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RESEARCH PAPERS

Chemical Constituents of Kokam Fruit Rind
N . K r ïsh n a m u r th y . Y . S. L ew is a n d  B. R a v in d r a n a t h  

Central Food Technological Research Institute, Mysore, India
M anuscript received 17 Ju ly  1981; revised 24 September 1981

Chemical investigation of the kokara fruit rind revealed the presence of (-)  hydroxycitric acid, cyanidin-3-glucoside 
and cyanidin-3-sambubioside. Their isolation, identification and determination as well as the proximate composition 
of kokam are described.

Kokam (Garcinia indica: family: Guttiferae) trees 
are found in the tropical rain forests of western ghats 
from Konkan southwards in Karnataka, Coorg and 
Wynaad, and also in southern parts of Maharashtra 
as well as in West Bengal and Assam. The tree 
flowers in November-February and fruits ripen in 
Apri 1-May. The kokam of commerce is prepared 
by sun-drying the rind (skin) of the ripe fruits after 
repeatedly soaking it in the juice of the pulp1-2 and 
sometimes after treatment with salt (salted kokam). 
The fresh rind is somewhat thick and red (dark 
purple) in colour and constitutes about 50-55% of 
the whole fruit. The fruit has an agreeable flavour 
and a sweetish acid taste.

Kokam has been traditionally used as an acidulant. 
It is also used to make an attractive red, pleasant- 
flavoured extract for use as a beverage. The kokam 
fruit is anthelmintic and cardiotonic, and is used in 
treatment of piles, dysentry, tumours, pains and heart 
complaints. A syrup from the fruit juice is given in 
bilious affections. The root is astringent.3 Kokam 
seed is a good source of fat which is known as ‘Kokam 
butter' in commerce. The characteristics and composition 
of kokam butter are given by Jamieson4.

Detailed chemical investigation of kokam fruit has 
not been carried out earlier. We have recently 
isolated and determined the structures of two new 
polyisoprenylated phenolic compounds, garcinol and 
iso-garcinol present in the hexane extract of the fruit 
rind5. The isolation and identification of the acid 
and anthocyanin pigments of kokam are reported 
here.
Materials and Methods

Red ripe fruits obtained from an orchard near 
Mangalore are used in these studies. The rind was 
separated from the rest of the fruit and dried in a 
cross flow drier at 60°C. This dried material was

used for analysis of the proximate principles by 
standard A.O.A.C. methods.6 The acid in the fruit 
was estimated by titrating against 0.1 N sodium 
hydroxide using phenolphthalein as indicator and 
calculated as hydroxycitric acid. Ascorbic acid was 
determined by using the xylene extraction method7. 
Pectin was estimated as calcium pectate8.

Isolation of hydroxycitric acid: The dried kokam 
was cut into small bits and subjected to solvent 
extraction for 16 hr with acetone. The dark brown 
extract was concentrated to remove the solvent and 
the residue was treated with water and centrifuged. 
The clear upper layer was decanted from the dark 
tarry deposit and concentrated under vacuum. The 
concentrate was repeatedly extracted with ethyl ether 
and the combined ether extract treated with activated 
carbon to remove the colouring matter. The ether 
layer was dried over anhydrous sodium sulphate and 
concentrated. The crude crystalline material thus 
obtained was purified by recrystallisation from dry 
ether-chloroform mixture (1 : 3). After cooling, clusters 
of small needle shaped crystals of the lactone were 
obtained; the acid itself could not be obtained as it 
underwent lactonisation during concentration.

The lactone was converted into acid by dissolving 
it in water and then neutralising with alkali. This 
material was passed through cation-exchange resin 
(Zeocarb-215) for recovery of acid.

The melting point of the lactone was determined 
by using Gallenkamp melting point apparatus and 
the optical rotation by Perkin-Elmer Autopolarimeter 
243. Infra-red spectrum was recorded on Hilger-Watts 
Spectrometer as KBr pellet. Ascending paper 
chromatography on Whatman No. 1 paper using 
n-butanol: acetic acid: water (BAW) 4 : 1 : 5  and 
n-butanol: formic acid: water (BFW) 4 : 1 : 5  solvents 
was carried out. Bromophenol blue spray was used 
for the detection of spots. In all these experiments,

97



9 8 J O U R N A L  0 7  F O O D  S C IE N C E  A N D  T E C H N O L O G Y , V O L . 1 9 ,  M A Y /J U N E  1 9 8 2

the acid obtained from Garcinic cambogia9 was used 
as standard reference.

Isolation of pigment: Fresh red ripe fruits were 
used for isolation, identification and estimation of 
the pigment. The rind portion, was separated from 
the rest of the fruit and was macerated in a blender 
using methanol containing 1 % HC1. The maceration 
and extraction procedures were repeated three times. 
The extracts were combined, filtered and concentrated 
in vacuo at 30°C.

The concentrated pigment extract was streaked on 
Whatman No. 3 paper and developed by descending 
chromatography using acetic acic: HC1: water (15:3:82) 
solvent system. The solvent was allowed to over-run 
to achieve good separation in 6 hrs. Two clear bands 
designated as Bt and B2, were obtained which were 
air dried, cut and eluted with methanol containing
0.01 % HC1. The solvent was evaporated in vacuo at 
30°C. Each band was further purified by paper 
chromatography using 15% acet.c acid. The pigments 
from the dried, cut strips were conveniently eluted 
by Gunter Zweig method10.

UV and visible spectra were recorded on a Varian 
Superscan-3 Recording Spectrometer, in methanol 
containing 0.01 % HC1. Rj determinations were carried 
out by using Whatman No. 1 paper in specified 
solvent systems.11

Hydrolysis of anthocyanin pigments were carried 
out by heating with 2N HC1 in boiling water bath 
for 1 hr. After cooling, the hydrolysate was first 
shaken with solvent ether (to remove any carboxylic 
acid) and then with iso-amyl alcohol to extract 
anthocyanidins. The aqueous layer containing only 
free sugars was freed from ac d by passing through 
Dowex-1-hydroxyl form. The amyl-alcohol layer 
containing the aglycones was treated with slight excess 
of petroleum ether to precipitate the pigments and 
left overnight in the refrigerator. The petroleum 
ether layer was decanted and the pigment dissolved 
in methanol for use in further studies. The aglycones 
and the sugars were then identified by direct comparison 
with authentic samples on paper chromatography in 
various solvent systems11.12.

Removal of sugars attached to the 3-position of 
the anthocyanin B2 by hydrogen peroxide oxidation, 
and subsequent hydrolysis were carried out according 
to the method of Chandler and Harper.13 The sample 
after hydrolysis was then spotted on paper along with 
glucose and the disaccharide (sambubiose) from 
cyanidin'-3-sambubioside (obtained from Hibiscus 
sabdarijfa) in different solvent systems. The RG 
values for the disaccharide as well as sambubiose 
were determined in various solvent systems.14 The 
sugar spots were detected by spraying the paper with

aniline hydrogen phthalate and heating at 105°C 
for 5 min.

The total anthocyanin content in kokam rind was 
estimated by the method of Fuleki et a/.15 The 
extinction co-efficient of cyanidin-3-sambubioside was 
determined as follows. The fast moving band B2 
obtained from the paper chromatograms was collected 
and concentrated in vacuo at 30°C to a small volume. 
This material was kept at 4°C for 72 hrs, when the 
crystalline pigment got separated. This crystalline 
material was filtered and dried over phosphorous 
pentoxide. The E value of this for 1 % solution 
(in ethanol containing 0.1% HC1) at 536 nm was 
found to be 383. Total anthocyanins were determined 
using 50g of fresh kokam by thoroughly extracting 
with ethanol containing 0.1% HC1, suitably diluting 
with the same solvent and determining O.D. at 536 nm.
R esults and D iscussion

Table 1 gives the composition of the rind. Though 
the moisture content in the rind is as high as 30 per 
cent, it did not get spoiled probably due to the high 
acid content in the skin. The rind is a poor source 
of protein and vitamin C.

The major acid present in kokam rind has been 
identified as (-) hydroxycitric acid based on melting 
point, optical rotation, infrared spectroscopy and 
paper chromatographic studies. Results are given in 
Table 2. Hydroxycitric acid obtained earlier from 
Garcinia cambogia by Lewis et al9. was used as 
reference material. The IR spectra of kokam lactone 
and (-) hydrocitric acid lactone were superimposable. 
Malic acid, citric acid and tartaric acid reported to 
be present in kokam1 could not be traced.

T a b l e  ! .  a n a l y s is  o f  k o k a m  r i n d *

M oisture (%) . .  30
Protein (N x6.25) (% ) 1.92
Crude fibre (%) . . 14.28
Total ash (%) . .  2.57
Tannins (%) . .  2.35
Pectin (% ) . .  5.71
Starch (% ) 1.00
Crude fat (%) (hexane extract) . .  10.00
Acid (as hydroxycitric acid) (% ) . .  22.30
Pigment (total anthocyanins) (%) . .  2.40
Ascorbic acid (./)■ ■ . .  0.06
Carbohydrates by diff. (%) 

(excluding starch and pectin) . .  36.40
*AU the values are on moisture free basis and each 
o f two analyses.

is the mean
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T able 2. comparison of kokam acid with hvdroxycitric acid

Property Kokam acid (-)hydroxycitric
acid

M. P. (Lactone) 176°C 178°C
20{ < )  p  ( 1 % H 20 )  (Lactone) + 100° + 98°
20( « )  (1 % H20 )  (Free acid) OOrt1 -  21°

Paper chrom atography:
R / values in 

BAW—acid 0.30 0.32
lactone 0.48 0.46

BFW—acid 0.22 0.22
lactone 0.41 0.40

Paper chromatography of the kokam pigment extract 
showed two anthocyanin bands. The slower moving 
band was designated as Bi and the other B2.

Anthocyanin B i: This compound on hydrolysis 
gave cyanidin and glucose. The ether extract of the 
hydrolysate did not contain any carboxylic acid. The 
UV spectral maximum (527 nm) of the glycoside 
shifted to 567 nm with aluminium chloride indicating 
that the 3'-and 4'-hydroxyl groups of the cyanidin 
are free. The E 440/E max. value (0.26) showed 
that the 5-hydroxyl is also free. Of the other two 
possibilities, namely 3-and 7-glycosylations, the 
former is indicated by the stability and Rf values of

the anthocyanin1- (Table 3). This was confirmed by 
direct comparison with a sample of cyanidin-3-glucoside 
obtained from mulberry.16 Thus the pigment is 
identified as cyanidin-3-glucoside.

Anthocyanin B2: This anthocyanin on complete 
hydrolysis gave cyanidin, glucose and xylose. The 
ether extract of the hydrolysate did not contain any 
carboxylic acid. The spectral data as discussed above 
suggested that B2 is a 3-substituted glycoside of cyanidin. 
Hydrogen peroxide hydrolysis removed the disaccharide 
from the pigment which on further acid hydrolysis 
gave glucose and xylose. The Ra values for the 
disaccharide as well as sambubiose were 0.76 in n- 
butanol: acetic acid: water (4:1:5), 0.79 in n-butanol: 
ethanol: water (4:2:2:2) and 0.70 in n-butanol: 
benzene: pyridine: water (5:1:3:3). Anthocyanin B2 
was therefore, considered to be cyanidin-3-sambubioside. 
Direct comparison of Rf values and spectral data of 
the compound B2 with authentic cyanidin-3-sambu- 
bioside isolated from Roselle16, confirmed that the 
pigment is cyanidin-3-sambubioside (Table 3).

The total anthocyanin concentration has been found 
to be 2.4% (calculated as cyanidin-3-sambubioside) 
on dry weight basis. The ratio of cyanidin-3-sambu- 
bioside to cyanidin-3-glucoside is 4 : 1. In view 
of the high pigment content, kokam could be a 
good source of the water soluble red colour as 
well as the fat soluble yellow colour (garcinol) for 
use in various foods. Preliminary studies in this 
direction are promising and further work is in pro
gress.

T able 3. R / (xlOO) values and absorption maxima of anthocyanins and their aglycones

R / values in different solvent systems (xlOO)

n-butanol: n-butanol : HC1: Acetic acid: n-butanol : Acetic acid: Form ic acid: Absorption
acetic acid: 2 N  HC1 water HCI: water formic acid: HCI: water HCI :water max. in metha

Pigment water: (upper 
layer)

( 4 : 1 : 5  v/v)
(1 : 1 v/v) (3 : 97 

v/v)
(15 : 3 : 82 

v/v)
+  water 

R Cy3CXl0O* 
(100:25:60)

(30 : 3 : 10
v/v)

( 5 : 2 : 3
v/v)

nol with 0.01 % 
HCI (nm)

Anthocyanin-Bi 42 33 7 27 101 — — 527,330,280
Cyanidin-3-glucoside 42 33 8 28 100 — — 526,328,281
Anthocyanin-B2 41 39 25 52 82 ' — — 527,330,281
Cy-3-sam bubioside 40 41 24 52 81 — — 527,330(sh), 280
Aglycone-Bi 72 — — - — 49 21 537,272
Aglycone-B2 74 — — — — 50 24 537,275
Cyanidin 76 — — — — 52 24 537,278

RCy 30 ' s chrom atographic mobility relative to cyanidin-3-gIucoside and is used •with BFW.
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Biochemical Changes Associated with the Pod Development of 
French Bean (Phaseolus vulgaris L.) Under Kumaon

Hill Conditions
P. C. P a n t  a n d  K . N. M a t h p a l *

Defence Agricultural Research Unit, Himalayan Research Complex, Ahnora, U. P., India
M anuscript received  19 M arch  1981; revised  19 O ctober 1981

Biochemical changes with pod development in two varieties of bean viz. ‘V. L. Bauni-1’ and ‘Contender’ were studied. 
It was observed that moisture, total soluble solids, crude fibre and crude fat showed significant positive or negative 
correlation with pod development. Eight amino acids, namely, lysine, glycine, threonine, << -  alanine, cysteine, 
methionine, valine and leucine were identified and found in varying concentrations at different stages of 
pod development. Concentrat on of lysine, o< -alanine and methionine were found to increase with pod development. 
The period between 18 to 22 days after fruit set was found suitable for picking the pods for vegetable purpose.

Maturity plays an important role in effecting 
biochemical changes during the development of fruit. 
Systematic growth studies, coupled with changes in 
the contents of important chemical constituents, could

lead to better understanding of the ripening process 
and enable to harvest at the optimum time. The 
biochemical constituents vary with variety and also 
depend upon the soil and environmental conditions.1-5

*Head o f the Dept, o f Chemistry, Constituent College, Kumaon University, Almora. (U. P.)
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no systematic literature is available on the changing 
pattern of chemical constituents with pod development 
in French bean.

The present work is concerned with the changes 
in biochemical constituents associated with the pod 
development in two cultivars of French beans, grown 
under Kumaon hill conditions.
Materials and Methods

Two varieties of dwarf French beans—‘V. L. Bauni-1’ 
and ‘Contender’ were grown in randomized block 
design with three replications at the experimental 
fields of Defence Agricultural Research Unit, Almora. 
The mean temperature and relative humidity during 
the growth was 25.34aC and 75% respectively. The 
soil was sandy loam, well drained, high to medium 
in nitrogen, low in phosphorus and high in potassium.

For chemical analysis, pods were picked at random 
from all three replications and a composite sample 
was made for each variety. The pickings were done 
6, 12, 18, 22 and 25 days after fruit set. Samples from 
different pickings were analysed for various biochemical 
constituents.

Protein, crude fibre, crude fat and ascorbic acid 
were estimated as per A.O.A.C. procedure.6 Fehling 
solution titremetric method, described by Kanwar 
et alJ was used for estimating reducing and total 
sugars. Total soluble solids were determined by 
hand refractometer. Total calories were calculated 
by adding the calories contributed by crude protein, 
crude fat and total carbohydrate.8 Sucrose was

calculated by multiplying the difference between total 
and reducing sugars by 0.95. The carbohydrate 
percentage was calculated by difference.

The free amino acids were determined on the 95% 
ethanol extract of fruits. For the determination of 
amino acids, the ethanolic extract was passed through 
a column of Dowex 50W-X8 (H-form), 200 -  400 
mesh and then eluted with 2NNH4OH. The 
qualitative identification of amino acids was done 
by paper chromatography.9.16

Amino acid spots were visualized by ninhydrin 
reagent11 and identified by alloxan12, isatin13, ophtha- 
ladehyde14, Folins reagent15 and by specific chemical 
methods.16 The amino acid spots were cut, sprayed 
with ninhydrin, and eluted with 50% ethanol. The 
optical density was measured at 570 mu. The 
concentration of amino acids were determined by 
comparing with standard curves prepared from the 
known concentration of amino acids.
Results and Discussion

From the data in Table 1, it is clear that the 
moisture content increases upto 12 days after fruit 
set followed by decreases upto the last picking stage. 
This finding is similar to the finding of Reddy eta/.17 
Ascorbic acid content increases upto 22 days after 
fruit set and then decreases. On the other hand, 
a reverse trend was found with the sugars. This 
may be due to the inter-conversion of sugar to 
ascorbic acid.18

In both the varieties, total soluble solids, crude

T able 1. changes in biochemical constituents during pod development in french bean “ on fresh weight basis”

Days 
after 

fruit set

Variety M oisture 
(%>

T.S.S.
< / )

Total
minerals

(%)

Ascorbic
acid

fmg/100g)
Crude
fibre
(% )

Crude
fat
(% )

Total
sugar
(% )

Reducing
sugar

Sucrose
(% )

Protein
<%)

Carbo
hydrate

Calories
100 g

6 A 92.4 4.33 0.64 14.70 0.76 0.16 4.08 2.70 1.31 1.88 4.16 25.60
B 90.5 4.00 0.58 13.72 0.73 0.18 3.98 2.40 1.50 1.90 6.09 33.58

12 A 93.0 4.47 0.68 14.92 0.84 0.20 3.96 2.60 1.29 1.76 3.56 23.56
B 90.8 4.28 0.64 13.92 0.89 0.22 3.84 2.52 1.25 1.84 5.57 31.62

18 A 90.4 4.96 0.78 15.42 0.97 0.27 3.99 2.73 1.20 1.68 5.93 32.87
B 89.8 4.70 0.73 14.57 0.92 0.25 3.86 2.68 1.22 1.76 6.56 35.53

22 A 89.5 5.50 0.82 15.87 1.23 0.29 4.04 2.86 1.12 1.57 6.62 35.42
B 89.1 4.90 0.78 15.32 1.40 0.28 4.31 2.74 1.49 1.63 6.77 36.12

25 A 88.7 5.80 0.88 15.06 1.37 0.30 4.20 2.69 1.43 1.98 6.77 37.74
B 88.5 5.60 0.84 14.38 1.57 0.34 4 .38 2.57 1.72 1.96 6.82 38.18

A—V. L. Bauni-1 B—Contender
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T a b l e  2. CHANGES IN  AMINO ACIDS (mg/100 g.) D U RIN G  POD DEVELOPMENT OF FRENCH BEAN

Days after Variety 
fruit set

Lysine Glycine Threonine o< -Alanine Cysteine Methionine Valine Leucine

6 A 1.80 4.45 6.88 4.60 9.09 3.24 5.74 6.62
B 1.84 4.38 6.74 4.73 8.74 3.27 5.72 6.60

12 A 2.18 3.72 6.74 7.01 4.84 4.73 6.38 5.73
B 2.24 3.64 5.72 7.01 3.62 4.74 6.28 5.74

18 A 2 .2 2 2,18 5.82 8.08 8.52 6.42 6.07 4.49
B 2.42 2 .2 2 5.20 8.20 5.93 5.94 6.06 4.52

22 A 2.79 2.48 4.83 23.00 4.34 4.78 5.80 4.30
B 1.94 2.36 4.73 25.00 4.72 4.82 5.13 4.27

25 A 3.79 2.42 2.91 16.40 2.74 3.63 2.42 3.78
B 2.87 2.34 2.87 14.80 2.41 3.52 2.38 3.68

A—V. L. B auni-1 ; B—Contender.

T a b l e  3 . CORRELATION BETWEEN DAYS OF PIC K IN G  AND DIFFERENT BIOCHEMICAL CONSTITUENTS

SI. No. Biochemical constituents Variety* Regression equation R 2

SI. No. of variable with which 
significantly correlated

1. M oisture A Y = 94.5908—0.2388X 0.8343 2, 3, 5, 9
B Y -  91.7272—0.1627X 0.8268 2, 3, 5, 6, 9

2. T. S. S. A Y = 3.6408 + 0.0857X 0.9063 1 , 5 , 9
B Y -  3.3636+0.0854X 0.9392 1, 3, 5, 9

3. Total minerals A Y = 0.5392 +  0.0138X 0.9716 1, 5, 9
B Y = 0.4816 +  0.0149X 0.9864 1 , 5 , 9

4. Ascorbic acid A Y = 14.5444+0.0406X 0.3901 —
B Y -  13.4067 +  0.0625X 0.4869 7

5. Crude fibre A Y ■ = 0.4852+0.0343X 0.8776 1, 2, 3, 9
B Y -  0.3425 +  0.0487X 0.8827 1, 2, 3, 7, 9

6. Total Sugar A Y -  3.9660+0.0055X 0.1723 —

B Y = 3.6698+ 0.0272X 0.6446 1,5

7. Reducing Sugar A Y = 2.6344 +  0.0051X 0.1473 —
B Y = 2.7739 +  0.0133X 0+846 5

8. Protein A Y -  1.8020 + 0.0018X 0.0062 —

B Y -  1.8599—0.0027X 0.0213 —
9. Crude fat A Y = 0 .1055+0.0088X 0.9665 1, 2, 3, 5

B Y = 0.1207 + 0.0085G 0.9683 1, 2, 3, 5
*A—V. L. B auni-1; B—Contender.
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fibre, crude fat and total minerals increased with 
pod development (Table 1). Similar trend was also 
observed by early workers in other varieties of French 
bean,19

Protein and amino acids: It was found that protein
content decreases with pod development upto 22 days, 
after fruit set, but after that, it increases in both the 
varieties.

Lysine, glycine, threonine, °< -alanine, cysteine, 
methionine, valine and leucine were identified at all 
the stages of the pod development (Table 2) in both the 
varieties. However, the concentration of amino acids 
varied at different stages of pcd development. The 
concentrations of lysine, -alanine and methionine 
increased with pod development. Methionine and 
«< -alanine increased upto 18 and 22 days respectively 

and afterwards decreased.
The increase in the concentration of lysine, °< -alanine 

and methionine could be due to the reduced demand 
for their metabolities as growth processes are slowly 
taken over by ripening process in the final stages of 
maturity.20 Selvaraj et al.,2i observed that the 
concentration of << -alanine increased several folds 
during the later developmental stages in grape.

Glycine, threonine, cysteine, valine and leucine 
showed decrease in concentraticn at the overmature 
stage. However, their concentrations at 22 days after 
fruit set were found higher than at 25 days. The 
erratic fluctuations in most of the amino acids indicate 
their involvement in intermediary metabolic processes 
during development. Out of eight amino acids identified 
in French beans, six were found to be essential 
amino acids.

Taking into consideration all the biochemical 
constituents, the period between 18 and 22 days after 
fruit set, appears to be the appropriate time for 
picking the pods of bean for vegetable purpose. At 
this period, the ascorbic acid and reducing sugars 
were at their maximum level and most of the essential 
free amino acids were found to be in adequate amount. 
The crude fibre content was also within tolerable 
limits (Table 3).
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A simple method for objective determination of cooking firmness of soyabean has been described. The apparatus 
used can be improvised in the laboratory. The cooking firmness of three soyabean (G lycine max) varieties 
‘D S -24 -2’, ‘Lee’ and ‘UPSM -19’ has been studied by this method.

The firmness or tenderness, besides cooked weight, 
cooked volume and cooking losses is an important 
trait which determines the cooking quality of a pulse. 
The determination of cooked weight, cooked volume 
and cooking losses is simple. The routine methods 
for the determination of firmness are to press the 
cooked grains between two fingers or between two 
glass slides.1-5 These methods have inherent dis
advantages: (/) these are subjective and (ii) the 
results cannot be expressed quantitatively. In this 
communication, we report a method for objective 
determination of firmness of cooked soyabean; the 
method is simple and the apparatus can be fabricated 
in the laboratory. Besides, the proposed method 
offers the advantage of digital representation of 
results.
Materials and Methods

Three varieties of soyabean (Glycine max) viz. 
‘DS-24-2’, ‘Lee’ and ‘UPSM-19’ were used in the 
experiment.

Apparatus: The main features of the apparatus 
are shown in Fig. 1. It consists of a metal stand (I) 
with a horizontal arm (II). On the horizontal arm 
is placed the test specimen (III) whose firmness is to 
be determined. A 2cm. long loop of nylon thread 
or a very fine wire (IV) is passed over the specimen 
(Fig. 16). The thread/wire should not touch the arm 
of the stand (II). A pan (V) with three iron chains (VI) 
is connected to the lower end of the loop. The 
total weight of the pan, the chains and the thread/wire 
is 22.5 g, the diameter of the pan is 6.5 cm. and the 
vertical length of the chains 5 cm. (Fig. la). Care is 
taken to keep the plan of the pan (V) parallel to the 
arm of stand (IT).

Theory: The force required to cut the grain 
transversely represents the index of firmness. Greater

F ig. 1. Description of apparatus: I. Stand. II. Arm  of stand 
III. Test sample. IV. Nylon thread/wire. V. Pan 
VI. Connecting iron chain.

the firmness, greater the force required to cut 
it.

The force (F) required to cut the sample is represented 
by: F =  (m0 +  m) x g

Where m  is the weight of the pan, m 0  is the weight 
needed to be put on the pan for cutting the grain 
into two halves and g is the acceleration due to 
gravity. T.ie force required for extending the thread/ 
wire is very small and is neglected.

If m0 =  ma for variety ‘A’ and mb for variety ‘B’, 
the forces Fa and E/, required to cut them respectively 
are: Fa =  (ma +  m) x g

Fb =  (mb +  "*) X S
104
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If Fa >  F̂ , the variety 'A' is more firm than 
variety ‘B’. Tne relative firmness of varieties ‘A’ 
and ‘B’ at a particular time of cooking can be expressed 
as follows:

ma + mOr variety ‘A’ i s ---------- times firmer than varietym b +  m
‘B' at a particular time of cooking.

An arbitrary unit of firmness s defined as the force 
produced by a weight of 1 g which cuts the sample 
into two halves.

Cooking of soyabean: Distilled water (100 ml.) was 
added in a beaker containing soyabean grains. The 
beaker was kept in an autoclave and cooked for 
different lengths of time at a pressure of 15 psi (1.05 
kg. /cm.2).

Measurement o f the weight required to cut the 
sample: The soyabean grain was placed on the arm 
and loop passed over it as descubed earlier. Weight 
was increased on the pan by 10 g at a time till the 
grain was cut into two halves. Tuis gave the 
approximate weight required for cutting the grain. 
For the next observation, a weight weil below recorded 
in the first observation was put on the pan and 
additions of 1 g at a time were made slowly till the 
grain was cut into two halves. Tiis value was recorded 
and twenty replications were made to get the average 
value.
Results and Discussions

Table I shows that the effect of cooking the three 
varieties of soyabean at 15 psi (1.05 kg/cm2) in 
autoclave for three different lengths of time. At all 
the three time intervals there was a significant

difference in firmness of the varieties tested. Given 
5 min. of cooking, the variety ‘DS-24-2’ is 1.09 and
1.69 times were more firm than ‘Lee’ and ‘UPSM-19’ 
respectively. The comparative firmness at 15 and 20 
min. of cooking also included in Table 1, show that 
the variety ‘UPSM-19’ is the least firm and therefore, 
possessed the best cookability compared to varieties 
‘DS-24-2’ and ‘Lee’.

The variety ‘DS-24-2’ when cooked at 15 psi 
(1.05 kg/cm2) pressure for 15 min. gave firmness 
values (mean 4: S.D.) of 105±4 and 105.5^6 on two 
different occassions. The differences were not significant, 
thereby shewing the reproducibility of the observation 
by the method.

While cooking, the outer skin (testa) of some of 
the grains gets detached. The cooking firmness when 
measured (mean 4: S.D.) with skin was 105.544 as 
compared to 63.5±5 got with the skin removed. 
The values are significantly different at p > 0.001. 
Therefore, proper care should be taken for Ihe selection 
of grains. Need for avoiding the frictional forces by 
ensuring the absence of touch of loop with the 
horizontal arm has already been stated. Caution is 
also required in placement of weights on the pan to 
avoid the involvement of forces due to jerks.

An objective evaluation of different soyabean varieties 
for their cooking firmness can help the plant breeders 
in evolving varieties with high cookability in addition 
to their high yielding quality. Most varieties of 
soyabean take a long time for cooking and certain 
chemical pre-treatments can be given to reduce their 
cooking time. In such studies, the above method 
can be of paramount utility to assess the relative efficacy 
of different treatments on cooking quality. Though 
the method has been developed for soyabean, it may 
offer scope for the study of other pulses also.

)

T able 1. comparison of the cooking firmness of three varieties of soyabean 

Firmness (units)**
Time of
cooking* D S -24-2 Lee UPSM -19 F i /F 2 F 1/F3 f 2/f 3

(min) (F,) (F2) (F3)
Mean 4  S.D. Mean 4- S.D. Mean 4  S.D.

5 159.54-5“ 146.5 ± 4 * 9 4 .5 4 4 “ 1.09 1.69 1.55
15 105.544“ 99 .5446 7 2 .5 4 4 “ 1.06 1.46 1.37
25 8 8 .5 4 4 “ 84.54-4* 50.5 4 4 c 1.05 1.46 1.40

* Cooked at 15 psi (1.05 kg 'em2)
** m  + niQ expressed in g; values represent average of 20 replications.

a, b , c Different: superscripts in the same line indicate that the varietal differences are significant at P <  0.001.
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About 150 randomly-selected hand-dehusked grains are examined in transmitted light in a modified microbiological 
colony counter. Grains with (a) a single transverse crack (STC), (6) multiple transverse cracks (MTC), and
(c) longitudinal (or irregular) (-j- transverse) cracks (LC) can be distinguished; immature grains can be identfied 
by their size, colour and opacity. During progressive ripening of paddy on stalk, STC appeared and increased 
first, but MTC and LC increased rapidly at the later stages. Controlled hydration and drying of paddy shewed 
that sorption of water led to regular transverse cracks, while longitudinal (irregular) cracks were formed mostly 
upon fast drying.

A recent review of the factors responsible for 
breakage of rice grains during milling by us1 revealed 
certain gaps in information. This prompted us to 
undertake a comprehensive study on the relationship 
of various types of kernel defects, grain shape and 
size, moisture content, and type of milling equipment—- 
individually and in their interaction—to rice breakage 
during milling.

There are a few reports2,3 that different types of 
cracks develop in rice depending on the circumstances 
of its exposure to moisture stress. We also made 
similar observations during our studies on artificial 
aging of rice by humid-heat treatment.4 The types 
of cracks observed in rice grain and on the possible 
circumstances of their development were therefore, 
first examined and are presented here. A method of

♦ Two o f these papers have already been since published5,6, 
in a journal, which then returned it as it ceased publication.

evaluating grains for kernel defects (cracked and 
immature grains) is also described. This information 
was later used in evaluating the data on rice breakage 
presented in subsequent papers of this series.*
Materials and Methods

All paddy samples were procured from the University 
of Agricultural Sciences Experiment Station at Mandya.

To study the effect of the maturity stage of paddy 
at harvest on its content and type of defective kernels, 
five varieties of paddy (one plot each) were harvested 
at different stages. About 50 plants selected at random 
from each in duplicate were reaped (at 10 a.m. every 
time) at each stage as per the general procedure of 
Mahadevappa et a!? The plants were threshed 
immediately and a small portion of the grain was

The present paper was unfortunately held up for two years
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stored in a closed bottle for determination of moisture. 
Remaining paddy was dried in the shade for 2-3 days, 
carefully winnowed to remove chaff, but not immature 
grains, and stored in closed polyethylene bags until 
examined for defective grains. Unfortunately, the 
season was exceptionally wet, with overcast sky and 
intermittent rain, and the actual counts of defective 
kernels may not be typical. The trend of their change 
with harvest stage, however, can be taken as fairly 
representative.

To study the effects of (a) wetting and (b) fast 
drying on the types of cracks formed in paddy grain, 
a few samples were (a) soaked in water at room 
temperature (RT =25-30°C) for different times and 
dried in shade, and (b) soaked and then dried in a 
cabinet dryer at different temperatures.

Cracks and immature grains were visualised in 
transmitted light essentially by the method devised 
earlier.8 However, a microbiological colony counter, 
with its ruled-glass viewing window replaced with a 
piece of plain glass, was used instead of the stool 
with a hole and a flashlight from below used earlier. 
With its dark background and a strong diffused 
fluorescent light from below, which moreover generated 
little heat, this instrument was ideal for this purpose. 
About 150 paddy grains (3 g) were selected with a

sample divider, dehusked by hand, and stored in a 
closed petri dish. About 20 of these kernels were 
taken at a time on a petri dish placed on the viewing 
window of the instrument, and were examined carefully 
while being gently moved around with a spatula. 
Grains with cracks of different categories and other 
defects were collected separately and weighed.

Moisture content (wet basis) was determined by 
oven drying.9
Results and Discussion

Types of cracks: Most samples of paddy, when
examined in transmitted light (after manual shelling), 
showed kernels with different kinds of cracks—viz. 
kernels having (/') a single transverse crack (STC) 
(Fig. la), (ii) two or more (multiple) transverse cracks 
(MTC) (Fig. lb, c), and (Hi) longitudinal (or irregular), 
usually with some transverse cracks (LC) (Fig. Id, e,f).  
This classification, important for milling studies 
showed5,6 that grains with MTC and LC were the 
most prone to break. They were also very fragile 
when tested by pressing between fingers.

Immature grains: Immature brown rice kernels also
tend to break easily during milling.8 Their main 
distinguishing features as observed in transmitted 
light (Fig. 2c,d,e) are: (i) invariably smaller than the

Fig. 1. Types of cracks in brown rice grain, (a) Single transverse crack (STC), (¿>)^two transverse and (c) three transverse cracks 
(MTC), (d ) longitudinal crack (LC) with STC. (e) LC with 2 TC, ( / )  LC awith 3 TC,(g) badly cracked grains.

Fig. 2. Photograph o f (a) sound and mature, (b ) slightly smaller, but otherwise sound and mature, (c), (d), (e) various 
degrees of immature, and ( / )  mature, but chalky-centre brown rice grains.
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Table 1. REPRODUCIBILITY OF THE DEFECTIVE-KERNEL ANALYSIS METHOD * +
No. of No. of 

replicate replicate 
sub-samples analyses

Sound STC MTC LC Immature
Total

defective

1 6 48.8 15.5 17.9 6.4 11.4 51.2
C.V. 2.4 7.2 5.0 9.7 3.4 2.3

7 1 each 51.4 18.2 16.1 5.9 8.5 48.6
C.V. 7.0 13.6 11.9 5.8 14.2 7.4

*A sample of ‘IET 1522’ variety, harvested fairly late, was analysed 
the subsamples was analysed six times, the rest only once.

in seven replicate subsamples iof 3 g each; one of

+ Results are expressed in mean contents in % by weight.
C.V. -  Coefficient of variation = s.d. expressed as % of mean.

mature grains (Fig. 2a, b), (/'/') usually (but not 
necessarily) green in colour, and (Hi) invariably partly 
or fully opaque. Chalky, but mature kernels (Fig. I f )  
can be easily distinguished from immature kernels.

Reproducibility of defective-kernel analysis'. Some 
information on the reproducibility of the method 
for defective-kernel analysis is given in Table 1. 
Precision of replicate defective-kernel analysis in a 
single subsample was excellent. Precision of the 
analysis in replicate subsamples was lower but still 
good.

Effect of stage of harvest: There were appreciable 
varietal difference in the count of defective kernels, 
but too much could not be read into this because 
of the intermittent rains and because different varieties 
came up for harvest on different days. Two typical 
sets of results—one of a long-slender (Ls) and the 
other of a medium-bold (Mb) variety as per our 
recent classification10—are shown in Table 2. The 
main points that emerge from these results are:

(a) A very small amount of cracked kernels was 
present even as early as 25-30°0 grain moisture.

Table 2. content of defective, grains in paddy HARVESTED AT VARIOUS STAGES

No. of days 
Variety* after 

flowering

M oisture Cracked kernels (%) Immature
harvest (%) STC MTC LC Total (%>

M R 301 24 29.2 2.1 0.9 0.0 3.0 13.3
29 28.6 6.2 3.1 0.0 9.3 5.8
33 23.4 4.8 0.9 0.0 5.7 4.4
39 22.4 17.2 14.2 3.0 34.4 5.1
45 19.1 12.8 13.6 5.1 31.5 6.0
51 16.9 14.1 16.6 6.0 36.7 6.0
64 16.9 21.8 31.9 9.9 63.6 3.3
72 17.6 17.8 31.2 1 0 .8 59.8 7.8

IET 3305 24 25.3 3.4 0.0 0.0 3.4 21.0
29 25.9 8 .0 2.1 0 .0 10.1 16.4
34 23.5 8.2 2.2 0.0 10.4 13.0
38 17.5 13.1 5.9 1.3 20.3 8.9
44 17.9 24.9 11.4 1.3 37.6 9.7
54 15.1 29.3 26.3 7.3 62.9 5.6
68 14.8 25.2 22.6 18.6 66.4 8 .8

♦ The length (mm) and the length breadth ratio, 
‘IET 3305’—5.6, 2.2.

respectively, o f the varieties (brown rice) were: ‘MR 301’—6.5, 3.2;
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(b) Not only did the total content of cracked 
kernels increase with increasing ripening of the crop, 
Which is well known, but the proportion of grains 
with multiple and irregular cracks increased. This is 
important, for it is these latter r ce grains which are 
the most prone to break during milling.5.6

(c) Single transverse cracks (STC) were the first 
to appear, rapidly increasing with time, but soon 
reaching a more or less steady value. Multiple 
transverse (MTC) and longitudinal cracks (LC) appeared 
later, increased rapidly and finally exceeded the STC. 
Clearly, the first-formed STC grains were gradually 
converted into MTC and LC grains as time passed.

(d) Content of LC grains became appreciable only 
when the moisture content had dropped to quite 
low levels.

(e) Immature grains were plent ful in early samples, 
but decreased rapidly, finally reaching a more or less 
steady value.

( /)  It was observed that all the cracks, including 
the STC, became somewhat deeper and more 
pronounced as the harvest was delayed. In early 
samples, the cracks were usually very thin, and some

of them were only fractional (less than full across 
the kernel).

Effect of artificial damage: Examination of the 
grains after soaking in water (followed by shade 
drying) and after hot-air drying suggested (Table 3) 
that sorption of water led mostly to regular transverse 
cracks, as has been observed in milled and brown 
rice2,3,11. Rapid desorption, however, gave rise to 
appreciable numbers of longitudinal (or irregular) 
cracks, particularly at the terminal stages of drying. 
However, it is to be noted that a good number of 
transverse cracks were also formed during desorption. 
With progressive drying, both the number and proportion 
of STC soon decreased and those of MTC and LC 
increased. This need not mean, however, that STC 
are the first to form which are then gradually transformed 
into MTC and LC. For, as has been shown, cracks 
form not during drying, but after the drying has 
ceased12,13. It appears that under mild stress, most 
grains suffer only one crack (i.e., STC); but under 
more severe conditions, several grains crack more 
than once (MTC). LC, however, form only under 
severe drying conditions. These results also explain

T a b l e  3 . EFFECT OF SOAK N G  AND OF HOT-AIR D RYING ON NUMBER AND TYPE OF CRACKS IN PADDY
Time o f soaking Drying Final Cracks (% )

Variety at RT temp.* moisture
(hr) (°C) (% , w.b.) STC MTC LC

Bangara Sanna 0.0 Nil 12.5 5.7 2.0 0.0
0.5 RT — 25.5 4.2 0.0
3 RT — 31.2 4.9 0.0

Taichung 65 0 Nil 12.0 26.6 3.2 2.4
0.5 RT — 53.5 5.4 5.6
1 RT — 42.3 12.8 9.1

Bangara Sanna 0 Nil 22.3 — — —
0 60 14.9 6.0 1.8 0.0

14.0 15.6 5.2 1.8
13.0 21.3 22.0 2.0
12.3 26.8 32.5 4.0
11.5 27.3 46.8 8.4
9.9 8.9 67.7 14.7

Coim batore Sanna 0 Nil 24.2 4.1 0.0 0.0
60 13.5 24.3 12.6 1.1
70 9.2 4.1 36.6 44.1

Adt 27 0 Nil 12.9 3.4 1.0 0.0
4 RT 11.3 35.6 13.2 3.1

70 80 15.8 ^ 15.7 8.3 30.8RT 12.5 f
60 13.5 19.4 4.4 61.7

6 85 9.6 3.1 2.2 90.3
*RT (room temp.) indicates dried in shade for 1—3 days.

' f Q i m j f m i J n w j i f l i s r o i u J f n !
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the appearance of LC in late-harvested grain. STC 
and MTC in the standing cron can arise both from 
wetting (rain or dew) and drying (by sun).

As in late-harvested samp es, cracks in paddy 
damaged severely by drying also were deeper and 
more severe compared to less damaged samples.

Stermer3, working with mifed rice, had reported 
that the cracks developed by moisture sorption were 
transverse, whereas those developed by desorption 
were irregular in shape. This fact is of course well 
known and can be verified easily by putting a few 
kernels of milled rice (a) in water and (b) in the 
sun. Within a few minutes transverse cracks in
(a) and numerous minute irregular cracks in
(b) , respectively, would be evident even to the naked 
eye. However, the latter cracxs, which are the same 
as seen in Stermer’s figures, are mostly on the suiface 
and tend to disappear again on tempering the rice. 
The irregular cracks observed in late-harvested and 
hot-air dried paddy, referred to in the present work 
(Fig. 1), on the other hand, were much fewer in 
number but considerably longer in size, as well as 
deeper and permanent. It would appear that they 
are formed primarily under severe conditions of 
drying. As has been shown, grains with such cracks 
are the most prone to break under the stress of 
milling.5
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Component Acids of Some Ornamental Seed Oils
C. D . D a u l a t a b a d , R. F. A n k a l g i a n d  J . S. K u l k a r n i*

Department of Chemistry, Karnatak University, Dharwad-580 003, India
M anuscrip t received 30 A p ril 1981; revised  28 Septem ber 1981

Seed oils of M untingia calabar a, Dracaena reflexa, Indigofera wightii, were found to contain (wt. %) the following 
acids: capric 2.4, 0.1, nil; lauric 1.4, 0.8, 4.6; myristic 1.9, 1.7, 4.2; palmitic 19.1, 15.0, 29.1; stearic 10.0, 6.1,
12.1; arachidic 1.4, 2.0, 2.2: behenic 1.1, 2.2, 2.5; oleic 18.6, 41.2, 6.6; and linoleic 44.1, 30.8, 38.7 respectively.

Muntingia calabura, Linr., (N. O. Tiliaceae) is cultivated all over the tropics for ornament and for 
monotypic genus and native of South America, its edible fruit. The fruit is a berry, smooth, red
♦ Department o f Botany, Karnatak Science College, Dharwad-580 001.
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globose or obovid, containing many seeds embedded 
in a juicy pulp. The fruits are sweet and pleasant 
to taste and can be made into Jams. Infusion of 
the leaves is used as a tea, and that of flowers for 
headache and incipient colds.* 1

Dracaena reflexa. (N. O. Liliaeeae) is ornamental 
rosette of densely clustering, short and narrow leathery 
leaves and self branching stem.2

Indigofera wightii, Grah, (N. O. Leguminosae) is a 
small erect shrub, with numerous branches. The 
leaves are 1.5 to 2.5 in. long and petioles 0.25 to 0.5 in. 
long. It is a rare plant.3

There are no reports on the component acids of 
the oils obtained from the seeds of these species.
¡VTaterials and Methods

The seeds were collected from the plants grown in 
the Botanical Gardens of Karnatak University, Dharwad. 
The seeds were extracted with light petroleum ether 
(40-60°) to yield the oil. A portion of the oil was 
hydrolysed in cold condition with ethanolic potassium 
hydroxide and non-saponifiable matter and mixed 
acids were obtained.

The thin layer chromatography of mixed acids 
and their methyl esters revealed the absence of 
oxygenated acids. The mixed ac ds (a) after hydro
genation, (b) without other treatment and (r) after 
oxidation4 were examined by reverse phase partition 
chromatography.5

The iodine values and sapon fication equisalents 
calculated from the results agree well with those 
measured experimentally.
Results and Discussion

The seeds of M. calabura, D. reflexa and I. wightii 
contain 5.0%, 2.0% and 7.0% of fatty oil respectively.
M. calabura, D. reflexa and I. wightii seed oils have 
iodine values of 94.0, 93.8 and 73.4 and saponification 
equivalents of 265.9, 275.5 and 266.3 respectively.

The mixed fatty acids, hydrogenated fatty, acids, 
and oxidised fatty acids were examined by reversed 
phase partition column chromatography on paraffin 
columns in each species. The chromatographic results 
on paraffin columns in terms of mo e % were obtained. 
The wt. % thus obtained are given in Table 1.

The seed oil of M. calabura contains 62.7% of 
unsaturated acids. Tne unsaturated acids are oleic 
(18.6%) and linoleic (44.1%). The saturated acids 
are capric (2.4%), lauric (1.4%', myristic (1.9%), 
palmitic (19.1%), stearic (10.0%), arachidic (1.4%) 
and behenic (1.1%).

T a b l e  I .  c o m p o n e n t  a c i d s  o f  o r n a m e n t a l  s e e d  o il s

Fatty acids M . calabura 
(wt. %)

D. reflexa  
(wt. %)

/. wightii 
(wt. %)

Capric 2.4 0.1 —
Lauric 1.4 0.8 4.6
Myristic 1.9 1.7 4.2
Palmitic 19.1 15.0 29.1
Stearic 10.0 6.1 12.1
Arachidic 1.4 2.0 2.2
Behenic 1.1 2.2 2.5
Oleic 18.6 41.2 6.6
Linoleic 44.1 33.8 3 fl

D. reflexa seed oil contains 71.0% of unsaturated 
acids. The principal components among the un- 
unsaturated acids are oleic (41.2%) and linoleic (30.8%). 
This seed oil contains 15.0% of palmitic acid as the 
major component among the saturated acids with 
smaller amounts of capric (0.1%), lauric (0.8%), 
myristic (1.7%), stearic (6.1%), arachidic (2.0%) and 
behenic (2.2%).

1. wightii seed oil contains 54.7% of saturated acids 
and 45.3% of unsaturated acids. The palmitic acid 
(29.1%) is the major component among the saturated 
acids with next major component as stearic (12.1 %) acid. 
The other saturated acids are lauric (4.6%), myristic 
(4.2%), arachidic (2.2%) and behenic (2.5%). The 
linoleic acid (38.7%) is the principal component 
amongst the unsaturated acids along with a small 
amount of oleic (6.6%).
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Minor Seed Oils I. Component Fatty Acids of Some Seed Oils
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Seed oils of Fluggea m icrocarpa, Ixo ra  parviflora, and Diospyros m elanoxylon  were found to contain (wt. %) the following 
acids: capric nil, 1.3, nil; lauric nil, 3.1, 4.6; myristic 5.4, 4.7, 9.9; palmitic 19.8, 11.4, 37.9; stearic 9.7, 11.9, 16.1; 
arachidic 1.4, 2.9, 5.3; behenic 1.2, 2.0, 5.3; oleic 6.1, 18.7, 19.7 and linoleic 56.4, 44.0, 1.2 respectively.

Fluggea microcarpa, Blume, syn. F. virosa (N. O. 
Euphorbiaceae) is distributed throughout India. The 
roots are used to cure gonorrhoea. The leaves made 
into paste with tobacco are used to destroy worms 
in sores.1

Ixora parviflora, Vahl, (N. O. Rubiaceae) is a small 
much branched evergreen tree. The bark is thick 
reddish brown.2 The root or bark is given to females 
when the urine is highly coloured.

Diospyros melanoxylon Roxb, Syn. D. tupru Buch- 
Ham, (N. O. Ebenaceae), is a moderate sized tree. 
It grows mixed with teak; but is heavier and harder 
than teak. The lighter part of sapwood is valuable 
as black heartwood, which is used in place of true 
ebony. The fruit is edible.3

There are no reports on the component acids of 
oils obtained from seeds of these trees.
Materials and Methods

The seeds were collected from the plants grown in 
the Botanical Gardens of Karnatak University, Dharwad. 
The seeds were extracted with light petroleum ether 
(40-60°) to yield the oil. A portion of the oil in each 
case was hydrolysed in cold condition with ethanolic 
potassium hydroxide and non-saponifiable matter and 
mixed acids were obtained.

The thin layer chromatography of mixed acids 
and their methyl esters revealed the absence of 
oxygenated acids. The mixed acids (a) after hydro
genation, (b) without other treatment and (c) after 
oxidation4 were examined by reverse phase partition 
chromatography.5

The iodine values and saponification equivalents 
calculated from the results agree well with those 
measured experimentally.
Results and Discussion

The seeds of Fluggea microcorpa, Ixora parviflora 
and Diospyros melanoxylon contain 12.5%, 23.5% and 
3.5% of fatty oil respectively.

F. microcarpa, /. parviflora and D. melanoxylon 
oils have iodine values of 105.3, 98.2, and 19.5, and 
saponification equivalents of 272.5, 270.0 and 264.2 
respectively.

The mixed fatty acids, hydrogenated fatty acids, 
and oxidised fatty acids of oils were examined by 
reverse phase partition column chromatography on 
paraffin columns in each species. The chromatographic 
results on paraffin columns in terms of mole % were 
obtained. The wt. % thus obtained are given in 
Table 1.

F. microcarpa seed oil contains linoleic acid as the 
major component (56.4%) among the unsaturated 
acids, with smaller amount of oleic acid (6.1)%. The 
saturated acids are myristic (5.4%), palmitic (19.8%), 
stearic (9.7%), arachidic (1.4%) and behenic (1.2%).

/. parviflora seed oil contains 33.3% of saturated 
acids and 62.7% of unsaturated acids. The saturated 
acids are capric (1.3%), lauric (3.1%), myristic (4.7%), 
palmitic (11.4%), stearic (11.9%), arachidic (2.9%), 
and behenic (2.0%). The linoleic acid (44.0%) is 
the major component amongst the unsaturated acids 
with small amount of oleic acid (18.7%).

D. melanoxylon seed oil contains (79.1 %) of saturated 
acid. The principal component amongst the saturated

T a b l e 1. COMPONENT ACIDS OF SEED OILS

Fatt> acids F. microcarpa 
(wt. %)

I. parviflora  
( w t .  % )

D. m elanoxylon  
(wt. %)

Capric — 1.3 —
Lauric — 3.1 4.6
Myristic 5.4 4.7 9.9
Palmitic 19.8 11.4 37.9
Stearic 9.7 11.9 16.1
Arachidic 1.4 2.9 5.3
Behenic 1.2 2.0 5.3
Oleic 6.1 18.7 19.7
Linoleic 56.4 44.0 1.2
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acid s are p a lm itic  (37 .9% ), and  stearic  (16 .1% ) w ith  
app reciab le am ou n t o f  m yriStic (9 .9% ). H ow ever, th is  
seed o il a lso  con ta in s lauric (4 .0% ), arach id ic  (5 .3% ), 
and b eh en ic  (5 .3% ) acid s. T h e m ajor co m p on en t  
am on g  th e  unsaturated  acid s is on ly  o le ic  (19 .7% ). 
H ow ever, very  sm all am ou n t o f  lin o le ic  acid  (1 .2% )  
is observed  in  th e present investi gat ion.

Acknowledgement
A u th ors are gratefu l to  P rof. E. S. Ja>adevappa  

for h is  k een  interest and en couragem en t.

References
1. Chopra, R. N ., Nayar, S. L. and Chopra, I. C ., Glossary

o f  Indian m edicinal p lants, C .S.I.R ., New Delhi, 1956, 121.
2. Cooke, T., Flora o f  Presidency o f  B om bay, Vol. II, 1967, 39.
3. The wealth o f  India— Raw m aterials, C .S.I.R ., New Delhi,

Vol. m ,  1952, 81-83.
4. K artha, A.R.S., The glyceride structure o f natural fats. I.

A technique for the quantitative determination of glyceride 
types in natural fats, J . A m . O il Chem. S oc., 1953, 30, 280.

5. Badami, R. C., Reversed phase partition column chrom ato
graphy; A method for quantitative analysis o f fatty acids, 
Cherny b id ., 1964, 1920.

A Study on Seliwanoff Colour Reaction for Estimation ofSucrose in Dairy Products
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The suitability of high temperature and short time for colour development in the estimation of sucrose in dairy 
products by Seliwanoff reaction s investigated. Lactose contributes towards colour after prolonged heating at high 
temperatures. However, interference by lactose is negligible when heating is restricted to 15 min. in a boiling 
water bath.

A  m eth od  w as rep o rted 1 for th e estim a tio n  o f  
sucrose in  ice-cream  by S e liw a n o ff reaction .2 T h ou gh  
the S e liw a n o ff co lo u r  reaction  d istin gu ish es a k etose  
from  an a ld o se  and  th us m akes it p o ss ib le  to  estim ate  
sucrose in  th e  presence o f  lacto se , th ere are reports  
that d egrad ation  p rod ucts o f  a ld oses cou ld  con trib u te  
to  th e co lo u r .3 T h us, in terferen ce du e to  d egrad ation  
prod ucts has to  be ta k en  in to  accou n t w h ile  em p lo y in g  
high  tem peratures for co lou r  deve lop m en t. A p p lica b ility  
o f  S e liw a n off reaction  for e stim a tio n  o f  sucrose in 
dairy p rod u cts under different experim enta l co n d itio n s  
is reported  in  th is  paper.

Materials and Methods
Test solution: T h e test so lu tio n  w as essen tia lly  

th e sam e as rep orted  ea r lier .1 A b o u t 5 g  o f  th e  
sam p le w as m ade to  a co n v en ien t v o lu m e w ith  
distilled  w ater. T o  an  a liq u o t o f  th e so lu tio n , 2  or 3 
drop s o f  a  saturated  so lu tio n  c f  lead  aceta te  w ere  
ad d ed , m ade to  v o lu m e and filtered th rou gh  W h atm an  
N o . 4  filter paper.

Colour development: T o  2 m l. o f  th e  filtrate  
co n ta in in g  n o t m o re  th an  0.1 m g  o f  su crose/m l.

tak en  in  a test tu b e, 2  m l. o f  0.1 % resorcinol in  w ater  
and 6 m l. o f  concentrated  HC1 w ere add ed  and heated  
at different tem peratures for different d u ra tio n  o f  tim e. 
T h e co lou r  d eve lop ed  w as m easured  in a spectro-  
co lor im eter  at 490 nm . Sucrose con cen tration s were 
read from  a standard curve u sin g  sucrose.

Results and Discussion
Sucrose so lu tio n s o n  h yd ro lysis g ive  a co lou r  

rea ctio n  w h en  treated  w ith  resorcin o l in acid  m ed iu m . 
T h is reaction  takes p lace  at a  faster rate at h igher  
tem peratures. D eg ra d ation  p rod u cts o f  carb oh ydrates  
m igh t con trib u te tow ards co lou r  in ten sity  w h en  h igher  
tem peratures are em p lo y ed .3 F urther, a  co lou r  change  
from  p ink to  y e llo w  is ob served  d u rin g  h ea tin g  at 
h igh er tem peratures. A b so rp tio n  spectra o f  th e  
resorcin o l co lou r com p lex  read at d ifferent stages  
d u rin g  th e  co lou r  ch an ge from  p in k  to  y e llo w  sh ow ed  
a b so rp tio n  m ax im a  around 405 n m  at w h ich  w a v elen g th  
ab sorb an ce increased  w ith  th e  tem p erature and  duration  
o f  h eatin g  (F ig . 1). T h o u g h  th e  absorb an ce was 
com p aratively  less at 490  n m , it w as largely  unaffected  
b y  sm all ch an ges in  h eatin g  tim e at b o ilin g  w ater

3
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fig. 1. Absorbance spectra o f resorcinol sucrose colour complex.

bath tem perature. T n erefore, in  further stud ies for  
th e se lection  o f  su itab le tim e-tem p eratu re co m b in atio n  
for co lou r  d eve lo p m en t, absorb an ce m easu rem en ts w ere  
m ade at 490  nm  as it w o u ld  g ive better rep rod u cib ility . 
F urther, interference from  a ld o ses  w as less at th is  
w ave length  as revealed  by a study o n  lactose .

T h e ab sorb an ces at 490 nm  o f  test so lu tion s heated  
to  60, 70, 80 and 9 0 C'C and b o ilin g  w ater ind icated

f i g . 2. Effect o f heating time and tem perature on colour 
development.

th at th e co lou r  d eve lo p m en t w as slow  at 6 0 °C and  
th e o p tim u m  w as n o t reached even  after 60 m in . o f  
h eatin g  (F ig . 2). O p tim um  ab sorb an ce co u ld  be 
a ch ieved  b> m a in ta in in g  th e tem p erature at 7 0 °C for  
40 m in .; h igher tem peratures how ever, low ered  th e  
h eatin g  tim e. U se  o f  h igh  tem p eratures h ow ever , 
had to  be carried o u t w ith  cau tio n  as it w o u ld  favou r  
th e reaction  o f  a ld o h ex o ses  and strong acid s to  form  
hyd roxy m eth y l furfural.4 T h is com p o u n d  is k n ow n  
to  react w ith  resorcin o l and o th er  p h en o lic  co m p o u n d s  
to  form  co lou red  p rod u cts.5 T h e  fo rm a tio n  o f  su ch  
co lou red  prod u cts from  g lu co se  produced by th e  
in version  o f  sucrose w o u ld  n o t  be expected  to  in terfere  
w ith  th e e stim a tio n  w h en  reference curve for su crose  
co n cen tratio n s is prepared  un der iden tica l co n d itio n s. 
H ow ever , th e in terferen ce d u e  to  lacto se  present in  
th e m ilk  p rod uct n eed ed  in vestig atio n .

Pure sucrose and lactose  so lu tio n s as w ell as m ixtu res  
o f  sucrose and lac to se  in th e  ratio  2 : 1 w ere used  for  
co lou r  d eve lo p m en t at 70°C  and at b o ilin g  w ater  
bath  tem perature. A b sorb an ce m easurem ents at 490n m  
sh ow ed  n o  influence o f  lactose  w h en  th e test so lu tion s  
w ere heated  at 70°C  for u p to  60 m in . H o w ever , at 
th e  tem perature o f  b o ilin g  w ater, lac to se  con trib u ted  
tow ards co lo u r , e sp ec ia lly  d u rin g  p ro lon g ed  h eatin g  
(F ig . 3). N everth e less, th e influence o f  la c to se  w as 
n eg lig ib le  w h en  th e d u ration  o f  h eatin g  w as restricted  
to  15 m in . or less and w hen  th e p ro p o rtio n  o f  lac to se  
to  sucrose w as as h ig h  as 1 : 2. A s th e  p ro p o rtio n  
o f  lac to se  w ou ld  be m u ch  low er in dairy  p rod u cts  
lik e  icecream  and con d en sed  m ilk , h eatin g  for 15 m in .

f ig . 3. Effect of lactose o rt  colour development in a boiling 
water bath.
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Table 1. sucrose content (per c w t ) of dairy products 
as determined by lane-eynon and resorcinol method

Resorcinol
L a n e - E v n o n --------------------------------------------------

Sample Heating at Heating at
no. 70°C boiling

Ice cream
1 15.43 15.33 15.38
2 11.69 11.93 11.88
3 13.32 13.76 13.38
4 15.63 15.43 15.29
5 10.00 9.70 9.50
6 15.11 15.47 15.70
7 15.95 15.64 15.56
8 12.37 13.01 12.73
9 16.69 16.75 17.19

10 16.32 16.53 16.99
11 14.16 14.26 14.63
12 13.00 12.63 12.74
13 13.04 12.84 12.73
14 15.04 15.16 15.39
15 15.18 15.70 15.47

Mean 14.20 14.28 14.30

Condensed milk
1 41.17 40.0! 38.50
2 41.04 41.9b 40.06
3 42.50 40.00 43.30
4 45.40 44.40 45.72
5 41.17 40.00 40.75
6 40.81 42.20 41.76
7 41.04 40.08 40.06
8 40.96 39.76 39.50
9 41.07 40.08 42.40

Mean 41.68 40.95 41.34

at b o ilin g  w aterb ath  tem perature cou ld  be em p loyed  
w ith  advantage. W hen  the p rop ortion  o f  lactose is 
higher, as in flavoured m ilk , h eatin g  at low er tem perature  
sh ou ld  be preferred.

T h e tw o  tim e-tem p eratu re co m b in ation s. 40  m in. 
at 7 0 JC and 15 m in . at b o ilin g  w ater bath w ere, 
th erefore, selected  for the estim a tio n  o f  su crose in 
dairy prod ucts. T a b le  1 g ives th e  sucrose con ten ts  
in 15 sam ples o f  icecream  and 9 sam ples o f  con d en sed  
m ilk as determ ined  by the L an e-E yn on  vo lu m etric

T able 2. sucrose content (per cent) in the same sample o f  

ice cream determined by resorcinol method
A T  TW O  TEMPERATURES

Estimation Heating Heating
no. at 70°C at boiling

1 15.70 15.47
2 15.32 15.64
3 15.38 15.33
4 15.56 15.43
5 15.49 15.72
6 15.47 15.39
7 15.29 15.68
8 15.46 15.44
9 15.36 15.61

10 15.63 15.49
Mean 15.47 15.52
Std. dev. ± 0 .1 4 ± 0 .1 3

m eth o d 6 and the resorcinol co lor im etric  m eth od  
em p lo y in g  th ese tw o  tim e-tem p eratu re com b in ation s. 
Statistica l an a lysis sh ow ed  th at b o th  th e com b in atio n s  
gave satisfactory  results com p arab le  to  standard  
vo lu m etric  m eth od .

T h e rep rod u cib ility  o f  th e co lor im etr ic  m eth od  
d eterm in ed  by rep licate estim a tio n s o n  th e  sam e  
sam p le o f  icecream  sh ow ed  th at th e d eve lop m en t  
o f  co lou r  at h igher tem p eratures d id n o t affect th e  
p rec isio n  o f  th e co lor im etr ic  m eth od  (T ab le 2).
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Studies on the Production of Kulfi Part—I.The Acceptable Level of Total Milk Solids
M . K . S a lo o ja  a n d  R . B a l a c h a n d r a n  

N a tio n a l D a iry  R esearch  In stitu te , K arn a l, In d ia

M anuscrip t received 30 A p ril 1981; revised  17 February 1982

K ulfi is an indigenous frozen dessert. Composition of K u lfi as sold in market varies widely. A study has been 
taken up to standardize the composition of K ulfi. The acceptable level of total milk solids in K ulfi prepared from 
cow milk was determined by sensory evaluation by a panel of judges. On the basis of trials, the concentration 
of milk- to 26 %  T. S. is found to yield K u lfi with better body, texture and overall acceptability.

Kulfi is an  in d ig en o u s frozen  m ilk  p rod u ct and  
lik e  icecream  it is p a la tab le  and  nu tritiou s. T h e  
in vo lv em en t o f  eq u ip m en t and  m achin ery  in  th e  
m anu facture o f  K ulfi is m in im u m . D u e  to  its p a la ta b ility  
and  com p aratively  low  co st, Kulfi is p op ular in  m any  
parts o f  th e coun try . V ery litt le  w ork  has b een  
rep orted  o n  standard m eth od  o f  p rep aration  and  
factors th at affect th e q u a lity  o f  Kulfi in  term s o f  
ch em ical co m p o sit io n  or o n  con su m er’s preference. 
T h e m eth o d  o f  p rod u c in g  K ulfi varies w id e ly  resu ltin g  
in  v a r ia tion  in  co m p o sitio n , qu a lity  and  co st o f  th e  
p rod uct. D u e  to  n o n  a v a ila b ility  o f  stand ard ised  
p rocess for its m anu facturers, very few  o rg an isa tio n s  
are m an u factu r in g  o n  a  com m ercia l scale . A n o th er  
d raw b ack  o n  large sca le  p rod u ction  is th at P F A  
regu la tion s d o  n o t d ifferentiate b etw een  p la in  icecream  
and  K ulfi w ith  regard to  its co m p o sitio n . M an u factu re  
o f  Kulfi has b een  d escrib ed  b y  va rio u s w ork ers.1-3 
H o w ev er , d e ta iled  stud y such  as th e  effect o f  total 
so lid s  o n  textural qu a lities and overall accep tab ility  
have n o t b een  w ork ed  o u t. T h e present in vestigatio n  
w as th erefore, u n d ertak en  to  stand ardise th e m eth od  
for  th e p rod u ctio n  o f  k u lfi o n  com m ercia l scale and  
eva lu ate th e p rod u ct b y  sen sory  m eth od s.

Materials and Methods
C ow  m ilk : P o o led  raw  co w  m ilk  ob ta in ed  from  

N D R I  exp erim en ta l d a iry  w as stand ard ised  to  a  fat 
co n ten t o f  3 .5% .

Sugar: W h ite crysta llin e sugar w as u sed  as sw eeten in g  
a g en t and  it w as presum ed to  co n ta in  100 per cen t 
to ta l so lid s .

F reezing  m ix tu re: Ice and  coarse salt in  th e  ratio  
o f  4  : 1 w as used  for p rep aration  o f  freezin g  m ixture  
fo r  freezin g  Kulfi.

K u lfi cones: A lu m in iu m  co n e , w ith  screw  type  
lid  o f  1 0 0 -1 2 0  m l. cap a city  w as used in  the experim ents.

P itch er: E arthen p o t o f  29 .1. cap a city  w as used  
for freezin g  K ulfi con e  w ith  ice-sa lt m ixture

H eatin g  raid concentration unit: S tain less steel jack etted  
steam  kettle and  lad die for stirring w ere used .

S ta n d ard iza tio n  a n d  concentration o f  m ix : R a w  co w  
m ilk  stand ard ized  to  3 .5%  fat and 8 .5  per cen t S N F  
w as con cen trated  in  an  o p en  p an  ja ck etted  steam  
h eated  vessel w ith  con stan t stirring u n til th e required  
so lid s  con ten t w as a tta in ed . S lo w  h eatin g  w as d o n e  
to  a v o id  burnt p artic les  in  final p rod u ct. K u lfi m ix  
w as th en  filled  in K u lfi co n es. T h e  filled  co n es  w ere  
im m ersed  in freezin g  m ixture co n ta in ed  in earthen  
p o t and  frozen  w ith  in term ittent sh a k in g  a ccord in g  
to  m eth od  o f  S a looja .4 In a ll the tria ls, 2 - 5  kg. o f  
Kulfi m ix  o f  desirab le co m p o sitio n  w as prepared . 
T h e d eta ils  o f  v ariou s steps in K ulfi p rep ara tio n  are

Standardization of milk
I
1

Concentration of milk
I
1

Addition of sugar
1

l
Cooling mix

I
4

Filling in cones
I
't

Freezing (ice-salt mixture)
Fig. 1. Flow chart for Kulfi preparation.
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p resen ted  in  th e flow  chart (F ig . 1). T h e K ulfi m ix  
was prepared  from  standardized  co w  m ilk  concentrated  
to  fo llo w in g  to ta l m ilk  so lid s  leve ls: 17 per cen t (T  1),
20  per cen t (T  2), 23 per cen t (T  3), 26  per cen t (T  4) 
and 29 per cen t (T  5). T h ese  levels o f  co n cen tra tio n  
were arbitrarily ch oo sen . In all tr ia ls, sugar was 
m ain ta ined  at 13 per cent level.

S en sory eva lu a tio n : A  p an el co n s is tin g  o f  s ix  ju d ges  
evaluated  K u lfi sam ples for  b od y , tex tu re and overall 
quality  by a  9 -p o in t  h ed o n ic  scale . T h e p an elists  
were fam iliar w ith  the characteristics o f  th e  prod uct.

S ta tis tic a l a n a ly s is : T h e d ata  w ere subjected  to  
analysis o f  varian ce accord in g  to  procedu re o u tlin ed  
by S n ed ecor an d  C och ran .5

Results and Discussion
Table 1 g ives th e  co m p o sitio n  o f  K ulfi prepared  

w ith  d ifferent levels o f  m ilk  so lid s . T h e average  
fat and so lid s-n o n -fa t (S N F ) co n ten ts  o f  K ulfi increased  
w ith  th e  increase in  to ta l m ilk  so lid s. F or in stan ce, 
w hen m ix  w as con cen trated  to  29 per cen t to ta l m ilk  
so lid s, th e fat co n ten t o f  K ulfi increased  from  th e in itia l 
value o f  3.5 to  8 .7  p er  cen t. T h e increase in  fat 
and  S N F  per cen t in  K ulfi m ixes in creased  in  p rop ortio n  
to  the co n cen tratio n  o f  standardised  co w  m ilk  used  
in  th ese trials. D a ta  perta in in g  :o  sensory  eva lu a tion  
o f  Kulfi are presented  in  T ab le 2.

B o d y: T h e average scores for  b o d y  attribu te w ere  
5.19, 6 .17 , 6 .90 , 7 .20  and  6.99 for 17, 20, 23, 26  and  
29 per cent to ta l so lid s  resp ectively . T h e  different 
treatm en ts w ere ob served  to  be sign ifican tly  different. 
( P < 0 .0 5 ) .  K ulfi w ith  26  per cen t to ta l so lid s  w as  
rated sup erior by p a n elists . K ulfi w ith  29, 26 and  
23 per cen t T. S. scored  a lm ost sam e valu es in d ica tin g  
th at the b o d y  o f  K ulfi w ith  th ese to ta l so lid s  w as  
a lm o st sim ilar in  quality .

T h e reason for com p aratively  lo w  rating  for h igher

T able 1. fat, snf and total milk solids content of k u l f i
PREPARED FROM DIFFERENT LEVELS OF MILK SOLIDS

Milk solids Total
content Fat SNF 'solids

(%) (%) (% ) (% )
M ean ±  SE Mean ±  SE Mean ±  SE

17 5.18 ±  0.066 11.98 ±  0.066 17.16 ±  0.051
20 6.12 ±  0.049 14.26 ±  0.194 20.38 ±  0.225
23' 7.02 ±  0.049 16.22 ±  0. 16 23.24 ±  0.150
26 7.88 ±  0.037 18.30 ± 0 .1 5 2 26.18 ± 0 .1 3 9
29 8.68 ±  0.020 20.52 ±  0.065 29.22 ± 0 .1 2 0

T able 2. sensory evaluation of k u l f i

M ilk solids Overall
content Body Texture acceptability

(%)
17 5.19 4.99 4.76
20 6.16 6.39 5.70
23 6.90 6.73 6.76
26 7.20 7.36 6.86
29 6.99 7.13 6.59

to ta l so lid s  (29 per cen t) m ay  b e  d u e to  h eavy  and  
so ggy  b od y  in  Kulfi. Ice cream  w ith  h igh er to ta l 
so lid s  con ten t a lso  g ives a h eav y  and  so gg y  p rod u ct.6 
L ess to ta l so lid s  in  K ulfi o n  th e  o th er han d g ive  w eak  
and  crum bly b od y, H en ce , o p tim u m  lev el o f  to ta l 
so lid s  are desirab le to  have g o o d  b o d y  characteristics.

T e x tu re : T h e average scores for  textu re w ere 4 .99, 
6.39, 6 .73, 7 .36  and 7 .13 for 17, 20, 23, 26  and  29 
p er cen t to ta l so lid s  resp ectively . It is a lso  seen  th a t the  
texture scores for d ifferent to ta l so lid s  co n ten t w ere  
a lso  sign ifican t (P < 0 .0 5 ) ;  h igh est score for  texture  
w as o b ta in ed  for K u lfi co n ta in in g  26%  to ta l so lid s. 
S om m er7 reported  th at an  in creased  to ta l so lid s  
co n ten t resu lted  in  apparent im p rovem en t o f  texture, 
w h ich  w as d u e to  in com p lete  freezin g  o f  p rod uct. 
T h is m ay be th e  reason  for  in sign ifican t difference  
in  critical d ifference.

In case o f  ice cream , h igher to ta l so lid s  h e lp  to  
im p rove th e  sm ooth n ess. T h at th e h igh est so lid s  level 
un der present stud y (29 p er  cen t) had scored  less in  
term s o f  tex tu re, m ay  be d u e to  presence o f  coarse  
denatu red  particles in  K ulfi o n  a ccou n t o f  h eatin g  
and  co n cen tratio n  o f  m ilk .

O ver a ll q u a lity  o f  the p r o d u c t : T h e average score  
for over  a ll q u a lity  for  T  1, T  2 , T  3, T  4  and T  5 w ere  
4 .7 6 , 5.70, 6 .76, 6 .86  and 6 .59  resp ectively . T h e  
overall q u ality  scores for different treatm ents w ere  
n o t sign ifican tly  different. H ig h est average score (6 .76) 
w as for K ulfi w ith  26%  to ta l so lid s . K ulfi w ith  23, 
26 and 29 per cen t to ta l so lid s  gave a lm o st sim ilar  
average scores.

T h e p resent stu d y  has sh o w n  th at i f  co w  m ilk  
w ith  3 .5%  fat and  8 .5%  S N F  is u sed  in  th e  p reparation  
o f  K ulfi, th e  co n cen tratio n  o f  m ilk  to  26  per cent 
to ta l so lid s  is  exp ected  to  y ie ld  K ulfi o f  b etter  b o d y  
textu re and o ver  a ll q u ality . B ut at th is  lev e l o f  
to ta l m ilk  so lid s , th e  K ulfi is exp ected  to  have an  average  
o f  7 .9%  fat. But th is  K ulfi sam p le w ill fa ll short 
o f  statutory  reg u la tio n  (m in im u m  o f  10% ) w ith  regard 
to  fat con ten t.
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A Study on the Bionomics of Major Insect Species 
Infesting Cashew Kernels

S. P. P il l a i a n d  M . M u t h u
C entral F o o d  T ech n o lo g ica l R esearch  In stitu te , M y so r e -1 3

M anuscrip t received 2 June 1980; revised  14 December 1981

In a survey conducted at the major cashew processing units, T. castaneum, E. cautella  and O. surinamensis were 
identified as the major insect pests of processed cashew kernels. Laboratory investigation on five species of irsects 
showed that T. castaneum  had a low population growth rate as measured by ‘intrinsic rate of natural increase per 
week’ and ‘theoretical rate of self multiplication'. However, T. castaneum  was the most predominant and was successfully 
growing under the ecological conditions prevalent in the cashew processing units. Though the temperature and 
humidity conditions prevailing at the processing units were conducive to the faster multiplication of the moth species, 
the interspecific competition and probably, ecological adaptability of T.castaneum  will continue to make it the most 
important pest infesting processed cashew kernels.

In a  com m o d ity  o f  h igh  m onetary  value like  
cash ew  kernels, the to leran ce level o f  insect in festa tion  
ap p roach es zero. T h o u gh  earlier stud ies report a 
large num ber o f  insects a ssocia ted  w ith  cashew  
p rocessin g  u n its1-3, th ey  d o  n o t p rov id e an insight 
in to  the status o f  ind ividu al species as pests of 
p rocessed  cashew  kernels. A  survey o f  m ajor, foci 
o f  insect d eve lop m en t and id en tification  o f  th e species  
fo u n d  a ssocia ted  w ith  cash ew  kernels and raw  nuts 
in  p rocessin g  un its, provided  th e b asic  fou n d a tion  
fo r  laboratory stud ies. TriboHum castaneum (H erbst) 
w as th e m ost p red om in an t insect in  all processin g  
u n its surveyed , oryzaephilus surinamensis (L in n) and  
Ephestia cautella (W alker) w ere the o th er m ajor  
sp ec ies in festing  cash ew  kernels. T h e im ported  raw nuts 
in  storage sh ow ed  in festa tion  by O. surinamensis,
T. castaneum, Sitophilus oryzae (L in n), Cryptclestes 
ferrugineus (S tep h en s) and  E. cautella.

Sam ples o f  dust m aterial in gun ny bags used for  
storage o f  raw nuts con ta in ed  d ead  Tenebroides mauri
taniens (L in n), Ahasvérus advena (W altl.) Necrobia 
rufipes (D egeer), T. castaneum and O. surinamensis.
C rack s and crevices o f  processin g  floor, ■ 'tore and

grading ro om  frequently  harboured T. castaneum, 
E. cautella and C. ferrugineus. T. castaneum and  
Alphitobius piceus (O liv) w ere observed  in  em p ty  
bask ets ar.d po lyeth ylen e covers.

P o p u la tion  d yn am ics has o ften  been  ca lcu lated  
from  th e laboratory experim ental d ata  and t i e  m ethod  
is based  o n  life and fecu nd ity  tab les ad ap ted  by 
L eslie  and Park4 and H o w e5-6.

Materials and Methods
O ne hu nd red , 1 day o ld  eggs o f  T. castaneum w ere  

released  o n  to  125 g  o f  fresh ly  p rocessed  W -3 2 0  
grade cash ew  kernels kept in  77 m m (d ia ), 93 m m  (ht) 
o p en  to p  sanitary can. T h e m outh  o f  the can  w as 
covered  w ith  a c lo th  and  fixed by rubber band. O ne 
set o f  treatm ent w th four rep lica tion s w as incu bated  
at 2 5 ;t 2 . 5 0C and 6 5 ± 5 % R .H . (am bien t co n d itio n s  
in  the laboratory) and an oth er set o f  four rep lica tion s  
at 3 2 ± 1 ° C  and 8 0 ^ 1 %  R .H . in a  G a llen k am p  
h u m id ify in g  oven . T h e d eve lo p m en ta l p eriod  from  
egg  to  adu lt in  v/eeks and th e percen tage o f  eggs  
w h ich  m atured  in to  adu lts f  w ere recorded a ccord in g  
to  H o w e .;
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T a b l e  1. l if e  t a b l e A N D  FECUND7TY D A T A  ON F IVE SPECIES OF STORED PRO DU CT INSECTS BREED ING  IN CASHEW  KERNELS

Incubation R. H. Developmental Oviposition No. of eggs M aturity
Insect species temp. (%) period ‘d ’ period ‘1’ laid / female proportion

(°0 (w k ) (w k ) ‘2n’ ‘p’
T. castaneum 25 ± 2 .5 65 ± 5 6 28 360 0.28

32 ± 1 .0 80 ±  1 5 7 539 0.43
O. surinamensis 2 5± 2 .5 65 ± 5 7 30 211 0.48

32.±1.0 8 0 ± 1 4 21 287 0.72
E. cautella 2 5 ± 2 .5 6 5 ± 5 4 1 103 0.54

3 2 ± 1 .0 8 0 ± 1 3 1 108 0.48
C. cephalonica 25 ± 2 .5 6 5 ± 5 7 1 97 0.32

3 2 ± 1 .0 8 0 ± 1 5 1 126 0.41
S . paniceum 2 5 ± 2 .5 6 5 ± 5 8 2 71 0.58

3 2 ± 1 .0 8 0 ± 1 8 1 58 0.37

S im u ltan eou sly , 15 pairs o f  fresh ly em erged  adu lt
T. castaneum w ere released  to  10 g  finely pow d ered  
m eal o f  fresh cash ew  kernels s ieved  to  pass th rou gh  
35 m esh  standard T yler’s s ieve a n c  k ep t in  petri d ishes. 
T h e m eal w as sieved  in  35 m esh  sieve tw ice  w eek ly  
to  recover th e  eggs and  recorded  as eggs per 15 fem ales, 
from  w h ich  n u m ber o f  eggs per fem ale ‘2n’ and  
num ber o f  fem ale eggs p er  fem ale ‘« ’ w ere com p u ted . 
T h e o v ip o sitio n  p eriod  7 ’ in w eek s w as arrived at 
b y  record ing th e  b eg in n in g  and cessa tion  o f  egg  
laying. T h e experim ents w ere d o r e  in  four rep lica tion s  
and at th e tw o  tem p erature and h u m id ity  levels.

T h e tw o  sets o f  experim ents w ere rep eated  w ith
O. surinamensis, E. cctutella, C. cephalonica and  
S. paniceum. T h e life  tab le  and fecu n d ity  d ata  from  
th e experim ents are presented  in  T ab le 1.

Results and Discussion
E c o lo g ic a l s ign ifican ce is natu ral to  an  assu m p tion  

th at th e un hin dered  grow th  o f  a  p o p u la tio n  w h ich  
has settled  d ow n  to  a stable p rop o rtio n  o f  age group s  
is geom etric , th e  nu m bers in creasin g  by a con stan t  
factor ‘A ’ ca lled  ‘th e  th eoretica l rate o f  se lf-m u ltip lica tion  
per w eek ’. ‘T h e in trin sic  rate o f  natural in crease’ 
represented b y  Vm’ is an  in d ex  o f  increase o f  a 
species under specified  set of p h ysica l con d itio n s  
g iven  adeq uate fo o d  sup ply  and  space4. T h e Vm’ 
and  ‘A ’ va lu es co m p u ted  from  th e  life  and fecu nd ity  
data  under th e tw o  tem perature a n c  h u m id ity  co n d itio n s  
in  respect o f  th e five pest species stud ied  is presented  
in  T ab le 2.

T h e in trin sic  rate o f  natu ral increase per w eek  (rm) 
as w ell as th e ‘th eoretica l rate o f  s e lf  m u ltip lícate

per w eek ’ (A ) w as greater at th e h igher tem perature  
and h u m id ity  co n d itio n s  in  a ll species stud ied  excep t 
S. paniceum. A t 32 ±  1 °C and  80 ±  1 % R .H ,
E. cautella sh ow ed  th e h igh est in tr in sic  rate o f  natural 
increase and  th eoretica l rate o f  s e lf  m u ltip lica tion . 
A t 25 ±  2 .5°C  and  65 ± 5 %  R .H . th e  test species  
in  d escen d in g  order o f  th eir  rm and  A per w eek

T a b l e  2 .  s t a t i s t i c s  o f  p o p u l a t i o n  d y n a m i c s  o f
F IVE  INSECT SPECIES IN  CASHEW  KERNELS

Insect Spp.
Intrinsic rate o f natural 

increase/wk.
(rm)

Theoretical rate o f self 
multipiication/wk.

(A)
25°C and 
65% RH

32°C and 
80% R H

25 °C and 
65% RH

32°C and 
80% RH

E. cautella 0.32 0.40 2.09 2.54
C. cephalonica 0.16 0.26 1.44 1.81
T. castaneum 0.08 0.24 1.22 1.75
O. surinamensis 0.08 0.14 1.19 1.38
S . paniceum 0.14 0.12 1.40 1.32
N ote: rm  = log up 

d + i l A -  the natural antilog of rm.

W here, n  is the number of female eggs*,
p  is the proportion of female eggs that survive and mature. 
d  is the development period in units o f weeks.
/ is the oviposition period in units of weeks.

♦ Number of eggs that will hatch out into female insects, where 
sex-ratio is assumed to be 1 : 1, this is half the total number 
o f eggs.
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w ere E. eautella, C. cephalonica, S. paniceum, T. casta- 
neum and  O. surinamensis. T h e results sh ow ed  g o o d  
agreem en t w ith  th e  reported? estim ate  o f  op tim al  
co n d itio n s  for p o p u la tion  increase for th e species. 
A lth o u g h  th e innate cap acity  for increasing  o f  a pest 
sp ec ies derived  from  laboratory experim ents are figures 
o f  lim ited  ap p lica tio n , as op in ed  b y  S o lo m o n 8, the  
param eter g ives an  ap p rox im ate m easure o f  actual 
ch aracteristic o f  the species w hich  en ter fund am en tally  
in to  its p o p u la tio n  d yn am ics, how ever, greatly  their  
exp ression s m ay be m od ified  in  nature.

A  p red om in an ce o f  T. casta'ieum w as ob served  in  
th e natural ecosystem  o f. cashew  p rocessin g  un its  
over sp ec ies  w ith  h igher in trin sic  rate o f  natural 
increase and  th eoretica l rate o f  s e lf  m u ltip lica tio n  
under lab oratory  co n d itio n s. T h is is attributed  to  
the m o d ifica tion  o f  p o p u la tio n  d yn am ics du e to  
eco lo g ica l factors lik e  interspecific co m p etitio n , 
av a ilab ility  o f  fo o d  and foci o f  deve lop m en t. T h is  
in ference is w ell borne out by the findings o f  A d eyem i9 
o n  co m p etitio n  b etw een  T. cas'aneum and  three m oth  
species in festin g  groun dn uts in  w h ich  T. eastaneum 
red uced th e intrinsic rate o f  m oth  increase, w hile  
m oth s d id  n o t affect th e rate o f  n crease o f  T. eastaneum 
to  the sam e extent under co n d itio n s  o f  co m p etitio n  
for fo o d  and space. H en ce as a resu lt o f  co m p etit io n  
for fo o d  and or sp ace w ith  T. eastaneum, th e m oth  
sp ec ies are lik ely  to  be exterm in ated  d esp ite  their  
app arently  h igher in trin sic  rate o f  increase. U n d er  
eco lo g ica l co n d itio n  ex istin g  in  the processin g  un its, 
th e ex term in ation  o f  m o th  species b y  natural inter

specific co m p etit io n  is very un lik ely , th ou gh  p re
d o m in a n ce  o f  T. eastaneum is w id e ly  observed .
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RESEARCH NOTES

BIO CH EM ICAL EFFECTS O F RAPE SEED  
M EA L IN  ALBINO  RATS

A 4-week trial was conducted with male albino rats to 
ascertain the effect of different protein levels of rape 
seed meal (RSM) on growth rate and changes in 
carbohydrate and protein metabolism in various tissues.
The levels of muscle aminotransferases increased, whereas 
liver glycogen decreased significantly in RSM  (10%) 
fed animals as compared to casein fed animals. The 
other biochemical parameters examined remained unaltered.
The animals fed RSM  a t 5 % level showed an increase in 
liver glycogen content while blood glucose, protein of 
both liver and muscle as well as aminotransferases of 
muscles decreased significantly in comparison with group 
fed 10% RSM . However, the muscle glycogen and 
liver aminotransferases did not vary significantly in both 
RSM  fed animals. Furthermore, significant decrease 
was also observed in growth rate c f both RSM groups. 
Thus, it is suggestive that RSM  intake disturbs the 
metabolic homeostasis and cannot be recommended as 
such for animal consumption.

T h e m ain ten an ce o f  m eta b o lic  h o m eo sta sis  d ep en d s  
up on  th e  s im u ltan eo u s in terp lay  o f  several regu latory  
m ech anism s. T h e b io log ica l va lu es o f  rape seed  
m eal (R S M ) have earlier been  carried o u t by stu d y in g  
th e g ro w th 1, n itrogen  m eta b o lism 2 and its  nutritive  
u tility .3 T h e ch an ges in  m eta b o lic  and  en zym e activ ity  
p atterns o n  feed in g  rape seed  p ro te in  at d ifferent 
levels to  an im als have n o t b een  d e lin eated . In  v iew  
o f  th is , th e present stu d y  w as d esign ed  to  in vestigate  
ch an ges in  p ro te in  and  carb oh ydrate m eta b o lism  in  
variou s tissu es w h ich  includ ed  p rotein , aspartate (G O T )  
and a lan in e (G P T ) am in otran sferases as w ell as  
glycogen and g lu cose  on  feed in g  different levels o f  
rape seed  p rotein  in a lb in o  rats.

M ale a lb in o  rats (W istar strain m ain ta in ed  at 
H .A .U . H issar) w e ig h in g  80— 120 g, w ere h ou sed  
in d iv id u a lly  in  cages in  a ro o m  under a con v en tion a l 
lig h tin g  schedu le w ith  a  dark  n ight. F o o d  pallets  
from  M /s  H in d  Lever L td . In c ia  w ere su p p lied  in  
fixed a lu m in iu m  p o ts  for  4 - 5  d a y s to  adap t th e an im als  
to  n e w  surrou nd in gs and  w ater w as m ad e a va ila b le  
ad libitum. T h e an im als w ere th en  rew eigh ed  and  
d iv id ed  in to  three group s. E ach  rat w as w eigh ed  
w eek ly  and  a record  o f  d a ily  fo o d  in tak e w as  
m ain ta in ed .

T h e rape seed  (Brassica campestris, var. toria) 
grow n in  A m ritsar d istrict (Ind ia) w as procured , 
cleaned , ground and m ad e free from  o il u s in g  
successive extraction . E xp erim ental d iets  con ta in in g

ca se in  10% (A ), R S M  (rape seed  m ea l) to  p rov id e  
10% (B) and 5% (C ) p ro te in  w ere p repared4 and  w as 
g iven  ad lib for  fou r w eek s to  resp ective groups.

A t th e end o f  th e exp erim en ta l p er io d , th e  an im als  
w ere starved for 1 2 -1 5  hr and th en  k illed  b y  d eca p ita tion . 
T h eir b lo o d  w as co llec ted  by u s in g  an ticoa gu lan t  
for d eterm in in g  b lo o d  g lu co se .5 Part o f  th e liver  
and  gastrocn em iu s m u scle  o f  each  h ind leg  w ere  
rap id ly  excised  for th e d e term in ation  o f  g ly co g en ,6 
p rote in 7, a lan in e and  aspartate a m in o  transferases.8 
T h ese sam ples w ere b lo tted  free o f  b lo o d , p la ced  in  
sm all p o ly th en e  bags and  stored  a t -2 0 °C . E stim ation s  
w ere carried o u t eith er  o n  fresh  sam ples o n  th e day  
o f  sacrifice or o n  sam ples stored  at - 2 0  °C. T he  
an a ly sis  o f  all b io ch em ica l p aram eters w ere perform ed  
in  d u p lica te . M ean s and  standard errors w ere
ca lcu lated  for each  grou p  and  sign ifican ce w as found  
o u t b y  ap p ly in g  paired  test.

T h e ch an ges in  grow th , carb oh ydrate and  p rotein  
m eta b olism  o n  feed in g  d ilferen t levels o f  rape seed  
p ro te in  in  a lb in o  rats are p resen ted  in  T ab le 1. 
G rou p s B and C  con su m ed  o n  an  average o n ly  58 
and 64%  o f  fo o d , 55 and 31%  p rote in  resp ectively  
as com pared  to  th e  ca se in  10%  grou p  (A ). G row th  
rate o f  group  B  an im als w as sign ifican tly  low er th an  
grou p  A , bu t it is sim ilar to  th at o f  group  C . T he  
fa stin g  levels o f  G O T  and  G P T  in  m u scles increased , 
w hereas liver g ly co g en  d ecreased  sign ifican tly  in group B  
as com pared  to  group  A  an im als. T h e  o ther  
b io ch em ica l param eters in vestigated  d id  n o t sh o w  an y  
app reciab le ch an ges.

T h e liver g lyco gen  co n ten ts  o f  grou p  C  an im als  
in creased , w h ile  b lo o d  g lu co se , p rote in  o f  b o th  liver  
and m uscle and  G O T  a n d  G P T  o f  m u scles d ecreased  
sign ifican tly  in  com p a riso n  to  g rou p  B. O n th e o ther  
han d , m u scle  g ly co gen , liver G O T  and G P T  d id  n ot 
vary  sign ifican tly  in  group s B and C.

T h e present study reveals th e  effect o f  q u ality  
(B  V s A ) and  q u an tity  (B  V s C ) o f  p ro te in  in tak e on  
th e  variou s b io ch em ica l param eters in  rats. T h e  
resu lts in d icate a decrease in  liver g ly co g en  and  
sim u ltan eou s increase in  G O T  and G P T  activ ity  o f  
m u scles  o f  rats fed  o n  R S M  10%  in  com p a riso n  to  
ca se in  10% . H ow ever , su ch  ch an ges are n o t a ssocia ted  
w ith  a  parrallel increase in  b lo o d  g lu co se . T h is  
d ecreased  level o f  b lo o d  g lu co se  m igh t b e  d u e  to  
th eir  increased  cap a city  to  m o v e  g lu co se  from  b lo o d  
in to  peripheral tissu es for u t iliza tio n  w h ich  m a y  be  
a ccom p a n ied  by increased  stim u la tio n  o f  ¿ -is le ts  o f  
lan gerh an s o f  pan creas. S im ilar find in gs have earlier  
b een  d em on stra ted  in  m a ln o u rish ed  a n im a ls9-16.

4 121
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T a b l e  1. b io c h e m ic a l  e f f e c t s  o f  r a p e  s e e d  m e a l  d ie t  o n  r a t s

Casein 10%(A) RSM 10%(B) RSM 5 %(C)
Diet Tissues Mean +  S. E. Mean +  S. E. Mean +  S. E.

Food intake (g/rat/28 days) — 178.92 +  24.08 104.37* +  21.20 114.24 +  19.32
Body wt. (g/rat/28 days) — 1 1 5 .6 0 +  6.20 69.00* +  1.79 77.80* +  3.34
Glucose (mg/100 ml) Blood 111.18 +  13.77 95.83 +  6.53 65.83* +  4.55
Glycogen (mg/g) Liver 48.80 +  1.20 16.40* +  1.30 29.20* +  4.00

Muscle 1 1 .0 0 +  1.30 10.40 +  0.30 11.10 +  0.07
Protein (mg/g) Liver 136.49 +  2.80 142.75 +  3.45 122.52* ±  0.94

Muscle 169.70 +  1.10 169.93 +  0.78 1 3 7 .9 8 * +  1.48
Aspartate aminotransferase (units/10C mg) Liver 20.70 +  0.13 22.60 ±  0.33 21.30 +  0.36

Muscle 20.20 +  0.63 22.70* +  0.30 17.60* +  0.16
Alanine aminotransferase (units/100 mg) Liver 33.30 +  0.96 36.50 +  0.30 35.00 +  0.30

Muscle 26.60 +  0.80 29.53* +  0.20 20.90*-+  0.46
Enzyme units -  fJ.g of oxaloacetate or pyruvate released/min *p <  0.05
Initial body wt for all groups were 107.00 +  4.35 
Feeding a d  libitum  for 4 weeks.

M u n ro  et al.n  reported  that the co m p o s it io n  o f  the 
diet, specifica lly  th e ad m in istration  o f  different protein s, 
decreases th e liver g lycogen  and b lo o d  g lu cose  con ten t, 
w h ich  is a lso  observed  in  th e present study. H ow ever, 
th e  p ro te in  con ten t o f  b o th  liver and  m u scle rem ained  
un altered  (T ab le 1). T h e d ec-ea sed  level o f  b lo o d  
g lu co se  and increased  liver g ly co g en  con ten t in  
group C  an im als as com pared  to  B sh ow s a  
p o sitiv e  correla tion .

T h e lo w  m uscle and liver p rotein  con cen tration  o f  
grou p  C  rats m ay be due to  less p rote in  co n ten t in  
the d iet. B oth  G P T  and G O T  activ ity  in m uscles  
d ecreases in group  C  as com p ared  to  group B  anim als. 
T h ese ob serv a tio n s are in  agreem en t w ith  th ose  o f  
H eard et al.n  T h e liver G P T  and  G O T  activ ity  as  
w ell as m uscle  g ly co gen  con ten t appeared  to  be  
un affected  by any  o f  th ese  dietary treatm ents.

It is a lso  n ecessary to  n o te  th e  greatly reduced  
rate o f  grow th  and fo o d  intake. In th e present 
stud y, b o th  R S M  group rats w ere sign ifican tly  stun ted  
an d  eq u ally  short o f  fo o d  (energy) as ju d ged  by  
n o rm a l requirem ents (casein  10% ). T h e  ab ove results  
ca n  b e  exp la in ed  b ecau se o f  less p a la tab ility  and  
d ig estib ility  o f  R S M  p rote in  th an  con tro l p rote in 2,13.
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S T U D IE S  O N  T H E  N U T R IT IO N A L  Q U A L IT Y  O F  
S O M E  V A R IE T IE S  O F  M U N G  B E A N

( Vigna radiati)
A study of nutritional composition c f nine mung varieties 
was carried out. The proximate principles except fat, 
energy value and phosphorus contents did not exhibit 
any significant differences. Thousand kernel weight, 
crushing hardness, calcium, iron, methionine and tryptophan 
ranged from 24.07 to 53.18 g, 1.95 to 3.78 kg/seed,
88 to 198 mg, 3.70 to 8.80 mg, 160 to 360 mg and 
219 to 578 mg/100 g dry weight respectively. Values 
varying from 9.29 to 16.57%, 0.36 to 1.98%, 7.96 to 
14.59% and from 52.30 to 66.62% were noticed for 
total, reducing and non-reducing sugars, and biological 
value respectively. Varieties ‘K 851’ and ‘PS  16’ appear 
to be quite promising from the nutritional angle.

P ulses are essen tia l co m p o n en ts  in  th e h u m an  
dietary in  p rov id in g  th e am in o  acid  balance n eed ed  
for n orm al grow th  an d  m ain ten an ce o f  h ea lth  o f  a  
m ajority o f  Ind ian  p o p u la tion . T h ey  co n ta in  tw ice  
as m u ch  p rote in  a s  cereals a r d  a com p lem en tary  
pattern o f  am in o  ac id s, bu t are lo w  in  o il and  su lphur  
co n ta in in g  am in o  ac id s. Y o h e  and P o eh lm a n 1 have  
observed w ide g en etic  varia tion s for p rotein , lysine  
and m eth ion in e  con ten ts in  large p o p u la tio n  o f  m u n g  
bean strains. T h e b io lo g ica l va lu e o f  p u lse p rotein s  
ranged from  32 .0  to  78 .0  per cen t2,3.

In th is  co m m u n icatio n , w e  have exam in ed  the  
variab ility  o f  n u tr itio n a l q u a lity  param eters in  n in e  
m u n g  varieties for exp lorin g  th eir  p o ssib le  use for  
d eve lop m en t o f  n u tritio n a lly  sup erior varieties.

G rain  sam p les o f ‘K  851’, ‘H  7 0 -1 6 ’, ‘P S  16’, ‘P S  7 ’, 
‘T  4 4 ’, ‘T  51 ’, ‘C o t 71 ’, ‘S - 8 ’ and  ‘S  R ’ w ere received  
from  th e  D ep ar tm en t o f  P lan t B reed in g, H aryana  
A gricu ltural U n iv ersity , H issar d u rin g  1977. T h e  
u n sp lit w h o le  grain  w as u sed  to  ju d g e  cru sh in g  
h ard n ess w ith  th e  h e lp  o f  hard ness tester (O gaw a  
S eik i, L td ., T o k y o , Japan). M o istu re , eth er extract, 
m in eral m atter, ca lc iu m  and  iron  co n ten ts  w ere  
estim a ted  b y  A O A C  m eth o d s.4 P ro te in  co n ten t w as  
d eterm in ed  b y  th e  m eth o d  o f  M cK en z ie  and W alla ce3 
and  th e  fo o d  en ergy  va lu e w as co m p u ted  from  the  
d ata  o f  p rox im ate  p r in cip les a ssu m in g  th at p rote in  
and  carb oh ydrates each  y ie ld  4 .0  A ca l/g  and  fats  
9 X ca l/g . M eth io n in e  and try p to p h an  w ere estim ated  
by co lor im etr ic  m eth od s o f  H o rn  et al.6, S m ith  and  
A g iz a 7 and th eir  ch em ica l scores w ere w ork ed  ou t  
in co m p a riso n  w ith  h e n ’s eg g  ra tio .8 P rotein  quality  
w as assessed  from  th e  b io lo g ica l v a lu e  (B . V .) calcu lated  
by ch em ical score m eth od  c f  B lo ck  and M itch e ll9 
u sin g  th e  eq u a tio n , Y = 1 0 2  —  0 .6 3 4  x  w here Y  is 
B. V . and  X is  percen tage m eth io n in e  d efic ien cy  in 
m u n g  w ith  reference to  w h o le  eg g  p rote in . P h osp h oru s  
w as determ in ed  b y  th e  m eth od  o f  D ick m a n  and  
B ray10 and  red u cin g  sugars b y  H u lm e and  N a r a in 11 
and th e extract fo r  to ta l sugars w as prepared  b y  th e

Constituent K  851
T  \BLE

H 70-16
1. QUALITY

PS 16
CONSTITUENTS OF
P 57 T 44

MUNG VARIETIES
T 51 Cot 71 S-8 S x  R Mean

1000 kernel wt (g) 34.57 53.18 27.97 40.55 31.63 29.45 24.03 25.85 35.89 32.57
Seed hardness (kg/seed) 1.93 3.63 2.26 2.12 2.14 2.40 1.96 3.78 2.94 2.57
M oisture (%) 8.78 8.90 9.30 8.90 9.14 8.46 8.82 8.64 8.40 8.82
Crude protein (%) 27.71 27.77 26.19 25.64 26.46 27.11 23.92 25.95 24.66 26.16
Minerals (%) 4.03 3.73 3.96 3.87 3.76 4.03 3.96 3.55 3.88 3.90
Total carbohydrate (%) 58.38 57.34 58.29 60.15 60.09 58.88 60.36 59.89 61.38 59.41
Crude fat (% ) 1.10 2.21 2.27 1.44 1.50 1.52 1.50 1.97 1.68 1.69
Energy (Kcal) 354.3 36C.3 358.3 356.1 359.7 357.6 350.6 361.3 359.3 357.5
Calcium (mg/100 g) 198 132 154 165 88 152 110 142 98 138
Phosphorus (mg/100g) 461 467 453 461 467 453 461 463 457 461
Iron (mg/100 g) 8.80 4.73 5.94 4.73 5.28 7.85 5.28 3.70 4.36 5.63
Methionine (mg/100g) 360 310 360 250 220 250 160 240 250 270
Chemical score 

(methionine) 41.9 39.4 44.2 31.5 30.0 33.0 21.6 29.8 32.6 33.2
Biological value (%) 65.17 63.70 66.62 58.60 57.62 59.52 52.30 57.50 57.30 59.80
Tryptophan (mg/100g) 579 542 520 472 571 458 571 446 219 480
Chemical score 

(Tryptophan) 130.6 121.8 118.7 115.6 135.0 105.6 148.7 107.5 77.53 114.7
Total sugars (%) 11.15 13.01 9.29 14.87 11.15 12 89 13.01 12.89 16.57 12.74
Reducing sugar (% ) 1.48 1.11 1.35 1.67 0.36 1.24 1.01 1.42 1.98 1.29
Non-reducing sugars( %) 9.67 11.90 7.94 13.20 10.79 11.65 12.00 11.47 14.59 11.45



1 2 4 J O U R N A L  O F  F O O D  S C IE N C E  A N D  T E C H N O L O G Y , V O L . 1 9 ,  M A Y /J U N E  1 9 8 2

m eth o d  fo llo w ed  by Srin ivasan and B h a tia 12 and  
n o n -red u cin g  sugars w ere ob ta in ed  by difference.

T h e th ou san d  kernel w eigh t varies from  24.03 to  
53.18 g  and cru sh in g  hardness from  1.93 to  3.78 k g / 
seed , w hereas th e m e a n  ob served  w as 32 .57  g  and 2 .57k g /  
seed  resp ectively  (T ab le 1). R ath n asw am y et a / .13 and  
M an im ek ala i et al.u  ob served  varieta l d ifferences for  
seed  in d ex , bu lk  d en sity  and  specific  gravity in  red 
gram . Seed size  is an  ob jective  in d ex  o f  m illin g  
v a lu e15, w h ereas th e  grain hardness is govern ed  by the  
a d h esio n  b etw een  starch and storage p r o te in s .16

T h e m o istu re  co n ten t varied  from  8.46 in  ‘T  5T  to  
9 .3 0  in  ‘P S  16’ w ith  an  average o f  8 .82  per cen t. 
T h e m ax im u m  va lu e for p rotein  co n ten t (27 .77% )  
w as n o ticed  in  ‘H  7 0 -1 6 ’ and  m in im u m  (23 .92% ) in  
‘C o t 7 T , w hereas th e  average ob served  w as 26.16  
per cen t. T h e  to ta l m in eral m atter (as p er  cen t)  
ranged from  3.55 in  ‘S - 8 ’ to  4 .03  in  ‘K  85 T  and  
‘T  51’ and  en ergy  v a lu e  from  35 0 .62  to  360.33  /te a l/  
100 g. V ariety  ‘K  851’ had th e low est fa t con ten t  
(1 .10% ) and ‘PS 16’ th e h igh est (2 .27% ). T hese  
resu lts are in  agreem en t w ith  th ose  o f  K h an  and  
B ak er17, and  G u p ta  and W ag le .18

T he ca lc iu m  co n ten t varied  from  88 to  198 m g /1 0 0  g  
and  th e iro n  co n ten t from  2 .70  to  8 .8 0  m g /1 0 0  g. 
T h e variab ility  for p h osp h oru s con ten t am on g  varieties  
w as a lm ost n eg lig ib le . T h e low est ca lc iu m  to  
p h o sp h oru s ratio  o f  ‘0 .1 8 9 ’ w as ob served  in ‘T  4 4 ’ 
and the h igh est 0 .428  in  ‘K  851’. D esirab le  ratio  
for ca lcium  to  p h osp h oru s has b een  recogn ised  to  
lie  b etw een  2 : 1 and  1 : 1  for ad eq u ate n u tr itio n 19. 
T h e h igher va lu es 219 to  759 m g/100  g  ob ta in ed  for  
tryp top h an  in th e present in vestigation  are n o t in  
agreem ent w ith  th ose  reported  b y  G o p a la n  et al.20 T he  
p o ssib le  reasons m ay be th e varia tion s in  variety, 
locatio n , en viron m en tal co n d itio n s, fertilizer d o se  and  
an aly tica l m eth od s. V ariety  ‘FS 16’ had th e h ighest  
(360  m g /1 0 0  g) co n ten t o f  m eth io n in e  w ith  a  chem ical 
score o f  44 .20  and b io lo g ica l va lu e o f  66 .62% , w hereas  
th e  var ‘C o t 7 1 ’ sh o w ed  th e  low est va lu e  for a ll the  
a b o v e  m en tio n ed  th ree con stitu en ts. T h e reported  
resu lts are n o t c lo se  to  th e  find ings o f  G u pta  and  
W a g le .18 V alu es ran gin g  b etw een  32 and  78 per cent 
for  b io lo g ica l va lu e rep orted  b y  Jaffee2 and  
P atw ard h an 3 for p u lses, len d  support to  th e present 
find in gs.

M o st o f  th e varie ties analysed  co n ta in ed  m ore than  
ten  per cent w ater so lu b le  carb oh ydrates and the  
average va lu e w as 12.74 per cent. T h e variety  ‘T  4 4 ’ 
sh o w ed  th e low est co n ten t o f  0 .36%  and th e variety  
‘S x  R ’, th e  h igh est (1 .98% ) red u cin g  sugars, w hereas 
th e  n o n -red u cin g  sugars varied  from  7 .9 4  to  14.59  
per cen t. D u r in g  four days o f  germ in ation , so lu b le  
sugars varied  from  9 .00  to  0 .39% , w h ereas red ucin g

and n o n -red u cin g  sugars, varied  from  2.40 to  0 .13  
and 7 .16  to  0 .32%  resp ectively  in  p u lses.21

It m a y , th erefore, be co n c lu d ed  th at m u n g  b ean  
varie ties ‘K  851’, ‘H  7 0 -1 6 ’ and  ‘P S  16’ a p p ear to  
be n u tritio n a lly  superior to  o th er  varieties stu d ied .
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Dept of Chemistry & Biochemistry, D. S. W agle
Haryana Agricultural University, K uldip Singh D hindsa 
H issar-125 004, India.
R eceived 9 M arch  1981 
R evised  6 A ugust 1981

References
1. Yohe, J. M. and Poehlman, J. M ., Genetic variability in

mung bean Vigna radiata L Willizek, Crop S c i., 1972, 
12, 461.

2. Jaffe, W. G. El valor biológico comparativo de algunas
leguminosas de importanicia enla alimentación venezolana, 
A rch. Venez N ut., 1950, 1, 107.

3. Patwardhan, V. N ., Pulses and bean in human nutrition.,
A m er J . clin. N u tr., 1962, 11, 12.

4. O ffic ia l M ethods o f  Analysis, Association of official Analytical
Chemists. W ashington, D. C. 11th Ed., 1970.

5. McKenzie, H. A. and Wallace, H. S., The Kjeldahl
determination of nitrogen. A critical study of digestion 
conditions—tem perature, catalyst and oxidising agents, 
A u st. J . C hem ., 1954, 7, 55.

6. Horn, M. J., Jones, D. B. and Blum, A. E., Colorim etric
determ ination of methionine in proteins and foods, 
J . biol. C hem ., 1946, 166, 313.

7. Smith, A. M. and Agiza, A. H ., Amino acids o f several
grasslands species, cereals and Brecken, J . Sci. F d  A grie., 
1951, 2, 503.

8. Rao. K. H. and Subramanian, N ., Essential amino acid
com position of commonly used Indian Pulses by paper 
chrom atography, J . F d  Sci. Technol., 1970, 7, 31.

9. Block, R. J. and Mitchell, H. H ., The correlation o f amino
acid composition of the proteins with their nutritive value, 
N utr. R ev., 1946, 16, 249.

10. Dickman, S. R. and Bray, R. H ., Colorimetric determination
of phosphate, Ind. Engg. Chem. A nal. Ed. 1940, 12, 665.

11. Hulme, A. C. and Narian, R ., The ferricyanide method
for the determ ination of reducing sugar and modification, 
Biochem . J ., 1931, 25, 1051.

12. Srinivasan, M., and Bhatia, I. S., Carbohydrates of Agave
vera C ruz M ill., Biochem. J . ,  1953, 55, 286.

13. Rathnaswamy, R ., Veeraswamy, R. and Palaniswamy, G. A.,
Studies in red gram (Cajunus cajan) seed characters, 
cooking quality and protein content, M adras agrie. J ., 
1973, 60, 396.

14. M animekalai, G ., Neelakantan, S. and Annappan, R . S.,
Chemical composition and cooking quality of some 
improved varieties of redgram dhal, M adras agrie. J ., 
1979, 66, 812.

15. Berkerova, S. A. and Lukina, V.G., Effect o f bulk density
and 1000 grain weight o f some wheat varieties from the 
result of some wheat varieties from the south of Kazakhstan 
on yield of flour, Zernopererabaty vayushchaya i. 
Pishchevaya Promyshlnost, 1975, 5, 9.



B R E A K A G E  O F  R IC E  D U R I N G  M IL L I N G 1 2 5

16. Simmonds, D. H „ Barlow, K. K. and Wrigley, C. W „ The
biochemical basis of grain hardness in wheat, Cereal 
C hem ., 1973, 50, 553.

17. Khan, N. A. and Baker, B. F., The am ino acid composition
of some Pakistani pulses. J . Sci. F ood A gric ., 1957, 8, 301.

18. Gupta, K  and Wagle, D. S., Proxim ate composition and
nutritive value of Phaseolus mungoreous, A cross between 
Phaseolus m w igo  and Phaseolus aureus, J . F d  Sci. Technol., 
1978, 15, 34.

19. Maynard, L. A. and Leosli, J. K., A n im a l N utrition , Tata
M cGraw Hill Publishing Co., New Delhi, India, 1975, 158.

20. Gopalan, C., Ram asastri, B. V. and Balasubramanian, S. C.,
N utritive  value o f  Indian foods, National institute of 
N utrition, Indian Council of Medical Research, Hyderabad, 
India, 1976, 63.

21. Gupta, K. and Wagle, D. S., Changes in anti-nutritional
factors during germination in Phaseolus mungoreous, 
A cross between Phaseolus mango fM i.j)  and Phaseolus 
aureus (Tj) J . Food S ci., 1980, 45, 394.

BREAKAGE OF RICE DURING MILLING
4. EFFECT OF KERNEL CHALKINESS

In 10 rice varieties tested, chalkiness score and cracks 
in mature kernels were mutually correlated: more the 
chalkiness index, the more were the cracks, and vice 
versa. Kernel chalkiness thus predisposed the rice grain 
to easier cracking under field conditions, and hence 
indirectly to greater milling breakage. Chalkiness score 
of mature kernels also increased in field paddy as its 
harvest was delayed, which may be one reason why rice 
breakage increases with delayed harvest.

N u m erou s researchers have repeated ly  m en tion ed  in  
th e literature th at kernel ch alk in ess (in  o therw ise  
m ature grains) is an  im p ortan t con trib u tor to  breakage  
o f  rice d u rin g  m illin g . Y et n o  experim ental ev iden ce  
in  support o f  th is  sta tem en t is availab le. O n the  
contrary, B h attach arya1 and M atth ew s et al.2 co u ld  
o b ta in  n o  ev id en ce in  carefu l stud ies th at ch alk y, but 
m ature and uncrack ed  grain s in  a sam ple b rok e m ore  
readily d u rin g  m illin g  th an  corresp on d in g  v itreous  
grains. B h attacharya3 in  a  recent rev iew  h yp oth esized  
o n e  p o ssib ility . It had b een  n o ticed  in  th is  laboratory  
earlier th at m illed  parboiled  rice w ith  an  u n gelatin ized  
o p a q u e co re4 as w ell as m illed  raw  (m ature) rice  
w ith  ch alk y  p o rtio n s5 cracked m ere  read ily  w hen  put 
in  w ater th an  fu lly  v itreou s kernels. O n th is  basis, 
it w as h y p o th esized  th at varieties w ith  ch alk y  kernels  
co u ld  u n d ergo  greater crack in g  in  th e  field  and du ring  
d ryin g  th an  th o se  w ith  v itreou s grain s, and th u s  
indirectly  be subject to  m ore breakage d u rin g  m illin g .

T o  test th is  h y p o th esis , several varieties availab le  
in  lab oratory  sto ck  w ere an a lysed  for cracks and  
ch alk in ess in  th eir  kernels. T h e sam ples w ere first

sh elled  w ith  a Satake laboratory rubber-roller sheller- 
T h en , ab ou t 200 ran d om ly  se lected , m ature brow n  
rice grains in  d u p lica te  w ere a n a lysed  for  cracks w ith  
a m odified  m icro b io lo g ica l co lo n y  cou n ter  as described  
earlier6 as w ell as for ch alk in ess score as p e i th e  
fo llo w in g  score card:

% K ernel area ch alk y  0  1 -2 0  > 2 0
Score 0 3  9

T h e results (T able 1) confirm ed  th at cracks and  
ch alk in ess score in  m ature rice kernels w ere m u tu a lly  
corre la ted : m ore th e cracks, th e  m ore w as ch alk in ess  
in d ex , and vice versa. T h is  w as true in varieties o f  
a ll s izes and shapes.

M ean w h ile , it w as n o ticed  th at ch alk in ess in  m ature  
rice kernels seem ed  to  increase in  a  variety  as its  
harvest w as d e lay ed . T o  confirm  th is , seven  pad dy  
varieties in  th e 1980 sum m er crop  w ere harvested  at 
several stages and shade d r ied  as d escrib ed  earlier.6 
T h e sam ples w ere th en  sh elled  and an a lysed  for kernel 
ch alk in ess. T h e resu lts (T ab le 2) confirm ed  th at as  
the d ay  after flow erin g  in creased , th e  ch alk in ess ind ex  
a lso  increased . T h ese  resu lts are in  app arent
con tra d iction  to  th ose  o f  K ester  et al?  w h o  fou n d  
th at kernel ch alk in ess d ecreased  w ith  p rogressive  
m atu rity  o f  rice grains in  th e field . H o w ever , th ese  
w orkers classed  o n ly  grains w h ich  w ere “ at least h a lf  
ch a lk y ” as ch alk y  k ernels, w h ich  m ean s essen tia lly  
im m atu re gra in s; and  im m ature grains natu rally  
d ecreased  w ith  progressive m aturity . T h e  present 
w ork , o n  th e  o ther han d, con cern s fu lly  v itreo u s vs. 
even  m in u tely  chalky grains in  th e  m ature crop . In  
such  crop , it is  clearly  sh o w n  th at k ernel ch alk in ess  
increases in  rice w ith  d e la y  in  harvest a fter a tta in m en t  
o f  m atu rity  in  th e field .

T able 1. chalkiness score of cracked and uncracked
RICE GRAINS

Chalkiness score of grains 
having cracks numbering

Variety Length L/B ratio* ----------------- -----------------------
(mm) 0 1 >1

Basmati370 6.1 3.4 2.0 5.3 8.0
S705 6.1 3.0 0.3 2.3 4.7
Intan 6.5 3.1 1.6 7.0 7.0
Jenugudu 5.7 3.2 2.1 2.4 -
S749 5.7 2.6 1.4 3.1 1.0
Mahsuri 5.2 2.6 2.5 2.8 2.5
Pankaj 6.1 2.4 2.2 3.6 4.0
Ch2 6.0 2.3 3.0 4.0 4.0
Bala 4.8 1.9 2.3 2.9 3.6
C435 4.0 1.9 1.6 3.8 3.8

*L, mean length and B, mean breadth o f a milled grain.
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T able 2. increase in chalkiness score in different varieties
OF RICE GRAINS WITH DAYS AFTER FLOWERING*

Days Chalkiness Days Chalkiness
Variety after score Variety after score

flowering flowering
ES18 24 0.4 MR301 24 2.5

28 0.7 29 4.6
33 1.4 32 5.0
38 2.0 36 5.4
41 2.1 40 5.5
45 2.7 27 2.4

Madhu 20 0.7 Bharani 32 3.3
24 1.2 35 3.6
29 1.5 39 3.8
34 3.2 43 4.2
37 3.5 MR365 32 0.4
41 4.2 37 1.3

Mangala 27 4.2 40 2.2
31 4.9 44 2.2
36 5.4 48 2.4
41 6.3 IET4107 19 6.8
44 6.6 23 7.4
48 7.1 33 7.6

40 8.0
*The relative increase appears to be more in varieties with
low initial score than in those with high initial score. This 
is because o f the score card chosen, wherein kernels having 
> 2 0 %  of area chalky were given the maximum score of 9. 
Therefore, even though the chalky area went on increasing 
beyond 20%, as it perceptively did in varieties with high 
initial score, the score could not increase proportionately.

T w o  co n c lu sio n s th at can  be draw n from  th ese  
d ata  are: (1) W h ile  ch alk y  rice kernels per se m ay  
n o t break m o re readily d u rin g  m illin g  th an  v itreous  
k ern els, th e  form er invariab ly  u n dergo  m ore crack in g  
un der field co n d itio n s  th an  th e latter. V arieties w ith  
m ore ch alk y  grains are th erefore, m ore pron e to  break  
d u rin g  m illin g , for kernel ch alk in ess ind irectly  contrib utes  
to  rice breakage th rou gh  easier crack ing. T h is  finding  
p rov id es a  ra tion a l exp lan ation  to  th e persisten t  
p op u lar b e lie f  th at ch alk y  varieties break m ore d u rin g  
m illin g  th an  no n -ch a lk y  o n es— a lth o u g h  th e  assu m p tio n , 
th at th erefore, ch alk y  grains per se are p ron e to  break, 
is  app arently  u n fou n d ed . (2) S in ce  d e layed  harvest 
increases kernel ch alk in ess, w h ich  renders th e grain  
m ore pron e to  crack , th is  fact m ay  b e  on e  reason  
w h y, as is w ell k n o w n 3, rice breakage in creases w ith  
d e la y ed  harvest.
Discipline o f Rice and Y. M. Indudhara Swamy
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EFFECT OF DEGUMMING ON KEEPING 
QUALITY AND REFINABILITY OF 

INDIGENOUS SOYBEAN OIL
Crude and degummed soybean oils obtained from K alitu r  
(indigenous black soybean) could be stored well for 
210 and 120 days respectively. Storage showed no 
adverse effect on the refinability of these oils.

In d igen ou s cu ltivar o f  soyb ean  w ith  b lack  seed co a t  
called  Kalitur (B lack  soyb ea n ) is grow n  to  th e ex ten t  
o f  50 ,000  to n n es  in  M a d h y a  Pradesh . D a ta  o n  p ilo t  
plan t p rocessin g  b y  exp e llin g  o f  th is  varie ty  w ere  
presented  in  an  earlier p ap er1. D a ta  o n  storage  
studies o f  expeller crude and d egu m m ed  o ils  and th eir  
refin ab ility  are presented  in  th is  note.

Param eters stud ied  are free fatty  a c id s , p erox id e  
va lu e, iod in e  va lu e, refin ing and b lea ch in g  p erform an ce  
a ccord in g  to  A O C S  m eth o d s2 and  K reis co lo u r  test 
as d escrib ed  b y  M eh len b ach er3.

C rude o il w as degu m m ed  for 3 0 -4 5  m in  w ith  5 per  
cen t w ater at 75°C . T h e crude and  th e d egu m m ed  
o ils , h av in g  p h o sp h a tid e  con ten t o f  2 .99  and 0 .55  per  
cen t resp ectively , w ere stored  in  c lo sed  tin  contain ers  
and th e  sam ples w ere draw n from  th e  sam e con ta in ers  
at intervals o f  30 d ays for  360 d ay s and  an a ly sed . 
A t th e en d  o f  560 days, final sam ples w ere draw n and  
analysed . T h e o ils  w ere a lso  refined in itia lly  and at 
the end o f  560 days.

T h e v aria tion s observed  d u rin g  storage in  free  
fatty  acid  (in  th e range o f  1.5), iod in e  v a lu e  and  
L o v ib o n d  co lo u r  (in  th e  range o f  50, Y - |-1 0 R  u n its  
in  0 .635  cm  cell) are n o t sign ificant b e in g  w ith in  th e  
lim its  o f  experim ental errors. But a ccord in g  to  p erox id e
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value, the storab ility  o f  d egu m m ed  o il w o u ld  be 
120 d ays, sin ce by th at tim e, there is an  increase o f  
3 un its (ov er  in itia l 9). F o r  crude o il , th e k eep in g  
tim e lim it is  210 d ays, th e p erox id e  va lu e h av in g  
risen slightly  to  7 -8  from  th e in itia l 6 .5 . C on sid eration  
on  the basis o f  K reis co lou r  (w h ich  is rather erratic) 
also p o in ts  ou t tow ards th e  sam e tim e, lim its for the  
sh elf life  o f  th e degu m m ed  and crude soyb ean  o ils . 
W hile storage has n o  adverse effect o n  th e refin in g  
perform ance, the co lou rs o f  crude and  degu m m ed  
o ils as w ell as refined and b leach ed  o ils  from  th em  
are sligh tly  darker at th e en d  o f  560 days o f  storage.

The au th ors are th an kfu l to  th e  Indian C ou n cil o f  
A gricultural R esearch , N ew  D elh i for fin an cin g  a  
post harvest tech n o lo g y  schem e.
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Q U A N T IF IC A T IO N  O F  C H O L IN E S T E R A S E  
IN H IB IT IO N  O N  T L C  P L A T E  F O R  
E S T IM A T IO N  O F  F E N IT R O T H IO N

A simple and sensitive TLC-enzymatic method Is developed 
for determination o f fenitrothion (O , O-dimethyl O- 
(3-methyl-4-nitrophenyl) phosphorothioate) as fenitrooxon 
(O , O -dim ethyl 0 -(3 -m eth yl-4 -n itrop h en y l phosphate) 
employing pig liver acetone powder as enzyme source.
By this method, fenitrothion can be detected in amounts 
ranging from 5 to 50 ng.

T L C -en zym atic  m eth od s based  o n  ch olin esterase  
(C h E ) in h ib it io n  tech n iq u e w ere reported  as sim ple  
and sen sitive  for d e tec tio n  o f  organ op h osp h oru s  
p e stic id es1.2. V ariou s raw  liv e  sources o f  enzym e  
lik e livers o f  b o v in e , p ig  and sh eep 3.4 hum an seru m ,5 
bee heads and  d rosp h ila  head s6 and p eacock  p lasm a7 
w ere em p lo yed  for  d e tec tio n  o f  organ op h osp h oru s  
p esticid es. N an d ak u m ar et a l f ,  rep orted  a T L C -  
en zym atic  m eth o d  for d e term in ation  o f  parath ion  
em p lo y in g  raw  rat liver  as en zym e source. In th ese  
m eth od s, th e procurem ent and preparation  o f  en zym e

su sp en sion  are cu m b ersom e and  th u s d e la y  estim ation- 
R ecen tly , th e authors reported9 -11 co lor im etric  estim ation  
o f  m eth yl p arath ion  and d im eth o ate  u sin g  liver a ceton e, 
p ow d er because o f  its easy  a v a ila b ility  and instant 
use. T h us, it is  m ore a d van tageou s th an  liv e  enzym e  
sources. In  th is  in vestig atio n , a ttem p ts are m ad e to  
d ev e lo p  an  en zym atic  m eth od  o n  T L C  p la te for rapid  
d e tec tio n  and d eterm in ation  o f  fen itro th ion  by u sin g  
p ig  liver aceto n e  p ow d er as C h E  source and  p-n itro-  
b en zen e d ia zo n iu m  flu orob orate as ch ro m o g en ic  salt. 
B y th is , fen itro th io n  can  b e  estim ated  as fen itro ox o n  
w ith in  1 hr and it can  b e  u sed  in  resid u e analysis.

A ll ch em icals used  w ere o f  a n a ly tica l grade. 
F en itro th ion  (99% ) o b ta in ed  from  R a llis  Ind ia  L td ., 
B om b ay, w as u sed  for  p reparing  a ceto n e  so lu tio n s  
o f  variou s con cen tration s. P ig  liver  a ceto n e  pow d er  
(1 %) w as h o m o g en ised  in  ice  co ld  d istilled  w ater and  
w as u sed  im m ed iately  as en zym e source. T h e so lu tion s  
o f  0 .5 %  1 -n ap h th y l aceta te  a n d  0 .4%  p -n itro b en zen e  
d ia zo n iu m  flu orob orate w ere prepared  in  a ceton e.

T L C  p lates (20  x  10 cm ) co a ted  w ith  450 p m  layer  
o f  s ilica  gel G  w ere prepared as rep orted  earlier^ and  
d esicca ted  b efore use.

Thin-layer chromatography: D ifferen t con cen tration s  
o f  p estic id e  standard so lu tio n s (1 to  10 p \)  in  a ceton e  
w ere sp otted  o n  d r ied  T L C  p la te. T h e  p la te  w as  
ex p o sed  to  even ly  d istrib u ted  brom in e vapour8 for  
co m p lete  o x id a tio n  o f  fen itro th io n  as fen itro oxo n . 
T h e p la te  w as rem oved  and  ex p o sed  to  air for 5 m in  
to  evaporate th e brom in e vap ou r. A ce to n e : hexan e  
( 1 : 9 )  so lven t w as em p loyed . A fter  ch ro m atogra p h ic  
run, th e  p la te w as d r ied . P ig  liver aceto n e  p o w d er  
su sp en sion  w as u n iform ly  sprayed o ver  th e p la te  
th orou gh ly  w ettin g  th e  gel. A b o u t 5 to  10 m l 
su sp en sion  is req uired  for  20 x  10 cm  T L C  p late. 
T h e p la te  w as kept in  m o is t  a tm o sp h ere  at 37° c for  
10 m in  and w as sprayed w ith  1-n a p h th y l acetate

T a b l e  1. r e l a t i o n s h i p  o f  c h E  i n h i b i t i o n  w i t h  f e n it r o t h io n

C O N C EN T RA T IO N  AS D ET ER M IN ED  B Y  A R EA  W E IG H T  M ETH O D  A N D  

A R EA  M EA SU R EM EN T  M ETH O D

Area weight method A rea measurement method

Fenitro- Inhibition ChE inhibition Inhibition ChE inhibition
thion zone (%) zone (%)
(ng) (mg) Mean ^  S. D. (sq. mm) M ean ^  S. D.

5 4 7.60 ±  0.26 18 8.00 ±  0.14
10 7 13.46 ±  1.16 31 13.80 ±  0.62
20 15 28.86 ±  0.95 78 32.11 ±  0.93
30 25 48.07 ±  2.15 108 48.00 ±  1.23
40 33 63.46 ±  3.83 148 66.73 ±  2.65
50 40 76.92 ±  3.50 184 81.75 ±  2.25
Values are the mean of 6 observations.
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T a b l e  2. e s t i m a t io n  o f  f e n i t r o t h io n  r e s i d u e s  a s  f e n it r o o x o n  

IN FORTIFIED p a d d y  s a m p l e s  b y  t l c -e n z y m a t i c  m e t h o d  a n d  

GAS LIQUID CHROMATOGRAPHY
Fenitro- Fenitrothion recovered by TLC- Fenitro-

Paddy
sample

thion
fortified

enzymatic method* thion
- recovered 
by GLC**Area wt. method Area measure

ment method
(g) (f*g) ( F g )

Mean S. D.
( R S )

Mean ^  S. D.
(Fg>

50 5 4.80 -J- 1.00 4.65 ±  0.85 4.85
50 10 8.90 ±  0.95 8.75 ±  0.90 9.55
50 20 18.50 ±  1.85 18.10 ±  1.25 18.75
50 30 27.65 ±  2.25 26.75 ±  2.05 27.50
50 50 46.35 ±  1.65 45.95 ±  3.25 46.35
♦ Values are the mean of 6 observations.

**Values are average o f duplicate observations.

in  a ce to n e  and w as aga in  p laced  in  m o ist a tm o s
p h ere for 2  m in. T h e p late w as sprayed u n iform ly  
w ith  p -n itro b en zen e  d ia zon iu m  flu orob orate in  aceton e. 
T h e w h ite  sp ots or. orange back groun d  w ere m arked.

Quantification o f  fenitrothion as fenitrooxon: F en i
tro th io n  w as estim ated  as fen itrooxon  by b o th  area  
w eig h t m eth o d  and area m easurem ent m eth od s as 
rep orted  early .8

Residue estimation in fortified paddy samples: P addy
sam ples w ere fortified  w ith  fen itro th io n  an d  the  
residues w ere estim ated  as fen itro ox o n  fo llo w in g  
clean -u p  tech n iq u e.4

F en itro th ion  w as estim ated  in  the fortified  sam ples  
after c lean u p 12 b y  G L G  em p lo y in g  V arian  A erograp h  
series 1400 eq u ip p ed  w ith  6 ’ X 1 /8” i. d . P yrex glass  
co lu m n  p ack ed  w ith  5%  O V -1 7  o n  6 0 -8 0  m esh  
C h rom osorb  W . n itro gen  (25 m l/m in ) w as u sed  as 
carrier gas. A lk a li flam e ion iza tio n  d etector  w as  
u sed  w ith  h yd rogen  flo w  rate o f  45 m l/m in  and air flow  
rate o f  260 m l/m in  m ain ta in in g  co lu m n , injector and  
d etector  tem peratures a t 130°C , 140°C  and 170°C  
resp ectively  at 32 x  10-12  range. T h e reten tion  tim e  
for  fen itro th ion  is 1.8 m in.

P lo ts  o f  am ou n ts o f  fen itro th ion  as fen itro ox o n  vs 
C h E  in h ib it io n  by b o th  area w eigh t and area  
m easurem ent m eth o d s sh ow ed  a  straight lin e relation sh ip  
(T ab le  1). F rom  th ese standard curves, 5 to  50 n g  
fen itro th io n  can  be estim ated . P ig  liver aceton e  as 
en zy m e source is  m o re ad van tageou s in  v iew  o f  its  
read y availab ility , instant use and ind efin ite storage  
tim e at 0°C , un lik e th e rat liver w h ich  has to  be  
p rocured  from  a liv e  anim al fo llo w ed  by iso la tion  
and  th e  raw  tissu es can n ot be stored  for lon ger du ration . 
H en ce , th is  m eth od  is m ore advan tageou s th an  th e  
m eth o d  rep orted  earlier.8

F en itro th ion  residues as fen itro o x o n  in  fortified  
p ad dy sam ples w ere estim ated  by th e present m eth o d  
and valu es are com p ared  w ith  th e valu es o b ta in ed  
b y  G L C  (T able 2) and th ese  are com parab le and  
th e m eth od  w as foun d  to  b e  su itab le in  residue an a ly sis .

A uthors are thankfu l to  R a llis  Ind ia  Ltd., B o m b ay, 
for generous supply o f  fen itro th io n  sam ple. O ne o f  
th e  auth ors (S U B ) is grateful to  C S IR , N e w  D e lh i  
for financial assistance.
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BOOK REVIEWS

Nutrition and Food Processing: b y  H . G . M u ller  and
G . T o b in , T h e A vi P u b lish in g  C o . Inc., W estport,
C on n ecticu t, 1980; pp. 302; P rice: $  33.00.

T h e t itle  o f  th e  b o o k , N u tr itio n  and F o o d  P rocessin g  
is som e w h at m islead in g . It is m ore lik e a hand  
b o o k  o n  n u trition  th an  a b o o k  o n  fo o d  p rocessin g  
and its n u tr ition  im p lica tio n s. T h e b o o k  is d iv id ed  
in to  14 ch ap ters and deals w ith  ch em istry  and fu n ctio n  
o f  nutrients and  th eir  eva lu ation , nu trien t requirem ents, 
chem istry and nu trition a l asp ects o f  variou s fo o d  
groups, fo o d  ad d itives and som e fo o d  processin g  
tech n o log ies lik e  refin ing, refr igeration , heat treatm ent 
and d eh yd ration . T h e auth ors h ave a ttem p ted  to  
d eal w ith  th e a b o v e  aspects o f  fo o d  co n c ise ly  and  
have a ttem p ted  to  present th e  latest in fo rm a tio n  o n  
th e subjects d iscu ssed . H ow ever, d iscu ssio n  on  n u tritional 
d iseases appear to  be rather sketchy. O n th e other  
hand, d eta iled  d escrip tion  o f  m eth o d o lo g y  given  
in  chapter IV  m ay, perhaps be o f  ou t o f  p lace ¡n  a  
b o o k  o f  th is  type. T h ere are a lso  several instances  
o f  m isin form ation  and  errors w h ich  th e auth ors  
cou ld  have ch eck ed  and  corrected . S om e o f  the  
glaring exam p les are:

U n d er T ab le 2 .2 , h istid in e is m en tio n ed  as essentia l 
for ch ild ren  w h ile  w e k n o w  th at it m a y  be essentia l 
for o n ly  infan ts. O n page 36, th e w ord ‘ca ro ten o id s’ 
is  u sed  instead  o f  caroten es, to  d escrib e p igm en ts  
w ith  p rov itam in  A  activ ity . T em perature correction  
for en ergy requirem ents d iscu ssed  o n  p a ge 56 w as  
suggested  b y  F A O  in  1957, w h ile  in  th e 1973 
recom m en d ation , n o  tem perature correction  has b een  
suggested .

N P R  is describ ed  as N e t  P rotein  R eten tio n , instead  
o f  N e t  P ro te in  R a tio  (page 86). T h e auth ors a lso  
have fa iled  to  d iscu ss th e  recently  suggested  m eth od  
o f  R ela tive  P ro tein  V alu e (R P V ) for p rote in  evalu ation .

C hick pea  is d escrib ed  as L. sativus, the legu m e  
resp on sib le for lathyrism  (p age 148). C h ick p ea  is 
Cicer arietinum, w h ile  L. sativus is kesari d a l and  
th e to x in  present in  L. sativus is  B O A A  and n o t 
B A P N . B A P N  is present in  L. odaratus.

P oor ab sorp tion  o f  raw  egg  w h ite  is a ttribu ted  to  
avid in  w hich  is rep orted  to  be present at 5 per cen t 
level. T h e factor resp on sib le for p o o r  ab sorp tio n  is 
‘o v a m u co id ’, th e tryp sin  in h ib itor  and n o t av id in , 
th e latter is resp on sib le for cau sin g  b io tin  defic ien cy .

E xcept for th e  a b o v e  o m iss ion s and errors, th e  
b o o k  o n  th e w h o le  is w e ll w ritten  co n ta in in g  a lo t  o f  
usefu l and latest in fo rm ation  o n  fo o d  and n u trition .

T h e b o o k , th us w ill be q u ite  va lu a b le  to  th e  stud ents  
and  teach ers o f  n u tr ition . A ll  th o se  w h o  are in terested  
in  th e sc ien ce  o f  n u tritio n  w ill find th is  a  very  usefu l 
b o o k .

B. S. N arasinga Rao 
N ational Institute of N utrition, H yderabad.

The Analysis o f  Dietary Fibre in Food: by W . P. T .
Jam es and  O lo f T h ean d er, M arcel D ek k er Inc.
N e w  Y ork , B asel, 1981; pp . 2 88; P rice: $  35.00.

A s  a  resu lt o f  a  m eetin g  h e ld  to  d iscu ss th e p o ssib le  
re la tion  betw een  d ifferent k in d s a n d  nu trition a l patterns  
o f  different co m m u n ities , w ith  specific em p h asis  o n  
in tak e o f  d ietary  fibre (D F ), a  co lla b o ra tiv e  study  
w as un dertaken  w here co m m o n  sam ples from  different 
fo o d  group s w ere a n a lysed  for  d ietary  fibre con ten t  
u sin g  variou s m eth o d s and a  m eetin g  h eld  in  1980 
to  d iscu ss th ese resu lts. T h e d a ta  o b ta in ed  by th e  
different groups o f  w orkers, form  th e  subject m atter  
o f  th is  b ook .

R esearch  o n  d ietary  fibre is  o n e  o f  th e im portant  
fields o f  study in  recent years a n d  th is  co llab orative  
study w as un dertaken b y  p ion eers and h ig h ly  experienced  
p erson s in  th e  field. P resen tation  b y  th e different 
group s g ives d eta ils  o f  m eth o d o lo g y  em p lo y ed , any  
m od ifica tion s effected  to  orig in al m eth o d s and  difficu lties  
en cou n tered  in  an a lysis. A t th e  en d  o f  each  paper, 
a short sum m ary o f  d iscu ssio n  o n  th e  w ork  h as a lso  
b een  added.

T h e final rev iew  o f  th e  resu lts o f  th e v ariou s group s  
brings out th e d ifferences in  th e  d ata  and  a lso  the  
p o ssib le  reasons for  th ese d ifferences. W h en  the data  
w ere com pared , va lu es o b ta in ed  b y  Sarthgate p rocedu re  
sh ow ed  large varia tion s. T h is  co u ld  b e  d u e to  th e  
sm all a liq u o ts  tak en  for an a ly sis  and a lso  d u e  to  
varyin g  success w ith  w h ich  th e starch p o rtio n  w as  
rem oved . D ifferen ces in  th e va lu es o b ta in ed  by  
en zym atic  procedures co u ld  b e  d u e  to  differences  
in  the effect o f  d egrad a tion  o f  th e variou s enzym es  
used .

G ravim etric  m eth o d s are rap id , in sp ite  o f  th e  
lo ss  o f  so lu b le p o lysaccharides co m p o n en ts . G o o d  
agreem ent w as ob served  in  th e resu lts rep orted  b y  the  
group s w h o  have em p loyed  th e  detergen t procedures  
o f  V an Soest.

A t th e end, n eed  for further w ork  and co o p era tio n  
from  different group s has b een  stressed.

T h is  b o o k  is a n  u sefu l g u id e  for a ll th ose  w h o  are
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w orkin g  in th e  fields o f  n u trition , fo o d  scien ce, fo o d  
tech n o lo g y , m ed ic in e  etc. It serves as a source o f  
reference for th e  m eth o d o lo g y  for the m easurem ent 
o f  dietary fibre.

K a n t h a  S. S h ur palek a r  
C.F.T.R.I., Mysore.

Fundamentals o f  Food Chemistry: b y  W . H eim an m ,
A V I T ech n ica l B ook s Inc. U .S .A ., 1980, pp . 344,
P rice: $  33.00.

T h is b o o k  is c la im ed  to  be an  ad van ced  survey  
o f  th e p rin cip les o f  m o d e m  fo o d  chem istry  a im in g  
to  d em on strate th e in teraction s o f  fo o d  chem istry  
w ith  an alytical, orga n ic  and  b io log ica l chem istry  in  
rela tion  to  d iete tic  con stitu en ts, h ealth , sickn ess and  
m ed icin e.

H avin g  th e ab ove goals in  v iew , o n e  w on d ers i f  
ju stice  ca n  b e  d o n e  in  th e sh ort spaces d evo ted  to  
so m e o f  th e  to p ics . T h us Part 1. N u tr itio n , n o t  
o n ly  con sists  o f  o n e  ch ap ter but th e chapter has on ly  
o n e  p age. O ther exam p les are to  be fou n d  in  Part 
3 o f  th e  b o o k  w here four chapters h ave five or few er  
pages.

Part 2  d ea lin g  w ith  th e m ajor con stitu en ts o f  fo o d s  
has b een  g iven  sufficient space for a  m ean in gfu l 
presen tation . T h e p resen tation  in  th ese  chapters is 
d eta iled  and  attem p t has b een  m ad e to  integrate th e  
organic chem istry o f  fo o d  con stitu en ts w ith  th eir  
fu n ctio n  in  fo o d s  and  b ioch em istry . T h e b o o k  in  
th is  respect is a  w orth w h ile  a d d itio n  to  th e a lready  
availab le b o o k s  o n  rood chem istry  in  E n glish . H ow ever, 
so m e om iss ion s, errors and  p ossib ly  p o o r  tran sla tion  
from  th e  orig in a l G erm an text m ar th ese chapters.

T o  g ive  on ly  a  few  exam p les, th e w rite ups o n  
o p tica l activ ity  (p. 31) and a sp a m g in e  and  glu tam ine  
are confusing . A  few  o f  th e sentences w ith  errors 
or bad con stru ction s are— “ Sm all con cen tration s o f  
sa lts o fte n  increase th e so lu b ility  (sa ltin g-ou t effect)” , 
p a ge 55. “ L ysine is an  in d isp en sib le  essen tia l a m in o  
a c id ” page 42. “D ry  h eatin g  o f  h exo ses  a lo n e  or  
w ith  a sm all am o u n t o f  so d iu m  or a m m on iu m  carb on ate,
y ie ld s  resu lts in  ca ra m e liz a t io n .............”  p a ge 149. “ T he
ch em ical co m p o sitio n  o f  ce llu lo se  has b een  m ain ly  
clarified  by X -ray  in v estig a tio n s.”  In  T ab le 1, page  
132, th e isoe lectr ic  p o in ts  for va lin e , th reon in e , 
asp argin e, g lu tam in e and o rn ith in e are m issin g . 
S o m e p r in tin g  errors are, L -g ly cer in a ld eh y d e  (p. 132), 
D -g a la b e to s e  (p . 132), N a S o 4 (p. 142), ce llio se  (p. 166) 
cy stin e  (p . 43) and o x y d a tion  (p. 43).

S. N . N ig am  
C.F.T.R.I., Mysore.

Nutrition and Food Science-II: by  W alter san tos
N a b u co  L op es, J. J. B arbosa, D a g o b erto  C hares  
and  Jose C arlos V alen te, P len u m  P u b lish in g  
C orp oration , N ew  Y o rk ; 1980; pp. 950; Price: $  79.50.

T h e P roceed in gs o f  th e E leven th  In ternational 
C ongress o n  N u tr ition , organ ized  b y  B razilian  N u tr itio n  
S ociety , h eld  in  R io  d e  Janerio , B razil, from  A u g u st 27  
to  Septem ber 1, 1978 have b een  p u b lish ed  by P len u m  
Press, N e w  Y ork , in th ree v o lu m es. T n e th ree v o lu m es  
have b een  cap tion ed  as I F o o d  a n d  N u tr itio n  P o lic ie s  
and  P rogram m es, II N u tr itio n  E d u catio n  and  F o o d  
Scien ce  &  T ech n o lo g y  and  III B ioch em ical and  
P a th o lo g ica l N u tr itio n , resp ectively . Papers related  
to  to p ic s  such  as (a) an im al and  vegetable resou rces  
for h u m an  feed in g , (b) fo o d  sc ien ce and tech n o lo g y , 
(c ) research  in  fo o d  and n u trition , and (d) nu tr ition  
ed u ca tio n  have b een  c lu b b ed  to g eth er in to  th e seco n d  
v o lu m e. T n e  in c lu sio n  o f  n u tritio n  ed u ca tio n  a lo n g  
w ith  th e  subject o f  fo o d  science a n d  tech n o lo g y  
a p p ears to  b e  som ew h at od d , as the latter c o u ld  have  
b een  pu t a lo n g  w ith  sim ilar to p ic s  in  V o lu m e I.

W h ile  th e prin ting , b in d in g  and  cov er  d esig n in g  
o f  th e  b o o k  have b een  d o n e  w ell, th e ed itin g  and  
p r o o f  rea d in g  part has b een  p o o r ly  d o n e . T here  
are n u m ero u s typograp hica l errors th ro u g h ou t th e  
b o o k  an d  o cca s io n a lly  n ew  w ord s have b een  in trod u ced  
w h ich  are n o t seen  norm ally  in  E n g lish  u sage. A s  
th e ed itors are a ll B razilian  scien tists, th eir  d ifficu lty  
w ith  E n glish  lan guage is understan dab le .

T n is p u b lica tio n  represents th e latest research  find ings  
an d  th in k in g  in  th e  area o f  fo o d  and  n u trition  research  
ed u ca tio n , p o lic ie s  an d  p lan n in g , etc. H en ce  it is 
a very usefu l p u b lica tio n  and d eserves a  p lace  in  libraries  
con cern ed  w ith  th ese  d iscip lin es.

P. G . T u l p u l e  
N ational Institute o r N utrition, H yderabad.

Food Control in Action: by  Ed. P. O. D a n n is , J. R . 
B lanchfield  and  A . G . W ard, A llied  Sc ien ce  P ub lishers  
L td ., L o n d o n ; 1980; pp . 290; P rice: £  33.00.

F o o d  co n tro l is a  w id e sub ject o f  interest to  a ll 
th o se  in v o lv ed  in  fo o d  p rod u c tio n , d istr ib u tion , 
co n su m p tio n  and  a lso  to  govern m en t agen cies, 
en forcem en t au th orities and  standards organ isation s. 
It en com p asses, b esid es scien tific  and tech n o log ica l 
factors, m an y  procedu ral and in stitu tio n a l arrangem ents  
to  ensure effective observan ce o f  fo o d  reg u la tion s  
b y  p rod ucers and  distributors. In order to  carry  
o u t m ean in gfu l fo o d  con tro l, it is n ecessary to  have  
exten sive  k n o w led ge o f  th e p h ysica l, ch em ical, 
b io ch em ica l, m icro b io log ica l, nu trition a l and  o ther
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ch aracteristics o f  beh av iou r o f  fo o d s . B esid es, a  
th orou gh  u n derstan din g  o f  th e p r in cip les and  practices  
in vo lved  in  th e tech n o lo g y  o f  m anu facture, storage  
and d istr ib u tion  w ill be o f  in valu ab le help  in evo lv in g  
m eaningfu l and  practical sp ec ifica tion s o f  raw  m aterials, 
pack agin g  m aterials and fin ished  prod ucts. It is 
praise w orthy  th at In stitu te o f  F o o d  Sc ien ce and  
T ech n ology  o f  th e U . K . recogn ised  th e im p lication s  
o f  the ab ov e  con cep ts and p ion eered  th e ev o lu tio n  
o f  a sp ec ia lised  n eed  orien ted  course o n  F o o d  C ontrol 
in  1978 in  co llab oration  w ith  th e R o ya l Institu te o f  
C hem istry and  th e Institu te o f  B io logy . T h is  p u b lica tio n  
based  o n  a  sym p osiu m  h eld  in  July 1979 covers the  
princip les and  practice o f  to ta l fo o d  co n tro l as a p p lied  
to  fo o d  m anu facture and d istr ib u tion .

In th e first paper o n  ‘P h ilo so p h y  o f  F o o d  C o n tro l’,
J. R. B lanchfield , analyses th e reasons and  fram ew ork  
for overall con tro l in  fo o d  m an u factu rin g  and  
distribution  o p era tio n s from  th e  p o in t o f  v ie w  o f  a 
fo o d  tech n o lo g ist. F o o d  con tro l is concerned  w ith  
the tech n ica l m easures tak en  b efore, du ring and  
after p rod u ctio n  to  ensure th at th e p rod ucts com p ly , 
n o t o n ly  w ith  a ll th e  legal requirem ents, but a lso  w ith  
m any other req uirem en ts w h ich  th e law  d o es  n o t  
and o ften  can n ot sp ec ify . T h e scop e o f  fo o d  con tro l 
is  lim ited  b y  four m ajor constrain ts w h ich  in clu d e  
th e q u ality  req uirem en ts o f  th e m arket, co st, leg is la tio n  
and o rgan isation .

A  series o f  in terlin k ed  papers in  specified  subjects 
assign ed  to  variou s au th ors w ith  a  strict ed itoria l 
briefing are b u nched  in to  four section s un der the  
broad h ead in g  co m p o n en ts , constrain ts, in terfaces and  
practical ap p lica tion s.

In  th e first sec tio n  o n  ‘C o m p o n en ts’, three papers 
o n  th e b asis o f  fo o d  co n tro l have b een  in clu d ed ;  
th e first o n  scien tific  b asis , th e n ex t o n  tech n o lo g ica l  
b asis and  th e last o n  m eth o d o lo g ica l basis. A n y  
attem p t to  m easure th e  rela tion sh ip  b etw een  value  
and  quality  o f  fo o d  is th e scien tific  b asis o f  fo o d  
contro l. A  tech n o lo g ica l bias is  a  n ecessity  to  study  
th ese  processes in  d e ta il, m o n ito r  th e rela tion sh ip  
betw een  actu al and  specified  p erform ances and  p rov id e  
corrective a c tio n  w henever th ere is a  d ev ia tion . A n  
effective fo o d  con tro l o p eratio n  w ill d ep en d  o n  a  
practical ad m in istrative system  for  com m u n icatin g  and  
d efin in g  prod u ct m an u factu r in g  and  d istr ib u tion  
standards. T here are m an y  m eth o d o lo g ies  availab le  
to  a id  th is  ob jective  w h ich  have b een  review ed .

M any ‘C o n stra in ts’ have b een  c ited  as factors  
affectin g  fo o d  con tro l system  in  th e  secon d  sectio n .

T h ese  in clu d e q u a lity  req uirem en ts o f  th e  m arket, 
op eratin g  co sts , con stra in ts o f  leg is la tio n  and  
organ isation a l constrain ts. T h e im p in gem en t o f  the  
co n tro l system  o n  o ther co m p a n y  fu n ctio n s such  as 
pu rch asing , R  & D , p ro d u ctio n  and  p rod u ctiv ity  and  
th e  d istr ib u tion  ch ain  are d ea lt w ith  in  th e th ird section  
o n  ‘Interfaces’. T h ere are fo u r papers d ea lin g  w ith  
interfaces w ith  prod uct and  p rocess d eve lop m en t, 
m ateria l purchasing, q u a lity  assu rance, p rod u ction  and  
prod u ctiv ity  and d istr ib u tion  and  con su m er. T h o u gh  
th ere is som e o verlap p in g  o f  th e areas cov ered  b y  
each  paper o n  th e w h o le , th ey  b r in g  o u t th e  p ractical 
aspects o f  th e re la tion sh ip  b e tw een  fo o d  con tro l  
system  and  ind ustria l m an agem en t.

In  th e last section , th e ‘C on tro l fu n c tio n ’ is describ ed  
as is organ ised  and  op erated  o n  a  d ay -to -d a y  basis  
in  com p an ies representing fo u r m ajor branches o f  
th e  fo o d  m anu facturin g  industry. E xp erienced  authors  
describe th e  p ractical asp ects o f  in tegrated  fo o d  con tro l 
system s in  such  d iverse sectors as ca n n in g , qu ick  
freezin g  o f  m eat, fish p rod u cts, break -fast cerSals, 
b iscu its  and  cak e m ixes and ch o co la te  a n d ' sugar 
con fectio n ery .

In  h is co n c lu d in g  rem arks, p resen ted  separately  as  
a pap er, A . G . W ard has h ig h lig h ted  so m e few  p o in ts  
w h ich  m erit con sid era tio n  b y  th e  fraternity, o f  fo o d  
sc ien tists and tech n o lo g ists , n a tio n a l govern m en t and  
industry. T h e size , m o d e  o f  op eration , tech n ica l 
co m p eten ce  and  sk ill in  a p p ly in g  fo o d  co n tro l are 
n o t u n ifo rm  and m an y  firm s get a w ay  w ith o u t an y  
m ean in gfu l fo o d  co n tro l system  for  w h ich  leg isla tive  
pressure m ay b e  th e o n ly  m ean s o f  corrective  action . 
T h e m an agem en ts o f  fo o d  p rocessin g  u n its  a lso  m ust 
b e persuaded to  reorien t th eir  p erson n el p o licy  to  
ensure d ep loym en t o f  co n tro l p erson n el w ith  p rop er  
qu alifica tion s in  th e  subject.

T h e co d e  o f  p rofessio n a l con d u ct b e in g  fo llo w ed  
by In stitu te  o f  F o o d  Sc ien ce  and  T e ch n o lo g y  o f  th e  
U n ited  K in g d o m  is  ap p en d ed  fo llo w ed  b y  subject 
ind ex . T h e p u b lica tio n  is h ig h ly  in form ative  and  it 
p u ts to g eth er in  o n e  p lace  th e  v ariou s a sp ects  o f  
qu ality  con tro l an d  q u ality  assu rance. T h e subject 
o f  fo o d  q u a lity  and its con tro l in  d e v e lo p in g  coun tries  
w here fo o d  industry is in  its in fan cy  is a ll th e m ore  
relevant and  th e  exp erien ce  o f  U . K . as brou gh t out 
b y  th is  p u b lica tio n  ca n  be a  va lu ab le gu id e . I strongly  
recom m en d  its read in g  b y  a ll th o se  in v o lv ed  in  th e  
im p o rta n t fu n ctio n  o f  fo o d  con tro l.

V . H . P otty  
C.F.T.R.I., M ysore



NEWS:
INTERNATIONAL CONFERENCE ON LEAF PROTEIN RESEARCH

T h e a b o v e  C onference organ ised  b y  th e  S o c ie ty  o f  
G reen  V eg eta tio n  R esearch  and co -sp o n so red  by th e  
In d ia n  U n iv ers itie s  and  In stitu tes in v o lv ed  in  le a f  
p ro te in  research  w ill be h e ld  o n  5-8 O ctob er 1982 at 
M arath w ad a  U n iv ersity , A uran gab ad , In d ia . F iv e  
sc ien tific  se ss io n s  coverin g  screen ing  o f  v eg e ta tio n  for  
c h o ice  o f  raw  m a teria ls , cu ltiv a tio n  and a g ro n o m ic  
stu d ies for assessm en t o f  y ie ld s o f  le a f  p rote in /tech n ica l 
and tech n o lo g ica l aspects o f  p rocessin g  and  p rod u ction , 
n u tr itio n a l and  b ioch em ica l in v estig a tio n s for q u a lity  
assessm en t and im p rovem en t, and th e  resu lts o t  b u lk

p ro d u ctio n  and u tilisa tio n  stu d ies have been  p lan n ed .
In ten d in g  partic ip an ts are req uested  to  w rite to  D r .  

N a ren d ra  S in gh , O rgan isin g  Secretary, C F T R I, M y sore  
570 0 13 , In d ia  for further in fo rm a tio n  and th e  p a p er-  
abstract m ay  be sent to  the a b ov e  add ress b e fo re  ju ly  e n d .

B ritish  C o m m on w ea lth  F o u n d a tio n  w ill sy m p a th e
tica lly  con sid er  a p p lica tio n s for  travel grants fro m  th e  
c itizen s w ith in  th e C om m on w ea lth . P artic ip an ts fro m  
d eve lo p in g  cou n tries  m ay m ak e requests for fin a n cia l  
a id  d irectly  th rough  th eir  n a tion a l a u th o rities  fo r  u se  
o f  U N D P  fu nd s.

SIXTH WORLD CONGRESS OF FOOD SCIENCE AND TECHNOLOGY
T h e ab ov e  C on gress is  organ ised  b y  th e  In stitu te  o f  

F o o d  Sc 'en ce and  T e ch n o lo g y  o f  Ireland un der th e  
sp o n so rsh ip  o f  th e In tern ation a l U n io n  o f  F o o d  Scien ce  
a n d  T e ch n o lo g y  in  D u b lin , Ireland  fro m  18-23  
S ep tem b er, 1983.

T h e th em e o f  th e  C on gress w ill be-— F o o d  Sc ien ce  
and  T e ch n o lo g y  fo r  D ev e lo p m en t-W elfa re -P ea ce . T h e  
sc ien tific  p rogram m e w ill d eal w ith  th e  m a in  fo o d  co m 

m o d itie s  under th e general h ead in g s— P ro d u ctio n , 
P ro cess in g  and N u tr itio n . T h e th em e o f  th e C on gress  
w ill be d eve lop ed  in  p len ary  pap ers, parallel se ss io n s  o f  
in v ited  pap ers, p osters and  sem inars.
For details, please contact—-

Secretariat, S ix th  W orld  C ongress o f  F o o d  S c ien ce  
a n d  T e ch n o lo g y , 44 , N orth u m b erlan d  R o a d , D U B L I N  
4, Ireland .

VIIITH INTERNATIONAL SPECIALISED SYMPOSIUM ON YEASTS
T h e N a tio n a l O rgan isin g  C om m ittee  o f  th e V U Ith  

IS S Y  and  th e  A sso c ia tio n  o f  M ic r o b io lo g is ts  o f  Ind ia  
are o rg a n is in g  th is  sy m p o siu m  in  ‘H o te l O beroi T o w ers’, 
B o m b a y, In d ia  d u rin g  Janu ary  24-28, 1983. T h e sc ie n 
tific p rogram m e in c lu d es— b a sic  b io lo g y  and  gen erics;  
b a sic  b io ch em istry ; b a s ic  tech n o lo g y ; sp ec ia l yeast 
system s; yeast cu ltu re co lle c tio n s , d ata  b a n k s & in fo r 
m a tio n  tran sfer sy stem s; e th a n o lic  ferm en ta tion s; brew -

in g ; w in es; c id er  & serry; tra d itio n a l ferm en ta tio n s;  
oth er a lc o h o lic  beverages; b a k in g  & b ak ed  p rod u cts;  
fo o d  & feed  y easts; ch em ical feed sto ck s; and  p rod u ct  
sp o ila g e  & yeasts.

F o r  m ore in fo rm a tio n , con tact D r. T . V. S u bb iah , 
C on ven er, V U Ith  IS S Y , A lem b ic  C h em ica l W ork s C o. 
L td ., B arod a-390  003 , Ind ia .

E R R A T A
I. In  th e artic le  “ K in e tic s  o f  w ater v ap ou r so rp tio n  b y  w heat flour fro m  saturated  

a tm o sp h ere” b y  B. P. N . S in gh , M aharaj N a ra in  and H arpal S in gh , th is  
jo u rn a l 1981, V o l. 18, N o . 5, P age 203:

W „ . W „ + 2 e  - ( W „ + e > 2Eq"a«,on sh»“id "ad: w-=w:+wi+26-U .+6i
II. In  th e  a rtic le  “ K in etic s  o f  m o istu re  a b so rp tio n  b y  so y  flour” by U . S. Sh ivhare, 

M aharaj N a ra in  and  B. P. N . S in gh , th is  jo u rn a l 1982, V o l. 19, N o . 1, p a ge 2 7 : .
W „ . W n + 2 z - ( W „ + / ) 2  

E q u ation  4  sh o u ld  te a d : W , _  W j + W j _ 2 ,-r ÿ V H Ô

III. In th e article  “ In sectic id a l resid u e in  v egeta b les o b ta in ed  from  so il  treated  
w ith  h e x a ch lo r o c y c lo h ex a n e” b y  N . G . K . K aran th , M . Jayaram  and S. K . 
M aju m d er, th is  jo u rn a l 1982, V o l. 19, N o . 1, P age 15:
C o lu m n  1, last lin e  an d  co lu m n  2, lin e  12— ‘R e v a lu e s ’ sh o u ld  read ‘R , v a lu es’.
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INSTRUCTIONS TO AUTHORS
1. M an u scrip ts o f  papers (in triplicate)  sh ou ld  be typ ew ritten  in  d o u b le  space on  o n e  sid e o f  bon d  

paper. T h e m anuscrip ts sh ou ld  b e co m p lete  and in  final form , s in ce  o n ly  m in o r correction s are 
a llow ed  a t th e  p r o o f  stage. T h e paper sub m itted  shou ld  n o t h a ve been published  or data  co m 
m u n icated  for  p u b lica tion  an yw h ere e lse . R ev iew  pap ers are a lso  a ccep ted .

2. Sh ort com m u n ication s in  th e nature o f  R esearch  N o te s  shou ld  clearly  in d icate th e  sco p e  o f  the  
in vestigation  and th e  sa lien t featu res o f  th e results.

3. N a m es o f  ch em ical co m p o u n d s and n o t th eir  form u lae sh ou ld  be u sed  in th e text. Superscript 
and  sub scripts sh ou ld  b e  leg ib ly  and carefu lly  p laced . F o o t n otes esp ecia lly  for tex t sh ou ld  be  
a v o id ed  as far as p ossib le .

4. Abstract: T h e abstract sh ou ld  ind icate th e principal findings o f  th e  paper. It sh ou ld  be a b ou t  
200  w ord s. It shou ld  b e  in such  a  form  th at abstractin g period ica ls can read ily  use it.

5. T ab les: T ab les as w ell as graphs, b o th  rep resen tin g  th e  sam e set o f  data , shou ld  b e  a void ed . 
T ab les and  figures sh ou ld  be nu m bered con secu tiv ely  in A rabic num erals and  sh o u ld  h av e b r ie f  
titles. T h ey  shou ld  b e typ ed  o n  separate paper. N i l  resu lts sh ou ld  b e  in d icated  and d istingu ished  
clearly  from  absen ce o f  data , w h ich  is ind icated  by ’ sign . T ab les sh o u ld  n o t have m ore  
th an  n in e co lu m n s.

6. Illustrations: G raphs and o th er lin e  draw ings sh ou ld  be draw n in Indian ink o n  tracin g  paper or  
w h ite  d raw in g paper preferab ly  art paper. T h e letterin g  sh ou ld  b e  in  d o u b le  th e  size o f  printed  
letters. F o r  sa tisfactory  rep rod u ction , graphs and lin e  draw ings sh ou ld  b e  a t lea st tw ice  th e  
prin ted  size  16cm s (o x  ax is) X 20cm s (o y  a x is); p h o tog rap h s m u st be on  g lo ssy  paper and m ust 
h a v e  g o o d  con trast; three copies sh ou ld  b e  sent.

7. A b b rev iation s o f  th e titles  o f  a ll scientific  period ica ls sh ou ld  strictly  con form  to  th o se  c ited  in 
th e W orld  L ist o f  Scientific P eriod ica ls, B utterw orths Scien tific P u b lica tio n , L o n d o n , 1962.

8. References: N a m es  o : a ll th e  auth ors a lo n g  w ith  title  o f  th e paper sh ou ld  b e  c ited  co m p le te ly  in  
ea ch  referen ce. A b b rev ia tio n s such  as et al., ibid, idem, shou ld  b e  a vo id ed .
T h e list o f  references sh ou ld  b e  in clu d ed  a t th e end o f  th e  article  in  seria l order and th e resp ec
tive serial nu m ber sh ou ld  b e in d icated  in  th e  tex t as sup erscrip t.
C ita tion  o f  references in th e  lis t  sh o u ld  b e  in  th e fo llo w in g  m ann er:
(a) Research Paper: Jadhav, S. S. and  K u lk arn i, P. R ., Presser am in es in  fo o d s , J. Fd Sci. 

Technol., 1981, 18 , 156.
(b) Book: V en kataram an, K ., T h e C hem istry  o f  Syn th etic  D y es , A ca d em ic  P ress, Inc., N ew  

Y ork , 1952, V o l. II, 966.
(c) References to article in a book: Josh i, S. V ., in  th e C hem istry  o f  S yn th etic  D y es , by 

V en kataram an, K ., A ca d em ic  Press, In c ., N ew  Y o rk , 1952, V o l. II, 966.
(d) Proceedings, Conferences and Symposia Papers: N a m b u d iri, E. S. and  L ew is, Y . S ., C o co a  

in  con fecti on ery , Proceedings o f  the Symposium on the Status and Prospects o f the Confectionery 
Industry in India, M ysore, M ay  1979, 27.

(e) Thesis: Sathyanarayan , Y ., P h y to so c io lo g ica l S tu d ies on  th e C a lc ico lou s P lan ts o f  B om b ay, 
1953, P h .D . T h esis, B om b ay  U n iv ersity .

( / )  Unpublished Work: R a o , G ., u n p u b lish ed , C entral F o o d  T ech n o log ica l R esearch  In stitu te  
M ysore , India.

9. C on su lt th e latest co p y  o f  the Journal for gu idan ce.
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