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RESEARCH PAPERS

On Some Correlations Between Grain Composition and Physical Characteristics to the Dry Milling Performance in Maize0
B. M anoharkum ar ,* P. G erstenkorn , H. Z w ingelberg  an d  H. Bolling  

Federal Research Institute for Cereal and Potato Processing, Post fach 23, Detmold, Federal Republic of Germany
Manuscript Received 26 August 1977

Forty samples from twenty German maize varieties were studied for physical characteristics, major chemical constituents and dry 
milling behaviour. Varietal differences in properties increased in the order—(i) Physical characteristics: bulk density, 1000- 
kernel weight, number of kernels per liter, percent stress cracked kernels and floaters; (ii) Chemical constituents: starch, protein 
and fat; and (iii) Product spectrum: total yields (standard semolina), meal I, meal II and flour. Large variations in floaters test 
helped to classify varieties for hardness (vitreousness j. Grain protein content gave high correlation with floaters test and to yield 
of meal II. Correlations between physical/chcmical characteristics and prcduct spectrum indicated high association among bulk 
density, floaters test and protein and fat content as well as of the above four characteristics with meal n  (positive) and for meal I 
and flour (negative). Significant correlation also existed between stress-crack count and meal I fraction in semolina. Based on 
yield of aspirated flour fraction in these milling trials, this procedure could be standardized for estimating the floury endosperm 
fraction in the maize grain.

The uniqueness and many advantages offered by maize 
in its food, feed and industrial uses led to a progressive 
increase in its cultivation and utilization in the Federal 
Republic of Germany (FRG)1, where in the last ten 
years over forty maize varieties were officially released2.
In FRG, dry milling of maize also has been gaining 
momentum in view of its diversified end-products use1.
Dry millers insist on a good quality grain as revealed in 
its wholesomeness, largeness, soundness with a large 
percentage of horny endosperm and the least counts in 
broken and stress cracked kernels3. A systematic study 
was undertaken on some German maize varieties with 
respect to the grain quality and milling performance.
In this paper, studies were limited to drawing correlations 
between grain make-up and its milling performance.
The characterization and performance of individual 
varieties have been described elsewhere4.
Materials and Methods

Materials: Forty samples of maize belonging to 20 
varieties harvested from 1976 crop and comprising of 
three different maturity periods were procured from four 
states Baden-Württemberg, Bayern, Niedersachsen and 
Rheinland-Pfalz. The samples after harvest at about 
35¿5 per cent moisture levels were spread in a room and 
dried in ambient air (20°C and 65 per cent RH) for 3 to 
4 days followed by drying in a laboratory drier (air and 
material temperatures not more than 60° and 35° respec
tively) to 15±1 per cent moisture content in the sample,

^Publication No. 4422.
b P resen t address: Central Food Technological Research Institute, Mysore 510013, India.

a safe storable moisture level. Moisture contents were 
measured in a Burrows 700 Digital Moisture Computer. 
Samples were stored at 15°C and 60 per cent RH. Dry 
milling was completed in about two months period. 
Work on physical characteristics and chemical compo
sition was done during the fourth month of storage, 
when the samples attained 11.9 ±0 .2  per cent (varia
bility among the samples, 1. 93 per cent) moisture, as 
determined on 10 g duplicate samples heated for 60 min 
at 130°C in a Brabender oven.

Physical characteristics: 1000-kernel weight was de
termined in duplicate samples each containing about 
800-1200 grains. Bulk density was measured in duplicate 
samples using a standard hektoliterweight apparatus 
with 250 ml volume. Number of kernels per liter was 
obtained by counting the grains in the bulk density 
measurements with the help of an electronic seed counter. 
Counts of grains possessing stress cracks were done on 
duplicate sample weighing approximately 40 g and by 
viewing them under a 3x magnifying lens, when a 
focused light beam from below illuminated the grain5. 
Data for the weight of the stress-cracked grains are 
expressed in per cent. For Floaters Test to classify the 
varieties as soft, average and hard, method of Wichser6 
was employed by floating about 50 g sample in duplicate 
in 1.275 specific gravity solution.

Chemical composition: Analysis for starch, fat and 
protein were done as per standard procedures7.

Dry milling: Maize was degermed and dry milled

1
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as per the Flow Sheet (Fig. 1) and machine settings 
(Table 1)8.

Five Kilogram samples were adjusted to 20 per cent 
moisture, tempered overnight (20 hr) and passed twice 
through Miag Varioroll for degerming. The degermed 
maize was aspirated in a laboratory aspirator (Wirbel- 
strom-Siebmaschine) to remove the major portion of 
germs with hulls on. The endosperm-rich material, 
which was well mixed up and passed through 3300 p 
sieve fitted to the aspirator was then sieved in a Maig 
purifier and Meal I fraction was sieved out. The over
flow (over 1250 p) was milled in a Buhler Laboratory 
Mill (MLU 202) using its break roll system and was 
sieved to obtain Meal II fraction. Flour was directly 
obtained as a —261 p  fraction from the breaks. The 
Meal I and II fractions, though do not differ in particle 
size (1250-261 p), were differentiated here for process 
convenience and intrepretations. This fraction was also 
comparable to regular grits, coarse meal and dusted 
meal of various particle sizes reported in the literature9. 
The milling yield, standard semolina, was reported as 
sum total of the three fractions—meal I, meal II and 
flour, while hulls and germs obtained in various aspira
tions and as tailings comprised the by-products fraction.
Results and Discussion

Varietal variations: The ranges, the means and the 
variabilities of the results of different properties are 
shown in Table 2.

Of the physical properties studied, bulk density 
exhibited the least variability and the floaters test the 
highest. This high variation in floaters test was very 
useful in precisely classifying the varieties to soft, 
average and hard. Counts of stress-cracked kernels also 
varied appreciably.

In chemical composition, the variability on the whole 
was small, the least being in starch and the highest in fat.

Total milling yield had the least variability, while the 
yield of flour had the highest.

Product spectrum: The product in this dry milling
of maize for human consumption was standard semolina 
comprising of the three fractions: meal I, meal II and 
flour. Sieve analysis of the product indicated that, on an 
average («=40), 3.3 per cent of the semolina had a 
particle size of over 1200 p and below 250 p each, 
followed by 28.3 per cent semolina halted on a 841 p 
mesh, a maximum 54.6 per cent halted on a 500 p sieve 
and 10.5 per cent halted on a 250 p  sieve (Fig. 2). 
Statistical treatment of the data indicated that the 500 
to 841 p fraction had the least variability (5.1 per cent) 
while high variability was shown by the below 250 p  
(13.4 per cent) and over 1200 p  (15.1 per cent) fractions.

It is of interest to note here that in our dry milling 
procedure, flaking grits (over 3360 p) and coarse grits 
(over 1410 p) reported in the literature9 were never 
obtained. On the other hand, the yield of regular grits 
(over 590 p) was over 70 per cent of the standard semo
lina or about 36 per cent of the total yields obtained in 
the milling of maize (Fig. 2). This compared very well 
with the published product spectrum data9. Studies on 
the utilization of these regular grits (=meal I and II 
fractions in our milling procedure) for brewing and 
extrusion cooking have been dealt with elsewhere4.

Contrary to the similarity of increasing order in the 
variations among chemical constitutents, viz. starch, 
protein and fat of maize and semolina (Table 2), the 
association analysis of these constitutents (Protein 
0.98***; fat 0.65*** and starch 0.29JVS when « =  40) 
revealed that protein followed by fat were significantly 
correlated between maize and its milled product-semo
lina, while starch showed a non-significant correlation. 
In other words and according to the strongness in these 
correlations, during milling operation semolina fraction 
obtained/retained good quantity of protein in it from

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

Parameter Miag Varioroll for degerming Buhler Laboratory Mill MLU 202 using break rolls

I II III
for dry milling 

IV V( = Break. I) ( = Break. II) ( = Break. Ill)
R o lle r :

Diameter (mm) 250 250 149.6 150 150Flutes/cm. 4 4 5 7 11Clearance (mm) 1.7 0.7 0.75 0.45 0.3Differential velocities 1:7 1:7 1:2 1:2 1:2Material feed rate (kg/h) 120 120 8
(rollers operated dull to dull)
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T a b l e  2 . p h y s i c a l , c h e m ic a l  a n d  m i l l i n g  b e h a v io u r  o f  m a i z e  v a r ie t ie s

Parameter and unit Range Mean -J- S.D. Variability
PHYSICAL

Moisture (%) 11.5— 12.4 11.9 ±  0.2 1.7
1000-Kernel wt. (g )a 209.4 — 305.4 248.6 ±  25.3 10.2
Kernels/lit̂  (nos) 2144— 3328 2682 ±  289 10.8
Bulk density (g/lit)b 702— 786 745.9 ±  22.8 3.1
Stress-cracked kernels (%)b;

by weight 49.8 — 99.5 81.5 ±  12.9 15.8
by number 46.9 — 98.5 80.4 ±  12.9 16.1

Floaters test (: floaters)̂ 15 — 98 64.2 -j- 25.1 39.1
CHEMICAL (°/„)a : 

Whole grain 
Starch 63.7 — 69.8 67.1 ±  2.4 3.6
Protein 10.5 — 14.7 12.0 ±  1.0 8.3
Fat 3.7— 5.3 4.7 ± .  0.4 8.5

Std Semolina:
Starch 66.7 — 82.7 78.6 -£ 4.4 5.6
Protein 9.7 —14.6 11.8 ±  1.1 9.3
Fat 00.8— 1.3 1.0 ±  0.1 10.0

MILLING YIELDS (%)c:
Meall 13.2 — 19.7 16.6 -|- 1.5 9.0
Meal II 26.6 — 41.0 34.4 ±  3.7 10.8
Flour 1.2— 2.0 1.6 ±  0.2 12.5
Std semolina (Total yields) 45.0 — 57.3 52.5 -J- 3.0 5.7

°Moisture-free basis, ^H.9- -̂0.2% Moisture basis, TEqual Moisture basis

T a b l e  3. c l a s s if c a t io n  o f  m a i z e  v a r ie t i e s  b a s e d  o n  f l o a t e r s

TEST (INDEX OF VITREOUSNESS)

Soft Average Hard
Campo Blizzard Anjou 21
Cargil Primeur Forla Brillant
Edo Inrakorn Limac
Fello Inraplus Limagold
Forte Sigma Velox
Gabix Zistron
Garbo
Kapio
Ipho 9

T a b l e  4 . c o r r e l a t io n s  b e t w e e n  g r a i n  h a r d n e s s  (l o w e r

FLOATER SCORES) AND SIEVE ANALYSIS OF STANDARD SEMOLINA
(N  =  4 0 )

Particle size ( f i  ) Value of r

>1200 -0.25 NS
<  1200—>841 -0.69***
<  841—> 500 0.72***
<  500— > 250 0.35*
<  250 -0.21n s

Soft: >79%  floaters; AV: 48-78% floaters; and hard < 4 7%  ‘ ‘ ‘Significant at 0.1% level; ‘ Significant at 5.0% level; *®Not 
floaters. significant.
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Fig. 1. Maize dry milling process flow-sheet. 
Degerming with Miag Varioroll
Break roll milling in Buhler Laboratory Mill MLU 202. 
Miag purifier

I and II 
III to V
VI
VII Laboratory aspirator (Wirbelstrom-Siebmaschine) 

Numbers in arabic script indicate sieve openings in microns.

A s p i r a t e d  
-*■  F l o u r  a n d  

H u l l s

A s p i r a t e d  

H u l l s  w i t h  
G e r m s

H u l l s

► T a i l i n g s  ( H u l l s  
a n d  G e r m )

S t a n d a r d

S e m o l i n a

grain than fat and starch, eventhough starch forms the 
bulk of chemical constituents in grain and semolina.

Kernel hardness: Corn float test indirectly indicated 
the horny endosperm content in maize responsible for 
the yield of grits, a prime product in dry milling6. 
Therefore, floater scores were used to conveniently 
classify the varieties to soft, average and hard (Table 3) 
at 11.9±0.2 per cent moisture level in the grains. An 
analysis for chemical make-up of the grain to its hard
ness indicated a significant correlation (r=0.62+++) 
with protein than fat and starch.

Statistical analysis with respect to grain hardness 
(floaters scores) and sieve analysis of standard semolina 
(Table 4) revealed significant positive correlations with 
250-500 fi and 500-841 u size fractions, a significant

negative correlation with semolina of size 841-1200 f  
and non significant negative correlations with over 1200 
H and below 250 ju. particle size fractions. This indicat
ed the yield of meal having particle size 250-841 ja, 
which constitutes about 65% of standard semolina 
(Fig. 2) was dependent on the hardness of kernel.

Correlation of physical and chemical characteristics 
with milling performance: Amongst physical charac
teristics bulk density and floaters test and in chemical 
constitutents protein and fat of the grain revealed high 
correlations on the yield spectrum. Concerned data are 
presented in Table 5. 1974 milling studies (n=15) also 
indicated a high association between protein and meal II 
(r=0.73), meal I (r= -0.83) and flour (r=  -0.61)16.

The yield of meal I and flour was highly significantly
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T able  5. c o r r e la t io n s  b e tw e en  p h y s ic a l  &  c h e m ic a l  pr o per ties  a n d  m il l in g  yield s

Mill streams Bulk density Floaters test Stress cracked kernels Protein Fat

Meal I -0.67 -0.67 0.41 -0.59 -0.20
Meal 11 0.90 0.70 -0.29 0.71 0.55
Flour -0.55 -0.57 0.16 -0.59 -0.15
Meal I + Meal II 0.77 0.50 -0.15 0.58 0.57
Std semolina 0.75 0.49 -0.14 0.58 0.57

n = 40 Confidence level r = 0.30 (P-5%): 0.39 (P- 1 %) and 0.49 (P =0.1%)

and negatively correlated with the above parameters 
(Table 5) while the yield of meal II was very much 
positively and significantly correlated. An important 
role played by meal II fraction is that it converted the 
negative correlations of meal I to positive, when meal 
I and II fractions together were considered, and also 
when total yield (standard semolina) was considered. 
To interpret these results with respect to our milling 
procedure, the three components in standard semolina 
Were looked for their origin in the process flow (Fig. 1). 
Meal I fraction was obtained as a result of breakage of 
grain in the initial degerming operation and which 
passed through the sieves. On the other hand, meal II 
fraction obtained from the component of over 1250 /a 
and below 3300 p  (Wirbelstrom-Siebmaschine setting) 
was progressively milled in the break system and sieved. 
Therefore, harder the grain, more the over-flows (1250- 
3300 n  fraction) in the first sieving operation, more 
the meal II fraction from the breaks and hence the

strong positive correlation. The negative correlations 
for meal I and flour fractions to the hardness of the 
grain therefore, are self-explanatory. Looking back to 
the sieve analysis data and kernel hardness (Table 4) 
and interpreting the negative correlations of fractions 
841-1200 n and over 1200 H it can be suggested that 
this fraction might have come from the meal I compo
nent. Unfortunately, a sieve analysis of meal I compo
nent was not done separately during the milling and 
sieve analysis of total yield was only attempted. The 
negative correlations showed by fraction <250 I* could 
be intrepreted as that of flour component in milling.

The aspirated flour fraction obtained in the sieving- 
aspiration of degermed product, the fraction supposed 
to represent major portion of floury endosperm in the 
grain and which was dislocated during degerming 
operation, showed highly significant and negative 
correlation with floater test in these (1976) studies 
(r=  -0.65 when «=40) and with protein in 1974 studies10 
(r= -0.86 when «=15).

Based on the correlations observed, it was inferred 
that, of the physical properties studied, bulk density 
appeared to have prime influence on the milling yields 
followed by floaters test, and in chemical makeup of 
the grain, protein followed by fat were significantly 
correlated to high milling yields. Other characteristics 
studied, viz., 1000-kernel weight, number of kernels 
per liter and starch content in grain were ignored because 
of their weak correlations both positive and negative.

Stress-cracked kernels: Content of stress-cracked
kernels showed a negative correlation with meal II 
and a positive significant correlation with meal I 
(Table 5). This indicated the susceptability of the grain 
for heavy breakage at the stage of degerming operation, 
a demerit, causing consequential reduction in meal II 
and therefore in total yields.

Conclusion: This dry milling procedure can yield
semolina (regular grits) suitable for brewing and extru
sion cooking processess, while flaking and coarse grits 
reported in literature3 were never obtained. Correlation
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between floaters test and protein was significant suggest
ing that hardness of the kernel was related to protein 
content in the grain. Correlations between physical and 
chemical characteristics to yield spectrum, especially 
to meal II fraction, indicated high association in bulk 
density, floaters test and protein content, which directly 
or indirectly testify the vitreous nature of the grain and 
therefore, confirm the dependability of milling yields 
on the soundness of the grain.

In view of the strong negative correlations observed, 
the aspirated flour expected from the floury endosperm 
of grain can be an useful index in predicting the vitreous
ness nature.of the grain. However, more detailed studies 
are needed to adopt this milling procedure for this 
purpose.
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On Measurement of Colour of Maize and its Products0

B. Manoharkumar6, P. Gerstenkorn, K. Seiler and H. Bolling 
Federal Research Institute for Cereal and Potato Processing D-4930 Detmold 1, Federal Republic of Germany

Manuscript Received 29 August 1977
Using a reflectance photometer, colour was measured in eight German maize varieties. The colcur in varieties and products, 
semolina and extrudate was expressed in terms of yellowness, brightness and excitation purity. Particle size distribution in 
sample, sample size and sample moisture content influenced the colour expressions.
Variety Forla recorded the highest yellowness value while Zistron the least. Brightness was the least varying amongst varieties. 
Excitation purity also varied amongst varieties and products. The three colour expressions have behaved independently. There 
was no change in dominant wavelength in varieties and products, in all their colour was located in the yellow region in chromaticity 
diagram. Based on near-similarity in colour expressions, the varieties were grouped. Colour diqffereuces between the varieties 
and products were quantitatively evaluated, which inferred an improvement in colour and its purity from maize to semolina during 
milling and decrease in colour and purity due to extrusion cooking. Statistical analysis revealed significant overall differences 
amongst varietal and treatment means in yellowness, and significant differences in brightness.

During investigations on the processing of new 
varieties of maize evolved in Federal Republic of 
Germany, it was observed that the colour of the different 
varieties was not the same and that the colour of pro
ducts prepared from them also differed1. Hence, it was 
of interest to measure the colour of whole grains, and 
of milled and extrusion products prepared from them.

Literature review revealed no earlier report on the 
measurement of colour of maize and its products. 
Objective measurement of colour of major cereal grains 
and their products have been reported earlier2-12. Of 
relative importance to the present study is the measure
ment of colour of durum wheat semolina11-12, as maize 
milling is very similar to the wheat milling except for

«Publication No. 4423.
bPresent address: Central Food Technological Research Institute. Mysore 510013, India.
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the initial additional operation of degermination13. 
The extrusion product (extrudate) prepared from maize 
is also similar to that of spaghetti prepared from durum 
semolina, except for the treatment with high tempera
ture in short durations during extrusion process.

In this paper, investigations carried out on measure
ment of colour of maize, its milled product, standard 
semolina (semolina) and the extrusion product, extrudate 
from semolina, are presented.
Materials and Methods

Eight varieties of maize (Table 1) grown in the Federal 
Republic of Germany were employed in these studies. 
Semolina and extrudate were prepared as described 
earlier1. Samples of maize and extrudate were ground 
in a Kamas Laboratory Mill provided with a 800 p 
sieve. The ground material and semolina as obtained 
from dry milling were individually sieved to obtain a 
fraction passing through 710 f  (minus 710) and retained 
on 250 p  (plus 250) sieves. Samples were stored in dark 
until used for colour measurement.

Reflectance colour measurement was made in a Carl 
Zeiss Elrepho Photo Electric Reflectance Photometer 
which measures the intensities of lights reflected from 
samples through the three primary colour filters red, 
green and blue. Instrument was calibrated for 0 per cent 
reflectance with a black photographic paper (zero point) 
and then for a 100 per cent reflectance with the magne
sium oxide disc for each of the three filters. Samples 
were compressed in the sample holder and were kept 
underneath the 35 mm dia. viewing circle of the photo
meter by means of a spring-loaded holding stage.

Light reflected from the samples was converted into 
tri stimulus values X (red), Y (green) and Z (blue) and 
making use of these values, trichromatic coordinates 
x, y and z were calculated. The dominant wave length 
(Xd) of the colour, which is analogus to hue, was located 
on the chromaticity diagram (Fig. 1). by connecting the 
point representing Uluminant C (*=0.3101 and 
j=0.3162) to the intercept of the chromaticity coordi
nates x  and y  of the sample (S) and further extending 
the straight line to the locus of the spectral colour (D). 
Excitation purity (pe), a measure of saturation was 
obtained as a percentage of the ratio of distances CS to 
CD. As all the maize varieties studied were of yellow 
hue the colour was expressed in yellowness value (b 
per cent) and also in brightness (L per cent), which were 
calculated using the following expressions:

¿% =  7 (Y -Z ) /V y  and L% =  10-v/ Y
Results and Discussion

Preliminary work done in this laboratory on semolina 
from US yellow maize revealed that the Z-reflectance 
readings varied considerably with sample weight, 
moisture content and panicle size. Findings were as 
follows:

Effect of particle size on colour: Semolina as obtained
from the dry milling process was size-graded using sieves 
ranging from 1000 to 200 p  dimensions. Fraction 
retained on sieves having openings 200, 300, 400, 500, 
600, 750 and 1000 p was used individually for measure
ment of colour. Yellowness and brightness values were 
almost the same when the mesh size varied from 750 to 
250 p (Fig. 2). Below 250 p  and beyond 750 p, there

T able  1. c o l o u r  ex pr essio n s  in  m a ize  v a rieties  (m ea n  values)

Varieties Maize Semolina Expression of Colour in Extrudate Colour diff.
(AE)*

b% /% Pe°/o b% /% Pe/ b% /% Pe% i ii iii
I. Forla 24.17 80.56 40.39 30.70 84.72 42.31 27.25 84.17 42.31 7.35 3.31 4.71
II. Sigma 22.29 79.66 38.46 27.72 82.98 45.19 26.63 83.70 42.31 6.01 1.17 5.78
III. Limac 21.71 78.68 39.42 28.16 83.96 44.23 25.'75 83.07 41.35 8.02 2.36 5.89
IV. Fello 21.69 81.67 36.54 27.04 85.65 42.31 26.22 83.22 42.31 6.39 2.62 4.32
V. Edo 21.67 80.84 36.54 27.33 84.68 43.27 24.90 80.90 40.35 6.74 4.78 2.76
VI. Limagold 20.55 80.72 34.62 26.70 84.91 42.31 26.45 83.94 42.31 7.03 5.42 3.39
VII. Zistron 19.11 78.74 34.62 26.18 84.16 41.35 26.79 82.92 42.31 8.48 1.84 8.13
Vili. Campo 19.65 78.93 36.54 26.11 83.85 42.31 24.26 81.70 40.35 7.83 3.11 5.05

Mean 21.36 79.98 37.14 27.49 84.36 42.91 26.03 82.95 41.70 7.23 3.08 5.00
S.E.m. 0.56 0.40 0.75 0.52 0.29 0.44 0.36 0.40 0.32 0.30 0.51 0.59

Coef. Var. 7.44 1.41 5.68 5.38 0.96 2.91 3.88 1.36 2.16 11.76 46.43 33.20
♦ Colour difference (AE) between: i) Maize and Semolina; ii) Semolina and Extrudate; iff) Maize and Extrudate.

2
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T able  2 . g r o u p s  o f  m a iz e  v a rieties  based  o n  c o l o u r  expressions

Material Yellowness (b  %) Brightness ( L % ) Excitation purity ( p c % )

Maize <19.77 21.36-tl.59 >22.95 <78.85 79.98 J—1.13 >81.11 >35.03 37.14J-2.il >39.25
VIII, V, IV, III. I III, VII VIII, V, I, IV VI, VII V, VIII, IV, I, HIVII VI, II VI, II 11

Semolina <26.01 27.49 ±1.48 >28.97 <83.55 84.36-1-0.81 >85.17 <41.66 42.91 ±1.25 >44.16
VIII, V, IV, I II VIII, V, I, IV VII VIII, V, IV, III,III, VI, II, III, VI, VII I, Vi IIVII

Extrudale <25.02 26.03J-1.01 >27.04 <81.82 82.95-1-1.13 >84X8 <40.80 41.7±0.S0 >42.60
VIII, V IV, III, VI, I VIII, IV, III, VI, II I VIII, IV, I, III,II, VII V VII V VI, 11, VII

Names of varieties against numbers: ItForla; II:Sigma; III:Limac; IV:Fello; V:Edo; VIrLimagold; VII:Zistron and VIII:Campo

was a sharp decrease in yellowness. The plot for bright
ness showed a progressive fall beyond 750 p. Based on 
these data, colour was measured on a fraction having 
250 to 710 fj sizes. These two sieves correspond to 60 
and 25 numbers of American Standard Sieves (ASTM).

Effect of sample weight on yellowness: The sample 
cup of instrument Elrepho (diameter 5.5 cm. and effec-

Fig. 1. Graphical determination of dominant wavelength and excitation purity.
C: Position of Illuminant C in CIEchromaticity diagram 
S: Stimulus of chromaticity of sample.
D: Point of intercept on the spectral locus = dominant wavelength ( X j ) .
p e : Excitation purity -  CS/CDx 100

tive depth 2 cm.) could hold a maximum 25 g powdered 
material which has particle size range between 250 and 
710 ft. The effect of sample weight on yellowness was 
shown in Fig. 3. Yellowness progressively decreased 
when the sample weight was increased from 5 to 25 g. 
The sample weighing upto 10 g was insufficient to be 
pressed on to the glass bottom of the sample cup, and 
samples weighing 20 g was enough to be pressed by the 
built-in-spring loaded mechanism of the sample cup’s 
lid. Hence the data presented are always with respect 
to 20 g sample.

Effect of sample moisture on colour: The dry milled 
product streams, as they come out of the mill, vary in 
moisture content due to the preliminary tempering and 
degerming operations and should be dried to a moisture 
content around 10-12 per cent for safe storage. Colour 
measurements were made on samples moistened and 
equilibrated to moisture levels ranging from 10 to 18 
per cent. Yellowness decreased gradually as the mois
ture content increased (Fig. 4). while brightness of the 
samples almost remained constant. Therefore, colour

Fig. 2. Effect of sample weight on colour expression.
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measurements must be carried out on samples having 
uniform moisture content. In this investigation, samples 
were equilibrated to approximately 11 per cent moisture 
content for colour measurements.

Colour expressions: In the first instance measure
ment of colour was attempted by pressing 20 g whole 
maize grains directly in the sample holder cup. Duplicate 
readings neither agreed nor obtained in normal agree
able error for any colour measurement. Therefore, 
50 g whole grains of maize were powdered in a Kamas 
laboratory mill fitted with 800 p sieve and the milled 
product was further sieved out separately to obtain a 
fraction of -750 to +  250 p, on which colour measure
ment was made. It was then observed that the reflectance 
readings were very consistant in duplicate measurements. 
Same was the experience with extrudate also, perhaps 
due to its very uneven surface and hence 50 g of extru
date was milled in a Kamas Laboratory mill, sieved and 
colour measured as in case of maize. The data on expres
sion of colour of maize and its products in terms of 
yellowness (b per cent), brightness (L per cent) and 
excitation purity (pe per cent) are presented in Table 1.

Characterizations in varieties:
Maize: In general, the three expressions of colour 

behaved independently and no definite relations could 
be observed. Variety ‘Forla’, which scored the highest 
for yellowness amonst maize also accounted for the 
highest per cent purity in colour amongst the eight maize 
varieties studied. Similar trend with respect to the lowest 
value in yellowness and purity was exhibited by the 
variety ‘Zistron’. Brightness amongst the varieties was 
the least varying.

Subjective evaluation of yellowness in varieties when 
observed under a standard light source by a panel of

Fig. 3. Effect of sample moisture on colour expression.

four judges arranged the eight varieties in the following 
order: ‘Forla’ >  ‘Sigma’ >  ‘Fello’ >  ‘Limac’ >  ‘Edo’
>  ‘Limagold’ >  ‘Campo’ >  ‘Zistron.’ The evaluation
of yellowness by objective method in the experiment 
rated the varieties in decreasing order: ‘Forla’
>  ‘Sigma’ >  ‘Limac’ >  ‘Fello’ >  ‘Edo’ >  ‘Limagold’
>  ‘Campo’ > ‘Zistron’. Therefore, the trend in subjec
tive and objective evaluation of varieties with respect to 
maize was near-coinciding except for the order in varie
ties ‘Fello’, ‘Limac’ and ‘Edo’.

Semolina: In semolina also, variety ‘Forla’ had the 
highest yellowness value but failed to show up the 
appropriate response in the purity of colour. Even th
ough ‘Campo’ scored the least value for the yellowness, 
its purity was comparable to that of ‘Forla’. ‘Sigma’, 
which recorded middle value in yellowness of semolina, 
accounted for the highest purity and ‘Zistron’ the least 
in purity of colour. Except ‘Forla’ all the varieties 
recorded yellowness near to the mean value. Again 
brightness was the least varying among the varieties.

Comparision of colour between maize and semolina 
in individual varieties revealed a strong association with 
respect to yellowness and a significant association with 
respect to brightness and non-significant association with 
respect to excitation purity. The colour of semolina 
milled from different varieties maintained variations 
amongst the varieties.

Extrudate: ‘Forla’, which exhibited the highest value 
in yellowness in maize and semolina also exhibited the 
highest value in extrudate. ‘Campo’, which recorded 
the lowest value in yellowness in semolina, recorded 
likewise in extrudate. Here again, brightness was the 
least varying. In excitation purities, five varieties exhi
bited similar value while three others exhibited lower 
values.

Extrudate under a standard light source showed a dull 
yellow colouration with an orange tinge. This was not 
expressed out in the results of dominant wavelength, be-

Fig. 4. Effect of sample particle Size on expression of colour.
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cause the mean dominant wavelength of maize (577.3\), 
semolina (577.4^) and extrudate (577.1 X) did not differ 
much and all were located in the yellow region in CIE 
Chromaticity diagramm. However, it was important 
to note the large variations in the excitation purities 
between whole maize and semolina, which showed very 
significant improvement in the purity of colour due to 
milling process. A reduction in purity, though not 
significant, could be observed between semolina and 
extrudate in all the varieties.

Specifications: Specifications for colour in maize 
(and its products), could not be attempted in the present 
study in view of limited number of varieties.
II. b. Grouping o f varieties:

Based on expression of colour characteristics revealed 
as yellowness, brightness and excitation purity in indi
vidual varieties comprising of three materials in each 
(maize, semolina and extrudate) and using the para
meter mean ¿standard deviation (S.D.), the eight 
varieties were grouped into three groups for near-similar 
expressions in colour characteristics (Table 2). The 
varieties exhibiting one plus or minus of standard 
deviation value, which accounts for 68 per cent popu
lation in a normal distribution, were grouped to one, 
while the other two groups constituted a more than or 
less than the above value respectively.

Yellowness Irrespective of the material, variety 
‘Forla’ possessed the highest yellowness value, and hence 
grouped as one. Varieties ‘Fello’, ‘Limac’, ‘Limagold’ 
and ‘Sigma’ were grouped together in view of their 
nearness to the mean value. Varieties ‘Zistron’ and 
‘Campo2 though possessed lower values’ yellowness 
improved after being milled to semolina. ‘Campo’ 
possessed the least value in yellowness and therfore 
grouped separately. ‘Edo’ had yellowness value within 
one SD in whole maize and semolina, however, showed 
a decrease in extrudate.

Brightness: Grouping varieties for brightness reveal
ed non-consistency in groups amongst materials when 
compared to yellowness value groupings, eventhough 
brightness has recorded the least coefficient of varia
bility than that of yellowness. Variety ‘Fello’, which 
showed the highest values for brightness in maize and 
semolina failed to show in extrudate, while Forla showed 
an improvement in extrudate. ‘Limagold’, however, 
remained in the middle group always for all the materials 
thus indicating a consistency for grouping amongst the 
varieties. ‘Limac’ and ‘Zistion’ which possessed lower 
values in maize had improvements in brightness in 
semolina and extrudate. A lower brightness value with 
respect to ‘Sigma’ was noted in semolina compared to 
maize and extrudate and a fall in brightness in case of 
‘Edo’ in extrudate compared to its maize and semolina.

Excitation purity: Excitation purity also showed 
considerable non-consistency in grouping of varieties. 
Variety ‘Fello’ was always in the group classified near 
to the mean value. ‘Campo’ and ‘Edo’ had lower values 
in extrudate while ‘Zistron’ had in maize and semolina. 
Improvement in excitation purity was noted in ‘Lima
gold’ from maize to semolina and extrudate. ‘Limac’ 
which had the highest purity in maize showed a decrease 
in extrudate, which was also the case with ‘Forla’ and 
‘Sigma.’
II. c. Evaluation of Colour differences:

Colour differences existing between maize, semolina 
and extrudate were evaluated quantitatively making 
use of the formula: A E=(AT2+A tf2 + A ^2)1/2-
From the basic reflectance data, the calculated CIE 
tristimulus values X, Y and Z were converted to a, b 
coordinates and L was obtained from Y-reflection14. 
The data are given in Table 1.

The data revealed higher colour differences between 
maize and semolina than semolina and extrudate. In 
fact, extrudate colour was always lower to its raw mate
rial semolina, but higher to maize. Therefore milling 
had remarkably improved the colour, but extrusion 
cooking lowered the colour. The difference between 
maize and extrudate was higher compared to semolina 
and extrudate. Variety’s Sigma’ showed the least 
difference. ‘Forla, ‘Limac’, ‘Fello’ and ‘Campo’ were 
grouped together in view of their values near to the 
mean. The colour differences in ‘Edo’ and ‘Limagold’ 
for semolina and extrudate to maize and extrudate were 
conspicuous.
III. Statistical analysis and interpretations

The calculated coefficient of variabilities (Table 1) 
indicate that in varieties irrespective of the material 
(treatments), yellowness varied more to excitation purity 
to brightness. In an Analysis of Variance, the interac
tions between treatments and varieties (error) revealed 
significant differences even at 0.1 per cent probability 
level, strongly indicating the existance of overall dif
ferences amongst treatment means and varietal means in 
yellowness and significant differences with respect to 
brightness.

The data were further analysed through the appli
cation of tests of significance in terms of Least Significant 
Difference (LSD), and also in terms of Studentized 
Range Test to obtain the difference D between two means 
that is required for 5 per cent significance as Qo-os times 
standard error of the mean15. As value D always resulted 
in a higher value, a better parameter for evaluation com
pared to LSD, it was made use of in precisely identifying 
the varieties between whom a significant difference 
existed with respect to colour attributes and materials.
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It was proved that the differences in treatment (materials) 
means for yellowness, brightness and excitation purity 
were significant as far as maize and semolina were con
cerned; however, it failed to indicate the similar nature 
for all varieties between semolina and extrudate. For 
example, in yellowness, varieties: ‘Fello’, ‘Limagold’, 
‘Sigma’ and ‘Zistron’, in ‘brightness, varieties1 ‘Forla’, 
‘Limac’, ‘Sigma’ and ‘Zistron’, and in excitation, purity 
varieties. ‘Fello’, ‘Forla’, ‘Limagold’ and ‘Zistron’ did 
not differ significantly between semolina and extrudate.

Correlation coefficients revealed high association in 
yellowness (r=0.93+++) and brightness (r=0.76+) bet
ween maize and its semolina. But between semolina 
and extrudate it was non-significant. The negative 
tendencies in correlations between semolina and extru
date with respect to brightness and excitation purity, 
though not significant, are of interest to note, which are 
indicative of a reduction in colour, brightness and purity 
during the extrusion process. The reasons for this 
reduction in colour during extrusion should be investi
gated in further work.
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Studies on the possib ilities o f  u tilising  triticale-w heat blends in b ak e ry  products have shown relatively  p oor w ate r absorption and 
dough stab ility  o f  tr itic a le  flours. U se o f 20 ppm potassium  brom ate and 0.5 % S S L  im proved th e  bak ing  quality  o f  tritic a le  maida. 
T h e lo a f  volume and  overall acceptability  o f  tr itic a le  b reads, which w ere in ferio r to  those o f  wheat breads, im proved significantly on 
e ith er blending with equal quan tity  o f w heat maida o r  2 % g lu ten . T he biscuits p repared  from  the different tritica le  maida sam ples 
w ere found to  be a s  good as th e  soft w heat biscuits in  respect o f  th e ir acceptability  and had the desired spread ra tio . As com pared 
to  w heat chapatis, th o se  p repared  from  m ost o f  the triticale  varieties w ere ju st acceptable.

Development of man-made cereal triticale (Triticum 
secale) in the last decade is gaining increasing attention 
of several agricultural and cereal scientists, mainly 
because of its higher protein content and better amino 
acid balance, as compared to wheat. Srivastava1, 
Tsen2, Lorenz and Welsh3 have reported the possibilities 
of using triticales in bakery products.

Recent studies (unpublished data) have shown that 
some of the Indian triticales compared favourably with 
American as well as Candian triticales on which extensive 
work has been reported4. Suitability of Indian triticales 
for the preparation of commercially important bakery 
products such as bread and biscuits and also in the staple 
food item such as chapati are reported in this paper.
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Materials and Methods
Test materials: Ten varieties of Indian triticales 

(Armadillo PM-A. Triticale No. 4, Bromco-90, MSN- 372 
-1, Armadillo PPV-13, JNK 6T001-A, JNK 6T200, JNK 
6T206-B, JNK 671)90 and PC-202) two American 
(6-774-204 and 6-774-206) and one Canadian (Rosner) 
varieties were used. Commercial varieties of Punjab 
and soft white wheats purchased locally were used as 
controls.

The maida (refined flour) samples used for bread and 
biscuit making trials were obtained by milling triticales 
in a Buhler Laboratory Mill (model MLU-202).

Different triticale varieties were ground in Laboratory 
Kamas Mill (Swedish model: SLAGY 200A) using a 
sieve with an aperture of 0.8 mm diameter. The ground 
atta (flour) passing through 40 mesh Buhler sieve (aper
ture width 0.42 mm) and having 93-95 per cent extraction 
rate was used for studying the chapati making quality. 
The wheat samples were milled similarly, and used 
as controls in the various baking trials.

Dough characteristics: Brabender Farinograph was 
used to assess the different dough characteristics such 
as water absorption, dough development time, stability 
and mixing tolerance according to AACC procedures5.

Bread making quality: Malt-phosphate - bromate 
method6 was used for test baking trials. However, malt 
was not included in the recipe of triticale breads in view 
of high °< -amylase activity. Also, based on preliminary 
trials a fermentation time of only 2 hr for triticales as 
compared to 21 hr for wheat bread, was used.

Effect of additive: The optimum level of bromate was 
arrived at by test baking experiments using 10, 20, 30, 
40 and 50 ppm of potassium bromate in the recipe, 
based on maida from Armadillo PM A. The influence of 
optimum level of potassium bromate in conjunction 
with sodium stearoyl lactylate (SSL) was studied in case 
of the varieties Rosner and PC-202.

Effect of blending with wheat: Based on the obser
vation of relatively unsatisfactory quality of triticale 
bread, the effects of blending triticale maida with different 
levels of wheat maida were studied to arrive at the desired 
level (Armadillo PM-A). Consequently, all the triticale 
varieties as such or 50:50 and 75:25 blends of triticale- 
wheat were assessed for their bread making quality.

Effect of blending with wheat gluten: Gluten used in 
this study was prepared by washing the dough of wheat 
maida free of starch, and subsequently drying at 45-50°C 
in a vacuum shelf drier. Blends of triticale flours with 
2 and 3 per cent of the finely ground gluten were used 
in the preparation of bread as described above.

Evaluation. The loaf volume of bread was deter
mined by rape seed displacement method using loaf- 
volume meter. In bread evaluation, criteria followed by 
a panel of six judges were the general appearance, the

loaf volume, crust and crumb colour, crumb softness, 
fineness and uniformity of crumb grain, as well as flavour 
and eating quality.

Biscuit making quality: The suitability of different triti
cale varieties for preparation of biscuits was assessed by 
using the recipe (on 100 g basis): triticale/wheat maida 
64 g; sugar 18 g; fat 16 g; non-fat milk solids 1.0 g; 
glucose 1.0 g; common salt 0.4 g; baking powder 0.2 g; 
ammonium bicarbonate 0.5 g; sodium bicarbonate
0.2 g; vanillin 0.05 g; and water 13-15 ml. Sugar, fat 
and vanillin were creamed in a Hobart mixer for 2 min. 
To this, a well mixed blend of the flour, non-fat milk 
solids and baking powder were added along with water 
containing glucose, common salt, ammonium bicarbo
nate and sodium bicarbonate and mixed for further 2 
min. Using a wooden rolling pin the dough thus obtain
ed was sheeted on a specially fabricated aluminium 
platform to an uniform thickness of 2.5 mm. Circular 
biscuits of 5.1 cm in diameter were cut and baked for
8-10 min at 250°C.

Evaluation: Diameter and thickness of five biscuits 
were recorded for calculating the spread ratio. In 
addition, the colour, crispness, eating quality and 
overall acceptability were assessed by a panel of six 
judges. Biscuits based on soft white wheat maida were 
used as control.

Chapati making quality: Chapatis were prepared 
from atta samples according to method described by 
Shurpalekar and Prabhavathi.7 Chapatis were then 
assessed by a panel of six judges. The main criteria 
considered for evaluation were the appearance, the 
texture, the number of discrete layers, the chewing 
quality and the taste and flavour.
Results and Discussion

Dough characteristics: The data presented in Table 1 
on the different dough characteristics indicate signifi
cantly low values for farinograph water absorption 
(52.8 to 57.8 percent), and dough development time 
(0.75 to 1.25 min except for the variety JNK-6T090). 
The dough stability of triticale varieties (except MSN- 
372-1 and JNK 6T200) ranged between 0 and 3.5 min. 
The blending of triticale maida with equal quantity of 
wheat maida improved the dough characteristics partial
ly. These observations further confirmed that triticale 
proteins lack in quality, as indicated by their low sedi
mentation value and wet gluten contents (Unpublished 
data). Tsen2 as well as Ahmed and McDonald8 have also 
reported similar findings on the mixing characteristics 
and bread making quality of trticale doughs.

Effect of additives: The results in Table 2 show that 
20 ppm of potassium bromate was optimum for giving 
maximum loaf volume and improved crumb texture. 
SSL at 0.5 per cent level, along with 20 ppm of potassium
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Table 1. farinograph data for triticales and triticale-
WHEAT BLENDS

W a te r D o u g h D ough M ixing
ab so rp - develop)- s tab ility to le ra n c e

tio n m en t t m e (m in .) index
(% ) (m in.) (B .U .“ )

T r it ic a le s

Armadillo PMA 55.6 1.00 3.00 80
Triticale No. 4 57.8 1.25 1.75 140
Bromco- 90 57.8 1.00 n il 220
ATS7V-372-1 53.8 1.00 5.50 20
Armadillo PPY-13 54.8 0.75 nil 170
JNK6T001A 57.4 1.00 3.00 110
JNK 6T200 53.0 0.75 4.25 80
JNK6T206-B 54.4 1.25 1.50 140
JNK6T090 52.8 4.00 1.00 50
PC-202 57.2 1.25 2.75 100
Rosner 54.2 1.00 n il 140
6-7VJ-204 55.3 1.00 3.50 140
6-TA-206 55.3 1.00 3.00 190

P u n ja b  W h e a t  t r it ic a le  b le n d s  (1 :1 )

Armadillo PM A 58.8 3.50 1.50 80
Triticale No. 4 58.4 3.50 1.50 80
JNK6T001-A 61.6 4.00 2.00 100
PC-202 59.6 3.00 1.50 60

W h e a t

P u n jab  w heat
(co n tro l) 63.8 4.50 1.50 60
a -B ra b e n d e r  u n its .

Table 2. effect of ADDITIVES ON THE QUALITY OF TRITICALE
B R E A D S

A dditives
L o a f C ru m b

V ariety P o t. b ro m a te  SSL volum e tex tu re
(pp m ) ( % ) (ml) sco re“

Armadillo PM-4 N il — 360 —

99 10 — 410 „

99 20 — 425 99
99 30 — 410 „

99 40 — 395 99
99 50 — 375

Rosner N il — 350 99
99 20 — 360 A
99 — 0.5 355 9»

20 0.5 385 SB
PC-202 N il — 290 —

99 20 — 300 A
99 — 0.5 330 SB
99 20 0.5 330 9»

a -G ra d e d  as com pared  to  T ritica le  co n tro l w ithou t add itives: 
S B -S lig h tly  b e tte r ; A -A s  g o o d  as.

Table 3. effect of level of blending w ith  Punjab wheat o n
THE BREAD MAKING QUALITY OF Armadillo PM-4

Armadillo PMA— W heat
L o af

volum e
(m l)

A ccep tab ility“

100 :: 0 385 1
90 :: 10 410 I
80 :: 20 420 I
70 :: 30 420 I
60 : 40 455 I
50 : 50 475 SW1
40 :: 60 470 SW I
3 0  :: 70 475 SW I
20 :: 80 485 SW I

0 : 100 (C o n tro l) 570 E xcellent
a -G ra d e d  as co m p ared  to  co n tro l: A -a s  good  a s ; S I—slightly 

in fe rio r; S W I-S o m ew h a t in ferio r an d  I - ln fe r io r .

bromate improved the loaf volume as well as crumb 
texture, as compared to control. Tsen et al.9 also 
have reported beneficial effect of SSL.

Effect of blending: Triticale breads (Tables 3 and 4) 
had of dense crumb with open textured grains and were 
less spongy to handfeel. Triticale breads had a sticky 
mouth feel, normally absent in wheat bread. This may 
be attributed to dextrinisation of starch due to high 
<< -amylase activity of the triticales. Further, during the 

preliminary experiments, it was observed that the triticale 
dough had poor gas retention capacity. As such, the 
fermentation time of only 2 hr had to be used in the 
different baking trails, as compared to 23- hr needed for 
wheat dough.

Among the different triticale-wheat maidct blends 
tried, it was observed (Table 3) that atleast 50 per cent 
of wheat maida was essential for bringing about an 
appreciable improvement in the loaf volume as well as 
the acceptability of bread. However, the triticale-wheat 
bread was inferior, when compared to the control wheat 
bread. Although these findings corroborated with the 
earlier observations of Rooney et al.,19 they disagreed 
with those of Unrau and Jenkins11, who observed no 
marked deleterious change in the bread quality even 
when the wheat maida was blended with 30 to 40 percent 
of triticale maida.

Based on the above observations, breads were prepar
ed from 100:0, 50:50 and 75:25 blends of triticale and 
wheat maida (Table 4). The triticale wheat blends were 
significantly superior in their bread making quality, 
as compared to triticale alone. The varieties Bromco-90, 
MSN-372-1, Armadillo PPV-13, JNK-6TOOI-A and 
JNK-6T090 indicated no difference in their acceptability 
as well as in the loaf volume of breads when prepared
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Table 4. bread making quality« of blends of different varieties of triticales with Punjab wheat and its gluten

Triticale: Wheat̂  blends Gluten added (%)
100:0 75:25 50:50 2 3

Variety Loafvolume(ml)
Acceptability« Loafvolume(ml)

Acceptability« Loafvolume(ml)
Acceptability« Loafvolume(ml)

Acceptabilitŷ Loafvolume(ml)
Acceptability«

T ritica le  N o . 4 275 I 325 I 365 I — — 350 S
B r o m c o -9 0 300 I 385 SWI 400 SWI 400 S 410 S
M S N - 372-1 335 I 400 SWI 405 SWI — — 435 S
A rm a d illo  P P V - 13 310 I 390 SWI 405 SWI 390 s 405 S
J N K 6 T 0 0 1 - A 325 I 410 SWI 410 SWI 430 s 435 s
J N K  6T200 290 I 355 I 390 SWI 370 s — —
J N K  6T2Q 6 -B 340 I 420 SWI 425 SI 425 s 430 s
J N K  6 T 0 9 0 320 I 380 SWI 390 SWI 415 s — —
P C - 202 330 I 390 SWI 420 SI — — — —
R o s n e r 385 SWI 405 SWI 465 A — — 435 s
6-714-204 400 SWI 385 SWI 425 SI — — — —
6-714-206 390 SWI 375 SWI 430 SI — _ — _

a-All recipes contained 20 ppm potassium brómate and 0.5% SSL.
¿»-The bread from wheat flour (control) had a loaf volume of 480 ml and its acceptability was graded as good. 
c-Breads based on Triticale-Wheat blends were compared with wheat bread (control) and their acceptability graded as : A-as good as ; SI—slightly inferior; SWI-somewhat inferior, and I-inferior.
4-Breads based on Triticale-Gluten blends were compared with the respective 100% triticale breads and their acceptability graded as: A-as good as; SS—slightly superior; SWS-somewhat superior, and S-superior.

Table 5. biscuit making quality of triticales

Variety Dia. (W) (mm) Raise (T) (mm) Spread ratio (W/T) Spread factor Crispness« Acceptability«

A rm a d illo  P M - 4 53.0 3.1 9.46 130.3 SI A
T ritica le  N o . 4 52.5 2.9 9.55 131.5 I I
B r o m c o -9 0 52.5 2.7 10.10 139.1 SI A
M S N - 372-1 51.6 3.3 8.90 122.6 SWI SI
A rm a d illo  P P V - 13 52.4 3.0 9.53 131.3 SI A
J N K 6 T 0 0 1 - A 52.0 3.3 8.96 123.4 SWI A
J N K 6 T 2 0 0 54.0 2.5 10.80 148.7 SI A
J N K  6 T 2 0 6 - B 52.4 3.5 8.73 120.2 SWI SI
J N K  6T090 52.0 2.1 11.30 155.6 SWI SI
P C - 202 52.5 3.5 8.75 120.5 A A
R o s n e r 53.0 3.3 9.14 125.9 SI A
6-714-204 51.0 3.5 8.30 114.3 A A
6-714-206 52.0 2.7 10.00 137.7 A A
Soft wheat (control) 53.0 4.8 7.26 100.0 Excellent Excellent

o-Graded as compared to control: A-Asgoodas; SI—Slightly inferior; SWI-Somewhat inferior; and I-lnferior.
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T a b l e  6. c h a p a t i  m a k i n g  q u a l i t y  o f  t r i t ic a l e s

WaterVariety absorption0
(%)

Acceptability/»

A rm a d illo  P M -A 56.5 I
T ritic a le  N o . 4 65.4 I
B ro m co -9  0 53.0 SWI
M S N - 1 1 2 A 63.0 SWI
A  rm a d illo -P P  V -13 56.3 SWI
J N K ( , T m - A 60.8 I
J N K  6T200 57.0 SWI
J N K 6 T 2 0 6 - B 57.7 SWI
J N K  6T090 56.9 I
PC-202 58.7 I
R o s n e r 59.0 SWI
6-7M-204 53.2 A
6-774-206 53.5 SWI
Punjab Wheat (Control) 50.3 Excellent

a-On 14% moisture basis.
¿»-Graded as compared to control; A-as good as; SI—Slightly inferior; SWI-somewhat inferior, and I-Inferior.

from blends with 50:50 or 75:25 of triticale and 
wheat maida.

Among the different breads based on 50:50 blends, 
the blend based on Canadian variety Rosner had the 
maximum volume of 465 ml as compared to 480 ml for 
the control wheat bread, and had the best acceptability 
among triticales. The bread based on only Canadian 
or American triticales gave significantly higher loaf 
volume and is better acceptable.

Effect of blending with gluten: Incorporation of
even 2 per cent gluten (on the basis of maida weight) 
gave significant increase in the loaf volume of triticale 
breads (Table 4), and compared favourably with those 
breads based on 1:1 blend of triticale and wheat. This 
indicates the deficiency in quality and quantity of 
gluten-forming proteins as an important factor res
ponsible for the unsuitability of triticales for bread 
making.Biscuit making quality: The results presented in
Table 5 indicate that majority of Indian varieties of 
triticales gave acceptable quality biscuits, comparable 
to that of Canadian Rosner or American varieties. 
These biscuits were almost as good as the biscuits 
based on soft white wheat. Only the variety Triticale 
No.4 was found to be unsuitable for biscuit preparation. 
These findings corroborated with castics observation 
(unpublished data) that the triticales resemble more 
with soft wheat in many respects.

3

Chapati making quality: Unlike the maida, the 
water absorption of the triticale atta showed a wide 
range (53.2 to 65.4 per cent), which was considerably 
higher than that of Punjab wheat (50.3 percent) (Table 6).

Majority of triticale varieties were graded as either 
inferior or somewhat inferior when compared to exce
llent chapati making quality of Punjab wheat. It is 
interesting to note that American variety 6-TA-204 
was as good as the control in respect of different quality 
attributes. The triticale chapatis were darker in colour 
and most of them had somewhat tough and leathery 
texture as well as poor chewing quality. Their flavour 
was distinctly different from that of wheat chapatis.

To summarise, the farinograph characteristics as 
well as the significant improvement in the loaf volume 
and overall acceptability of the breads based on blends 
of triticale maida with either equal quantity of wheat 
or 2 percent wheat gluten clearly bring out the fact 
that triticales are not good for bread making. The 
observation regarding the behaviour of triticales as soft 
wheat and their suitability for biscuit making as indi
cated by the spread ratio and acceptability can possibly 
open a new avenue for the utilisation of triticales in 
the near future.

Foregoing results thus highlight the possibility of 
using triticales in bakery products of acceptable 
quality, especially during the times of wheat shortage.
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A Study of Lipids in Different Varieties of Wheat
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The polar and neutral lipid contents and patterns in seven varieties of wheat (K’—227% ‘S-308’, ‘C-273’, ‘K-68’, ‘S-413’, ‘Argelto’ 
and ‘Sharbati Sanora’) were examined by thin layer chromatography. All the samples showed varied amounts of free fatty acids 
indicating the presence of lipase activity in the stored wheat grains. Among the neutral lipids, glycerides formed the major com
ponent whereas among the phospholipids and glycolipids, phosphatidyl choline and galactosyl diglyceride formed the major com
ponent. On the basis of lipid composition, variety ‘S-308’ appears to have better baking qualities and likely to possess better reten
tion power of its flour.

The content of lipids in wheat is low, yet they are 
important in the baking and aging of wheat flour, 
crumb softening and staling phenomenon, and also a 
source of essential fatty acids1. During the last decade 
a number of high yielding varieties of wheat have been 
evolved in India. This study was conducted to deter
mine the lipid patterns of a number of important varie
ties of wheat and to correlate with the baking qualities. 
Such data will also be useful in the cross breeding pro
gramme to evolve new varities possessing good baking 
qualities.
Materials and Methods

Seven varieties of wheat viz. ‘K-227’, ‘S-308’, ‘C-273’, 
‘K-68’, ‘S-413, ‘Argelto’ and ‘Sharbati Sanora were 
procured from the Department of Genetics, Punjab 
Agricultural University, Ludhiana. The total lipids 
were extracted2 from wheat grains and purified by the 
method of Folch et aft. and fractionated into polar 
and neutral lipids by the solvent partition method of 
Nichols4. This did not effect complete separation. 
Of the polar fraction, 13.2 to 26.0 per cent lipids were 
represented by neutral lipids (Table 2). The compo
nents of the polar and neutral lipids were separated by 
thin layer chromatography (TLC) on silica gel G using 
solvent systems consisting of chloroform; methanol: 
7N ammonia (75:25:4, v/v/v) for polar lipids and petro
leum ether: solvent ether: acetic acid (80:20:1, V/V/V) 
for neutral lipids. The lipid components separated by 
TLC were visualised with iodine vapours and cupric 
acetate reagent5. The identification of the lipid compo
nents was done by specific spray reagents6-11 and by

comparison of their Rf values with standard reference 
compounds. The lipid components separated on TLC 
and visualised by cupric acetate reagent were quanti
tated by desnsitometery5 on Densicord photodensito
meter, Model 542, U.S.A. Crude protein contents 
were determined by microkjeldahal method of Mckenzie 
and Wallace12.
Results and Discussion

The range of total lipids, polar lipids, neutral lipids 
and crude protein contents in the sample was 1.4-2.2,
0.5-0.8, 0.9-1.6 and 13.1-16.8 per cent, respectively 
(Table 1). The variation in total lipid content may be 
due to variation in the kernel size13, method of extra
ction of lipids14, and environment and genetic make up 
of the variety15. A non significant negative correlation 
(r=0.246) between total lipid content and the number

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

D IFFERENT VAR IET IES  OF W H E A T

No. of Crude Lipids (%)Variety kernels/g. protein
(%) Total Polar Neutral

K-227 38 14.9 1.7 0.6 1.1
S-308 26 15.8 2.0 0.8 1.2
C-273 19 16.8 1.4 0.5 0.9
K-68 26 16.8 2.2 0.6 1.6
Sharbati Sanora 31 13.1 1.6 0.5 1.1
Argelto 24 16.1 2.0 0.8 1.2
S-413 28 16.5 1.8 0.6 1.2

*This work forms a part of thesis submitted by the first author to Punjab Agricultural University, Ludhiana, in partial fulfilment of the requirements for M.sc. degree in Biochemistry in 1975.
16
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T a b l e  2. a b s o l u t e  (m g  % ) AM O UNTS  o f  p o l a r LIPIDS IN SAMPLES OF WHEAT GRAINS

Lipid/sample component K-227 S-308 C-273 K-68 SharbatiSanora S-413 Argelto

Phosphatidic acid 11 24 15 18 16 23 16
LPE 16 30 12 21 21 15 26
P. inositol 16 31 19 27 13 19 30
P. serine 24 44 18 29 28 30 43
P. choline 58 83 51 88 52 56 77
P. ethanolamine 37 56 38 36 41 46 52
Unknown phospholipid 35 44 25 31 30 29 47
Total phospholipids 197 312 178 250 201 218 291
DGDG 79 102 62 86 69 68 92
MGDG 61 72 49 55 48 55 66
Cerebrosides 53 67 38 51 47 46 64
Sterol glycosides 54 54 46 44 38 39 52
Unknown glycolipid 48 55 34 52 49 44 44
Total glycolipids 295 350 229 288 251 252 318
Neutral lipids 145 120 95 103 89 119 157

MGDG, Monogalactosyl diglycerides; DGDG, Digalactosyl diglycerides; LPE, Lysophosphatidyl ethanolamine; P. Phosphatidyl.

of kernels per gram was observed. Since all the varieties 
were grown and extracted under identical conditions, 
the variations observed during the study may be due to 
variation in the genetic make up alone. ‘S-308’ and 
‘Argelto’ had higher polar lipid content, while ‘K-68’ 
had the highest neutral lipid content. Among the 
polar lipid fractions, total glycolipids content was higher 
than the total phospholipids in all the wheat varieties. 
Variety ‘S-308’ had the highest content of phospholipids 
followed, in order, by ‘Argelto’, ‘K-68’, ‘S-413’, ‘Shara- 
bati Sanora’, ‘K-273’ and ‘C-273’. Almost similar 
pattern in the glycolipids content was also observed in

T a b l e  3. a b s o l u t e  ( m g  % )  a m o u n t s  o f  n e u t r a l  l i p id s  i n

SAMPLES OF WHEAT GRAINS

Partial Trigly- Free Sterols
Variety glycerides cerides fatty -acids Free Esteri-tied

K-227* 129 478 189 64 116
S-308 185 560 173 80 150
C-273* 151 500 66 72 81
K-68* 305 517 238 161 170
Sharbati Sanora* 225 430 233 67 96
S-413 145 523 243 84 143
Argelto* 221 438 253 94 129

»The samples other than these showed variable amounts of an 
unidentified component.

all these varieties. In all the samples galatosyl digly
cerides and phosphatidyl choline were the major glyco- 
and phospolipids, respectively. Variety ‘S-308’ contained 
highest amount of phosphatidyl choline and digalatosyl 
diglyceride followed by ‘Argelto’ and ‘K-68’ (Table 2). 
Similar results in wheat have been reported by Lin, 
et a/16 and Kinsell et al17. Wheat varieties rich in polar 
lipids have good baking qualities1 >17. The level of 
phosphatidyl choline18 and galatosyl diglycerides1 have 
been reported to determine the baking qualities of wheat 
grains. Due to lack of sufficient quantity of samples, 
the direct baking quality measurement could not be 
made. However, on the basis of polar lipid contents, 
variety ‘S-308’ is likely to possess better baking and 
cooking qualities. ‘Argelto’ and ‘K-68’ come next in 
the order.

Among the neutral lipids, triglycerides formed the 
major component in all the varieties (Table 3). Variety 
‘S-308’ had the highest amounts of triglycerides followed 
by ‘S-413’, ‘K-68’, ‘C-273’, ‘K-227’, ‘Agrelto’ and 
‘Sharabati Sanora’ in that order. The wheat flour from 
varieties ‘S-308’ and ‘S-314’ is likely to possess better 
retention power due to higher triglyceride contents. 
Similar results have been reported by Pomeranz13. The 
neutral lipid fraction from all the varieties showed 
variable amounts (upto 24.5 per cent of neutral lipids, 
Table 3) of free fatty acids. The presence of such high 
concentration of free fatty acids in this fraction indicated 
that wheat lipids undergo hydrolysis during storage 
of wheat grains. Similar lipase activities have been 
reported in rice-giains19.
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Physico-Thermal Properties of Rice Bran
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Physico-thermal properties of rice-bran (‘Ratna’ variety) such as bulk density, particle density bed porosity, specific heat and 
thermal conductivity were determined at 10 and 12% moisture contents (wet basis). All properties except particle density were
found to be moisture dependent.

Rice bran is a by-product of rice milling industry and 
is gaining considerable importance as an oil bearing 
material in the present context of the edible oil shortage. 
Physico-thermal properties are useful in the design of 
rice bran processing systems. Very little information is 
available on bulk density and none on other physical 
properties. Bulk density of rice bran is reported1 to 
vary from 0.368 to 0.40 g/cc. The work was, therefore, 
undertaken to determine physico-thermal properties 
which are required for standardizing the rice bran 
processing operations and design of related equipments.
Materials and Methods

Rice bran for this study was obtained by milling and 
polishing ‘Ratna’ variety of paddy in the laboratory 
models of Kissan paddy dehusker and polisher. Degree 
of polishing was kept constant at about 6 per cent.

Moisture content of bran when obtained from the 
polisher was 12 per cent (w.b.). A part of this bran was 
dried to 10 per cent (w.b.) moisture content in hot air 
oven at 30°C. Samples at both these moisture levels were 
sealed in polyethylene bags and stored at room tempe
rature. All the measurements were made at these two 
moisture levels.

Bulk density was determined by measuring the volume 
of a known weight of bran. Bran, weighed accurately 
was poured into a 500 ml graduated cylinder through a 
funnel to give a reasonably uniform degree of packing; 
tapping was not done to avoid compaction of bran. 
Toluene displacement method suggested by Means 
et al2, was adopted for measurement of particle density. 
The weight of the bran for the experiments ranged from
9.5 to 14.4 g. Average porosity was calculated by using 
the measured values of bulk and true density.
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Method of mixtures was used for measurements of 
specific heat. A 33 g sample was taken in a thermos 
flask of half litre capacity, provided with a stirrer and 
insulated cover which was used as a calorimeter. The 
calorimeter was filled with 150 g of water at room 
temperature. The mixture was thoroughly stirred to 
ensure complete submergence of bran particles. Stabiliz
ed temperature of cold mixture (approximately equal to 
room temperature) was measured with a precision 
thermometer having a least count of 0.1 °C. Hundred 
grams of hot water at a stabilized temperature of 47°C 
was then poured into the calorimeter rapidly. The 
mixture temperature got stabilized within 1-2 min and 
was noted. Average specific heat in the temperature 
range of 24-33°C (representing initial and final values of 
mixture temperature) was calculated using heat balance 
equation3.

Thermal conductivity was determined with the help 
of a concentric cylinder steady state apparatus as des
cribed by Singh et al4. using the equation.

2 i \L  A T
Where, K, Q, r0, rx L and AT stand for thermal conduc
tivity, heat flow rate, radius of outer cylinder, radius of 
inner cylinder, length of heat flow path and temperature 
drop respectively.
Results and Discussion

Physico-thermal properties of rice bran are given in 
Table 1.

T a b l e  1. p h y s ic o -t h e r m a l  p r o p e r t ie s  o f  r ic e  b r a n

Properties Moisture content (w. b.)10% 12%
Bulk density (g/cc) 0.303 0.277
Particle density (g/cc) 1.220 1.220
Porosity (%) 75. 35 77.29

/  C£ll \Specific heat* 1 — — \ g - c )1 0.413 0.429

Thermal conductivity | watt \ 0.164 0.192m.°k f

*Mean experimental temperature 28.8° and 24.2°C, for the two
samples respectively.

The average bulk density of rice bran decreased 
slightly as the moisture content increased from 10 to 
12 per cent. The decrease might be attributed to change 
in bed porosity arising out of swelling of particles due 
to absorption of moisture. For granular foods the co
efficient of friction is known to increase with moisture 
content5. It is possible that the fall in bulk density might 
have also been caused by an increase in coefficient of 
friction.

Particle density was found to be constant and indé
pendant of moisture content. The same was found6 for 
wheat, paddy, pigeon pea and soybean over a moisture 
range of 8.5 to 12.5 per cent.

The porosity increased with increase in moisture 
content. This increase may be attributed to the change 
in shape of the particle due to absorption of moisture, 
which in turn might have caused the change in particle 
arrangement and thereby in volume of voids.

The specific heat of rice bran increased with moisture 
content. This is in agreement with the findings of other 
workers3,7-10, determined for other food products.

The thermal conductivity of rice bran increased with 
moisture content. This may be due to the fact that rice 
bran is essentially a low thermal conductivity material 
and when its moisture content is increased the thermal 
conductivity increases due to higher conductivity value 
of water (moisture).
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Studies on Selection of Starter Cultures for the Manufactureof Yoghurt
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Successful preparation o f yoghurt depends upon proper symbiotic growth between S .  th erm o p h ilu s and L .  b u lga ricu s. Three strains 
each of S .  th e rm o p h ilu s  and L .  b u lga ricu s were examined in various combinations for their symbiotic growth and production of good 
quality yoghurt. Yoghurt samples were assessed for curdling time, acidity, body, characteristics, diacetyl content and microscopic 
ratio of the two organisms. The combination of S .  th e rm o p h ilu s  (H) and L .  b u lg a ricu s (W) in the ratio o f 1 :2 and S . th erm o p h ilu s  
489 and L .  bu lga ricu s (W) in the ratio of 1:1 gave the best products.

Yoghurt is a dahi like product with curative properties1 
and is obtained by the fermentation of milk with a 
mixture of S. thermophilus and L. bulgaricus. Successful 
preparation of the product depends upon a symbiotic 
relationship between the two organisms and all combi
nations possible from pairing strains of S. thermophilus 
and L. bulgaricus will not produce a high quality pro
duct2’3. According to the Davis et al4 a satisfactory 
combination is one which will be amenable for growth 
under manufacturing conditions5 and produce a product 
with good body, texture, taste, flavour, etc. and contains 
equal proportion of the two organisms.

Nikolvin6 observed that good quality yoghurt of 
typical flavour could be obtained where the mixed 
culture contains equal proportion of S. thermophilus 
and L. bulgaricus during coagulation. In the present 
study, 3 strains of S. thermophilus and 4 strains of
L. bulgaricus were tested in pairs for their suitability in 
the preparation of yoghurt.
Materials and Methods

Milk: Good buffalo milk from the Experimental 
Dairy standardized to a fat content 2.0-2.5 per cent 
was used throughout the study.

Cultures: The following cultures were taken from 
the National Culture Collection of dairy organisms of 
National Dairy Research Institute, Kama!.

S. thermophilus (W), S. thermophilus (489), S. thermo
philus (H), L. bulgaricus (W), L. bulgaricus (1373), L. 
bulgaricus (Yb), L. bulgaricus (RTS).

Study of symbiosis among pairs and preparation of yog
hurt: Standardized milk (100 ml) in 150 ml conical flasks 
were steamed for 30 min and after cooling to 40-42°C 
was inoculated at 2 per cent level (18 hr old) with the 
two cultures mixed in different proportions. They were 
incubated at 42±10C for 3-| hr and coagulation of milk,

if any, was noted. The flasks were then cooled immedia
tely and tested for titratable acidity as per standard 
procedure7. Using cultures selected on the basis of 
symbiotic relationship, yoghurt was prepared but the
T a b l e  1. a s s o c ia t iv e ACTION BETWEEN S . T h erm o p h ilu s a n d  L .

B u lg a rien s
Acidity F.nal productCulture combinations Ratio as %  lactic after 3 | hr.acid

5. th erm o p h ilu s (H) 0:2 0.35 Not curdled
L .  bu lga ricu s (W) 2:0 0.271:1 0.47 Partially curdled1:2 0.72 Curdled2:1 0.46 Partially curdled
S . th e rm o p h ilu s  (H) 0:2 0.41 Not curdled
L .  b u lga ricu s (1373) 2:0 0.271:1 0.45 Partially curdled1:2 0.67 Curdled2:1 0.50 Partially curdled
S .  th e rm o p h ilu s  (W) 0:2 0.19 Not curdled
L .  b u lgaricus (W) 2:0 0.361:1 0.49 Partially curdled1:2 0.51 Curdled2:1 0.54
S .  th e rm o p h ilu s (489) 0:2 0.29 Not curdled
L .  b u lga ricu s (W) 2:0 0.281:1 0.51 Partially curdled1:2 0.56 Curdled2:1 0.52
S .  th erm o p h ilu s (H) 0:2 0.39 Not curdled
L .  bu lga ricu s (RTS) 2:0 0.55 Partially curdled1:1 0.75 Curdled1:2 0.812:1 0.74
S . th e rm o p h ilu s  (H) 0:2 0.46 Not curdled
L .  b u lg a ricu s (Yb) 2:0 0.561:1 0.68 Partially curdled1:2 0.81 Curdled2:1 0.80

"“Indian Drugs and Pharmaceuticals Ltd. "“"“Southern Regional Station of NDRI, Bangalore.
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T a b l e  2 . s e l e c t io n  o f  b e s t  c o m b in a t io n s  o f  s t r a in s  o f  S .  T h erm o p h ilu s  L .  B u lg a ricu s
Curdling Final Acidity DiacetylCulture combinations Initial ratio time microscopic (% Lactic acetoin(hr-min.) ratio acid) (ppm)

S .  th e r m o p h ilu s  (H) L .  b u lg a ricu s (W) 1:2 3-15 1:1 1.00 47
S . th e rm o p h ilu s  (W) L .  b u lg a ricu s (W) 1:2 3-10 2:1 0.98 78
S . th e rm o p h ilu s  (H) L .  b u lg a r icu s  ( Y b) 1:3 3-30 1:1 0.89 78
S .  th e r m o p h ilu s  (H) L .  b u lg a ricu s (1373) 1:2 3-20 3:1 0.90 74
S .  th e rm o p h ilu s  (H) L .  b u lg a ricu s (RTS) 1:1 3-20 1:1 1.05 76
S .  th e rm o p h ilu s  (489) L .  b u lga ricu s (W) 1:1 4.00 2:1 1.45 72
proportion of the Streptococci and Lactobacilli were 
varied. The curdling time was noted in each case. The 
product obtained from each combination was tested for 
acidity7, texture, diacetyl content8 and ratio of the two 
organisms by microscopic examination. The final pro
duct was graded according to score card developed for 
yoghurt by Futschik9.
Results and Discussion

Table 1 shows the symbiotic relationship in 6 out of 
12 pairs tried. It is seen that in all cases, there was 
improved acid production when both the organisms were 
present. The titrable acidity in the paired culture was 
more than 0.5 per cent (as lactic acid) which is considered 
as minimum for use in yoghurt preparation. In general, 
the acid production was more in pairs containing S. 
thermophilus (H) than the other two. Acid production 
was also higher when the ratio of Streptococcus to 
Lactobacillus was 1:2 in the inoculum. The data obtained 
for the other six pairs (not reported) were similar to 
these 6 pairs.
T a b l e  3. s c o r e  c a r d  f o r  y o g h u r t  p r e p a r e d  f r o m  d if f e r e n t

CULTURE COMBINATIONS
Culture combinations Appear- Consist- Taste Flavour Total
Max. score ance2 ency3 4 6 15
5. th e rm o p h ilu s (H) 2 2 3 5 12

+
L .  b u lga ricu s (W)
S .  th e rm o p h ilu s  (W) 2 1 2 5 10

+
L .  b u lg a ricu s (W)
S . th e rm o p h ilu s  (H) 2 1 1 4 8

+
L .  b u lg a ricu s (1372) 
S .  th e rm o p h ilu s  (489) 2 2 3 5 12

+
L .  bu lga ricu s (W)
S . th e rm o p h ilu s  (H) 1 2 2 3 8

+
L . b u lgaricus (RTS) 
S .  th erm o p h ilu s (H) 2 1 2 4 9

+
L .  b u lg a ricu s  ( Y b )  

Excellent -  12-15; Very good.= 9-11; Good = 6--8.

Table 2 shows the selection of best combination of 
Streptococci and Lactobacilli for grading the product 
with reference to body, texture, flavour and taste, 
among different combinations (1:1; 1:2; 1:3; 2:1 and 
3:1) tried. It was observed that in all cases the coagula
tion was obtained within 3 to 4 hr, the curdling time 
being more than 3 i hr in respect of the pair S. thermo
philus 489 and L. bulgaricus (W). Overnight storing the 
samples at low temperatures showed significant changes 
in the proportion of organisms and production of acidity 
in the product. The data indicate that Streptococci show 
the tendency of dominance in the final product. No 
effort was made to improve the proportion of Lactobacilli 
in the final product by prolonging the incubation period 
as it resulted in increased acid production beyond the 
desirable level. Although all the four Lactobacilli used 
in the study had antibiotic actions against B. subtills, 
E. coli and A. aerogenes but the yoghurt samples had no 
inhibitory action against these test organisms. This is 
probably due to the low numbers of Lactobacilli present 
in the final product.

The detailed score card of the best product from each 
combination is shown in Table 3. It was observed that 
the combination of S. thermophilus H and L. bulgaricus 
(W) in the ratio 1:2 and S. thermophilus 489 and L. 
bulgaricus (W) in the ratio off 1:1 gave the best 
products.
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Comparative changes in total solids, lactose total nitrogen and non-protein nitrogen contents of special milks, pasteurised and 
boiled, and dahi prepared therefrom were investigated. No definite trend in the total solids contents of dahi prepared from such 
milks was observed when compared with the original milk. The decrease in lactose content of such dahi ranged from 13 to 16 per 
cent. Statistically no significant change in total nitrogen and non-protein nitrogen content was observed. The decrease in total 
nitrogen in dahi ranged between 0.005 and 0.30 per cent, the range of increase of non-protein nitrogen was 0.007 to 0.9 per cent.

For augmenting market milk supply, special milks 
like toned milk, double toned milk, recombined milk 
and standardised milk have been introduced in Indian 
markets. Since dahi is commonly consumed in most 
of the houses, a portion of special milk is utilised in the 
preparation of dahi. Dahi from special milk being 
comparatively a new product, no published data are 
available on it, unlike the one prepared from normal 
cow or buffalo milk. Several workers1’2 have reported 
a reduction in total solids and lactose content of dahi 
when compared with the values of original milk used 
for dahi making. Khambatta and Dastur1 reported no 
changes in the total nitrogen content of dahi., 
Ranganathan and Narasimhamurthy2 observed slight 
reduction in the total nitrogen when fermentation of 
milk was prolonged. Khambatta and Dastur1 reported 
increase in non-protein nitrogen in dahi prepared from 
cow or buffalo milk. This paper reports the changes in 
the total solids, lactose, total nitrogen and non-protein 
nitrogen contents of dahi prepared from such special 
milks subjected to pasteurisation, boiling and on using 
Streptococcus diacetilactis culture.
Materials and Methods

Raw materials: Fresh clarified cow and buffalo milk, 
low heat spray dried skim milk powder and unsalted 
butter were procured from the Experimental Dairy, 
NDRI, Karnal, for the preparation of special milks. 
DRC culture (Streptococcus diacetilactis) was obtained 
from the Microbiology Division of the Institute.

Preparation of toned and double toned milk: By 
adopting the routine technology, toned milk having fat, 
3 and SNF, 8.5 per cent and double toned milk having 
fat, 1.5 and SNF, 9.0 per cent conforming to Health 
Services requirements3 were prepared by utilising low heat 
skim milk powder and water in 5 1. quantities at a time.

Preparation o f recombined milk: At a time, 5 I. of 
recombined milk having fat, 4 and SNF 9 per cent were 
prepared as follows;

Reconstituted skim milk was prepared from low 
heat skim milk powder and water at 37°C. On attaining 
a temperature of 60 °C, calculated quantity of butter was 
added. This was then homogenised at 105 kg/cm2 
pressure with Rannie Piston type homogeniser. Later, 
it was pasteurised at 7l.5°C for 15 sec under laboratory 
conditions and cooled to room temperature.

Preparation of standardised milk: At a time, 5 1. of 
standardised milk having fat, 4 and SNF 8.5 per cent 
were prepared by mixing cow and buffalo milk samples 
in required quantities. High temperature heating to 
71.5°C for 15 sec was adopted under laboratory con
ditions and cooled to room tempwrature.

Pasteurisation: Milk was pasterurised as described 
above.

Boiling: Milk was brought just to boil and cooled to 
room temperature.

Preparation o f dahi: All the batches of milk were 
inoculated with DRC culture (Streptococcus diacetilactis) 
at 1.5 per cent level at room temperature and incubated 
at 22°C for 18 hr. Dahi obtained was stored at 4°C for 
analytical purpose.

Analytical: Cow milk, buffalo milk, toned milk, 
double toned milk, standardised milk and recombined 
milk were tested for fat and SNF contents as per ISI 
methods4. Total solids of milk and dahi were determined 
by gravimetric method5; total nitrogen and non-protein 
nitrogen contents of milk and dahi were determined by 
Kjeldahl method as per ISI6. Lactose of milk and dahi 
were determined by Lane Eynon’s method as adopted 
by ISI6.

The data were analysed statistically by analysis of 
covariance for various parameters of dahi taking milk

2 2
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T a b l e  1. t h e  a v e r a g e s  o f  s e v e n  s a m p l e s  s h o w i n g  p e r c e n t a g e  o f  t o t a l  s o l i d s , l a c t o s e , t o t a l  n i t r o g e n  a n d  n o n  p r o t e i n

N IT R O G EN  OF D IF FE R EN T  T Y PES  OF M IL K  A N D  D A H I

Treatment to milk T o n e d  D o u b le  T o n ed  R e c o m b in e d  S ta n d a rd ise dMilk Dahi Milk Dahi Milk Dahi Milk Dahi
Total Solids

Pasteurised 12.38 12.43 11.58 11.57 14.03 13.73 13.84 14.17
Boiled 13.17 12.89 11.62 11.95 13.97 14.01 13.97 13.78

Lactose
Pasteurised 4.68 4.05 4.87 4.17 4.82 4.08 4.76 4.04
Boiled 4.91 4.11 5.07 4.42 4.97 4.23 4.89 4.21

Total Nitrogen
Pasteurised 0.54 0.52 0.50 0.48 0.53 0.51 0.53 0.52
Boiled 0.54 0.52 0.54 0.51 0.52 0.51 0.56 0.53

Non Protein Nitrogen
Pasturised 0.03 0.05 0.03 0.04 0.02 0.05 0.03 0.05
Boiled 0.03 0.04 0.03 0.04 0.03 0.04 0.03 0.05

Differences are not significant between types of milk as well as between treatments in all cases.

as auxiliary variate. The number of observations for 
type of milk and treatment subclass was the same and 
equal to seven (two way factorial design—for ortho
gonal).
Results and Discussion

Total solids: From the data in Table 1, it is clear 
that there is no definite trend in the change of total 
solids of dahi, when compared to the total solids of 
diiferent types of milk subjected to different treatments 
from which it was prepared. Whereas contrary to this, 
Ranganathan and Narasimhamurthy2 and Khambatta 
and Dastur1 have reported decrease in total solid 
contents of dahi. Khambatta and Dastur1 reported an 
average loss of 4 per cent in the total solids after 24 hr 
and 6.6 per cent after seven days storage at 37°C in dahi 
prepared from raw cow milk. Corresponding values of 
reduction were 5.3 and 9.2 per cent in case of buffalo 
milk dahi. They also reported average reduction of 6.6 
and 4.2 per cent in total solids of dahi prepared from 
boiled cow and boiled buffalo-milk respectively after 
24 hr storage. Khambatta snd Dastur1 used 3 per cent 
culture of house hold dahi.

Lactose: The results in Table 1 show that there 
were no significant differences in the decline in the 
lactose content of dahi prepared from milk under dif
ferent heat treatments for all four types of milk when 
compared to the initial lactose contents of different 
types of milk. The percentage reduction amounted to
13.5, 14.34, 15.31 and 15.01 for dahi prepared from 
toned, double toned, recombined and standardised milk

when compared to the respective types of pasteurised 
milks. The corresponding values of reduction for dahi 
were 16.3, 13.0, 14.9 and 14.02 per cent when prepared 
from such boiled lots. The reduction in lactose content 
is attributed to the lactose fermenting organisms. 
Khambatta and Dastur1 observed a decrease of 53.1 and
37.4 per cent in lactose content of dahi prepared from 
raw buffalo milk and raw cow milk respectively after 24 
hr incubation. For dahi prepared from boiled buffalo 
milk and boiled cow milk they reported 35.8 and 39.4 
per cent loss respectively under similar conditions. 
These workers used 3 per cent culture of household dahi.

Total nitrogen: From Table 1 it is clear that there 
is no significant difference in total nitrogen content of 
different types of dahi made from different types of milk. 
Slight decrease in total nitrogen, however, was observed 
in dahi of all types except in the case of dahi prepared 
from boiled recombined milk which showed an increase 
of 0.005 units. In the case of pasteurised milk, dahi 
prepared from different types of milk, the decrease in 
nitrogen content ranged from 0.024 to 0.069 units, 
maximum being in case of standardised milk (0.069 
units) followed by double toned (0.0255) single toned 
(0.0249) and recombined milk (0.0241).

The decrease for dahi prepared from boiled lots of 
special milks, ranged from 0.0017 to 0.0306 units, the 
decrease for standardised, double toned and single 
toned was 0.0306, 0.0307, 0.0207 units respectively, 
whereas the increase in the case of recombined milk 
dahi was 0.005 units. Khambatta and Dastur1 observed 
no change in total nitrogen content of dahi.
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Ranganathan and Narasimhamurhty2 observed slight 
loss of nitrogen in dahi.

Non-Protein nitrogen: The results in Table 1 show 
that there was no significant difference in non-protein 
nitrogen content of dahi prepared from special milks 
subjected to pasteurisation and boiling. Dahi prepared 
from pasteurised lots of special milks showed an increase 
of 0.02451 for recombined milk dahi, followed by single 
toned dahi 0.01318, standardised milk dahi 0.0105 and 
double toned milk dahi 0.0081 units. For dahi prepared 
from boiled lots of special milks, the increase of non
protein nitrogen content was 0.01930 for standardised 
milk dahi, 0.0079 for recombined milk dahi. 0.0078 for 
single toned milk dahi and 0.00691 units for double toned 
dahi. Khambatta and Dastur1 also observed an increase 
in non-protein nitrogen content of dahi by 0.024 units 
after 24 hr of incubation in the case of both raw cow 
and buffalo milk.
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Ghee-residues obtained by cream, creamery-butter and (fen-butter methods showed that the moisture, protein and ash contents were 
more in butter ghee-residues than in cream ghee-residues. Butter ghee-residues contained more phospholipids than cream ghee- 
residues. As the period of heating increased, there were decreases in all the major phospholipids and a slight increase in lyso- 
phospholipids.

In an ear ier study we have found that ghee-residue 
has antioxidant properties depending upon the method 
of preparation of ghee1. In the present communication 
the composition of ghee-residue obtained by different 
methods of preparation of ghee is presented.
Materials and Methods

Ghee was prepared by heating cream (unripened or 
ripened) creamery-butter or desi (indigenous)-butter 
momentarily to 120°C, unless otherwise mentioned, 
and the ghee-residues obtained were used for further 
analysis.

These were analysed for moisture by drying in an 
oven, fat by Rose-Gottlieb method, protein by micro- 
Kjeldahl method, lactose by Lane-Enon method and 
ash by incinerating the residue in a Muffle furnace; 
all essentially by the methods described in A.O.A.C.2.

The phospholipid content of ghee-residue was deter
mined as described earlier3.

For fractionation of individual phospolipids, total 
lipids were extracted from ghee-residue by the method of 
Folch et al.4 and they were subsequently fractionated by 
thin layer chromatography3. Individual phospholipid 
fractions were identified by spraying specific re
agents6 and were estimated quantitatively after charring 
them7. Butter-serum obtained by melting butter at 
50-60°C was fractionated for individual phospholipids 
for the purpose of comparision.
Results and Discussion

Yield o f ghee-residue: The yield of ghee-residue 
obtained by different methods of preparation of ghee, 
namely direct-cream (both ripened and unripened), 
creamery-butter and ¿fesi-butter methods was deter-
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T a b l e  1. e f f e c t  o f  m e t h o d  o f  p r e p a r a t i o n  o n  t h e  p r o x i m a t e  c o m p o s i t i o n  o f  g h e e -r e s i d u e

Type of ghee-residue Moisture % Mean±S.D. Fat % Mean±S.D. Protein % Mean-J-S.D. Lactose % Mean-J-S.D. Ash % Mean±S.D.
Unripened cream ghee-residue* 14.1 ±5.43 59.5±10.26 18.6-J-6.15 7.9±2.36 1.3 ±0.64
Ripened cream ghee-residue* 13.6±6.06 57.0 ±  6.13 19.8 -J- 3.14 7.1 ±4.99 2.2±0.37
Creamery-butter ghee-reisdue** 25.5-J-4.89 36.2± 5.83 27.5-J-2.75 5.5 -J— 1.58 4.6±1.41
DesZ-butter ghee-residue* 17.0 ±3.62 36.8± 4.38 33.5 -J— 5.21 10.4±4.03 3.1 ±2.26

♦ Average of 6 samples 
* »Average of 10 samples.

mined. The amount of ghee-residue was found to depend 
upon the method of preparation of ghee. This was due 
to the variation of the non-fatty serum constitutents of 
the different raw materials used for the preparation of 
ghee. The yield of ghee-residue was observed to be 
maximum in the case of direct-cream method, and it 
ranged from 9.6 to 14.7 per cent with a mean of 12 
per cent. Both creamery-butter and ¿/«/-butter methods 
gave almost the same yield of ghee-residue which ranged 
from 2.8 to 5.2 per cent with an average of 3.7 per cent. 
Ripening of cream prior to clarification of cream redu
ced the yield of ghee-residue.

Proximate composition of ghee-residue: Ghee-resi- 
dues obtained by the 3 different methods were analysed 
for their proximate composition and the results are 
shown in Table 1. It was observed that there were 
considerable variations in the composition of ghee- 
residues depending upon the method of preparation of 
ghee. Moisture, protein and ash contents were more in 
creamery-butter and ¿/«/-butter ghee-residues than in 
cream ghee-residues. Fat content was higher in cream 
ghee-residues than in butter ghee-residues. The maxi
mum value for lactose was observed in the case of resi
due from ¿/«/-butter, while residue from creamery- 
butter showed the minimum value for the same. From 
this study it is seen that the composition of ghee-residue 
is dependent upon the raw materials used for the manu
facture of ghee. Similar results have also been reported 
by others8'9.

Total phospholipid content of ghee-residue: The total 
phospholipid contents of ghee-residues obtained by the 
different methods of preparation of ghee, namely direct- 
cream (both unripened and ripened), creamery-butter 
and ¿/«/-butter methods, were estimated and the results 
are shown in Table 2. It was observed that the phospho
lipid contents of ghee-residues were dependent upon 
the method of preparation. It is now clear that in un
ripened and ripened cream ghee-residues, the phospho
lipids amounted to about 1.57 and 1.10 per cent respe
ctively of their total fat contents. These differences are 
statistically significant (P<0.05). In creamery-butter

ghee-residue and ¿/«/-butter ghee-residue the phospho
lipids were found to contribute to about 17.39 and
4.9 per cent respectively of their total fat. This showed 
that the phospolipid content was maximum in creamery- 
butter ghee-residue and minimum in ripened cream 
ghee-residue.

The differences observed in the phospholipid contents 
of different types of ghee-residues may be explained on 
the basis of initial phospholipid content of the raw 
materials and the out-turn (yield per cent) of the ghee- 
residues in the preparation of ghee. The low pho
spholipid contents observed in the case of cream ghee- 
residues may be due to the larger out-turn of ghee- 
residue during the preparation of ghee. The ripening of 
cream prior to clarification was found to decrease the 
phospholipid content of ghee-residue. This may be due 
to the greater removal of moisture from the residue and 
the subsequent transfer of phospholipid to ghee during 
the clarification of ripened cream10. The higher pho
spholipid contents obtained in the case of butter ghee- 
residues may be due to the lesser out-turn of ghee- 
residue. Among the two types of butter ghee-residues

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

c o n t e n t  o f  g h e e  r e s i d u e

Type of ghee-residue

Unripened cream ghee-residue« 
Ripened cream ghee-residue« 
Creamery-butter ghee-residue/’ 
De+butter ghee-residuec

Phospholipids % Mean±S.D.

0.92±0.2ie
0.62±0.26c
6.27+2.60
1.78±0.56

Phospholipids content of fat ( %) Mean±S.D.
1.57±0.40c
1.10±0.47t:

17.39±6.81
4.95-|-1.85

«Average of 6 samples 
/»Average of 10 samples 
«Statistically significant (P <  0.05)
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Table 3. composition of phospholipids of different types of ghee-residues

Source of phospholipids Phosphatidylcholine
Phosphatidylethanolamine Phosphatidylserine Sphingomyelin Phosphatidylinositol LPC + LPE Unidentified

* Unripened cream ghee-residue 28.7 23.3
wt%

4.5 29.1 4.8 5.6 4.0
♦ Ripened cream ghee-residue 28.6 24.3 4.8 29.3 5.1 4.2 3.7
♦ *Creamerty-butter ghee-residue 28.2 23.0 4.1 30.0 5.1 6.2 3.4
♦ Desi'-butterghee-residue 28.6 20.4 4.0 29.5 5.0 6.8 5.7
♦ Butter-serum 29.3 26.9 5.0 31.3 5.9 1.6 —

* Average of 3 samples
** Average of 5 samples
LPC: Lysophosphatidyl Choline; LPE: Lysophosphatidyl ethanolamine.

studied, ifosi'-butter ghee-residue had lesser phospholipid 
content and it can be attributed to the lesser inital 
phospholipid content of rfoi-butter compared to crea
mery butter3,10,11. This study clearly shows that the 
phospholipid content of ghee-residue is dependent 
upon the method of preparation cf ghee.

Composition of ghee-residue phospholipids: The dis
tribution pattern of individual phospholipids of un
ripened and ripened cream ghee-residues, creamery- 
butter and ifoyi-butter ghee-residues in relation to butter- 
serum phospholipids are shown in Table 3. The thin 
layer chromatographic separation of the ghee-residue 
showed that it contained all the phospholipids which are 
normally present in butter-serum. In addition to these, 
it was found that the ghee-residues also gave one un
identified spot (Un.) containing phosphorus at the place 
of application in TLC. This may be a decomposition 
product of phospholipids formed during the heat treat
ment in the manufacture of ghee. In ghee-residues the 
average values for the percentages of individual phos
pholipids showed that the percentages of phosphatidyl 
chloine (PC), phosphatidyl ethanolamine (PE), phos-

T able 4. effect of period of heating on the phospholipidCONTENT OF CREAMERY-BUTTER GHEE-REStDUE
Heating period (min.) at 120°C Phospholipid content % % reduction of phospholipid

0 4.2 —

10 3.3 21
20 2.2 48
30 1.6 62

Average of 3 samples

phatidyl serine (PS), spihngomyelin (Sph) and phos
phatidyl inositol (PI) were slightly less and that of 
lyso-phospholipids were more as compared to those of 
butter-serum phospholipids. No significant differences 
were noticed in the composition of phospholipids of 
different ghee-residues.

Effect of period of heating on the phospholipid content 
of ghee-residue: For studying the effect of period of 
heating on the phospholipid content of ghee-residue, 
creamery-butter was heated at 120°C for 0, 10, 20 and 
30 min and the residues obtained were used for analysis. 
The effect of period of heating on the phospholipid 
content of ghee-residue is shown in Table 4. From the 
results obtained, it is clear that the phospholipid content 
of ghee-residue decreased as the period of heating 
increased. The average decreases of phospholipid con
tents in ghee-residue by heating creamery-butter to 
120°C for 10, 20 and 30 min are about 21, 48 and 62 
per cent respectively as compared to that heated just 
to 120°C. This is in conformity with earlier 
observations10,!2. This is because of the fact that the 
ghee-residue obtained during the preparation of ghee 
by heating butter to 120°C without holding contained 
large amounts of moisture, and phospholipids, because 
of their surface active properties, remained mostly in the 
ghee-residue. It may also be possible that during heat
ing, protein of phospholipid-protein complexes in the 
residue might get denatured and removal of moisture 
help to dissolve the phospholipids partly in the oil phase 
as suggested by El-Rafey et all3.

The average compositions (as weight percentage) of 
the ghee-residue phospholipids obtained by heating 
creamery-butter at 120°C for 0, 10, 20 and 30 min were 
estimated after the separation of the phospholipids on 
TLC. The results are shown in Table 5. It can be seen
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T a b l e  5. e f f e c t  o f  p e r i o d  o f  h e a t i n g  o n  t h e  c o m p o s i t i o n  o f  c r e a m e r y -b u t t e r  g h e e -r e s i d u e  p h o s p h o l i p i d s

Heating period at 120°C (min.)
Phosphatidylcholine Phosphatidyl

ethanolamine Phosphatidyl Sphingomyelin serine

wt%

Phosphatidylinositol LPC+ LPE Unidentified

0 28.0 23.2 4.3 29.0 5.1 7.4 3.0(24.0-30.3) (17.3-26.0) (3.1-5.9) (28.0-30.0) (4.5-5.9) (5.1-8.3) (0.5-9.6)
10 27.7 20.0 3.9 28.5 4.7 11.2 4.0(23.6-30.0) (13.5-22.0) (3.0-4.8) (27.5-29.2) (3.7-5.1) (10.1-12.3) (2.0-12.7)

20 27.3 15.3 3.1 , 28.2 4.3 15.0 6.8(23.1-29.6) (12.2-18.0) (2.2—4.4) (27.2-29.2) (3.0-5.1) (12.0-16.6) (2.1-12.7)
30 26.9 13.8 2.6 28.0 4.0 17.8 6.9(22.9-29.0) (10.3-17.7) (2.0-4.4) (27.1-29.0) (3.3-5.2) (15.5-18.8) (2.4-13.7)

Average of 5 samples; Values in the parenthesis indicate the range 
LPC: Lysophosphatidyl Choline; LPE: Lysophosphatidyl ethanolamine.

that there was decrease in percentage of PC, PE, PS, 
Sph and PI, and an increase in lyso-phospholipid as the 
period of heating at 120°C increased. The maximum 
decrease was found in the case of PE, followed by PS, 
PI, Sph and PC. On heating cream or butter to longer 
periods it was also observed that the ghee as well as the 
ghee-residue had turned dark brown and also imparted 
cooked like flavour. This colour and flavour changes 
as a result of continued heating may be due to the non- 
enzymatic browning reaction, caramelization of sugar 
etc. The differences observed in the antioxidant pro
perties of ghee-residue obtained by the various method 
of preparation of ghee in the earlier study1 may partly 
be explained from this investigation on the basis of their 
phospholipid contents, as they are known to have 
antioxidant properties12»13.
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Preparation of Sodium Stearoyl-2-Lactylate and its Evaluation in Bread Making
T. N. B. Kaimal and Gollamudi Lakshminarayana 

Reg onal Research Laboratory, Hyderabad 500 009
M a n u sc r ip t R e c e iv e d  26 S e p te m b e r  1977; R e v ise d  19 D ec em b er 1977

A simple ‘one-pot’ procedure has been developed for the preparation of sodium stearoyI-2-lactylate, which involves partial 
neutralization of lactic acid followed by simultaneous polymerization and esterification with stearic acid. The product 
conforms to the FDA specification. Baking studies showed the utility of the product in facilitating the incorporation (upto 10%) 
of soya flour into bread without affecting the physical quality of the bread loaf.

One way of enhancing the protein level of diets is 
through the fortification of bread with high quality 
oilseed proteins. However, incorporation of oilseed 
protein flour to wheat flour in appreciable proportion 
has adverse effects on the physical properties of bread,1-3 
which can be overcome with the help of sodium stearoyl- 
2-lactylate (SSL). SSL is believed to form a complex 
with gluten to stabilize the gluten net-work in dough4. 
SSL is not manufactured in India at present.

One patent5 describes the preparation of salts of 
stearoyl lactylates by reacting stearic acid, alkali carbo
nates and lactylic acid at 200°C. Another patent6 
describes the preparation of acyl polylactic acids by 
reacting polylactic acid (eq. wt., 212.27; degree of 
polymerization, 2.69) with stearoyl chloride and its 
conversion to various metallic salts. There is no Indian 
patent on the preparation of SSL. However, one patent7 
describes the use of SSL in making high-protein bread.
Materials and Methods

Three makes of lactic acid, one imported (reagent 
grade) and two indigenous (I. P. grade), were used in 
this investigation. Their characteristics are given in 
Table 1. Two grades of technical stearic acid (ISI Types 
I & IT—Indian Standards Specification: 1675-1971) 
were used. Sodium carbonate (reagent grade) and 
commercial sodium hydroxide flakes were used.

ADCS methods8 were used for "he determination of 
acid number, saponification number and melting pont. 
Free and total lactic acids were determined according 
to Fetzer and Jones9. GLC analysis was carried out on 
an F & M unit equipped with a thermal conductivity 
detector and a column (2 ft in) of SE-30 (5 per cent) 
on Chromosorb P (45-60 mesh) maintained at 200°C.

Injection Port and detector temperatures were maintain
ed at 300°C. Carrier gas was hydrogen (60 ml/min).

Initially, SSL was prepared by esterification of poly
lactic acid with stearoyl chloride. Though a light 
coloured product was obtained, this is a costly 4-step 
procedure. Hence, an one-step procedure was develop
ed. This involves partial neutralization of lactic acid 
and esterification with stearic acid at elevated tempera
tures. Nitrogen or carbon dioxide was bubbled through 
during the reaction. Several batches (2 kg/batch) were 
made, the details of which are given in Table 2, and the 
results were consistent. A few pilot-plant runs (20 kg/ 
batch) were also carried out. Lactic acid (Make 1) was 
bleached with 1 per cent activated carbon or 30 per cent 
hydrogen peroxide. Dark coloured SSL was bleached 
twice in ethanol using 1 per cent carbon, followed by 30 
per cent hydrogen peroxide after removal of ethanol. 
The process know-how is available through the National 
Research Development Corporation, New Delhi.

Baking performance evaluation of SSL was carried 
out. Conditions of baking are as follows:

Method of baking: Sponge and Dough method. 
Sponge consisting of 60 per cent of the total quantity of 
wheat flour was used. The remaining 40 per cent of the 
flour was added in the dough stage after initial fermen
tation.

Fermentation time: 2.5 hr.
Other ingredients: Sugar, 1.55; salt, 1.75; yeast, 1.0; 

and glycerol monostearate in groundnut oil, 1.2 percent.
Mixing time for sponge: 1 min at high speed and 3 

min at low speed.
Mixing time for dough: 1 min at high speed and 4.5

min at low speed.
Proof time: 1 hr.

‘Presented in part at the “Symposium on Fats and Oils in Reiaiion to Food Products and their Preparations”, June 3 & 4, 1976, CFTR1, Mysore.
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Baking temperature: 232°C . 
Baking time: 27  m in.

T a ble  1. a n a ly sis  o f  l a c t ic  a c id

Grade Colour Sp. gr.
Lactic
Free

acid (% ) 
Total

Reagent Colourless 1.206 73.2 91.5
I.P. (M ake I) Yellow 1.209 68.3 85.4
I.P. (M ake II) Pale Yellow 1.192 71.4 88.5

Results and Discussion
SSL  co n form in g  to  th e F D A  sp ecification  cou ld  be 

prepared from  all the grades o f  lactic  acid  used. H o w 
ever, SSL  (N o . 5 in  T ab le 2) from  on e m ake o f  
in d ig en ou s lactic  acid  (M ak e 1 in  T ab le 1) w as very dark  
and required bleach ing. In itia l b leach in g  o f  lac tic  acid  
w ith activated  carb on  or h yd rogen  p eroxid e d id  not  
im p rove th e co lo u r  o f  th e p rod u ct greatly; th e dark  
co lou red  SSL  after b leach in g  becam e ye llow  (N o . 6 in  
T ab le 2). B leach in g  en h an ced  th e acid  num ber o f  th e  
p rod u ct b eyon d  th e lim it sp ec ified  by th e F D A . SSL  
(N o . 3 &  4  in  T ab le 2) m ade from  reagent grade lac tic  
acid  w as w hite w hile th at m ade from  an oth er m ake o f  
in d ig en ou s lac tic  a cid  (M ak e 2  in  T ab le 1) w as o f  light 
ta n  co lou r (S S L  N o . 7  in  T ab le 2). L ight ta n  co lou r  
w ill n o t affect th e q u a lity  o f  bread sin ce  o n ly  0 .5  per cent 
o f  SSL  is gen era lly  used . T h e S S L  sam p les m ad e from  
ISI T yp e I stearic  acid  generally  h a d  low er m eltin g  
p o in ts  th an  th ose  m ade from  ISI T yp e II stearic  acid  
because o f  h igher co n ten t o f  p a lm itic  acid  in  th e  form er.

H ow ever , th is d id  n o t adversely  affect th e b ak in g  per
form an ce. S o d iu m  carb on ate w as preferred to  sod iu m  
h yd rox id e from  the p o in t o f  v iew  o f  co st a n d  a lso  baking  
p erform an ce o f  th e p ro d u c t: T h e gas used fo r  bubbling  
h ad  an  effect o n  th e co lo u r  o f  th e p ro d u ct, carb on  
d io x id e  im parted  a  ligh ter co lo u r  com p ared  to  n itrogen .

A n a ly tica l ch aracte iis tics  o f  S S L  prepared  from  
different lac tic  a cid s are g iven  in  T ab le 2. SSL  (N o . 7 
in  T ab le 2) w as a lso  an a lysed  by gas-liq u id  ch ro m ato 
grap h y after esterification  o f  free acid s w ith  d ia
zom eth an e and a lso  after acid ifica tion  w ith  dil. 
h yd roch loric  acid  and su b seq u en t esterification . 
W hen analysed  before a cid ifica tio n  three p eak s were 
ob served  corresp on d in g  to  m eth y l p a lm ita te , m ethyl 
stearate and  an u n iden tified  co m p o n en t, p resu m ab ly  a 
p o lym er o f  lactic  acid . A fter  acid ifica tion  and esterifi
ca tion  the ch rom atogram  sh ow ed  four p eak s corres
p o n d in g  to  m eth y l p a lm ita te , m eth y l stearate and  pre
su m ab ly  palm itoyl lacty la te  a n d  stearoy l lacty la te . The  
ch rom atog ram  w as su p erim p osab le  w ith  th at ob ta in ed  
fro m  an  im ported  sam ple o f  SSL  (‘E m p lex’ o f  P atco  
P rod u cts, K an sas C ity , U S A ). T h e w eigh t percen tage  
co m p o sitio n  o f  th e  co m p o n en ts  e lu ted  w as ca lcu la ted  
from  th e area p ercen tages o f  th e p eak s (T ab le 3).

W hen an alysed  a fter a d d in g  a  k n o w n  a m ou n t o f  
m eth y l pa lm ita te it  w as fo u n d  th a t o n ly  a b ou t 60  per  
cen t o f  th e  SSL  o r  ‘E m p lex’ co u ld  be a cco u n ted  fo r  o n  
th e  basis o f  elu ted  co m p o n en ts , in d ica tin g  th a t th ere are 
so m e lesser v o la tile  p o ly m eric  co m p o u n d s w h ich  were 
reta ined  o n  th e  co lu m n . F ree stearic  a cid  w as estim ated  
to  be 13.4 per cen t fro m  th e  gas ch rom atogram . U sin g  
th is  value and th e  acid  n u m ber o f  th e  p rod u ct, free

T able  2 . analysis o f  so d iu m  stea ro y l-2-l a c ty la te  p r e p a r e d  u n d e r  d if fe r e n t  c o n d it io n s

SSL Process description Colour Acid no. Saponifi Ester no. M.pt. (°C)
No.

1 Reagent grade lactic acid, sodium

cation no.

carbonate, stearic acid (ISI-Type I), 
N 2 bubbling

1. a ) Unbleached D ark brown 78.5 227.6 149.1 46
2. b ) Bleached Light brown 97.0 228.6 131.6 42
3. As in l  but CO2 bubbling, unbleached White 61.4 229.0 167.6 40
4. As in I but caustic soda, unbleached White 71.4 229.0 157.0 40

II Indigenous lactic acid (M ake I),
stearic acid (ISI-Type I), caustic 
soda flakes, CO2  bubbling

5. a) Unbleached Very dark 55.0 198.0 143.0 —
6. b) Bleached Yellow 99.5 198.0 98.5 42.5
7. As in II  indigenous lactic acid

(Make 2), stearic acid (ISI-Type II), unbleached Tan 70.6 220.4 149.8 46

FD A specifications — 60-80 210-270 150-190 46-52
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T a b le  3. w e ig h t  per c e n t a g e COMPOSI HON OF THE ELUTED
COMPONENTS FROM SSL AND '‘e m pl ex ’

Relative Composition, (wt. %)
retention

time SSL* ‘EM PLEX’

M ethyl palmitate 1.0 1.1 2.4
M ethyl stearate 1.2 32.9 30.2
Methyl palmitoyI-2-lactylate (?) 4.3 5.1 7.5
Methyl steraroyl-2-lactylate (?) 7.7 60.8 59.8

♦ No. 7 in Table 2.

T able  4 . c o m pa r iso n  o f  in d ig e n o u s  a n d  im po r t e d  so d iu m
stearoyl-2-la c ty la t e  (ssl)  fo r  8 %  soya  flo u r

INCORPORATION IN BREAD

Vol./wt. ratio of loaf

(wt. %)
Indigenous** Imported

(‘Emplex’)

0.0 5.73 5.78
0.3 5.95 5.95
0.5 6.03 6.01
0.75 6.01 6.00
1.0 6.20 6.20

♦ Gluten (medium strong) content, 11.7% 
♦ ♦ See N o. 7 in Table 2.

T a b l e  5. c o m pa r iso n  o f  in d ig e n o u s  a n d  im po r t e d  so d iu m  
stea ro y l-2-la cty la tes  (ssl-0.5 % ) a t  d iffe r e n t  levels of

SOYA INCORPORATION IN BREAD

Vol./wt. ratio of loaf
Soya flour in wheat flour* --------------------------------------------

Indigenous** Imported 
(wt. % ) (‘Emplex’)

8 6.03 6.17
10 6.19 6.10
12 4.10 4.33

♦ Gluten (medium strong) content 12.5%
♦ ♦ See No. 7 in Table 2.

lac ty lla ctic  acid  (d im er) w as com p u ted  to  be 13 per  
cent.

B ak in g  perform ance o f  SSL  w as com pared  w ith  
‘E m p lex’. T ab le 4  g ives th e v o lu m e/w t ratio  o f  th e loa v es  
at variou s levels o f  SSL  and ‘E m p lex’ and  at 8 per cent 
level o f  so ya  flour. S S L  com pared  very  w ell w ith  
‘E m p lex’ a t all th e levels studied.

T he sta lin g  in  the con tro l sam ples started  o n  th e 3rd 
d ay, w hereas th e  sam ples w ith  SSL  and  ‘E m p lex ’ 
rem ained so ft t ill th e fou rth  d ay  w h en  th ey  becam e  
fu n gu s in fested .

T he p erform ance o f  SSL  is com pared in  T ab le 5 w ith  
th at o f  ‘E m p lex’ (0 .5  per cent by w eigh t) at 8 and  10 
per cen t levels o f  so ya  flour in corp oration . A g a in , SSL  
w as fo u n d  to  p erform  w ell in  co m p a riso n  w ith  ‘E m p lex ’. 
A b o v e  10 per cen t level o f  in co rp o ra tion , th e  lo a f  vo lu m e  
w as u n satisfactory .

T h u s, SSL  com parab le to  im p o rted  m ateria l in  specifi
ca tion  a n d  b ak in g  perform ance ca n  be prepared  from  
ligh t co lou red  in d igen ou s lactic  a cid  (I .P .), stearic  acid  
(IS i-T yp e  II) and sod iu m  carb on ate (reagent grade).
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RESEARCH NOTES

STORAGE BEHAVIOUR OF PRE-COOKED 
DEHYDRATED RICE

Pre-cooked  dehydrated  r ice  sam ples prepared in the labo ra 
to ry  and  packed in  d iffe ren t packaging m ateria l were 
assessed fo r shelf-stab ility . T he resu lts o f  the sto rage studies 
ind icated  th a t th e  sam ples packed  in  alum inium  lam inate 
pouches could be stored  a t  room  tem pera tu re  upto 18 m onths 
as  against th e  sam ples packed  in  polycell o r  polyethylene 
bags upto 6 m onths w ithout appreciab le changes in  quality 
a ttribu tes.

Q u ick  co o k in g  or p recoo k ed  deh yd rated  rice, h aving  
sh ort recon stitu tio n  tim e an d  sto ra g e  life  are lik ely  to  
be o f  va lu e fo r  sp ec ifilized  p u rp oses or  under co n d ition s  
o f  em ergen cy1' 5. In s itu a tion s w here a sav in g  in  tim e  
is desired  (con ven ien ce o f  prep aration ) or fo r  th ose  
situ ated  a t very h igh  a ltitu d es (arm y p erson n e l), such  
p recoo k ed  rice is o f  great va lu e. T he pap er describ es  
th e resu lts o f  stora ge b eh av iou r o f  the p reco o k ed  d eh y
drated  rice (B asm a ti) em p lo y in g  variou s ty p es  o f  p a ck 
a g in g  m ateria ls fo r  th e  sta b ility  o f  th e p rocessed  p rod u ct. 
M illed  and  clean ed  ‘B asm ati’ v a r ie ty  o f  rice (50  kg) 
confirm in g to  A S C  sp ec ifica tion s4 and  co n ta in in g  10-12  
per cen t m oistu re w as u sed  in  the p resen t stud ies.

‘B a sm ati’ rice (100  g. each  o u t o f  a  m ixed  rep resen ta
tiv e  sam ple m ade up o f  10 p c r tio n s  and  se lected  at 
rand om  from  10 k g  lo ts) w as roasted  at 9 0 ¿ 2 ° C  for  
3 m in  in  a sh a llo w  a lu m in iu m  p an  (32 cm . d iam eter x 7 0  
cm . h eigh t w ith  cover) to  p rod u ce  fissures (cracks) in  
th e  gra in s m ak in g  it easier  fo r  g e la tin iza tio n  o f  rice to  
render it  q u ick  co o k in g . A fter  ro a stin g  it w as so ak ed  in  
eq u al am o u n t o f  w ater for  15 m in . T h is p rocess prov id es  
sufficient m o istu re fo r  th e g é la tin isa tion  p rocess and  
a lso  th e gra in s are p rov id ed  w ith  a  layer  o f  gelatin ised  
starch  w h ich  retains th e  in teg r ity  o f  grain s d u rin g  su b 
seq u en t pressu re c o o k in g 1. S oak ed  rice w as then  
co o k ed  in  a  lab o ra to ry  sca le  pressure co o k er  fo r  7 m in  
a t a pressure o f  0 .35  k g /sq .cm . R ice  a fter pressure  
co o k in g  (m oistu re co n ten t 80 per cen t) w as dehydrated  
to  a final m o istu re  co n ten t o f  6 per cen t in  3 hr u sin g  a  
in d ig en o u sly  fab rica ted  recircu lation  system  air dryer  
m a in ta in in g  th e  tem p erature o f  6 0 ± 2 ° C . R ap id  dryin g  
w as th u s carried  o u t to  ensure en larged  grain  co n d itio n  
and p o ro u s stru cture in  th e final p rod u ct to  m ake it 
q u ick  co ok in g .

O n th e b asis o f  th ese  resu lts, a  flow  d iagram  fo r  the  
p rocess h as b een  ev o lv ed  (F ig . 1). T h e m eth od  o f  
p rod u cin g  p reco o k ed  deh yd rated  rice as m od ified  in  
th is  lab oratory  (F ig . 1) w as fu rther tried  w ith  tw o  co m 
m ercial varieties o f  rice (25 kg b atch es) v iz . ‘D eh rad u n  
B asm ati’ and ‘K a is ip ich o d i’. The p rod u cts ob ta in ed

w ere o f  h igh  o rg a n o lep tic  q u a lity  and  w ere fou n d  to  
c o o k  in  6 1  to  7  m in in  b o ilin g  w ater as com pared  to  30  
m in required for  co o k in g  ord in ary  rice w ith ou t any  
treatm en t, in d icatin g  th e ap p licab ility  o f  th e process to  
different com m ercia l varieties o f  rice.

T h e p recoo k ed  dehydrated  rice th u s prepared was 
p ack ed  su itab ly  and  stored  a t ro o m  tem perature ( 2 6 ±  
2 °C ) and at 45  per cen t R H . F o r  storage o f  th e final 
p rod u c t (/)  p o ly ce ll and  p o lyeth y len e  bags (700  gau ge);  
(//)  a lu m in iu m  lam in ate p o u ch es  (p a p er/p o lyeth y len e/ 
a lu m in iu m /p o lyeth y len e) (400 g a u g e ); and (in ) m oisture  
sea lab le transparent (M S T ) ce llo p h an e (300  gauge) 
fo llo w ed  by an  outer w rap o f  kraft pap er (60  B .C .)/  
alu m in iu m  fo il (0 .0 2  m m ) /p o ly e th y len e  (150  gau ge)  
lam in ated  p o u ch es  w ere used for p a ck ag in g , Q uality  
o f  stored  p rod u ct w as assessed  a t regu lar intervals by a 
taste  pan el co n sistin g  o f  12 m em bers o f  th e staff. N in e  
p o in t h ed o n ic  sca le  w as u sed  fo r  app earance, flavour, 
textu re and  overall a ccep tan ce .

R esu lts  o f  sen sory  ev a lu a tion  and  storage stab ility  o f  
p reco o k ed  dehydrated  rice are includ ed  in  T ab le 1. 
T h e fresh ly  prepared  sam p le, sam ples stored  fo r  6 , 12, 15 
a n d  18 m o n th s in  p o ly cell bags and  a lu m in iu m  p o u ch es  
after co o k in g  scored  7  and  m ore on  9 p o in t h ed o n ic  
sca le . T h is in d icated  th e overall q u a lity  o f  th e p rod u ct  
in  very g o o d  to  g o od  range o f  accep tan ce . T here w as no  
sub stan tia l loss o f  flavour o r  co lo u r  o n  pre-p rocessin g

Fig. 1. Flow diagram of the process for quick cooking rice

5
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T able  1. a c c e p t a b il it y  a n d  sto r a g e  sta b ility  o f  pr ec o o k e d  d e h y d r a t e d  r ic e

Cooking M oisture Organoleptic score o f  stored product {based on hedonic scale)
Packaging material time content Freshly 6 month 12 month 15 month 18 month

(mn.) V/o prepared
Polyethylene pouches 7.0 6.0 8* — — — —

(700 gauge) 7.5 7.0 — 7* — — —
Polycell pouches 7.0 6.0 8 — — — —

(700 gauge! 7.8 7.1 — 7 — — —
Aluminium pouches 7.0 6.0 8 — — — —
(paper/polyethylene/ 7.0 6.0 — 8 — — —
aluminium/polyetbylene) 7.0 6.0 — — 8 — —

7.5 6.8 — — — 7 —
M oisture sealable transparent (MST) 7.0 6.0 8 — — — —

cellophane (300 gauge) 7.0 6.0 — 8 — — —
followed by an outer 7.0 6.0 — — 8 — —
wraper of kraft paper 7.0 6.0 — — — 8 —
(60 B.C.)/aluminium foil 7.4 6.7 — — — — 7
(0.02 mm)/polyethylene 
(150 gauge) laminate 
pouches

*Organoleptic scores of 8 and 7 indicate the quality of the product as very good and good respectively.

th e  rice to  render it  q u ick  co ok in g . N u tr itio n a l losses, 
h ow ever, m ay  be ex p ected 2. T h e p reco o k ed  dehydrated  
rice sam ples p ack ed  in  p o lyeth y len e  or p o ly ce ll bags or 
in  a lu m in iu m  p o u ch es  w ere fo u n d  to  be accep tab le  w hen  
eva lu a ted  a fter 6  m on th s and  15 m on th s o f  storage, 
resp ectively , under am b ien t tem perature co n d itio n s  
(T able 1). A fter  6 m on th s, m oistu re con ten t o f  th e  rice  
p ack ed  in  p o ly eth y len e  or p o ly ce ll bags increased  sligh tly  
a n d  co o k in g  tim e w as a lso  sligh tly  a ffected . T here w as, 
h ow ever , n o  increase in  m oistu re co n ten t o f  th e  p rod u ct  
stored  in  a lu m in iu m  p ou ch es fo r  1 year w hen  co o k in g  
tim e rem ained sam e. N o  su b stan tia l lo ss  o f  flavour or  
co lo u r  in p rocessed  rice sam ple du ring storage at ro om  
tem perature w as noticed . T h erefore, less co stly  p a ck a g 
ing  m ateria ls like p o lyeth y len e  or p o ly ce ll bags are 
adeq uate for  storage u p to  six  m on th s. F o r  storage  
b eyo n d  six  m o n th s, a lu m in iu m  p o u ch es  and M S T  
ce llo p h an e  lam in ate p o u ch es  w h ich  g ive storage stab ility  
u p to  18 m o n th s are su itab le. F or red ucin g  the percen tage  
o f  b rok en  grain  and preven tin g  th e p ack ages from  
scratches or p in h o les du ring  tran sp orta tion  o f  p reco o k ed  
dehydrated  rice, it is advisab le to  p ack  th ese sm all bags  
in  paper carton s or corrugated  b o xes p rior to  transport. 
T he secon d ary  p ack age w ill g ive ad d ition al p ro tectio n  
to  th e final q u a lity  o f  th e p rod u ct.
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PROCESSING AND FERMENTATION OF 
COCONUT TODDY

C oconut toddy  ferm ented fo r 12 h r a fte r  collection con
ta ins m axim um  num ber o f  bac teria  and  y easts compared 
to  th e  fresh  and  24 hr ferm ented sam ples. Processing o f 
toddy  was done by  m ixing w ith carbon  granules, followed by 
clarification  by centrifugation, pasteurisation  and bottling. 
P rocessed  toddy did n o t contain  an y  v iable cells o f  bac teria  
o r yeasts. P rocessed  sam ples w ere clear and retained  the 
n a tu ra l colour and appearance . Significant difference was 
observed in the to ta l sugar con ten t between fresh  and  fer
m ented toddy. P reservation  did n o t substantially  a l te r  th e  
alcohol content. P ro te in  content o f processed toddy was 
higher.

C o co n u t to d d y  is a p o p u la r  a lc o h o lic  b evera ge for  
th e  low er so c io -e co n o m ic  classes in  India. T h e m eth o d  o f  
o b ta in in g  to d d y  co n sists  a  series o f  o p era tio n s in  th e  
spath e o f  the co co n u t p a lm , th at resu lt in  o o z in g  o f



P R O C E S S IN G  A N D  F E R M E N T A T I O N  O F  C O C O N U T  T O D D Y 33

T able 1. INFLUENCE OF THE PROGRESS OF FERMENTATION AND PROCESSING IN COCONUT TODDY*
Optical Conducti Titratable aci Free Total Alcohol Protein

Treatment to  toddy density vity dity (ml o f 0.1 sugars sugars (%  w/v) (mg /100 ml)
( jU mho) N KOH/100 ml) (%  w/v) (7o W/v)

Fresh 1.73 0.65 15.33 2.73 9.19 2.87 189.6
Fresh (processed) 0.56 0.76 12.26 3.13 9.57 2.52 101.4
12 hr fermented 1.67 0.71 18.85 2.51 3.51 4.21 160.8
12 hr fermented (processed) 0.64 0.85 15.01 2.76 3.86 3.61 83.6
24 hr fermented 1.41 0.77 24.31 1.57 2.23 7.42 154.3
24 hr fermented (processed) 0.68 0.89 22.74 1.81 2.44 6.31 81.4

Period of collection
Fresh 1.14 0.70 13.79 2.93 9.38 2.69 145.5
12 hr fermented 1.16 0.78 16.90 2.64 3.68 3.91 122.2
24 hr fermented 1.04 0.83 23.53 1.68 2.34 6.86 117.9

Significance H.S. H.S. H.S. H.S. H.S. H.S. H.S.
C.D. 0.04 0.02 1.11 0.13 0.56 0.30 14.0

Effect of treatm ent
Pre-treated 1.60 0.71 19.48 2.27 4.97 4.83 168.2
Post-treated 0.63 0.83 16.67 2.57 5.28 4.14 88.8
Significance H.S. H.S. H.S. H.S. N.S. N.S. N.S.
C.D. 0.04 0.012 0.90 0.102 — — —

H.S. = Highly significant; *Mean values of 14 samples

sweet toddy from the cut surface. Commercial toddy 
available in the market has an undesirable odour. 
Under natural conditions, toddy is fermented by 
native microflora consisting of yeasts and bacteria. 
Some of them produce ethyl alcohol while others produce 
aldehydes, higher alcohols and acetic acid1. A process 
has been developed for removing the undesirable odours 
and for controlling the fermentation. Details of the 
process with the results of the investigations on the 
influence of processing and fermentation of coconut 
toddy are presented in this report.

In the pretreatment of the process, toddy was 
mixed with activated carbon granules at 5 per cent level 
in a tank and kept gently mixed for a period of 30 min. 
The carbon mixed toddy was clarified in a solid bowl 
basket centrifuge at 1000 g and pasteurised in a double 
pipe heat exchanger at a temperature of 80-82°C. The 
hot toddy was bottled either directly or collected in a 
balance tank and bottled subsequently. The sealed 
bottles were again processed in an autoclave for 30 min 
with steam at atmospheric pressure. Coconut toddy 
collected in the early morning was considered as fresh 
toddy which was allowed to ferment at room tempera
ture for 12 and 24 hr. Total bacterial and yeast counts in 
the processed and unprocessed samples were determined 
by plating on nutrient agar and glucose yeast extract 
agar media respectively. The pH was determined using 
a pH meter (Systronics). The absorbance was determin

ed at 430 m/t using a Beckman DU 2—Spectrophoto
meter. The conductivity was measured with a Mullard 
Conductivity Bridge. Titratable acidity was determined 
by titration against 0.1 N potassium hydroxide. Free 
and total sugars were estimated by Hane’s method2. 
The alcohol content was determined by the method 
described in AOAC3. For estimating the ash content, 
aliquots were evaporated to dryness before igniting in a 
muffle furnace to constant weights at 450°C. Protein 
was determined by Micro kjeldhal method4. The removal 
of odour of the toddy was judged on the basis of sensory 
evaluation. The group of individuals from the station 
who evaluated the toddy were selected on the basis of 
aptitude. The scores for the extent of odour were 1-3,
4-6 and 7-9 for slight, strong and very strong odours, 
respectively.

The number of bacteria and yeasts was comparatively 
highest in samples of toddy fermented for 12 hr. In ten 
samples the number of bacteria in millions/ml ranged 
from 28 to 134 (mean 96) in fresh toddy, 84 to 291 
(mean 179) after 12 hr fermentation and 30 to 173 (mean 
115) after 24 hr fermentation. The number of yeasts 
ranged from 29 to 64 (mean 48) in fresh toddy, 99 to 273 
(mean 198) after 12 hr fermentation and 26 to 80 (mean 
54) after 24 hr fermentation. The processed samples of 
toddy did not contain any viable cells of either yeast or 
bacteria. There was a reduction in pH with the progress 
of fermentation, but there was no difference between the
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processed and unprocessed samples (pH range, 3.74- 
3.42).

The difference in the clarity as determined by absor
bance between the processed and unprocessed toddy 
was high which can be attributed to the removal of 
microorganisms during processing. A relatively low 
optical density was recorded with :he 24 hr fermented 
toddy compared to the fresh and 12 hr fermented 
samples (Table 1) which may be the result of a shift 
in the absorption maximum due to formation of 
certain by products. The increase in conductivity 
observed as a result of fermentation or processing of 
toddy (Table 1) may be either due to the release of ioniza- 
ble matter otherwise bound by organic substances or 
due to the mineralization of organic substances as a 
result of fermentation.

The significant increase in the titratable acidity during 
the course of fermentation (Table 1) is suggestive of the 
presence of acids formed possibly as byproducts. 
Processing of toddy on the other hand resulted in the 
decrease of titratable acidity attributable to the removal 
of part of these acids during processing. Free and total 
sugars gradually decreased as the fermentation pro
gressed (Table 1) with a concomitant increase in alcohol 
content. The conversion of sugar to alcohol beyond the 
theoritical limit may be attributed to the presence of 
polysaccharides in toddy which get converted to alcohol. 
The higher content of free sugar noticed in the processed 
toddy compared to the unprocessed samples (Table 1) 
may be the result of hydrolysis of certain constituents 
during the processing of toddy.

The fall in protein content was noticed as a result of 
fermentation and processing (Table 1). While this 
decrease during fermentation is the result of microbial 
activity the influence of the process may also chemically 
alter the protein content. The score of sensory evalu
ation of unprocessed toddy was significantly higher than 
the processed toddy at each intervals (mean score range 
1.20-1.30 for processed toddy and 5.75-6.10 for the pre- 
processed toddy). Within the processed samples or 
within the unprocessed samples panelists were unable to 
find out significant differences.
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PROXIMATE COMPOSITION AND NUTRITIVE
VALUE OF PHASEOLUS MUNGOREOUS, A 

CROSS BETWEEN PHASEOLUS MUNGO 
AND PHASEOLUSAUREUS

A comparative study of biochemical composition of Phaseo- 
lus mungoreous, a  cross between Phaseclus mungo  (M ^ j)  
and Phaseolus aureus (Ti) was carried out. These pulses 
were analysed for proximate composition and essential 
amino acid content. The amphidiploid contained a  maxi
mum o f 27.93% protein as compared to its parents. Nutri
tive value based on amino acid contents indicated that 
pulse grains are a  good source of lysine, but are deficient in 
tryptophan followed by sulphur amino acids.

Legumes are of importance as a chief source of protein 
food. They are characterised by a relatively high content 
of protein, an even greater content of carbohydrates and 
low level of oil1.

Singh and Singh2 reported the protein content of the 
hybrids, the crosses between 24-2 x hybrid-4 and P.
23-67 xJalgaon 781 The results of Rao and 
Subramanian3 indicate that pulses are good source of 
lysine, valine and aromatic amino acids but are deficient 
with respect to tryptophan and sulphur amino acids. 
Pulse breeders of this University have developed a 
cross, Phaseolus mungoreous between Phaseolus mungo 
(var. Mj-x) and Phaseolus aureus (var. Ti). In the 
present investigation this cross has been examined for 
its biochemical composition and nutritional quality.

Samples of the parents viz. Phaseolus mungo (M u )  
and Phaseolus aureus (Tx) and the cross Phaseolus 
mungoreous (amphidiploid) for this study were obtained 
from the Department of Genetics, Haryana Agricultural 
University, Hissar.

The samples were analysed for moisture, ash, crude 
protein, true protein, crude fibre, ether extract and cal
cium according to AOAC methods4, and phosphorus 
was determined by the modified method of Bartlett5. 
Tryptophan was determined by the colorimetric method6 
and methionine according to the method of Horn 
et al.7 Other amino acids viz. leucine, isoleucine, valine, 
threonine and tyrosine were determined by paper
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T a b l e  1 .  p r o x i m a t e  c h e m i c a l  c o n s t i t u e n t s  o f  p u l s e s  o n  m o i s t u r e - f r e e  b a s i s

Nirogen
Variety Moisture

%
Ash

%
Ether extract

7«
Crude fibre

%
Crude protein free extract*

% 7o
True protein

%
Calcium

%
Phosphorus

%
P. mungo  (M j_i) 5.48 3.60 1.25 4.04 23.3 67.8 20.6 0.12 0.21
P. aureus (Tj) 4.93 3.74 1.12 4.83 22.3 68.3 17.0 0.10 0.24
P. mungoreous 4.92 4.19 2.37 5.89 27.9 59.6 22.4 0.13 0.30

*%  N F E =  100-(CP% +  C F%  +  Ash%  +  EE% )

chromatography according to the method of Rao and 
Subramanian3. Two dimensional descending chromato
graphy was employed for all these determinations and the 
concentration of amino acid was determined colori- 
metrically at 540 nm according to the method of Giri 
et al.8

Proximate composition of Phaseolus mungoreous 
(amphidiploid), Phaseolus aureus Or) and Phaselous 
mungo (Mi—i) is given in Table 1. The protein content 
in amphidiploid (cross) is highest (27.9 per cent) as 
compared to its parents Phaseolus aureus (Ti) (22.3 per 
cent) and Phaseolus mungo (Mi_j) (23.3 per cent). The 
protein content of the hybrid variety is higher as com
pared to that of the parents. The variation in moisture, 
crude fibre, NFE, ash and ether extractives is very small 
(Table 1). There is little difference in the calcium content 
of these varieties, however, phosphorus content is more 
in the case of cross as compared to that of its parents. 
The differences in proximate composition may be attri
buted to genome differences. High protein and phos
phorus in amphidiploid suggests hybrid vigour for 
these characters.

The amino acid composition (methionine, tryptophan, 
threonine, lysine, tyrosine, valine, leucine and isoleucine) 
of the three varieties of pulses are given in Table 2.

T a b l e  2 .  a m i n o  a c i d  c o m p o s i t i o n  o f  p u l s e s  a n d  t h e i r  c r o s s  
(g/16 g.N. basis)

Amino acids P. mungo 
(M m )

P. aureus 
(TO

P. mungoreous H en’s egg8

Lysine 9.24 8.68 7.24 6.4
Tyrosine 3.15 3.01 3.64 4.2
valine 5.33 5.16 4.97 7.3
Isoleucine 5.46 6.63 4.90 6.6
Leucine 11.68 11.00 9.92 8.8
Threonine 2.52 2.22 2.27 5.1
Tryptophan 0.71 0.69 0.59 1.6
Methionine 1.51 1.42 1.30 3.1

Tyrosine content is high in the cross as compared to 
that of the parents; whereas parents {Phaseolus mungo 
and Phaseolus aureus) had a slight superiority over the 
cross {Phaseolus mungoreous) in relation to valine, 
isoleucine, leucine and lysine. The variation in trypto
phan, methionine, and threonine were not specific to 
these two groups of pure strains and hybrid. Nutritive 
value of Phaseolus mungo is highest, while it is lowest in 
case of Phaseolus mungoreous and intermediate in Phaseo
lus aureus. From the data on amino acid contents, it is 
concluded that there is a partial dominance of low amino 
acid content over high amino acid content. This is in 
agreement with the findings of Leleji et al,9 who brought 
out the dominance of low over high available methionine 
in the Fi and F2 seeds. It can be concluded that the 
major deficiency in these pulse varieties is that of try
ptophan followed by methionine and threonine.
Departm ent of Chemistry & Biochemistry K a u s h a l y a  G u p t a  
Haryana Agricultural University D. S. W a g l e
Hissar-125 004.
R eceived  16 M a y  1977 
R evised  26 D ecember 1977
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BOOK REVIEWS

Monograph on the MARKETING OF FOODS FOR 
CHILDREN THROUGH THE PUBLIC DISTRI
BUTION SYSTEM: NEW DELHI WORKSHOP, 
published by the Protein Foods and Nutrition Deve
lopment Association of India, 63 pages.
Shri Mohan Dharia, Union Minister of Commerce, 

Civil Supplies and Co-operation, inaugurated the 
Workshop which was held in New Delhi on 9th and 10th 
July 1977. A number of topics such as ‘Target Groups 
and Food Types’, ‘Components of Distribution’ and 
other ‘Elements of the Operation’ have been discussed 
in detail. Further, an invited panel of experts consisting 
of Mr. R. Balasubramaniam, Mr. S. Ramaswamy, Mr.
N. P. Singh, Dr. D. V. S. K. Rao and Dr. S. V. Pingale 
have given interesting contributions on the topic based 
on their experience.

What are the target groups and how can they be 
reached? Should there be selection of beneficiaries? 
Are our target groups disenabled to use our public 
distribution system? Should nutritional intervention be 
considered as feeding programmes for relief operations, 
subsidized operations for selected vulnerable groups for 
a continuing period or substantial investments by 
Government on food for the needy?

Is cost the major determinant in the efficacy of the 
programme? What consistutes ‘fair price’?

Is public distribution basically required for this type 
of operation? Are people better served by existing 
public and private distribution systems or do we require 
new strategies of distribution? Is the problem solved by 
making available higher quantities of food commodities 
people are used to or should presentation to the consu
mer be in the form of mixed commodities in terms of 
nutritional principles or should it be as processed foods ? 
If the latter, what type of processing is most convenient, 
effective and economic ? What proportions of the total 
cost of the food delivery can be allottedfor manufac
ture, packaging, distribution and selling of the product? 
Do processed foods play any significant role at all in 
alleviating malnutrition or promoting better nutrition to 
the under-privileged high-risk target groups subsisting 
below the poverty line ? Indeed should cost be consider
ed paramount in considerations of food which should 
be the Government’s obligation and social concern, 
since adequate food relative to the purchasing power of 
large segments of our population is probably not achiev
able in the foreseeable future. In such a case what 
priority should we give to nutritional problems, and 
should we forge a national policy on foods on the basis

of Government as the real consumer, subsidising foods 
with a view to meet the needs of the poor ?

These and other questions have been asked and 
answered by specialists in the respective areas. PFNDAI 
under the direction of Dr. K. T. Achaya had previously 
arranged a number of Workshops to discuss matters 
related to foods in their nutritional context. The New 
Delhi Workshop has examined key aspects of nutritional 
issues involved and generated information to determine 
steps to be taken for putting nutritional data into food 
practice.

The only criticism the reviewer has is, that there has 
not been enough stress on modalities of constituting 
food products suited to various regions in India based 
on their dietary practices and nutritional needs. Never
theless, I would strongly recommend this monograph 
to everybody involved in nutrition and foods in India.

Dr. K. K. G. Menon 
H i n d u s t a n  L e v e r  L t d . B o m b a y

ENERGY-SAVING TECHNIQUES FOR THE FOOD
INDUSTRY 1977” Ed: M. E. Casper—Pages: 657.
Noyes Data Corporation Park Ridge, New Jersey,
U.S.A.
This book is based on two reports written for assisting 

the Federal Energy Administration in USA to set 
targets for energy saving by different food industries. 
While it lists the techniques available for energy saving, 
in 4 pages—it is by no means a manual or guide book 
for those who are looking for methods of energy saving. 
To the extent the title of the book is misleading.

On the other hand, the book is full of data on various 
(47 Nos) food industries relating to :he existing pattern 
of energy consumption and targets considered feasible. 
For us in India, this data can only be of use for compa
rison with our own energy consumption patterns and 
the book is, therefore, of only limited use.

The most interesting part of the book appeared to me. 
to be the methodology followed and the structure of 
the report on each industry.

First of all they have derived the weighted average 
pattern for each industry to tabulate the source of 
energy (electricity, gas, coal, etc.) as per cent of the total 
for the total production. To give the per cent, all energy 
consumption has been expressed as heat units, viz: 
BTUs. Then the intermediate use distribution and end

3 6
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use distribution are tabulated. Thus the fuel used for 
generating steam and the steam being used to generate 
electricity are shown schematically in a quantitative 
way along with improvements possible by specified 
techniques. This tabulated/schematic representation is 
most helpful

Another good feature of the methodology is the 
precise & logical definition of every term used in the 
final conclusions. For example, to define what technique 
is considered feasible technologically and economically, 
very rational criteria have been derived.

While the actual figures and targets in this book may 
be of limited relevance to our food technologists, the 
methodology and the approach to the problem of 
collection of energy data is equally relevant in all 
countries. This book will, therefore, be of interest to 
some of our industrial engineers working in food and 
allied industries, who will appreciate the rigorous 
approach developed for the purpose of the reports on 
which this data book is based.

Dr. S. S. K a lb a g  
H i n d u s t a n  L e v e r  L t d . B o m b a y

FORTIFIED AND SOFT DRINKS by M. H. Gutcho,
Noyes Data Corporation, Park Ridge, New Jersey,
USA, 1977—pp. 420.
This is the Review in Food Technology No. 43 put 

out by the Publishers and is covered under two parts, 
the US Patent literature about 186 in all from 1966 to
1977.

In Part I the patents on Nutritive and Fortified drinks 
from soyabean, whey, dairy drink, chocolate, cocoa 
beverages, fortified soft drinks using proteins and vita
mins are covered. In Part II the coverage is on carbo
nated and non-carbonated soft crinks like dry beverage 
mixes, low calorie drinks, citrus drinks, slush beverages, 
acidulants, flavours and liquid carbonated beverages

Soy drinks: Destroying trypsin by microorganisms, 
beany taste removal by lactic fermentation and protease 
action, use of carragenin as stabiliser, soy-sesame and 
coconut meal powder are some aspects detailed.

Whey: Removal of albumin to improve flavour 
and use of whey to mask flavour of soybean and eggs 
are covered.

Dairy Drink: Viscosity control in refrigerated liquid 
milk, debittered naval orange juice are interesting.

Chocolate and cocoa: Use of cellulase to improve 
solubility and surfacactants cr enzyme to improve 
dispersal are significant developments.

Fortifiers: Deamidised glutens, enzyme treated soy
bean, cysteine and amino acids to stablise vitamin ‘C’ 
and iron are narrated under fortification of drinks.

Carbonated and non-carbonated soft drinks: Patents 
on various types of carbonators like use of supersonic 
vibration, continuous carbonation under low pressure, 
carbonation near freezing point using solid CO2 and 
concentrated carbonated aqueous beverage are note
worthy.

Preparation of dry beverage mix using calcium car
bonate with acid and other additives, dextrin coated 
acid and carbonates, carbondioxide containing mole
cular sieves, rigid crystalline zeolite body are examples 
in dry beverage mixes.

Sugar crystals impregnated with colour and desiccating 
agents, improving stability by non-alkali orthopho
sphate in mixes containing phosphoric acid are areas 
covered in a number of patents.

Citrus drinks: Use of flavylium salts as colorants 
and caramel as an emulsifier for water insoluble flavour, 
2-ethylidine cis-3 hexanol as flavour augumentor and 
cellulose ester adsorbants for debittering juices are 
interesting patents.

Slush beverages: Recently slush beverages are be
coming popular and the problems to control the crystal 
structure to give creamy smooth textures has been 
solved using pectin in combination with other gums.

Various apparatus for preparation of frozen car
bonated beverages are described with diagrams.

Several formula for non-carbonated slushes are also 
narrated.

Acidulants: Fumaric and Adipic acid with improved 
solubility and stability have been achieved using sur
factants and flow conditioning agents. Agglomeration 
after impregnation with aqueous propylene glycol, and 
pelletizing with syrup of malic acid are patents men
tioned. Amino trymethylene phosphonic acid has been 
reported to have high solubility in water and to achieve 
lower pH in the range 2.5 to 3.0 at low concentration—
0.009 to 0.05 per cent only.

Flavors: Number of formulations using synthetic 
compounds to give enhanced or typical flavors are 
given for flavors like coumarin, citrus, straberry, grape 
etc.

Several synthetic flavor enhancers for grapes and 
strawberry flavors are reported.

In the other part, the aspects covered are: pulping agent 
(collagen) for juice like beverage, calcium insolubilised 
algin with calcium insensitive modifier, water soluble 
gum from Irish Moss, maple beverage and packaging
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fruit drinks in polystyrene to retard oxidative browning, 
use of different types of containers, apparatus for auto
claving bottled soft drinks have been covered.

The compilation is very useful for all those engaged 
in the preparation of carbonated and other soft drinks. 
The patents are described in an easy manner. It would 
have been useful if mention had been made on which 
of the patents are now exploited by trade and which 
chemicals are now permitted by Food regulations.

C. P. N a t a r a ja n  
C .F.T .R .I., M y s o r e

FOOD HYGIENE IN CATERING ESTABLISH
MENTS: LEGISLATION AND MODEL REGU
LATIONS: WHO, 1211 Geneva 27 Switzerland, 1977, 
$ 2.40/ Sw. Fr. 6/-., pp. 16.
This brochure on existing practice of Food Hygiene 

in catering Establishments and covering a reasonably 
representative cross section of food legislations of mem

ber states of W.H.O. and F.A.O. is a long overdue 
handbook. The treatment is comprehensive. From a 
survey of current legislation related to food hygiene in 
catering establishments, the authors have proceeded to 
model regulations which can be effectively used in 
introducing food legislations, in training food handlers 
and in promulgating house policies on sanitation by 
catering establishments. The presentation of this very 
significant material in concise and usable form is credit 
worthy.

The need for high standards of food hygiene and for 
adequate control measures to ensure its implementation 
in public catering houses cannot be overstressed. Here 
is a book that I confidently recommend to all teachers, 
training food handlers, students under training in foods 
and sanitation to all personnel involved in Food Services 
and those responsible for introducing and implementing 
legislation measures to ensure that food served to the 
public is safe, clean and wholesome.

Miss. T h a n g a m  E . P h il ip
I n s t i t u t e  o f  H o t e l  M a n a g e m e n t , C a t e r i n g  T e c h n o l o g y  a n d

A p p l i e d  N u t r i t i o n , B o m b a y

AsT REAGENTS
N o w  g e t th e  u tm ost satisfaction for accuracy in A rsen ic (As) 

d eterm ination  in Pharm aceutical and food industries by 
using ever  reliable AsT REAGENTS m anufactured by 

Sarabhai M Chem icals
A m m onium  o x a la te  AsT  
Citric acid  AsT  
Hydrochloric acid  AsT  
Nitric acid  AsT

P o ta ssiu m  iodide AsT
Sodium  carb on ate anhydrous AsT
Sulphuric acid  AsT
Zinc (m etal) granulated  AsT

for your requirements please contact
SARABHAI M CHEMICALS

G orw a  R oa d , BA R O D A  - 3 9 0  0 0 7



ASSOCIATION NEWS

Southern Regional Branch, Madras
Lecture delivered by Dr. T. S. Santhanakrishnan on 

17th March 1978, on Colour Additives in Food.
“Colours have been the sign and stimulus of the 

most furious passions that have rent the Nations”— 
said Ruskin. It is perhaps one of the first characteristics 
perceived by the senses and is indispensible to the 
modern day consumer as a means for the rapid identifi
cation and ultimate acceptance of food. Almost all 
foods, from raw agricultural commodities to finished 
products have an associated colour acceptable to the 
consumer on the basis of social, geographic, ethnic 
and historical backgrounds. Deviations from this 
norm often precipitates drastic consequences. Subtle 
changes in colour shades are often associated with 
poor and first-rate food items. For example, the colour 
of fresh orange juice is quite precise and manufacturers 
of orange soft drinks almost always attempt to match 
this colour. From ancient times, the colours of nature- 
vegetable or animal origin such as saffron, turmeric, 
chlorophyll or cochineal, annatto etc. have been used 
by man but only over the last century or so; non natural 
colours—one of the products of modern organic chemi
stry, have been added to the list of colourings used by 
the food industry. These are the synthetic dyes and 
pigments. The present talk w:ll deal mostly on the 
synthetic colours, these have now become a “hot sub
ject”. These synthetic dyes are broadly termed as coal 
tar dyes and these became popular due to their easy 
availability in wider ranges and in greater brilliance. 
For convenience, we may devide these coal tar dyes 
into the following classes:

(a) A series of mono-di and tri-sulphonated colours 
whose basic naphthalene ring is azo-linked to 
either a second naphthalene ring or a benzene 
ring. e.g. Sunset Yellow FCF, Amaranth, Fast 
Red E, Carmoisine and Ponceau 4R.

(b) Azopyrazolene colours: The best example is
Tartrazine, the yellow due.

(c) Triphenyl methane colours: Brilliant Blue FCF 
and Green S.

(d) Indigoid colours: Indigo Carmine.
(e) Xanthene colours: Erythrosine.
Thus we have for red colour, Ponceau 4R, Carmoi

sine, Fast Red E, Amaranth and Erythrosine, for 
yellow, Tartrazine and Sunset Yellow FCF, for blue, 
Indigo Carmine, Brilliant Blue FCF and for green, 
Green S, or Fast Green FCF.

Colour additives for food represent a unique and 
special category of food additives. These have histori
cally been so considered in legislature and regulations. 
As early as 1900 some 80 dyes were being used in U.S.A. 
for colouring food. But by 1938 the Food Drug & 
Cosmetic Act was passed in U.S.A. by which the colours 
were certified, colour prefixes and numbers introduced 
and certification became mandatory. The colours were 
scrutinized for their toxicological effects and by 1938 
about 15 colours were certified and permitted to be 
used in foods. In U.K. the permitted food colour list 
dwindled from 80 before 1955, to 30 in 1957, 25 by 
1966 and 23 by 1973. These are further dwindling fast 
today. Thus we could see that even in such a developed 
society with a high literacy percentages as in U.S.A./
U.K. the certification and listing of permitted food 
colours became necessary. FAO/WHO Expert Com
mittee at Rome took up these problems and these food 
colours attracted the attention of the leading physiolo
gist, toxicologist and other food scientists and this 
were hence put under rigorous tests. Generally the 
toxicological studies were carried out on laboratory 
animals especially rats and they studied their toxicity, 
short term toxicity and long term toxicity. On this 
basis WHO classified food colours under six categories 
viz., Category A, Category, B. Category Q , Category C2, 
Category C3 , and Category D.

In our country, under the Prevention of Food Adulte
ration Act 1954 at first, 8  food colours viz. Ponceau 4R, 
Carmoisine, Fast Red E, Amaranth, Erythrosine, 
Tartrazine, Sunset Yellow FCF and Indigo Carmine 
were permitted and another three viz. Brilliant Blue 
FCF, Green S and Fast Green FCF have now been 
added. I.S.I. then prepared 24 standards for these 
permitted food colours, 11 for (coaltar) food colours, 
10 for natural colours and 3 for testing, common names 
and food colour boxes. These are mainly based on 
FAO/WHO findings.

Although these are documented in PFA and ISI 
still the indiscriminate use of non-permitted colours 
like Matenil Yellow, Blue VRS etc. and other cheap 
textile dyes came to light and a survey by toxicological 
research centre at Lucknow showed that 70 per cent of the 
food items tested were found to be coured with Matenil 
Yellow colour which causes damage to the liver and 
kidney on prolonged use and also cancer. These, compe
lled the Government of India to bring in compulsory 
certification of “food colours”, “Coal tar food colour 
preparations and mixtures”.

The Compulsory certification came to effect from
6 39
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21.2.1975. As per the amended PF.A. Rules, the “coal 
dyes and their preparations or mixtures permitted for 
use in certain foods shall be sold only under I.SI. Certi
fication Mark”—perhaps the first instance a food 
item has come under both I.S.I. Certification as well as 
under Government of India Food Laws (P.F.A. Rules).

“Coal tar food colour preparations” are mixtures of 
permitted food colours with or without permitted 
diluents and are available in powder and liquid forms. 
In the case of coal tar food colour prepartions, FAO/ 
WHO have not prepared any standards and as such 
I.S.I. Technical Comittee prepared a specification and 
this includes the determination of the total dye content, 
water insoluble matter, Arsenic and lead. As per this 
specification, a limit of 1 per cent has been prescribed 
for water insoluble matter, 3 ppm for Arsenic and 
10 ppm for lead. The analysis for the determination 
of total dye content of these coal tar food colour pre
parations is yet another challenge and although I.S.I. 
at first permitted a tolerence of ±  15 per cent for both 
powder and liquid coal tar food colour preprations, 
this tolerance was required as the standardization of 
the methods for these analyses posed many practical 
problems for the chemists. Further the non-availability 
of standard food colour boxes for standardization 
purposes enhanced the gravity of the analytical pro
blems. After a year or so the tolerance limit was brought 
down to dr 7.5 per cent for powder preprations and +  
15 per cent to 10 per cent for liquid preparations. The 
situation as it stands today is not that gloomy as it was 
in the beginning and the analytical problems appear to 
be under control as seen by the fact that I.S.I. have not 
pulled many of I.S.I. Licensees. Still the Food Colour 
Boxes—a “must” for standardizaron purposes, have 
not seen the light of the day.

In spite of all these regulations, still instances have 
come to our notice that Matenil Yellow is being sold 
as Kesari powder etc. Perhaps the Government machi
nery has still to be tightened up and the public must 
suitably be enlightened—a lacuna that still exists and 
needs rectification.

Next, let us see what our P.F.A. Act says on the use 
of colour additives in food. In India, in the P.F.A. Act, 
Rule 26 clearly specifies the natural colouring matter 
that may be used in Food and Rule 28 specifies the 
coal tar dyes (mentioned earlier) which may be used in 
food. Further rule 29 gives a list of food items wherein 
coal tar dyes are permitted to be used. Again rule 
30 prescribes a maximum limit of permitted colurs. 
It says “the maximum limit of any permitted coal tar 
colours or mixtures of permitted coal tar colours which 
may be added to any food (as enumerated in rule 29) 
shall not exceed 0.2 gram per kilogram of the final

food or beverage for consumption. Thus the amount 
of the colour additives that is being consumed by man 
at a time is infinitestimally small. This, I am stressing 
now as today there is a heated debate going on in 
India as well as abroad on the subject of “Consumer 
concern about the effects of these syntetic food colours 
on their health”—a controversial but important subject.

Thus by a comparison with most other food additives 
these synthetic colours have been extensively tested 
and when viewed in perspective, any conceivable impact 
of the great majority of food colours on consumer 
health is likely to be small in comparison with that 
often associated with various food contaminants or 
even with natural constituents for which the margin 
of safety is uncomfortably low.

As mentioned earlier under Rule 26 in the P.F.A. 
Act the following natural colouring matters tjsolated 
from natural colours or produced synthetically) are 
permitted to be used in or upon any article of food:

Beta-carotene, Beta-apo-8’-carotenal, Methylester 
of Beta-apo-8’- carotenoic acid, Ethylesier of Beta- 
apo-8’-carotenoic acid, Canthaxanthin, Chlorophyll, 
Riboflavin (Lactoflavin), Caramel, Annatto, Ratan- 
jot, Saffron and Curcumin (or Turmeric).
Today, only Caramel is being systematically used as 

a colouring and flavour additive and regarding the rest, 
it is too early to say how far these will eventually go as 
a good substitute for the synthetic colours as these are 
known to be pH sensitive and as Dr. Counsell of Roche 
Products Ltd. U.K. mentioned in one of his papers 
“the real problem lies in finding adequate supplies and 
a considerable work load of finding which one to use 
and how to use it”.

Thus good stability to a wide range of processing 
availability in bulk quantities with high puiity, high 
tinctorial values enabling them to be used at levels of 
usually not more than 100 ppm and the wide range of 
shades available with their use are some of the distinct 
advantages in the use of synthetic food colours over 
natural colours.

As a new development in this field, the “non-abso- 
rbable polymeric food colours”, from Dynapol, Cali
fornia, U.S.A. may be cited here. The rational under
lying the development stems from the hitherto conce
ptual basis that functional ingredients which are ab
sorbed intact or metabolised may interact with target 
organs and tissues and can constitute a potential toxic 
risk. This toxic risk to man can be considerably redu
ced if ingredients such as food dyes were rendered 
non-absorbable and restricted to transient passage 
from the gastrointestinal tract with elimination via 
feces1. Dynapol have prepared a series of non-absor.
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bable polymeric dyes and these are undergoing long 
term safety tests and they are very hopeful to market 
these in U.S.A. with F.D.A., FAO/WHO blessings.

In conclusion, eating should be enjoyable and not an 
anxiety provoking activity and as Mark Twin said 
“Part of success in life is to eat what you like and let 
the foods fight it out inside”.
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