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RESEARCH PAPERS

The Effect o f Ante-mortem Epinephrine Injection on Plasma 
Glucose, Post-mortem Glycolysis and Meat Quality 

Factors o f  West African Dwarf Ewes
A . O . O k u b a n j o  a n d  J . O b a s u y i

Meat Science Laboratory, Department o f Animal Science, University o f Ibadan, Ibadan, Nigeria.
Manuscript Received: 25 October 1976

Eight W est African dwarf ewes were allotted into two equal groups in an attempt to study the effect o f  epinephrine on plasma 
glucose, post mortem glycolysis and some aspects o f meat quality factors. O ne group was injected subcutaneously a one-shot dosage 
o f 0.1%  adrenaline solution at a level o f  1.8 mg/10 kg live body weight 6 hr prior to slaughtering. Plasm a glucose levels were 
estimated during the first hour post injection. The other group o f  ewes which was injected with an equal volume o f  water served as 
control. Following death, the pH o f the longissimus dorsi was followed as an index o f  glycolysis. Subsequently, brine diffusion 
distance, salt uptake, drip loss, cooking loss, total moisture and the organoleptic attributes o f  tenderness, juiciness, flavour and 
overall acceptability were estimated in selected muscles.
An overall elevation o f  plasma glucose by epinephrine was observed during the one hour period o f blood collection a lower than 
normal initial pH was observed in both groups since both struggled prior to death. The ultimate 24 hr pH  was higher in the epine­
phrine treated mutton (6.43) than in the control group (5.63). M ean drip loss and cooking loss were 1.86 and 30.88 % in the epine­
phrine treated samples as against 1.63 and 33.38%  respectively in the control samples.
Higher estimates o f  diffusion lengths were obtained in the treated samples (P < 0 .0 5 )  although between muscle variations were 
observed. Slight differences were observ ed as a result o f  treatment effect on tenderness, juiciness, flavour and overall acceptability. 
Between muscle variation in these parameters were highly significant.

Prevalent methods for slaughtering animals in Nigeria 
necessarily involve a lot o f energy utilization during the 
death struggle. Previous studies by Aberle and Merkel1 
suggest that the stress o f slaughtering produce enough 
endogenous epinephrine to cause a maximum rate of 
glycolysis and that the rate o f post mortem pH fall and 
ultimate pH values were not altered by injection o f  
exogenous epinephrine prior to slaughter. Other 
results obtained by Pearson et a l.2 have also shown that 
injection o f epinephrine only 5 min prior to slaughter 
did not significantly alter glycolysis or other muscle 
properties although such muscles were slightly tough­
ened.

In this paper, the effects of injecting epinephrine 
subcutaneously 6 hr pre-mortem into West African 
dwarf ewes have been investigated. These effects have 
been quantitated through the estimation o f blood 
plasma glucose levels within one hour post injection, 
and post mortem, through the measurement of changes 
in muscle pH as an indication o f muscle glycolysis. 
Other quality indicating characteristics o f  the raw and 
cooked meat were also estimated.
Materials and Methods

Eight West African dwarf ewes o f unknown ancestry, 
previous feeding regime or management were obtained

from the regular commercial outlet at Sango, Ibadan 
in Western Nigeria. It is believed that these animals 
were raised somewhere in Northern Nigeria and have 
just been delivered for sale at the commerrcial outlet. 
The liveweight o f ewes ranged from 18.15 to 28.48 kg 
with an average of 23.2 kg. The average age was esti­
mated to be roughly 36 months based on the scheme of 
Starke and Pretorious3.

The ewes were allotted to two groups each containing 
four animals. Prior to slaughter, feed was witheld 
overnight from each group of ewes although they had 
access to water. Exactly six hours before they were 
slaughtered, one group o f ewes was injected subcuta­
neously in the right flank with enough 0.1 per cent 
adrenaline hydrochloride solution to give final dosage of
1.8 mg/10 kg liveweight. Equal relative volume o f water 
were injected into the other group. Blood samples 
(10 ml) Were withdrawn immediately from the jugular 
vein of each ewe and again at 30 min and 1 hr after the 
initial sampling.

Blood samples were transferred into centrifuge 
tubes containing some grains o f ethylenediaminetetra- 
acetic acid (EDTA) and immediately mixed to prevent 
coagulation. The plasma was separated by centri­
fugation at 3,000 rpm for 30 min, removed by suction 
into capped vials and frozen until analysed for glucose.

1
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The glucose content of the thawed plasma was estimated 
by the glucose oxidase method using o-dianisidine4.

The ewes were exsanguinated without being previ­
ously rendered insensible and drained as much as 
possible. Dressing of the carcasses were completed 
within 20 min of death. The initial pH of the longissimus 
dorsi (LD) muscle was taken by inserting the electrode 
of a pH meter into two slits made in the fiber direction 
on the muscle at the location between the 12th and 13th 
ribs and opposite the last lumbar vertebra. The obser­
vation was again repeated after 30 min, 3, 6, 12, 18 and 
24 hr.Immediately after taking the initial pH, the carcasses 
were weighed and transferred into a cold room at 0°C. 
After 24 hr the two longissimus dorsi, biceps femoris, 
semimembranosus and semitendinosus muscles were 
carefully dissected from all carcasses, individually 
packed in polythene bags and frozen at -29;C. One of 
each pair of muscle from each carcass was subsequently 
used for brine diffusion measurements while the other 
was used for estimation of palatability traits.

In estimating brine diffusion characteristics, a 7.5 cm 
length of muscle was taken from the thickest portion of 
each frozen muscle such that the fibres run approxi­
mately from one end to the other. A 2 cm cylindrical 
meat core was taken in the fiber direction using a well 
bevelled stainless steel meat core borer. Each meat core 
was carefully inserted into a clean 2-cm diameter cylin­
drical glass tube with a clearance of approximately 1 cm 
from one end of the glass tube. This space was filled 
with a spongy foam material which also extend slightly 
beyond the glass rim. Each glass tube was then clamped 
upright in a 250 ml beaker containing 50 mi of a brine 
solution prepared by dissolving 175.0 g of NaCI, 89.6 g 
of commercial sucrose, 2.4 g of KNO3 and 0.56 g of 
L-ascorbic acid in 1,100 ml of distilled water. Clearance 
from the base of the beaker was provided by the spongy 
foam while the other open end of the glass tube was 
plugged with cotton wool.

The curing solution was allowed to diffuse into the 
meat for 24 hr at room temperature. All the glass tubes 
containing the meat cores were then packed into a home 
kitchen pressure cooker and steamed for 5 min to fix 
the cured colour. Subsequently, the meat cores were 
removed, cooled in air, cut lengthwise symmetrically 
into two and the length of fixed visual colour estimated 
as an index of brine diffusion distance.

Two sections were removed starting from the cured 
end of each core. The lower section contained all the 
cure diffusate while the next section appeared devoid of 
cured meat colour. Each section was manually mined. 
The total amount of salt in aliquots from each section 
was determined by the acid digestion method based on
A.O.A.C. procedure.5

The remaining member of each pair of muscles was ra­
pidly sliced into chops of 2.5 cm thick while still frozen. 
The two largest chops from each muscle were rapidly 
weighed, then thawed completely at room temperature, 
mopped dry with paper and again weighed. The diffe­
rence in weight was taken as the drip loss. Subsequently, 
the two chops were broiled in a kitchen gas oven pre­
viously pre-heated. Each chop was broiled on 
each side for 12 min at the end of which time it was 
judged to be of medium “doneness”. The chops were 
cooled to room temperatuie, dried as before, weighed 
and the difference was taken as the cooking loss.

The cooked chops were sliced into cubes roughly
2.5 cm thick. Cubes from each muscle were subjectively 
evaluated for tenderness, juiciness, flavour and overall 
acceptability by a six member taste panel using a nine- 
point hedonic scale rating.
Results

The changes in the plasma glucose levels in the experi­
mental ewes are shown in Fig. 1. The initial plasma 
glucose levels varied from 19 to 33 mg/100 ml of blood 
in the eight ewes studied. Thirty minutes post injection, 
there was a significant increase (P<0.01) in the plasma 
glucose level from an average of 27.25 mg per cent to an 
average of 64 mg per cent in the epinephrine injected 
ewes. The comparative values for the control ewes were
22.75 and 29.75 mg per cent respectively. At 60 min 
post injection when blood collection was terminated, 
the glucose level rose further to a mean of 81 mg per 
cent in the epinephrine injected ewes while those for 
the control ewes fell to 24.50 mg per cent.

Fig i. The effect of subcutaneous epinephrine injection on
blood plasma glucose levels.
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T a b l e  I . t h e  e f f e c t  o f  p r e -m o r t e m  e p i n e p h r i n e  i n j e c t i o n  o n  s a l t  c o n t e n t  a n d  c u r e  d i f f u s i o n  d i s t a n c e  i n  s e l e c t e d  e w f . m u s c l e s

Epinephrine injected Control
Muscle type L.D. B.F. S.M. S.T. L.D. B.F. S.M. S.T.

NaCl content (mg %) (cured meat) 35.80 36.23 35.75 36.27 35.61 35.84 35.72 36.19
NaCl content (mg %) (uncured meat) 27.56 28.55 28.16 29.64 24.04 26.13 26.13 26.43
Cure diffusion distance (cm) 1.55 1.68 2.18 1.60 1.23 1.35 1.81 1.43

L.D.—Longissimus dorsi; B.F.—Biceps ferroris: S.M.—Semimembranosus; S.T.—Semilendinosus.

The mean pH values taken on the longissimus 
dorsi at the location between the 12th and 13th ribs and 
opposite the last lumbar vertebra in both groups of ewes 
at various time intervals post mortem are shown in Fig.
2. The initial pH of 6.66 obtained in the control group 
is considerably lower than in the treated group which 
had an initial pH of 6.87. The pH values did not change 
appreciably (ApH of 0.44) during the 24 hr post mortem 
period in the epinephrine treated carcass while in the 
control group, the corresponding change (ApH of 
1.02) was very significant (P<0.01). The major part of 
the pH drop appeared to have taken place within the 
first 12 hr post mortem.

Fig 2. The effect o f pre-mortem administration of epinephrine 
on post-rr.ortem muscle pH.

Mean values presented in Table 1 indicate that pre­
slaughter injection of epinephrine significantly (P<0.05) 
enhanced the extent of cure diffusion as measured by 
the cure diffusion distance. Further, significant vari­
ations (P < 0.01) were noted among the different values 
for the four muscles. In both experimental groups the 
semimembranosus exhibited the highest diffusion dis­
tance followed in decreasing order of magnitude by the 
biceps femoris, semitendinosus and longissimus dorsi.

No significant treatment effect or between muscle 
differences were observed in the per cent salt content of 
the lower cured meat section. However, in the upper 
uncured meat section, the per cent salt content was 
significantly higher (P<0.05) in all the muscles from 
the epinephrine injected ewes. Between muscle differ­
ences were also significant (P<0.01).

Values for drip loss, cooking loss and moisture con­
tent are shown in Table 2. There was a significant 
(P<0.01) treatment effect with respect to drip loss. 
Variation in the muscle characteristics was also evident 
especially in the semimembranosus which lost more 
fluid as drip in both the treated and control samples.

The average cooking loss of 30.88 per cent obtained 
in the treated muscles was significantly (P<0.05) less 
than the corresponding values of 33.38 per cent obtained 
in the control samples. This difference was reflected 
in the values for all the muscles except the biceps femoris 
in which 37.09 per cent cooking loss was obtained as 
against 35.90 per cent in the control. No statistically 
discernible difference in the moisture content of the raw

T a b l e  2. e f f e c t  o f  p r e -m o r t e m  e p i n e p h r i n e  i n j e c t i o n  o n  d r i p  l o s s , c o o k i n g  l o s s  a n d  m o i s t u r e  c o n t e n t  o f  s e l e c t e d  e w e

M U SCLES

Epinephrine injected Control
Muscle type L.D. B.F. S.M. S.T. L.D. B.F. S.M. S.T.

Drip loss % 1.74 1.68 2.09 1.91 1.60 1.59 1.82 1.51
Cooking loss % 26.41 37.09 30.33 29.72 30.57 35.90 34.32 32.78
Moisture content % (raw muscle) 75.83 78.97 77.93 76.67 74.43 76.80 75.91 74.79

L.D.—Longissimus dorsi; B.F.—Biceps femoris; S.M.—Semimembranosus: S.T.—Semitendinosus.
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T a b l e  3. e f f e c t  o f  p r e -m o r t e m  e p i n e p h r in e  i n j e c t i o n  o n  t a s t e  p a n e l  s c o r e s  f o r  v a r i o u s  o r g a n o l e p t i c  a t t r i b u t e s  o f  s e l e c t e d

EW E  M U SCLES

Epinephrine injected Control
Muscle type L.D. B.F. S.M. S.T. L.D. B.F. S.M. S.T.

Tenderness 7.15 4.85 6.25 6.55 5.15 3.70 4.90 6.05
Juiciness 6.90 5.55 6.15 6.15 6.50 5.75 5.90 6.25
Flavour 5.85 5.05 5.95 6 . 0 2 6.60 5.25 5.80 6.30
Overall acceptability 5.80 5.05 5.60 6.25 6.80 5.25 5.80 6.60

L.D.—Longissimus dorsi; B.F.—Biceps femoris; S.M.—Semimembranosus; S.T.—Semitendinosus.

muscle was noted although the slight increase in the 
treated muscles approached significance.

The treatment effect was significantly (P <  0.05) 
reflected in the taste panel tenderness scores (Table 3) 
with the muscles from the epinephrine injected ewes 
having an overall mean rating o f 6.20 against 4.95 in 
the control. All muscles were rated higher in the former 
treatment group. When considered between muscles, 
the tenderness differences were significant (P<0.05) 
with the longissimus dorsi receiving the highest scores 
in both treatment and control groups. Significant 
differences in flavour and juiciness were not detected 
as a result o f the treatment effect or between muscles. 
On the overall acceptability, the epinephrine injected 
ewes were less preferred than the respective controls 
although this lacked significance.
Discussion

The initial glucose values observed in the present 
study for the eight ewes appear to be in good agreement 
with previous values of 18-49 mg per cent determined in 
sheep o f mixed British and Australian breeds on low 
plane of nutrition6 and of 26.6 mg per cent determined in 
the blood plasma o f starved western or dorset ewes7. 
The initial low level of plasma sugar observed in this 
investigation may be expected considering the fact that 
the ewes were obtained during the middle of the dry 
season when natural feed was scarce and this may have 
been compounded by a previous exposure to the drought 
condition.

The drastic rise in plasma glucose following epine­
phrine injection may be attributed to the glycogenolytic 
effect of the hormone in the liver. This action is known 
to be mediated through the stimulation o f adenylcyclase 
and subsequent activation of phosphorylase necessary 
for the conversion o f liver and muscle glycogen to 
glucose. In the control group the observed increase in 
plasma glucose to 29.75 mg per cent at 30 min post 
injection Would be expected considering the stress 
imposed on the ewes during water administration and

blood sample collection. As suggested by Aberle and 
Merkel1 such a stress may cause some production o f  
endogenous epinephrine. The observed levels of plasma 
glucose at all sampling periods however remain within 
previous range o f values reported for starved ewes6"7.

That blood glucose remained high in the treatment 
group after one hour post injection o f epinephrine would 
seem to indicate that epinephrine has a transient inhi­
bitory effect on glucose induced release o f insulin or on 
the effectiveness of insulin in regulating blood glucose 
levels. This may be a peculiar trait in ruminants in which 
blood glucose levels fall more slowly even in response to 
exogenous insulin8. Glucose arising from epinephrine 
induced glycogenolysis in the skeletal muscles is in 
the short run necessarily metabolised. A significant 
decrease in the activity of glycogen synthetase in skele­
tal muscle is enhanced by epinephrine9 and might have 
inhibited the reconversion o f such glucose back to 
glycogen while the action o f the epinephrine remained 
effective. This then may manifest itself in a depletion 
of the muscle glycogen reserve.
Preslaughter glycogen depletion with the present dosage 
of epinephrine was probably effective in preventing 
appreciable pH drop in the treated group as compared 
with control. Previous work by Bendall and Lawrie19 
has shown that epinephrine accelerates post mortem 
glycolysis although when injected shortly before 
slaughter, neither the rate o f pH drop nor the ultimate 
pH are affected2. Repeated injection o f epinephrine 
spaced over a prolonged period o f 12-24 hr have been 
found to raise the ultimate pH o f meat and thereby 
produce dark cutting beef. The present finding shows 
that repeated injection of epinephrine over a long period 
is not necessary to exhaust glycogen reserve but rather, 
this could be achieved in the case o f sheep by a one- 
short dosage o f 1.8 mg epinephrine per 10 kg body 
weight injected six hours prior to death.

The struggling necessarily involved in the slaughtering 
procedure used in this experiment and which is the 
normal method generally used in Nigeria in the absence
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of any humane slaughtering facilities may account for 
the initial pH being well below 7.0 which is normally 
associated with muscle soon after death11. Such strug­
gling is known to elicit the production o f endogenous 
epinephrine which subsequently accelerates glycolysis 
and in the short run enchances the accumulation o f lactic 
acid.

Greater uptake o f curing brine as reflected by the 
higher cure diffusion distance in the muscles from the 
epinephrine injected ewes was enhanced by the higher 
ultimate pH in keeping with previous results by Bouton 
et a l.n  with minced mutton in which it was shown that 
the water holding capacity of meat was superior at 
high ultimate pH than at low ultimate pH. In a previous 
work on porcine muscles by Arganosa and Hendri­
ckson13 the cure diffusion distance in these muscles 
were in the same order as observed in this investigation 
using ovine muscles. The differences between muscles 
may be due partly to differences in the degree of close­
ness o f the microstructure o f each muscle which affects 
the capillary movement o f the brine in the spaces 
between its fibres and partly to the inherent myoglobin 
and total pigment in the fresh tissue as suggested by 
Hornsey14.

The lack o f difference in the salt content of the lower 
cured meat section o f the meat cores would be expected 
if  all the muscle were completely saturated with the 
curing brine. The upper section in all the epinephrine 
injected muscles contained mere salt than the control 
due to the ionic disturbance in the former.

The higher ultimate pH value resulting from epine­
phrine injection enhanced water retention during 
cooking. Hamm and Deatherage13 showed an increase 
in water holding capacity with increase in pH o f beef 
homogenates cooked at 60° C. Since there is an inverse 
relationship between cooking loss and water holding 
capacity, an increase in water holding capacity would 
result in a decrease in cooking loss such as has been 
obtained with the epinephrine injected muscles. The 
present result is further supported by the finding of 
Khan and Nakamura16 Who observed a pronounced

decrease in cooking loss with increase in pH of meat 
epinephrine treated chickens.

The improvement in tenderness rating was expected 
from previous work of Khan and Nakamura1?. Con­
sumer studies have indicated that tenderness is perhaps 
the most determining attribute of meat. It is therefore 
not clear whether the lack of acceptability by the panel 
for the more tender meat from epinephrine injected 
ewes was due to the apparent preference of the average 
Nigerians for fairly tough chewable meat. More 
research in this direction is needed.
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Studies on Biochemistry o f  H igher Fungi. I. Submerged  
Growth o f  V o lv a r ie l la  vo lv a c e a  in Synthetic M edium

A. K. Ghosh and S. Sengupta 
Indian Institute of Experimental Medicine, Calcutta-32

M a n u sc r ip t R ec e iv ed : 6 S e p te m b e r  1976
Paddy straw mushroom, V. volvacea grows well in synthetic medium in submerged culture. Starch and KNO3 are well utilized as 
carbon and nitrogen sources. It required boric acid, Fe++, Mn++, Ca++, Mo++, Zn1'"'" as micronutrients for growth. The 
growth period continues upto 15 or 16 days. Biochemical analyses show fall in protein end fat but gain in fibre, carbohydrate and 
ash content of cultured mycelia in synthetic medium compared to whole fruitirg body.

The success of growing mycelia of higher fungi in 
shake culture has largely facilitated the studies of their 
biochemistry of growth. The technique is largely adopt­
ed for the steady production of edible mushrooms for 
human consumption. During the last twenty years, 
there had been various studies on their submerged 
growth. In addition to their growth, investigations have 
also indicated the possession of different industrially 
important enzymes like proteolytic or specific amino 
peptidases1-5, different carbohydrases6-9 or different 
pharmacologically potential compounds like antichole- 
steroloemic factor19-12, or carcinostatic polysacchari­
des13-15 in the mushroom.

In this context, study was undertaken to grow under 
submerged culture some of the edible mushrooms and to 
study their biochemistry of growth. Volvariella volvacea 
or paddy-straw mushroom, one of the common edible 
mushrooms, is largely consumed by the people of 
China. Japan, Philippines and India, is taken for study. 
The mushrooms are now produced on composed bed 
only.

This paper describes the attempts at the submerged 
growth of paddy-starw mushroom in shake culture and 
determination of their growth requirements.
Materials and Methods

Mushroom: The fresh fruiting body of Volvariella 
volvacea was collected from Rice Research Station, 
Chinsura, Hooghly (West Bengal).

Chemicals: All the chemicals used are of AR or GR 
quality with the exception of malt extract (OXOID) 
and potato extract, the latter being prepared in the labo­
ratory from fresh potato. Special precautions were 
taken in the study of micronutrient requirements to 
avoid all chances of metal contamination. For this 
purpose triple glass distilled water and highly cleaned

corning glass wares were used throughout this experi­
ment.

Growth on solid agar: For initial mycelial growth of
the mushroom, fresh fruiting body was first lightly 
washed with absolute alcohol, and small pieces from the 
inner body were cat from the different portion of the 
mushroom (gill, cap, hymenium) and inoculated asepti- 
cally on solid agar medium in 250 ml conical flask. The 
composition of the medium is based on the different 
nutrients suggested by Humfeld and Sugihara16 and 
Jennison el aid7 for mushroom growth. The medium 
composition in per cent is: glucose, 5; malt extract, 1; 
potato extract, 10; CaCl2, 2H20, 0.037; KH2P 04, 0.087; 
MgS04. 7H,0, 0.05; boric acid, 0.057; CuS04. 5H20 ,
0.0039; FeS04. 7H20, 0.025; MnCl2.4H20 , 0.0036; 
NaMo 0 4 4H20, 0.00’32; ZnS04. 7H26 , 0.03; pH, 5.0, 
and agar, 2.5 per cent. Mycelial growth commen­
cing from the inoculated piece was observed after 40 to 
48 hr of inoculation. The filament elongation continues 
for 7-8 days. The growth was purified from bac­
terial or fungal contaminants, if there be a:iy, by re­
inoculating on the same medium containing streptomy­
cin (30 7 /ml) and mycobacillin (20 7 /ml), the two broad 
spectrum antibacterial and antifungal antibiolics.

Submerged growth: For the studies of different 
nutrient requirements of the mushroom, myceual growth 
from the flask was transferred into the same liquid broth 
(100 ml/500 ml) flask and shaken on a rotary shaker 
(350 rpm with threw of 3.5 cm) for 15 days. Mycelial 
balls appear within 2-3 days after inoculation and charac­
teristic fruity flavour appears after 6 to 7 days of 
growth.

Studies on nutrients: The mycelial pellets from each 
flask, after 15 days of growth, was freed from the broth 
by repeated washings, suspended in 100 ml sterile water 
in a Waring blender and cut into small pieces. All the
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operations were done aseptically. Such suspension 
(2 ml) was used as inoculum per 100 ml of broth.

Carbon nutrition: The composition of the medium as 
described earlier, was slightly altered by replacing 
glucose by 5 per cent each of dextrin, soluble starch, 
amylum. straw lignin and carboxymethyl cellulose 
(soluble form). Growth was studied in shake flask 
containing 100 ml broth per 500 ml flask for 15 days. 
The mycelial balls were then filtered, washed and dry 
weight was taken after dehydration at 60-70°C for 
48 hr. Each set of experiment was always done in 
triplicate.

Nitrogen nutrition: After proper selection of carbon 
source, potato and malt extract from the same medium 
was replaced by different inorganic nitrogen sources 
including urea. The concentration of different salts 
used was on the basis of their nitrogen content. 
Growth after 15 days of inoculation was measured in 
the same way as described earlier.

Determination o f C:N ratio: After ptoper selection 
of carbon and nitrogen sources in the medium, attempts 
were made to determine proper concentration of carbon 
and nitrogen sources of the medium for best growth. 
The concentration of carbon source was varied keeping 
that of nitrogen constant and vice versa. Growth in 
each experiment was determined in the same way as 
described earlier.

Micro-nutrients: In growing mycelia of V. volvacea, 
initially a complete medium was suggested containing 
different minerals commonly required for mushroom 
growth. After selection of proper carbon and nitrogen 
sources, and their proportion, it was assessed whether 
the different micro nutrients are essential or not for the 
proper growth. Hence the composition of the medium 
was adjusted by keeping carbon source, nitrogen source, 
KH2P04 and MgS04 constant and omitting serially 
different micronutrients viz. Ca++, Cu++, Fe++, Mo++ 
Zn++, Mn++ and boric acid from the mixture.

Yields of the mushroom mycelia in the different 
media so constituted, were determined in the same way 
as described earlier.

Selection o f optimum pH: It is well known that 
basidiomycetes grow in liquid culture in the acid 
pH. Aafter formulating proper synthetic medium, 
based on the selection of carbon, nitrogen and minerals, 
initial pH of the medium was altered from 1 to 7 and the 
growth of mushroom as well as change in pH were 
determined.

Growth curve of the mushroom: With proper deter­
mination of medium composition and pH, a growth 
curve for V. volvacea was prepaied by determining 
mycelial dry weight in regular day interval. Simultane­
ously change in pH of the medium was also noted 
during the course of fermentation.

Biochemical analysis o f mushroom fruit body and 
mycelial growth: Analysis was made for protein, 
carbohydrate, fibre, fat and ash content of both fresh 
fruiting body (whole) and mycelia from growth maxi­
mum.

Protein was estimated by micro-Kjeldahl method. 
Fat, fibre and ash were estimated according to the 
standard methods18 Carbohydrate was estimated in 
terms of glucose unit by Anthrone method19.
Results and Discussion

Carbon and nitrogen sources: It is obvious from the 
Table 1, that V.volvacea, utilizes soluble starch more 
preferentially than amylum, dextrin or its monomer 
glucose whereas lignin or cellulose is very poorly 
utilised. Monosaccharides other than glucose were not 
tested because of their higher cost they were not 
suitable for mushroom fermentation. In replacing 
potato and malt extract by other simple nitrogen 
sources like amino acids and other costly nitrogen 
sources were omitted. It is observed that among the 
different nitrogen sources tested (having same nitrogen 
content), KN03 serves excellently as a source of nitro­
gen for mushroom mycelial growth retaining its full 
flavour (Table 2).

C:N ratio for growth: It is well known that C:N 
ratio has profound effect on the mushroom growth as 
well as on the amount of protein, fat or carbohydrate 
content of mycelia22. In our preliminary experiment, 
we have considered the first factor and hence deter­
mined the appropriate C:N ratio for best growth. 
In one set of experiment nitrogen percentage was kept 
constant (0.73 per cent K N03) and carbon source, 
namely starch concentration was varied. After proper 
selection of carbon concentration again K N 03 concen­
tration was varied to determine proper starch/KN03 
ratio for maximum growth. The maximum growth 
attained is about 1.6 g dry wt/100 ml of medium 
having C:N ratio of approximately 13:1 (Fig 1).

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

OF V. VOLVACEA IN  SU BM ER G ED  C U LT U R E

Carbon source 
(5% w/v)

Glucose
Dextrin
Soluble starch
Carboxymethyl cellulose
Straw lignin
Amylum

Av. growth (dry wt.) 
(g/ 1 0 0  ml)

1.0610.9501.6010.0130.3410.881
Composition of the medium is the same as described in the text 

with the omission of glucose only. Growth, always in triplicate 
was measured 15 days after inoculation.
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T a b l e  2. e f f e c t  o f  v a r io u s  n it r o g e n  s o u r c e s  o n  t h e  g r o w t h

OF V. VOLVACEA IN  SU B M E R G E D  C U LT U R E

Nitrogen source Carbon source Av. growth (dry wt.)
(W /v) (w /v) (g/100 ml)

NH4N03 (0.3 %) Starch (5 %) 1.143
(NH4)2S04 (0.5%) 99 0.938
KN03 (0.73%) 99 1.603
NH4H2P04 (0.9%) >5 1.213
NH4C1 (0.4%) ) I 0.902
Urea (0.22%) 99 1.513

Composition of the medium is the same as described in the text with the omission of glucose, potato extract and malt extract. Growth, always in triplicate, was determined 15 days after inocu­lation.

Micronutrients requirement for growth: In assessing 
the requirements of different micronutrients for growth, 
instead of making lots of combinations of those seven 
ingredients, experiments were only done to study the 
effect of omission of any metal ion from the mixture 
on the growth of the mushroom (Table 3). It is obvious 
from the table that omission of any metal ion except 
Cu++, showed some inhibitory effect on the mycelial 
growth of the mushroom. They can be arranged according 
to their degree of essentiality on the mushroom growth 
in decreasing order as Ca++, Fe++, boric acid, Mn++, 
Mo++, Zn++, and practically Cu++ has no effect on 
the growth. It is also interesting to note that omission 
of Ca++ from the medium causes synthesis of pink pig­
ment in the broth but the mushroom flavour is comple­
tely lost. No such drastic effect on the flavour or com­
mencement of pigment production was observed in 
the case of omission of any other metal ion. The obser­
vation that the mushroom produces pink pigment but 
looses its flavour in absence of Ca++ in the medium was 
found to be very interesting. The experiment was 
repeated with graded doses of Ca++ in the medium and it 
has been observed that flavour production initiated by 
the addition of Ca++ ion in the medium and the pigment 
production still continues in presence of Ca++ upto the 
concentration of 0.037 per cent of CaCl2, 2H20. 
The mushroom flavour was just identified physically 
and it appeared that maximum flavour production has 
taken place at a concentration of 0.1 per cent of CaCl2, 
2H20  where there is also no pigment formation. In 
absence of any standardised method for the quantifi­
cation of flavour and pigment at the present, it has not 
been possible to correlate them with Ca++ concentra­
tion.

Percentage of N(W/V)
01 0 ' 2  0 3

P erc en tag e (W /V )o f s ta rch
Fig 1. Effect of C/N ratio on the growth of V . yo lv a c ca

Table 3. effect of omission of micro-nutrients on the growth
OF V. VOLVACEA IN  SU B M ER G ED  C U LT U R E

Nutrients Av growth Pigmentation ofomitted (dry wt.) (g/100  mi) Flavour < broth
Boric acid 0.815 + Reddish tintCuS04,5H20 1.655 + Straw yellow
FeS04,7H20 0.785 +  99MnCl2,4H20 0.860 + 99NaMo04,4H20 0.996 + 99ZnS04,7H20 1.310 + 99CaS04,2H20 0.764 — Pink
None 1.660 + Straw yellow

Composition of the medium (% w/v): Starch-5, KNO3-O.IO8,KH2P04,-0.087, MgS04.7H20-0.05,, boric acid-0.057, CaCl2,2H20-0.037, CuS04, 5H20-0.0039, FeS04, 7H20-0.025, MnCl2, 4H20-0.0036, NaMo04. 4H20-0.0032, ZnS04. 7H20-0.03 Growth, always in triplicate, was measured 15 days after inocU-lation.
Table 4. determination of ph optimum for growth of

V. VOLVACEA IN  SU BM ER G ED  C U LT U R E

Initial pH Final pH Av growth (dry wt.)(g/100  ml)
1.0 1.0 0.015
2.0 2.5 • '1.0343.0 4.0 1.4594.0 4.0 1.8695.0 4.0 1.820
6.0 4.0 1.7007.0 4.0 1.705

Composition of the medium (% w/v): Starch-5, KNO3-O.IO8, KH2P04-0.087, MgS047H20,-0.05, boric acid-0.057, CaCl2. 2HjO-0.037. FeS04.7H20 -0.025. MnCl2,4H20-0.0036, NaMo04. 4H20-0.0032, ZnS04, 7H20-0.03, Growth, always in triplicate, was measured 15 days after inoculation.
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Growth pattern o f mushroom: It is obvious from 
Table 4 that optimum pH for mushroom growth is 
4 and it also appears that where the initial pH varies 
from 3 to 7, the final pH comes to 4 although 
their growth maximum is differently altered. Growth 
curve of V. volvacea is shown in Fig 2. It is obvious 
from the curve that in this mushroom initial lag phase 
continues upto 2 days after inoculation and then it 
enters in logarithmic phase which continues for 11 days 
when it reaches maxima, after which there is a slight 
loss o f mycelial weight and then growth reaches a steady 
state upto 16 days. The pH course studied during the 
growth period is relatively steady, only there is a slight 
increase in acidity o f  the medium in mid-logarithmic 
phase, accompanied by retardation o f broth which may 
be due to high acid production causing growth retar­
dation. Later probably the organism controls the acid 
production and growth continues upto 16 days.

In determining growth maximum of mushroom, the 
effect o f  temperature on the growth could not be stu­
died accurately due to the lack o f proper temperature 
controlling system, but it was found that best growth 
takes place in the temperature range o f 28-30°C.

Biochemical composition: Repeated analyses o f fat, 
protein, ash, carbohydrate and fibre content o f both 
of a fruiting body and mycelial growth o f V. volvacea 
are shown in Table 5. It is obvious from the data that 
on average there is fall in fat and protein contents and 
rise in ash, fibre and carbohydrate contents o f fruiting 
body in submerged culture. The fibre, ash and carbo­
hydrate contents o f mycelia are about 1.8, 11.0 and
1.13 times higher than thoseof the fruiting body. But on 
the other hand, protein and fat contents o f the fruiting 
body are lowered to about 0.3 and 0.87 times respect­
ively in submerged culture with respect to what we have 
considered only growth and it has been found that pro­
tein content o f the cultured mycelia is highly influenced 
by the alteration o f its C:N ratio in the medium20.

T a b l e  5. b i o c h e m ic a l  c o m p o s it io n  o f  f r u it i n g  b o d y  a n d

SU BM ER G ED  G R O W T H  OF V .  VOLVACEA (D R Y  W E IG H T  BASIS)

Components Fruiting body
C/o w/w)

Submerged mycelia 
C/o w/w)

Fat 3.27 2.83
Protein (NX6.25) 26.25 9.01
Ash 0.64 7.18
Fibre 14.37 25.05
Carbohydrate (glucose) 48.3 54.3

Composition of the medium for submerged growth is the same as described under Table 4. Data represent the average of analyses made in triplicate.

Conclusion: It is found that V. volvacea can be cultured 
in a simple synthetic medium containing (per cent) starch, 
5; K N O j,0.108; KH2P 0 4, 0.087; M gS04. 7H20 ,  0.05; 
CaCl2. 2H20 ,  0.037; Boric acid, 0.057; F eS04. 7H20 ,
0.025; MnCl2. 4H20 ,  0.0036; N aM o04. 4H20 ,  0.0032; 
ZnS04. 7H20 ,  0.03 and pH, 4.0; and temperature 
28-30°C. Their biochemistry now can be easily studied 
in laboratory. Further attempts to increase nutritive 
value o f the cultured mycelia similar to fruiting body 
can also be undertaken either by using different cheap 
organic nitrogen source (i.e., vegetable waste, fruit 
waste, etc) or by altering C:N ratio and mineral 
concentration o f the synthetic medium.
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Insecticidal schedules involving application o f aldrin dust, heptachlor dust, carbary 1 (Scvin) bait and chlorfenvinphos (Birlane) 
granules in the soil @  2 .2 5 ,1 .5 ,1 .2 5  and 4 .0  kg active ingredient/ha, respectively, at planting tim e and sej arately at first earthing 
time for the control o f cutworms, Agrotis spp. were evaluated, infield experiments. It was observed from the data that excessive 
residnes o f aldrin, dieldrin, heptachlor and heptachlor epoxide persisted upto 151 days following the application o f  aldrin and 
heptachlor on/in raw whole, unboiled and unpeeled potatoes. Processing o f  potatoes could bring down the toxic residues o f aldrin 
and dieldrin below the tolerance level in all the cases and from all the stages but not o f  heptachlor and heptachlor epoxide. 
Carbaryl and chlorfenvinphos seem to be safe insecticides as no detectable residues of these two insecticides could be found at 
any stage in any case on/in processed as well as unprocessed potatoes.

In India, the losses in potato yield due to cutworms, 
Agrotis spp. are estimated tc be 35 to 40 per cent.1’2 
A number of new organic insecticides have been tried 
against different species of cutworms with varying 
consequences. Existing literature on the control of 
cutworms with the help of contact soil insecticides in 
potato fields reveal aldrin (dust), heptachlor(dust), 
carbaryl (Sevin bait), chlorfenvinphos (Birlane granules), 
toxaphene (dust) and DDT +  pyrethrum (dusts) to be 
effective1’3. As these insecticides are applied and mixed 
with soil, there may be the chances of their toxic residues 
on/in potatoes grown in such soils. It is, therefore, 
essential that recommended and commonly used contact 
soil insecticides on/in potatoes be evaluated from toxic 
residues angle to safeguard consumers. In the piesent 
investigation, aldrin, dieldrin, heptachlor, heptachlor 
epoxide, carbaryl and chlorfenvinphos residues on/in 
potato tubers following insecticidal treatments have 
been studied.
Materials and Methods

Potato variety “Kufri Jyoti” was planted in April 
1975 at the farm of Central Potato Research Institute, 
Simla in 3.0 x 2.5 m plots. Each plot contained 6 rows 
of 12 plants/row. There were 9 treatments including 
control which were replicated 3 times in randomised 
block design.

Four contact soil insecticides viz. aldrin dust, hepta­
chlor dust, carbaryl (Sevin) bait and chlorfenvinphos 
(Birlane) granules Were applied and mixed with the 
soils of experimental plots @ 2.25, 1.5, 1.25 and 4 kg 
active ingredients/ha, respectively, in two different sets. 
In the first set these insecticides in the above dosages

were applied in furrows at planting time before seed 
tuber placement while in second set, insecticides in said 
full dosages were applied near the base of plants at 
first earthing time with the view to see the fate of dissi­
pation of these soil insecticides on/in potatoes, when 
applied in single full dosages separately at two different 
timings. Control plots were left untreated.

Potato tuber samples corresponding to each treat­
ment and replicate Were collected on 136 (15 days 
before harvest) and 151 (at harvest) days after planting 
time and on 97 (15 days before harvest) and 112 
(at harvest) days following the earthing time insecticidal 
applications for residue studies.

During the experimental period, the average maxi­
mum temperature was 22.3°C, average minimum tempe­
rature 15.3°C and average relative humidity 66.8 per 
cent. There was 108.3 cm total rain fall.

Extraction of potato tuber samples, collected at diff­
erent intervals following the insecticidal applications 
was done after dividing them in two sets (i) unwashed, 
unboiled and unpeeled (unprocessed) and (ii) washed, 
boiled and peeled (processed) potatoes. Extraction 
procedures used by Dewan et alA and Awasthi et al.5 
were followed. After weighing 100 g of represen­
tative samples from each set of each treatment and 
replicate the tubers were cut into small pieces and Were 
stripped with 200 ml of solvents for one hour. Acetone 
solvent was used for carbaryl and chlorfenvinphos 
while n-hexane was used in case of aldrin and hepta­
chlor residues study.

Acetone extract was filtered and a known volume 
evaporated in Kuderna Danish evaporator to remove 
acetone. The aqueous concentrate containing a little

♦ Division of Agricultural Chemicals, I.A.R.I., New Delhi-110 012.
11



1 2 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, JANUARY-FEBRUARY 1977

acetone was then diluted with water and extracted 
3 times successively with 50 ml lots of chloroform. 
The combined chloroform extract in each case was 
dried over anhydrous sodium sulphate, made to a 
known volume and a suitable aliquot cleaned up by 
passing through a 2 cm diameter column containing
1.25 cm layer of anhydrous sodium sulphate overlaid 
with 10 g of adsorbant mixture (2 :2 :1, activated char­
coal : magnesium oxide: celite 545) and elution with 
chloroform. The eluate was then concentrated to 1 ml 
in Kuderna Danish evaporator and chlorfenvinphos 
residues were determined following the colorimetric 
procedure of Getz and Watt.6

For carbaryl residue determination, the extracts 
were processed for clean up by the procedure detailed in 
AOAC7 and the residues were determined by using 
diazonium salt colorimetric method reported by Miscus 
and Law8 as modified by Benson and Finnocchiaro9.

As regards the analysis for the residues of aldrin.. 
dieldrin, heptachlor and heptachlor epoxide, a known 
volume of n-hexane extract was cleaned up as Was 
done in case of chlorfenvinphos sample but the elution 
was done by extra pure n-hexane (washed with 5 per 
cent sulphuric acid and distilled over silver nitrate.) The 
eluate was then made to .a known volume and the insec­
ticidal residues were estimated through GLC. Using 
column OV—1 at inlet temperature of 225°C and detector

temperature of 250°C in a electron capture detector for 
aldrin, dieldrin (Dieldrin residues are from the conver­
sion of aldrin to dieldrin in the soil and plant system 
through oxidation and enzymic reaction processes), 
heptachlor and heptachlor epoxide (similarly heptachlor 
epoxide residues are due to the conversion of heptachlor 
to heptachlor epoxide in soil and plant through oxida­
tion, enzymic reactions and photodegredation processess) 
residues. Residues of chlorinated insecticides and their 
respective metabolites were also confirmed by TLC 
techniques.
Results and Discussion

Table 1 presents average residue (ppm) data of aldrin, 
dieldrin, heptachlor, heptachlor epoxide, carbaryl and 
chlorfenvinphos on/in potatoes (both unprocessed and 
processed) grown in treated plots during main crop 
season (April-September) of 1975 at Simla.

Aldrin and dieldrin residues on/in potaoes: It is evi­
dent from the data (Table 1) that average residues (ppn) 
of aldrin and dieldrin on/in unwashed, unboiled and 
unpeeled (unprocessed) potatoes, collected from aldrin 
treated plots on 136 and 151 days following the planting 
time and on 97 and 112 days after earthing time insec­
ticidal applications persisted above the tolerance limit 
of 0.1 ppm10 in all cases though a decreasing trend of 
these toxicants was noticed with the increase of time

T a b l e  1. r e s i d u e s  o f  s o m e  c o n t a c t  s o i l  i n s e c t i c i d e s  o n /i n  p o t a t o e s  (m e a n  o f  3 r e p l i c a t i o n s )

No. of days after planting time application No of days after earthing time application Insecticides 136 151 97 112
Raw Processed Raw Processed Raw Processed Raw Processed

Aldrin 0.19 0.03(84.21) 0.15 0.03(80.00) 0.27 0.06(77.78) 0.21 0.04(80.95)
Dieldrin* 0.25 0.05(80.00) 0.21 0.04(80.95) 0.41 0.08(80.49) 0.32 0.07(78.13)
Heptachlor 0.18 0.06(66.67) 0.15 0.06(60.00) 0.23 0.07(69.57) 0.21 0.07(66.67)
Heptachlor epoxide* * 0.31 0.08(74.19) 0.26 0.08(69.23) 0.37 0.11(70.27) 0.27 0.08(70.37)
Carbaryl n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Chlorfenvinphos n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

n.d. = Residues not detected.
♦ Dieldrin residues are from the conversion of aldrin to dieldrin in soil and plant system through oxidation and enzymic reaction processes.

♦ ♦ Heptachlor epoxide residues are due to the conversion of heptachlor into heptachlor epoxide in soil and plant through oxidation, enzymic reactions and photodegradation processes.
Figures in parentheses denote the percentage of reduction of chlorinated insecticides after washing, boiling and peeling of potatoes. 
Raw refers to unwashed, unboiled and unpeeled. Processed refers to washed, boiled and peeled.
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gap. However, the residues of both these toxicants 
(aldrin and dieldrin) were found below the tolerance 
level (0.1 ppm) during both the treatment timings 
on/in processed (washed, boiled and peeled) pota­
toes. Processing of potatoes eliminated aldrin residues 
by 77.78 to 84.21 per cent and that of dieldrin by
78.13 to 80.95 per cent. Further it may be seen from 
Table 1 that average residues in the form of dieldrin 
were more than that of aldrin in all the cases both on/in 
unprocessed and processed potatoes, collected from 
aldrin treated plots at different intervals following the 
insecticidal applications. Singh and Kalra11 have also 
reported aldrin and dieldrin residues above the tolerance 
limit in potatoes harvested 3 months later from aldrin 
treated (2 kg active ingredient/ha) plots.

Heptachlor and  heptachlor epoxide residues on/in 

potatoes: Average residues of heptachlor and hepta­
chlor epoxide on/in raw (unwashed, unboiled and 
unpeeled) and processed (washed, boiled and peeled) 
potatoes, collected on 136 and 151 days after planting 
time and on 97 and 112 days following the earthing 
time insecticidal applications from heptachlor treated 
plots were determined above the tolerance level of 0.05 
ppm1». Though, the processing (Washing, boiling and 
peeling) of potatoes eliminated the residues of hepta­
chlor by 60.00 to 69.57 per cent and that of heptachlor 
epoxide by 69.23 to 74.19 per cent, even then the re­
sidues of both these toxicants did not come down below 
the tolerance limit at anytime on/in processed potatoes 
(Table 1). As compared to heptachlor, heptachlor 
epoxide residues (average) were found in higher quanti­
ties every time both in unprocessed and processed pota­
toes, collected from heptachlor treated plots at different 
intervals following the insecticidal applications. Further 
it may be seen from data (Table 1) that excessive resi­
dues of heptachlor and heptachlor epoxide persisted 
upto 151 days on/in unprocessed as well as on processed 
potatoes grown in heptachlor treated soils. Lichten­
stein and Schulz12 have also reported that in general 
more residues were found in crops grown on heptachlor 
treated soils than in those from aldrin contaminated 
soils.

C a rb a ry l residues on/in potatoes: Considering the
tolerance limit of carbaryl as 5.0 ppm13, it may be 
concluded from the data in Table 1 that this insecti­
cide is quite safe to use for the control of soil insect- 
pests of potato crop from toxic residues point of view 
as no delectable residues of carbaryl could be found

on/in unprocessed as well as on processed potatoes 
grown from carbaryl bait treated (1.25 kg active ingredi­
ent/ha) soil at any sampling from any treatment timing 
(i.e. neither from planting time application of carbaryl 
nor from first earthing time application).

Chlorfenvinphos residues on/in potatoes: As was 
found to be the fate o f  carbaryl residues, no detectable 
residues o f chlorfenvinphos (Birlane granules) could be 
found in raw (unwashed, unboiled, and unpeeled) and 
in processed (washed, boiled and peeled) potatoes 
collected on 136 and 151 days after planting time and 
97 and 112 days following the first earthing time insecti­
cidal applications from chlorfenvinphos treated (4 kg 
active ingredient/ha) soils (Table 1). Like carbaryl 
bait, this insecticide also appears to be safe from toxic 
residue as it did not leave any detectable amount o f  
residues even in raw potatoes at any sampling date. 
Tolerance limit for this insecticide has been reported 
as 0.05 ppm13.
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Application of essential oils like lemongrass, sweet basil, eucalyptol, peppermint and mentha (Mentha arvemis), and isolates like 
citronellol, geraniol, citral and camphor was tried as preservatives for oranges. Both in vitro and in vivo tests were carried out. 
Geraniol and mentha oil have been found to be fully effective to check the growth of Penicillium itaiicum. The other essential 
oils in descending order of effectiveness are sweet basil oil and lemongrass oil.

In India, the production of fresh fruits and vegetables 
is estimated to be around 20 million tonnes. However, 
the spoilage has been reported to be of the order of 
25-30 per cent in India with world average of about 9 per 
cent on account of various factors, including improper 
storage facilities. Low temperature storage, which is 
Widely used by industry, has two limitations: firstly 
some fruits like, lemon and banana, are injured by 
storage at a temperature sufficiently low to inhibit 
growth of pathogenic fungi; secondly, fruits like, apples 
and grapes which hold well at 0-2°C are often stored for 
several months in order to maintain a favourable 
marketing condition. The growth of some of the impor­
tant micro-organisms such as, Botrytis cinerea, Pénici­
llium expansum, etc., which are considered responsible 
for post-harvest diseases, is suppressed but not halted at 
the proper storage temperature. Generally in the case of 
chemical treatments, micro-organisms responsible for 
spoilage are totally killed which eliminates the diffi­
culty in retail merchandising.

The antimicrobial activity of essential oils toward 
animal and human pathogenic micro-organisms have 
been investigated by several workers1-9. Dabbah 
et afi studied the antimicrobial action of some citrus 
oils on selected food borne bacteria. Maruzzelia and 
Balter4 made an in vitro study of the antifungal activity 
of 119 essential oils against 12 phytopathogenic fungi. 
The present investigation deals with in vitro and in vivo 
study of the effect of some essential oils, like, pepper­
mint mentha, sweet basil, lemongrass, etc. and isolates, 
viz., geraniol, citronellol2 etc., on Penicillium itaiicum 
which is considered as one of the micro-organisms res­
ponsible for spoilage of citrus fruits in India.
Materials and Methods

Sound and healthy oranges (Citrus reticulata Blanco) 
of uniform size were brought to the laboratory within

two days after harvesting. Penicillium itaiicum (blue 
mould) was isolated from the orange and maintained in 
potato dextrose medium. Its pathogenicity was also 
tested. All the essential oils and isolates used were 
commercially available pure forms.

In vivo test: The fruits were artificially inoculated 
with Penicillium itaiicum by scratching the peel with a 
sterile pin at the stem end and swabbing the picked 
portion with the inoculum. A spore suspension of the 
mould from a 7-day old culture on potato dextrose 
medium was used as inoculum. Spore suspension was 
prepared in sterile distilled water. Spore suspension 
(1 ml) was added to scratched portion of each fruit. 
After 24 hr of inoculation, fruits were dipped for 2 
min in the emulsion containing the essential oil. The 
fruits were then dried and stored in a sterile glass 
chamber at 30°C and 70-80 per cent relative humidity. 
Emulsion was prepared by taking 10 ml oil, 2 ml Tween 
20 as emulsifying agent and 88 ml water. Ten milli litre 
of the emulsion, thus prepared, was further diluted in 
one litre of Water. Thus, solution used for treatment 
contained 0.1 per cent oil. Inoculated but untreated 
fruits served as control sample. Three replications were 
maintained and each batch consisted of twenty fruits. 
Samples were inspected daily for decay, physiological 
rind break down and chemical injury. Results have been 
expressed as percentage of fruits affected.

In vitro test: Oil emulsion was prepared by dissolving 
2 ml liquid emulsifier (Tween 20) in 88 ml water and 10 
ml oil. Geraniol. camphor, lemongrass oil, eucalyptol 
oil, mentha oil, sweet basil oil, peppermint oil, citral and 
citronellol were used in this investigation. The Czepex’s 
Dox medium was prepared and 25 ml of culture medium 
was apportioned in 150 ml culture flasks constitut­
ing the two sets of treatments. Fractional sterili­
zation Was accomplished in Arnold's steamer. In one 
set of experiment 0.25 ml of oil emulsion was added and
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in another set 0.5 ml was used. Seeding was done by 
pipetting 0.1 ml spore suspension of Penicillium italicum. 
The inoculated flasks were incubated at 30°^ 1 °C. At 
the end of each incubation period, the fungal colonies 
were thoroughly washed and were subsequently filtered 
on previously dried and weighed Whatman filter paper 
No. 42. The filter papers containing the fungal mat 
were subjected to 65°C in an electric oven for two days 
after which they were cooled and weighed. The 
treatment had four replications.

Sterile potato dextrose agar medium (25 ml) was 
poured into each of the four Petri dishes and allowed to 
solidify. In one set of experiments 0.25 ml oil emulsion 
was used and in another set 0.5 ml was used. Each 
petri dish was inoculated with 3 mm disk of inoculum, 
removed from a 7-day old culture of the decay pathogen 
grown on potato dextrose medium. After inoculation, 
petri dishes were incubated at 30°±1°C. Colony dia­
meter was measured 3 days after inoculation and the 
growth was recorded.
Results and Discussion

At 30°C control fruits were susceptible to infection 
within four days and the decay amounted to 20 per cent 
(Table 1). The infected fruits were entirely covered wtih 
a blend of blue moulds and were unfit for human con-
T a B LE  1. PO ST -H A RV EST  T R EA TM EN T  OF O R AN G ES  W IT H  ESSEN T IAL

O ILS

Per cent decayTreatment Concn.--------------------------------------------
(%) 4thday 8thday 12thday 18 thday 28htday

Control — 20 30 40 50 60
Geraniol 0.1 0 5 5 5 5
Mentha oil 0.1 0 5 10 10 10
Sweet basil oil 0.1 20 25 30 40 40

T a b l e  2. e f f e c t  o f  o i l  e m u l s io n s  o n  g r o w t h  o f  c i t r u s  f r u it

PA TH O G EN

Oil treatment Av diameter of colony (mm) growthon indicated daysConcn. 0.25 ml Concn. 0.5 ml
3rd 7th 12th 15 th 3rd 7th 12th 15th

Control 6 60 75 100 6 60 75 100Camphor 6 50 70 90 4 45 80 87Citral 5 50 64 70 4 50 55 68Citronellol 4 5 5 10 4 5 5 7Eucalyptol oil 5 60 80 98 5 58 60 90Geraniol 0 0 0 0 0 0 0 0Lemongrass oil 0 0 0 3 0 0 0 2Mentha oil 0 0 0 0 0 0 0 0Peppermint oil 4 6 8 15 4 6 8 10Sweet basil oil 2 4 4 6 2 2 2 2

sumption. At the end of 28 days, severe damage upto
60 per cent was noticed. On the other hand fruits treated 
with geraniol were almost completely free from infec­
tion (^95 per cent) as shown in Table 1, thus establishing 
their efficacy in holding a check over storage decay. 
Geraniol treatment showed less than 5 per cent decay 
even after 3 weeks at 30°C. The other treatments in 
descending order of effectiveness are mentha oil and 
sweet basil oil.

Geraniol and mentha oil were found to have complete­
ly retarded the growth of P. italicum, and are obviously 
the best fruit preservatives (Table 2). A concentration 
of 0.25 ml of oil emulsion was found to be effective 
against decay pathogen. The next essential oil in des­
cending order of effectiveness is lemongrass where no 
growth was observed until 12th day but a little growth 
was observed on 15th day. Sweet basil oil and citronellol 
were also observed to have significant check on growth 
of the micro-organism but cannot be considered fully

T a b l e  3. e f f e c t  o f  o i l s  a n d  i s o l a t e  e m u l s io n s  o n  g r o w t h  o f  c i t r u s  f r u i t  p a t h o g e n

Oil treatment Av dry wt (mg) of P . ita licu m  growth on indicated days
0.25 ml concn 0.5 ml concn

3rd 7th 12th 15 th 3rd 7th 12th 15 th
Control 50.6 80.2 140.0 156.2 50.6 80.2 140.0 156.2
Camphor 30.5 90.2 132.6 140.0 26.2 80.6 110.6 136.2
Citral 40.0 100.6 150.2 154.4 20.2 98.2 154.6 160.8
Citronellol 6.0 8.0 10.2 10.8 4.0 6.2 6.4 8.2
Eucalyptol oil 30.0 100.1 156.2 152.5 20.8 90.8 140.3 150.6
Lemongrass oil 4.2 4.2 5.8 6 3 4.2 4.6 4.8
Peppermint oil 20.0 90.0 112.8 130.2 15.6 80.2 112.6 120.8
Sweet basil oil 3.0 4.2 6.2 6.8 4.2 5.6 4.2 4.8

No growth was observed in geraniol and mentha oil treatments
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effective. Peppermint oil, eucalyptol oil and camphor 
were not effective. Rind break down had not increased 
appreciably by any treatment. No burning or other 
phytotoxic effect was observed. Table 3 clearly indicates 
the effect of oil and oil isolates on the growth of Péni­
cillium italicum. It is clear that mentha oil and geraniol 
completely checked the growth of this micro-organism. 
Sweet basil and lemongrass were also observed to be 
effective to a great extent. Next in descending order of 
effectiveness is citronellol, peppermint and camphor. 
Citral and eucalyptol have been observed to be ineffect­
ive.

The mechanism involved in the application of essential 
oils as fruit preservatives is not yet Well established. The 
lipid solubility and surface activity of essential oils are 
considered possible reasons for their effectiveness.

Organoleptic tests was carried out on 28th day of the 
treatment as per Indian Standard Specification (No. IS: 
6273 (Part II) 1971). Each person testing the sample 
clearly indicated that the sample was liked very much 
by him and further commented that the colour was 
almost the same as that of the original fresh fruit. The 
flavour and texture of the fruit were similar to that of the 
original.

The economics of any treatment is dependent upon the 
availability of the material, amount used and its cost. 
Diphenyl, thiabendazole, benlate, benomyl and sodium 
orthophenyl phenate are extensively used in the United 
States but not easily available indigenously. The oils

of mentha, lemongrass, etc., are available in India. 
The effective dosage of essential oil for treatment 
are comparable to those of chemicals used in the United 
States and other countries. The cost is also comparable 
or rather cheaper in comparison with those chemicals 
extensively used. Geraniol is isolated from palmarosa 
oil and costs about Rs. 130/kg. Mentha oil costs about 
Rs. 75/kg, lemongrass oil Rs. 60/kg, eucalyptol oil 
Rs. 20/kg and citronellol Rs. 36/kg. The sweet basil oil, 
which is derived from Ocimumbasilicum, costs Rs. 60/kg.

The present investigation demonstrates the potentia­
lity of some of the essential oils as effective preservatives 
for oranges.
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A process has been developed for the production of quick cooking dehydrated peas from dry commercial peas. It involves hydrating 
the peas by soaking in 0.25 % sodium bicarbonate solution for 5 hr, pricking the soaked peas for 10 min followed by precooking for 
4 min at 1.05 kg/sq. cm gauge pressure, and dehydrating the precooked peas in a standard tray dryer at 55 to 60°C for 2 to 2.5 hr 
to reduce the moisture content to about 8 %. The processed peas reconstitute in boiling water in 5 to 6  min, thns reducing the 
cooking time by about 80%. The product keeps well for over one year at ambient temperature. As a preliminary to the produc­
tion of quick-cooking peas on a large scale, peas pricking machine and experimental bean cooker for scaling up operations have 
been considered.

Legumes are primary source of dietary protein in 
India and many other areas of the World as well. 1 
Amongst these peas are singularly the most popular 
legume throughout the world. Dried legumes as a class 
suffer from poor cooking quality. Since the trend is 
toward more and more convenience foods, it would 
follow that the future for an expanded market for dry 
peas depends on obtaining a quick-cooking bean.

Esselen and Davis2 developed a dehydrated baked 
bean that could be reconstituted by rehydiation for 
90 min in cold water. The product was then ready to 
eat when heated. The 90 min hydration, may appear 
too long a preparation time to qualify the beans as quick 
cooking. Feldberg et al3 developed a “quick-cooking” 
pea bean which satisfied the armed services’ criterion 
of a combined rehydration and cook time of 5-10 min. 
In this process, the beans, soaked for at least 8 hr, and 
then cooked for 20 min at 118°C and frozen to minimize 
bursting, Were dried in a cabinet dryer for 90 min at 
77°C dry bulb (31°C wet bulb) or 75 min at 88°C dry 
bulb (35°C wet bulb). The process also proved 
satisfactory for beans of Great Northern type. 
Unfortunately, the need for a freezing step makes 
the process uneconomical. Their efforts to control 
bursting by sugar dip treatment prior to dehydration 
failed.

A method developed by Dorsey et al4 for dehydrating 
blanched pea and red kidney beans again involves 
freezing of beans between cooking and drying to control 
butterflying. None of the processes reported by Hall­
mark5, Nielsen6 and Steinkraus et al1 have been applied 
successfully with either quick-cooking or precooked 
dehydrated beans. However, Rockland et aft have 
developed a process for preparing quick-cooking Lima

beans which With minor modifications has been found 
suitable for processing other dry beans.

Taking into account the advantages and disadvan­
tages of these processes referred to above, efforts have 
been made to develop improved techniques for the 
production of relatively quick cooking dehydrated peas 
at comparatively low cost. The process involves hy­
dration of dry peas by soaking in water with a little 
addition of sodium bicarbonate, precooking in pressure 
cooker and dehydrating in air dryer at 60°C. The 
process, also satisfactory for a wide variety of beans, 
resulted in reduction in cooking time to the extent of 
80 per cent.
Materials and Methods

Dry peas (depodded whole peas) light green in colour 
were purchased from the local market and hand picked 
free of extraneous matter. The moisture content of the 
dry peas varied from 8 to 12 per cent. Laboratory grade 
sodium bicarbonate was used. For packaging of dried 
product, polycell (700 gauge) and polyethylene bags 
(700 gauge) were used.

pH measurement: pH of sodium bicarbonate solu­
tion was determined using Beckmann pH meter.

Moisture content: The moisture in peas (ground to
30-40 mesh) was determined using Cenco Infra red 
moisture balance operated at 95 volts for 15 min till 
constant reading was obtained9. These results were 
verified to be in agreement ( ¿ 0.2 per cent) with those 
obtained by the AOAC vacuum oven method10.

Cooking time: Cooking time for peas at various 
stages of processing was determined by using indi­
genously fabricated experimental bean cooker described 
later. The cooking time of the peas is taken as the time
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taken for 50 per cent of the peas to be penetrated. The 
same bean cooker is used for determining the degree of 
cooking of the precooked dehydrated peas.

Butterflying percentage: This was determined in pre­
cooked peas by the method described by Steinkraus et al.7.

Rehydration ratio was determined by dividing the 
hydrated weight after soaking and/or cooking by the 
original starting weight of dehydrated peas.

Storage: Samples were stored at room temperature 
(26±2°C)and at 45 per cent RH. Quality of the stored 
product was assessed at regular intervals.

Sensory evaluation: This was carried out in cooked 
and uncooked samples by a taste panel consisting of 12 
members from the scientific staff. Nine point hedonic 
scale was used for appearance, flavour, texture and over­
all acceptance.

Process: Dry peas (200-g batch) cleaned of extran­
eous matter were subjected under different conditions, 
to hydration, pricking, precooking and dehydration 
and optimum conditions for each operation were 
established.

Hydration: Dry peas were dipped in water and 0.1 
to 2 per cent sodium bicarbonate solution (to fix the 
colour) for 1 to 16 hr and degree of cooking after every 
hour Was determined. Pea to sodium bicarbo­
nate solution ratio on cooking time and final pH was 
also studied.

Effect of temperature on hydration medium: Tempe­
rature of hydration was increased from room tempe­
rature to 60°C and water uptake of peas per 100 g of 
dry peas was determined.

Peas pricking: Peas after hydration were drained and 
washed with tap water. Washed peas were then poured 
into a drum of peas pricking machine fabricated in the 
laboratory for this purpose. The drum of the machine 
is fitted with pointed pins from inside which, during the 
rotation, pricks the peas poured into the drum. The 
optimum time of pricking was determined by operating 
the machine for 1 to 10 min. Pricking helps in removing 
the internal gas of peas during precooking12_>5. The 
amount of Water removed during pricking step was 
insignificant.

Precooking: Pricked peas were either cooked in 
boiling Water at 100±2°C for 6 min in a stainless steel 
vessel, or steamed in a pan or a vessel (placed on wire 
mesh) for 6 min or pressure cooked for 1 to 6 min in a 
stainless steel woven container of a laboratory pressure 
cooker at 1.05 kg/sq. cm pressure. Percentage of butter- 
flied peas in each type of cooking were determined. 
Pressure cooking helps in eliminating hard shell peas, 
whose skins are relatively impervious to moisture and 
also in inactivating enzymes, which through their 
activity during hydration, might lead to instability in the 
precooked, dehydrated product.7 Precautions were

taken to limit unnecessary exposure of peas to air, in 
order to prevent butterflying before drying.

Drying: Peas were pre-treated by soaking for 5 hr at 
26°C in water or 0.25 per cent sodium bicarbonate 
solution followed by pressure cooking at 110°C for 4 
min, and dried in a standard laboratory tray dryer at 
55°C in the first stage of drying to 40 per cent moisture 
level to eliminate butterflying and finishing at 60°C to 
get a final moisture content of 8 per cent. The air was 
used at a velocity of 70 to 100 m per min. Tray load­
ing of 20 kg/sq m was maintained during drying. The 
dried product was immediately packed in flexible 
pouches.

The quick cooking peas thus prepared were stored at 
ambient temperature and evaluated for quality using 
sensory tests and rehydration properties. Storage 
stability with respect to packaging material was also 
investigated.

Peas pricking machine: The peas pricking machine 
designed and fabricated (Fig. 1) has (/) pricking pins,
(n ) spherical vessel for holding peas, (hi) brackets for 
holding the vessel, (iv) motor for drive arrangement, 
(v) gear assembly for speed reduction, and (vi) base 
plate, as main components of the machine and its 
mounting.

Peas to be pricked (punctured, perforated or slitted) 
are poured into the aluminium sphere through an 
opening. The sphere is fixed on brackets by a shaft. 
The shaft passes through a ball bearing housing. One 
end of the shaft is fixed with a pulley and driven by a 
motor with speed reduction gear assembly for speed in 
the range of 10 to 60 rpm.

After pouring the peas in the sphere, the opening is 
closed and the machine is started. Due to rotation of the 
sphere peas move up and fall down when they come in 
direct contact with the pricking pins (2 mm in diameter 
and 8 mm in length) on the inside surface of the sphere 
and thus get pricked. As the shape of the vessel is spheri-
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cal and it rotates on its axis with peas inside, there is 
very iittle chance for peas to remain on these pins. 
On the contrary due to continuous rotation of spherical 
vessel, peas get pricked on its surface by the extended 
points of the pricking pins, and pricking is completed 
in a predetermined time. The speed of rotation is adjust­
ed depending on the hardness of the peas. Pricked peas 
are removed from the opening by tilting the drum at a 
desired angle. The machine along with its accessories 
is fitted on a base plate. The base plate in turn is fixed 
on castor wheels for giving portability to the machine.

In general it was observed that for 1 kg of hydrated 
peas about 10 min were required for pricking. A stand­
ard 0.25 HP motor operated on single phase AC supply 
was found to be adequate for this purpose. Overall 
dimensions of the machine are shown in Fig. 1. The 
machine can be operated manually also in case of power 
failure. Possible designs for a commercial scale peas 
pricking machine have also been considered. The 
machine is simple in design and operation and low in 
cost. It gives scope for automation of operations.

Experimental bean cooker: The experimental bean 
cooker as shown in Fig. 2 consists of the following main 
components: (i) frame rest on which the whole body and 
parts of the cooker are supported, (ii) bottom plate on 
which the plate for holding peas will rest, (Hi) peas holder 
plate—plate on which 100 peas could be arranged in 
saddles uniformly distributed on the plate, (tv) needle 
of 1.5 mm diameter which will penetrate the peas, (v) 
frame spacer for adjusting the height of frame, (vt) guide 
plate for plunger on which the rods holding plunger will 
rest, (vtt) handle for increasing or decreasing the height 
of rod holding plunger, (vi/'t) frame rod for holding the 
frame of the cooker, (ix) side plate for holding the mov­
ing plate and plunger, (x) moving plate with 100 
spacings for plunger movement, (xi) plunger (90 g in 
weight) resting on the rod attached to the penet­
rating needle, and (xii) stationary plate through which

rod holding plunger and needle will move upwards or 
downwards.

A plate having 100 saddles of equal size and depth 
holds dehydrated peas. A vertical plunger weighing 90g 
and terminating at its lower end in 1.5 mm diameter 
stainless steel needle rest on each peas. Each rod holding 
the needle is perforated vertically and when a pea becomes 
sufficiently tender, the needle attached to the rod pene­
trates the peas and drops a short distance through the 
hole in the saddle.

During the run, the lower portion of the cooker hold­
ing the peas is lowered into water maintained at 100°C 
to cook the peas. At the end of each minute, one can 
record and count the number of peas which have been 
penetrated by their plungers. When these data are 
plotted they form an S-shaped curve and the cooking 
time for a sample is taken as the time required for 50 
per cent of the peas to be penetrated.

The plungers are hollow and weighted with lead shot. 
Preliminary experiments showed that with the weight 
of a plunger adjusted to 90 g, it will just penetrate a pea 
when cooked to the right degree, judged by a taster. The 
cooking times measured with this apparatus are median 
cooking times for the 100 peas in a sample. The cooker 
is simple in design, operation, and low in cost. Cooking 
times of beans with different moisture contents could be 
determined easily and quickly using this cooker. The 
same cooker with variations in weight of plunger could 
be used for determining the cooking time of different 
beans. The overall dimensions of the experimental bean 
cooker are given in Fig. 2. Most of the parts of the 
cooker are made of brass or aluminium.
Results and Discussion

Hydration: It Was found (Fig. 3a) that 5 hr dip 
treatment or soaking in 0.25 per cent sodium bicarbonate 
solution markedly stimulated rapid absorption of water 
in the first 3 hr as compared to dry peas soaked only in 
water. Total level of hydration was found to be more 
in peas soaked in sodium bicarbonate solution as com­
pared to ordinary water. Cooking time for peas is reduc­
ed in direct proportion to soaking time (Table 1). 
Except for hard shell peas, extending the soaking time 
beyond 5 hr offers no advantage.

Effect o f sodium bicarbonate: Sodium bicarbonate 
used during the hydration step7*8 exerts the following 
useful effects.

1. It softens the pellicle or bran by its tenderizing 
effect.

2. It aids in the solubilization of proteins and starchy 
components.

3. It acts as buffer to maintain the pH.
4. It facilitates uniform penetration of the hydrating
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medium into the centres of the peas, so that the final 
products have a uniform smooth texture.

5. It exerts the advantageous effect of extracting a 
great deal of highly pigmented material from the outer 
layers of the peas, whereby a desirable lightening of the 
colour of peas is attained.

6. Its presence in hydration medium contributes 
largely to the goal of attaining a product that is quick-
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Fig 3a.
HYDRATION TIME

Hydration of dry peas at room temperature (26°C) with and without dipping in 0.25 % sodium bicarbonate

T a b l e  1. e f f e c t  o f  s o a k i n g  o n  c o o k i n g  t im e  o f  d r y  p e a s  

Soaking period (hr) 1 2 3 4 5 6 7 8 1 6
Cooking time (min)experimental cooker 45 33 25 20 18 15 15 15 14

T a b l e  2. e f f e c t  o f  s o d i u m  b i c a r b o n a t e  c o n c e n t r a t i o n  i n

Y D R A T IO N  M E D IU M  ON  C O O K IN G  T IM E  OF PEAS

NaHC03 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.50 1.0 2.0 concn (%)
Cookingtime (min) 35 30 25 18 15 15 15 15 14 14

T a b l e  3. e f f e c t  o f  h y d r a t i o n  m e d i u m  r a t i o  o n  c o o k i n g  t im e

OF PEAS

Peas to hydration 1:1 medium (ratio) 1:2 1:3 1:4 1:5

Cooking time (min) 35 25 17-18 15 15

HYDRATION TIME (Hrs . )
Fig 3b. Hydration of dry peas at several temperatures

cooking i.e., one that can be prepared for the table by 
boiling in water for a period of time which is 80 per cent 
less than that required for cooking the untreated product.

The main criterion used for determining the optimum 
concentration of sodium bicarbonate and its ratio in 
hydration media Was cooking time of peas. The tenderiz­
ing effect of sodium bicarbonate is shown in Table 2. 
Increasing the total concentration above 0.25 per 
cent did not offer extra advantage. Lowering the total 
level below this caused mottling of seed coats and 
increased cooking time of processed peas; hence 0.25 
per cent concentration was selected as optimum. pH 
of the solution was measured which was 9 initially and 
dropped to 8.4 after 5 hr soaking at 26°C with 0.25 per 
cent sodium bicarbonate solution.

Peas to hydration medium ratio: Ratio of peas to
hydration medium affected the cooking time of soaked 
peas, as shown in Table 3. Optimum ratio of peas to 
hydration medium was found to be 1:3 beyond which 
reduction in cooking time was not considerable. Raising 
the temperature of the hydration medium during soak­
ing, as may be seen from Fig. 3b did not increase the 
water uptake capacity of peas to a greater extent after 
5 hr soaking. Since, at 60°C, some cooking occurs 
making further processing difficult, room temperature 
soaking was considered to be satisfactory for further 
treatment ; this was also so costwise.

Precooking: Optimum conditions for precooking 
step were determined based on cooking time and per­
centage butterflied peas. It was observed that for pro­
duction of quick cooking peas, completion of precooking 
step should be carried out Using pressure cooking
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T a b l e  4 . e f f e c t  o f  p r e c o o k in g  c o n d it io n s

Precooking method
Boiling
water

Steaming Pressure
cooking

Cooking time of processed 
peas (min.)

6 6 5

Butterflied peas (%) 40-45 30-35 5-10

T a b l e  5. e f f e c t  o f  p r e s s u r e  c o o k in g  o n  c o o k in g  

c h a r a c t e r is t ic s  o f  p r o c e s s e d  p e a s

Precooking under pressure 
(min)

Reconstitution time of
1 2 3 4 5 6

processed peas (min) 1 1 9 8 5 5 5
Butterflied peas ( %) 3 4 6 7 30 40

method. This resulted in less percentage of butterflying 
in peas and cooking time of processed peas was also 
found to be minimum (Table 4). Pressure cooking for 4 
min resulted in quick cooking product with relatively 
less amount of butterflied peas (Table 5). Hence, 
optimum time of pressure cooking of peas was selected 
as 4 min.

Dehydration: Fig. Aa gives dehydration curves for
precooked peas prepared by two different procedures. 
It was observed that 150 min of drying time Was required 
to lower the moisture content of the 5-hr soaked peas 
in 0.25 per cent sodium bicarbonate solution, whereas 
180 min were required to reduce the moisture content 
of the water-soaked peas to the same level. Thus, 
dehydration rate was greatly increased by using 0.25 
per cent sodium bicarbonate solution as soaking 
medium.

Fig 4a. Dehydration curves for dry peas processed by two 
different methods

Fig 4b. Rehydration curves for dry peas processed by two 
different methods

Figure Ab represents rehydration curves for these two 
types of processed peas. Sodium bicarbonate-soaked 
peas doubled their Weight in boiling Water in less than 3 
min, whereas the water soaked peas required a little over 
20 min to reach the same degree of hydration. Losses of 
solids during initial hydration were 0.8 and 4.5 per cent, 
respectively for the peas soaked in 0.25 per cent sodium 
bicarbonate and those soaked in water. Soaking in 
sodium bicarbonate solution has the advantage of giving 
higher yield.

Drying temperatures up to 60°C do not normally 
affect either flavour or colour. Colour intensity of the 
peas soaked in 0.25 per cent sodium bicarbonate Was 
more than that of those soaked in Water.

Degree o f cooking of the precooked dehydrated peas: As 
the texture meter readings were indicative of peas’ soft­
ness and did not reflect slight undercooking or lack of uni­
formity in cooking, determination of the cookability of 
peas was very important. Cooking times of the dehydrat­
ed peas processed by these two methods were compared 
with that of unprocessed dry peas using the bean cooker 
(Table 6). It Was observed that peas which were soaked 
in 0.25 per cent sodium bicarbonate solution cooked in 
5 min, as compared to more than 15 min taken by 
the peas soaked in water. Cooking time of 5 min as

T a b l e  6. c o m p a r is o n  o f  s t a n d a r d  a n d  q u ic k  c o o k in g  p e a s

Variety of peas Moisture 
content of 
peas (%)

Cooking 
time (min)

Dry peas (standard) 9.2 60
Quick cooking peas (H2 O soaked) 9.1 18
Quick cooking peas (NaHCC>3
soaked) 9.1 5
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compared to 60 min required by ordinary dehydrated 
peas is a great advantage.

Sensory evaluation of the quick cooking peas: Results 
of sensory tests using 9 point hedonic scale on freshly 
prepared samples and samples stored for 12 and 15 
months, respectively, indicated the scores to be 8, 8 and 
7 in uncooked fresh states. Similar results were obtained 
when the samples were cooked and then served. Thus, 
the overall quality of the product was good on storage 
for up to 15 months at ambient temperatures.

Storage stability of the quick cooking peas: It is 
known that cooking times of peas or bean increases with 
the length of storage. Dawson et a/ 17 found that peas 
stored one year at 30°C, required longer cooking than 
those stored at 0°C. Morris and Wood18 reported that 
peas with moisture content above 13 per cent deterio­
rate significantly in flavour and texture after 6 months at 
30°C; in 12 months they become unpalatable. Peas 
below 10 per cent moisture maintained their quality 
for two years at 25 °C, almost as well as control samples 
stored at 0°C.

Samples of the dehydrated quick cooking peas pro­
cessed as explained earlier and stored in polyethylene 
bags (700 gauge) at room temperature (26±2°C), 
exposed to incident daylight and fluorescent light, had 
a cooking time of 6 min when stored for six months 
to one year. There Was no detectable deterioration in 
the organoleptic quality of peas stored for 1 year.

Fig 5. Cooking time of quick cooking peas at various moisture 
contents and temperatures

Samples stored a: 50°C and 50 per cent relative humi­
dity for two months developed off flavours. These, 
however, had no detectable off flavours when rehy­
drated.

Cooking time of quick cooking peas processed by the 
above method with moisture contents of 8.2, 10.3, 12.2,
13.9 and 16.9 per cent and stored at 12, 25, and 30°C 
for 3 months is given in Fig. 5. It was observed that 
cooking time of the samples containing moisture con­
tents in the range of 8.2 to 10.3 per cent and stored at 
30°C remained 6 min, viz. constant, for a period of one 
year, but the samples containing moisture content more 
than 10 per cent and stored at 12 or 25°C showed in­
crease in their cooking time as the time elapsed. It was 
concluded that quick cooking peas are stable at room 
temperature for a period of one year when the moisture 
content of peas are maintained in the range of 8 to 
10 per cent.

Packaging: Both polyethylene and pclycell bags of 
700 gauge used for packaging of quick cooking dehy­
drated peas were found to be very good for storage up 
to one year. After one year storage, moisture absorption 
by the peas to a certain extent did occur resulting in 
increase of cooking time. Aluminium laminate pouches 
(2.4/1.0/0.5/1.5 ml) (Paper/polyethylene/aluminium/poly- 
ethylene) were found to be best for storage of quick 
cooking, dehydrated peas up to two years.

4

Fig 6. Flow diagram of the process for quick cooking peas
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Based on these studies, a flow diagram of the process 
for large-scale processing of quick cooking peas was 
arrived at, as shown in Fig. 6.

Applicability of the process for different beans: The 
method was found to be applicable to red gram, green 
gram, Bengal gram, field beans and fresh peas or beans. 
Whole grain as well as the husked, split grains (called 
dais) could be used for processing. The basic processing 
conditions as determined above could be applied with 
suitable variations to different beans for reducing their 
cooking time. As these beans form important consti­
tuents in the army rations, their use for troops at high 
altitudes will be advantageous as the product could be 
cooked quickly and easily. Similarly quick cooking 
peas or beans will be of great help in preparing conveni­
ence foods. The product processed by this method when 
reconstituted, more nearly resumed the shape of the 
original material.

The analysis of B group vitamins was not per­
formed in this study. The sensitivity of thiamine and 
riboflavin to the action of alkali has been long recognis­
ed12. However, on dehydration of peas, no further 
degradation of B group vitamins may occur due to low 
water activity19. It appears that alkali treatment may 
not have adverse effect on ascorbic acid in peas as shown 
by similar studies of Sweeney and Martin29 by boiling 
green beans in cooking media up to a pH of 8.4.

Economics: As the process involves additional ope­
rations of hydration and pre-cooking, it is to be expected 
that the cost of production will be higher than for 
ordinary dehydration. But the gain in reduction of cook­
ing time will result in fuel savings. The process could be 
used for various other beans as well.
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The different parts (endosperm, germ and cotyledons) of kernels of cucurbit species viz., C itru lu s  vu lg a ris (watermelon,) C u c u -  
m is  m e lo  (muskmelon,) C ucu rb ita  m o sch a ta  (pumpkin,) C u cu m is  sa tivu s (cucumber,) and two conventional oilseed crops namely, 
B ra ss ic a  ca m p estr is var. d ich o to m a  (mustard,) and S e s a m e  in d icu m  (sesame,) were dissected manually and their physical pro­
portions and oil content studied. The watermelon and pumpkin kernels which had the highest 1000 kernel weight (42-91 g) also 
had the highest endosperm ratio (12-13%) and higher oil content (50.8-51.8%). Although, mustard and sesame seeds are much 
smaller in size and weight, these had a much higher propotrion of germ (9.4-11.2%) than the cucurbit kernels (3-4%). The so 
called endosperm (seed coat+ endosperm) in sesame seeds is exceptionally rich in oil content (44.3%).

The kernels of watermelon, muskmelon, pumpkin 
and cucumber have long been marketed in India and 
are used in confectionery, snacks and as an important 
home remedy for cure of general debility.

Recently, some cucurbit seeds, have been investigated 
and found to compare very favourably with conventional 
oilseed crops in their oil content1. If suitably exploited, 
some of these could form potential sources of oils and 
fats2. Their oils are also edible3’4. The distribution of 
oil in the different anatomical parts of these cucurbit 
kernels, in comparison with that in certain established 
oilseeds, is reported in this paper.
M aterials and Methods

Seeds of the four cucurbit species namely, Citrullus 
vulgaris (watermelon, tarbooz), Cucumis melo (musk­
melon, kharbooza), Cucurbita moschata (pumpkin, 
kaddu) and Cucumis sativus (cucumber, kheera) were 
obtained from the Division of Horticulture and the two 
oilseeds, namely Brassica campestris var dichotoma 
(mustard, sarson) and Sesamum indicum (sesame, til) 
from the Division of Genetics, I.A.R.I., New Delhi.

The seeds were cleaned of foriegn matter and bad seeds 
and kept in glass-stoppered bottles for further use. To 
obtain kernels, the seeds Were decorticated by hand. 
Accurately weighed quantities of dried kernels of all the 
six materials were placed between folds of wet filter 
paper in separate petri-plates for about two hours, to 
soften the seedcoat. The kernels were manually dissected 
using fine forceps into endosperm, cotyledons and germ 
and the seeds into seedcoat (which includes the endo­
sperm), cotyledons and germ. The separate parts were 
dried to constant weight at low temperature (60°C) to 
prevent any loss of oil and the percentage of each part

calculated. The oil content of each separated part, as 
well as the whole kernel and seed, was determined by the 
cold percolation method.5

Results and Discussion
While the variations in the proportions of germ and 

cotyledons in different species of cucurbits is only 
moderate, it ranges from 300 to 400 per cent for the 
endosperm (Table 1), which is high for watermelon and 
pumpkin kernels ar.d low for those of musk melon and 
cucumber. Species with the highest 1000-kernel weight 
also show a high endosperm proportion.

The two oilseed species mustard and sesame differ 
markedly from the cucurbit species in the proportion of 
their anatomical parts. The endosperm in these seeds is

T a b l e  1. p r o p o r t i o n  o f  v a r i o u s  a n a t o m i c a l  p a r t s  o f  c u c u r b it

A N D  O ILSEED  SPEC IES

J000Seeds kernel* Proportion (%) of
wt (g) Endos­perm Germi> Cotyle­dons

C itru llu s  vu lgaris 41.5 13.0 3.0 84.0
C u c u m is  m e lo 19.7 3.5 2.8 93.7
C u c u rb ita  m o sch a ta 90.7 12.3 2.7 85.0
C u c u m is  sa tivu s  
B ra ss ic a  ca m p estr is

25.3 4.3 4.1 91.6
var. d ic h o to m a 5.6* 16.4° 9.4 74.2
S e s a m u m  in d icu m 3.1* 35.4« 11.2 53.4

*Whole seed weight 
includes seedcoat also. 
/'Includes plumule and radicle.

24



DATTA AND LAL: OIL IN CUCURBIT KERNELS 25

T a b l e  2 . o i l  c o n t e n t  o f  t h e  d if f e r e n t  a n a t o m ic a l  p a r t s  o fCUCURBIT AND OILSEED SPECIES
Oil contentSeeds of whole Oil content (%)kernel Endos­ Germ* Cotyle­

(%) perm dons
Watermelon 50.8 0.8 42.5 54.4
Muskmelon 49.3 0.3 38.5 53.4
Pumpkin 51.8 0.9 43.3 54.3
Cucumber 45.7 0.2 34.4 49.8
Mustard 49.6* 10.6« 42.3 54.0
Sesame 53.1* 44.3" 63.8 65.2

♦ Whole seed.
Încludes seedcoat.

¿Includes plumule and radicle.

adhering to the seedcoat and forms only a fragmentary 
part of it. In cucurbit seeds the endosperm layer sur­
rounds the embryo and together constitute the kernel 
and these constituents are easily separable.

The two oilseeds are much smaller in size and weight 
than cucurbit kernels; the germ percentage is much 
higher, and that of the cotyledons considerably lower. 
Mustard and sesame seeds differ considerably from each 
other in their proportion of endosperm and cotyledon.

Table 2 shows that the percentage of oil in the four 
cucurbit kernels are of the same order as for mustard 
and sesame seeds, all six range between 46 and 53 per 
cent. Thus the cucurbit seeds, if properly exploited, 
could add to the national vegetable oil production. The 
cucurbit oils are known to be of good quality and quite 
suitable for edible purposes1-4.

The oil content in the endosperm of the different 
cucurbits analysed is generally very low (less than 1 per 
cent) and its contribution to the total oil present in the 
kernel is of the order of only 0.25 per cent. Kernels of 
watermelon and pumpkin, which show a higher pro­

portion of endosperm (Table 1), also show a higher 
content of oil in the endosperm. The percentage of oil 
in the germ, though lower than in the cotyledons, lies 
between 34 and 44 per cent. However, germ oil contri­
butes only 2.0-2.5 per cent to the total oil pool, the bulk 
of which is derived from the cotyledons.

The distribution pattern of oil in the two oilseeds is 
similar to that in the cucurbit species in respect of germ 
and cotyledons. It markedly differs in the endosperm, 
which in the two oilseeds include the seedcoat, and is 
rich in oil, especially in sesame.

In commercial practice, sesame seeds are not dehulled 
before crushing. Removal of the seedcoat from sesame 
seed, as for the production of edible protein, would lead 
to some oil loss.

The distribution pattern of oil content noted in various 
anatomical parts of cucurbit and conventional oilseeds 
is in sharp contrast with that in cereal6-7, and pulse 
grains«, where the percentage of oil in the germ is much 
higher than in the endosperm or cotyledons.
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Resistance of rodents to warfarin and other anticoagulants has lead to an intensive research on improving the existing rcdenticides 
and synthesis of newer compounds. Currently vitamin Kantagonists, antibiotics and vitamin D  are being exploited to combat the 
resistance problem among rodent populations. It is observed that vitamin A acetate at 0.2% in combination with warfarin at
0.005 % baits increased the mortality (100 %) in roof rats (Rattus rattus) as against warfarii control (40 %). The onset of symptoms 
was faster and more severe in animals ingesting the baits containing both vitamin A acetate and warfarin than with warfarin alone.
The result indicated that vitamin A acetate can potentiate warfarin poisoning in rats resulting in higher mortalities even in lower
concentrations.

In the last th ree d ecad es, a n ticoag u lan ts such  as 
cou m arin  an d  in d an d ion e  derivatives h av e p la yed  a  
p rom in en t role in rodent con tro l. T h ese co m p o u n d s are 
v itam in  K  an tagon ists  cau sin g  haem orrh age and  death  
in  an im als. H ow ever , th e  w id ely  u sed 1' 4 w arfarin  has  
created a m ajor con cern  on  the d eve lop m en t o f  resistance  
a m o n g  ro d en t p o p u la tion s. T h is seriou s th reat resu lted  
in  the d eve lop m en t o f  alternative rod en tic id es such  as 
R H -787 , (N -3 -p yr id y lm eth y)-N -p -n itrop h en y l urea5, 
U K -7 8 6 , 5 -(N -p ip erid in o )-10 , 11-dihydro 5 -H -d ib en zo  
cy c loh ep ta n e6, D ifen a co u m , 3 -(3-p-d iph enyl 1-1 ,2 ,3 ,4 , 
tetra  h y d ro n a p h th -l-y l)-4 -h yd ro x y co u m a rin 7 and  ca lc i­
fero l8-9 (V itam in  D 2). A ttem p ts have b een  m ad e to  
co m b a t th e w arfarin  resistant rats by in corp ora tin g  
v itam in  D  (C alcifero l) in  w arfarin  b a its3. R o w e and  
R ed fern 19 used  v itam in  A  acetate w ith  w arfarin  to  
co n tro l h ou se  m ice p op u la tion s. T h e con cen tration  o f  
v itam in  A  acetate used  by th em  w as very  h ig h  resu ltin g  
in  p o o r  accep tab ility  o f  baits. N o t  m u ch  is k n ow n  on  th e  
efficiency o f  v itam in  A  in  p o ten tia tin g  th e  to x ic ity  o f  
w arfarin  in  w ild  rat p o p u la tio n s. A ttem p ts are m ade  
here to  test th e  p o ssib ility  o f  in creasin g  w arfarin  to x ic ity  
to  r o o f  rats (Rattus rattus) by  in corp oratin g  vitam in  A  
acetate at 0 .2  per cent in b aits con ta in in g  w arfarin  at 
0 .005 , 0 .0125  and 0 .025  per cent levels.

Materials and Methods
Tests in cages: R o o f  rats o f  both sexes w eig h in g

100-150 g  w ere in d iv id u a lly  caged  after a 2 -d ay  c o n ­
d itio n in g  period . T h ey  w ere fed  w ith  standard bait B 
(S B B ) co n ta in in g  rice flou r-68 .5 ; w h eat flour-18 .5; 
g ro u n d n u t cake flour-46; co m m o n  sa lt-1 .0 ; groun dn ut
o il-7 .4  g /1 0 0  g  dry w e ig h t11 and w ater p rior to  the  
test. T ech n ica l w arfarin  (P est C on tro l (Ind ia) Pvt. L td .,

B om b ay) at 0 .005 , 0 .0125  and 0 .025  per cen t w as m ixed  
w ith  SB B and  used. V itam in  A  acetate at 0 .2  per cen t 
(R o ch e  P rodu cts Pvt. L td ., B o m b a y) w as in co rp ora ted  
in to  w arfarin  b aits and  tested . T h e lo w er  c o n c en ­
tration s o f  v itam in  A  acetate w ere n o t effective . H en ce  
0 .2  per cen t w as ch osen  for ev a lu a tion . P o iso n  baits  
and  w ater w ere su p p lied  fo r  a  p eriod  o f  ten  days to  
an im als ad libitum. D a ily  records o f  bait in tak e, ap p ear­
ance o f  sickn ess and  m orta lity  w ere m ade. T h e an im als  
th at survived  th e  test period  w ere m a in ta in ed  o n  sta n d ­
ard bait B for further per io d  o f  ten  days fo r  
ob servation . T h e d ata  co lle c ted  w ere a n a lysed  
statistica lly .

Tests in rattery: T h e effective co m b in a tio n
ob served  in  th e cage te s t (w arfarin , 0 .005  per c e n t - f  
v itam in  A  aceta te, 0 .2  per cen t) w as ev a lu a ted  again st  
r o o f  rat p o p u la tio n s h o u sed  in  th e rattery. H ealth y  
a n im als w ere co n d itio n ed  for  th ree days and th e p o iso n  
baits w ere laid  at tw o  fo o d  p o in ts  fo r  10 days. D a ily  
records o f  bait co n su m p tio n  and m orta lity  w ere m a in ­
ta in ed . T h e surviva ls w ere observed  for  13 days in  the  
cages w ith  surp lus fo o d  and water.

Results and Discussion
Cage tests: V itam in  A  a ceta te a lon e d id  n o t

resu lt in  an y  sickn ess or m o rta lity  in  rats d u rin g  the  
test p eriod . W arfarin at 0 .005  p er  cen t (th e  low est  
con cen tration  used ) exerted  o n ly  40  per cen t m orta lity  
w h ile  the sam e con cen tration  o f  w arfarin  in  co m b i­
n a tio n  w ith  0 .2  per cen t v itam in  A  aceta te  resu lted in  
d eath  o f  all test an im als.

T h e resu lts o f  V  test in d icate  (T ab le 1) th at the m ean  
in tak e o f  w arfarin  exertin g  leth a lity  in  co m b in ation  
w ith  v itam in  A  acetate w as sign ificantly  low er as co m -

2 6
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T a b l e  1 . r e s u l t s  o f  t o x i c i t y  t e s t s  o f  w a r f a r i n  a n d  v i t a m i n  a  m i x t u r e s  a g a i n s t  c a g e d  r o o f  r a t s

W arfarin + W arfarin consumpt­ ‘l*—value (dif)
vitamin A acetate ion (mg/kg body wt)

(% ) in bait M eanJ^S.D .
0.005 2 4 .56±  3.74^ 12.46***
0.005+0.2 7 .8 4 ±  2.01« (18)
0.0125 3 4 .8 2 ^  3.02e 8.64***
0.0125+0.2 18.12-t 5.32* (18)
0.025 ' 100.82 ±  14.48/ 5.14***
0.025 +  0.2 6 9 .70±  12.53e (18)
0+ 0 .2 — —

abc—Significantly different from each other (P <0 .05) 
def —Significantly different from each other (P < 0 .05 )***—P<0.001
SD—Standard deviation
Figures in the parentheses indicate degrees of freedom.

Vitamin A consumpt­
ion (mg/kg body wt) 

Mean
Mortality (% ) Mortality period 

(days)

— 40 5-10
313.60 100 3-10

— 90 4-9
289.92 100 3-12

— 100 4-8
557.60 100 3-10

1116.73 0 __

pared to  w arfarin  co n tro l. T h is w as very m u ch  o b v io u s  
in  baits co n ta in in g  th e low est con cen tration  o f  w arfarin  
(0 .005 per cen t) and v itam in  A  aceta te . T here w as n o  
sign ificant difference in  m orta lity  p eriod . C om p arati­
ve ly  an im als in gestin g  th e  m ixtures p rofu sely  bled  
extern ally . Sym p tom s o f  sickn ess and  haem orrhage  
appeared  earlier. T here w as a  gross in cord in a tion  in  
h in d  lim b s resu ltin g  up  in  para lysis preced in g  death . T h e  
lim b s w ere o ften  ed em a tou s. B leed in g  in  nasal and  anal 
region  w as p rofu se.

Rattery test: T h e resp on se o f  r o o f  rat p o p u ­
lation s w as sim ilar to  th at o f  in d iv id u a lly  caged  rats. 
W arfarin a t 0 .005  p er cen t k illed  on ly  30 per cen t o f  the  
p o p u la tio n  b u t in  co m b in atio n  w ith  v itam in  A  acetate  
resulted in  100 per cen t kill (T able 2). T h e severity  o f  
h aem orrhage and sick n ess w as h igher in  rats co n su m in g  
v itam in  A  fortified  Warfarin baits. V itam in  A  a lon e w as  
w ell to lera ted  by anim als.

T h e ab ov e  resu lts in d icate th at v itam in  A  acetate  
in flu en ces th e to x ic ity  o f  w arfarin  to  an im als. It is  w ell 
k n o w n 12 th a t cou m arin  co m p o u n d s are p o ten tia ted  
b y  p yrazo le  co m p o u n d s lik e  p h en yl b u tazo n e  and  
oxyp h en b u tazo n e . T h ese co m p o u n d s reduce p ro ­
th rom b in  level lea d in g  to  h aem orrh ag ic  co n d itio n s  th us  
p oten tia tin g  th e  effect o f  a n ticoagu lan ts. It is  a lso  kn ow n  
th a t v itam in  A  cau ses d efic ien cy  o f  v itam in  K 13.

In  th is  stu d y  perhaps v itam in  A  ‘p red isp o sed ’ the  
a n im als to  b ecom e m ore su scep tib le  to  lo w  d oses o f  
a n ticoagu lan ts. T here cou ld  be three p o ssib ilities:  
( 0  v itam in  A  in  excess m igh t in te ifere  w ith  p ossib le  
a b so rp tio n  and u tiliza tion  o f  v itam in  K  fo r  norm al 
p roth ro m b in  fo rm a tio n ; (» )  w arfarin a lso  has syn ergis­
tic  effect in  p ro lo n g in g  p roth ro m b in  activ ity ; a n d  ( i / i ) e x ­
cess o f  v itam in  A in d u ces  a second ary  defic ien cy  o f  v itam in  
K 14.

O ur o b servation s su ggest th a t re in forcin g  w arfarin  
baits w ith  v itam in  A  aceta te  resu lts in  the red uction  o f  
lethal d o se  o f  w arfarin , early  app earance o f  sickn ess, 
p ron ou n ced  haem orrhage togeth er  w ith  in creased  m o rta ­
lity  a t low er in tak e o f  w arfarin  in  r o o f  rats. V itam in  A  
aceta te  at 0 .2  per cen t d id  n o t affect or reduce th e p a y a ­
b ility  o f  baits w h ich  is an a d v an tag eo u s factor.

T h e ab ove find ings su ggest th e p o ssib ility  o f  using  
v itam in  A  acetate as a p o ten tia tin g  agent fo r  a few  
other an tico ag u lan ts a lso . F o rm u la tion  o f  p rop rietory  
baits con ta in in g  v itam in  A  and  w arfarin  m ay be useful 
fo r  effective rod en t con tro l. T h e co m b in a tio n  cou ld  be 
effective in  co n tro llin g  a n tico a g u la n t resistant p o p u ­
la tion s. Such com b in atio n s co u ld  be used  as p rop h y lac­
tic  treatm en ts to  p reven t th e  occurrence o f  resistance  
a m on g  an im al p o p u la tio n s to  lo w  d oses o f  a n tico a g u ­
lants.

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

W arfarin+ Bait consumption W arfarin con­ Vitamin A con­ Mortality Mortality period
vitamin A  acetate ( %) (g) sumption (mg) sumption (mg) (% ) (days)

0.005+0 300 15 0 30 7-9
0 + 0 .2 283 0 566 0 —
0.005+0.2 380 19 760 100 3-7
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Evalution of Spices and Oleoresins. II. Pungency of Capsicum by Scoville Heat Units—A Standardized Procedure
V. S. G o v in d a r a ja n , Sh a n t h i N a r a sim h a n  a n d  S. D h a n a r a j 
C entral F o o d  T ech n o lo g ica l R esearch  In stitu te , M ysore-570  013

M anuscrip t R eceived: 15 N ovem ber  1976
The official objective methods for the quantitative estimation of capsaicin, the pungency factor of capsicum, are time consuming. 
Further, because of lack of correlation of these values with the subjective pungency, the inlet national trade still prefers the sub­
jective Scoville test. However, the existing procedures for determining the Scoville heat units suffer from a number of defects such 
as lack of experimental details, lack of definition of panel and poor reproducibility. This paper describes a standardized pro­
cedure for determining pungency of capsicum in Scoville heat units, taking into account experimental and other psychological 
errors, nature and limits of panel variations. The subjective data are expressed in a statistically acceptable manner. A definition 
of panel sensitivity is proposed to provide parameters to compare results by panels of different sensitivity. With the proposed pro­
cedure very highly significant linear regression is obtained between the Scoville heat units and the capsaicin content of the samples.

C apsicum , (ch illies) are va lu ed  th ro u g h o u t th e  w orld  
prin cipally  for p u n gen cy , co lou r  and  by som e fo r  arom a  
a lso . P u n gen cy  is due to  cap sa ic in  and  few  related  
co m p ou n d s p resent in  m in o r p rop o rtion s. C apsaicin  
co n ten t o f  cap sicu m  is usu ally  low , o f  th e order o f  0.01  
to  0.1 per cen t in  pap rik a , (Capsicum annum, L) and
0 .05  to  0 .6  per cen t in  ch illies, (Capsicum frutescens, L, 
an d  Capsicum minimum  R oxb ). T h ese sm all am ou n ts  
p erm it o n ly  co lor im etric  or sp ectrom etric  procedu res in  
th e qu an titative estim a tio n  o f  p u n gen t co m p o u n d s1. In  
sp ite  o f  a  num ber o f  a ttem p ts, th ese  estim a tio n s have  
p rov ed  to  be u n satisfactory , b ecau se th ey  are tim e co n ­
su m in g  and  have p o o r  rep rod u cib ility2*3. C h rom a to ­
grap h ic  co lu m n  p u rification  and  sp ectrom etry3 o r  m ore  
recen tly  gas ch rom atograp h y 4 have been  suggested  as 
im p ro v ed  m eth o d s. T h ese are a lso  tim e co n su m in g  or  
in v o lv e  co s tly  m od ern  eq u ip m en t an d  h a ve n o t been  
fo u n d  su itab le  for rou tin e use in  q u ality  co n tro l, parti­

cu larly  in  th e d eve lo p in g  coun tries w here th e sp ices are 
grow n . H ow ever , a few  recent objective procedu res  
th rough  th e use o f  th in  layer ch rom otog rap h y5' 7 and  
particu larly  the sim pler and m ore w id ely  ad op tab le  
paper ch ro m otogra p h y 8 appear p rom isin g . T h is last 
m eth od  has been recom m en d ed  for rou tin e w o rk 9 . 
B ecause o f  th e lack  o f  estab lish ed  corre la tion  b e tw een  
ob jective an d  subjective ev a lu a tion  o f  p u n gen cy , the  
in tern ation a l trade still prefers th e  sub jective test in  
estim a tin g  p u n g en cy 1*1.

T h e sen sory  fee lin g  o f  ‘b ite’ or p u n g en cy  at extrem e  
d ilu tio n s (recog n ition  th resh o ld ), is th e basis o f  th ese  
sub jective tests  and th e  reciprocal o f  th e  d ilu tion  is  
exp ressed  as S cov ille  h eat un its (S H U )11. The literature  
va lu es for  th e lim it o f  d e tectio n  o f  th e p u n gen cy  o f  pure  
cap sa ic in  h as varied by a  100 per cen t, th at g iven  by  
Suzuki et a li2 being 15 x  106 and  by th e P anel on  C rude  
D ru gs in  U .K .3 bein g  30 x 1 0 e . T h o u g h  th eo re tica lly
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sim ple several d ifficu lties arise in  carrying  o u t subjective  
tests fo r  p u n gen cy . A p art from  th e  d ifficu lties co m m o n  
to  m o st sen sory  te s ts13, lack  o f  pure reference standards, 
b u ild  u p  o f  p u n gen cy  d u rin g  te s t se ss io n s and  la ck  o f  
agreed  procedu res fo r  co n d u ctin g  th e te sts  and record ing  
o f  th e  resu lts, have resu lted  in  p o o r  rep rod u cib ility  and  
great varia tion s, and  resu ltan t scep tisism  a b o u t the  
v a lid ity  o f  th e test itse lf . N e w m a n 14 h a s earlier p o in ted  
o u t th a t th e d efects o f  th e B ritish  P h a rm a co p ea 15 p ro ­
cedure are, th e  use o f  a sim p lified  ex traction  m eth od , 
a ssu m p tio n  o f  ca p sa ic in  value o f  sam p le to  be 0 .1 4  per 
cen t and  use o f  a  s in g le d ilu tio n  to  p rove or d isp rove the  
p u n gen cy  o f  a sam ple.

F ritzsche B roth ers, Inc, in  U S A , p u b lish ed  a m eth o d 16 
fo r  o leoresin s w ith  m od el d ilu tio n  tab le b u t still w ork ed  
it  as a  ‘g o -n o -g o ’, te st, in w h ich  th e  va lu e g iven  by three  
o u t o f  five exp erien ced  ju d g es  is  tak en  as the S H U , for  
d eterm in ation  o f  th e th resh o ld  fo r  p u n gen cy  o f  a  sam ple. 
It is  su rp risin g  th a t th is  m eth od  a lso  uses a  s in g le test  
sam ples as in  th e  orig in al B ritish  P h arm acop ea . P o ssi­
b ly  th is  proced u re w as d esign ed  by th e  co m p a n y  as a 
qu ick  quality  co n tro l proced u re fo r  regu lar su p p ly  
w ith in  certain sp ec ified  lim its  o f  pu n gen cy . B u t it is 
an  im p ro vem en t in  th e  sen se th at a  further d ilu tio n  is 
recom m en d ed  i f  th e first is fo u n d  to  be very pu ngen t. 
A n o th er  d raw b ack  is th at th is  te s t is  n o t d on e  from  
high er to  low er d ilu tio n  as req uired  in  a th resh o ld  test. 
A  m ore seriou s error is  from  n o n -d efin itio n  o f  d ifference  
to  be m a in ta in ed  b etw een  su ccessive d ilu tio n s in  term s  
o f  active  p u n g en t p rin cip le . It can  easily  be sh o w n  
(T able 1) th at th e cap sa ic in  co n ten t o f  fixed d ilu tion  
differences, varies grea tly  w ith  sam ples o f  different

cap sa ic in  con ten t. T he va lid ity  o f  ta k in g  th e va lu e where  
th ree o u t o f  five ju d g es  agree is  a lso  q u estion ab le  s t a t i ­
stica lly . T he sam e procedu re is  ad op ted  by th e E ssential 
O il A sso c ia tio n  o f  A m erica  as th eir  sta n d ard 17. The  
In tern ation a l Standards O rgan isa tion  h as recen tly  a d o p t­
ed  a  p roced u re w h ich  fo llo w s  th e m eth o d  o f  testin g  a 
series from  low er co n cen tra tio n  upw ards bu t th e S H U  
fo r  th e sam p le is  again  based on  th e h igh est va lu e re­
cord ed  by a t least th ree o u t o f  a  m in im u m  o f  five p an e­
lis ts18. Insp ite  o f  th ese  a ttem p ts at cod ify in g  the p ro ­
cedure the subjective m eth o d  co n tin u es to  be regarded  
as p o o r ly  rep rodu cib le.

O ur study w as th erefore p lan n ed  to  find th e difficu lties  
in  co n d u ctin g  Scoville tests, w hich  a ffect rep rod u cib ility  
and  va lid ity  o f  th e resu lts and  recom m en d  a procedure  
w here p o ssib le  sou rces o f  error are e lim in ated , p rov id e a  
ready d ilu tio n  tab le , th e resu lt g iven  in  a  sta tistica lly  
accep tab le m anner and  w hich  en ab les a  corre la tion  w ith  
th e o b jective ly  determ in ed  va lu e  fo r  cap saicin . A  defin i­
tio n  o f  th e  panel is a lso  g iv en  so  th at a  com p a rison  o f  
valu es from  different p an els  ca n  be d o n e . W hen our  
stu d y  w as co m p leted  so m e years a go  the m eth od  ad op ted  
by th e Official A n a ly tica l M eth o d  o f  th e A m erican  
Spice Trade A sso c ia tio n  w as p u b lish ed 16. T h is m eth od  
has d iscu ssed  m any o f  th e a b o v e  p o in ts , w ith o u t h o w ­
ever, d eta ilin g  m easures to  o v erco m e the sources o f  
varia tion . I t has p o in ted  o u t th e im p ortan ce o f  palate  
clearing  fo r  a void an ce o f  carry over effect betw een  
sam ples and  con d u ctin g  th e test as regu lar th resh o ld  test. 
A lso , a  d ilu tio n  tab le co ver in g  a  w id e range o f  Scoville  
valu es 1 :100 to  1 :15 x  105 is  g iven  w h ich  is  very useful. 
B u t th is m eth od  a lso  uses a sm all num ber o f  ju d gem en ts

T a b l e  1. c a p s a i c i n  e q u i v a l e n t s  i n  /¿¿iICO m l o f  f i x e d  d i l u t i o n  d i f f e r e n c e s  f o r  t w o  o l e o r e s i n  s a m p l e s

Fixed dilution differences 
(in 1000 s)

Sample 1 (capsaicin content 5 %) Sample 2 (capsaicin content 2.5 %)

Threshold dilution series Capsaicin equivalent of 
(in 1000 s) width between successive

dilution (jttg/100 ml.)

Threshold dilution series Capsaicin equivalent of 
(in 1000 s) width between successive

dilution (p g /1 0 0  ml.)

120

85

4 5

0.99
1.39

0.63
0.78

0.40
0.47

2.13
4.69

1.64
2.83

0.96
1.28
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and  takes the S H U  as th at agreed  to  by 3 o u t o f  5 ju d g e ­
m ents. T h ou gh  the m eth od  m en tio n s the use o f  exp eri­
en ced  tasters, th e procedu re fo r  screen ing , se lectio n  and  
tra in in g  o f  p an elists  is  n o t g iven . T here is a lso  n o  recom ­
m en d ation  o n  th e con cen tration  difference in  th e d ilu ­
t io n  series. T h ese cou ld  have b een  th e m ain  reason s for  
th e recently  rep orted4 n on -rep rod u cib ility  o f  S cov ille  
va lu es w hen  tested  under th e A S T A  m eth od s.

T h is pap er, presen ts su ch  resu lts, w h ich  appear  
still valid  and  relevant. T he com p reh en sive  stud y  
relatin g  to  p ossib le  sou rces o f  errors, nature and  
lim its  o f  variation s are g iven  and a m eth o d  w hich  
w o u ld  give reproducib le resu lts th a t are sta tistica lly  
accep tab le  an d  prov id e param eters fo r  com p arin g  
resu lts fro m  p a n els  o f  different sen sitiv ity  is  detailed . 
W ith  such  a  stand ard ized  p rocedu re it  is sh ow n  th at 
co rre la tio n  w ith  cap sa ic in  co n ten t and S H U  is very  
h igh ly  sign ificant.

Materials and Methods
In th is w ork , o leoresin  loca lly  m ade and  a lso  o b ta in ed  

fro m  th e in tern ation a l m arket rep resen tin g  varied  ca p sa i­
c in  con ten ts w ere used . T heir cap sa ic in  co n ten t as 
determ ined  by pap er ch ro m otograp h y8 w ere used for  
su b seq u en t regression  an a lysis b etw een  subjective and  
objective values.

Subjective tests w ere d on e as th resh o ld  te s t19 w ith  
clear in stru ction s regard ing bias factors influencing  
ju d gem en ts and exp la n ation  o f  the ev a lu a tion  p rocedu re  
to  the p an el. D ifficu lties o f  pan el m em bers in d o in g  the 
tests  w ere d iscu ssed  du ring prelim inary and sub sequ ent 
g ro u p  m eetin gs. B esid es th e p rob lem s co m m o n  to  
sub jective tests , specia l requirem ents in  p u n gen cy  ev a lu ­
a tio n , to  elim in ate  arom a in terferen ce, bu ild  up  o f  
p u n gen cy  and pa la te clearing betw een sam ples w as  
fo llo w ed . T he use o f  neutral food  lik e puffed  rice and  
a llo w in g  a tim e lap se o f  10-20 sec  betw een successive  
sam ples w as fou n d  efficient for clearing  the palate o f  
b u ild  up . Care w as tak en  in  sam ple p resen ta tio n  to  
a v o id  p o sition a l b ias, by varying th e  num ber o f  blanks  
in  th e  series o f  d ilu tion s tested  and using different d ilu ­
tio n  series in rep eat tests.

T h e variou s step s stu d ied  are deta iled  under results 
a n d  d iscu ssion  and  the final stand ard ized  procedure is 
described  a t the en d . T h e procedu re has n ow  been  
ad op ted  by the Ind ian  Standards In stitu tion 211.

Results and Discussion
1. Screening an d  tra in in g  o f  ju d g e s :  A  to ta l o f  16 

p oten tia l p an elists  w ere tested  th rou g h  five prelim inary  
sessio n s. T he range o f  d ilu tio n s te sted  w ere from  65 ,000  
to  2 ,50 ,0 00 , u sin g  tw o  o leoresin s o f  d ifferent cap sa icin  
co n ten t. T he ind iv idu al ju d g es’ th resh o ld  for th e sam ples  
varied  fro m , 10 ,000-60 ,000  in  rep eat tests. B y  pan el

d iscu ssio n , the stim u lu s, p o s itio n a l and other bias 
factors w ere a vo id ed . Further repeat tests w ith  a  sin g le  
sam ple o f  o leoresin  w ere d on e. T he pan el w as th en  c la ss i­
fied rou gh ly  in to  tw o  grou p s ( i)  a lo w  th resh o ld  g rou p  
(h igh  sen sitiv ity ) g iv in g  th resh o ld  va lu es o f  1 ,00 ,000  
and a b o v e; ( //)  a  h ig h  th resh o ld  g rou p  (lo w  sen sitiv ity ), 
g iv in g  va lu es b e low  1 ,00,000 , for th e sam e sam ple.

T h ro u g h ou t th e rest o f  th is  stu d y , five fro m  th e  first 
g rou p  o f  eleven  p an elists  w ith  lo w  th resh o ld  w ere used.

2. S elec tion  o f  d ilu tion s f o r  te s t:  A ll th e  test sam ples  
w ere first tested  by th e p a n el leader, w h o  w as in  th e sam e  
sen sitiv ity  g rou p , by d ilu tin g  sam ples in  g eom etr ic  
series w ith  a co m m o n  ratio  o f  1.5 to  fix th e  gross th res­
h o ld . T he sa m p les w ere th en  tested  by th e se lected  p an el 
in  a closer  co m m o n  ratio  o f  1.2 to  id en tify  th e  a p p rox i­
m ate th r e sh o ld ; for  exam p le , th e g eo m etric  series for  a 
sam ple w ith  2.5 per cen t cap sa ic in  w as as fo llo w s , 547, 
456, 380, 317, 264 th ou san d s. T he ap p rox im ate  th res­
h o ld  w as aroun d  330 x lO 3. T hese step s en ab le  p rev en ­
tio n  o f  great deal o f  w aste o f  tim e by g iv in g  sam ples  
w hich  cou ld  be either to o  d ilu te or to o  stron g  d ep en d in g  
o n  th e cap sa ic in  co n ten t o f  th e sam ple.

T o  facilita te d eterm in ation  o f  th e w id th  o f  d ifference  
in  the arith m etic  series o f  d ilu tio n  to  be m ain ta in ed  at 
the ‘ju st  n oticeab le  difference (jn d) va lu e, paired co m ­
p arison  d irection a l d ifference tests  w ere carried o u t  
separately  w ith  the sam p les, aroun d  th e  ap p rox im ate  
th resh o ld . T he ‘jn d ’ w as fo u n d  to  be 0.11 to  0 .13  
o f  th e ap p rox im ate  th resh o ld  (T ab le 2,). In  the  
final tests u sing  arith m etic  series aroun d  th e ap p rox im ate  
th resh o ld  th e w id th  o f  d ilu tio n  difference :n su ccessive  
sam p les w as m ain ta ined  at on e tenth o f  th e a p p ro x im ate  
th resh o ld . F rom  the in ten sity  data  o n  th e su ccessive  
sam ples in the different series, th is con cen tration  d if­
ference w as fo u n d  sa tisfactory .

P rovision  o f  d ifferent series o f  d ilu tio n s coverin g  
higher and low er con cen tration  arou n d  a n tic ip ated  
th resh old  a llow s for  ind iv idu al variations in  sensitiv ity . 
R ea d y  reference for  th ese d ilu tion s are availab le  th rou gh  
tab les in  th e p roced are ad op ted  by the Ind ian  Standards  
In stitu tion 211.

3. V ariations in p a n e l values an d  p roced u re  f o r  
expression  o f  resu lts: T able 2 g ives th e resu lts o f  S H U  
determ ined  accord in g  to the recom m en d ed  m eth o d  fo r  
fou r sam ples by five trained  p an elists in 4  rep eat ev a lu ­
a tion s.

T ab le 3 g ives the resu lts expressed  a cco rd in g  to  single  
d ilu tio n  and  serial d ilu tio n  p roced u res u sin g  th e data  in  
T ab le 2. W hen the results are exp ressed  using sin gle  
d ilu tio n  as test sam p les, d ifferent resu lts on  different 
o cca sio n s are o b ta in ed  even  by th e tra ined  h o m o g en o u s  
p an el. T he s itu a tion  w ill be w orse w hen  a n o n -h o m o -  
g en o u s g rou p  is used . T h us a  s in g le va lu e ca n n o t be  
g iven . A lso , the percen tage o f  pan el o b serva tio n s cover-
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T a b l e  2 .  s c o v i l l e  h e a t  u n i t s  ( t h r e s h o l d  j n d i n  t h o u s a n d s ) o f  d i f f e r e n t  o l e o k e s i n s — v a r i a t i o n s  i n

r e p e a t  e v a l u a t i o n s

Oleoresin samples with capsaicin content (%)
Panelist F-Hi (2.35%) F-DO (4.50%) G L (4.90%)

Capsaicin (PC) 
(natural, 100%)

1 330 840 900 19,000
330 840 900 17,600
360 900 — 18,200
— — — 18,200

2 300 840 641 16,000
330 780 641 16,000
360 810 641 16,700
330 700 17,400

3 330 700 641 18,000
360 700 700 17,600
300 780 641 17,400
300 810 700 16,700

4 330 840 900 17,600
330 840 900 16,000
390 810 — 16,700
390 810 — 16,700

5 330 840 700 16,000
360 780 800 16,000
360 810 — 17,600

. — — — 16,700
Overall range 300-390 700-900 641-900 16,000-19,000
One sigma range 340 ± 2 7 808 ± 5 0 743±111 17,105±885
'Jnd ' near threshold 45 86 96 1,800

N o te :—The unequal number o f observations are due to absence of panelists 
The ‘jn d ’ values are obtained by paired directional difference test

ed , decreases from  100 to  60 per cen t as the S H U  increases. 
A s it is w ell k n ow n , even  w ith  tra ined  p an elists  day  to  
day variations are fou n d  fo r  the sam e sam ple as seen  
from  d ata  in  T ab le 2. E xp ressin g  th e resu lt as on e sigm a  
range o f  th e m ean is th erefore better, reflecting norm al 
panel variations. T he per cen t o b serva tion s covered  by  
th is range varies from  70 to  82 per cen t. H o w ev er  
in clu d in g  the va lu es o f  p an elists w h o  have iden tified  at 
higher d ilu tion s the percen tage varies from  80  to  100  
per cent. It is th erefore recom m en d ed  th at the S H U  o f  a 
sam ple be g iven as th e pan el m e a n i  standard d ev i­
a tion .

4. Panel consistency and definition: T he range o f  
in d iv id u al p an elists  variation  in  rep eat th resh o ld  ev a lu ­
a tion s ca lcu lated  for  the data  in T ab le 2 are g iven  as 
capsaicin  eq u ivalen ts ( |u g /1 0 0  m l) in  T ab le 4. T hese  
ind ividual va lu es are com p ared  again st th e cap sa icin

eq u ivalen t o f  th e ‘jn d ’ o f  p u n gen cy . T he varia tion  o f  a 
p a n elist in  repeat ev a lu a tion s o f  a  particu lar sam ple  
sh o u ld  n o t exceed  th e ‘jn d ’ to  p rove h is/h er  con sisten cy . 
T h us, 80  per cen t o f  all the tw en ty  va lu es fall w ith in  ‘jn d ’ 
w hich  ind icates the ex ten t o f  in d iv id u a l p an elists' 
con sisten cy .

S im ilarly , th e th reshold  o f  in d iv id u a ls  in repeat ev a lu ­
a tio n s o f  a particu lar sam ple sh o u ld  n ot fall ou tsid e  one  
sigm a range to  p rove th e  p a n el h o m o g en e ity . T h us as seen  
from  valu es g iven  in  T ab le 2, 70  per cen t o f  th ese va lu es  
fall w ith in  on e sigm a range and 86 per cen t fa ll ab ove  
th e  low er lim it w h ich  in d icates th e degree o f  h o m o g en eity  
o f  th e p an el in  th is study. H a v in g  estab lish ed  a  reason ­
able degree o f  p an el co n sisten cy  a n d  h o m o g en eity  an  
accep tab le  p an el d efin ition  th rou gh  th e p a n el’s sen siti­
v ity  in  term s o f  S H U  exp ressed  as o n e  sigm a range  
a b o u t th e m ean  th resh o ld  fo r  eith er  pure capsaicin  or

3
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T a b l e  3 .  e x p r e s s i o n  o f  s c o v i l l e  h e a t  u n i t s  b y  d i f f e r e n t  p r o c e d u r e s

Single dilution* Serial dilution**
Sample detail SHUf % observations SHUf % observations % observations

estimated corresponding and One sigma range exceeding the lower between one sigma
exceeding limit range

F-Hi 300 100 313-367 83 72
330 90
360 80

F-DO 700 100 758-858 88 82
780 90
810 80
840 80

GL 641 100 632-854 100 71
700 70
800 60

PC 16,000 100 16,220 80 70
16,700 80 to
17,400 60 17,990
17,600 60

*Fritzsche brothers’ method
* »Presently recommended method
*SHU—Scoville heat units (in thousands)

a n  o leo resin  sam p le o f  k n ow n  cap sa ic in  co n ten t ca n  be  
g iven . F o r  ex am p le , th e  p an el used  in  th is  stu d y  is  
d efin ed  as on e  g iv in g  17 x 106 4 -0 .8 8  x 106 S H U  for  
pure natu ral cap sa icin  (8— m eth y l-N -v an ily l n on -6-  
en am id e, m o l w t. 305) or va lu e o f  8 0 0 x l 0 3± 5 0 x l 0 3 
S H U  fo r  an o leoresin  sam ple o f  4 .5  per cen t capsaicin . 
R esu lts  o f  pan el o f  d ifferent sen sitiv ity  e .g . 30  x 106 
S H U  fo r  pu re natural cap sa icin  can  th en  be ca lcu la ted  
by p ro p ortio n m en t. T h e S H U  g iven  by ou r p an el for  
pure syn th etic  cap sa icin  (v a n ily l-N -n o n a n o m id e , m ol. 
w t. 293) w as 8 X 1 0 ^ 0 . 7  X 106. T h is can  a lso  be used  
fo r  defin ing  th e  p an el sensitiv ity .

5. Regression: T he regression  o f  capsaicin  per cent

T a b l e  4 .  r a n g e  o f  i n d i v i d u a l  p a n e l i s t 's  v a r i a t i o n s  i n  r e p e a tTHRESHOLD EVALUATIONS EXPRESSED AS 100 ml.) CAPSAICIN (pg/
Panelist F-Hi F-DO GL PC

1 0.59 0.36 0.00 0.42
2 1.30 0.41 0.64 0.50
3 1.30 0.87 0.64 0.43
4 1.09 0.20 0.00 0.57
5 0.59 0.41 0.88 0.57

jnd 1.05 0.67 0.91 0.77

(y) o n  th e  S H U  (m ean  th resh o ld ) (X j)  fo r  all th e 4  
sam p les w as fo u n d  to  be lin ear and  th e regression  and  
corre la tion  coefficien ts w ere very  h ig h ly  sign ifican t  
(P < 0 .0 0 1 ) .  T h e regression  eq u a tio n  is  g iven  b e low .

Y = 0 .2 4 3 4 3 0 + 0.C 05830X j, ( r = 1 .0 0 )
w here, X ! is S H U  in  th ou san d s.
T he p er  cen t d ev ia tio n  o f  th e  actu al ca p sa ic in  per cen t 

(y) o f  th e  exp erim en ta l sam ples from  th e  pred icted  
cap sa ic in  p er  cen t (Y ) ranged  from  0  to  13 p e r c e n t from  
th e eq u a tio n .

T he regression  eq u a tio n  can  be su ita b ly  m od ified  for  
a n y  o th er  p a n el o f  d ifferent sen sitiv ity  ; fo r  exam p le  th e  
S H U  by o n e  pan el for o leoresin  F -H i o f  capsaicin  
con ten t 2 .35  per cen t w as 340 x 103 w hile an oth er p an el 
o f  lo w  sen sitiv ity  gave a S H U  o f  182 x 103 fo r  th e  sam e  
sam ple. T h e regression  cou ld  be m od ified  fo r  th e  seco n d  
p an el as

Y = 0 .2 4 3 4 3 0  + 0 .0 1 0 8 9 1  X !
w here th e  coefficien t o f  X j is  in creased  in  th e  ratio  
3 40:18 2 . F o r  a  p a n el o f  h igher sen sitiv ity  th e  coefficient 
o f  X i  n eed s to  be d ecreased  a cco rd in g ly . T h us, resu lts  
b y  p an els o f  d ifferent sen sitiv ity  can  be com pared .

Standardized procedure
B ased  o n  th e resu lts o b ta in ed , th e stan d ard ized  p r o ­

cedure fo r  con d u ctin g  p u n gen cy  tests is g iven  b e lo w :
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1. P repara tion  o f  sa m p le  an d  p re lim in a ry  testin g :  
O leoresins and  a lc o h o lic  extracts o f  cap sicu m  (ch illi) 
p ow d er are d ilu ted  to  ob ta in  a sto ck  so lu tio n  co r ­
resp on d in g  to  a d ilu tio n  o f  1 :1C,000 and 1 :100 resp ecti­
vely  in  sugar so lu tio n . G lycero l m on o stea ra te  (1 per­
cen t in  a lco h o l) is  u sed  w ith  o leo resin s , as an em ulsifier.

Prepare further d ilu tio n s from  th e  sto ck  so lu tio n  in  
g eo m etr ic  p rog ress io n  w ith  a co m m o n  ratio , (say 1.5). 
U se th is  fo r  prelim in ary  testin g  by th e  p an el leader to  
fix th e gross th resh o ld  and  rou gh ly  se lect th e  range o f  
d ilu tio n s to  be used . Prepare geom etr ic  series again  
w ith  c loser  co m m o n  ratio  (say  1.2), arou n d  th e value  
d eterm ined  by th e p an el leader for p relim in ary  testin g  
by the p a n el. U se  10-12 p o ten tia l p an elists  in  tw o  or 
three sess io n  w here th ey  test 4 -7  d ilu tio n s (5 ml each ) 
in  sequ en tia l order startin g  from  h igh est d ilu tio n  w ith  
varying num ber (1 to  3) o f  blanks a t the b egin n in g  o f  the  
series. C od e all th e sam p les and instru ct th e p an elist  
to  av oid e stim u lu s bias due to  arom a and a llo w  
sufficient tim e lap se (10 -20  sec) betw een  sam ples. 
A d d ition a lly  use a neutral fo o d  lik e p u ffed  rice to  a v o id  
bu ild  up o f  p u n gen cy . T estin g  can  be sto p p ed  so o n  
after p u n gen cy  is fe lt as th e n ext sam ple co u ld  be h igh ly  
p u n gen t. U se  th e score card g iven  in  T ab le 5. U se  th ese  
sess io n s to :  (a) ed u ca te  th e  p an el a b o u t th e  sen sa tio n  
p erceiv ed ; (b) g ro u p  th e p a n elists  as o f  h igher or low er

sen sitiv ity  by their th resh o ld  va lu es based  on  the grou p  
m ea n ; (c) fix th e  ap p rox im ate  th resh o ld  o f  th e sam ple  
corresp o n d in g  to  the se lected  p an el.

2. F in al eva lu a tion s in a r ith m etic  ser ie s: Prepare the  
arith m etic  series o f  d ilu tio n s a rou n d  th e  ap p rox im ate  
th resh o ld  identified  in  p relim in ary  te stin g  m ain ta in in g  
‘o n e ’ ‘jn d ’ w id th  d ifference b etw een  so lu tio n s w hich  is 
norm ally  fo u n d  to  be o n e  ten th  o f  th e  th resh o ld  Scov ille  
va lu e. U se  a  m in im u m  o f  5 p a n elists  o f  h o m o g en eo u s  
sen sitiv ity  in  3-4 repeat tests  to  g et 15-20 ju d g em en ts.

3. T rea tm en t o f  d a ta : D eco d e  the te s t series in  
term s o f  S H U  for  th resh o ld  va lu e by each  p an elist, 
ta k e th e  S H U  co rresp o n d in g  to  ‘X ’. In term ed iate scale  
valu es as ?-X , X - l ,  w hen g iven  fo r  su ccessive sam ples  
in th e series, th e m ean  o f  th e S H U  co rresp o n d in g  to  
th ese tw o  d ilu tio n s is tak en . A s v aria tion s in  p a n elists’ 
sen sitiv ity  is lik ely  to  o ccu r eith er  because o f  p sy ch o lo g i­
cal or p h y sio lo g ica l co n d itio n s, delete  va lu es w h ich  are 
ex ceed ed  by 2°" lim its , from  the g ro u p  m ean . E xpress 
th e S H U  o f  sam ple w ith  th e rem ain in g  va lu es as the 
m e a n ^ o n e  a ".

4. P a n el defin ition : D efin e  the p an el by the
average S H U  ±  cr for pure cap sa ic in  (natural 
o r  syn th etic , specified ) or an  o leoresin  o f  k n ow n  
cap sa ic in  con ten t, tested  under co n d itio n s  describ ed  
earlier.

T a b l e  5 .  s c o r e  c a r d  f o r  t h r e s h o l d  t e s t  f o r  p u n g e n c y

NAME: DATE: TIME:
Instructions: **

*
*
*

Taste the samples in the sequential order given 
Swallow the whole quantity of the test sample, slowly.
Wait for few seconds to recognize pungency if any (aroma of chilli should not be confused for pungency). 
Estimate the pungency of the samples using the intensity scale given below.
Take some puffed rice and wait for 10-20 sec before testing the next sample.

Intensity scale: None or sugar solution
Different from sugar 

solution.
Threshold
Weak
Medium
Strong

(Intermediate scale values are expressed as,

.. 0
.. ? (pungency not identifiable—Stimulus threshold)
.. X (pungency identifiable—Recognition threshold) 
. .  1 
.. 2 
.. 3

?-X, X-l, 1-2 etc.)

Series I Series 11

Code No. Intensity Code No. Intensity
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RESEARCH NOTES
ANTIBACTERIAL ACTIVITY OF VOLATILE 

COMPONENTS OF ONION
cA LLIU M  CEP A )

The antibacterial effect of onion volatiles and that of 
Iachrymators isolated from onion volatiles was tested. The 
microorganisms used for these investigations included P ro­
teus vulgaris, Salm onella typhim urium  and B acillus cereus 
BIS-59. It was observed that 200 ppm of either onion vola­
tiles or isolated Iachrymators were effective in inhibiting the 
growth of microorganisms.

Besides the use of crushed onion as flavouring agent, 
its anti-microbial properties have long been recognised1. 
Vapours escaping from freshly cut onion have been 
reported to have bactericidal properties.2 The pungent 
principles of onion have been presumed to have both 
antifungal and antibacterial properties3-4. Virtanen 
and Matikkala5 identified the active components of 
onion juice as thiosulphinates and studied their anti­
bacterial effect on various microorganisms. However, 
precise information on the compounds which exert 
antimicrobial influence is scanty in the literature. Earlier 
work from this laboratory had reported the isolation of 
lachrymatory factors characterised as thioalkanal S- 
oxide from onion juice6. It was of interest to examine 
whether these sulphur containing compounds also exert 
inhibitory influence on bacterial growth. The present 
report describes observations on the antibacterial acti­
vity of these compounds.

The microorganisms used for these investigations 
include Proteus vulgaris an active food spoiler, Salmo­
nella typhimurium  a food pathogen and Bacillus cereus 
BIS-59 which was isolated in this laboratory from blan­
ched, irradiated shrimps7. TGY medium containing 
Bacto-Tryptone 3g, Bacto-Dextrose 1 g and Bacto- 
Yeast Extract 1 g, in 1000 ml tap water, was used for 
culturing each of the above microorganisms. Onion 
volatiles (OV) were isolated from onion juice according 
to methods described earlier6. The two major lachryma­
tory factors (LF I & LF II) having Rf values of 0.11 
and 0.33, respectively were isolated from OV by prepara­
tive TLC using a glass plate with a thick layer (0.5 mm) 
of Silica Gel G (E Merck) anc petroleum ether : diethyl 
ether (60:40 v/v) as developing solvent6. Quantitative 
estimation of Iachrymators was carried out by moni­
toring the pink colour resulting on incubation of the 
volatiles with glycine-formaldehyde reagent8. In the 
presumptive tests, concentrations ranging from 50 
to 200 ppm of the isolates were tested by zones of inhibi­
tion of growth on TGY agar after 24 hr. For con­
firmatory tests, the cultures of each organism, taken in 
the logarithmic phase, were inoculated at a concentration

of approximately 106 cells/ml in TGY broth contain­
ing from 0 to 300 ppm onion volatiles, LF I and LF II, 
and cell growth was followed up to 7 days at 37 °C.

The presumptive tests revealed that the OV fraction 
as well as the LF fractions were inhibitory. The zones 
of inhibition varied for each of the organisms, being 
maximum for B. cereus BIS-59 and minimum for P. 
vulgaris. The results of confirmatory tests showed that 
at 100 ppm concentration of the compounds there was 
only marginal increase in the lag phase. However, at 
concentrations of 200 ppm and above distinct effects 
could be observed as shown in Fig. 1. All three fractions, 
viz. OV, LF I and LF II exhibited varied degrees of 
inhibition on the microorganisms examined. The 
potency of the three fractions was of similar order of 
magnitude. Since OV contained only about 40 per cent 
LF, the other constituents like carbonyls and sulfur 
compounds6 also seemed to posses antibacterial activity. 
The effects of OV, LF I and LF II on S. typhimurium 
were almost identical; at a concentration of 200 ppm, 
each fraction showed a distinct bacteriostatic effect, the

I I CONTROL OV LF 1 LF II
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Fig 1.

Proteus vulgaris

Bacillus cereus BIS-59

Salmonella typhimurium

0 3 6 8 24TIME (hr*)
Effect o f 200 ppm  onion volatiles (OV) and lachtymatory 
fractions (I & II) on the growth of micro-organisms
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growth of this organism being totally inhibited. How­
ever, there was no cell lethality in any of the treated 
samples as was evident from the findings that aliquots 
of treated cell suspensions proliferated normally when 
inoculated in fresh TGY medium. When the treated 
samples were kept on a shaker, bacterial growth was 
comparable to that of untreated cells, indicating that 
aeration apparently nullifies the antibacterial effects of 
OV, LF I and LF II. However, aeration of pure suspen­
sions of OV, LF I and LF II, was found to decompose 
these compounds and make them ineffective as microbial 
inhibitiors. In the case of P. vulgaris although no bac­
teriostatic effect was evident using any of the three 
fractions, each fraction (200 ppm) was able to considera­
bly extend the lag phase of this organism, after which 
the organism grew well. Even at a higher concentration 
(300 ppm) of onion extract, there was a significant 
extension of the lag phase, after which growth was 
normal. The studies with B. cereus BIS-59 indicated that 
each of the onion fractions was lethal to this organism. 
Microscopic examination of treated suspensions at 
regular intervals during incubation, revealed intact cells, 
indicating that cell inactivation was not due to lysis.

From the above finding it may be concluded that both 
OV and LF are potent inhibitors of microbial growth. 
The profound bacteriostatic action of OV, LF I and LF 
II on S . ty p h im u r iu m  offers scope for preventive measures 
against this pathogen.

The authors wish to thank Dr. G. B. Nadkarni for 
his helpful suggestions and criticism.
Biochemistry and Food Technology 
Division, Bhabha Atomic 
Research Centre, Trombay,
Bombay 400 0085, India 
6 S ep tem ber  1976.
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MINOR SEED OILS. XH. PHYSICO-CHEMICAL 
CHARACTERISTICS AND COMPONFNT ACIDS 

OF FIVE VEGETABLE OILS
In the search for new industrial oils and others containing 
adds of novel structure, five seed oils from R um ex acetosa,
(N. O. Polygonaceae), Celosia argentea  (N. O. Amaran- 
thaceae), A trip lex  hortensis (N . O. Chenopodiaceae), Citrul- 
hts vulgaris (N. O. Cucurbitaceae) and D odonaea viscosa  
(N. O. Saphindaceae) have been examined by RPC for their 
component fatty acids. The seed oil content ranged from 
10 to 27%. The oils had iodine values from 93.5 to 128.8, 
and all were rich in linoleic acid content (45.4-64.7%), 
except for R um ex acetosa, which contained about 35% 
each of oleic and linoleic acids.

Rum ex acetosa, Linn. (N. O. Polygonaceae) (Cana- 
rese: Palak) is an erect, perennial herb found in the 
Western Himalayas. The plant is strongly antiscorbutic 
and is used in bronchial diseases. It is also reported to 
be used as a blood purifier and in homeopathy for the 
treatment of skin diseases and convulsions. Leaves, 
which are used as refrigerant and diuretic contain 
flavone glycosides and are eaten as salad cr cooked like 
spinach.1

Celosia argentea, Linn. (N. O. Amarantaceae) 
(Canarese: Annesoppu) is an erect, glabrous annual 
and is a common weed in cultivated fields, hedges, river 
banks and open places throughout India and Ceylon. 
The seeds are considered efficaceous in diarrhoea and 
useful in blood diseases, mouth sores and diseases of the 
eye.2

Atriplex hortensis, Linn. (N. O. Chenopodiaceae) 
(Canarese: Cliakkota soppu): The Atriplex  genus of 
herbs and shrubs are native to temperate and subtropi­
cal regions, many being desert weeds. A. hortensis, an 
annual plant with succulent branches and leaves, is 
useful as a substitute for spinach and its crimson form 
makes it a handsome ornamental annual.3 The flour of 
the seeds is reported to be valuable against vitamin A 
deficiency.4

Citrullus vulgaris, Schrad (N. O. Cucurbitaceae) 
(Canarese: Kallangadi-Hannu; English : water melon) 
is a trailing or climbing hispid annual with large ovoid 
fruits, dark green or mottled green in colour. The seeds 
of the watermelon are used as food being sometimes 
ground and baked into bread. They are also parched 
and eaten with other grains. The seeds from different 
localities contain varying percentages (20-40) of oil.3

Dodonaea viscosa, Linn. (N. O. Sapindaceae) (Cana­
rese: Bandarike) is a genus of shrubs, rarely trees, 
mostly Australian, of which D. viscosa is widely distri­
buted in India. It has been used as a sand binder and 
also for reclaiming marshy lands. The leaves are used 
in swellings and burns, and as a febrifuge and sudorific 
in gout and rheumatism. The bark is employed in astrin-

N . F. L e w is  
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A. R . Sh a h  
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T able 1. p h y s ic o -c h e m ic a l  c h a r a c ter istic s  a n d  e x tr a c t io n  da ta

Seed species Oil Unsap. Iodine value* Sap. eqvt.* R efr index Protein
content % m atter % Obs. Calc. Obs. Calc. o f oil at 

30°C
in seeds %

R u m ex  acetosa 12.0 0.8 93.5 92.7 274.8 275.6 1.4680 13.3
C elosia  argentea 10.0 1.3 103.3 102.0 275.8 275.7 1.4701 15.0
A tr ip lex  hortensis 13.2 1.1 126.2 124.6 278.2 279.1 1.4651 19.9
C itru llus vulgaris 27.1 1.1 126.6 127.7 278.3 277.8 1.4682 50.5
D odonaea  viscosa 15.7 0.9 128.8 126.7 280.1 279.6 1.4681 23.5

‘ Values measured on mixed acids free from unsaponifiable m atter and calculated from the composition determined in this investigation.

T able 2. c h r o m a t o g r a ph y  resu lts  (m ole % ) o n  pa r a ffin  c o lu m n s

Seed oil
Treatment 
o f mixed 

acids*

Load
mg

Recovery Eluting solvent ( % aq. acetone!
/o

62 67 73 78 83
R um ex acetosa H.A. 17.8 99.1 0.5 25.9 72.3 0.4 0.9

M.A. 21.6 86.5 34.6 60.2 3.3 0.8 1.1
O.A. 85.2 — 2.1 24.6 3.2 0.4 0.3

C elosia  argentea H.A. 22.5 88.4 0.6 24 9 71.9 1.9 0.7
M.A. 19.5 99.3 45.2 48.5 4.7 1.2 0.4
O.A. 80.5 . — 1.0 23.8 3.8 1.1 0.6

A trip lex  hortensis H.A. 13.1 100.0 0.4 10.7 85.7 1.8 1.4
M.A. 14.2 99.9 56.9 37.0 3.3 1.8 1.0
O.A. 82.5 — 1.2 13.6 1.5 0.5 0.4

Citrullus vulgaris H.A. 19.9 98.4 1.0 13.5 84.0 0.6 0.9
M.A. 16.2 100.0 65.1 25.3 8.4 0.5 0.7
O.A. 100.2 — 0.6 15.1 6.4 0.3 0.1

D odonaea viscosa H.A. 18.7 97.8 0.5 10.4 86.6 1.8 0.7
M.A. 18.5 93.8 59.7 32.0 4.9 2.3 1.1
O.A. 91.7 — 1.6 12.6 2.4 1.4 0.5

•H .A .—Hydrogenated acids; M.A.—Mixed acids without any treatment ; O.A.-—Oxidised acids

T able  3. COMPONENT FATTY ACIDS (Wt. %)

Seed oil
Acids

14:0* 16:0 18:0 20:0 22:0 18:1 18:2

R u m ex  acetosa 0.4 24.1 3.4 0.9 1.4 35.1 34.7
C elosia  argentea 0.5 23.2 4.8 1.4 0.5 24.2 45.4
A trip lex  hortensis 1.0 9.8 3.4 2.0 1.2 26.6 56.0
C itrullus vulgaris 0.8 12.5 8.6 0.6 0.8 12.0 64.7
D odonaea viscosa 0.5 9.5 4.9 2.6 1.3 21.8 59.4

‘ These figures indicate the number of carbon atoms and the double bonds in the acids.
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gent baths and fomentations. The seeds are said to be 
edible and the fruits were once used as a substitute for 
“truehops” in making yeast and beer.6

The seeds were collected around Dharwar and the 
oil soxhlet extracted from the crushed seeds with light 
petroleum. The fatty oil, unsaponifiable matter and the 
mixed acids were obtained as described earlier.7

Analytical direct TLC of the mixed acids and the 
mixed methyl esters on silica gel G plates with pertoleum 
ether: ether:formic acid (70:30:1) (by vol) and petroleum 
ether: ether: (70:30) (by vol) as developing solvents, 
revealed the presence only of the usual acids in all the 
oil samples. The mixed fatty acids as such, after hydro­
genation, and after oxidation8, were each examined by 
reversed phase partition column chromatography as 
described earlier9. The presence of oleic and linoleic 
acids were confirmed by preparing their corresponding 
hydroxy and bromo derivatives16 from the acids isolated 
from the appropriate chromatographic fractions.

The seeds examined in this investigation are fairly 
rich in oil (Table 1). Four contain about 10-15 per cent 
oil, and the last, Citrullus vulgaris seeds, 27.1 per cent. 
The seed protein content also follows the same pattern, 
Citrullus vulgaris having a higher content (50.5 percent) 
than the other four (13.3-23.5 per cent).

The seed oils have high iodine values and are rich in 
unsaturated fatty acids (Tables 2 and 3). Linoleic (45.4- 
64.7 per cent) is the major component acid in all the 
seed oils, except in Rumexacetosa  which contains almost 
equal amounts of oleic and linoleic (35.1 and 34.7 per 
cent) acids. Palmitic acid is the major saturated consti­
tuent (9.5-24.1 percent) with stearic acid next (3.4-
8.6 per cent). Small percentages of myristic (0.4-1.0), 
arachidic (0.6-2.6) and behenic (0.5-1.4) were also 
found. These results are in conformity with the 
literature values for the respective seed oils.11

One of the authors (KBP) thanks C.S.I.R., New 
Delhi, for a junior research fellowship and M.R.S. 
thanks the I.C.A.R. New Delhi for a research fellowship.
Dept, o f Chemistry, 
K arnataka University, 
Dharwar, 580 003, India 
27 Septem ber 1976
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STUDIES ON CHEMICAL CONSTITUENTS AND 
THEIR INFLUENCE ON COOKABILITY IN 

PIGEON PEA
Estimation of eight chemical constituents in 22 culti- 
vars of pigeon pea revealed significant differences among 
cultivars for most of the constituents studied. None of these 
constituents was found associated with cooking period, ex­
cept phytic acid content which showed positive association of 
appreciable magnitude. The varieties requiring minimum 
time for cooking were S-7, EB. 38-70, JA-3, NP (WR) 15 
and UPAS-120.

Among the pulses, Pigeon pea (Cajanus cajan L) is 
consumed in appreciable quantity in the cooked form by 
the Indian population. Since cooking improves nutritive 
value of pulses, it would be interesting and useful to in­
vestigate the influence of chemical constituents on cook­
ing time in pigeon pea. Cookability has been reported to 
be dependent on the composition of seed coat and cell 
wall in case of peas and beans'. Recent studies on 
whole and dehulled pigeon pea, however, suggested 
that the composition of endosperm may also 
have a considerable influence on the cookability. This 
paper deals with the relation between the contents of 
various chemical constituents and cooking time in 
pigeon pea varieties.

Twenty two pigeon pea varieties were grown during 
1973-74 at the experimental farm of the J. N. Agriculture 
University, Jabalpur. Representative seed samples were 
drawn from each of these and the following parameters 
were determined as follows.

Weight o f  seed coat: Seed material (100 g) of each 
variety was weighed, and seed coat of each grain was 
removed with the help of pin and scalepel and 
weighed.
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Starch content: This was estimated by the procedure 
of Hassid and Abraham2.

Total sugars: Estimated by using Hane’s ferricynide 
method according to BroWne and Zerban3.

Determination o f  cooking period: The cooking period 
was determined according to Singh et al4 with the modi­
fication that the seeds were boiled in distilled water, 
until they were softend to uniform mass, when pressed 
between the thumb and fore finger.

Protein content: This was determined by standard 
microkjeldhal method using 6.25 for conversion from 
nitrogen to protein.

Digestibility o f  carbohydrate: The sample (2g) was 
suspended in 49 ml of buffer pH 4.6 and 1 ml of takadia- 
stase (10 mg/ ml) was added. The incubation was 
carried for 1 hr at 37°C. .The aliquot (5 ml) was taken 
at the end of the incubation period and reducing sugars 
liberated was determined as described earlier.

Phytic acid: This was estimated by modified method 
of Holt as described by Rosenbaum et al5.

Mineral content: The extract was prepared by the 
method described by David6-7.

Phosphorous was determined by the method described 
by Jackson.8

Mg and Ca determinations were carried out using the 
atomic absorption sepectrophotometer at the wave 
length of 2852. 1R and 4226.7R respectively.

Although variations (Table 1) were observed between 
varieties for the various parameters studied such as 
weight of seedcoat, starch, reducing and non-reducing 
sugars, protein, calcium, phosphorous, magnesium con­
tents and digestibility of carbohydrate, no correlation was 
observed between the content of these constituents and 
cooking time with the exception of phytic acid for which 
positive correlation of appreciable magnitude (r=0.306) 
was recorded. Similar associations were reported by

T a b l e  1 .  a n a l y s is  o f  q u a l it y  c o m p o n e n t s  i n  p ig e o n  p e a

Seed Starch Sugar Cooking time Sugar Protein (% ) Minerals (mg) in 100 g Phytic
Variety coat % Reduc- Non-redu- (min) released Whole Dhal seed acid

wt* (g) ing
(% )

cing
(% )

Dehulled
seed

Whole
seed

(mg glu/
100 g

material)

seed
P Ca Mg %

T.7 14.2 50.1 0.5 7.8 44.0 54 54.0 20.4 20.3 290 180 158 4.7
UPAS 120 15.3 44.6 1.2 9.2 21.0 45 59.7 21.9 21.2 250 185 169 5.5
J.A .l 15.1 50.2 1.3 8.3 38.0 56 74.1 19.4 19.3 325 276 172 5.5
AS. 44 13.9 40.2 1.2 9.1 23.5 67 90.1 19.6 19.2 295 185 16 7.0
Khargone-2 15.7 45.3 1.2 8.9 32.5 60 57.4 21.3 20.8 230 176 159 6.9
JA. 3 14.3 50.3 1.2 8.5 21.0 45 62.9 20.7 20.1 265 180 168 6.1
No. 1258 15.3 39.0 1.1 9.4 32.5 53 60.4 21.7 19.6 270 185 166 3.2
Gadarwara white 12.6 50.2 0.9 8.3 29.5 60 54.6 20.4 19.0 315 195 162 3.4
R. 3 12.2 43.4 1.2 9.3 31.0 55 60.9 21.4 20.0 350 195 168 4.3
NPW R. 15 14.2 50.8 1.2 9.1 21.5 60 88.1 20.8 18.4 235 185 166 2.8
M-9-19 15.2 55.9 1.1 8.7 26.5 50 76.2 20.3 20.8 235 181 161 4.3
Gwalior-3 14.0 51.9 0.9 8.1 30.0 60 67.1 19.5 19.5 300 185 159 5.5
Baigani 12.8 44.9 1.2 8.1 33.5 53 81.4 20.4 20.4 280 195 162 5.5
EC.2815 12.6 45.3 1.2 8.2 24.5 65 74.3 19.5 19.9 325 180 147 6.1
S.29 14.6 49.1 1.0 8.4 29.0 50 68.8 20.2 19.2 275 181 171 5.1
Prabhat 17.8 51.9 1.1 9.0 43.5 55 70.3 18.7 19.4 240 179 163 3.4
PM-1 13.4 47.6 1.1 8.4 28.0 53 72.5 19.4 19.4 300 176 177 2.8
No. 148 12.9 47.C 1.1 8.6 33.0 53 69.5 22.5 22.3 275 185 152 5.5
EB 38-70 14.8 47.7 1.0 8.3 20.5 50 81.6 20.8 21.1 315 179 159 4.3
S-7 17.2 48.0 0.9 8.6 20.0 45 63.4 20.1 20.3 325 180 162 3.4
B-51-7 13.7 48.8 1.1 8.0 24.0 46 71.9 22.3 22.1 350 185 161 4.3
BS-1 17.1 48.8 1.1 7.8 26.0 45 71.9 19.7 19.2 275 180 160 3.4

Mean 14.4 47.7 1.1 8.5 28.8 53.7 69.6 20.5 20.0 288.1 183.0 163.0 4.7

♦ From 100 g o f seed
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Rosenbaum et al5, Rosenbaum and Baker9 and Crean 
and Haisman'O in peas. Hence varieties containing low 
phytic acid are likely to take less time for cooking and 
may have consumer preference over others. However 
further investigations are necessary before any definite 
conclusion is drawn on the relationship between phytic 
acid content and cooking time in pigeon pea.

Authors are thankful to Dr. D. P. Motiramani, 
Director Research Services, J.N.K.V.V., and Dr. S. P. 
Singh, Head of the Department of Plant Breeding for 
providing facilities to carry out the work.
Dept, of Plant Breeding 
J. N . Agriculture University 
Jabalpur, India 
27 A p ril 1976

Y. K. Sharma A. S. Tiwari 
K. C. Rao A. Mishra
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BOOK REVIEWS
Commercial Processing o f  Poultry, Food Technology

Review No. 31: By G. H. Weiss, Noyes Data Corpo­
ration, Park Ridge, New Jersey, USA, 1976; pp. 253;
Price: $ 50.00.
This book is one among a series of Food Technology 

Reviews on commercial processing of poultry published 
by Noyes Data Corporation. This book summarises 
the technological progress made in the commercial 
handling and processing of poultry based on U.S. patents.

Apart from the introduction, company index, inven­
tor index and U.S. patent number index which help in 
providing easy access to the information contained in 
the book, the book is divided into 8 chapters under the 
headings: (1) Preservation; (2) chilling and freezing;
(3) enhancing palatability; (4) stuffed products; (5) 
molded and compressed rolls and loaves; (6) butter- 
coated products; (7) special cooking procedures 
and products; and (8) poultry concentrates and 
flavours.

The first three chapters deal with various means of 
treatment and handling raw poultry. The first chapter 
illustrates various processes for increasing shelf life of 
poultry which includes treatment with antibiotics, 
chemicals, bacteriostatic agent in packaging material 
and heat drying of duck carcasses. The second chapter 
deals with different methods of minimizing dehy­
dration, chilling and freezing techniques. As the 
palatability depends upon tenderness, flavour and 
appearance, the third chapter deals with different pro­
cesses with methods for uniformly distributing the ten­
derizing or flavouring agents throughout the flesh of the 
birds, which includes antemortem injection, postmortem 
injection, addition of flavouring agents, soaking in 
enzyme solution and pigmentation process.

The next four chapters deal with consumer products 
such as stuffed poultry, rolls and loaves, butter-coated 
products and some special products like non-disinte­
grating chunks, stuffable boneless poultry rolls, sausage, 
smoked turkey roll, dough-encased sliced poultry load, 
use of residual deboned meat and fabricated poultry 
skin for wrapping poultry loaves and rolls. Chapter 
seven gives some special cooking procedures and pro­
ducts like drying chicken under pressure, cooking fowl 
in polyphosphate solution, microwave cooking, etc.

The last chapter in the book deals with the prepa­
ration of poultry concentrates and synthetic flavouring 
agents.

The processes are amply illustrated with figures, 
flowsheets and apparatus diagrames, thus providing

more practical commercial process information than is 
available from any other source.

The printing and the get up of the book are good. 
The book is written in simple language and will be a 
valuable asset to scientists, students, food technologist 
and persons dealing with poultry processing and pro­
duct development.

B. P a n d a

Principles o f  Dairy Processing: by James N. Warner,
Wiley Eastern Limited, AB 8 Safdarjung Enclave,
New Delhi-110 016, pp. 317; Price: Rs. 20.
In his preface to the book the author states: “Milk 

production and milk processing were both discussed in 
my earlier book, Dairying in India. That text was used 
by students, milk producers, and dairy managers 
throughout India. Since then two major developments 
have taken place which indicate there is need for a new 
book dealing alone with dairy processing. A great 
number of new dairy-processing plants have come into 
existence in the past twenty years. Accompanying this 
important change has been a profound development of 
education and research facilities in dairy processing as 
distinct from those involving the milking animal and milk 
production.

The practical sciences of dairy processing are em­
phasized in the present book. It is intended both as a 
textbook for students of milk processing, of dairy techno­
logy, and as a handbook for managers and operators 
of dairy-processing plants.”

The book admirably fulfills these purposes. Chapter 1 
sets the scene with a quick summary of India’s dairy 
processing industry in just two pages. There are four 
long chapters, 40 to 50 pages each, on dairy physics, 
engineering, methods, and processing. The two chapters 
on dairy chemistry and dairy microbiology are of shorter 
length, and there are besides a number of short chapters, 
each about 10 pages long, on dairy sanitation, fluid milk 
and various milk products like concentrated milk, 
dried milk, cream and butter, ghee, ice-cream, cultured 
milk, cheese and casein. This is followed by a list of 206 
references to both research papers and textbooks, and a 
good subject index.

The text is a blend of practice with enough theory to 
support the former, and the balance between the two is 
admirably maintained. As an example of this practical 
approach, the chapter on dairy mathematics contains 
innumerable problems and methods for their calculation.
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At its low price no one even remotely connected with 
the teaching, study or practice of dairying in India 
should be without this altogether admirable book.

K. T. A c h a y a

Modern Dairy Products: by Lincoln M. Lampert, 
U.K. Food Trade Press Ltd., London, Third Edition 
1975, pp: 437; price: £ 13.50 (©  1975—Chemical 
Publishing Co., New York; also published by Eurasia 
1974, pp 418; price Rs. 25.50p—original $ 17.00)
The book, originally an American one, is a welcome 

addition to the basic technical literature on Dairy 
Science and Technology. The objectives of the author, a 
former supervisor, Dairy Laboratory, California Depart­
ment of Agriculture, are to present reliable information 
in a non-technical manner on the composition, nutritive 
value, manufacture, chemistry and bacteriology of milk 
and dairy products, especially useful to persons concern­
ed in the various aspects of the industry as, the executive, 
milk sanitarian, regulatory official, home economist, 
dietetitian and instructors in the concerned technical 
institutions. These are achieved to an admirable extent 
by combining a lot of useful information, packed in a 
concise and lucid manner in the twenty one chapters of 
the book.

Each chapter comprises of an introduction of historical 
and compositional aspect and the description of perti­
nent details of the subject material.

The first introductory chapter deals with the national 
characteristics of production of milk in major dairy 
countries, general composition and milk as food. The 
following special reference is made to India as a country 
“where the populace is underfed, there are many cattle, 
but other than buffalo milk, little milk is available. 
The Hindu culture deems the cow as a sacred animal, 
not to be killed. The cows are undernourished and would 
yield little milk. The feed these animals consume depri­
ves the younger cows of the food they could use to pro­
duce milk, which the people would use were it available”. 
This is a stock criticism of many westerners about India 
who have no first hand information but base their 
judgement on half-truths. The problem of numbers 
has to be tackled on a different basis than the westerners’ 
approach, as it involves other social factors. Many of 
the western critics have yet to realize the tremondous 
progress made in India in scientific diarying during the 
last few decades both regarding production and manu­
facture of milk and dairy products. The various dairy 
projects sponsored by the state, cooperative and private 
enterprises and many aided by International agencies,

and convening the XIX International Dairy Congress in 
India for the first time in an Asian country, bear testi­
mony for the changing attitude and placing this country 
as a leader in dairying in South East Asia. Those advanc­
ed dairy countries took much longer time to achieve 
what this country has achieved the past few decades, 
which is considered a phenomenal success in the field 
of dairy science and technology.

The five chapters from the second deal with the com­
positional aspects of milk, as fat, proteins, lactose, 
minerals and vitamins. These are admirably covered 
with a special stress on the nutritional aspect of the 
constituents which would be useful to the layman. The 
role of vitamins is lucidly described.

The chapter on microbiology and sanitation covering 
nearly forty pages is a good example of conciseness with 
clarity covering very useful technical information in a 
popular way. Information on antibiotics, pesticides 
and radio activity is an adequate introduction to a highly 
technical subject. The chapter on grades and classes of 
milk pertains chiefly to American standards and would 
be a guideline to others; similar is the one on flavour 
defects. The nine chapters from eleven to nineteen deal 
with processes and products. Both vat pasteurization 
and H.T.S.T. pasteurization are treated very briefly; 
more details with flow diagrams and figures of equipment 
in lieu of others would have been of greater use from the 
practical point of the technicians using this book.

The inclusion of human milk, goat milk does not go 
well in the chapter of fluid milk products; a special 
chapter for these and milk of other mammals could have 
found place at the beginning of the book and included 
in the first chapter itself.

The chapters on other milk products, especially on 
butter and cheese are excellent in their exposition. The 
one on testing of milk bear the experience of the author 
who has realized the needs of the analyses and practical 
aspects of an important subject having economic and 
legal implications in the industry.

The chapter on imitation milk products is brief and 
lucid.

The references at the end of each chapter are taken 
mostly from American literature though similar addi­
tional information is available in the journals of other 
countries. The index at the end of the book is useful, 
though incomplete as would be pointed out in the follow­
ing comments.

As a reviewer, I will be failing in my duty if I do not 
point out the surprisingly large number of errors which 
have crept in many of them are probably due to impro­
per proof-reading or hasty printing, unusual to an 
American printing. The errors quoted below are almost
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exhaustive and their mention is made only with the view 
that these would be rectified in the next edition.

p. 24, Yadow should be Yadav; p. 38, ration should 
be ratio; p. 48, Ref. 11, Shahari, K. M. should be 
Shahani K. M.; p. 92, para 3, daily should be dairy; 
p. 126, rise should be rinse; p. 143, (Table)—is air 
should be in air; p. 146, one ‘be’ should be removed; 
p. 148, Ref 18 & 19 Murphy G. K., should be Murthy 
G. K., ; p. 166, world should be work; p. 167, value 
should be valve; p. 230, baceria should be bacteria; p. 
234, pasturized should be pasteurized; p. 235, persons 
should be person; p. 242, stablizer should be sterlizer; 
p. 247, ref. 3, Craham should be Graham, Patton 
G. should be Patton S. (in all references); p. 250, 1, 23 
& 24 repetition; p. 276, mg, mgs used indiscrimi­
nately for plural; p. 293, Index 2 is missing; p. 327, 
Table 19:2 Vit. c: 84 should be 94; p. 331, Table, 
figures are uplifted; p. 368, 19:8 should be 19:18; 
p. 371, Ref. 1 Tuckey, S. should be Tuckey S. L. and 
Words, G. T. should be Woods G. T.; p. 371, Ref. 9 
49-89 should be 49:89; p. 391, deterents should be 
detergents; p. 398, 20:7 should be 20:10; p. 407, Harland- 
Ashford should be Harland-Ashworth; p. 428, Index, 
Breed Couont should be Breed Count; Index is incom­
plete, imitation milk under I is omitted; Coffee Whitener 
is omitted.

In conclusion the author is to be commended for his 
sincere efforts in reprint this book which will be valuable 
as a handy manual for students and teachers of the 
undergraduate classes as well as those connected with the 
industry especially in the production and processing of 
milk and dairy products. Though there is some confu­
sion in pricing (UK £ 13.50, USA $ 17.6), Rs. 25.50 is 
most reasonable considering the versatality of the in­
formation made available and is within the reach of 
students and dairy personnel.

M. B h im a sen a  R ao

Processed Meat Technology: by Endel Karmas, Noyes 
Data Corporation, Park Ridge, New Jersey, USA, 
1976, pp.: 368.
This book is one of a continuing series of reviews 

in Food Technology and is a compilation of information 
culled from patent literature covering the period 1960-76.

Thr foreword gives the reasons that prompted the 
publishers to rely on patent literature rather than on 
periodicals. The often confusing legalistic phraseology 
of patents has been avoided in order to present the dif­
ferent processes in easily understood language.

The subject matter is broadly classified into two parts. 
Part I deals with processing ingredients and methods 
and includes curing methods and ingredients, increasing 
water binding and yield, improved curing formulations, 
integral meats, smoking, thermal processing and mis­
cellaneous methods. A few patents are also given dealing 
with dietetic curing compositions. Part II deals with 
processed meat products and includes bacon, ham, beef, 
patty type products, dehydrated snacks and other novel 
products. In most cases, before the actual patent is 
reproduced a short introductory para is given listing the 
aims and objectives of the method/process. This should 
help to understand the latter better. At the end company, 
inventor and patent numbers are again listed for con­
venience.

The book is written with the avowed object of giving 
reliable information about the direction in which work 
(mainly) in the USA is proceeding. This should obviate 
duplication of work by other researchers apart from 
avoiding legal complications later due to infringement 
of patents.

As can be expected, the book is written from the patent 
angle only and no inference can be drawn as to the safety 
of the ingredients/methods from the FDA point of view.

The book is expected to be of particular interest 
to workers, in this country where meat technology is, 
comparatively, still in its infancy.

The printing and the get up of the book are excellent 
although some readers may find the type size too small. 
All in all, the book should prove to be a good addition 
to any technical library.

T. R . Sh a r m a

The Quality and Detection of Frauds in Citrus Juices: 
by International Union of Food Science and Techno­
logy; available from Dr. Royo Iranzo, “Intstituto de 
Agro-quimicay Technologia de Alimentos”, Jaime 
Roig Street, 11, Valencia-10 (Spain), pp. 167, price: 
US £ 12.8.
This book includes papers presented at the Inter­

national Conference on the “Detection of Frauds in 
Citrus Juices” held at Valencia under the aegis of Inter­
national Union of Food Science and Technology. There 
are two general articles and seven research papers.

The first general paper by Veldhuis on “Quality Para­
meters in Citrus Juices: Quality Control and Grade
Inspection of Citrus Juices in the United States” gives 
a bird’s-eye-view of the production of citrus fruits in the 
most important citrus producing countries of the world,
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USDA grade standards for various citrus juices and con­
centrates and stresses the need for quantitative analyses 
of limonia, naringin, furfural, etc. and chemical pro­
cedures for flavour evaluation as parameters of citrus 
juice quality.

The second general paper by Royo Iranzo on 
“Methods for the detection of frauds in citrus juice” 
indicates the need for a uniform criteria in citrus juices 
to check adulteration. With this in view, the necessity 
of reference tables of standard values for the most 
characteristic components of citrus juices is indicated. 
Towards this end, results obtained by various authors 
are compiled. Some observations have been made on the 
present status of adulteration in citrus juices and the 
possibility of their detection with a view to overcome the 
same.

The first research paper by Attaway, Carter, Fellers’ 
Moore and Ting on “Acidity and Brix to acid ratio, key 
determinants of orange juice quality” is an evaluation 
of commercial samples of frozen orange juice concent­
rates from Florida during 1972-73. The reconstituted 
samples had an acidity lower than 0.98% and a Brix/’ 
acid ratio of more than 13. Experimental samples of 
Valencia orange juice with Brix/acid ratio of 13.3 to
15.5 were given the highest scores by flavour panel.

The second research paper by Berry, Nagy and Tatum 
on “Methods for determining bitterness, thermal history 
and flavour quality of citrus products” outlines rapid 
TLC method for the determination of naringin and 
limonin. A method sensitive to 5 pp? of furfural pro­
vides basis for an index of thermal history of citrus 
products. Thin layer chromatography combined with 
GLC have been indicated for determining compounds 
responsible for olf-flavour in stored citrus juices.

The third research paper by Caro and Munoz-Delgado 
relates to the effects of cold storage on the main varieties 
of Spanish oranges and mandarins on the juice quality. 
Salustiana, Valencia Late and Verna varieties were 
superior to others with regard to storage quality.

The fourth research paper by Moreno, Caroana 
Prestamo is on “The specific electrical conductivity as a 
possible quality parameter and fraude detector in citrus 
juices”. The specific electrical conductivity in citrus 
juices and citrus juice-based beverages is correlated with 
the usual parameters such as soluble solids, acidity, 
maturity index of citrus fruits and vitamin C. The 
possible application of electrical conductivity as a qua­
lity parameter and as an aid in the detection of adultera­
tion in citrus products is explored.

The fifth research paper by Matsumoto and Obara 
on “The changes on amino nitrogen content of fruit 
juice powders during manufacture using different drying 
techniques” indicates variations in the amino nitrogen 
content as determined by amino acid auto analyzer. 
Amino nitrogen content of fruit juice powders has been 
found unsuitable as a parameter in the detection of their 
adulteration.

The sixth research paper by Royo Iranzo and Pauletti 
on “Detection of adulteration in citrus juice XX Chemi­
cal composition of Tangerine juice (Citrus reticulata, 
Blanco)” applies the usual parameters in the detection 
of adulteration in juices from citrus species Tangerine, 
Clementine and Satsuma.

The last research paper is by Romojaro, Lopez- 
Andreu, Leon and Llorente. From a comparison of 
several commercial samples of lemon juice, from dif­
ferent parts of the world, the usual parameters, viz. 
soluble solids, density, acidity, vitamin C and sugars 
have been found unsuitable as acids in the determination 
of purity of lemon juice. Chromatographic investigation 
of amino acids present and the formol value are better 
characteristics.

One general paper and four research papers are in 
English and the rest are in Spanish. The get up of the 
book is good. It is a good reference book for those in­
volved in the analysis and quality control work on citrus 
juices and their beverages.

S. R a n g a n n a



NOTES AND NEWS
International Development Research Centre Launches

Two Projects to Help Grain Production and Milling
in Africa

1. Rwanda
The need for research into improving present food 

crop production in Rwanda is made imperative by the 
limited amount of new arable land available to small 
farmers. Population density in areas presently under 
cultivation, and an extremely hilly countryside necessi­
tate using land at higher elevations for food production.

A grant of $ 197, 000 will permit the Institute of 
Agronomic Sciences of Rwanda (ISAR), the research 
organisation of the Ministry of Agriculture and Animal 
Husbandry, to develop a three-year selection, breeding 
and collection program for cereal grains and oilseeds 
that will perform well in high altitude areas.

Improved varieties of sorghum developed in the 
Lebanon are already being tested in Rwanda, and ISAR 
scientists will also be linked to the worldwide sorghum 
network through the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) in 
Hyderabad, India, and to the collection and breeding 
program in Ethiopia. Similarly, in their work on triti- 
cale—the wheat-rye hybrid on which research has mainly 
taken place in Mexico and Manitoba—the Rwandan 
team will keep in touch with breeding programs in 
Kenya and Ethiopia.

In oilseed research they intend to test sunflower 
varieties from the Soviet Union and Kenya for yield, 
disease resistance and wide adaptability in Rwanda’s 
particular conditions and to test rapeseed developed 
by Canadian and other scientists on a number of small 
farms in different areas of Rwanda.
2. Botswana

The people of Botswana, a semi-arid country with a 
population of about 700,000 in southern Africa, con­
sume about 80,000 tons of cereal grains a year. The 
grain is mostly sorghum and maize. Although the 
climatic conditions of Botswana are better suited to the 
production of sorghum than maize, there has been 
a shift by consumers in favour of maize, nearly all of 
which has to be imported from South Africa.

A major reason for this shift has been that industrially 
produced maize meal has become increasingly available, 
while the traditional method of milling sorghum is 
lengthy and involves a soaking process. The consequent 
high moisture content of the scrghum meal means that 
the flour ferments or goes rancid in a short time—and 
the sorghum meal therefore has to be consumed quickly.

The Government of Botswana is trying to increase 
sorghum production, in order to attain self-sufficiency in 
grains. To encourage this, it wants to establish flour 
mills at the village level that can make available a sor­
ghum meal that can last a reasonable length of time and 
can compare in price with the imported maize meal. 
Government officials had heard with interest of the suc­
cessful experiments at the pilot flour mill set up at 
Maiduguri in northeast Nigeria with IDRC support. 
In particular, they were interested to learn that Nigerian 
technicians were now using a dry process to remove the 
preicarp (or husk) of the sorgum grain before grinding.

The IDRC grant of £ 125,000 will enable the Botswana 
Agricultural Marketing Board to set up a pilot sorghum 
mill at the village of Pitsane, in a grain producing area 
50 km from Lobatse. A mechanical decorticator, suc­
cessfully tested in Nigeria, will be the basis of the dry 
milling system. Consumer acceptance trials on the sor­
ghum products will be carried out in the area, while 
samples will be sent regularly for analysis to other pro­
jects in the network.
The International Exhibition for the Food and Allied

Industries
Significant trends and developments in Europe’s 

food industries provide a four-day programme crowded 
with stimulating topics for discussion at the Food 
Industries Conference in London next year (November
15-18, 1977). The event is to be organised in conjun­
ction with the 10th International Exhibition for the Food 
and Allied Industries (FIE-Foodpack), which takes 
place at the Olympia exhibition centre.

An all-day session on technical advances in food 
processing and preservation foreshadows dramatic 
changes in Europe’s diet, as well as its shopping habits. 
Delegates, will hear of research now going on in Britain 
to extract proteins from grass for human consumption; 
and of new uses for milk proteins in food products 
ranging from sausage meat to cakes and biscuits. Other 
speakers will discuss the microbiological aspects of food 
preservation; enzyme technology; sterilization and irra­
diation; and new ways of extending the shelf-life of 
dairy products.

A full day is devoted to food packaging and will 
pinpoint new developments in glass packing and new 
aseptic techniques for cans and plastics. Containers of 
the future and cans versus glass are also subjects to be 
discussed. Further papers will deal with toxicity and 
the compatibility of foods with containers; testing 
chemicals used in additives and containers; and legisl­
ation for food additives and colourings.
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The fourth and final day examines food product 

coding and the operation and progress of a unified 
system for Europe.

In the meantime, unified product coding for Europe 
remains a controversial topic among UK food manu­
facturers and retailers, as well as companies concerned 
with the production of packs and labels. Conference 
speakers from a cross-section of international industry 
are being chosen to represent various viewpoints on 
this subject.

At the FIE-Foodpack exhibition visitors will be able 
to examine product coding systems and all associated 
equipment for labelling, weighing, scaning and data 
processing. Further information on the exhibition and 
conference can be obtained from the organisers, BPS 
Exhibitions Ltd., 4 Seaford Court, 220-222 Great 
Portland Street, London WIN 5HH. (Tel: 01-388 
2117; Telex 21237).
Science Publishing in India: Problems and Prospects—

PID  Silver Jubilee Seminar
The Publications and Information Directorate (PIS), 

New Delhi, organised a two-day seminar on Science 
Publishing in India: Problems & Prospects, on 18 and 
19 November 1976. The seminar, organised as a part of 
PID's Silver Jubilee Celebration, was attended by about 
250 delegates—Science editors, writers, publishers, 
university professors, scientists, information specialists 
and others—representing different organizations from 
all over the country.

Inaugurating the seminar, Prof. B.P.Pal. President, 
Indian National Science Academy, expressed his satis­
faction at the organization of the first national seminar 
of the kind on “a problem which has been rather negle­
cted for a long time”. He said, “Any decision that we 
take now should be calculated to advance the cause of 
Indian science and should be completely sustainable 
by total indigenous efforts at least in the near future if 
not immediately”. He hoped that this seminar would 
not just give a state-of-art report but would suggest 
concrete remedies for the problem that face us.

The seminar was held in three technical sessions on: 
(/) Role of authors, referees and editors; and standards 
of publications (chairman: Shri B. N. Sastri, former 
Chief Editor, PID); (ii) case studies (Shri S. Partha- 
sarathy, scientist-in-charge, INSDOC); and (mi) pro­
blems and plans for the future (Shri A. Krishnamurthi, 
former chief editor, PID). Altogether 58 papers were 
presented. The sessions were made lively by the many 
discussions following the presentation of papers.

The technical sessions were in:erpersed with guest 
lectures. Dr. Jagjit Singh, the Kalinga Prize winner,

spoke on his experiences of breaking into print as a 
science writer. Later in the day Dr. Jagjit Singh spoke 
on ‘Limits to Growth’ wherein, with his characteristic 
wit, he explained the tyranny of the exponent in all 
growth processes, depletion of natural resources, etc. 
Shri Samuel Israel, Director, National Book Trust of 
India, gave a lucid account of growth and development 
of the indigenous science book publishing industry. 
Shri Ram D. Taneja, Chief Editor & Director (Publi­
cations), Indian Standards Institution, spoke on the 
need for standardization in publishing and the efforts 
made in India.
Recommendations of the Seminar

1. The Seminar recommends that a compendium of 
expertise in science & technology available in the country 
should be prepared. The initiative for this should be 
taken by the major publishing agencies like the Publi­
cations & Information Directorate, who car. seek the 
collaboration of the learned academies, professional 
associations, university departments, and R & D labo­
ratories. The compendium will be useful in selection of 
referees for Journals, in selection of readers by book 
publishers, and in selection of experts to scrutinize 
research proposals by different funding agencies. The 
compendium should list the experts with their areas of 
specialization as specific as possible and must be up­
dated periodically.

2. The Seminar recognises that the traditional system 
of refereeing, in spite of its inherent delaying character, 
is indispensable for the growth of science and techno­
logy. However it is felt that there is a need for evolving 
a rapid, but fool proof system of evaiuaticn through 
the combined efforts of the major science publishing 
agencies in the country. It is the consensus of the Semi­
nar that by and large the referees’ role in the process of 
communication of information remains unrecognised. 
It is, therefore, felt necessary that their role should be 
recognised in an appropriate manner; one way would be 
to give a list of active referees, at frequent intervals, in 
the journal itself at an appropriate place.

3. The Seminar recognises the need for an active 
role by the funding agencies in controlling the quality of 
communications emanating from research supported by 
them. They should take adequate steps to curb the 
tendency of research workers to communicate substand­
ard papers for publication.

4. The Seminar notes the trend in certain quarters 
for repetitive and fragmentary reporting of research 
results. It therefore urges both the generatois of infor­
mation and editors of scientific periodicals to take 
effective measures to discourage this tendency. One 
specific way of doing this could be for the editors to
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demand a declaration from the authors that the results 
have not been sent for publication elsewhere.

5. The Seminar recognises the difficulties currently 
faced in the country in the matter of printing and pro­
duction of scientific periodicals and books, especially 
those with high mathematical content. A concerted 
effort for switching over from the conventional methods 
to modern methods of printing in order to ensure speed, 
efficiency and possible reduction in cost, is called for. 
Science publishing agencies, both under the government 
and outside of it, should urge the appropriate govern­
ment authorities to make avai.able the necessary foreign 
exchange for the procurement of required equipment 
until such time as the indigenous manufacture of the 
equipment becomes possible.

6. Standards are to be evolved for typesetting mathe­
matical and scientific texts, the initiative for which is to 
come from the Indian Standards Institution.

7. A national style manual for scientific and techni­
cal editors ad authors is to be prepared. The initiative 
for this may be taken by the Indian Standards Institu­
tion, the Indian Council of Agricultural Research, the 
Indian Council of Medical Research, the Publications 
& Information Directorate, the National Book Trust 
and other agencies.

8. Areas of science & technology where the research 
output is substantia] in India and yet adequate number 
of journals are not being published in the country are 
to be identified and the lacunae filled by establishing 
journals in such areas.

9. The Seminar notes with concern the absence of 
appropriate training programmes for technical writers 
and editors in the country. To remedy the situation, it is 
suggested that universities and institutions of higher 
learning be urged to impart training in technical writing 
to doctoral and postgraduate students and even to 
provide training courses in technical writing and editing 
at the master’s degree level; and organisations like PID 
should conduct regular training courses and workshops 
for authors, and technical writers and editors, for which 
the faculty and the trainees may be drawn from different 
publishing agencies.

10. Efforts should be made to create conditions 
which will induce Indian scientists to prefer Indian 
journals to foreign journals for reporting their results. 
It is realized that the surest way to achieve success in 
this direction is to upgrade the quality of Indian journals

11. An encyclopaedia of science with a slant to the 
Indian context may be prepared by the Publications & 
Information Directorate, using the abundant talent 
available in the country.

12. Taking note of the difficulties experienced in the 
compilation of encyclopaedic publications like The 
Wealth of India with regard to non-standard nomen­
clatura! practices, taxonomic and structural anamolies 
existing in the source materials, it is felt that steps be 
taken by various agencies concerned with the publication 
and dissemination of source materials of this nature to 
observe standard practices in all respects. Authors of 
phytochemical investigations may be requested to 
provide a plant profile.

13. The Seminar suggests that the agencies respon­
sible for bringing out scientific publications give con­
certed attentior to the circulation aspect and take ade­
quate steps for promoting circulation and securing ad­
vertisements as a means of reducing the gap between 
financial inputs and returns.

14. The Seminar takes note of the growing import­
ance of the need for dissemination of scientific infor­
mation in Indian languages. It is, therefore, recommend­
ed that both governmental and non-governmental 
agencies look into the problems relating to science publi­
shing in Indian languages and take appropriate steps to 
make both printing facilities and funds available for 
the purpose.

15. The Seminar is concerned about the considera­
ble delay involved in getting short communications/ 
letters published in Indian scientific and technical per­
iodicals, and urges that concrete steps be taken to streng­
then the existing letters periodicals and, if necessary, to 
establish new ones.

16. In the opinion of the participants, the Seminar 
proved very useful and such meetings should be held at 
regular intervals in the future. It is proposed that a 
society of scientific and technical editors be formed. 
Shri Y. R. Chadda and Shri R. N. Sharma are autho­
rized to work out the details concerning the formation 
of the society, coopting others in the task of formulating 
plans for the purpose. The society, when formed, can, 
among other things, organize future seminars and 
bring out a newsletter to keep science editors informed 
about current developments in all aspects of science 
publishing.
Third International Symposium on “Nutrition and Work”

(Alimentation et Travail)
The theme of the Symposium is “Technological 

Influences on the Nutritional Value of Foods Intended 
for Human Consumption”

This will be a meeting place for the specialists from the 
disciplines of Nutrition, Food and Food Industry, Food 
Service and Agronomy. The Third International Sympo­
sium “Nutrition and Work” should provide a great 
opportunity to exchange scientific and practical infor-
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mation between manufacturers, those responsible for 
food service, and the research workers of public and pri­
vate sector.
The following themes will be treated:

—New technologies applied to protein sources.
—Influences of Technological treatments upon nutri­

tional value of proteins.
—Technological processes related to the keeping of 

nutritional quality.
—New processes of food conservation.

—New foods. Basic products sprung from 
technologies.

All correspondence may be address to:
Symposium International
Alimentation et Travail
Dept of Nutrition and Metabolic Diseases
University of Nancy
40, Rue Lionnois
54000 Nancy-France.

AsT REAGENTS
Now got the utmost satisfaction for accuracy 

in Arsenic (As) determination in Pharmaceutical and 
food industries by using ever reliable 

AsT REAGENTS manufactured by 
Sarabhai M. Chemicals.

Ammonium oxalate AsT Citric acid AsT 
Hydrochloric acid AsT Nitric acid AsT

Potassium iodide AsTSodium carbonate anhydrous AsT
Sulphuric acid AsTZinc (metal) granulated AsT |!

for your requirements please contact@  Sarabhai M. Chemicals
Baroda - 390 007
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Southern Zone, Madras

Lecture Delivered on 22nd Nov 1976 on Frozen
Fruits, Vegetables, Juices and Pulps by Shri O. P.
Gera, Deputy Director (FRVP) South Zone, Madras.
The frozen fruits and vegetables, said the speaker are 

gaining much importance in international trade and to 
substantiate this he quoted extensive trade statistics. 
Production of frozen products in India is 2439 tonnes in 
1974, this comprised mainly of ice candies/fruit beverage 
candies. Consumption of frozen foods (kg.) per capita 
in different countries is as follows.

1961 1970 1975
(assumed)

U.S.A. 21.280 32.82 42.2
Great Britain 2.906 7.46 10.19
Sweden 3.485 15.79 23.09
Norway 2.05 6.8 11.49
West Germany 2.09 10.053 16.4
Denmark 2.34 10.12 16.57
The Netherlands 0.94 6.5 11.0
Italy 0.022 0.605 1.95

But in India the per capita consumption in 1971 is 
less than 5 g.

At present India, need not depend upon foreign 
countries for refrigeration machinery. About 100 crore 
rupees worth of frozen sea-foods and frog legs are 
exported every year from India. With the expertise and 
machinery available in the country the speaker question­
ed as to why it will not be possible for us to transport 
chilled/frozen apple juice from Kashmir, Himachal 
Pradesh and U.P. to Delhi, Nagpur, Ahmedabad, 
Bombay, Hyderabad, Madras and such other places? 
Pineapple juice and orange juice in the similar way can 
also be transported and marked in major cities of India. 
Currently this is being done in case of chilled milk which 
is transported 400 to 600 kilometers. Talking about the 
cost, the speaker said that pasteurized chilled juices can 
be purchased at about Rs. 1.50 p. per litre at growing 
centres, transported in chilled form @< 0.30-0.50 ps. per 
litre, stored at a cost of 0.50 to 80 ps. per litre. Finally 
the pure juice will reach the consumers in 180 ml bottles 
at about Re. 1 to 1.25 p. On account of high cost of tin 
containers excise and other factors, now the juice is 
sold at Rs. 7/- per can of 850 g and Rs. 3.50 per bottle 
of 280 ml (apple juice), and as such the consumers are 
reluctant to purchase.

Further the speaker stressed the need for utilising the 
surplus fruits and vegetables produced in glut seasons for 
freezing. During glut seasons, he explained that a unit

may have 8-9 tonnes of peas, beans, carrots, cauliflower 
okra, mango, etc., which could be quick frozen for 1£ 
to 1£ hr at—40°C and this can be achieved by using 
indigenously prepared 3 to 5—tonne capacity cold air 
blast tunnel. The material thus frozen can be packed in 
polybags/cartons and stored at —15 to—18°C or 0°F. 
Vegetables may require blanching and juices and pulps 
require prepasteurization (preferable to freeze in 30 to 
40 per cent sugar syrup), before quick freezing. Attempts 
are being made by MAFCO unit of Bombay in collabo­
ration with TPI, London to freeze mangoes in different 
forms. Frozen mango pulp retains better flavour as 
compared to canned mango pulp.

The speaker lastly concluded by giving examples of 
the cost of processing, warehousing and selling of Flo­
rida frozen orange concentrate and the cost of processing 
apple juice in Germany.
Lecture Delivered by Mr. A. Saddanha, Regional Director,

Central Warehousing Corporation, Madras on the “Role
of Warehousing in India” on 29th November 1976.
The speaker after tracing the development of the ware­

housing in India since 1928, said that it was established 
after passing the Warehousing Act in the year 1962. The 
warehousing scheme was established with the sole object 
of providing scientific storage facilities for agricultural 
produce and to facilitate finance on easy terms to the 
farmers in this country. This storage period which 
lasts from 3 to 6 months or more will enable the farmers 
to sell their produce When the prices are higher. Cur­
rently there are 166 warehouses with a total capacity of
22.1 lakh tonnes; the capacities of hired godowns and 
plinth storage are 6,25,738 and 3,21,576 tonnes respec­
tively. The CWC has plan to construct Base Depots at 
14 centres with a capacity of 50,000 tonnes each and also 
plinths to the extent of 1,61,500 tonnes.

Warehousing, the speaker said was not able to make 
profit until 1965-66, but it recorded a profit of Rs. 1.70 
crores in 1975-76.

Although there are 200 agricultural commodities 
accepted for storage, only foodgrains, fertilizers and 
pulses continue to be the major commodities stored in 
the central warehouses with sugar, gur, cement, cotton, 
jute, tea, rubber, chemicals, drugs, etc., occupying 
lesser importance. Besides providing the necessary 
storage facilities the Central Warehousing Corporation 
(CWC), helps to reduce waste and loss by following 
scientific storage methods, assists in orderly marketing 
by introduction of standard rate of specification, train­
ing personnel, assisting the government in their scheme 
of price support and price control.
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The speaker further continued tiat the total annual 
loss of foodgrains in India is estimated at 15 million 
tonnes the value of which is Rs. 4,000 crores. The field 
loss is 28-30 per cent of total production, the loss in the 
threshing yard, transportation and in the process of 
storage works out to 10-12 per cent. The loss for other 
commodities like pulses is valued at Rs. 2.000 crores. 
The total loss works out to Rs. 6.000 crores.

In Tamilnadu, the speaker observed that efforts are 
being made to provide additional storage facilities by 
construction of plinths in some of the existing warehouse 
campuses and by March 1976 a capacity of nearly 90 
lakh tonnes has been provided; schemes are being 
chalked out to construct an additional godowns of 
conventional type with a total storage capacity of about 
1 lakh tonnes in different places in Tamilnadu. The CWC 
is also hiring godowns from government departments 
and private parties. The Food Corporation of India 
STC, MMTC, National Seeds Corporation, Indian 
Dairy Corporation and Co-operative Marketing Fede­
ration are using the CWC godowns.

The speaker pointed out that the CWC takes all 
precautions like preventive and prophylactic measures 
such as spraying, dusting, fumigation, etc., to keep the 
stocks pest free. It also undertakes pre-shipment fumi­
gation of goods meant for export. CWC also arranges 
handling and transportation to and from the warehouse 
for the depositors on nominal charges.

The paid up share capital of the CWC, said the speaker 
has now stands at Rs. 30/- crores. CWC subscribes to 
the share capital of all state warehousing corporations 
to the extent of 50 per cent of the total share capital.

While concluding the speaker said that CWC playing 
a pioneering role in training personnel and this facility 
has been extended to other organisations like cooperative 
societies, state civil supplies corporation, etc. More than 
1.700 officers and other personnel have so far got the 
benefit of this training.
Hyderabad Chapter

Dr. Dhyaneshwar B. Chawan, Ph.D. (USA), Project 
Leader, Research Center, Foods Division, Borden Inc., 
Syracuse, New York addressed the members of the 
Association on 24th Dec. 1976 at the Home Science 
College, Hyderabad. The topic was ‘Retail Product 
Quality Audit—Its importance in Food Industry’. The 
speaker described at length with practical examples the 
development of new foods, and improvement and modi­
fication effected to the existing foods in his company.

The lecture was followed lively discussion.
This was co-sponsored by the Hyderabad Agri-Horti 

cultural Society.

Student Members
Mr. D. S. Sundaravaradhan, Room No. .02, West 
Campus Hostel, H. B. Technological Institute, Kanpur, 
208 002.
Mr. K. Srinivasan, Biochemistry Discipline, CFTR1. 
Mysore-570 013.
Mr. Harishankar Sharrna, DFE Agricultural Engineering 
Department, Indian Institute of Technology, Kharagpur- 
721 302.
Mr. Asish Kumar Mukhopadhyay, 108-A Vidyasagar 
Hall, Indian Institute of Technology, Kharagpur-302721.
Mr. Salunke Shivaji Rajaram, C-126 V. S. Hall, Indian 
Institute of Technology Kharagpur-721 302.
Mr. Ravindra Mathur, B-139 V. S. Hall, Indian Institute 
of Technology, Kharagpur-721 302.
Mr. Badrul Hasan. B-132 V. S. Hall, Indian Institute of 
Technology, Kharagpur-721 302.
Mr. S. L. Srivastava, C-102 J. C. B. Hall, Indian Insti­
tute of Technology. Kharagpur-721 302.
Mr. V. V. Korde, c/o Dr. S. S. Kadam, Associate Pro­
fessor (Biochemistry), Department of Biochemistry, 
Marathwada Agricultural University, Parbhani-431 401.
Mr. S. B. Undre, Student, Ilnd Semister, College of 
Agricultural Technology, Marathwada Agricultural Uni­
versity, Parbhani-431 401.
Mr. N. V. Puri, c/o Dr. S. S. Kadam, Associate Professor 
of Biochemistry, Marathwada Agricultural University, 
Parbhani-431 401.
Mr. S. D. Lakhe, c/o Dr. S. S. Kadam, Associate Pro­
fessor of Biochemistry, Marathwada Agricultural Uni­
versity, Parbhani-431 401.
Mr. H. K. Jawale, c/o Atmaram Jadhav, Advocate, New 
Mondha. Parbhani (Maharastra).
Mr. Anand Kumar Jain, C-107 J.C.B. Hall, Indian 
Institute of Technology, Kharagpur-721 301.

Corporate Member
M/s Markfed Refined Oil & Allied Industries, 
KapurthaIa-144 601 (Punjab).
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Members
Dr. T. N. Patil, Biochemistry & Applied Nutrition 
Discipline, CFTRJ, Mysore-13.
Mr. B. Mahadeviah, Packaging Technology Discipline, 
CFTRI, Mysore-570 013.
Mr. T. B. Dasaradhi, 1-8-719 Nallakunta, Hyderabad- 
500 044.
Mr. A. Dilip Kumar, Partner, Sri Venkateshwara 
Chemicals, B-6 Co-operative Industrial Estate, Bala- 
nagar, Hyderabad-500 037.
Dr. D. B. Chawan, c/o Mr. C. B. Rao, 19-5-9/2 Baha- 
durpura, Hyderabad-500 264.
Mr. M. Anantha Reddy, 16-7-736/4 Lane Adjacent to 
Kamal Talkies, Chaderghat Hyderabad-500 024.
Mr. K. Janardhana Rao, Deputy Director of Agri­
culture, 9-5-82 Ibrahimbagh, Hyderabad-500 031.
Mr. Jariwala Anilkumar Babubhai, 34 Indira Bhuvan, 
Chhabildas Road, Dadar Bombay-400 028
Mr. Bansilal Raina, CFTRI Experiment Station, Gill 
Road, Ludhiana-141 006.

Mr. R. Rodriguez, A-7 Merado Quarters, GNE College 
Campus, Gill Road, Ludhiana-141 006.
Mrs K. Padma Umapathi, Post Graduate Department 
of Home Science, University of Mysore, Manasa- 
gangothri, Mysore-570 006.
Mr. C. R. Patel, Ashapuri Bhuvan, Chival Road, Killa 
Pardi, Bulsar Dist. (Gujrat).
Mr. A. P. Karigar, Fish Processing Technologist, New 
India Fisheries Limited, Sassoondock, Colaba, Bombay- 
400 005.
Mr. S. Ganesan, J. B. Boda Marine General Survey 
Agencies Pvt. Ltd., Analytical Division, 149 Broadway 
(5th Floor), Madras-600 001.
Dr. U. M. Ingle, Associate Dean & Principal, College 
of Agricultural Technology, Marathwada Agricultural 
University, Parbhani-431 401.
Shri J. K. Chavan, Biochemist, College of Agricultural 
Technology, Marathwada Agricultural University, 
Parbhani-431 401.
Mr. A. B. Afzalpurkar, Oils Division, Regional Research 
Laboratory, Hyderabad-500 009.
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