  Gl; Su, Ma, Ra; M S - :  Gl, Su, Ma; A-: Gl, Su, Ra; GA-: Gl, Ga, Su; 

G M A  +: Gl, Ga, Su, Ma, Ra; G M S - : Gl, Ga, Su, Ma.
N itra te  A ss im ila tio n :  N - :  Assimilation; O  -  No assimilation.
S u g a r  A ss im ila tio n : ISA/-: Gl, Su, Ma, Ra,; 1-: Gl. only; 3  -: Gl, Ga, Su, Ra; 4 -: Gl, Ga, Su, Ma, Ra.
M o rp h o lo g y " C o d e : COL-: Coloured colonies; 1 - :  Multilateral budding. No pseudomycelium, No pellicle; 2 - :  Multilateralbudding, with pseudomycelium, with pellicle; 2 B - : Multilateral budding with pseudomycelium, no pellicle,

been reported by Tilbury6 among contaminating yeasts 
of raw sugar. Saccharomyces cerevisae has also been 
reported as a contaminating organism in fresh cane 
juice.5

A strain of Sporobolomyces roseus which forms 
coloured colonies on solid media was isolated in this 
study from a sample of spoiled molasses. Although, 
there are no reports of this species of yeast being

isolated from sugarcane products or other sugar syrups, 
Gruss isolated a strain of yeast which he identified as 
Amphiernia rubra (synonymus with Sporobolomyces 
roseus) from flower nectar?. The yeast Sporobolomyces 
odorus has not been reported in sugar cane products 
earlier.

Candida mesenterica which was isolated from a 
sample of molasses has been isolated earlier from wort
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and beer conduit pipes in breweries8. Candida pellicu- 
losa isolated from fermenting molasses is the imperfect 
form of Hamenula anomalcfi. Another asporogenous 
yeast Torulopsis glabrata which was isolated from 
molasses in this study has been isolated earlier from 
concentrated orange juice9 and from fermenting juice 
of Passiflora edulis by Rao and Pruthi'O. Brettanomyces 
lambicus which was found as a contaminant in jaggery 
waste has been recovered earlier by Vander Walt11 
from African grape must.

Saccharomyces bayanus, a common contaminant of 
wine and beer12 was isolated from a sample of molasses 
in this study. A strain of Kluyveromyces marxianus 
which was isolated from jaggery scum has been isolated 
earlier from sewage of a sugar factory by Saccetti.13 
Saccharomyces che\alieri, reported a number of times 
as a contaminant of wine and toddy14 was also isolated 
from molasses in this study.
Industrial Microbiology,Ceylon Institute of Scientific and Industrial Research,P.O. Box 787, Colombc-7, Sri Lanka.
R e c e iv e d  8 S e p te m b e r  1981 
R e v is e d  23 F eb ru a ry  1982
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BOOK REVIEWS

Source Book of Food Enzymology: by S. Schwimmer,
Avi Publishing Company, 1981, pp. 967; Price: $87.50.
This book consists of ten parts with a total of 39 

chapters. The first three parts deal with the scope of 
the book and the general aspects of enzymes indicating 
in some detail kinetics, biosynthesis, regulation of 
activity, purification, affimity chromatography and 
immobilized enzymes. There is understandably a 
definite slant towards food enzymes but there is adequate 
coverage of the basic aspects. The next part is con
cerned appropriately with the control of the activity of 
the enzymes (and micro-organisms) of special signi
ficance in foods by blanching, low—temperature, low 
water-activity, ionizing and non-ionizing radiations 
and inhibitors-most of these are important in food 
industries for better storage/conservation/processing. 
The next five chapters comprising part V deal with 
food colour vis-a-vis enzymes, especially the role of 
“phenolase”, lipoxygenase, chlorophyll degrading en
zymes, glucose oxidase and the like which are crucial for 
colour development. Part VI considers the genesis of 
aroma and taste (sweet and sour) in various types of 
foods and beverages, and also the formation of off- 
odours and bitter taste, particularly in dairy products. 
The part played by enzymes in the development of a 
desirable texture in meat, fish and plant foods has been 
discussed in the next part. Proteases and glycolysis in 
meat, phospholipases, trimethylamine oxide de-methy- 
lase and proteases in fish, pectinases, amylase, invertases 
and cellulases in plant foods and their action are des
cribed in relation to texture. Chapter VIII is concerned 
with a discussion of the function of enzymes in miscel
laneous unrelated processes where a pronounced 
change occurs in appearance or texture, as in fruit juice 
manufacture, malting and brewing and the production 
of bread and cheese. Improvement of functional and 
nutritional properties of plant proteins, release of 
toxic components from plant foods during processing 
/nutrient destruction and possible therapuatic use of 
enzymes are some topics treated at some length in 
part IX. The criterion of the presence and concentration 
of certain enzymes as indicators of quality, senescence, 
contamination and processing and enzymatic assay 
of food constituents are dealt with in the last part.

This is perhaps a unique book on food enzymes. 
Enzymes are viewed more from the angle of raw 
material, the food, its conservation or its processing i.e, 
from the food science/technology angle than from a 
predominently biochemical viewpoint. An integrated

view is given of the role of the enzymes in food 
materials, in their processing, in food analysis and 
quality assessment, and in the development of sensory 
qualities such as colour, odour, taste and texture. A 
brief description of the raw material in terms of its 
composition and structure is followed by what happens 
during and after processing in respect of composition 
and sensory qualities; the changes are considered in 
depth from an enzymological viewpoint.

The author has largely succeeded in his objective of 
“comprehensively evaluating and providing a syncretic 
Ariadne’s Thread for food enzymology in its laby
rinthine ramifications. This source book on food 
enzymology is intended as such a compendium”. No 
doubt the author’s vast experience over almost half 
a century in this area of food enzymes whetted by his 
own perceptions, abiding interest and dedication have 
contributed to this achievement. The author should be 
congratulated upon this accomplishment of very inform
ative, instructive and readable encyclopediac work. 
The book should find a place in every laboratory of 
food science and is recommended to anyone interested 
in food enzymes.

There are a few minor comments. Why the chapter 
(No. 9) on “Enzymology of Sweetener Production” 
finds a place in part III on “Enzyme production and 
Related Topics” is difficult to understand. Glucose 
isomerase, << -amylase and glucoamylase are quantita
tively and economically so important that they deserve 
special consideration. Despite the justification by the 
author of the use of “phenolase” polyphenol oxidase 
is a better term than phenolase, although perhaps 
not the best! Thirdly “metric tonn” has been abbre
viated to “MT” which is not standard: M is nor
mally used for mega of 106. it is stated that many 
metabolites including food costituents can be mea
sured at levels as low as M! This is highly
unlikely!

The printing and the get-up of the book are excellent. 
It is only hoped that the price will not scare away the 
interested scientist!

M. R. Raghavendra Rao 
C.F.T.R.I., Mysore.

Food Drying: Proceedings of the Workshop held at
Edmonton, Alberta, 6-9 July 1981, published by
IDRC, Ed. Gordon Yaciuk, pp. 1-104, Price: $8.00.
International Development Research Centre (IDRC), 

is a public corporation of Canadian Parliament. It
273
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sp o n so rs research  and  d eve lo p m en t w o rk , fo r  a p p lica 
tio n  o f  sc ien ce an d  tech n o lo g y , in  d eve lo p in g  cou n tries. 
ID R C  is su p p o rtin g  research  p rojects w h ere in  solar  
ra d ia tio n  a lon e  o r  in  co m b in atio n  w ith  co m b u stib le  
agricu ltu ral w a stes lik e  co ffee  p u lp , p ad d y  h u sk , e tc ., 
is u t ilise d  to  dry fo o d  crop s, m a in ly  p ad dy, coffee  
b ean s, fish , etc.

T h is w o rk sh op  brings to g eth er  th e  research w orkers, 
p ro cess in g  th e  ab ove lis ted  co m m o d itie s  fo r  d ryin g, 
from  co u n tr ies  lik e  B an glad esh , C h ile , E gypt, 
G u atem ala, In d ia , In d o n esia , K en ya , K orea , M ala is ia , 
M a li N ig e r , C ostarica , Peru , P h ilip p in es  ar.d S in ga p o re  
a n d  T h ailand ., etc.

M a jo r ity  o f  th e  pap ers cover  p ad d y  d ryin g . M ech a 
n ica l d ry in g  o f  fish  a lso  is  g a in in g  im p ortan ce . In th e  
co n tex t o f  g lob a l en ergy  c r is is , su n /so lar  d ry in g  is a lso  
g a in in g  m uch  p rom in en ce  and a few  pap ers are presented  
in  th is  area  o f  so lar  en ergy  u t ilisa tio n . Papers are  
g ro u p ed  under fou r sec tio n s , v iz ., ( i)  d ry in g  req u ire
m en ts ( i i )  co n su m er accep tab ility , ( i ij )  h eat and m ass 
tran sfer , an d  (iv ) h eat sou rces lik e  su n , p etro leu m  
p rod u cts, agricu ltu ral w astes, and  firew ood .

Drying requirements: F o u r  p ap ers are p resen t
ed . T h e 1st p ap er covers fish d ry in g  in  In d ia — b o th  
su n d ry in g  and  m ech an ica l d ry in g , p a ck a g in g  asp ects  
a n d  d ry in g  c o n d itio n s  are o u tlin ed . T h e 2nd  paper  
co v ers, veg etab le  dryin g  in  E gyp t. A  so lar  dryer is 
d iscu ssed  to  dry veg eta b les l ik e  Jew ’s M a llo w  and O kra.

T h e 3rd pap er co vers d ry in g  o f  p o ta to es  in  Peru . 
M ech an ica l h o t a ir  d ry in g  is  o u tlin ed . D r y in g  data  is  
p resen ted  fo r  p o ta to  strip s.

T he 4 th  pap er covers p ad d y  d ry in g  in  In d on esia . 
M ech an ica l d ry in g  o f  p ad d y is d iscu ssed  a lo n g  w ith  
ad v a n tag es. T h is is su ggested  as an  a ltern a tive  to  
su n d ry in g  d u rin g  m o n so o n  sea son , t o  be eco n o m ica l.

Consumer acceptability: U n d er sec tio n  tw o , four  
papers are p resen ted . T h e first paper covers effect 
o f  d ry in g  o n  n u tritive va lu e o n  co m m o d itie s  lik e  green  
lea fy  veg etab les, m an go an d  p ap aya. T h e o th er  papers  
cov er: (a )c o w p e a  fo o d  p rod u cts r ich  in  p r o te in  for  
T h a ila n d , (b) ban ana based  w ea n in g  fo o d  fo r  C osta  
rica , and  (c) dry fish m ark etin g  in  E ast Java.

S ec tio n  th ree o n  heat and  m ass tran sfer aspects  
co n ta in s  g o o d  pap ers co v er in g : (a) p ad d y  d ryin g  and
(b) fish d ryin g. B asic  p sych rom etric  p r in c ip les  are o u t
lin ed  fo r  g ra in  d ryin g . A sp ects  to  be kept in  v iew  in 
eva lu a tin g  drier p erform ance are ou tlin ed . U n d er fish  
d ryin g, prob lem s o f  su n d ry in g  are o u tlin ed . H o t a ir  
d ry in g  asp ects are covered  lis t in g  advantages. A ir  
h ea tin g  b y  m eans o f  L P G , k erosen e  and  p ad d y  h u sk  
are o u tlin ed  and com p ared . D ryer d esig n  asp ects are  
co v ered .

T h e fou rth  sec tio n  covers h ea t sou rces. A  g o od  
rev iew  o n  so la r  en ergy  as a  so u rce o f  h eat fo r  crop

d ryin g  is p resen ted , in th e first paper. D e s ig n  aspects, 
m easurem ent o f  in c id en ta l energy, dryer con stru ction a l  
d eta ils  are o u tlin ed . T he seco n d  pap er co v ers  so lar  
d ryin g  and  am b ien t a ir d ryin g  fo r  p a d d y  p rocessin g . 
Solar heat co lle c to rs  w ith  h eat storage u n its  are o u t
lin ed .

T h e th ird  pap er covers th e  d eve lo p m en t o f  a farm  
grain  dryer fo r  p a cd y  and  coffee  seed s. Q u a lity  asp ects  
o f  th e  fa st d r ied  prod u ct are n o t co vered .

A n o th er  paper deals w ith  m ech an ica l d ry in g  o f  pad d y  
in  In d o n esia . C on stru ction a l deta ils  o f  d ifferent typ es  
o f  batch dryers are o u tlin ed . E c o n o m ic  asp ects  o f  
m ech an ica l d ry in g  and su n d ry in g  are d iscu ssed  and  
advantages o f  m ech an ica l h o t a ir  dryers are listed .

A reas o f  research  fo r  further w o rk  are o u tlin ed .

B. S. R a m a c h a n d r a  
C .F.T.R .I., M ysore.

Food Safety Service: R eg io n a l O ffice fo r  E u rope, 
W H O , C op en h egen , (E d ited  by R . J o h n so n ) 1981, 
pp. V I I + 1 8 2 , P r ice : Sw. fr. 14.

T h e b o o k  is th e Pub. N o . 14, a  w o rth y  o n e , o f  th e  
illu str io u s P u b lic  H ea lth  series in  E u rop e, by th e  sam e  
a gen cy; th is  in c id en ta lly  reaffirm s fo o d  as o n e  o f  th e  
prim ary p u b lic  h ealth  con cern s. T h is  elegan tly  b o u n d  
paper back in clu d es m on ograp h s o f  in d iv id u a l E u rop ean  
co u n tr ies  o n  geograp h y, govern m en t, fo c d  leg is la tio n ,  
fo o d  co n tro l a d m in istra tio n , a d d resses ( o f  relevant 
n a tio n a l a u th o r itie s) and C o d ex  co n ta c t p o in ts  a lo n g  
w ith  a b r ie f  forew ord  and general review . It is  very  
co n v en ien t to  have th e d ifferen t m o d es o f  fo c d  leg is la 
t io n s  (a lb e it b r ie f) o f  th e  advanced co u n tries  b etw een  
tw o  co v ers , p articu larly  su itab le  fo r  e r e  in search  o f  
o n e ’s ow n m o d el. It is n o t u n w elcom e th at ‘fo o d  sa fe ty ’ 
has b een  c o n n o ted  here fo r  com p reh en sive  fo o d  co n tro l 
(o f  q u a lity ) rather th an  narrow er but litera l m ea n in g  
‘reason ab le ab sen ce o f  h ea lth  hazard s’. It is  co m m en d 
able th at th e o rg a n isa tio n  d id  p r io r  relevant exerc ises o f  
m eetin g  o n  m ass ca terin g  and con feren ce o f  fo o d  c o n 
tro l lab ora tories. N o w  o n e  w ish es th e  o th er R eg io n a l  
O ffices o f  W H O  d o  sim ila r  w ork , sp ec ia lly  o n es  in  A sia  
and  o th er  d e v e lo p in g  reg io n s.

T he G eneral R ev iew  b eg in s w ith  ‘T h e m easu res th at
th e  c o u n tr ie s .............ta k e to  ensure safety  and  h y g ien ic
q u a lity ............  and  th e  serv ices th ey  m a in ta in  fo r  th is
p u rp ose  vary co n sid erab ly , and  it is  d ifficu lt to  d iscern  
a fea tu re  co m m o n  to  th em  a ll’. But th ere  is  and  has  
to  be a  u n ity  to o . T h e fo rew ord  says, ‘A ll (cou n tr ies)  
have o rg a n ised  serv ices to  im p rove fo o d  safety , 
a lth o u g h  th ey  h ave n o t fo llo w ed  a co m m o n  p a ttern  in  
d o in g  s o ’ a n d  ‘fo o d  sa fety  ca n n o t be gu aran teed  so le ly
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o n  a n a tion a l b asis; th e  stand ard  o f  fo o d  h yg ien e  in  o n e  
co u n try  affects p e o p le  in  o th er  co u n tr ie s’. T h ou gh  
th ere  can  be or in  a ll p ro b a b ility  w ill be d iv ers ity  in th e  
m atter o f  deta ils  (o rg a n isa tio n , im p lem en ta tio n , staffing  
a n d sco p e ), u n ity  has to  be in  b a s ic s— that fo o d  h a s to  be 
w h o lesom e, safe and  t o  co n su m ers’ preferen ce. T h ou gh  
th e C od ex  A lim en ta r iu s  C o m m iss io n  o f  F A O /W H O , 
C hem icals S afety  P rogram m e o f  W H O  and  o th ers  
w ork  o n  q u a lity  and  sa fety  o f  fo o d  o n  a  c o n tin u in g  
b asis th ere  is  s t ill  a n eed  fo r  w o rk  o n  th e b asics , for  
ex a m p le , o n  g en era tin g  p o lit ic a l w ill, on  p r o to c o ls  for  
m o d els  o f  fo o d  leg is la tio n , in sp e c tio n  and an a lysis  and  
o n  m in im u m  q u antu m  for  th e ir  im p lem en tatio n . The  
m in im u m  q u an tu m  has to  be at least a cco rd in g  to  th e  
req u irem en t o f  a sam ple survey , w hen to ta l ch eck  is 
im p o ssib le . M any co u n tr ies  have fo o d  co n tro l o n ly  in 
nam e, m any th ou g h  h a v in g  ad eq u ate leg is la tio n  have  
in ad eq u ate im p lem en ta tio n  or  so m e ch eck  on e  out o f  
say te n  th ou san d  fo o d  sam p les. W hen fo o d  sa fety  in 
o n e  co u n try  is n o t o n ly  a  n a tio n a l but in tern ation a l 
n ecess ity , efforts sh ou ld  be m ade fo r  it by all co n cern ed  
quarters. T h e presen t c o m p ila tio n  is in th e  right d irect-  
t io n ;  o n e  h op es o th ers in  a ll parts o f  th e  w orld  w ill 
fo llo w . T h en  w e k n o w  th e ad eq u ate  m o d els  o n  th e  o n e  
han d  and  d efic ien t o n es  o n  th e oth er.

B. R. Roy
C e n tr a l  F ood L aboratory, C a l c u t t a .

Grain Legumes: Agronomy and Crop Improvemrnt; 
Processing and Storage: Marketing and Nutrition: 
P ro ceed in g s o f  th e W ork sh o p , N e w  D e lh i, January  
1981, P u b lish ed  by P ro te in  F o o d s  and  N u tr it io n  
D ev e lo p m en t A sso c ia tio n  o f  In d ia , B om bay (E d ited  
and  co m p iled  by A . S. A iy er  and K . R . Iyer), 1981, 
pp. 183, P r ice: R s. 25.

P ulses are a d a ily  n ecess ity  in  In d ian  h ou seh o ld s  
co n tr ib u tin g  to  th e v arie ty  and n u tr ition a l va lu e o f  
th e  d ie t. T h eir  p ro d u c tio n  h as, h ow ever, n o t ex ceed ed  
13 m ill io n  to n n es  a  year so  far, a lth o u g h  th e  fo o d g ra in  
p r o d u c tio n  has reach ed  a lev el o f  m ore th a n  130 m illio n  
to n n es . T h e ta sk  o f  en su r in g  ad eq u ate  su p p lies  o f  
p u lses fo r  m eetin g  th e  n eed s o f  th e g ro w in g  p o p u la tio n  
o f  th e  co u n try  has a ssu m ed  ser io u s  p r o p o r tio n s . The  
p resen t w o rk sh op  has brou gh t to g e th er  sp ec ia lis ts  
from  v a r iou s d isc ip lin e s  to  d iscu ss  th e  p rob lem s faced  
in  ra isin g  th e  p ro d u c tio n  o f  p u lses and stretch in g  th eir  
su p p lies, to  m eet th e  n a tio n a l n eed s. T here has been  
a  ser io u s effort to  crysta llise  th e  im m ed ia te  ta sk s  
for  fu lfillin g  th ese  g oa ls .

The d e lib era tio n s o f  th e w o rk sh o p  have been  p u b lish ed  
in  th e  fo rm  o f  a  h a n d y -b oo k .

A  u n iq u e  feature o f  th is  p u b lica tio n  is  a com p re
h en sive  ov erv iew  h ig h lig h tin g  th e  factors lim itin g  
per-hectare y ie ld  o f  p u lses at farm er’s fields, p o ten tia l 
o f  v arie ties  d eve lop ed  in recent years, current cu ltiv a 
t io n  p ractices and  m easures n eed ed  fo r  im p ro v in g  the  
p r o d u c tio n  to  m eet n a tio n a l n eed s. D ev e lo p m en t o f  
‘p u lse  v illa g es’ by a d o p tio n  o f  a p ack age o f  te c h n o 
lo g ie s  has been  in d ica ted  as a m eans o f  e lev a tin g  p u lse  
p r o d u c tio n  to  th e  level o f  an  a ttra ctiv e  ven tu re for  
sm all farm ers w h o  a ccou n t fo r  b u lk  o f  th e  p ro d u c tio n  
o f  p u lses in  th is  cou n try .

T he sp ec ia lis t papers figuring  in  th e  p u b lica tion  
prov id e a com p reh en siv e  p ictu re  o f  th e  ro le  o f  a g ro 
n o m ic  factors, e lite  v arie ties  and R h izo b ia l cu lture  
in  pu lse p ro d u c tio n , d isea ses/p ests  o f  p u lses, p rocessin g  
and m ark etin g  asp ects and  n u tr itio n a l q u a lities  o f  
p u lses sp ec ia lly  in  re la tio n  to  p ro cessin g . T he rep orts  
o f  va rio u s sess io n s presented  b y  th e resp ective chairm en  
and  the recom m en d ation s a r isin g  from  th e  d e lib era tion s  
o f  th e w o rk sh o p  co n ta in  a m in e  o f  in fo rm a tio n  for  
research  and fo llo w -u p  fo r  e x te n s io n  and  p o lic y  rev iew s  
at govern m en t level.

A p p en d ices  have g iv en  va lu ab le in fo rm a tio n  o n  the  
n om en clature, ch em ica l c o m p o s it io n , fertiliser  levels  
a n d  cu lt iv a tio n  p ractices o f  leg u m es.

T h e b o o k  sh o u ld  be a va lu ab le a d d it io n  to  lib raries  
o f  R  & D  in s titu tio n s , govern m en t a g en c ies  and  o ther  
o rg a n isa tio n s  co n cern ed  w ith  stretch in g  p u lse su p p lis  
in  th e  cou n try . It m erits carefu l rea d in g  by p lanners  
at a ll levels.

J. V. S h a n k a r  
C .F .T .R .I ., M ysore.

Fish Handling, Preservation and Processing in the 
Tropics. Part I: by I. J. C lucas, T rop ica l P rodu cts  
In stitu te , L o n d o n . E C IR  5 D B , 1981, pp . 140, P rice:  
£  4 .05.

T h is is th e first o f  th e  tw o  rep orts  from  T rop ica l 
P rodu cts Institu te w h ich  to g eth er  rep resen ts 52 lectures  
fo r  an  e ig h t w eek  tra in in g  co u rse  fo r  th o se  w o rk in g  at 
m id d le  m anagem ent level in  b o th  G o vern m en t and  
Ind u stry .

T he first lectu re g ives an o u tlin e  o f  w o rld  fisheries  
ca tch , co n su m p tio n  and em p lo y m en t. T h e secon d  
and th ird  lectu res d eal w ith  th e  ch em ica l and nu trition a l 
asp ects  o f  fish . T he lectu re o n  p h y sica l stru ctu re and  
ch em ical co m p o sit io n  o f  fish g iv es in fo rm a tio n  regard
in g  d ifferent typ es o f  fishes. C hem ical co m p o sit io n  
o f  a w id e  range o f  typ es and sp ec ies  w h ich  are o f  co m 
m ercia l im p o rta n ce  is  a lso  g iven .

H a n d lin g  and  p reserva tion  are im p orta n t steps in  
th e p ost-h arvest tech n o lo g y  o f  th is  h ig h ly  perish ab le
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co m m o d ity  w h ich  under tro p ica l w eather co n d itio n s  
dem an d s u tm ost care. T h e q u a lity  o f  fish  reach in g  
th e con su m er or  th e  p ro cess in g  fa c to r ies  w ill depen d  o n  
h o w  th e  fish  is  h a n d led  o n  b o a rd  a fter  th e ca tch , h o w  
it is preserved , p ack ed  and  tra n sp orted  b e fo re  it reach es  
th e  user. T h e v a r io u s typ es o f  sp o ila g e  such  as au to -  
ly tic , m icro b io lo g ica l and ch em ical w h ich  tak e p lace  
so o n  a fter  th e  d ea th  o f  fish have b een  dealt w ith . Ice  
b e in g  th e  m a in  c o o lin g  m ed iu m  fo r  fish, d e ta iled  in 
fo rm a tio n  is  g iv en  o n  th e  m anu facture o f  d ifferent 
ty p es  o f  ice  and its  o p tim u m  u tility . T he h y g ien ic  
a sp ects  o f  th e  m an u factu re o f  ice are a lso  em p h asised .

F reez in g  is  o n e  o f th e im p ortan t m eth o d s for  p reserv
a t io n  o f  fo o d . T h e lectu res on  freez in g  deal w ith  th e  
d e sig n  o f  freezin g  p lan ts, p ractical asp ects  o f  freezin g  
a n d  d ifferen t m eth od s em p loyed  fo r  freez in g . T he  
im p ortan ce o f  prop er freez in g  and th aw in g  to  get g o o d

q u a lity  p rod u ct has b een  stressed . T h e m ean s o f  
m a x im is in g  co ld  store  efficien cy  th ro u g h  its  p rop er use  
and a lso  th e p rop er d esig n  o f  th e  c o ld  s to r e s  are  
d iscu ssed . T he b a s ic  in fo rm a tio n  on  d esig n  co n stru c
t io n  o f  fish p rocessin g  p rem ises and  eq u ip m en ts/in stru -  
m en ts req u ied  fo r  a fish p rocessin g  fa cto ry  is g iv en .

In ord er to  m ake th e co u rse  co m p reh en siv e  th e  
fa ctory  h y g ien e , san ita tio n a l req u irem en ts and d ifferent 
asp ects  o f  p a ck a g in g  have a lso  b een  h ig h lig h ted .

A s m en tio n ed  in  th e report, it has b een  p rod u ced  
to  help  d ev e lo p in g  co u n tries  derive greater benefit from  
th e ir  p lant and a n im al resources. T h e rep ort can  be o f  
practical u tility  to  th o se  w h o  are en tru sted  w ith  
h a n d lin g  and p reserva tion  o f  fish.

T. R . Sh a r m a
D efence  F ood R esearch  L a boratory, M ysore.

REVIEW

INDIAN FOOD INDUSTRY
(New quarterly Journal of the Association of Food Scientists and Technologists, India)

T here can  be n o  better tim e  fo r  lau n ch in g  th e  n ew  Journal ‘In d ia n  F o o d  In d u stry’ th an  in  th e  S ilver Ju b ilee  
Y ear o f  the A sso c ia tio n  o f  F o o d  S c ien tists  ¿¿ T ech n o lo g ists , a b o d y  o f  p ro fessio n a l F o o d  S c ien tists , T ech n o 
lo g is ts  an d  E n g in eers, w h o  have been  m ak in g  a va lu ab le co n tr ib u tio n  to  th e d eve lop m en t and g row th  o f  
th e  F o o d  In d u stry  in  th is  cou n try . T he A .F .S .T . h as b een  p u b lish in g  regu larly  th e  Journal o f  F o o d  S c ien ce  
& T ech n o lo g y  d e a lin g  w ith  th e  R esearch  & D ev e lo p m en t asp ects  o f  th e  F o o d  Industry.

F o r  th e in d u stry  an d  b u sin ess  co m m u n ity  in v o lv ed  in  fo o d  m an u factu r in g , th ere  has b een  a  lo n g  felt 
n eed  to  have in fo rm a tio n  o n  tech n o -b u sin ess  asp ects  in  a  co n d en sed  fo rm . T h e first issu e  o f  th e  In d ia n  F o o d  
In d u stry  ap p ears to  have set its  g o a l to  fu lfil th is  n eed .

A  jo u rn a l’s u sefu ln ess  an d  co n ten t can  o n ly  be en h a n ced  an d  be w id sp read  by th e cr itica l and  ob jective  
co n tr ib u tio n s  from  its readers. I am  sure th at th e very  en th u sia stic  a n d  h ig h ly  m o tiva ted  ed ito r ia l b oard  
o f  th is  n ew  jou rn a l w o u ld  be ab le to  b r in g  ou t th e  k in d  o f  in fo rm a tio n  th e  b u sin ess and in d u stry  co m m u n ity  
in v o lv ed  in  fo o d  m anu facture w o u ld  be in terested . I  co n g ra tu la te  th e  A .F .S .T . fo r  b r in g in g  out th e  In d ian  
F o o d  Ind ustry  Journal and  w ish  th em  success in  th e ir  fu tu re en d eavou rs.

R . JA Y A R A M , 
B R IT A N N IA  IN D U S T R IE S  L T D .,

B O M B A Y .



ASSOCIATION NEWS

Our New Editor

The E xecutive C om m ittee  o f  th e A sso c ia tio n  o f  F ood  
S cien tists  and  T ech n o lo g ists  (In d ia ) is hap py to  
an n ou n ce th e  n o m in a tio n  o f  D r . K  R . S reek an tiah  as 
the N ew  E d itor  o f  th e  Journal o f  F o o d  Sc ien ce and  
T ech n o logy . H e is ta k in g  ch arge from  1st January 1983 
fo r  a p e r io d  o f  3 years.

D r. K . R . Sreek an tiah  ob ta in ed  B .Sc. (A g ri.) degree  
from  M ysore U n iv ers ity  in 1950. A fter  co m p le tin g  th e  
A sso c ia tesh ip  o f  In d ian  A gricu ltural R esearch  Institu te  
in 1952, he w ork ed  as a  sta ff  m em ber in  that In stitu tio n  
t ill 1958. H e w as aw ard ed  P h .D . D eg ree  o f  th e  M ysore  
U n iv ersity  for h is  w o rk  on  ‘F un gal p ec tin a ses’.

D r. Sreek an tiah  is th e  p r in c ip a l w ork er and leader

o f  th e  project o n  m icro b ia l en zym es p ro d u c tio n  and  
th e ir  a p p lica tio n  in  fo o d  in d u str ies . P rocesses for  the  
p ro d u c tio n  o f  p ectin a se , a m y lo ly tic  en zym es, protease , 
p rep aration  o f  clarified  fru it ju ic e s , e th a n o l p rod u ction  
fro m  tu b er starches and  m ahu a flow ers have em erged  
from  h is  p rojects. M an y  o f  th e  p rocesses  have been  
com m ercia lized . H e w as a lso  a ctiv e ly  a sso c ia ted  w ith  
o th er  projects o n  th e  stu d y  o f  a ctiv e  p r in c ip le  o f  garlic  
a n d  its a n tifu n g a l a c tiv ity .

D r . S reek a n tiah  w as d ep u ted  to  Japan as a fe llo w  o f  
U N IC E F  fo r  o n e  year  fo r  sp ec ia liz a t io n  in  en zym ic  
p r o c ess in g  o f  fo o d . H e  has nearly  60 sc ien tific  p u b lica 
t io n s  an d  fo u r  p a ten ts to  h is  cred it. H e is a  fe llo w  o f  the  
In d ia n  P h y to p a th o lo g ica l S o c ie ty . H e w as h on orary  
treasurer o f  th e A sso c ia tio n  o f  F o o d  S c ien tists  and  
T e ch n o lo g ists  fo r  th e  year 1972 and  H on orary  E x e
cu tiv e  Secretary fo r  th e  year 1980. H e w as S e cre ta ry -  
T reasurer o f  th e M ysore U n it  o f  th e  A sso c ia tio n  o f  
M icro b io lig ists  o f  In d ia , d u ring  1 9 70 -72 . H e  has b een  
a m em ber o f  several tech n ica l co m m ittees  o f  sy m p o sia  
co n d u c ted  by A F ST .

H e teach es In d u str ia l M ic r o b io lo g y  fo r  M .S c . F o o d  
T ech n o lo g y  and  has g u id ed  m any stu d en ts fo r  P o st
gradu ate d egrees.

Trivandrum Chapter
T he A nn ual G en era l B od y  M eetin g  o f  th e above  

C hapter w as h eld  on  A u gu st 9, 1982 and  th e  fo llo w in g  
Office bearers w ere e lected : P resid en t— D r. C. S. N a ra 
yanan , V ice  P res id en t— M r. M . R . M ah ad evan , H on y . 
Secretary— M r. V. G ovin d araju lu , H o n y . Jo in t S e c r e 
tary— M r. V. P. Sreedharan and H on y . T reasurer—  
M rs. N irm a la  M en o n .

SUM AN F O O D  C O N SU LT A N TS T R A V E L  A W A R D  A F S T (I )- i 9 82

T h e A sso c ia tio n  o f  F o o d  S c ien tists  and T e ch n o lo g ists  (In d ia ) have in stitu ted  a T ravel A w ard in  the  
nam e o f  “ Sum an F o o d  C o n su lta n ts”  to  P ost-grad u ate D e g r e e /D ip lo m a  stud ents in  F o o d  S c ien ce /T ech n o lo g y . 
T he A w ard  w ill be o f  R s. 500 (R u p ees five h u n d red  o n ly ) w h ich  w ill en ab le  th e  aw ard ee to  a tten d  the  
A n n u al G en era l B o d y  M eetin g  and the T ech n ica l S em in a r/S y m p o siu m  of the A F S T (I) in  th at year.

T h e se le c t io n  for the A w ard  w ill be based o n  an  essay  c o m p e tit io n . T h e sub ject for th e essay  “ is  
“ R O L E  O F  B IO -T E C H N O L O G Y  I N  A U G M E N T I N G  I N D I A ’S F O O D  S U P P L IE S ” . F o u r  c o p ie s  o f  
th e essa y  are to  b e  su b m itted  to  th e  A F S T (I) office, M ysore  b e fo re  31st January 1983. T h e essa y  m ay  
c o n ta in  1 5 -2 0  p a g es  o f  typ ed  m atter  and  co m p reh en siv e . A  certifica te  from  the head o f  th e dep artm en t  
under w h o m  th e  stu d en t is w ork in g  sh ou ld  be en c lo sed  a lo n g  w ith  th e essay.

V W W W W W N ^ W W W V W W W W W W W W W ^ V W ^ .
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N o m in a tio n s  In v ite d  fo r
AFST(I) Awards for 1982

P ro f. V . S u b ra h m a n y a n  In d u s tr ia l  A c h ie v e m e n t A w a rd
ment of agro-based food science and technology 
with immediate prospect and (or future potential) 
for industrial application.
The nomination should be proposed by a member 
of the Association. The biodata of the candidate 
together with his consent should be given in detail 
including the work done by him and for which he 
is to be considered for the award.

The Award consists of a cash prize of Rs. 2500, a 
citation and a plaque.

The guidelines for the award are as follows:
1. Indian nationals engaged in the field of Food 3. 

Science and Technology w ill be considered for the 
award.

2. The nominee should have contributed to the field 
of Food Science and Technology, for the develop-

Y o u n g  S c ie n tis t  A w a rd
The award consists of a cash prize of Rs. 1000, a 

plaque and a citation.
Nomination for the Award is open to aspirants ful

filling the following conditions:
1. The candidate should be an Indian national below 

the age of 35 years on the date of application, 
working in the area of food science and techno
logy.

2. The candidate should furnish evidence of either.

(a)  Original scientific research of high quality,
prim arily by way of published research papers, 
and (especially if the papers are under joint 
authorship) the candidates own contribution 
to the w ork: O R

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

B e st S tu d e n t  A w a rd
There are two awards each comprising a cash award 

of Rs. 500 and a certificate.
The candidates to be considered for the awards should 

fulfill the following conditions:
1. They must be Indian nationals.
2. They must be students of one of the following:

(a) M.Sc. (Food Science)/Food Technology
( b) B.Tech., B.Sc. Tech., B.Sc. Chem. Tech in 

Food Technology
(c) B.Tech., in food sciences

N o m in a t io n s  or  a p p l ic a t io n s  fo r  th e  abo ve  a w a r d s  a lon g  
w ith  b io - d a ta  a n d  c o n tr ib u t io n s  sh o u ld  be  s e n t  by r e g is te r e d  
p o s t  c o v e r s  m a r k e d  “a w a r d s " so  as  to  reach  Dr. L. V. 
V E N K A T  A R A M  A N , H o n o ra ry  E x e c u t iv e  S e c re ta r y .

3. They should not have completed 25 years of 
age on 31st December of the year preceding 
the announcement when their names are spon
sored.

Heads of Post-graduate Departments in Food Science 
and Technology may sponsor the name of one  student 
from each institution supported by the candidate’s 
biodata, details starting from high school onwards, 
including date of birth and his postgraduate performance 
to date.

A sso c ia t io n  o f  Food S c ien t is ts  a n d  T ech n o lo g is ts  (In d ia ) ,  
C en tra l  Food T ech n o lo g ic a l  R esearch  In s t i tu te  c a m p u s ,  
M y s o r e -570 013 b e fo re  31 Ja n u a ry  1983.
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Acids, fatty, minor seed oils 112
Ornamental seed oils 110

Achras sapota see Sapota 164
Aflatoxin retention in bread and ugali made from 

contaminated maize flour 64
Aflatoxin B| in food grains 35
Aldrin residues in potatoes 11
Alkaloids, Pyrrolizidine 87
Alpha amylase, production by Bacillus subtilis 177
Amino acids o f buffalo meat 214
Antifungal activity o f camphor, bavistin and dichloran 209 
Apple juice for canning peaches 39
Bacillus subtilis, production o f << -amylase 177
Banana, enzymatic browning due to polyphenoloxidase 

activity and endogenous factors 182
Bavistin, camphor and dichloran, antifungal activity 209
Beverage, preparation from sulphited mango pulp 218
Biochemical changes in pod development of French bean 100 
Biochemical changes in sweet potato due to weevil 

infestation 162
Biochemical effects o f rape seed meal in rats 121
Bionomics o f insects infesting cashew kernels 118
Blood, effect o f curcumin and turmeric on serum enzymes 

in rats 187
Boron, effect on internal break down of Alphonso

mango 80
Brassica seeds, chemical composition 84
Bread from contaminated maize flour, retention o f aflatoxin 64 

soya fortified, quality improvement in 242
Broiler, effect of cooking and storage on phospholipids/

neutral lipids 1,7
Browning enzymatic, in banana due to polyphenoloxidase 

activity and endogenous activities 182
Buffalo meat, am ino acids o f 214
Calcium, effect on internal break down of Alphonso 

mango 80
Camphor, bavistin and dichloran, antifungal activity 209
Canning peaches in apple juice 39
Carbofuran residues, determination by spectrophotometric 

method 211
Carrot preserve, Intermediate moisture, preparation, 

quality and storage 168
Cashew kernels, bionomics o f insects infesting 118
Cheese, queso Blanco, production and quality 66
Chemical composition,

brassica seeds 84
changes during growth o f papaya 257
kokam fruit rind 97
radish seed oil 254

Chhana from goat milk, production and quality 69

Cholestrol, effect on cooking and storage of quail meat 212
Cholinesterase inhibition on TLC plate for estimation of 

fenitrothion 127
Clarke’s test for determ ination o f tin coating weight in 

differential tinplate 83
Clove, changes in composition during m aturation 190

Oil, changes during m aturation, effect on composition 190
Cold soaking process of paddy, role o f dissolved oxygen 

in 31
Consumer packages for low cost food supplement, storage 

behaviour 81
Cooking and storage, effect on cholestrol of quail meat 212
Cooking media, blend from groundnut oil and cotton 

seed oil 166
Cotton seed, oil and groundnut oil blend as cooking 

media 166
C oturnix c o tu n ix  Japónica see guail
Curcumin, effect of growth on blood and serum enzymes 187 
Cyclas fo rn ica ria s  see Weevil
Dairy products, sucrose estimation by seliwanoff colour

reaction 113
Determination o f tin  coating weight in differential- 

tinplate by Clarke’s test 83
Dichloran, camphor and bavistin, antifungal activity 209
Dieldrin residues in potatoes 11
Dim ethoate in foods, estimation by gel electrophoresis 142 
Effect o f kernel chalkiness during rice milling 125
Effect on N, P and K on physico-chemical characteristics 

of sapota 164
Eggs, quail, change in quality from refrigeration to RT 215
Electrophoretic and solubility characteristics of soyabean 

proteins 264
Eleusine coracana see Ragi
Enterobacteriaceae count in minced meat, comparison of

pour plate with overlay and spread plating for 37
Enterotoxins production from staphylococcal, incidence in 

market khoa 53
Enzymes, serum, effect on growth and blood in rats fed 

turmeric/curcumin 187
Equilibrium moisture content of flours 153
Ethrel, gibberellic acid and ethylene chloride, effect on 

potato sprouting 144
Ethylene dibromide and methyl bromide mixture, toxicity 

to Sitophylus oryzae  and Tribolium  castaneum  34
Ethylene chloride, ethrel and gibberellic acid, effect on

potato sprouting 144-
Fatty acids,

minor seed oils 112
soyabean seed 248
sunflower seed 246
tilapia fish 250
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Fenitrothion, estimation by quantification o f cholinesterase 
inhibition on TLC plate 127

Food(s) colour, orange TI, haematological effect on 
M u s muse ulus 150
estimation of residues by gel electrophoresis 142
low cost, packaging and storage behaviour 81
preparations from rice germ 161
value o f dehydrated wing bean seeds 13g

French bean, biochemical changes during pod 
development 100

Gel electrophoresis for estimation of dimethoate in 
foods by gel electrophoresis 142

Gibberellic acid, ethrel and ethylene chloride, effect 
on potato sprouting 144

Glycine m a x see  Soyabean
Goat(s), meat, effect of castration/sterilisation on 

eating quality and nutritive value 203
Grains, immature and cracked during rice milling 106
Green gram and ragi, for preparation o f  weaning food 

of low hot paste visocity 193
Groundnut oil and cotton seed oil as cooking media 166
Growth factors in mushroom production from submerged 

culture 57
Guizot in abyssinica see Niger seed
Haematological value, effect of feeding orange II, on

M u s musculus 150
Hexachlorocyclohexane

in vegetables 14
isomers, interconversion o f 221

Insect spp. infesting cashew kernels 118
Intermediate moisture carrot preserve, preparation, 

quality and storage 168
Isomers, hexachlorocyclohexane, interconversion o f 221
Italian millet, nonstarchy polysaccharides 208
Keeping quality and preparation of pickled quail meat 159
Keeping quality and refinability o f soyabean oil 126
Khoa, market incidence o f staphylococcal and enter- 

toxin production 53
Kokam  fruit rind, chemical constitutents 97
K u lfi production, level of milk solids 116
Lipids neutral, effect of cooking and storage in broiler 

and quail 7
Lipotrope activity of red pepper 30
Maize flour contaminated in bread and Ugali, retention 

o f aflatoxin 64
M angifera  indica see Mango 
Mango, alphonso, effect of calcium and boron on 

incidence o f internal breakdown 80
Pulp, sulphited preparation o f beverage 218

Meat, buffalo, am ino acids of 214
goat, effect of castration/sterilization on eating quality 
and nutritive value 203
minced, comparison of pour plate overlay spread plating 
for enterobacterium  count 37
quail, effect o f cholesteral on cooking and storage 212

M ethod for measuring firmness o f cooked soyabean 104

Methyl brom ide and ethylene dibrom ide mixture, toxicity 
to Sitophllus oryzae and Tribolium  castaneum  34

Milk, cow, triacyiglycerols 71
goat, Chhana production and quality 69
skim, for tofu  production 139
solids, acceptable level in Kulfi 116

Millet, Italian, nonstarchy polysaccharides 208
Moisture, absorption kinetics in soyflour 26
Mungbean, nutritional quality of 123
Mung dhal fried, storage and packaging 197
M ushroom production in submerged culture, influence of 

growth factors 57
M u s musculus, effect on haematological value when fed 

with food colour orange-11 150
M yrothecium  verrucaria for production o f SCP from 

wheat straw 74
Niger seed oil 147
Nonstarchy polysacchatides of Italian millet 208
Nutritional quality o f mung bean 123
Nutritive value of goat castrated/sterlized, effect on eating 

quality o f meat 203
Oil, clove, changes in composition during maturing and 190 

development
m inor seeds, fatty acids of 112
niger seed 147
ornamental seeds, acids o f 110
soybean 248
sunflower 246
vegetable, shelf life in tin  containers 268

Orange II, food colour, effect on haematological value 
when fed to  M u s musculus 150

Ornamental seed oils, acids components of 110
P. citrinum  for synthesis of citrinin toxins, nutritional 

requirements 61
Packaging and storage of fried mung dhal 197
Paddy, role o f dissolved oxygen in cold soaking process 31
Papaya, changes in chemical composition during growth 257 
Parboiling by pressure, of rice 233
Peaches, canning in apple juice 39
Pears, changes in phenolics during development and m aturity 263 
Pepper, red, lipotrope acitivity in 30
Pesticide emulsions in petroleum fractions, toxicity to rats 260 
Petroleum fractions in pesticide emulsions, toxicity to  rats 260 
Phaseolus aureus see Greengram 
Phaseolus vulgaris see French bean
Phenoiics, changes in pears during development and 263

maturity
Phospholipids in broiler, effect o f cooking and storage on I 
Physico-chemical changes in sapota, effect o f N. P, and K  164 
Plants, medicinal, extractives as pulse protectants against 

Callosobruchus chinensis infestation 50
Polyphenoloxidase activity and non-enzymatic browning 

in  banana 181
Polysaccharides, nonstarchy, of Italian millet 208
Popping quality o f sorghum 79
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Potato, effect on sprouting by ethrel, gibberellic acid and 
ethylene chloride
preservation, for preparation o f chips 
residues o f aldrin and dieldrin 
weaning food from

Preparation and keeping quality of pickled quail meat 
Preparation and storage o f intermediate moisture vegetables 
Preparation, quality and storage o f intermediate moisture 

carrot preserve
Preservation o f potato for preparation of chips 
Pressure boiling o f rice 
Process for preparation o f rice flakes 
Proteins o f soyabean, electrophoretic and solubility 

characteristics
Psophocarpus tetragonolobus see winged bean 
Pulse, protection against Callosobruchus chinensis infest

ation by use of extractives o f medicinal plants 
Pyrrolizidine alkaloids
Quail, effect o f cooking and storage on neutral lipids 

eggs, changes in quality from refrigerated storage to RT 
meat, effect o f cooking and storage on cholesteral content 
pickled, preparation and keeping quality 

Quality, acceptability of refrigerated quail eggs kept at RT 
eating, effect of sterilization/castration on nutritive value 
o f goat meat
improvement o f soya fortified bread 

Radish seed oil, composition of
Ragi, malted and green gram for preparation of weaning 

food with low hot-paste viscosity 
Rape seed meal, biochemical effects on rats 
Refining and keeping quality o f soybean oil 
Refrigerated quail eggs, changes in quality at RT 
Residues, carbofuran, determination by spectrophotometric 

method
Rice, flakes, continuous process for preparation, 

improvement in the traditional process 
germ, use in food preparations 
milling, breakage, effect on kernel chalkiness 
milling cracks and immature grains 
parboiling, by pressure

Sapota, effect o f N, P, and K  on physico-chemical 
characteristics 

Seed, m inor oils, acids of 
ornamental, oils, acids of

Seliwanoff colour reaction for estimation of sucrose in 
dairy products

Shelf life of vegetable oils packed in tins 
Sitophilus oryzae  (L), toxicity from mixture of ethylene 

dibrom ide and methyl bromide 
Solatium tuberosum  S ee  potato
Solubility and electrophoretic characteristics of soyabean 

Proteins
Sorghum, popping quality
Soya, bean, cooked, method for firmness measurement 

fatty acids o f flour, kinetics of moisture absorption in 
fortified breads 
milk, for ta fu  preparation

oil, effect of degumming on keeping quality 126
proteins, electrophoretic and solubility characteristics o f 264

Spectrophotometric m ethod, for estimation o f carbofuran 
residues 211

Staphylococcal incidence in market khoa and enterotoxin 
production 53

Sterilization/castration of male goats, effect on eating 
quality and nutritive value 203

Storage and cooking, effect on cholesterol content o f quail 
meat 212

Storage and packaging of fried mung dhal 197
Storage and preparation of intermediate moisture vegetables 40 
Storage behaviour o f low cost food supplement in 

flexible consumer packages 81
Streptom yees ex fo lía las  M C1( an intermediary strain by 

crossing S. fradiae SCF5 19
Streptom yees frad iae  SCF5, an intermediary strain by 

crossing S . ex fo lia tus MC[ 19
Sucrose in dairy products, estimation by seliwanoff colour 

reaction 113
Sugar cane products, yeasts contam ination in 270

Sun flower seeds, 246
milk, for tofu  preparation 139

Sweet potato, biochemical changes due to weevil 162
Tilapia, fatty acids of 250
Tilapia mossambica See  Tilapia
Tin, coating weight, determination in differential tin plate 

by Clarke’s test 83
containers, shelf life of packed oil 268

TLC quantification of cholinesterase inhibition for 
estimation of fenitrothion 127

Tofu  preparation from  soy milk and/or with sunflower seed 
milk and skim milk. 139

Toxicity o f pesticides in petroleum fractions to rats 260
Toxins, citrinin from P. citrinum, nutritional requirements 61 
Triacylglycerol composition o f cow milk fat 71
Tribolium  castaneum, toxicity o f EDB and MB 34
Triticale(s), quality characteristics of 133
Tubers, winged bean root, food value of 136
Turmeric, effect on growth, blood and serum enzymes 187
Ugali, from contaminated maize flour, retention of 

aflatoxin 64
Vegetable(s), Hexachlorocyciohexane in 14

intermediate moisture, preparation and storage 40
oils, shelflife in tin  containers 268

Vigna radiata See  mung bean
Viscosity hot-paste, o f weaning food prepared from 

malted ragi and green gram 193
Weaning food, formulation of low paste viscosity from 
. malted ragi and green gram 1. 193

from potato .23
Weevil, effect of infestation on biochemical changes in

sweet potato _ 162
Wheat straw, SCP production by M yrothecium

verrucaria 24-
Winged bean, food value o f dehydrated tubers 136
Yeasts, contaminating sugar cane products 270

144
267

11
23

159
40

168
267
233
236

264

50
87

7
215
212
159
215

203
242
254
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121
126
215

211
47
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