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RESEARCH PAPERS

M icrobiological and Physico-chem ical Changes in Idli 
Batter During Fermentation

P. V e n k a t a s u b b a i a h , C. T. D w a r a k a n a t h  a n d  V .  S r e e n i v a s a  M u r t h y  

Central Fcod Technological Research Institute, Mysore, India
M a n u s c r iv t rece ived  20 J a n u a ry  1983; R e v ise d  30 S e p te m b e r  1983

Id l i batter is obtained by autofennentation of wet ground mixture of split, debuskcd blackgram (P h ased h is  m a n g o )  
and rice ( O r y z a  sa tiva ). Natura' microbial load of the ingredients of the environment serve as inoculum for the 
initiation of fermentation. Gas production and leavening of the batter are attributed to the heterofermentative L eu -  
co n osto c  m esen tero id es . Batter obtained from hotels and restaurants showed yeast participation in the leavening of 
id l i batter, which was confirmed by the presence of CO2 by GLC analysis. Yeasts involved have been identified
as T rich ospo rau  p u llu la n s , T o ru lo p s is  Candida and T. h o lm ii.

Idli is a fermented, steam cooked, breakfast food 
popular all over India. It is prepared from autofer- 
mented wet ground batter of decuticled blackgram dhal 
(Phaseolus mitngo) and rice (Oryza saliva) mixed in the 
ratio of 2:1. The popularity 01 idli is due to its delicate 
spongy texture and its easy digestibility.

Lewis and Johar1 reported Oidinn lactis, Torulopsis 
holmii, Lactobacillus delbruckii, L. lactis and Strepto­
coccus lactis as important microflora in idli ferment- 
tion. Deshikachar et al.2 reported the predominance of 
yeasts by using penicillin and chlorotetracycline as 
bacterial inhibitors. Radhakrishna Murthy et aid 
have reported autofermenting ability of soaked black­
gram dhal to be better than that of rice. Ramakrishnan4 
has studied type of microflora in soy idli fermentation 
and has characterised Leuconostoc mesenteroides to be 
the dominant organism responsible for lowering the 
pH of the batter. Pandalai and Kurup5 have isolated 
Aerobacter cloacae and two species of yeasts namely 
Candida parapsilosis and C. pelliculosa from idli batter. 
Batra and Milner6 have isolated Torulopsis Candida and 
Trichosporon pullulans in the fermenting idli batter. 
Yajurvedi? has reviewed microbiology of idli fer­
mentations in which among other things the author has 
suggested to establish the extent of yeast involvement 
in idli fermentation.

Mukherjee et aid and Steinkraus et al.° have reported 
Leuconostoc mesenteroides to be the principal organism 
producing gas during fermentation.

The present communication deals with the activities 
of microorganisms derived from different sources in 
idli fermentation.

Materials and Methods
Blackgram dhal (Phaseolus mungo) and rice (Oryza 
sativa) variety ‘Bangara sanna’ were procured from the 
market, cleaned and the batter was prepared in the 
laboratory by grinding the soaked ingredients intermi- 
tently for 5 min to the required consistency and care­
fully transferred to a sterile beaker covered with alumi­
nium foil and kept at room temperature for fermentation.

Batter samples from catering establishments were 
collected in sterile beakers and brought in ice buckets to 
the laboratory.

Non-protein nitrogen: Samples of batter were weighed 
and diluted to a known volume and filtered through 
Whatman No. I filter paper. An aliquot of the filtrate 
was treated with an equal volume of 20 per cent trichlo­
roacetic acid, filtered and used for nitrogen estimation 
by Microkjeldahl method.

Sugars: Free and total reducing sugars were esti­
mated by di-nitro salicylic acid method.'o

pH and O/R potential: Oxidation-reduction potential
and pH were determined in a Systronics model No. 324 
pH meter. Platinum electrode was used for O/R 
potential determination.

Acidity: Acidity was determined by titrating an 
aliquot of the sample with 0.04 N sodium hydroxide 
using bromothymol blue as indicator.

Measurement of batter volume: This was done in one 
litre sterilized measuring cylinders maintaining the 
initial volume at 100 ml.

Gas analysis: The evolved gas during idli batter 
fermentation was analysed for constituent gases using
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Aimil Gas Chromatograph equipped with thermal 
conductivity detector and Parapack Q. Column.

Microbiological analysis: Aerobic mesophilic count, 
total count for coliforms were carried out as per Com­
pendium of Methods for Microbiological Examination 
of Foods11. Total count of Lactobacilli were carried 
out using Rogosa agar (Oxoid composition12). Micro- 
aerophilic conditions were maintained by overlayering 
the inoculated plates.

Yeasts and moulds were isolated by antibiotic selec­
tion method using the media of the following composi- 
tion(g): peptone 0.94; yeast extract-0.47; beef extract-
0.24; sodium chloride-1; dextrose-1 and agar 2 per 
cent. pH of the medium was 6.1. Seitz filtered chlo- 
rotetracycline and chloroamphenicol were added at 100 
ppm, level after sterilization.

Identification of yeast: Descrete colonies of yeasts 
were picked up and maintained on potato-dextrose- 
agar slants. Identification was carried out as per Lodder13 
scheme.

Results and Discussion
Physico - chemical characters and microbial load of 

ingredients used in idli fermentation, before and after 
washing in sterile water as well as those soaked in sterile 
water for 7 hr are given in Table-1. A drastic reduction 
of microbial load after washing and increase after 
soaking was noticed. Yeasts were absent in both the 
ingredients. Coliform buildup in blackgram dhal was 
much more compared to that of rice. Similarly the Lacto 
bacilli count increased many folds after soaking, though 
in soaked rice, the increase was not of the same order.

The pH in both the ingredients remain around 7.0. 
The release of free sugars as well as non-protein nitrogen 
during soaking is much higher in blackgram dhal than 
rice. Blackgram dhal soaked water has higher concen­
tration of soluble nutrients to support the growth of 
lactic acid bacteria, confirming the earlier3 observation.

Microbiological and physico-chemical data of batter 
samples derived from different sources are given in 
Table 2. Domestic samples of batter had been ground

T a b l e  1. p h y s ic o -c h e m ic a l  a n d  m ic r o b io l o g ic a l  a n a l y s is  o f  i n g r e d ie n t s  u s e d  i n  i d l i  f e r m e n t a t io n

Blackgram dhal 1 Rice
Parameters Prior to After 7 hr Prior to After 7 hrwashing washing soaking washing washing soaking

pH 6 .70 6 .90 7 .10 7.10 7.10 6 .55

Free sugars (mg/ml) 0.38 0 .0 4 1.15 1.04 0 .06 0 .35

Total sugars* (mg/ml) 1.54 1.10 2 .77 1.87 1.87 1.87

Non-protein N (mg/ntl) 0.012 0.010 0 .108 0.020 0 .018 0 .005

Aerobic mesophiles (cfuxl02/g) 273 115 4130 3380 225 10 .480

Coliforms (cfuX 102/g) 23 8 1200 52 1 137

L a c to b a c ill i (cfu/g) 60 8 3720 0 Nil Nil 570

Yeasts (cfu/g) Nil Nil Nil Nil Nil Nil
Moulds (cfu/g) 

*As reducing sugars
256 86 95 440 30 30

T a b l e  2. p h y s ic o -c h e m ic a l AND MICROBIOLOGICAL ANALYSIS OF I D U  BATTER FROM DIFFERENT SOURCES

Domestic sample
Parameters 0 hr 6 hr 18 hr
pH 6.10 5.35 4.70
Acidity 0.90 1.48 3.18
O/R potential -120 -245 -330
Batter vol. rise 100 150 175Gas h2 h2 h2
L a c to b a c illi (cfu/g) 426X103 896x10« 9498x109
Coliforms (cfu/g) 189x103 800X105 860x10«
Yeasts (cfu/g) Nil Nil Nil
Moulds (cfu/g) lx  10" 5X103 5x103

Laboratory sample Hotel sample
0 hr 6 hr 18 hr 0 hr 6 hr 18 hr
6.65 5.70 4.82 5.60 4.35 4.20
0.72 1.20 2.01 1.24 2.12 3.40+ 60 -70 -400 0 1.50 -200100 135 170 100 155 195
H2 h2 h2 co2 C02 co2

354x102 7395 xlO4 9980X109 3756X104 6481x 109 7149 xlO1079x102 114X103 246x107 79X102 40 x 102 14x102Nil Nil Nil 518x102 914x 102 1043X10440 50 30 160 130 40
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in clean granite stone mortar, the laboratory samples 
were ground in electric waring blenders maintaining 
the same ingredient proportions as in general practice, 
and the hotel samples had been prepared in a power 
driven granite mortar. The progress of fermentation 
was studied upto 18 hr. There was 6-7 log increase in 
total Lactobacilli in different types of sample studied. 
The maximum increase was in the laboratory samples. 
Highest increase in coliforms is noticed in the laboratory 
samples (five log), three log increase in domestic samples, 
and a decreasing trend in hotel samples. Coliforms in 
the batter may be helpful in releasing fermentable 
carbohydrates from starchy substrates thus enabling 
the Lactobacilli and yeasts to take over the main fer­
mentation bringing about desirable changes like lower­
ing of pH and production of gas. Yeasts were present 
in hotel samples from the start of fermentation, register­
ing a two log increase towards completion. Yeasts 
were absent in the laboratory samples as well as in 
domestic samples. Generation of heat during grinding 
in electric blender, and scrupulously clean grinding 
surface of stone grinders used in the preparation of 
domestic samples, may be the reason for their absence. 
Source of yeast in hotel samples could be attributed to 
inadequately cleaned grinding surface. This has been 
verified by taking swab rinses of grinding surface from 
a number of hotels, (Fig. 1). It may be seen that yeasts 
are present slightly over five log level, as in the case of 
coliforms. Lowering of pH (4.20-4.82) is a common 
feature in all the samples studied and acidity increases. 
Oxidation-reduction potential changes in hotel samples 
has showed negative trend throughout, and the labo­
ratory samples at the end. Oxidation-reduction potential

Fig. 1. Microbial load in the washings from grinders used for 
id li batter preparation collected from different sources

COi

JL
taiy
0,

Fig 2. Gas analysis of fermenting id l i batter using GLC.

values varied from 200 to 400 mv. at the end of fermen­
tation in all the samples. Rise in batter volume was 
highest in hotel samples which contained a large number 
of yeasts. GLC analysis of the released gases gave a 
clear indication of distinct carbon dioxide peaks in 
samples where fermentation activity was due to yeasts 
and in other cases distinct hydrogen peaks were observed 
(Fig. 2.).

Table 3 gives data of dominant yeasts from hotel 
samples. The samples showed an average of three log 
increase in total Lactobacilli, one log decrease in coli­
forms and a steady state of yeast flora at three log level. 
Some samples showed pH values as low as 4.25 (av. 
4.93) even before fermentation, which lowered to an 
average, 4.26 after fermentation. Rise in batter volume 
was in the range of 65-100 per cent and the average 
increase was 75 per cent. All the samples showed car­
bon dioxide peaks confirming the earlier observation.

Microflora involved in idli fermentation is a contra- 
vertial point. Mukherjee et al7., Steinkraus et al°. and 
Ramakrishnan4 have claimed it to be entirely due to 
heterofermentative Leuconostoc mesenteroides, whereas 
Batra and Milner5, Lewis and Johar1 have shown 
yeast involvement in the fermentation. In the present 
study also involvement of yeasts has been established in 
idli fermentation in hotel samples only. Yeasts isolated 
from fermenting batter samples were Trichosporon 
puHulans, Torufopsis holmii and T. C a n d id a  confirming 
earlier1,5 observations. The important role of yeasts 
in gas production and leavening action was further 
corroborated by carrying out a set of experiments in 
which yeasts strains isolated in the above study and 
Leuconostoc mesenteroides were inoculated in sterile 
batter, and recording the rise in batter volume and gas 
analysis by GLC during the course of fermentation. 
The results indicate that yeasts are responsible for
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T a b l e  3. p h y s ic o -c h e m ic a l  a n d  m ic r o b io l o g ic a l  a n a l y s is  o f  i d l i  b a t t e r  f r o m  d if f e r e n t  c a t e r in g  e s t a b l is h m e n t s

Parameters Initial 18 hr incubation
Range Range

pH 4.25 6.20 4,93 4.00 4.60 4.26
O/R potential + 80 + 210 + 129 0 -120 159
Batter vol. rise 100 100 100 165 200 176
L a c to b a c ill i (cfu/g) 432X10« 6744X10» 3815X10« 18X1011 58,460X1011 1087X10U
Coliforms (cfuX 103/g) 10 4240 677 4 1180 144
Yeasts (cfuX I03/g) 10 940 277 812 5260 2380
Moulds (cfuX 102/g; 2 ' 30 7 1 500 56
CO2 was the only gas detected by GLC

more than 50 per cent of the carbon dioxide and for 
the two fold increase in the volume of the batter.
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Studies on the Growth o f  Fusarium sp. on Citrus W aste for the
Production o f  Single Cell Proteins

Susan Bahar and T. Jeannett Azuaje
Universidad Simon Bolivar, Dep. Biología Celular, Laboratorio de Fermentation,

Apartado 80659, Caracas, Venezuela
M anuscript received  24 January 1983; revised  5 O ctober  1983

Fusarium  sp was grown on the clear filtrate o f orange peels (4 per cent w/v) as substrate or after the addition of

0.15 per cent (w/v) o f ammonium sulphate and 0.2 per cent (w/v) yeast extract as nitrogen and vitamin sources.

The final protein production o f the mycelium in control cultres was 1.2 to 1.4 g/l or 0.20 g  o f protein per g  o f sugar 

consumed, while in the cultures supplemented with nutrients the protein production was 3.7 to 4.6 g/l or 0.25 g  

o f protein per g  o f sugar consumed. Protein production corresponded to almost 58 per cent o f the final biomass.

The fungus growth rate ( )  was (0.56 hr-1 ) in cultures supplemented with the additives and (0.42 hr-1) in control 

cultures respectively. (Ninety per cent and seventy per cent o f the sugar in the nutrient supplemented medium and 

in the control cultures consumed respectively.) Temperature of 27°C and a p H  o f 4.6 were found to be optimum.

The fermentation time was reduced to 5-6 hr when supplemented with the nutrients and a higher initial inoculum. The 

final biomass contained 26 per cent carbohydrates, 55.8 per cent proteins, 4.75 per cent R N A ,  0.76 per cent D N A  and

0.73 per cent phosphorus.

The need for more protein in recent years has led to 
the use of microorganisms grown on a variety of in­
expensive substrates of low nutritional value, as a 
potential source of food and protean. In tropical coun­
tries the use of citric waste as a substrate might be 
very promising as it constitutes one of the highest 
industrial waste. A substrate tested for growth of fungi 
is the clear filtrate of orange peel extract. This substrate 
contains upto 65.75 per cent water and 34.25 per cent 
solid materials which constitute approximately 56 
per cent of carbohydrates. 0.15 per cent of protein,
1.8 per cent of fats and 0.8 per cent phosphorus. The 
above analyses led us to hypothesize that Fusarium sp. 
grown on citrus waste may be able to give protein levels 
and an amino acid pattern which is comparable with 
those recorded for other fungi1.

This paper presents the results cf preliminary studies 
on the protein production and chemicai composition 
of Fusarium sp. mycelium grown on cheap orange extract.
Materials and Methods

Organism: A laboratory strain of Fusarium sp-
isolated from sweet orange peel was maintained on 
potato dextrose agar (Difco) slants and transferred 
monthly to fresh medium.

Substrate: The orange peel closest to the pulp was 
used. It was ground on a mixer (Osterizer), Iyophilized, 
macerated and resuspended in destilled water at the

required concentration. The solution was filtered 
through a Wfiatmen No. 1 filter paper three times, to 
remove insoluble residues of the orange peel. It was 
sterilized at 121CTC for 15 min. The medium used 
consisted of 1 per cent (w/v) orange peel filtrate supple­
mented with 0.2 per cent ammonium sulphate (Merck),
0.1 per cent yeast extract (Difco) and monobasic potas­
sium phosphate (Merck) at different concentrations (0.1-
0.3 per cent). This medium was used for determination 
of optimum conditions of temperature and pH. The 
effect ol substrate concentrations on total biomass 
production, yield and specific growth rate was also 
investigated. The concentrations of orange peel extracts 
used varied from 1 to 6 per cnet (w/v).

Inoculation and incubation: Fusarium sp. was grown 
in 300 ml flasks containing 50 ml of medium at a con­
stant temperature in a reciprocating shaker bath (New 
Brunswick) at 120 strokes per min, with an amplitude 
of 3.7 cm. At the end of the incubation period pelet was 
obtained by centrifugation and suspended in 10 ml of 
fresh medium. One mililiter of the resultant mycelial 
suspension was used to start new flask culture by inocu­
lating 300 ml flask containing 50 ml of liquid fresh 
medium. The flasks were inoculated in a reciprocating 
shaker bath for 24-48 hr. Under liquid shake culture 
conditions Fusarium sp. produce no mycelial mats, 
but a very fine suspension of small thalli.

Mycelium concentration: Mycelium concentration
63
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was determined by gravimetric method and by measuring 
the optical density in a kiett-summerson colorimeter 
provided with a N ’54 filter (520-580 nm). The optical 
density was related to the cell concentration with a 
previously determined calibration curve. Yields were 
expressed as mg of cells produced per mg of sugars 
consumed. Since the curve generated by optical density 
measurements were similar to those of the gravimetric 
method thus the former method was used as an estimate 
of growth in some experiemnts.

Specific growth rate (p): The specific growth rates 
were calculated during the exponential growth phase 
from p=(In X2—In Xi/t2—tj); where Xj and X2 re­
present cell concentration at times tj and t2 respectively. 
The units of p are expressed as reciprocal hours.

Analytical procedure: Total sugars in the cells as 
well as in the medium were determined by the Anthrone 
method as described by Scott and Melvin2, using glucose 
as a standard. Total protein was quantitatively deter­
mined according to the method of Herbert et ali . The 
nitrogen content in the medium was measured by the 
macro Kjeldahl method.4 Total phosphorus in the cells 
as well as in the substrate was determined as described 
by Chen et al5. Deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) in the total biomass were 
measured as described by Stewart6. Moisture was deter­
mined gravimetrically using the 0‘Haus automatic 
balance, and the crude fat content of the substrate was 
determined by the standard AOAC procedure4 (Table 1).

Amino add analysis: The samples were hydrolyzed 
in sealed ampules containing 0.5 ml of boiling HC1, 
10 p  1 of 0.1 M phenol and 10 p 1 of 0.1 M dithioth- 
reitol. Hydrolysis was done for 2 hr at 110'C in a con­
tinuous reflux of toluene. Amino acid analysis was 
performed in multichrom-Beckman liquid column, 
chromatography 4225, (MBC Mammal).
Results

A. Effect of pH and temperature: A significant
difference in the amounts of protein produced in 24

T able 1. chemical analysis of peel extract

Constituent Quantity
(%)

Water 65.75
Total solids 34.25
Carbohydrates 56.83
Proteins 0.15
Fats 1.86
Phosphorus 0.75

1.4 -C'
1.2 • £  0.6

/ m
l Ocr

tn c 1 - £ o.s
<u >o O
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Fig. I. Effect of temperature on protein production and specific growth rate

Fig. 2. Effect of pH of the culture medium on protein production and specific growth rate

hr was observed when the pH was varied from 3 to 7, 
and temperature ranged from 25 to 40°C. The highest 
amount of protein as well as “ p "  was obtained at 
pH values between 4 and 5, and at a temperature of 27 C 
(1.3 mg/ml). Since the pH of the medium itself was 4.6. 
this was considered iater to be optimum for the growth 
of the microorganism. (Fig. 1, 2).

B. Effect of substrate concentration : The effect of 
various substrate concentrations on the growth and pro­
tein production of Fusarium sp. was studied. Using 
substrate concentrations ranging from 1-6 per cent 
(w/v) we obtained optimum growth conditions at sub­
strate concentration of 4 per cent (Table 2).

C. Effect of nitrogen, yeast extract and phosphorus: 
The growth of Fusarium sp. in liquid medium contain­
ing ammonium salts, yeast extract and phosphorus has 
been reported previously2. It was of interest to deter­
mine the required concentrations of these additives for 
maximum utilization of sugar, production of protein, 
and for obtaining maximum yield with the Fusarium sp.
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T a b l e  2 . e f f e c t  o f  o r a n g e  p e e l  c o n c e n t r a t i o n  o n  t o t a l

BIOMASS PRODUCTION, YIELDS, AND SPECIFIC GROWTH RATE

Orange peel 
concn 
(%>

Final
mycelium

concn
(mg/ml)

Glucose
utilized

(mg/ml)
Yield* * Specific

rate
(/u/hr)

1 0.97 2.0 0.45 0.31
2 1.35 2.9 0.46 0.31
3 1.96 3.8 0.51 0.34
4 2.38 4.6 0.51 0.42
5 2.04 4.3 0.46 0.38
6 2.09 4.1 0.48 0.39

*mg mycelium produced/mg of glucose utilized.

used in this study. In these experiments, the pH, tempe­
rature, concentration of substrate, and the concentration 
of two of the additives were kept constant while that of 
the third was varied.

After 24 hr of cultivation, the protein and sugar 
concentrations in the medium were determined. As 
shown in Fig 3, prtoein concentration and specific 
growth rate increased with the addition of ammonium 
sulphate at concentrations up to 0.15 per cent. Concen­
trations above 0.15 per cent did not result in an increase 
in protein production or growth rate. As seen in the 
Fig. 4, protein production and specific growth rate were 
higher when the concentration of the yeast extract was 
0.2 per cent.

No significant differences in the concentration of 
protein and the specific growth rate were observed with 
the various concentrations of phosphate, indicating 
that no addition of supplementary phosphorus is neces-

Fig. 4. Effect of yeast extract at different concentrations on the protein production and yield of F usariu m  sp. mycelium.

ORANGE PEEL EXTRACT ( 4 %  w/v)

Fig. 5. Effect of monobasic potassium phosphate at different concentrations on the protein production and yield of 
F usariu m  sp. mycelium

Fig. 3. Effect of ammonium sulphate at different concentrations on the protein production and yield of F usarium  sp.

sary. The fungal mycelium grown in the culture medium
„ without added phosphate contained 0.7 per cent phos-

■ " : phorus while there was 0.75 per cent of phosphorus
-  available in the substrate (Fig. 5).•06 «3 In view of the results obtained in the previous experi- 

-0< « ments, 0.15 per cent ammonium sulphate and 0.2 per 
s cent yeast extract were selected as the optimum concen-
* trations for the growth of Fusarium in citrus waste.00 • D. Effect of Inoculum: The previous experiments
1 were carried out with inocula that gave initial concen­

tration of approximately 0.45 mg mycelium/ml. In the 
next experiment, the inoculum was increased to 1.4 
mg/ml by a factor proportional to the concentration of 
the nutrients. Under these conditions over 85 per cent 
of the sugar was utilized in 5 to 6 hr. The time for the
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Table 3. effect of INITIAL INOCULUM SIZE ON TOTAL BIOMASS
PRODUCTION AND THE LENGTH OF THE PROCESS

Period Mycelium concn. (mg/ml)(hr) Exp. 1 Exp. 1
0 0.5 1.4
2 0.7 4.2
4 0.9 6.8
6 1.2 9.2
8 1.5 9.9

10 2.1 9.4
12 2.4 —
14 2.7 —
16 3.2 —
18 — —
20 — —
22 — —
24 3.6 9.4

fungus to reach the stationary phase of growth was 
significantly reduced from 16 to 7 hr (Table 3).

Substrate analysis: Table 1 gives the approximate 
composition ot the citrus peel extracts which \yere 
utilized as the culture media, both, with and without 
additives for the growth of Fusarium.

Mycelium composition: The mycelium obtained was 
found to contain 58 per cent proteins, 26 per cent total 
carbohydrates, 4.75 per cent RNA, 0.76 per cent DNA 
and 0-73 per cent of phosphorus.

Amino acid contents: The amino acid composition

T a b l e  4 .  a m in o  a c id  c o n t e n t  o f  f u s a r i u m  s p . m y c e l iu m

Amino acid Quantity (M moles/g)
Lysine 0 ,0 6 1
Histidine 0 ,0 1 8
Arginine 0 ,0 4 2
Aspartic acid 0 ,0 6 5
Threonine 0 ,0 3 6
Serine 0 ,0 4 7
Glutamic acid 0 ,0 7 2
Proline 0 ,0 2 8
Glycine 0 ,0 6 1
Alanine 0 ,0 8 5
Cystine 0,010
Valine 0 ,0 4 2
Methionine 0 ,0 0 8
Isoleucine 0 ,0 3 1
Leucine 0 ,0 5 1
Tyrosine 0 ,0 3 3
Phenylalanine 0 ,1 0 6

of the Fusarium sp. used in this experiment is in 
close agreement with the amino acid composition of 
other Fusarium sp.8 It is also very similar to the amino 
acid content of soy bean flour, and can be compared 
with the acceptable established values reported by Food 
and Agriculture Organisation (FAO), with the exception 
of low amounts of methionine and cysteine, as has been 
reported for other microbial proteins7,9.10 (Table 4).
Discussion

The growth of fungi on agricultural wastes for its 
use as a potential source of proteins has been reported 
by several investigaiiors. Among these agricultural 
wastes, the orange peel extract appeal to be very suitable 
for this purpose8-11,13,14.

In our experiments we observed an increase by a 
factor of two in the concentration of protein when 
nutritents were added to the medium at their optimal 
concentrations.

The need for additives has also been confirmed by 
other investigators utilizing agro industrial wastes8-10,12,’5 
Yeast extract at a concentration of 0.2 per cent and 
above, in 4 per cent orange peel wastes gave maximum 
glucose utilization and cell yield. Although good 
growth was obtained without added nitrogen, protein 
production was doubled with addition of ammonium 
sulphate. This means that the medium itself does not 
contain enough assimilable nitrogen for the fungus to 
be able to grow and consume all the available glucose. 
It was observed that 0.15 per cent ammonium sulphate 
was the optimal concentration for the salt for maximal 
sugar utilization and protein production. Our data 
suggest that the supplementation of the medium with 
phosphate is not necessary, and seems to indicate that 
phosphorus is not a limiting factor in the medium used 
in these experiments.

Though it has been reported that the presence of essen­
tial oils in the orange peels have an inhibitory effect on 
microorganisms, Hernandez et al.,]5 found that they 
do not interfere with the production of proteins, sugar 
consumption, and cell yields. We therefore did not 
attempt to extract the oil from the orange peel. We 
found that of the total crude lipids in the peels 1.86 
per cent is oil. This proportion decreases in the process 
of lyophilization of the orange peels by evaporation of 
the volatile oils. In the process of preparation of the 
medium at 4 per cent (w/v), the oil content is reduced 
to 25 per cent, and after sterilizing the liquid medium 
the final concentrations of the essential oils will remain 
in the range of 0.2 per cent of the total lipids.

Fusarium sp. is known to grow well at 26-30°C7.8. 
We obtained the best results at 27°C. The optimum 
protein production was achieved at a pH range of 4 
to 5. It has been shown in other microorganisms that
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seeding with a high inoculum reduces the length of the 
fermentation process16. Knight d a l 17 have reported 
that the inoculum volume influences growth rate and 
showed that higher inoculum volumes gave faster 
growth and higher C.O.D. reduction. In our experi­
ments we found that as the inoculum size increased the 
time required for complete removal of the sugar dropped 
from over 17 to 6 hr. Demonstrating a better growth 
with a larger inocula, while longer periods of time were 
required with the smaller quantities of seed. Since 
economic factor is an important consideration in the 
growth of fungi decreased processing costs would tend 
to increase the commercial feasibility of this operation.

In general, fungi grown on different kinds of substrate 
in batch cultures have been reported to contain between 
30 and 60 per cent protein.111,18 Fusarium moniliforme9, 
was reported to contain 38 per cent protein, Fusarium 
oxysporum7, 35 per cent protein; and for other species 
of Fusarium values of 30 to 60 per cent were reported. 
In our studies the fungus contained 55,8 per cent pro­
tein. Tne total carbohydrate content was 26 per cent, 
and the nucleic acid content 5.51 per cent which is in 
agreement with that reported earlier (2.5-6 per cent)16. 
Among the various types of microorganisms yeast and 
filamentous fungi have been the most commonly used 
for microbial protein production. Filamentous fungi 
possess certain qualities like texture, higher amounts 
of essential amino acids, protein content, fast rate of 
growth, lower nucleic acid content which make them 
preferable to yeast specific cases.5,19,26

Though it has been reported that some Fusarium sp. 
are mycotoxin producers1,21 experiments done feeding 
rats with Fusarium sp as a source of protein have shown 
no apparent toxic effect9.
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Physico-chem ical Changes in W hole W heat Flour (Atta) and
Resultant Atta D uring Storage
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Changes observed during five months storage of a tta  (whole wheat flour) and resultant a tta  showed that free fatty 
acids (FFA) and alcoholic acidity increased rapidly in resultant a t ta  (0.19 and 0.30 percent respectively) than in a tta  
(0.05 and 0.15 per cent respectively). While a tta  was in good condition, resultant a tta  developed slight bitter taste and 
musty odour within 2 months. The poor storage stability of resultant a tta  can be attributed to higher moisture con­
tent (12.1 percent) as well as to the activities of lipase, lipoxidase and protease. The adverse changes during storage
of resultant a tta  were minimised by reducing its moisture

The main raw material used in the preparation of 
chapati, one of the major staple food is the whole wheat 
flour {atta) or resultant atta also known as mill atta, 
a by-product from roller flour mill. Though more 
suited for chapati making1. Atta is more expensive 
than the resultant atta, which has better nutritional 
characteristics, as it contains the higher amountsof some 
of the essential amino acids and some vitamins2 of B 
group but has comparatively poor shelf-life. The changes 
in the chemical and dough characteristics of atta during 
storage have been reported by several workers3- 5, while 
information on those for resultant atta is lacking. Hence, 
comparative storage behaviour of atta and resultant atta 
and the factors responsible for the rapid deterioration 
of the latter are presented in this paper.
Materials and Methods

Materials: Samples of resultant atta and wheat 
grist processed to obtain the same, were procured from 
a commercial roller flour mill. The wheat grist was 
ground in a disc mill (chakki) to obtain atta. Resultant 
atta had a moisture content of 12 per cent and the atta
7.7 per cent. Moisture content of a part of each of these 
flour was adjusted to that of the other either by drying 
or keeping in a humid chamber. Prepared samples were 
stored in air tight tin containers at ambient temperature 
(27-29 °'C) and relative humidity (60-70 per cent). Mate­
rials were periodically inspected for infestation and 
samples drawn at frequent intervals for analysis and 
evaluation.

Chemical characteristics: Moisture, total ash and 
ether extractives in the samples were determined ac­
cording to AACC method6. Micro-Kjeldahl method 
was used for estimating the crude protein and AOAC

level from 12.1 per cent to that of a tta  (7-8 percent).

method7 was used for determining the FFA. Alcoholic 
acidity was estimated by the method described in ISI8. 
Proteolytic activity and lipase activity, were determined 
bv the method of Lusena and Me Farlane9 and 
Kantharaj Urs et a/16, respectively. Lipoxidase activity 
was determined by the AACC method6 using differential 
respirometer.

Dough characteristics: Farinograph characteristics 
of atta samples were determined at a chapati dough 
consistency of 45C BU using lever position of 1:3, 
according to the method standardized by Haridas Rao 
et alu . The extensograph characteristics of such a dough 
were determined, using 75 g dough11 instead of 150g 
recommended in the AACC5 procedure. Tne farino- 
grams as well as the extensograms were evaluated 
according to standard procedures.

Organoleptic quality: The stored flour samples were 
evaluated at monthly intervals by a panel of six judges 
for odour, taste and for infestation.
Results and Discussion

Chemical characteristics: Some of the important 
chemical characteristics of atta and resultant atta arc 
given in Table 1.

Moisture content of resultant atta was higher by about 
4 per cent than that reported earlier for atta due to the 
conditioning of wheat from 10 per cent moisture to about 
15 per cent before milling. However, in the case of atta, 
a loss of about 2 per cent was observed during grinding 
in chakki due to frictional heat.

Free fatty acid content was about 3 times higher and 
alcoholic acidity about 2 times higher in resultant atta, 
as compared to those of atta. The alcoholic acidity of

68
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T able 1. som e c h e m ic a l  c h a r a c t e r is t ic s  o f  w h o l e  w h e a t
FLOUR* ( A T T A )  AND RESULTANT A T T A  * ISI

Flour samples A t ta Resultant
a tta

Moisture (%) 7.70 12.00
Total ash (%) 1.58 1.57
Protein (Nx5.7) (%) 10.60 11.10
Ether extractives (%) 1.81 1.84
Free fatty acids (%) 0.031 0.087
Alcoholic acidity (%) 0.059 0.098
Lipase activity** (ml) 5.20 9.68
Proteolytic activity+ 4.21 8.92
Lipoxidase activity); (/up 210 505

All values are on 14% moisture
*The same wheat was used for processing of whole wheat flour 

(a tta ) and resultant a tta .
**Of 0.1 N NaOH
+Expressed as mil I ¡equivalents of tyrosine per kg of flour 
jOf oxygen per gram sample per 20 min.

Ihc resultant citta (0.098 per cent) was conforming to
ISI specification.

The activities of lipase, lipoxidasc and protease were 
2-2| times higher in R. atta than in atta. The higher 
enzyme activities in resultant atta may probably be due 
to the presence of higher amounts o'enzyme rich parts 
like germ and aleurone layers of wheat.

There was no significant change ir the moisture con­
tent of both atta and resultant atta during storage.

Generally, FFA content of both the samples increased 
with time, the rate of increase being higher in resultant 
atta. (0.265 per cent) than in atta (0.11 per cent) after 5 
months storage (Fig. 1). The greater increase in resultant 
atta might probably be due to the higher activity of 
lipase and liposidase (Table 1). which are reported to 
accelerate the release of free fatty acids11. Samples 
having higher moisture content showed more FFA.

This was further confirmed when the atta sample 
was stored at higher initial moisture level of 12.1 
per cent.

In the case of resultant atta having 12.1 per cent 
moisture, the alcoholic acidity increased from 0.098 
to 0.4 per cent after 5 months storage, while the increase 
in atta was from 0.048 to 0.205 per cent. It may also be 
noted that the alcoholic acidity exceeded the maximum 
limit prescribed in Prevention of Food Adultration Act, 
India (0.18 per cent) within 5 weeks of storage in the case 
of resultant atta while for atta 16 weeks were required 
to cross the limit. This indicated again the better storage 
stability of atta.

Tne increase in alcoholic acidity during storage was 
considerably reduced when the resultant atta was

Fig. 1. Changes in free fatty acids during storage cf wholewheat flour (a tta ) and resultant a tta

S t o r a g e  p e r io d  ( w e e k s )

Fig. 2. Changes in alcoholic acidity during storage of whole wheat flour ( a t t a )  and resultant a t t a



70 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21. MARCH/APRIL 1984

T a b l e  2. c h a n g e s  i n  t h e  f a r in o g r a p h  c h a r a c t e r is t ic s  o f

WHOLE WHEAT FLOUR (A T T A ) AND RESULTANT A T T A  DURING STORAGE

Chapathi water Dough develop- Dough stabilityType of absorption (%)* ment time (min) (min)flour Initial 4 months Initial 4 months Initial 4 months
Atta 63.3 60.4 10.0 10.5 5.0 5.0
Resultant

a tta 64.4 60.6 6.0 10.0 3.5 7.0
‘Values expressed on 14 per cent moisture basis

conditioned to 7.5 per cent moisture before storage. 
However, the increase was always higher in resultant 
atta as compared to atta (Fig. 2).

Dough characteristics: Changes in farinograph
characteristics of atta and resultant atta stored at their 
original moisture levels are given in Table 2. The water 
required to make the chapati dough of optimum con­
sistency (450 BU at lever position of 1:3) decreased by 
about 3.0 per cent at the end of storage period in both 
the samples. The dough development time and dough 
stability were however, not affected due to storage in 
the case of atta. while a considerable increase in the

above characteristics was observed in resultant atta. 
Similar increase in the stored resultant atta samples has 
also been reported by Arya etal~. The resistance to exten­
sion increased and the extensibility decreased in resultant 
atta and atta samples during storage (Table 3). However, 
the extent of increase was higher in resultant atta.

Even after altering the moisture content there was 
no effective change in the farinograph or in the extenso- 
graph characteristics.

Organoleptic quality: Tne data on organoleptic 
evaluation of atta and resultant atta having different 
moisture levels are given in Table 4. The atta kept well 
for two months but musty odour was detected after 3 
months. Tt was free from insect infestation even after 
5 months. On the other hand, resultant atta developed 
musty odour within a month, bitter taste after two 
months which intensified further on storage, insect 
infestation was also observed after 3 months which 
increased with storage. However, the resultant atta in 
which the moisture level was adjusted to 7.5 per cent 
kept well for 2 months without development of any 
musty odour or bitter taste. Onset of insect infestation 
was also considerably delayed from 3 to 5 months. 
However, its quality with respect to odour and taste was 
inferior to that of atta stored under similar conditions.

T a b l e  3. c h a n g e s  i n  t h e  e x t e n s o o r a p h  c h a r a c t e r is t ic s  o f  w h o l e  w h e a t  f l o u r  ( a t t a  ) a n d  r e s u l t a n t  a t t a  d u r in g  s t o r a g e

Type of flour 

A t ta
Resultant a tta

Resistance to Extensibility (E) Ratio of Areaextension (R) (BU) (mm) R/E (cm2)
Initial 4 months Initial 4 months Initial 4 months Initial 4 months

680 760 40 37 17.0 20.5 33.5 37.0
700 960 47 41 14.9 23.4 40.2 45.5

T a b l e  4. o r g a n o l e p t ic  q u a l i t y  o f  w h o l e  w h e a t  f l o u r  ( a t t a ) a n d  r e s u l t a n t  a t t a  s t o r e d  a t  a m b ie n t  c o n d it io n s

Type of flour Initialmoisture Flavour" after indicated period (months) of storage Infestation* after indicated (months) of storage period

(%) 0 1 2 3 4 5 0 1 2 3 4 5
A tta 7.7 PTW PTW PTW M M M -- -- -- -- -- —
A tta 12.0 PTW PTW PTW M M & SB M & SB — -- -- — +
Resultant a tta 12.1 MTW M M & SB M & P B B _ _ _ _ _ + + + + + +
Resultant a tta 7.5 MTW MTW MTW MTW M M -- -- -- — —: +
a. PTW —Pronounced and typical of wheat 

MTW—Mild and typical of wheat 
M —Musty
SB —Slightly bitter 
B —Bitter

+ Slight infestation with tendency to form lumps 
+ +lnfestation wi.h formation of lumps 

+ + + Infestation with the presence of live insects.
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Similar observation was made with atta samples having 
high moisture content.

It could be concluded that the atta has a poor shelf 
life when compared to atta due to the higher content 
of moisture and lipolytic enzymes. The shelf life of result- 
tant atta could be considerably improved by reducing 
the moisture. But even at equal moisture levels, atta 
had better shelf life on storage possibly due to its lower 
enzyme activity.

References
1. Tara, K. A., Haridas Rao, P. and Bains G. S., Compositionand rheological and baking quality of a by-product of wheat milling simulating whole wheat meal. J . S c i. F d  

A g r ic ., 1969, 20, 370.
2. Kumar K. R. and Anandaswamy, B., Packaging studies of

a tta  and S o j i in unit packages. In d ia n  M il le r , 1978, 9, 7.
3. Arya, S.S., Mohan, M.S. and Nath, H., Studies on packaging

and storage of a tta  (wheat flour) under tropical conditions.
J . F d  S c i. T ec h n o l., 1971, 8, 134.

4. Premavalli, K. S., Leela, R. K., Arya, S. S., Parihar, D. B.and Nath, H., Studies on packaging and storage of wheat flour (a tta ) under tropical conditions. J . F d  S c i. T echno l., 1972, 9, 27.
5. A p p ro v e d  M e th o d s , American Association of Cereal Chemists,7th edn., St. Paul, Minnesta, USA, 1969.
6. O ffic ia l M e th o d s  o f  A n a ly s is . Association of Official AnalyticalChemists, Washington, D. C., 20044, 12th edn., 1975.
7. S p ec ifica tio n  f o r  W h ea t A t ta , IS: 1155-1968, Indian StandardsInstitution, New Delhi.
8. Lusena, C. V., and McFarlane, W. D., Studies on the pro­cessing of wheat germ. C an . J . B io ch em ., 1945, 23, 201.
9. Kantharaj Urs, M., Bains, G. S. and Bhatia, D.S., Triaceitinas substrate for peanut lipase. S c i. A u l t . , 1962, 28, 581. 

1G. Haridas Rao, P.. S tu d ie s  on  C h a p a ti a n d  S im ila r  T ra d itio n a l 
F oods Ph.D., Thesis, University of Mysore, Mysore, 1982. 

11. Pomeranz, Y., W h ea t C h e m is try  a n d  T ech n o lo g y , American Association of Cereal Chemists, St. Paul, Minnesota, 1971.

Study o f  Proteolytic Inhibitor in Indian W heats and Response to
Proteolytic Supplements

R. Pal Singh  and  G. S. Bains
Department of Food Science and Technology. Punjab Agricultural University,

Ludhiana-141 004. India
M a n u sc r ip t rece ived  16 O cto b er 1982; rev ised  14 S e p te m b e r  1983

Bread wheats, ‘WG 357’ and ‘S 308’ and their milled fractions, showed significant resistance to proteolysis by papain, 
flein and Rhozyme A-4 tested at a concentration of 60 to 300 Casein units (CU/lOOg). Inhibition of ficin activity 
was less, when compared with papain and Rhozyme A-4. Farinography, gluten recovery and enzymes when used at 
a dose of 30 to 120 CU/lOOg. Decreasing the levels to 10 to 40 CU but increasung the reaction time to one 
and a half hr indicated papain to be more damaging to gluten. ‘WG 357’, withstood proteolytic action better than 
‘S 308’. Ficin doughs were found normal to handling during baking. Papain was deleterious to loaf qualify whereas 
flein and Rhozyme A-4 improved crumb grain and texture. Evidence is presented to show that soluble N values 
as an index of proteolytic inhibition is inadequate to refflect the mechanics of action in relation to dough and gluten 
properties of flours.

The presence of protease inhibitors in different grades 
of English wheat flour, capable of inhibiting papain 
action without any effect on the native proteolytic 
enzymes of wheat was reported by Hites et aid Johnson 
and Miller2 confirmed the presence of a papain inhibitory 
factor in wheat flour, using farinograph technique. 
The inhibitor fraction extracted from wheat was shown 
to be non-dialyzable by Hites et at1, and by Shymala and 
Lyman3. The distribution of proteolytic inhibitor in 
various mill fractions has not received sufficient 
attention. Low proteolytic acitivity in Indian wheats

has been reported earlier by Singh et a!4. In this paper, 
results of the distribution of protease inhibitor in milled 
products of two extensively cultivated varieties of Indian 
wheats, ‘WG 357’ and ‘S 308', and effect of plant and 
fungal proteolytic enzyme supplementation as deter­
mined rheologically and by baking tests, are presented.
Materials and Methods

Straight-grade flours (Table 1) of ‘WG 357’ and ‘S’ 
308’ were prepared in the pneumatic Buhler laboratory 
mill (MLU-202) after conditioning to 15.5 per cent
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T able 1. yield and composition of straioht-grade flours
o f  wo 357 AND S 308 VARIETIES OF WHEAT

Variety Straight Protein Ash Diastatic Damagedgrade (Nx 5.7) activity starch
(%) (%) (%) (mg mal- tose/10g) (%)

WG 357 69.3 9.5 0.46 316 11.9
S 308 71.2 9.1 0.43 160 7.4

moisture. Tne milled fraction were collected separately. 
Break, reduction and dusted bran flour fractions were 
combined to obtain straight grade flour. Bran, shorts 
and flour were collected separately, weighed and kept 
in individual air-tight containers.

Enzyme supplements included fungal protease, Rho- 
zyme A-4 (M/s Rohm Haas, Philadelphia. USA), 
papain and ficin. Tney were used according to their 
activity determined by the AACC procedure5. The 
casein used as substrate was Hammarstein grade (BDH) 
and the activity expressed in casein units (CU).

The inhibitor was extracted from flour and bran 
(finely ground) by maceration with two and two and a 
half volumes of distilled water respectively, in a glass 
pestle and mortar for 5 min. The slurry was centrifuged 
at 10.000 rpm for 10 min and the supernatant decanted.

Proteolytic inhibitor activity was determined by the 
modified Ayre-Anderson6 method as described by Hitres 
el al.1 Soluble N was determined by the method of 
Lowry et al? as modified by Skupin and Warchalewaski8.

Gluten recovery, as affected by the proteolytic supple­
ments, was stuided using plain doughs. In the first 
series, the proteolytic levels, 30-120 CU/lOOg, were 
used as in the farinograph studies. Thirty minutes rest 
was given to the dough as prescribed by the AACC5. 
In the second series, the dough was rested for 90 min 
before washing gluten. This simulated bulk fermentation 
time used in baking. Tne levels of protease supple­
ments varied from 10 to 40 CU/lOOg. Gluten strength 
was evaluated according to the Hanford9 scale. The 
farinograph was operated in accordance with constant 
flour weight method of AACC5 using a 50 g mixing 
bowl. Calculated quantity of enzyme in solution was 
added to doughs and mixed for 15 min to decipher 
changes occurring in consistency. Farinograph water 
absorption of the control was used in these tests. Dough 
handling properties were evaluated subjectively at 
different stages in baking. Straight dough method of 
baking with remixing10 was followed. Baking formula 
included(g): flour, 100; yeast, 2.5, sugar, 2.5; shortening 
1.0; salt, 0 and 1.5; and proteolytic enzymes, 0 to 40 
CU. The dough was mixed optimally, fermented for 90 
min remixed for 15 sec, followed by a recovery for 25

Table 2. inhibitory effect of wheat varieties and their milled fractions on the activity of i’rotf.olytic supplements

Increase in soluble N1Proteolytic supplement Dosage(CU/lOOg) WG 357 S 308
Wheat Bran Shorts Flour Wheat Bran Shorts Flour

Papain 60 0.0 5.8 0.0 0.0 0.0 0.0 0.0 0.0
120 0.0 10.8 1.8 1.9 0.0 0.0 0.0 0.5
180 0.2 21.1 3.2 3.3 0.0 0.0 0.0 3.7
240 0.4 36.0 4.6 4.3 0.5 3.6 2.2 7.0
300 0.7 40.8 6.5 5.2 1.5 S.4 4.1 12.5

Fictn 60 0.9 3.6 4.6 5.7 0.3 3.6 1.3 0.0
120 1.7 13.9 10.3 10.7 0.9 7.2 3.2 0.5180 2.5 25.7 16.2 15.4 1.2 13.2 4.6 4.3240 3.8 37.2 19.7 18.2 1.7 17.5 7.4 6.5300 4.9 43.2 25.0 22.9 2.0 23.9 10.1 13.4

Rhozyme A-4 60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0120 0.0 0.0 0.5 0.0 0.0 2.4 0.0 0.0180 0.4 0.0 0.5 2.4 0.3 4.8 0.0 1.9240 0.6 0.0 1.3 3.3 0.5 11.8 2.2 4.8300 0.7 5.8 2.2 4.3 0.8 18.7 3.6 7.0
1 ‘F’ ratio—Varieties, 12.24; mill fractions, 18.03; proteolytic supplements, 19.54; aosages, 11.19; (P <  0.01)
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min. After proofing for 55 min at 303C, the loaves 
were baked for 25 min at 232°C, cooled and volume taken 
by the rape seed displacement method5. Next day they 
were scored for crust and crumb characteristics.

Soluble N and loaf volume data were examined 
statistically by the analysis of variance using ‘F’ 
ratio as criterion of significance.
Results and Discussion

Soluble N: Statistically significant (p<0.01) differ­
ences existed in the protease inhibitory effect of the 
varieties, their milled fractions and the proteolytic 
supplements (Table 2). The extract of ‘WG 357’ bran 
showed no inhibitory effect on Rhozyme A-4 upto 240 
CU concentration. Greater inhibition of papain and 
ficin by the bran extract of ‘S 308’ than ‘WG 357' was 
observed. Extract of ‘S 308’ shorts inhibited papain 
more than ficin. The flour extract of ‘WG 357’

showed minimal inhibitory effect as compared to ‘S 
308’.

Gluten: Ficin affected the gluten strength of both 
the varieties than papain which affected more the weaker 
‘S 308’ gluten in the range of 30-120 CU/lOOg (Table 3). 
Rhozyme A-4 had little effect either on the quality or 
♦ fie percentage recovery of gluten. However, with in- 
.reased level of the enzyme, these parameters were 
affected. There seemed to be hardly any correspon­
dence between the results of soluble N as an index of 
proteolytic inhibitor activity with the physical changes 
in gluten evaluted by the Hanfords’ method.9 The 
liquefying action of ficin on gluten was attributed to its 
faster action. A gradual decrease in the recovery of 
gluten from doughs having increasing levels of the pro­
teolytic supplements (10-40 CU/lOOg) and extended rest 
time simulating bulk fermentation of dough was obser­
ved (Table 4). The loss of gluten from ‘S 308’ having

T able 3. effect  of 
Dosage

PROTEOLYTIC SUPPLEMENTS
WG 357

ON THE RECOVERY AND STRENGTH OF GLUTEN
S 308

Proteolytic supplement (CU/lOOg) D ry gluten
(%)

Decrease
(% )

Gluten9 
strength score

Dry gluten 
(%)

Decrease
(%)

Gluten9 
strength score

Control 0 9.0 — 6 9.2 — 6
Papain 30 9.0 0.0 6 9.1 1.1 5

60 9.0 0.0 6 9.0 2.2 4
120 8.8 2.2 6 9.0 2.2 2

Ficin 30 8.9 1.1 6 9.0 2.2 5
60 8.4 6.7 4 8.5 7.8 2

120 8.1 10.0 2 — — 0

Rhozyme A-4 30 9.0 0.0 6 9.2 0.0 6
60 8.7 3.3 6 9.1 1.1 6

See Reference 9
120 8.9 1.1 6 9.2 0.0 6

T able 4. effect OF PROTEOLYTC 

Dosage

SUPPLEMENTS ON THE RECOVERY AND STRENGTH 
NINETY MINUTES
WG 357

OF GLUTEN FROM DOUGH,

S 308

RESTED FOR

Proteolytic supplement (CU/100g) Dry gluten
(%)

Decrease
(%)

Gluten9 
strength score

Dry gluten
(%)

Decrease
(%)

Gluten9 
strength score

Control 0 8.9 — 6 10.0 — 5
Papain 10 8.8 1.1 6 9.2 8.0 5

20 8.8 1.1 6 9.1 9.0 5
30 8.7 2.3 5 9.0 10.0 5
40 8.2 7.8 5 8.6 14.0 4

Ficin 10 8.9 0.0 6 9.8 2.0 5
20 8.7 2.3 6 9.6 4.0 5
30 8,6 3.4 6 9.4 6.0 5
40 8.4 5.6 6 9.4 6.0 4

Rhozyme A-4 10 8.9 0.0 6 10.0 0.0 5
20 8.9 0.0 6 9.8 2.0 5
30 8.7 2.3 6 9.7 3.0 5
40 8.6 3.4 6 9.6 4.0 5

See Reference 9.
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papain (40 CU/lOOg) was upto 14 per cent. The gluten 
was largely disrupted by papain than either by ficin or 
by Rhozyme A-4. ‘WG 357’ gluten was rated stronger 
according to Hanford9 scale than ‘S 308’. Upto 40 
CU/lOOg of the proteolytic supplements, the strength 
of its gluten was hardly affected. It was commonly 
observed that the supplements mellowed the glutens 
even below the inhibitory levels.

Farinograms: ‘WG 357’ flour showed better rheologi­
cal quality by the farinograph technique than ‘S 308’ 
characterised by poor absorption, dough development 
time,-mixing tolerance index and marked tendency to 
softening (Table 5). At difterent levels of the proteolytic

supplements, peak consistencies hardly changed. The 
dough development times decreased gradually as the 
level of papain was increased from 30 to 120 CU/lOOg 
unlike the negligible effect of ficin and Rhozyme A-4 
which hardly affected the properties of ‘WG 357’ dough. 
The results indicated a substantial latitude in the rheo­
logical behaviour cf dough in case of ficin than papain 
and Rhozyme A-4. This was despite the fact that ficin 
showed considerable softening of gluten in isolated 
systems.

Dough handling: Dough ol ‘S 308’ having 10 CU/ 
lOOg of papain was sticky which became more sticky with 
increased concentration of the supplements (Table 6)

Table 5. effect of proteolytic supplements on the farinograph curve characieristics of WG 357 and S 308 flours 
Dosage Dough development Stability, Mixing tolerance index Softening

Proteolytic supplements (CU/lOOg) time (min) (min) (B.U.) (B.U.)
W G 357 S 308 W G 357 S 308 WG 357 S 308 WG 357 S 308

Control 0 3.8 2.2 6.0 1.7 95 160 80 150
Papain 30 3.5 2.1 4.8 1.4 90 155 85 170

60 3.0 2.0 4.0 1.5 105 170 95 180
120 1.5 1.9 2.7 0.8 105 155 160 220

Ficin 30 4.0 2.1 5.7 1.7 95 155 70 165
60 3.7 2.1 6.7 1.5 85 160 70 155

120 3.5 2.1 6.6 1.7 95 155 75 170
Rhozyme A-4 30 3.2 2.0 3.8 1.5 75 160 125 170

60 3.5 2.0 2.9 1.6 125 160 150 185
120

Farinograph water absorption—WG 357,
3.5

58.8%, S
2.1

308, 55.2%
4.8 1.0 165 160 135 190

T able 6. effect of proteolytic supplements on thf, dough handling properties1 of WG 357 and S 308 flours at different stages
IN BANKING

Proteolytic supplement Stage

Papain Mixing
Remixing
Sheeting/moulding

Ficin Mixing
Remixing
Sheeting/moulding

Rhozyme A-4 Mixing
Remixing
Sheeting/moulding

1. N —normal P—pliable E—extensible
VF—Very flowy R—rotten

Proteolytic supplements treated at indicated dosages (CU/lOOg)
WG 357 S 308

0 10 20 30 40 0 10 20 30 40
N N N N N N N N N N
N N N SS VS N SS S VS VVS
N N N E R N F F VF R
N N N N N N N N N N
N N N N N N N N N N
N N N P P N N N N E
N N N N N N N N N N
N N N N N N N N N N
N N N P P N N N N N
SS—slightly sticky S-—sticky VS—very sticky VVS--very very sticky F—Flowy
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T able 7. effect  of pro teo ly tic  su pplem en ts  w it h  a n d  w it h o u t  sa lt  o n  th e  b a k in g  c h a ra cteristics  of
WG 357 and S 308 flours

WG 357 S 308
Proteolytic Dosage Salt 0 .0 .% Sait 1.5% Sait 1.5%
supplement (CU/100g) Loaf

vol.
(ml)

Crumb Loaf
vol.

(ml)

Crumb Loaf
vol.
(ml)

Crumb

Grain Texture Grain Texture Grain Texture

Control 0 515 F S 520 F S 475 F S
Papain 10 500 F S 495 F S 475 F S

20 465 F S 455 F S 425 F H
30 425 C H 420 C H 405 C H
40 — — — 400 C H 400 C H

Ficin 10 495 F S 520 F S 510 F S
20 500 F S 520 F S 495 F S
30 505 F s 520 F S 495 F S
40 495 F s 500 F s 500 F S

Rhozyme A-4 10 505 F s 515 F s 515 F s
20 500 F s 515 F s 515 F s
30 500 F s 515 F s 515 F s
40 505 F s 495 F s 520 F s

F—fine G —coarse S—soft H—hard
‘F* ra tio —varieties, 2.95 (non-significant); —proteolytic supplements, 19-79 (significant at P=0 .01); —dosages, 1.79 (non-significant)

Under similar conditions, ‘WG 357’ dough was less 
sticky. Ficin and Rhozyme A-4 doughs were judged 
normal at different stages of handling in baking. ‘WG 
357’ doughs, without salt, were more sticky than with 
salt, specially when papain (40 CU/100g) was used. The 
improving effect of salt on the ‘WG 357’ doughs having 
Rhozyme A-4 was also observed. Collating the results 
of gluten softening and dough handling properties, 
it seemed that plant proteases had greater effect on dough 
than the fungal protease, which contrasted with the 
proteolytic inhibitor concept based on soluble N values.

Baking: As the level of papain in the dough was 
increased from 0-40 CU/100g, the loal volumes decreased 
considerably (Table 7). The loaf volume of ‘S 308’ was 
decreased even at 10 CU level of papain, being more 
pronounced with 40 CU in the dough. The loaf volumes 
were hardly affected by the corresponding levels of 
ficin and Rhozyme A-4 supplements. Overall, differences 
in loaf volume of the varieties of wheat were non-signi­
ficant. However, among the proteloytic supplements, 
the loaf volume differences were statistically significant 
(P<0.01). The damaging effect of papain on loaf 
volume has been reported by Hites el a!.1 The crumb 
grain of ‘WG 357’ control and of 10-20 of papain loaves

was fine but became coarse at 30 CU level. The grain 
of ‘S 308’ control loaves was fine but became coarse 
even at 10 CU of papain, and more so when 20-40 CU 
of the enzyme was used. With ficin and Rhozyme A-4 
in the range of 10-40 CU, the crumb grain of loaves of 
both the varieties was fine and texture softer. ‘WG 357’ 
loaves baked without salt had characteristics similar 
to the loaves without salt, but tasted incipid. Improve­
ment in crumb characteristics using judicious levels of 
proteolytic supplements was reported by Singh et al4. 
The present study has shown that the inhibitory effect 
of milled wheat fractions was largely confined to the 
soluble N producing action. The gluten softening action 
was less obvious over the optima! range of supplements 
used with accompanying improvement of loaf charac­
teristics.
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Effect of Roasting on Amylose Content and Textural Quality of Cassava (Manihot esculenta Crantz)
K. C. M. R a ja , E m ilia  A bra h a m  a n d  A. G. M a th e w  

Regional Research Laboratory, Trivandrum-695 019, India
M anuscript received  31 January 1983; revised  26 S eptem ber  1983

Tubers from seven cultivars of cassava were processed by pan-roasting of the flour and their amylose content and 
organoleptic quality evaluated. The roasted samples were less Sticky when steam-cooked, than unroasted samples. 
Both total and insoluble amylose content were higher in the roasted samples. Intervarietal relationship between in­
soluble amylose content and stickiness score was not consistent. In addition to amylose. unbound fat may also con­
tribute to the cooking quality of cassava.

Cassava Hour becomes sticky during cooking1. This 
in turn, lowers the acceptability of the product. Studies 
in this laboratory have shown that cooking quality of 
cassava could be improved by heat-moisture-treatment2. 
Cereal flour prepared from wheat, and rice are often 
roasted prior to steam-cooking to reduce the develop­
ment of stickiness. In the present study the effect of 
roasting on amylose content and textural quality of the 
roasted cassava flour in terms of stickiness have been 
studied using a few selected cultivars.
Materials and Methods

The cultivars used for the study were two local 
varieties ‘Malayan-4’ (M-4) and ‘Local White', and also 
the high-yielding varieties ‘H-97,’ ‘H-2304', ‘H-165’, 
‘H-226’ and ‘H-1687’ released by the Central Tuber 
Crops Research Institute (CTCRI), Trivandrum. ‘Mala- 
yan-4’ and ‘Local White’ were procured from the local 
farms while the high-yielding varieties were collected 
from CTCRI Experimental Farm.

Potato amylose used as the standard was obtained 
from the Vallabhai Patel Chest Institute, New Delhi.

A C-2 spectrophotometer Model VSU-2P was used for 
reading the absorbance.

Heat treatment by roasting: Fifty gram lots of flour
were moistened to raise the moisture content to 28±2 
per cent, hand-mixed and kept in stoppered glass bottles 
for 1 to 2 hr for moisture equilibration. Samples were 
then roasted till the product gave out a fried aroma. 
Experiments were done in triplicate with each variety. 
The parameters studied are given in Table 1.

Amylose estimation: Total and hot-water soluble 
amylose contents were estimated in both untreated and 
roasted samples. The difference between the two values 
was taken as the insoluble amylose content of each 
sample. Total amylose was estimated by the method 
described by Sowbhagya and Bhattacharya-h

The soluble amylose was determined by the method 
of Hall and Johnson4 with the following modification 
arrived at after standardisation of particle size, extrac­
tion time and size of the aliquot.

Fifty milligrams of flour sample 60-100 mesh (British 
Mesh No.) was extracted with 100 ml distilled water 
in a boiling water bath for 10 min. Aliquots (5 ml)
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Table 1. experimental parameters of heat treatment of
CASSAVA FLOUR

Initial Moisture Roasting Roasting Moisture
Cassava Moisture after equi­ temp. period of roasted
variety content

<%)
libration

(%) (°C)
(min) sample

(%)
M-4 10.2 27.0 102 15 2.6
Local white 8.2 26.0 102 15 1.4
H-97 7.6 25.8 102 15 1.2
H-2304 7.6 26.0 102 14 1.4
H-165 9.6 26.6 101 14 1.8
H-226 9.2 26.0 104 15 2.1
H-1687 9.4 26.8 102 14 1.2

were taken for development of colour. The absorbance 
was read at 600 nm. Analyses were done in triplicate 
and the mean value was taken in each case.

C o o k in g  q u a l i ty  s tu d ie s :  Cooking quality of the
steam-cooked products prepared frcm roasted samples 
were evaluated by a selected panel of 8 judges. The 
products prepared from plain (not roasted) cassava 
flour, and rice flour were used as re'erence samples for 
lowest and highest acceptability respectively.
Results and Discussion

Results of the analyses of untreated and roasted 
samples for their amylose contents and their organoleptic 
score for stickiness are presented in Table 2.

C h a n g es  in a m y lo s e  c o n te n t:  An increase in the
values of both total and insoluble amylose content was 
noticed in all the varieties after roasting. The total

amylose content in the roasted samples ranged from
20.6 to 22.5 per cent among the varieties studied. These 
values were more or less indentical with the values 
obtained for the same varieties after defatting with 
chloroform-methanol (2:1) as already reported by Raja 
e t  a l$ . In the latter case the values ranged from 20.3 to
21.9 per cent. This possibly suggests that like defatting, 
heat treatment by roasting may also enable the cleavage 
of lipid-amylose complex, thereby enhancing the free 
amylose content in the roasted samples.

The per cent increase of total amylose content in the 
roasted samples over that of untreated ones differed 
significantly among the varieties. Eventhough varieties 
like‘M-4’ and‘H-165’; ‘H-97; ‘H-226’, and ‘H-1687’ 
had almost similar levels of amylose contents in their 
untreated samples, the per cent increase of amylose after 
roasting was widely different. This could be due to the 
difference in the nature of lipid-amylose complex which 
may be characteristic of each variety. It has already 
been reported by these authors that the extractable total 
lipids from the varieties used for the study, ranged from 
0.9 to 1.2 per cent when the samples were extracted using 
solvent system consisting of chloroform-methanol, 
(2:1)5.

A m y lo s e  c o n te n t a n d  te x tu r a l  q u a l i ty :  In rice flour,
studies carried out with different varieties of rice by 
Bhattacharya e t  a l 6. have indicated that insoluble 
amylose content could be considered as an index of 
cooking quality. In this study on cassava flour also, 
increase in amylose contents after roasting was found to 
be generally followed by reduction in stickiness. How­
ever, it was slightly different in that the relationship 
among different varieties was not so close or direct 
as in the case of rice. The reduction of stickiness during 
roasting may also be due to the presence of unbound

T able 2. amylose content* and cooking quality of cassava flour

Raw flour Roasted flour
Cassava
Variety

Total
amylose

(%)

insoluble
%

tm y lose 
As % of 

total 
fmylosc

Stickiness 
(score )@

Total amylose 
% %

increase
Insoluble
%

amylose 
As % of 

total 
amylose

Stickiness
(score)

M-4 18.8 5.6 29.7 2.6 20.6 9.5 7.2 34.9 4.7
Local white 19.4 5.6 28.8 3.4 21.6 10.2 8.8 40.7 5.2
H-97 19.1 3.7 19.3 2.7 21.5 12.6 7.9 36.7 4.0
H-2304 20.3 5.3 26.1 3.5 21.4 5.4 7.4 34.6 4.4
H-165 18.9 5.1 26.9 1.5 22.5 19.0 9.0 40.0 2.5
H-226 19.7 5.2 26.4 1.5 21.4 8.6 7.8 36.4 4.0
H-1687 19.6 7.2 36.7 3.2 20.9 6.6 9.6 45.9 4.1

‘ Expressed on moisture free basis
@Expressed on a score scale: 0 to 10=lowest to highest acceptability
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Pat (polar lipids) caused by the cleavage of lipid-amylose 
complex as it is already known that amylose forms 
inclusion compounds with polar lipids7, it has already 
been reported in our earlier study5 that defatting of 
cassava increases the insoluble amylose content but 
results in increased stickiness possibly due to quicker 
gelatinisation and also total removal of fat.
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Composition and Storage Characteristics of Khoa Made from Lactose Hydrolysed Buffalo Milk
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Lactozyme a /3-D-gaIactosidase preparation (NOVO Industries, Denmark) when added at the rate of 1 ml/1 of buffalo 
milk a t 40°C hydrolysed about 50, 71 and 90 per cent of lactose in 30, 60 and 120 min correspondingly. Significant 
differences (P < 0 .05 ) were noted in lactose and hydroxymethyl furfural (HMF) contents of Khoa prepared from lactose 
hydrolysed (LHM) and lactose unhydrolysed (LUM) milk. Khoa from LHM  contained 2.56 per cent lactose as com­
pared to 23.4 per cent of the one prepared from LUM. The HM F content (61.28 f i  M/100 g) was also signifi­
cantly higher (P < 0 .05 ) than the khoa  made from LUM (14.28 p-M/100 g). Khoa prepared from LUM exhibited
higher proteolysis and lipolysis, and was also susceptible to mould attack within 3-4 days. Khoa prepared from LHM
showed higher peroxide value, resistance to mould attack till 30 days. It was sweet in taste, soft, brown in colour and had
uniform body and texture.

The problem of lactose intolerance due to the defici­
ency of jJ-D-galactosidase in the brush border ol intesti­
nal mucosa1.2 has necessitated development of milk 
products based on lactose degraded milk3. The incidence 
of lactose intolerance vary with different races and geo­
graphical condition4. Among Indians and people of 
the far east, lactose intolerance ranges from 50 to 85 
per cent5. So far attempts have not been made to utilize 
lactose hydrolysed milk for the manufacture of dairy 
products in India. Khoa is one of the important products 
made from whole milk which forms a base for many

Indian sweets. About 7 per cent of total milk produced 
in the country is converted into Khoab. Studies were 
undertaken on the enzymatic hydrolysis of lactose in 
buffalo milk and' conversion of such milk to khoa. 
The results are presented here.
Materials and Methods

Buffalo milk was obtained from the student’s Training 
Dairy of this college and also from the Hadgud village 
Co-operative Society of Amul Dairy, Anand.

Lactose hydrolysis: Lactozyme of NOVO Industries,



PRAKASH AND SHARMA : COMPOSITION AND STORAGE OF KHOA MADE FROM LACTOSE 79

Denmark (1500 lactase units/ml) was used at the rate 
of 1 ml per 1 of milk. Reaction was carried out at 40°C 
for 2 hr and the extent of hydrolysis recorded at 30 min 
intervals according to the procedure of Nickerson 
et a l 7. Samples of 50 ml were boiled to arrest the reaction. 
Milk used for manufacture of k h o a  was incubated at 
40°C for one hour after addition of lactozyme.

K h o a  was prepared from both unaltered (LUM) and 
lactose hydrolysed (LHM) raw milk, by the open pan 
desiccation method, in batches of 3 1, as described by 
Srinivasan and Anantakrishnan8.

Total solids, protein, ash, calcium and total reducing 
value of milk and k h o a  samples were determined as 
described in 1ST9. Fat in milk111 ana K h o a 11 w'as esti­
mated by ISI methods. The acidity of milk and recon­
stituted k h o a  (20 g k h o a l 100 ml water) is expressed as 
lactic acid10. Lactose, glucose and galactose in milk 
and k h o a  were estimated by the method of Nickerson 
et a l 7. Free fat in k h o a  was estimated by the method of 
Hall and Hedrick12, free fatty acids (FFA) by the method 
of Thomas et a l i7>, proteolysis by the method of Lowry 
et a/14, peroxide value by A.O.A.C.15 procedure and the 
hydroxy methyl furfural (HMF), by the method of 
Keeney and Bassette16. Comparison between the two 
k h o a  preparations was carried out by the application 
of ‘t’ test12.
Results and Discussion

The rate of hydrolysis of lactose in buffalo milk by 
lactozyme is shown in Fig. 1. It is observed that about 
71 and 90 percent of lactose is hydrolysed with 60 and 
120 min of incubation respectively. Percentage hydrolysis 
of lactose in six samples of raw milk used for prepara­
tion of k h o a  ranged from 71.2 to 74.2 with an average 
of72.8±1.09.

Fig. 1. Raie of hydrolysis of lactose by Lactozyme in Buffalo 
milk.

The results on the chemical composition of milk, 
k h o a  made from LUM and LHM are presented in Table
1. Very low moisture content of k h o a  samples may be 
attributed to the prolonged desiccation period required 
to achieve proper body and texture in LHM-k h o a .  
Lactose content of LHM-k h o a  (2.56 per cent) is signifi­
cantly (P<0.05) lower than that of LUM-k h o a  '23.40

T able 1. chemical co m position  of m ilk  a n d  k h o a  made
FROM LACTOSE HYDROLYSED (LHM) AND LACTOSE 

UNHYDROLYSED (LUM) MILK
Constituent Milk LUM-

Khoa
LHM-
Khoa

Total solids (g/lOOg) 15.63 81.29 82.97
Fat (g/100 g) 6.76 36.37 39.67
Protein (g/100 g) 3.51 17.73 18.05
Lactose (g/100 g) 4.62 23.40 2.56*
Glucose-)-galactose (g/100 g) — — 18.90
Ash (g/lOOg) 0.69 3.67 3.77
Calcium (mg/lOOg) 155.00 854.30 844.30
Phosphorus (nig/100 g) 98.00 620.80 607.50
Acidity (%  lactic acid) 0.135 0.63 0.65
Total reducing capacity 

(%  glucose) 3.600 17.71 19.23
Hydroxy methyl furtfural 

( p  m/100 g) — 14.28 61.28*
Free fat (%  of total fat) — 65.91* 55.10
Free fatty acids (%  oleic acid) — 0.22 0.20

Average of six samples. *Significant at 5 per cent level

T able 2. c h a n g es  in  a c id it y , t y r o sin e  release (pro teo ly sis),
FREE FATTY ACIDS RELEASE (LIPOLYSIS) AND PEROXIDE VALUE OF 

LACTOSE UNHYDROLYSED (LUM) AND LACTOSE HYDROLYSED 
(LHM) KHOA DURING STORAGE AT 30°C

Storage Acidity Tyrosine Free fatty Peroxide
period (% lactic (mg/g) acids value
(hr) acid) (%  oleic 

acid)
(ml of 
0.002 N 

(Na2S203/g)
LUM- LHM -LUM - LHM -LUM  LHM- LUM- LHM- 
Khoa Khoa Khoa Khoa Khoa Khoa Khoa Khoa

0 0.62 0.64 1.98 1.80 0.22 0.20 0.24 0.51
24 0.69 0.75 2.16 1.89 0.24 0.21 0.57 0.79
48 0.74 0.79 2.83 2.06 0.33 0.30 0.67 1.08
72 0.78 0.81 3.59 2.37 0.47 0.39 0.72 1.42
96 0.81 0.83 4.20 2.49 0.55 0.44 1.05 1.92

120 0.84 0.85 4.57 2.68 0.63 0.49 1.21 1.98
144 0.89 0.90 4.76 2.90 0.70 0.54 1.36 2.19
Each value is the average of six replications.
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per cent). It is also observed that there is further hydro­
lysis of lactose probably due to continuance o: acti­
vity even during evaporation till the enzyme is inacti­
vated at elevated temperature. The net hydrolysis of 
lactose during these two stages therefore, totalled to 
about 89 per cent. The chemical composition of LUM- 
k h o a  is comparable with reported values8. It is also 
seen in Table 1, that when milk is converted into k lio a ,  
there is increase in acidity. This could be attributed to 
lactose-protein interactions18, phosphate bond cleavage19 
thermal decomposition of lactose20 and the displacement 
of ionic calcium phosphate equilibrium21 which also 
lead to the heat coagulation of milk during preparation 
of k h o a  and such changes appear to be more pronounced 
in LHM-milk during k h o a  making.

Increase in the total reducing value in LHM-k h o a  is due 
to the relase of monosaccharides (glucose and galac­
tose). Higher concentration of HMF (Table 1) in case of 
L K M - k h o a  may be due to the release of monosac­
charides which interact with proteins during processing22. 
The resulting complexes on constant heating during 
k h o a  making decompose faster and produce substantial 
amount of HMF and other intermediates23 causing 
extensive browning in the product as compared to the 
LUM-k h o a . The free fat in k h o a  is due to the rupture 
of fat globule membrane as affected by agitation of 
heated milk24. Free fat to the extent of 82 per cent in 
k h o a  prepared from buffalo milk has been reported25. 
The differential status of free fat could be attributed to 
the status of lactose in two types of k h o a  preparations26. 
However no significant difference is noted in the initial 
free fatty acid (FFA) content of the two types of k h o a .

The changes in the composition of k h o a  during storage 
are presented in Table ?. Acidity, proteolysis, lipolysis 
and peroxide value increased with time leading to the 
changes in the organoleptic characteristics of the pro­
duct. Proteolysis (release of tyrosine) and lipolysis 
(release of FFA) was higher in L U M - k h o a  because of 
higher microbial activity as evidenced by early ap­
pearance of yeasts and moulds on LUM-k h o a  (3rd or 
4th day of storage) than the LHM-k h o a . The higher 
peroxide value in case of LHM-k h o a  may be due to 
higher HMF content which is produced at a faster rate. 
The rate of development of lactic acid in the twc types 
of k h o a  was almost similar during storage. The obser­
vations with respect to acidity, FFA and peroxide value 
of L U M .-k h o a  are in close agreement with the observa­
tions of Rudreshappa and De27.

Mould growth was observed on the surface of LUM- 
k h o a  on the 3rd or 4th day while LHM k h o a  remained 
sound for one month. This may be due to the presence 
of browning intermediates particularly the higher con- 
centrarion of HMF in LHM -k h o a . Other factor may be 
change in the water activity of the product due to the

gen eration  o f  extra m o lecu les o f  g lu co se  and  g a la c to se  
u p o n  h yd ro ly sis  o f  la c to se  in  m ilk .

T h e khoa prepared from  L H M  w as ap p reciab ly  sw eet 
in ta ste , con sid erab ly  brow n in co lo u r  an d  h ad  so ft, 
sm ooth  a n d  fa irly  u n ifro m  b o d y  a n d  tex tu re.
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Preparation of a Yoghurt-like Product from Soybeans*
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Yoghurt-like fermented product was prepared from soymilk using Streptococcus thermophilus and Lactobacillus 
acidophilus after fortification with 1 per cent sucrose. A mixture of the two cultures produced more acid (0.7 
per cent) after 24 hr than any one, of the cultures individually. The pH was found to be 4.3. Sensory evaluation 
revealed absence of beany flavour and the products had desirable body and texture. Incorporation of 10-20 per cent
skim milk enhanced acid production and flavour, without 
weakened the body.

Traditionally lactic acid bacteria are used to pre­
pare fermented milk products. Soymilk fermentation 
utilizing lactic cultures have been carried out by many 
workers1-5. Hang and Jackson6 prepared a cheese­
like product from soybeans using S. thermophilus. 
Yamanaka et al7 prepared a sour milk beverage from a 
mixture of soy protein, cows milk, sucrose and amino 
acids using S. thermophilus and L. bulgaricus. Wang 
et al8. prepared (refershing sweet sour taste) a fermented 
soy milk drink using L. acidophilus. Mital and 
Steinkraus9 prepared soya fermented product with 
acceptable flavour and yoghurt-like texture but with low 
acidity.

The major fermentable carbohydrates in soybeans are 
sucrose (5.0 per cent), rafflnose (1.1 per cent) and 
stachyose (3.8 per cent)16, but in soy milk the concen­
tration of these carbohydrates is less than 1 per cent and 
nearly half of which is not utilized by lactic acid 
bacteria11. Certain lactobacilli possessing alpha galac- 
tosidase are able to utilize these carbohydrates. Thus 
approximately 0.5 per cent of carbohydrates are available 
in soy milk for fermentation as compared to about 5

impairing the body of the product while a higher level

per cent in cow or in buffalo milk which may explain 
for low acid production. Therefore, supplementation 
of soy milk with a suitable carbohydrate like sucrose 
ensures5.12 sufficient acid production.

Supplementation of sucrose and skim milk to soy 
milk on acid production and acceptability of the fer­
mented product were investigated.
Materials and Methods

Cultures: Lactobacillus acidophilus (NRRL-B-629) 
obtained from Northern Regional Research Laboratory, 
Peoria, Illinois (U.S.A.) and Streptococcus thermophilus 
obtained from National Dairy Research Institute, 
Karnal (India) were used in this study. The cultures were 
grown in sterile soy milk at 37°C and were maintained 
at 5°C between monthly transfers.

Preparation of soy milk: Dry, whole soybeans (Bragg 
variety) obtained from Crop Research Centre of the 
University were cleaned, washed and soaked in tap 
water over night in three times the weight (w/v). After 
decanting the soak water, the beans were washed again 
with fresh tap water. The wet soybeans were then

*Presented at International Food Conference held at Bangalore, May 23-26, 1982.
Publication No. 2743 under the Journal series of Experiment station, G. B. Pant Univ. of Agriculture and Technology.
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T a b le  J. p r o x im a t e  c o m po sit io n OF SOY MILK

Constituent Per cent
M oisture 91.00
Protein 3.10
Fat 2.00
Ash 0.43
Carbohydrates2 (by diff.) 3.47

1 Average of duplicate experiments 2Coutains 1 % added sucrose w/v

ground with nine times the weight of hot water (89-90°C) 
in a colloid mill. Boiling water inactivates lipoxigenase 
during grinding13. The ground material was then filtered 
using double layered cheese cloth. Soy milk so obtained 
was supplemented with I per cent sucrose (w/v). Two 
hundred millilitres of soy milk dispensed in 500 ml 
conical flask was sterilized at 121 °C for 15 min. Table 1 
shows the proximate composition of soy milk.

Fresh skim milk obtained from Live Stock Research 
Centre of the University was added to soy milk at 10, 
20 and 30 per cent level and sterilized at 121 °C for 15 
min.

Protein was determined by Kjeldahl method14. Fat 
moisture and ash were determined according to AOAC 
procedures13.

Fortified Soy milk was manufactured at 37 -C inocu­
lated with 16-18 hr culture at 1 per cent level. The 
mixed culture consisted of 0.5 per cent of each and 
samples were withdrawn at specified intervals and analys­
ed for growth, acid production and pH.

Lactic agar15 plates, in duplicate were used to deter­
mine viable counts, after incubating at 37°C for 24-48 
hr. Ten gram samples were titrated against 0.1 N  
NaOH using phenolphthalein as the indicator and 
acidity calculated.

Sensory evaluation: Fermented Yoghurt-like products 
were evaluated for their body, texture and flavour. A 
taste panel consisting of 6 members rated the samples 
on Hedonic scale15 from 1 to 9 where 1 and 9 represented 
dislike extremely and like extremely, respectively.
Results and Discussion

As seen from Table 2, S. thermophilus was more 
(3.9 xlO8 ml) in soy milk than in soy milk-skim milk 
combinations (9.8 X 107-1.80x 108/ml). Besides this, 
the time taken to attain higher population was less in 
soy milk than in the other samples. In contrast, L. 
acidophilus attained greater numbers in soy milk-skim 
milk combinations (7.8 X 108/ml) than in soy milk (3.7 X 
108/ml) (Table 3). The mixed cultures of .S', thenmphilus

TABLE 2. S. T H E R M O P H I L U S  (PER ML) IN SOY MILK AND SOY 
MILK-SKIM MILK COMBINATIONS1

Time
(hr)

Soy milk Soy m ilk+ 
10%

skim milk
Soy milk + 

20%
skim milk

Soy milk + 
30%

skim milk
0 l.O xlO 3 2.0X 102 5.6X102 5.5X102
4 7.0 X 107 7.4x IO7 3 .6 x l0 2 7.5X107
8 3.9x10” 8.9x107 8.1X107 1.8X 10”

12 2.6X 108 1.0x 10” 9.8x107 1.4x10”
16 1.8X 10” 1.4x10” 6.0X107 1.3x10”

'Average of duplicate experiments

T able  3. L .  A C I D O P H I L U S  (PER ML) IN SOY MILK AND SOY
MILK-SKIM MILK COMBINATIONS1

Time
(hr)

Soy milk Soy milk + 
10%

skim milk
Soy milk-t- 

20%
skim milk

Soy milk + 
30%

skim milk
0 1.5X103 7.2X102 1.1X 103 l.O xlO 3
4 4.5x107 3.6X107 1.OX 107 J.8X 103
8 2.2x 10” 6.1X 10” 2.9X10” 5.3X107

12 3.7x10” 6.2X 10” 4.3X10” 7.4X10”
16 2.6X 10” 2.9X10” 2.9X10” 7.8X10”

’Average of duplicate experiments

and L. acidophilus exhibited growth pattern similar to 
that of S. thermophilus. It indicates that S. thermophilus 
grew faster than L. acidophilus. The mixed culture 
attained higher numbers (2.9 X 108/ml) in soy milk than 
in soy milk-skim milk combinations ( l . 8x  108-2.1 x 108/ 
ml) (Table 4).

S. thermophilus and L. acidophilus ferment sucrose17. 
There are reports5-7.18,t® to indicate that S. thermo­
philus produces more acid and L. acidophilus produce 
sufficient acid in soy milk.

T a b le  4 . g r o w t h  o i m ix ed  c u l t u r e  ok a. t h e r m o p h i l u s  an d
/,. A C I D O P H I L U S  (Per ML) IN SOY MILK AND SOY MILK-SKIM MILK 

COMBINATIONS

Time
(hr)

Soy milk Soy milk + 
10%

skim milk
Soy milk-t- 

20%
skim milk

Soy milk +
30%

skim milk
0 1.3 x  103 3 . 0 X 1 0 2 l.O xlO 3 1 .1  X 1 0 3
4 5.5x107 6.2x107 9.2x107 9.3 x  10”
8 2.8X 10” 1.1 XlO” 1.1x 10« 1.8 x 10”

12 2.9 x 10” 1.5x10” 2.0X 10” 1.7X10”
16 2 .8  X 1 0 ” 2.1X 10” 1.0X 10” 8.8x107

'A v e r a g e  o f  d u p l i c a l e  e x p e r im e n t
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T able 5 . t it r a t a b l e  a c id it y  (ta )  a n d  pH o f  so y m il k  a n d  s o y m il k -sk im  m il k  c o m b in a t io n s  fe r m e n t e d  w it h  l a c t ic  a c id  b a c t e r ia 1

Organism Soy milk Soy m ilk+10%  
skim milk

Soy m ilk + 20% 
skim milk

Soy m ilk+30%  
skim miik

%TA PH %TA pH %TA pH %TA pH
Initial 0.15 6.3 0.13 6.4 0.12 6.4 0.13 6.40
S . thermophilus 0.58 4.5 0.63 4.4 0.69 4.3 0.70 4.20
L . acidophilus 0.63 4.5 0.68 4,5 0.76 4.3 0.81 4.20
S . thermophilus+ 
L. acidophilus

0.70 4.3 0.78 4.2 0.83 4.1 0.88 4.10

'Average of duplicate experiments
Per cent titratable acidity and pH were determined after 24 hr.

T able  6. ta st e  p a n e l  e v a l u a t io n  o f  soy  m il k  f e r m e n t e d  w it h  
d if f e r e n t  c u l t u r e s

Culture Flavour
score1

.S', thermophilus 6.16
L . acidophilus 6.60
S . thermophilus+ L„ acidophilus 7.50
All samples had desirable body and texture 
‘The samples were rated on Hedonic scale numerical values 

ranging from 1 to 9 where 1 represented dislike extremely and 9 
represented like extremely.

T a b le  7. ta st e  p a n e l  e v a l u a t io n  o f  so y  m il k  a n d  so y  m il k +  
sk im  m il k  c o m b in a t io n s  f e r e m e n t e d  w it h  m ix e d  c u l t u r e

OF .S'. T H E R M O P H I L U S  AND L .  A C I D O P H I L U S

Treatment Flavour
score1

Soymilk 6.63
Soymilk + 10% skim milk 6.72
Soymilk +  20% skim milk 7.18
Soymilk+30%  skim milk 7.81
'The samples were rated on Hedonic scale numerical values 

ranging from 1 to 9 where 1 represented cislike extremely and 9 
represented like extremely.

All samples showed desirable body except the 30% skim milk 
used sample which showed a week body.

Acid production and changes in pH brought about by 
S. Ihermophilus, L acidophilus and their combinations 
in soy milk are presented in Table 5. Mixed culture of 
S. thermophilus and L. acidophilus produced greater 
amount of acid in soy milk than by either of the culture. 
Addition of skim milk to soy milk further enhanced 
acid production. Yamanaka and Furukawa20 have also 
reported that addition of skim milk to soy milk upto 30 
per cent enhanced acid production by lactic cultures. 
The changes in pH were in conformity with acid produc­
tion by the culture.

The results of sensory evaluation of fermented pro­
ducts are presented in Table 6. Soy milk fermented with 
mixed culture of S. thermophilus and L .  acidophilus 
(acidity 0.70 per cent, pH 4.3) was rated superior to the 
soy milk fermented either with S. thermophilus (acidity 
0.58 per cent, pH 4.5) or L .  acidophilus (acidity 0.63 
per cent, pH 4.5). Greater acid production has been 
recorded as the main criterion for higher rating o f soy 
milk. All the three samples were found to be devoid 
of beany flavour and exhibited clean, slightly acidic 
taste and desirable body and texture.

Though addition of skim milk to soy milk enhanced 
acceptability of the product, it was found that incorpo­
ration of skim milk more than 20.0 per cent weakened 
the body of the product (Table 7).

Thus an acceptable yoghurt-like product can be pre­
pared by fermenting 1 per cent sucrose fortified soy milk 
with S. thermophilus and L. acidophilus or their com­
bination. Incorporation of skim milk at 20 per cent 
in soy milk enhanced acceptability of the product.
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Effect of Khoa Preparation on Cell Population of
Staphylococcus aureus
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The effect of heat treatment on the cell populations of Staphylococcus aureus during preparation of Khoa at 98°C for 15-20 min 
was studied. A cell population of 1 x 106 (colony forming units) CFU/ml in milk of S . aureus reached a level of 108-109 CFU/ml 
in 6 hr of incubation at 37°C. Khoa prepared out of such a milk showed staphylococcal counts of 2 x  102 to 1 x 104 CFU/g 
in 4 samples wherein, the staphylococcal colonies were smaller in diameter (1 mm) on Baird-Parker medium even 
after 72 hr of incubation at 37°C indicating the probable recovery from heat injury. Colonies of K-283 and K-213,
the two wild strains of S . aureus from market samples O. Khoa showed a curled margin as against smooth margin of normal 
colonies. As the level of initial inoculum of test strain was lowered from l x  106 to l x  103 CFU/ml of milk, there was gradual 
decrease in the staphylococcal counts of fresh Khoa samples, further with the lower level of initial inoculum, staphylococcal 
colonies were absent at 10"1 dilution. Staphylococci which were heat injured during Khoa preparation did recover 
and grow in Khoa stored at room temperature (25-35°C) for a week as well as, when the samples were enriched 
with brain heart infusion broth for 24 hr at 37°C.

K h o a  is a heat concentrated (98 JC for 15-20 min) 
Indian milk product having a moisture level of 26-28 
per cent and used as a base in the preparation of several 
Indian milk sweets. A high incidence of S ta p h y lo c o c c i  
in market K h o a t-3 indicates the unhygienic conditions 
prevailing during the manufacture and handling of 
K h o a .  Often, low grade raw milk containing a high

level of such organism constitute the raw materials for 
K h o a  manufacture.

Being thermostable, staphylococcal enterotoxins pre­
formed in the raw materials are easily carried over to the 
final products without much loss in their activity. 
Though S ta p h y lo c o c c i  have been known to be killed at 
near pasteurisation temperatures4-9, the ability of sta­
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phylococcal cells to survive the heat treatment encount­
ered in Khoa preparation has been examined.,
Materials and Methods

Staphylococcal cultures; The staphylococcal test, 
cultures used were 4 wild strains o ? S. aureus (K-283, 
K-192, K-213 and K-208) isolated from market Khoa 
samples producing enterotoxin(s) namely, A(SEA), 
E(SEE), BE(SEB and E) and CE(SEC and E), respecti­
vely and two standard strains of S. aurues (Aioo and B v-6) 
producing SEA and SEB, obtained from Dr. M. S. 
Bergdoll, Food Research Institute, Madison, Wisconsin.

Preparation of Khoa: One litre aliquot of milk 
sample was brought to boil in an open pan over a low- 
fire with continuous stirring and scraping till the viscous 
produce reached a pasty consistency and began to dry 
up. The pan was removed off the fire and after scrapping 
for a few minutes, cooled to room temperature and 
stored in previously sterilised glass stoppered bottles 
avoiding any contamination.

Model experiment: A suspension of 1 X 106 colony 
forming units (CFU) of test strain pe~ ml of milk in 1 ml 
of saline was inoculated into l 1 aliquots of raw cow’s 
milk and incubated for 6 hr at 37°C. Khoa w'as prepared 
from such a sample and stored for one week at room 
temperature (RT) (25-35°C) and refrigeration tempe­
rature (RFGT) (4-5 °C).

In another trial, a wild strain of 5. aureus K-283 was 
inoculated at three levels viz., 1 X 10s. 1 x 104 and 1 x 103 
CFU/ml of milk into 1 1 of raw caw’s milk and then 
Khoa was prepared.

Enrichment: With a view' to activate any heat 
injured staphylococcal cells that might be present, 1 g

sample of fresh and stored Khoa were enriched with 99 
ml of 3.7 per cent Difco brain heart infusion (BHI) broth 
and incubated at 37aC for 24 hr.

Enumeration of Staphylococci: Samples of raw and
incubated milk, fresh, stored and enriched Khoa were 
analysed for staphylococcal counts. Appropriate dilu­
tions of the samples were surface plated on egg yolk- 
tellurite-glycine-pyruvate agar (ETGPA) of Baird- 
Parker10 and the plates were incubated at 37°C for 24 
to 72 hr. Black colonies of S. aureus with a clearing 
zone of surrounding egg yolk formed on the incubated 
agar plates were counted and expressed as staphylococal 
colony forming units per ml/g.
Results and Discussion

Staphylococcal populations in milk and Khoa: The 
results presented in Table 1 show that the test strains 
grew well in raw milk during the incubation period of 6 
hr at 37°C, reaching 6x I07 to 6x 109 CFU/ml from an 
intitial 1 x 106 CFU/ml. When these milk samples were 
converted into Khoa it was observed that in 4 fresh 
samples of Khoa (strains ‘K-283, ‘K-213’, Aioo and Bj-6), 
staphylococccal counts ranging from 2 x l0 2 to 1 x 104 
CFU/g w-ere recorded. The colonies of Staphylococci 
w'ere smaller (1 mm diameter) on ETGPA medium even 
after 72 hr of incubation at 37°C, indicating that the 
organism survived processing but could not grow as 
well as they did in raw milk. Staphylococcal colonies 
on ETGPA plates from Khoa samples having wild strains 
K-283 and K-213, possessed curled margin as against 
the smooth margin of the colonies formed by normal 
cells.

It w'as surprising to observe staphylococcal counts

T a b l e  1. s t a p h y l o c o c c a l  p o p u l a t io n s  in  m il k  a n d  k h o a

Incubation/storage Staphylococcal counts (CFU/ml/g)
Type of sample

Period Temp. K-283 K-192 K-213 K-208 A100 B.V-6

Milk* 6 hr
(°C)

37 6X 10« 4x109 3 x  109 4X 109 6x  107 6X 10»
Khoa Fresh — 2x 102 <  10' 2x 102 < 10' l x  104 2x  102

Khoa 7 days 25-35 1 x lO 4 5 XlO5 4x  105 < 10* <  10' <  10'
Khoa 7 days 4-5 IX to4 <102 <  10' < 10> < 101 <  10'
Khoa in enriched media Fresh — 3x 105 2 * 106 l x i o 5 < 102 6 x lO 6 1X 104

RT stored Khoa in
enriched media 24 hr 37 1X 106 1.6X105 8x 10s 2x  104 l x  106 l x i o 5

RFGT stored Khoa in
enriched media 24 hr 37 2X 107 1.2X 105

CiOV <  101 <  10' < 10'

T e s t  cultures inoculated at a level of 1 X 106 CFU/ml
Raw cow milk samples showed the absence of Staphylococci in 10' 1 dilution.
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in a few fresh Khoa samples, which were supposed to have 
been killed during heating at/or near pasteurisation 
temperatures4-9. The chances of staphylococcal cells 
surviving the heat treatment encountered during Khoa 
preparation are very less. The counts observed in 
fresh samples of Khoa may be attributed to the 
phenomenon of heat injury of staphylococcal cells 
and their subsequent recovery in suitable environments 
like medium consisting of enriched source of 
nutrients.

It may be observed from Table 1 that during the 
storage of Khoa at RT for 1 week as well as, when 
samples were enriched by mixing the samples in BHI 
broth and subsequently incubated, slight increase in 
the counts occurred in a few samples, while in 2 other 
samples Staphylococci appeared where they were initial­
ly absent. Here the injured cells would have recovered 
either during storage or on enrichment in BHI broth. The 
rate of recovery depends upon the extent of injury caused 
to the cells and the ability of these injured cells to make 
use of the nutrients available so as to revive their lost 
metabolic functions. Certain essential nutritents are 
required for the complete recovery of cells from heat 
injury. According to landolo and Ordai8, the require­
ments for reactivation of heat stressed cells are an 
energy source (glucose), a mixture of amino acids and a 
phosphate. The ETGPA plating medium1» used in this 
study is quite suitable for the recovery of injured cells, 
as it contains not only the above requirements, but also 
a rapidly metabolizable energy source like pyruvate 
which has been shown to enhance the recovery of heat 
stressed cells11. The staphylococcal counts observed in 
stored/enriched Khoa samples may represent just the 
recovered cells from heat injury or growth of these 
recovered cells. The differences observed in the case of

revived test strains may be attributed to the variations 
in the extent of heat injury.

It was reported by Hansen and Riemann12 that 
thermal resistance of bacteria is influenced by composi­
tion of culture medium in which the organisms are 
grown before heating, density of suspension, the men­
struum in which the organisms are heated and the com­
position of recovery medium. Walker and Harmon13 
in their heat treatment studies on S. aureus observed 
that although the order of death was logarithmic until 
about 99.9 per cent of the cells were inactivated, there 
was a decrease in the rate of inactivation, suggesting 
that the surviving cells were more heat resistant. Similar 
observations have also been made in relation to spore 
forming bacteria14.

In the present study, the initial populations of Staphy­
lococci in milk before conversion into Khoa were very 
high in the range of 108-1010 CFU/'ml. It is possible 
that out of such a large number of cells, a majority of 
them would have undergone injury. It may be seen 
from Table 2 that with a decrease in the initial population 
of Staphylococci in milk obtained by inoculating milk 
initially with lesser numbers, there w’as the gradual 
reduction in the staphylococcal counts of fresh Khoa 
samples. Staphylococcal counts of 1.1 x 102 and 4x 10* 
CFU/g were recorded in fresh Khoa samples prepared 
out of milk, inoculated at a level of 1 x 105 and 1 x 104 
CFU/ml of milk, while no staphylococcal colonies were 
formed in KF1 dilution of Khoa sample prepared from 
milk inoculated with l xl O3 CFU/ml.

The method of Khoa making in open pan by a conti­
nuous stirring of milk results in alternate heating and 
cooling. Although during preparation the temperature 
may go as high as 98°C, the actual thermal effect is 
much less. Actual measurement made during Khoa

T a b l e  2 . s t a p h y l o c o c c a l  p o p u l a t io n s  in MILK AND KHOA USING 
k -2 8 3  IN MILK

THREE LEVELS OF INOCULUM or S. A U R E U S

Type of sample
Incubation/Storage

Staphylococcal counts (CFU/ml/g) 
inoculum level of

at the initial

Period Temp (°C) (1 X 103) (1X 104) ( l x  103)
Milk 6 hr 37 6 x  10s 4X 107 6x  106
Khoa Fresh — l . l x l O 2 4X 101 X lO1
Khoa 7 days 25-35 4 x  lO4 4 x lO 3 4X102
Khoa 7 days 4-5 1 X 102 < 10' <  101
Khoa in enriched media Fresh — 1 XlO3 1X 102 <101
Stored Khoa in enriched media 24 hr 37 1 XlO6 2 X 1 0 4 6x  103
R.EGT stored Khoa in enriched media 24 hr 37 2 X I O3 1X 104 < 10'
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making showed that the temperatures at various stages 
ranged from 62 to 98aC. In the final stages as the product 
becomes viscous tending towards a pasty consistency, 
the temperature gradually decreases. On this basis, 
it is quite clear that the actual thermal effect on Staphy­
lococci is much less than that of the heat treatment of 
98°C for 15-20 min. ft may be analogous to what 
happens during milk spray, even-though hot air at 
temperatures in the range of 150-170°C is used for the 
removal of water from the concentrate the thermoduric 
organisms survive because of the short period to which 
the cells are exposed to the heat.

The role of coagulated proteins of Khoa acting as 
insulators of heat and providing protection for the 
staphylococcal cells against the heat treatment cannot 
be ruled out here. In cheese preparation, during cooking 
it was observed by Takahashi and Johns15 that the 
staphylococcal cells get embedded in between the curd 
particles.

On the basis of the above points, it would be appro­
priate to attribute the staphylococcal counts observed 
in samples of fresh, stored and enriched Khoa either to 
the recovery of heat injured cells or survival of few 
staphylococcal cells to the heat treatment encountered 
during Khoa preparation.
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G h ia t h  M . S u m a in a h  a n d  H a zm a  A 1 -N a k h a l  

College of Agricultural Sciences & Food, King Faisal University, Al-Hassa, Saudi Arabia
M anuscript received 14 August 1982; revised 19 Septem ber 1983

Tamar Eddin, a dried date product resembling Kumar Eddin made from apricot juice and highly popular during the 
Ramadan  festival has been made from the ‘Rezaiz’ variety of date which is abundantly grown in Saudi Arabia. The 
effect of citric acid, ascorbic acid, can syrup and sulphur dioxide on the quality of the product has been studied. 
Addition of about one per cent of citric acid and a moderate amount of sulphur dioxide to the homogenate gave a 
dried product having good texture, taste and colour. Addition of can syrup resulted in an elastic product. Data 
have been analysed statistically.

Production of dates is the highest among the agri­
cultural crops in Saudi Arabia1. They are very popular 
in the fresh as well as dried form. They are usually 
sun-dried in the open with the result that the product 
suffers in quality when compared with imported fresh, 
canned, frozen and dried fruits. A large proportion of 
them is either wasted or used as animal feed. Con­
sumption of imported fruits and vegetable in Saudi 
Arabia have steadily increased2 The ‘Rezaiz’ variety is 
nearly sixty per cent of the total ‘Al-FTassa' date pro­
duction2.

An attempt has, therefore, been made to develop from 
these dates, a dried product in the form of sheets, similar 
to Kamar Eddin which is made from apricot juice and 
is highly popular for consumption during the fasting 
month of Ramadan in the Islamic World.
Materials and Methods

‘Reazaiz’ variety of dates, pressed and packed in 
polythene bags was procured from the local market and 
kept at 5°C in a refrigerator for subsequent use. Can 
syrup of 73 per cent total solids was purchased locally. 
(Tamar) dates were depitted manually and the edible 
portion homogenized with water in the ratio of 5:7 for 
2 min at high speed in an Gsterizer blender. The homo­
genate was filtered through cheese cloth and divided 
into 12 aliquots to study the effect of different additives 
on the dehydrated product.

The product was spread (5.98 kg homogenate/sqm.) 
evenly on stainless oiled trays (65 g olive oil/sqm.) and 
dehydrated in an air-forced oven at 65°C until sheets 
of Tamar Eddin were formed. The final moisture content 
was approximately 18 per cent. Details regarding the 
treatments are given in the flow sheet Table 1 and Fig. 1).

Methods of analyses: Moisture was determined by

drying 8-15 g of the homogenised sample in an alumi­
nium dish in a vacuum oven at 65°C. Total sugar, fibre 
and ash contents were determined according to A.O.A.C. 
methods4. Colour was determined by spectrophoto­
metry. For this, a 10 per cent solution of Tamar Eddin 
was prepared in warm water and allowed to settle. The 
clear solution was centrifuged and filtered to obtain an 
optically clear yellow solution and its transmission was 
measured at 430 and 700 nm. Optical density was 
calculated according to the equation given by Ray 
Junk et al5. Acidity of the product was determined as 
citric acid, by po:entiometric titration to a pFI of 8.3 
using 0.1N sodium hydroxide solution. Sensory evalu­
ation of the product was carried out by assessment of the

T a b l e  1. TREATMENT SCHEDULE FOR THE FILTRATE

Citric acid Ascorbic s o . Corn syrup
Treatment (g/kg hom o­

genate)
acid (g/kg 

homogenate)
(ppm) (g/kg hom o­

genate)
1. — — — —

10 — — -
3. — 5 — —
4 . — — 3 3 5 0 —
5. 5 — 4 0 2 0 -
6 . 2 .5 — 2 3 4 5 —
7. 0 .8 7 — 3 3 5 —
8. 0 .8 7 - 167 —
9. 0 .8 7 — 8 4 —

10. 0 .8 2 — 1 2 2 0 2 2 0
11. 0 .8 2 — 2 4 0 110
12. 1.8 — 3 6 0 110

The concentration of additives arc in g/kg of homogenate.

8 8
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Dates4
Pits <----- Depitting4

Homogenization
4Filtration
4

Treatment with additives
IVSpread in oiled stainless steel tray
4

Dehydration
Fig. 1. Scheme for processing dried sheet of Tamar {Tamar Eddin)

taste panel of 7 faculty members of King Faisal Univer­
sity, Hofuf. The members were just familiarised with the 
product. A square (8 cmx 8 cm) piece of the dried pro­
duct was served to each member for evaluation on the 
basis of 40 points for taste, 40 points for colour and 20 
points for texture (total 100 points)6.

The data were analysed for least significant difference 
at 5 per cent probability by the method of Snedecor and 
Cochran8.

Residual SO2 content was determined by the Monier- 
Williams procedure as described by Pearson7.
Results and Discussion

Moisture content of the product varied from 16.52 
to 19.42 per cent total solids from 80.62 to 83.52 per cent 
(Table 2). Total sugars varied from 74.3 to 78.2 per cent 
which is higher than in Komar Eddin (59.2 to 64.92 
per cent). Moisture content also was slightly more. 
Tamar Eddin without additives (control) had an aicdity 
of 0.42 per cent as citric acid and was sweet in taste. 
Sample with the highest acidity, namely 2.63 per cent 
was judged by the panel members to have a taste similar 
to that of Komar Eddin. Thus degree of acidity is close 
to the minimum found in Kamar Eddin whose acidity 
ranged from 2.19 to 6.63 per cent, the product with 
the higher acidity having a strong acid taste. The ash 
content of the control sample of Tamar Eddin was 1.94 
per cent whereas that of Kamar Eddin varied widely 
from 1.57 to 4.60 per cent. The ash content of Tamar 
Eddin to which inorganic salts had been added, ranged 
from 3.26 to 3.60 per cent. The higher ash content in the 
Kamar Edddin might be due to a high sulphate content 
and imperfect washing of the fruit used.

Effect of added SO 2 on the optical density of the 
product: The optical density of the water extract of 
the untreated product was quite high (0.507) in com­
parison with that of the treated products (Table 3). 
Addition of ascorbic acid reduced the optical density to 
0.430. Addition of citric acid improved the colour to 
a slightly lesser degree (OD. 0.460)

Table 2. effect of additives to the date homogenate on the
COMPOSITION OF T A M A R  E D D I N

Titratable
Treatmentj; Moisture Total Total acidity Ash Fiber

solids sugar (as %
<%„) (%) (% ) citric acid) (%) (%)

Tamar Eddin
1 18.7 81.3 76.1 0.42 1.94 1.09
2 17.2 82.8 74.7 2.63 1.68 1.01
3 16.5 83.5 76.1 0.87 1.84 1.00

4 18.5 81.5 75.8 0.64 3.36 1.01
5 19.4 80.6 74.3 1.18 3.60 0.90
6 18.7 81.3 75.4 0.69 3.26 1.01

7 17.5 82.5 76.2 0.67 2.00 0.95
8 17.0 83.0 76.3 0.77 1.90 1.05
9 17.2 82.8 76.4 0.63 1.88 0.96

10 16.5 83.5 74.4 0.42 1.93 0.96
11 17.1 82.9 77.8 0.43 1.89 0.94
12 17.2 82.8 78.2 0.52 1.84 1.02

LSD 0.82 0.85 1.03 0.52 0.61 0.047
CV 5.18 1.10 1.52 7.10 29.60 0.050

Kamar Eddin
1 15.50 84.5 59.2 6.63 4.60 3.90
2 17.50 82.8 64.9 2.19 1.57 0.92

LSD* 0.90 0.90 4.57 1.29 0.76 2.26
C.V. 5.76 1.22 6.89 11.96 37.40 6.3

*Total LSD and C.V. for both Tamar Eddin Products and Kamar 
Eddin samples.

JSee Table 1 for treatment details.

Higher levels of additions of S02 (3354-4020 ppm) 
resulted in an excellent colour to the product, but the 
taste was not acceptable. Additions at lower levels of 
SOi (220-335 ppm) gave acceptable colour (O.D. 
0.373-0.332) and the improvement was better than in 
the case of ascorbic acid (O.D. 0.430) (Table 3). The 
O.D. method of colour determination of the product 
corresponded closely with taste panel evaluation. S02 
has long been used to retain colour in dried fruits9 and 
it is the most effective agent, retarding non-enzymatic 
browning during the drying process10.

The loss of S02 in samples with higher doses of S02 
ranged from 1095 to 3022 ppm in the pH range of 4.12 
to 5.50. According to McWeeny11 loss in S02 in food 
with greater than pH 4 is due to chemical changes rather 
than to physical changes, while in the case of less than
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Table 3. levels or added so2 in homogenate and the corres­
ponding OPTICAL DENSITY OF THE PRODUCT EXTRACT
Treatments’1' Added SOi Calculated

(ppm) O.D.J
1 — 0.507
2 — 0.460
3 — 0.430

4 3350 0.259
5 4020 0.201
6 2345 0.219

7 335 0.332
8 167 0.382
9 84 0.401

10 220 0.373
11 244 0.395
12 362 0.392

^Optical density was calculated according to the following
equation:

Log % T at 700 nm—Log %  T at 430 urn
2 cm (cell legnth)

*See Table 1 for treatment details

pH 4, it may still be predominantly due to chemical 
changes. The mechanism of S02 loss is however being 
examined in greater detail.

Effect of different treatments on organoleptic quality: 
Average scores and calculated percentage of acceptability 
for colour, taste and texture of the product got from 
different treatments are given in Table 4.

Colour: The product made using ascorbic acid as 
additive scored 32 points and was acceptable to 87 per 
cent of the members. Addition of larger doses of SOi 
gave a lighter coloured product (36-39 points) and was 
found acceptable by 87-100 percent of the panel members. 
A smaller addition of S02 in addition to citric acid, 
gave a darker, coloured product although the taste was 
better as judged by the panel (43-71 per cent).

Taste: Addition of citric acid imparted an acid 
taste that did not resemble that of date but was practi­
cally close to that of dried apricot juice (Kcnnrr Eddin). 
Addition of S02 imparted an undesirable S02 taste to 
the product. Addition of a small amount of citric acid 
however, enhanced the date flavour of the product 
(71-83 per cent acceptance).

Texture: Addition of citric acid or ascorbic acid did 
not affect texture of the product to any noticeable extent. 
Addition of SO? had a small favourable effect on this 
texture. With less addition of S02 as well as of citric 
acid resulted in a sticky texture (Acceptability 43-57

Table 4. average scoring and calculated percentage or acceptability of colour, taste and texture of
T A M A R  E D D I X  TREATMENTS FOUND BY PANEL MEMBERS

Colour Taste Texture
Score Acceptability

(%)
Score Acceptability

(%)
Score Acceptability

(%)
1 26 57 30 71 17 71
-) 32 71 30 71 17 83
3 32 87 32 83 16 71
4 39 87 28 45 18 71
5 38 100 27 30 18 87
6 36 87 29 43 17 87
7 30 71 33 83 8 57
8 28 43 34 83 9 30
9 25 43 34 71 8 57

10 29 43 30 71 9 57
11 31 57 29 71 10 43
12 33 71 29 71 10 57

LSD 3.79 16.86 1.99 19.46 3.72 14.99
C.V. 23.63 27.64 7.28 36.25 31.75 26.04

Total
score Remarks

73 Date taste
79 Slightly acid
80
85 Taste of SOj
83 and a light
82 colour
71
71
67

68 
70
72 
5.41
8.03

Elastic texture
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per cent). Incorporation of can syrup along with SO2 

and citric acid led to a non-acceptable gummy texture 
resembling that of chewing gum.

In general, Tamar Eddin can be a good substitute 
for the apricot based Komar Eddin. Addition of one per 
cent citric acid to the date pulp and of a moderate 
amount of SO2 (167-335 ppm) to improve the colour 
helps in preparing a product having acceptable colour, 
texture and taste. Addition of can syrup makes the pro­
duct elastic.

This product can be considered as one of the dry 
fruit products. It can be used either in dry form or 
rehydrated by soaking or simmering in water. Tamar 
Eddin has been proved, by the panel, to be more attrac­
tive than the very sweety taste of the original Tamar.

Generally, the preparation of the product is simple. 
Tne stages involved are those of common practice in 
food industry, which give this Tamar Eddin an advantage 
over raw date packaging.
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RESEARCH NOTES

A NOTE ON THE EFFECT OF ETHREL AND HOT 
WATER DIP TREATMENT ON THE RIPENING 
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Studies on ethrcl and hot water treatment on the ripening 
of mango cultivar ‘Dashehari’ revealed that either hot 
water treatment or ethrel upto 500 ppm concentration could 
be employed for inducing ripening without impairing taste 
and flavour. Hot water treatment was however, the better 
of the two treatments as the microbial spoilage was also re­
duced considerably. Ethrel at more than 500 ppm level caus­
ed development of off flavour, altered taste and reduced 
shelf life of fruits.

Development of attractive colour makes the fruits 
more appealing to the eye, enhances general acceptability 
and market value. Traditional practice of ripening the 
fruits between layers of straw and paper (PAL method) 
is not effective in inducing proper ripening. Calcium 
carbide treatment is found to alter the aroma and flavour 
and reduce the shelf life of fruits. Bhatnagar and 
Subramanyam[ have successfully applied ethrel and hot 
water treatments for ripening and proper development 
of carotene content in some south Indian varieties of 
mangoes. Effect of ethrel and hot water treatment on the 
ripening of ‘Dashehari’ varieties of mangoes cultivated

in Uttar Pradesh was carried out during 1976 and 1977 
in this laboratory and the results are recorded here.

Uniformly mature green fruits selected by float and 
sink methods, were procured from Malihabad, of 
Lucknow District. The following seven treatments 
were given, five replicates, of ten fruits each w«.re utilised 
for each treatment.

1. Control (dipped in cold water for 5 min)
2. Dipped in hot water (53±1°C) for 5 min
3. Dipped in ethrel (250 ppm'1 tor 5 min
4. Dipped in ethrel (500 ppm) for 5 min
5. Dipped in ethrel (750 ppm) for 5 min
6. Dipped in ethrel (1000 ppm) for 5 min
7. Dipped in hot water containing ethrel (500ppm)

for 5 min
Treated fruits were stored at ambient temperature 

(29-35c’C) and relative humidity of 59-75 per cent and 
the characteristics2 recorded at intervals of four days. 
> Rate of respiration was determined by Petten Koffer 
method as suggested by Loomis and Shull3. Organoleptic 
evaluation was carried out by a panel of five judges.

After four days, all the fruits treated with ethrel (500 
ppm and above) ripened. 83.3 per cent of fruits dipped 
in hot water containing ethrel (500 ppm) ripened follow­
ed by 75.5 per cent and 60 per cent of fruits treated by 
ethrel (250 ppm) and hot water alone respectively as 
against 33 per cent of the control fruits in accordance 
with the earlier 4-6 observations. Ethrel treated fruit 
(below 500 ppm) remained sound upto to 8 days while 
fruits treated at 750 ppm to 1000 ppm remained sound 
upto 6 days. The shelf life of fruits dipped in hot water 
containing ehtrel (500 ppm) was extended upto 9 days.

T a b l e  1. M EAN  VALUES OF PH Y S IC A L  CHARACTERS OF MANGOES AFTER FOUR A N D  EIGHT D A Y S  OF STORAGE

Treatments Physiological loss in wt (%) Spoilage (%) Ripe fruits (%) Rating
4 8 4 8 4 8 4

Control 9.18 18.90 10.37 12.66 33.0 100 67
Hot water (53± 1°C ) 9.19 18.81 6.66 11.11 60.0 100 74
Ethrel 250 ppm 10.05 20.19 13.33 18.50 75.5 100 64
Ethrel 500 ppm 10.39 21.94 10.00 13.33 100.0 100 69
Ethrel 750 ppm 10.80 21.97 6.66 12.66 100.0 100 63
Ethrel 1000 ppm 11.34 22.62 6.66 20.00 100.00 100 34
Hot water + Ethrel (500 ppm) 10.36 

Rating was done only after 4 days
21.00 

of storage
— — 83.3 100 56
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T able 2. MEAN VALUES OF CHEMICAL COMPOSITION OF MANGOES AFTER FOUR AND EIGHT DAYS OF STORAGE

Treatments
T.S.S. (°Brix) pH Ascorbic acid 

(mg/lOOg)
Acidity

(% )
Reducing
sugars

(%)

Non-reducing
sugars

(% )

Total
sugars

(%)

Respiration 
rate (mg/ 

C 0 2/kg/hr)
4 8 4 8 4 8 4 8 4 8 4 8 4 8 4 8

Control 22.50 20.0 3.99 4.75 48.85 34.24 0.93 0.76 2.10 2.18 9 .41 9.67 11.67 11.85 24.11 46.46
Hot water 23.50 19.7 4.00 4.85 43.44 34.24 0.74 0.68 2.55 2.70 10.28 11.01 12.83 12.71 33.54 66.02

Ethrel 250 ppm 23.50 22.2 3.80 5.50 47.48 33.68 0.55 0.49 2.88 3.11 11.11 11.43 13.99 14.54 26.62 60.36
Ethrel 500 ppm 24.75 21.5 3.90 4.75 45.68 34.80 0.49 0.22 2.16 3.01 12.06 12.23 14.62 15.24 27.18 62.46
Ethrel 750 ppm 24.90 23.0 4.00 5.0 44.80 33.60 0.49 0.12 2.63 2.80 11.13 12.00 13.77 14.80 27.63 36.42
Ethrel 1000 ppm 24.50 20.0 4.00 5.0 45.60 37.20 0.49 0.12 2.65 2.70 12.78 12.86 15.43 15.56 24.66 43.36
Hot water+
Ethrel (500ppm) 23.75 25.5 4.00 5.0 44.56 35.92 0.44 0.12 2.35 2.60 12.03 11.63 14.30 14.63 34.86 65.00

Ethrel treatment tended to increase the weight loss 
which was directly proportional to its concentration7. 
It was maximum (11.34 per cent) in fruits treated with 
ethrel 1000 ppm and minimum (9.18 per cent) in control 
at the end of four days storage.

There was no spoilage when fruits were dipped in hot 
water containing ethrel (500 ppm) even after eight days 
while more than 10 per cent spoilage was noticed in all 
the pother treatments. Thus, application of ethrel 
(500 ppm) in combination with hot water appears 
to be effective in minmising the spoilage during 
storage.

Hot water treated mangoes were rated superior to the 
other fruits by securing maximum marks (74 per cent) in 
sensory evaluation followed by fruits treated with ethrel 
(500 ppm) securing 69 per cent marks. The fruits treated 
with maximum level of ethrel rated worst securing only 
34 per cent marks after four days (Table 1).

No appreciable difference was observed in pH, 
ascorbic acid and total sugars among various treatment 
except for higher total sugar observed in fruits treated 
with hot water containing ethrel (Table 2). Ethrel (500 
ppm) treated fruits had lower acidity (0.49 per cent) 
as controlled fruits had and hot water treated fruits 
(0.74 per cent) and ethrel (250 ppm) treated fruits had 
0.55 per cent acidity after four days.

Maximum rate of respiration (34.86 mg C02/kg/hr) 
after 4 days was recorded in the fruits treated with ethrel 
(500 ppm) followed by hot water treatment (33.54 mg 
C02/kg/hr) as against minimum rate of respiration 
(24.11 mg C02/kg/hr) in control ir accordance with

earlier8.9 observations. Hot water treatment appears 
to enhance the respiratory activity10.11.
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Ghee (42 samples) collected from Lucknow and Sitapur dis­
tricts of U.P. were analysed for organochlorine pesticide 
residues using GLC. All the samples were contaminated 
with HCH (Hexachiorocyclo hexane land DDT (Dichloro 
diphenyl trichlorethane) residues. It was found that samples 
from Sitapur had higher levels of HCH and DDT as 
compared to that from Lucknow. Samples from Sitapur 
contained 4.00 ppm of HCH and 23.8 ppm of total DDT 
as against 1.88 ppm of HCH and 20.35 ppm of total DDT 
in Lucknow samples.

The tendency of tissues to accumulate organochlorine 
pesticides is now well recognised and warrants awareness 
among the masses with contaminated foods1-3 like edible 
oils, eggs etc appear to be the major and potent source 
of residue-build up in body tissues. Desi ghee is a typical 
item of fat used by most of the Indian families either 
in cooking or consumed during meals. Forty two 
samples of ghee (clarified butter) collected from Sitapur 
(22) and from Lucknow (20) districts, both from house­
hold and from market were analysed for the degree of 
contamination.

Samples were stored at room temperature and analys­
ed within 48 hr after collection. Reagents and chemicals 
used were of Analar grade unless otherwise indicated 
and checked against ECD (electron capture detector) 
contamination. Hexane used for extraction of pesticide) 
was purified and tested for any contamination. Other 
solvents used were double distilled. Special care was 
taken to avoid glassware contamination by pesticides, 
and so they were rinsed with alcohol followed by 
acetone.

The method used for extraction of pesticides was that 
of Mills1 and described by Siddiqui e l  a l i .

Extracted samples were cleaned with distilled water 
(1 ml) in a clean testube, in a liquid air-methanol bath, 
to remove the traces of acetonitrile, if any. The unfrozen 
heaxne phase was further treated with concentrated 
HiSO  ̂(1 ml) three times, to remove the fat contents and 
the cleaned samples were analysed by GLC, Varian 
Aerograph Series “2400” with 3H+ detector, under the 
operating conditions described by Siddiqui el al3. 
Relative retention time (with respect to aldrin) is 0.4?,
0.58, 0.60, 1.00, 1.93, 2.77 and 3.43 for °< -BHC, 7-BHC 
B-BHC, aldrin, p,p’-DDE, p,p’-DDD and p,p’-DDT

respectively. Detection limits for , /Land 7-BHC and 
aldrin and p,p’-DDE is 1 ppb whereas for p,p’-DDD 
and p,p’-DDT it is 2 ppb.

Standards used were obtained from Poly Sciences 
Corporation, Illinois (USA).

Residue levels of HCH, DDT and its metabolites 
DDE and DDD detected in the samples are given in 
Table 1. Concentration of HCH comprised << , ft and 7 
isomers, the main stereoisomers of hexachlorocyclo- 
hexane. Delta isomer was not found presumably 
because of being relatively labile to photo and biode­
gradation. Sample collected from Sitapur district showed 
as high as 4 ppm of HCH whereas the maximum con­
tamination with HCH in sample collected from Lucknow 
market was 1.8 ppm.

Average level of total DDT equivalent which, in fact 
represents the complete exposure of Ghee samples from 
Sitapur buffaloes exposed to DDT through contaminated 
grasses and straw had double the quantity (9.86 ppm) 
of DDT compared to that of Ghee samples from 
Lucknow buffaloes (4.47 ppm). Ghee samples of 
Sitapur had the maximum of 28.85 ppm of total DDT 
while it was 20.35 ppm in samples from Lucknow. As 
low as 1,07 and 1.95 ppm of total DDT was observed 
in Sitapur and Lucknow samples respectively. In Sitapur 
the level of 9.86 ppm total DDT equivalent was con­
tributed by 2.39 ppm of p,p’-DDT, the parent compound 
was about 50 per cent of total DDT equivalent (4.75 
ppm). However in Lucknow, 4.47 ppm of total DDT 
equivalent was contributed by 1.27 ppm of p,p’-DDE 
and 1.17 ppm of p,p’-DDD, p,p’-DDT level was only
1.6 ppm.

Samples of ghee collected from bouses in Sitapur were 
found to have significantly higher pesticide residues as 
compared with those found in samples from market of 
Sitapur. The range of higher value was detecetd in 
household samples which lead to a significantly higher

Table 1. organochlorine insecticide residue in samples o r
GHEE (PPM)

Pesticides, detected Sitapur Lucknow
M ean±S .E . M ean± S .E .

Total HCH I.424 ± 0 .179 1.290±0.061
p, p '—DDE 2.293 ± 0 .212 i.274± 0.162
p, p — DDD 2.631 ± 2 .969 1.176 ±0,072
p, p '—-DDT 4.75 ±1 .099 1.601 ±0 .869
2  DDT 9.86 ±1 .489 4.47 ±1 .506

Total HCH indicates the sum of N , /Land 7-isomer of H<
¿ D D T = T o ta l  DDT equivalent.
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mean level of total DDT equivalent in Sitapur samples 
as compared with the same in Lucknow. Comparatively 
lower contamination in market samples of Sitapur may 
possibly be attributed to the adulteration with some 
cheaper vegetable oils having less pesticide residues.

Thus ghee is a very potent source of residue build-up 
of tissues and fluids in persons consuming it regularly.

Authors gratefully acknowledge t_ie cooperation and 
help of Instrumentation Section, f.T.R.C., Lucknow 
in analysing the samples on GLC.
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Food materials selected were from different groups namely 
cerelas, legumes and vegetables. Detergent methods of 
Van Soest namely neutral detergent fibre (NDF), acid 
detergent fibre (ADF) and lignin were used to estimate die­
tary fibre and its fractions along with conventional method 
of crude fibre (CF). The NDF content of all food materials 
were significantly higher than CF. Among the food materials 
analysed, cereals and legumes contained more amount of 
dietary fibre than vegetables (on fresh weight basis).

Dietary fibre, in some selected loot, articles belonging 
to three groups, namely, cereals, legumes and vegetables 
was estimated by Van Soest's neutral detergent fibre 
(NDF), acid detergent fibre (ADF) a id Lignin methods 
along with the conventional crude fiber (CF) esti­
mation1-3. The newer methods are found to be rapid 
and reliable4-0. The NDF content o: all food materials 
were significantly higher than CF. Cereals andlegumes 
contained more dietary fibre than fresh vegetables.

Materials used in this study are; bajra (Penni- 
setum typhoideum), jowar (Sorgttm vulgare), maize 
(Zea mays), wheat (Triticum aestivum) flour whole, 
Bengal-gram (Cicer arietinum), blackgram (Phaseolus 
mungo) dhal, horsegram (Dolichos bifloras), Peas, (Pisum 
sativum) dried, redgram dhal (Cajanus cajan), fenugreek 
(Trigonella joenumgraecum) leaves, coriander (Coriand- 
rum sativum) leaves, onion (Allium cepa), radish, white 
(Raphanus sativus), knol khol (Brassica oleracea var. 
caulorapa), clusterbeans (Cyamopsis tctragonoloba), 
lady’s finger (Abelmoschus esculentus).

Samples in triplicate were purchased in the local 
market at three different seasons and duplicate samples 
were analysed. Cleaned cereals and legumes and edible 
portion of dried vegetables were powdered (40-50 mesh), 
and analysed for crude fibre, (CF)7, neutral detergent 
fibre (NDF)8, acid detergent fibre (ADF) and lignin9. 
The value for the cellulose fraction was taken as the 
difference between ADF and lignin values. The differ­
ence between NDF and ADF values was taken to indi­
cate the hemicellulose content of the dietary fibre.

Foods with a high starch content, like cereals and 
legumes were found to give high NDF values, and there­
fore were treated with amyloglucosidase to hydrolyse 
their starch before determining NDF10.

The values obtained (based on dry weights) are given 
in Table 1. The NDF values of all the foods were .higher 
than CF values. Among cereals, jowar had the highest 
value of 10.9 per cent and bajra the lowest with 4,6 per 
cent. Among legumes, horsegram and peas had the 
highest and lowest NDF values respectively. Among 
vegetables, radish had the highest NDF value of 21.2 
per cent and onion the lowest value of 11.1 per cent. 
However, the NDF content of fresh vegetables was 
calculated as such since all the vegetables contained less 
fibre than cereals and legumes and their moisture content 
ranged between 84 and 96 per cent in contrast to food 
grains which have a moisture content of 8-12 per cent.

The NDF values of foods were higher than the ADF 
values. This is to be expected since ADF measures 
ligno-cellulose and NDF measures ligno-cellulose and 
hemicellulose.

The cellulose content of cereals ranges from 1.6 to 9.4 
per cent and of legumes, from 1.9 to 9.4 per cent. In 
vegetables, the cellulose content varies from 3.7 per cent 
for onions to 11.4 per cent for radish. Among cereals, 
the hemicellulose content was highest in jowar and lowest 
in bajra. Horsegram had the highest and blackgram 
dhal the lowest hemicellulose content among the legumes. 
Lady’s finger had the highest value of 5.4 per cent and 
onion had the lowest value of 2.8 per cent among vege­
tables. The lignin content ranged from 0.2 to 1.8 per 
cent in cereals and from 0.8 to 8.4 per cent in legumes. 
Coriander leaves and layd’s finger had the highest
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T able 1. dietary fibre « intent of selected foods

Food material
Crude fibre

(g/100 g)

Neutral 
detergent fibre

(g/100 g)

Acid
detergent fibre

(g/100 g)

Cellulose0
(g/100 g)

Hemi cellulose*
(g/100 g)

Lignin
(g/100 g)

Bajra 1.1 ±0 .03 4 .6± 0 .13 2.8 2.6 1.8 0.2

Jowar 1.6± 0.01 10.9 ± 0 .4 0 5.0 3.2 5.9 1.8

Maize 2.7 ± 0 .0 3 6 .8± 0 .13 3.1 1.6 3.7 1.5
Wheat flour 1.7 ± 0 .0 3 8 .0± 0 .38 4.1 2.9 3.9 1.2

Bengalgram 3.3±0.05 14.2±0.25 10.7 9.4 3.5 1.3
Blackgram Dhal 0 .7±0.03 7.9 ±0 .03 5.3 4.5 2.6 0.8

Horsegram 5.3 ± 0 .05 19.6±4.65 10.8 2.4 8.8 8.4
Peas (dry) 4.5 ±0 .03 6 .4 ±  1.30 3.7 2.0 2.7 1.7
Redgram Dhal 1.5±0.03 8.0 ±1 .23 4.5 1.9 3.5 2.6

Fenugreek leaves 1 .5±0.10
(0.10)

14.8 ± 1 .6 5  
(1.8)

10.1 6.8 4.7 3.3

Coriander leaves 1.5 ± 0.10 
(0.15)

20.3 ± 0 .6 9  
(2.0)

16.4 8.5 3.9 7.9

Onion 1.6±0.26
(0.26)

11.1± 0.11
(1.8)

8.3 3.7 2.8 4.6

Radish 1 .5± 0 .10
(0.06)

21.2±0.25
(0.9)

16.9 11.4 4.3 5.5

Knolkhol 1 .9±0 .12
(0.17)

17.0±0,05
(L5)

11.9 7.9 5.1 4.0

Cauliflower 1.3±0.15
(0.20)

17.1 ± 0 .4 0  
(2.6)

11.9 6.6 5.2 5.3

Cluster beans 4.1 ± 0 .0 2  
(0.66)

17 .5±0.70 
(2.6)

13.1 10.1 4.4 3.0

Lady’s finger 1.6± 0.11
(0.16)

20.5±0.45
(2.1)

15.1 7.2 5.4 7.9

Values of vegetables are based on dry weight basis. Figures in parentheses are based on fresh weight basis. Values are mean of six 
determinations. SD was calculated on six determinations.

°Cellulose=Acid detergent fibre—lignin, *Hemicellulose=Neutral detergent fibre—Acid detergent fibre.

(7.9 per cent) and clusterbeans had the lowest (3.0 per 
cent) lignin content.

A knowledge of these individual components of dietary 
fibre in foods will be helpful in studying the specific 
metabolic effects in human beings. However, pectins 
and gums which may be present specially in higher 
quantities in certain fruits and vegetables are not mea­
sured by detergent methods. Suitable methods to mea­
sure all the components of fibre need therefore to be 
evolved. Information on dietary fibre content of foods 
is important to understand the physiological significance 
of various components.

The authors are thankful to Dr. S. G. Sr.kantia, 
Honorary visiting Professor, Department of Home

Science, Manasa Gangotri, Mysore, for his suggestions 
in writing the manuscript and Dr (Mrs) Padma Umapathy 
Professor and Head of the Department of Home Science, 
Manasa Gangotri, Mysore for her encouragement.
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A screw press for green vegetation crop fractionation, has 
been developed modifying indigenously available oil crush­
ing equipment. It can handle about 100 kg vegetation 
per hour. Details of the modification done and the data 
on performance both in a two-step process, integrated 
with a vertical puiper, and in a single step extraction 
process are presented.

Steep rise in energy costs during the seventies, have 
led to a growing interest in green crop fractionation. 
The principle is; expression of juice from green vegeta­
tion leaving a press residue of disintegrated fibrous mass 
with a lower moisture than the original vegetation. The 
press refidue can be used fresh as forage or dehydrated 
to obtain a meal. The juice can be directly used as a feed 
or heat/acid coagulated for the recovery of leaf protein 
concentrate (LPC).

Machinery development for green crop fractionation 
has followed different trends. Pirie and his coworkers 
have designed special equipment for the production of 
LPC, like belt press1, IBP puiper2 inovlving a two step 
extraction process, and a single step screw extractor3. 
The USDA group have tested the sugarcane rolls, the 
single and twin screw presses and the V-press4. With the 
object of utilizing indigenously available capability a 
heat coagulation unit5 and a vertical puiper6 for LPC 
production were developed by us earlier.

For expressing juice from pulped vegetation possibility 
of using the indigenously available oil screw presses, 
namely table model oil screw press, baby oil screw press 
No. 1 were tried. After trials, certain modifications 
were incorporated in the latter press which resulted in 
the development of a unit hereafter called green vege­
tation screw press, the performance of which is discussed 
here.

The green vegetation screw press adapted from the 
baby oil expeller No. 1 with a similar drive unit, but 
without the adjustable cone assembly and the heating 
kettle, is shown in Fig 1 and 2. The worm shaft bears 
only four worms five spacer collars, details of which 
are given in Fig 3. The feeder worm has a matching 
hopper and the expeller worms, alongwith spacers, 
are encased in a 45 cm long, 15 cm diameter cage 
assembly made of two spilt halves. The cage halves are 
lined with mild steel perforated sheet having 3 mm 
perforations and provided with three vertical plates. 
The cage is fastened with two bolt frames having two

Fig. 1. Screw press for fractionation o f green vegetation

Fig. 2. Green vegetation screw press in dismantled condition
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Fig 3. Details of worm assembly

bolts each. The unit is driven by a 3 HP motor through 
flat belt and cast iron gears to give a speed of 25 rpm to 
the worm shaft. The juice is collected in a galvanised 
iron tray placed under the cage assembly and the press 
residue falls at the outlet end.

Fresh lucerne (Meclicago sativa) vegetation was 
purchased from the local market and used in the experi­
ments. During testing and development of the press, 
vegetation pulped through the vertical pulper was used. 
Later the vegetation was directly fed to the expeller for 
single step extraction. Samples for dry matter (DM) 
and nitrogen (N) were drawn and estimations were 
made as per standard procedures. LPC from extracts 
was prepared as described elsewhere7.

The drive was not altered but the kettle and the cone 
assembly were excluded. The number of worms and their 
diameters were adjusted to reduce the compression 
ratio to less than 3:1. By trials, we found the modified 
worm assembly, described earlier, most satisfactory. 
The changes from the original cage lined with bars to 
that of perfortated sheet was made to facilitate better 
cleaning. The readjusted worm assembly needed 
a shorter cage and in the process we also made it light 
and handy by reducing the number of vertical plates

from ten to three and that of bolts from 9 to 2 in each 
of the bolt frames.

During the testing of the press, using pulped vegeta­
tion, we generally found the extractability of juice, 
DM and N in the range of 60-70. 24-38 and 45-60 per 
cent respectively. The yields ot LPC dry matter were 
also about 1.8-2.5 per cent of fresh vegetation which 
are comparable with earlier studies1,4,*).

In the course of our work, we thought of switching 
over from the two step processing, that is pulping and 
pressing in separate equipments, to a single step extrac­
tion in the press alone. This was done to reduce capital 
investment, and to give better roughage character to 
press residue than the highly compressed residue from 
pulped vegetation. The latter ivas considered unaccepta­
ble to cattle in india, with the practice of mechnically 
compressed feeds and fodders absent from the local 
scene. The results of typical trials comparing the ex­
traction behaviour of two different lots of lucerne vege­
tation in single and two step processing are given in 
Table L

The extractabilities of juice, DM and N are all reduc. 
ed as also the yields of extracted LPC, when the vegeta, 
tion was directly fed to the press. There is obvious lower.

TABLE' 1. SIN G LE/TW O  STEP PROCESSING OF LUCERNE VEGETATION

Extractability
Processing step Juice

(%)
DM
(%>

N
(%>
Trial

Single step 54 27 39
Two step 60 31 53

Trial
Single step 50 20 32
Two step 65 29 58

Vegetation 
DM N
(%> (%)

Press
DM
(%>

residue
N

(%>

PLC
yield
(% )

with lot I
15.5 3.3 27 2.7 1.3
15.4 3.7 31 2.6 1.8

with lot II
11.6 3.5 24 2.8 —
12.6 3.4 31 2.0 _
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ing of juice extraction because during pulping there is 
great disintegration of tissue which is more amenable 
to improved juice recovery. The press residue from two 
step processing has higher DM and less N than that 
from single step processing. Clearly the single step 
processing using the green vegetation screw press yields 
a residue of better forage quality fit for direct use as 
fodder. The extract may be directly used as fluid feed 
or subjected to protein precipitation for getting LPC for 
feed or food uses'. We are currently involved in colla­
boration with the University of Agricultural Sciences, 
Bangalore, for trials on the technical and economic 
feasibility of integrated fodder and LPC produc­
tion.

The green vegetation screw press can process about 
100 kg of lucerne vegetation per hour. The unit costs 
about Rs. 12,000 including the drive. For energy saving 
in fodder dehydration and/or for leaf protein as the 
main product, the press may be used in conjunction 
with the vertical pulper. However, for small scale farm 
based fntegrated production of fodder and leaf protein, 
we recommend single step extraction. We suggest 
further lines of work as follows: (a) Constant manual 
feeding of vegetation is a laborious task. Feeding of 
chopped vegetation is conveniant but reduces the 
capacity greatly. This aspect needs attention, (b) The 
drive and the frames derived from the oil expeller arc 
heavy and bulky. The possibility of lighter assembly 
around the worm without affecting the operational effici­
ency have to be looked into. (c) Further improvements 
in capacity by increasing the diameter or by some other 
means needs to be investigated.

The authors thank the workshop and pilot plant 
personnel of the Institute for their assistance.
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The biuret colorimetric method has been suitably adapted 
for the assay of protein content. Protein content of 14 food 
stuffs were determined and the values compare favourably 
with those obtained by the standard Kjeldahl method.

In addition to, the well known Kjeldahl method for 
the quantitative determination of protein, simpler 
colorimetric methods employing the biuret colour or 
the phenol reagent have come into general use for the 
determination of protein content of serum and tissues1*2. 
The biuret colorimetric method was suitably adapted 
for the assay of protein content of foodstuffs and the 
values were checked by the micro Kjeldahl method.

The samples of food stuffs were purchased locally, 
cleaned, decorticated ground to a fine powder, sieved 
and stored in stoppered bottles at room temperature. 
These formed the protein source in the experimental 
diets.

The micro Kjeldahl method was done by standard 
procedure3 using 100-200 mg of the powder The 
nitrogen content was converted to protein by multiply­
ing by the factor 6.25 uniformly for all food stuffs3.

For the biuret method 250 mg of the powder was 
extracted twice by shaking with 5 ml ether in a stoppered 
tube, the contents centrifuged at 1000 rpm and the 
supernatant was discarded after the extraction. The 
defatted sediment was stirred up with 5 ml 0.1N 
sodium hydroxide shaken for 10 min centrifuged at 
2000 rpm for 10 min. GornalTs3 modified biuret reagent 
(5 ml) was added to the supernatant (1 ml), incubated 
at 37°C for 10 min and the violet colour was read at 555 
nm. In the case of milk powder, the defatted residue was 
shaken up with 5 ml of 0.1 M acetate buffer pH 4.5, 
centrifuged to remove lactose and the residue was 
extracted as per the above and the estimation completed 
in the same way. This step was necessary to eliminate 
the effect of lactose on the colour reaction. The protein 
content was calculated from a calibration graph prepared 
with pure bovine serum albumin (Sigma) under the same 
conditions. The biuret colorimetric assays were done in 
triplicate and the Kjeldahl estimation in duplicate. The 
results are given in Table 1.
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T able 1. protein content of food stuffs as estimated by
BIURET AND KJELDAHL MFTHOD

Protein content (%)
Foodstuff Biuret

method
Kjeldahl
method

Rice 8.22 8.18
Wheat 13.89 13.14
Maize 10.16 10.52
Green gram 18.67 20.97
Red gram 20.40 21.26
Black gram 21.77 20.23
Soyabean 39.98 43.20
Lentil 24.44 25.46
Bengal gram 22.89 22.70
Skim milk powder 19.69 20.21

Whole milk powder 23.57 25.67
Low protein diet 5.86 5.29
High protein diet 9.91 9.85
Stock diet rais 19.25 19.66

In general the values obtained by the biuret method 
are in near agreement with the Kjeldahl figures, suggest­
ing its suitability as an alternative method for the routine 
estimation of protein content of food stuffs.

The authors express their deep sense of gratitude to 
the Indian Council of Medical Research for generous 
financial assistance and have pleasure in thanking Shri 
Narender Kumar Jain, Department of Botany, Delhi 
University for the microkjeldahl estimations.
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Toluidine blue—deoxyribonucleic acid agar plate method 
and turbidimetric assay were compared for the detection 
of thermostable deoxyribonuclease produced by enterotoxi­
genic cultures of Staphylococcus aureus. Three groups 
were formed based on the TDNase zone diameters (16-20,
21-25, 26-30 mm) and TDNase units/ml. ( <  1.0, 1.1-4.0,
4.1-6.0). Most of the cultures fell in the second or the 
third group. A close parallelism was observed between the 
two methods with respect to TDNase detection.

Production of thermostable deoxyribonuclease (TD­
Nase) by staphylococci has been considered as a potential 
indicator of enterotoxigenicity. A high correlation 
between TDNase and enterotoxin production by 
staphylococci have been reported* 1 2 3 *-5. Several methods 
have been described -̂11) for the detection of TDNase, 
of which the toluidine blue-deoxyribonucleic acid 
(TB-DNA) agar plate method of Lachica et al]°. has 
been widely used for its accuracy and time saving. 
Almost on similar lines another method namely, turbidi­
metric assay of Erickson and Deibel11 has also been 
in use for the detection and estimation of TDNase. In 
the present study, an attempt has been made to compare- 
agar plate method with that of turbidimetric assay, for 
the detection of TDNase elaborated by enterotoxigenic 
cultures of Staphylococcus aureus so as to find out 
whether there is any significant difference exists between 
the two methods.

The test cultures used in this study comprised of 64 
‘wild’ isolates of enterotoxigenic 5. aureus obtained from 
samples of market Klioa12. The distribution of entero- 
toxin(s) among the test cultures were 8 of A, 27 of B, 9 
of C, 5 of AB, 2 each of E, AC, AE, ABDE and BC and 
one each of ABD, ABCD, ABCDE, BE and CE. In 
addition, the five standard strains of S. aureus—Ajoo, 
B̂ .g, C137, D472 and E326 producing their respective 
enterotoxins A, B. C, D and E were also used.

The test cultures were grown in requisite amounts of
3.7 per cent brain heart infusion (BHI) broth for 24 hr 
at 37°C, centrifuged at 3,354 RCF for 20 min and the 
supernatants were then steamed at 100CC for 15 min
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T able 1. tdnase production by enterotoxigenic s . a u r e u s  cultures as evidenced by zone diameters
AND NUCLEASE UNITS

Entrotoxigenic TDNase zone diameters* (mm) Nuclease units/ml
cultures 16-20 21-25 26-30 < 1 .0 1.1-4.0 4.1-6.0

A (8) 1 7 nil 3 3 2
B (27) 5 14 8 6 9 12
C (9) 3 6 nil 6 3 nil
E (2) nil 2 nil nil 1 1

AB (5) nil 3 2 nil 1 4
AC (2) nil 2 nil nil 1 1
AE (2) nil 2 nil nil 1 1

ABD (1) 1 nil nil nil 1 nil
ABDE (2) nil 2 nil nil 2 nil
ABCD (1) nil 1 nil nil 1 nil

ABODE (1) nil nil 1 nil nil 1
BC (2) nil nil 2 nil nil 2
BE (1) nil 1 nil nil 1 nil
CE (1) nil 1 nil nil 1 nil

A100. ®i-6. Cl37 nil nil 3 nil nil 3
D472, E326 nil 2 nil nil 2 nil

*Zonc diameter includes the initial diameter oi agar well (5 mm)
Figures in parantheses indicate the number of isolates producing enterotoxins.

cooled and then screened for TDNase by the two 
methods10.11.

In TB-DNA agar plate method10, positive reactions 
for TDNase was evidenced by the formation of pink 
zones around the agar wells and the diameter of the 
zones was measured. The nuclease (TNDase) activity 
by the Turbidimetric method was expressed as units/ 
ml of the extract and calculated using the formula: 
Nuclease units/ml =

(Substrate depolymerised/ml) X Dilution factor 
Time of incubation (min)

It was observed (Table 1) that TDNase produced by 
the test cultures ranged from a minimum zone diameter 
of 16 mm to a maximum of 30 mm. In view of such 
variations among the test cultures for TDNase produc­
tion, 3 groups were formed on the basis of zone diameters 
viz., (/) 16-20 mm, (ff) 21-25 mm and ( h i)  26-30 mm.

Among the wild cultures of Staphylococci, 10 were in 
the first group, whereas 41 and 13 cultures, respectively 
were in the second and third groups indicating that 
TDNase zone diameters of 21-25 mm was more common 
among a large number of cultures. A definite relation­

ship could not be drawn between the type of toxins 
produced and TDNase zone diameters. Most of the 
cultures which produced enterotoxins A, B, C and E 
singly and more, so, in combinations produced belonged 
to the second group. The three standard strains of S. 
aureus Aioo. B̂ g and Ci37 produced TDNase zone 
diameters of 26-30 mm, while the other two strains D472 

and E326 produced zones of 21-25 mm.
The distribution pattern of wild cultures was, however, 

slightly different in relation to the units of TDNase 
produced. Based on (he TDNase units, wild cultures of 
S. aureus could be grouped as: (i) less than 1.0 unit,
(ii) 1.1-4.0 units and ( h i) 4.1-6.0 units/ml. Out of the 
64 cultures, only 15 were in the first group, while the 
remaining cultures showed an equal distribution, 
between the second and third groups. The standard 
strains Ajco. B̂ .g and C137 fell into the third group 
whereas strains D472 and E326 belonged to the first 
group.

It was of interest to observe a correlation between 
TDNase zone diameters and units among staphylococcal 
cultures which produced enterotoxins in combinations
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of 2 or more types, with the exception of cultures pro­
ducing enterotoxin combinations of AB, AC and AE. 
On the basis of the above correlation, it would be appro­
priate to suggest that in cultures producing multiple 
enterotoxins, TDNase zone diameters of 21-25 mm and
26-30 mm corresponds to 1.1-4.0 and 4.1-6.0 units/ml, 
respectively. Similarly, such a clear correlation was also 
observed among the standard strains of S. aureus, 
wherein strains Ajoo, B,j_6 and Ci37 which had produced 
zone diameter of 26-30 mm corresponded with 4.1-6.0 
TDNase units/ml and those of strains D472 and E32g 
producing zone diameter of 21-25 mm corresponded with 
1.1-4.0 units/ml.

However, a clear correlation was not figured out 
between the two methods where cultures elaborated 
single enterotoxins, though there exists a close 
parallelism. Out of eight cultures producing enterotoxin 
A, 7 were in the second group (21-25 mm zone diameter); 
there was almost an equal distribution among all the 
three groups in terms of TDNase units/ml. Ou: of 9 
cultures elaborating enterotoxin C, 3 and 6 of them were 
in the first (16-20 mm) and second (21-25 mm) groups 
of zone diameters, respectively, whereas the reverse 
was true in terms of TDNase units/ml. However, in 
this case, 3 cultures each producing TDNase amount of 
less than 1.0 unit/ml and also in the range of 1.1-4.0 
units/ml corresponded with zone diameters of 16-20 mm 
and 21-25 mm, respectively. Similarly, in the case of 
cultures producing enterotoxin B, out of 27 cultures,
5, 14 and 8 of them, respectively were grouped in first, 
second and third groups of TDNase zone diameter, while
6, 9 and 12 of them, respectively were grouped in first, 
second and third groups of TDNase units. In addition, 
it was observed, that 8 cultures producing TDNase zone 
diameter of 26-30 mm corresponded with 4.1 -6.0 units/ml, 
while 9 cultures producing 1.1-4.0 TDNase units/ml 
corresponded with 21-25 mm zone diameter.

Among the cultures producing enterotoxin (s) E, AB, 
AC and AE, nothing definite could be stated, except that 
in these cultures, TDNase zone diameter of 21-25 mm 
would correspond either with second or third groups of 
TDNase units/ml. Similar to cultures producing multi­
ple enterotoxins, even these cultures do not come under 
the first group of both the methods of TDNase detection.

The senior author expresses his sincere thanks to CSIR 
India for the financial assistance, The authors are also 
thankful to Dr. M. S. Bergdoll, FRI, Univ. of Wis­
consin, Madison for providing the standard strains.
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SUITABILITY OF SOME ORGANIC AMINO 
COMPOUNDS IN CARAMEL PREPARATION
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Matunga, Bombay-400 019, India
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Use of ammonia during caramel preparation is reported to 
produce 4-methyl imidazole, a toxic compound. When 
substitutes were tried: methyl-amine, diethylaminc and t- 
but.vlaminc gave good colour values but ethylene diamine 
was found to be the best substitute.

Caramel, an important food colour is generally 
prepared by heating carbohydrates, mainly corn syrup
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or dextrose, in the presence of catalysts like acids 
(sulphuric, acetic), alkalis, (ammonium hydroxide, 
sodium hydroxide) and salts (ammonium sulphate and 
phosphate)1. When dextrose is heated with acid it poly­
merises to form caramel. Ammonia reacts with the alde­
hyde group of glucose, followed by condensation, rear­
rangement and polymerisation yielding caramel2.

ft has been reported that caramel prepared by this 
method contains 4-methylimidazole which has been 
shown to be toxic3,4. The formation of 4-methylimida­
zole is probably due to the condensation of ammonia, 
pyruvaldehyde and formaldehyde, the aldehydes being 
the pyrolysis products of glucose4.

The present work was undertaken to try substitutes 
for ammonia with a view to reduce or prevent the for­
mation of 4-methylimidazole without affecting the colour 
formation.

All other chemicals and solvents used were of analyti­
cal reagent grade. Corn syrup used in this study had 
85 °Brix

Caramel preparation: To 200g of corn syrup, 1.3 ml 
of 50 per cent sulphuric acid was added with constant 
agitation, and heated in steam at 1.1 kg/cm2 pressure 
for one hour. After cooling 2 ml of liquor ammonia 
was added and the mixture was heated again for 3 hr 
at 1.20 kg/cm2 pressure. The solution was then cooled,
3.5 g of dibasic ammonium phosphate was added and 
heated at 1.6 kg/cm2 for 3 hr. It was then cooled and 
filtered. Similar procedure was adopted substituting 
ammonia by several compounds, listed in Table 1. 
The sample containing ethylene diamine was heated 
for just one hour instead of 3 hr at 1.6 kg/cm2. Longer

Table 1. colour intensities of caramels prepared with
AMMONIA AND ORGANIC AMINO COMPOUNDS, COMMERCIAL SAMPLES 

AND THE Rf VALUES

Amino compounds O.D. at 
420 nm

O.D. at 
600 nm

Rf

Alanine (1 g) 0.395 0.065 —
Ethyiene diamine (2 ml) 1.12 0.155 0.727
t-butyl amine (2 ml) 0,54 0.075 0.468
Diethyl amine (2 ml) 0.54 0.090 0.583
t-ethyl amine (2 ml) 0.44 0.020 0.621
Diethanol amine (2 ml) 0.52 0.065 0.481
Methyl amine (2 ml) 0.61 0.080 0.496
Dimethyl amine (2 ml) 0.37 0.050 0.420
Liquor ammonia (2 ml) 0.86 0.160 0.865
Commerical samples 1.15. 0.200 —
4-methyl imdiazole - — 0.870

heating caused resinification of the caramel which 
would not form aqueous solution.

Colour intensities of 0.1 per cent solution was 
measured at 420 and 600 nm. Various other tests were 
carried out as mentioned in Table 2. 4-Methyl imidazole 
was isolated from caramel by using methylene chloride5 
and was analysed by TLC using iodine as colouring 
agent6. IR and UV spectral analyses were also carried 
out to detect the presence of 4-methylimidazole.

Colour intensities and Rf values of compounds found 
in caramel samples prepared by using ammonia and 
other compounds are given in Table 1.

Caramel prepared with alanine, t-ethyl amine, 
diethanol amine and dimethylamine did not give good 
colour values, while those prepared with methylamine, 
t-butylamine and diethylamine gave satisfactory colour 
values. The caramel prepared with ethylene diamine 
gave extremely good colour values comparable with 
commercial samples. Even liquor ammonia caramel 
gave satisfactory colour.

It can also be seen from Table 1, that each of the 
caramel sample prepared with substitutes characteristic 
compound with a different Rf value distinct from that 
of 4-methylimidazole. The UV and IR analyses also 
showed that these caramels did not contain 4-methylimi- 
dazole.

Table 2 shows various properties of the caramel 
prepared using ethylene diamine, in comparison with a 
commercial sample. It shows compatibility with alcohol 
and so can be used in alcoholic beverages. It also shows 
resistance towards various acids which are normally 
encountered in soft drinks. It has low isoelectric pH 
showing stability in high acid drinks in cola type beve­
rages. These properties indicate its possible use in beve­
rage industry.

Table 2.
PROPERTIES OF CARAMEL PRFPARED WITH ETHYLENE DIAMINE AND 

COMMERCIAL SAMPLE
Properties of caramel Prepared with 

ethylene diamine
Commercial

sample
pH (10% w/v soln.) 2.8 3.2
Compatibility with alcohol Clear upto 60% Clear upto 65%
1 g in 300 ml 2% citric acid 

solution No haze No haze
1 g in 300 ml 2 % Na^COj Clear Clear
Acid resistance 250 ml. 0.2%  

caram el+7 ml cone. HCl, 
boil 5 min Clear Clear

0.5 ml phosphoric acid+ 
20 ml 5%  caramel soln. No ppt. No ppt.

Isoelectric point 1 .5 -2 2 -2 .5
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Ethylene diamine was found to be the best substitute 
lor ammonia as it have caramel having very good colour 
intensity and properties making it suitable in beverage 
industry. Ethylene diamine is being used as pharma­
ceutic aid in injections and has very low toxicity, the LD5o 
being 1.16g/kg when fed orally to rats7, it could prove 
to be a promising catalyst in the preparation of caramel 
it the unidentified compound found in the ethylene 
diamine caramel were proved to be harmless.
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POPPING QUALITY OF HALF-SIB FAMILIES OF 
POPCORN
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Seventy three half-sib families from ‘Ludhiana popcorn’ 
were evaluated for popping quality. Out of the 73 families,
54, 36 and 14 families were adjudged to be on par with the 
best performing families, on the basis of popping percentage, 
popped volume and popping index values, respectively. No 
Significant correlation of either popping percentage or 
the popped volume could be established with grain weight 
or grain volume. ‘H S 23’, ‘HS 72’ and HS 81’ excelled 
all others in popping index, popped volume and popping 
percentage Respectively. Popping index seems to be the 
best parameter for screening.

There is a growing demand for popcorn as snack food 
and Punjab Agricultural University is engaged in

developing high yielding varieties suitable for popping. 
A variety, ‘Ludhiana popcorn’ which was obtained 
through random mating is being further improved 
through intrapopulation improvement for popping 
quality, grain yield and other agronomic traits. Varaia- 
bility for popping quality in that population has been 
studied and reported in this note.

A random sample of 73 half-sib families from the 1981 
kharif harvest was evaluated in quadruplicate. All the 
samples kept in air tight container were equilibrated 
for moisture for a week. The test conditions were 
standardized using population bulk. Grain weight and 
bulk volume were recorded before popping. A 40 grain 
sample was popped in a revolving real baking oven at 
246°C for 5 min. The grain sample was kept covered 
in 100 g loaf, baking pan1. The number of popped and 
unpopped kernels were counted and ihe volume 
measured. The popping index was calculated as the ratio 
of popped and unpopped bulk volumes. The results 
were evaluated statistically.

The popping percentage ranged from 67.5 to 98.8 
(Table 1). Fifty four families with popping percentage

T able 1. POPPING CHARACTERISTICS OF PROMISING FAMILIES OF
POPCORN

Family Grain 
w t.

Unpopped
vol.

Popped
vol.

Popping Popping
index

(g> (cc) (cc) (%>
IIS-3 6.2 11.8 112.5 83.1 9.6
HS-5 6.9 10.0 124.0 88.8 12.9
HS-6 8.0 9.5 71.0 71.9 7.7
HS-8 7.6 8.1 117.5 76.9 14.5
HS-9 7.1 9.4 104.0 91.3 11.2
HS-12 6.6 9.8 124.5 86.9 J2.3
HS-13 6.3 10.4 145.0 96.9 14.3
HS-16 6.7 10.8 125.5 92.5 10.9
HS-17 7.5 10.0 165.0 91.9 16.8
HS-18 7.1 9.6 112.5 91.3 11.8
HS-22 6.2 10.1 162.5 93.1 16.4
HS-23 7.1 8.4 167.5 90.0 20.6
HS-24 6.9 10.6 145.0 91.3 13.6
HS-26 5.7 10,4 125.0 93.8 12.2
HS-28 6.4 10.9 167.5 98.1 16.9
IIS-30 7.5 9.0 111.5 78.8 13.1
HS-32 6.9 10.3 113.8 78.1 13.5
HS-34 6.8 9.5 105.5 92.5 11.4
HS-38 7.0 9.7 126.5 76.9 13.6
HS-39 6.2 8.4 149.5 96.3 18.0
HS-41 7.1 9.9 107.0 85.6 10.9
HS-44 6.9 9.5 142.3 91.3 15.3
HS-48 7.2 9.9 132.0 89.4 13.6
HS-49 6.3 8.9 122.0 91.3 14.0

(Contd.)
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HS-51 8.2 10.9 133.0 91.9 12.2
HS-52 7.0 8.8 136.3 94.4 15.5
HS-53 6.9 9.4 149.0 93.8 17.3
HS-56 6.9 9.6 99.5 93.8 10.8
HS-58 6.9 10.0 124.0 94.4 12.8HS-61 7.4 10.1 144.0 96.9 14.4HS-63 7.6 10.6 128.0 92.5 12.2
HS-64 7.4 10.3 135.0 94.4 13.4HS-69 6.6 9.1 165.0 98.1 18.0HS-72 6.6 9.0 172.5 93.8 19.4HS-75 7.1 10.1 125.5 93.1 12.7
HS-76 6.0 8.6 106.0 91.5 12.5
HS-79 6.4 9.0 93.0 91.9 10.6
HS-81 6.5 9.3 142.5 98.3 15.9
HS-83 7.1 9.9 137.5 95.6 14.0
HS-87 7.4 10.3 133.8 93.1 13.1HS-88 7.2 10.1 136.0 94.4 13.8
HS-89 6.6 9.3 112.5 93.8 12.6
HS-91 7.2 10.4 119.5 88.8 12.0
HS-92 8.0 11.1 115.0 86.3 10.3HS-94 7.5 10.3 127.5 80.0 12.3
HS-96 7.5 10.3 127.5 91.9 12.6HS-98 7.5 10.5 115.5 85.6 10.9HS-101 7.0 10.0 110.0 81.3 11.2HS-106 6.4 8.9 117.5 85.0 13.9
HS-107 6.9 10.2 83.5 78.1 8.1HS-109 7.9 11.0 102.3 67.5 12.0
HS-114 7.0 9.7 140.0 97.5 14.5HS-115 6.6 9.5 135.0 93.1 14.3HS-117 6.0 8.5 100.0 94.4 11.1HS-119 6.6 9.8 133.5 96.9 14.0HS-121 6.3 9.1 136.0 93.1 15.1HS-122 6.8 9.5 81.0 95.0 9.0HS-124 6.5 9.6 123.5 93.8 13.0HS-125 7.4 9.1 130.5 96.3 14.4HS-127 7.0 10.1 125.5 93.8 12.3HS-129 7.1 10.1 123.5 95.0 12.3HS-134 6.6 10.8 96.0 83.1 9.2HS-135 6.9 9.8 117.5 91.3 12.3HS-137 7.3 8.6 146.5 96.3 17.1HS-138 6.7 9.4 122.0 89.4 13.2HS-139 6.7 9.8 147.0 94.4 14.9HS-141 6.6 9.3 115.5 90.0 12.1HS-143 7.2 10.1 81.5 77.5 8.2HS-146 7.2 10.0 114.5 87.5 11.4HS-148 6.4 9.1 123.5 83.8 13.7HS-150 6.6 8.9 107.5 80.0 12.2HS-151 7.0 9.9 112.0 76.9 11.8HS-154 7.5 10.4 95.0 81.9 10.7
Range 5.7-8.2 8.1-11.8 71.0-172.5 67.5-98.8 8.1-20.6C.D. — — 48.4 12.9 5.8

of 85.9 and above were found to be at par. The highest 
percentage of 98.8 was obtained with ‘HS-81’ followed 
by ‘HS-28’ and ‘HS-69’ with 98.1 per cent popping. 
The popped volume ranged from 71.0 to 172.5 cc. The 
critical difference was 48.4 cc and as such 36 families

were at par. The highest popped volume was obtained 
in the case of ‘HS-72’. Based on popping percentage, 
33 families were adjudged good.

The popping index value (v/v) ranged from 8.1 to 
20.6, Fourteen families viz. ‘HS-17’, ‘HS-22’, ‘HS-23’, 
‘HS-28’, ‘HS-39’, ‘HS-44’, ‘HS-52’, ‘HS-53’, ‘HS-69’, 
‘HS-72’, ‘HS-81’, ‘HS-121’, ‘HS-137’ and ‘HS-139’ 
having popping index value of 14.8 to 20.6 were also 
adjudged best on the basis of both popping percentage 
and popping volume. In general, the average popping 
index values observed were on the lower side2,3. The 
popping index parameter can serve better for screening 
newer strains for popping quality as it brought out fewer 
strains at the top of performance compared with the 
popping percentage and the popped volume.

No significant correlation of the popping percentage 
or the popped volume with the initial weight or volume 
of the grain was found.

It was observed that there was significant variation 
in popping percentage, popped volume and popping 
index indicating the presence of genetic variability in 
the population. Thus, it should be possible to improve 
the popping quality of ‘Ludhiana popcorn’.
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NOTE ON LIPID COMPOSITION OF HYBRID 
PEARL MILLET VARIETIES
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M a n u sc r ip t rece ived  12 J a n u a ry  1983; rev ise d  22 A u g u s t 1983
L ip id  content o f  five h yb r id  an d  one  lo ca l va rie ty  o f  pearl 

m ille t ran ge d  f ro m  56 .5  to  66 .5  m g/g. T h e  p o la r  lip id  co n ­

tents va ried  fro m  12 .0  to 2 0 .0  m g/g bu t g reate r va ria tio n  

w a s  noticed  in  n o n p o la r  lip id  contents. T h e  ra t io  o f  n o n ­

p o la r  to p o la r  lip id s  in  h yb r id  varie tie s w a s  ~  3 .0  and  

in  the lo ca l v a rie ty  ~  4.5. G ly c o lip id s  w ere  the m a jo r 

p o la r  lip id s  an d  tr ig lyce r id e s a n d  free  fa tty  a c id s  w ere  the 

m a in  n o n p o la r  lip ids. ‘G H B - 2 7 ’ va rie ty  w a s  m o re  a k in  

to S -2 0 7  lo ca l v a rie ty  than  the o the r h yb r id  varieties.

Improvement in the production of pearl millet (Pen- 
nisetum typhoides) through the introduction of high
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yielding hybrid varieties has been considerable, but 
the grain flour has not found wide acceptance in diverse 
food preparations except for “roti” making among rural 
population, the limiting factor being its high lipid content 
which reduces its keeping quality1. Very little 
information is available on the lipid composition of 
newly developed hybrid pearl millet grown extensively 
in Gujarat.

Seeds of five hybrid varieties (‘C.J.-104\ ’B.J.-104’, 
‘GHB-1399’ and ‘GHB-27’) grown under uniform agro- 
climatic conditions at Millet Research Station, Jamnagar 
in summer 1981 and one local variety (‘S-207’) grown 
at Plant Breeding farm, Anand Campus, were milled 
to pass through 60 mesh sieve, and the lipids were 
extracted2 thrice with chloroform: ethanol: water 
(200:95:5) using 20 volume solvent mixture and shaking 
for 30 min. The extractants were pooled, concentrated 
under reduced pressure at 40°C and separated into polar 
and nonpolar lipids by solvent partition method using 
n-hexane and 90 per cent methanol. Hexane fraction 
containing nonpolar lipid components were dried over 
anhydrous sodium sulphate, filtered and concentrated 
under reduced pressure to make up to a known volume. 
An aliquot was taken in duplicate and evaporated to 
dryness to determine total content of nonpolar lipids. 
The remaining hexane extract was kept aside in the cold 
for TLC spotting. The methanol extract was made pro­
tein free3 and an aliquot of it was used in duplicate to 
determine the total content of polar lipids. The remaining 
extract was used for TLC spotting. Individual nonpolar 
lipids were separated by TLC on silica gel G using the 
solvent system diethyl ether-toluene-ethanol-acetic acid 
(40:50:2:0.2) and diethyl ether-hexane (6:94) following 
a double development technique as recommended by 
Morrison et al*. Spots were visualized by spraying with 
10 per cent sulphuric acid and charring the plate for 15 
min at 11 Ô C. Triolein, fatty acid and sterol were used 
as standards on the same plate. Spots not corresponding 
to the available standards used were tentatively identified 
from the lipid profile distribution under this solvent 
system as shown by Morrison et al*. Spot areas were 
scanned in a photovolt densitometer and relative per 
cent calculated. Such TLC-densitometric method of 
analysis of lipid components have been reported5*6 
and the relationship between area ot the peak and quan­
tity ol lipid per spot has been found linear over a wide 
range. Downing7 has reported very high recovery by 
this method. Individual polar lipids were separated by 
TLC on silica gel-G using the solvent system chloro­
form-methanol (80:25) by the procedure of Nichols8. 
Identity of constituent lipid fractions could not be con­
firmed for want of standards and therefore tentatively 
identified by comparision with the lipid profile distri­
bution as recorded by Nichols3, following similar TLC
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operating conditions. As in the case of nonpolar lipids, 
relative composition of individual lipids were evaluated 
by TLC-densitometry. Table 1 shows the lipid compo­
sition of six varieties of pearl millet. Total lipid content 
of these varieties ranged from 56.5 to 66.5 mg/g. Ahuja 
e t  a l3. have reported the combined bound and free lipid 
contents of Punjab pearl millet varieties to be in the range 
of 32.8-47.4 mg/g. Shah and Mehta9 observed that the 
crude fat content (ether extractive) of Gujarat varieties 
ranged from 48.8 to 58.9 mg/g. The higher values in our 
experiment is due to better extraction by the solvent 
used. Variation between varieties is also noted. Total 
grain lipid was the highest (66.5 mg/g) in local 
‘S-207’ and lowest (56.5 mg/g) in the hybrid ‘CJ-104' 
variety.

Variations in polar lipid contents was narrow from
12.0 to 20.0 mg/g while there was relatively wide differ­
ence in nonpolar lipid content of different varieties 
(36.5-54.5 mg/g).

The ratio of NP/P in hybrid varieties were generally 
large as compared to local ‘S-207’. The ratio of NP/P is 
generally regarded as a good index for assessing flour 
quality-lower the ratio, better the loaf volume and better 
bread making quality>o. Polar lipids, particularly
galactolipids, are generally considered to improve the 
loaf volume11. In this regard, hybrid varieties (except 
‘GHB-27’) may have better flour characteristics as com­
pared to local ‘S-207’ variety. Major polar component 
in these varieties was glycolipids which constituted 
about 10 to 16 per cent of total lipids. Similar 
proportions of glycolipids have been reported in finger 
millet by Mahadevappa and Raina12. Phospholipids and 
neutral lipids in all varieties ranged within a narrow 
limit of 1.9-3.8 mg/g and 0.9-1.8 mg/g respectively.

Free fatty acids and triglycerides were the predomi­
nant nonpolar lipids. Only two samples yielded sterols; 
in other samples sterols could not be separated from 
fatty acids, because of tailing effect of the latter, which 
also may enhance the fatty acid values. Sterol content 
when separated, was found to be low (3.0 mg/g only). 
Free fatty acids in pearl millet ranged from 4.0 to 24.9 
mg/g and triglycerides from 14.5 to 35.4 mg/g. Except 
‘C.J.-104’, all the varieties showed some relation with 
triglyceride content and free fatty acid content-higher 
amount of triglyceride accompanied by lower amount 
of free fatty acids. This indicates lipolysis of triglycerides. 
Similar observation was made by Ahuja e t  a l3. in 
Punjab varieties. ‘S-207 was characterised by highest

content of total lipid, triglyceride, diglyceride, sterol 
ester and maximum NP/P ratio which makes it most 
unsuitable for bread making. ‘GHB-27’ hybrid was more 
akin to ‘S-207’ than the other hybrid varieties. Both 
these varieties had higher triglycerides, low free fatty 
acids and low glycolipid content. There were three 
unidentified compounds in these lipid fractions, how­
ever, their quantity was limited to 0.7-1.5 mg/g.

The authors are grateful to Dr. H. R. Dave, Officer- 
in-charge, Millet Research Station, Jamnagar for 
supplying hybrid pearl millet varieties.
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INFLUENCE OF VEGETABLE PROTEIN MIXTURE 
ON SENSORY CHARACTERISTICS OF BEEF 

PATTIES
E. C. NDUPUH AND E. N. T. AKOBUNDU* 

Department of Food Technology, Federal Polytechnic, Akure, Nigeria
M a n u sc r ip t rece iv ed  21 M a rc h  1983; rev ise d  13 S e p te m b e r  1983

Meat patties were prepared by replacing beef partly with 
mixtures of protein-rich plant products like defatted ground­
nut flour (DGF), maize protein concentrate (MPC) or maize 
flour (MF) in such a ratio that each component contributed 
50 per cent of the protein in the blend. The vegetable 
mixtures had water absorption capacity of 1.5 ml/g. Beef 
patties containing vegetable protein mixtures upto 2 0  per 
cent had comparable protein level and other attributes as 
that of the control and also preferred by a sensory panel.
Beef patties extended with MPC and DGF were superior 
in organoleptic quality to those extended with MF and DGF.

Animal products are not in a position to meet the ever 
increasing protein needs. The solution lies in the use of 
quality vegetable products also. It had been suggested 
that many developing countries may have to depend to 
a great extent on cereal grains for their protein require­
ment1. Protein-rich plant products like soybean, ground­
nut, and sunflower seed have been used in meat blends2,3. 
Often, traditional preference and economics reduce the 
use of these novel protein sources to mere laboratory 
exercises. The use of locally accepted raw materials is 
therefore advocated. The objective of this study was to 
evaluate the potential of maize and groundnut mixtures 
as beef patty extenders.

Flours: White variety of maize was purchased from 
a local market in Akure, cleaned crushed in a roller and 
sieved through 1 mm screen. The grit was later milled 
into flour to pass through a 0.5 mm mesh sieve. Defatted 
groundnut grits were obtained from Ejinaka and Thorn- 
ber (Nigeria) Limited, Aba. The grits were ground into 
flour of same particle size as that of maize flour.

Maize protein concentrate: Maize protein concent­
rate was prepared from maize flour by the method 
of Wu and Sexson4 with slight modifications. Maize 
flour was suspended in deionised water in the ratio of 
1.3:1 (w:v) and the pH adjusted to 11.7 with 0.1N 
NaOH. The suspension was allowed to stand for 
30 min with periodical stirring and screened through 
a sieve of 0.35 mm mesh to remove the solids. The 
liquid fraction was centrifuged for 20 min at a speed 
of 1100 rpm and decanted. The supernatant was then

readjusted to pH 4.7 with 0.1N HC1 to facilitate protein 
precipitation. The liquid fraction was decanted and the 
protein concentrate quantitatively transfered into 
dialysis bag. Tne protein was dialysed for 4 hr in tap 
water with two water changes. After dialysis, the 
protein concentrate was dried in an air oven at 40°C 
for 14 hr.

Patty preparation: The groundnut flour was blended 
with maize protein concentrate (MPC) or maize flour 
(MF) to form vegetable mixtures A and B, respectively. 
The cereal and legume mixtures were then blended in 
a ratio which ensured that each component contributed 
50 per cent of the protein of the vegetable mixtures 
by analysis.

Beef used in this study was obtained from a local 
butcher and frozen before use. The frozen beef was 
slightly air-thawed at room temperature (24°C), sliced, 
and ground with a hand grinder. Beef patties containing 
10, 20 and 30 per cent vegetable mixtures were fabri­
cated after mixing ground beef, vegetable mixtures 
and water (1.5 ml/g of vegetable mixture) thoroughly 
in a bowl. Patties of approximately 15 cm diameter and
1.1 cm thick were moulded, wrapped with polyethylene, 
and frozen. The patties were air-thawed for 10 min 
and fried in a saucepan with vegetable oil and onions. 
Preliminary trial showed that frying each side for 12 
min at 179°C resulted in satisfactorily fried patty. 
The fried patties were served warm for sensory evalua­
tion.

Analyses and water absorption: Protein was determined 
by the Kjeldahl method5 and ash, crude fat, and mois­
ture by the methods of Pearson .̂ Total carbohydrate 
was calculated by difference. All analyses were done 
in triplicates.

Fifteen ml of tap water was added to 2.0 g vegetable 
mixture in a centrifuge tube and stirred periodically 
for 30 min. The liquid was decanted and measured. The 
quality of water remaining in the flour was calculated 
and defined as absorption capacity.

The patties were cooked and evaluated for colour, 
flavour, juiciness, and overall acceptability by a panel of 
10 judges using a 7-point scale (where 7=excellent, 6=  
very good, 5=good, 4=fair, 3=poor, 2 very poor, 
1 =unacceptable). Results of sensory evaluation were 
statistically analysed?.

Composition: The proximate composition of vege­
table products, beef, and fabricated patties are presented 
in Table 1. The protein content of the maize flour and 
maize protein concentrate were 10.53 and 69.55 per cent 
respectively. Cereal: legume blends are reported to have 
desirable effect when half of the protein is contributed 
by each component. On this premise vegetable mixture

* P resen t a d d re ss : Department of Food Technology, Federal University of Technology, Owerri, Imo State, Nigeria.
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T a b l e  1. p r o x im a t e  c o m p o s it io n  o f  r a w  m a t e r ia l s  u s e d  a n d PATTIES

Moisture Carbohydrate (%) (%) Protein
(%)

Ether extract 
(%) Ash(%)

Maize flour (MF) 7.82 75.99 10.53 4.11 1.55
Maize protein concentrate (MPC) 2.70 22.25 69.55 0.50 5.00
Defatted groundnut flour (DGF) 7.05 24.49 57.16 5.20 6.10
Ground beef (100%) 48.20 1.41 18.09 31.21 1.09
Ground beef (90%) : MF +DGF (10%) 48.49 5.35 16.87 28.04 1.25

„ „ (80%) : „ + „ (20%) 48.86 5.90 15.85 28.08 1.31
„ „ (70%) : „ + „ (30%) 49.75 6.32 15.49 27.05 1.39
„ „ (90%) : MPC + „ (10%) 48.82 4.55 17.34 28.12 1.17
„ „ (80%) : „ + „ (20%) 49.00 4.76 17.08 27.86 1.30
„ „ (70%) : „ + „ (30%) 49.34 5.48 16.98 26.25 1.95

* Average of three determinations

B (maize flour and defatted groundnut flour) which 
had predominantly maize flour and vegetable mixture 
A (MPC and DGF) which contained more of groundnut 
flour were prepared.

Corbohydrate content of the maize flour was the hig­
hest but the ash content was low. Crude fat content of 
the maize protein concentrate was significantly lower. 
Addition of vegetable protein mixtures upto 30 per 
cent level did not significantly alter the composition, but 
there was substantial increase in the total carbohydrate 
content of the extended beef patties.

Water absorption capacity: Mixtures of plant pro­
teinaceous material had water absoprtion capacity of

1.5 ml/g. The moisture content of the maize protein 
concentrate has little effect on the water absorption 
capacity of the vegetable mixture since defatted 
groudnut flour was the major component in the blend.

Sensory evaluation: Colour rating was higher for 
beef patties containing vegetable products (Table 2). 
The lower rating for all-beef patties may be due to the 
oxidation of muscle pigments. Extended beef patties 
were generally rated higher for flavour, probably 
because of the frying which imparted good flavour and 
aroma. Except for the 30 per cent beef replacement with 
mixture A, there was no significant difference in flavour 
(P<0.05). The low flavour rating for this sample was

T a b l e  2 . s e n s o r y e v a l u a t io n  o f PATTIES

Ground beef MF+DGF MPC+DGF Colour 
(%) (%) (%)

Flavour Juiciness Overallacceptability
100 — — 4.6 4.1 4.6 4.5
90 10 — 5.1 4.2 4.4 4.6
80 20 — 5.4 4.7 4.7 5.2
70 30 — 5.4 3.6° 4.6 4.5
90 — 10 5.0 4.5 4.7 4.7
80 — 20 4.9 5.4 5.4 5.5
70 — 30 4.7 4.8 4.8 4.5

MF =Maize Floor, MPC=Maize Protein Concentrate DGF=Defatted Groundnut Flour
*Mean of ten scores; °(P <  0.05)
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due to the strong maize flavour. There was no significant 
difference in the juiciness (as judged by mouth feel) 
samples.

The beef patties extended with vegetable mixtures 
were rated higher than the all-beef control in overall 
acceptability. Beef patties with 20 per cent vegetable 
mixtures were preferred. At this level, taste panel scores 
of mixtures A and B were highest for most attributes.
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USE OF SOME VEGETABLE OILS, PLANT EX­
TRACTS AND SYNTHETIC PRODUCTS AS PRO­
TECTANTS FROM PULSE BEETLE, CALLOSO- 
BRUCHUS MACULATUS FABR IN STORED GRAM

K. B. JADHAV AND L. D. JADHAV 
Department of Entomology, Mahatma Phule Agricultural University, Rahuri-413 722, India

M a n u sc r ip t rece ived  25 Ja n u a ry  1983; rev ise d  5 S e p te m b e r  1983
Effect of certain plant extracts, vegetable oils and organic 
compounds on the pulse beetle (C allo so bru ch us m a c id a iu s  
Fabr.), infesting gram was studied. Thirty three days after 
treatment, it was revealed that R a ta n jy o t i oil at 0.1,0.2 and
0.3 per cent levels (v/w), Neem oil at 0.2 and 0.3 per cent 
levels and B i t as well as U nd i oil at 0.3 per cent level sig­
nificantly inhibited the emergence of adult beetles. They 
further exhibited hundred per cent mortality of eggs and 
controlled the beetles upto a period of 33 days. The germi­
nation of the seed was, however not affected.

Legume is one of the main sources of protein and pulse 
beetle, Callosobruchus maculatus Fabr. is a serious pest

of pulses in storage. Bags are treated either with insecti­
cides or fumigants to check damage during storage. 
However, chemicals, used are hazardous to living man 
and animals and hence the present study was under­
taken to find out an effective, cheaper and non-hazar- 
dous plant product to control C. maculatus.

Ten products Bit (benzyl isothocyanate), allitin (diallyl 
disulphide) Ratanjyothi oil (Jatropha curcas L), neem oil 
(Azadirachta indica J., undi oil (Callophyllum inphyllum), 
Mahwa oil (Basia latifolia), Dodonaea extract {Dodonaea 
viscosa L) Nirgundi extract (Vitex negunda) coconut 
(Cocos nucifera) shell extract and clove oil were tested 
for their effectiveness against C. maculatus. These pro­
ducts were either obtained from out side agency or 
extracted in laboratory. Bit and Ratanjyoti, Neem, 
Undi and Mohwa oil were received from the Biological 
Group, Bhabha Atomic Research Centre, Bombay and 
the Directorate of Non-edible oils and Soap Industry, 
Pune respectively. Rest of the products were extracted1 
in the laboratory except clove oil. These products were 
dissolved in petroleum ether and gram seeds were 
treated at 0.1, 0.2 and 0.3 per cent volume by weight of 
seed and kept in perforated polythene bags. 100 seeds 
were treated for each treatment, a petroleum ether con­
trol and control seeds were also maintained. The effect 
of products was studied at start and after a period of 
33 days.

Efficacy of vegetable oils/extracts was tested at start 
and after 33 days, by introducing 5 pairs of 0.24 hr old 
beetles into each petridish. Adult mortality, if any, was 
recorded after 24 hr and percentage of adult mortality 
was calculated. The percentage of eggs hatched was 
recorded. The adult emergence was recorded from 27th 
day onwards after release of beetles till the emergence 
was completely stopped. The percentage of adult emer­
gence was calculated on the basis of the number of eggs 
hatched and the number of adults emerged. The data 
were analysed statistically.

At the end of the experiment (2 months after treatment) 
germination test was carried out at 27±2°C and 65-70 
per cent RH.

The data presented in Table 1 indicate that Bit and 
Allitin, both synthetic compounds showed cent per cent 
adult mortality even at the lowest concentration of 0.1 
per cent and proved to be the most effective against pulse 
beetle. No eggs laying was observed in Bit and Allitin 
treated seed. Amongst the oils and plant extracts 
Ratanjyoti oil and Dodonaea extract at 0.3 per cent 
level exhibited significantly lesser number of eggs laid 
by C. maculatus than in other treatments. The average 
per centage of eggs hatched ranged from 0.0 to 98.74. 
All the test samples were significantly superior to control 
in reducing egg hatching at all the levels, except clove 
oil and Dodonae extract at 0.1, 0.2 and 0.3 per cent level
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T a b le  1. e f f e c t OF DIFFERENT PRODUCTS ON THE GROWTH AND DEVELOPMENT OF C. M A C U L A T U S FABR.
AT START

Concn. % mortality of Number of Av. eggs Av. % ofProtectant % beetles eggs laid hatched adults emerged
(V/W) (Av.) (Av.) (%)

Bit 0.1 100.0 0.00 0.00( 0.00) 0.00( 0.00)
0.2 100.0 0.00 0.00( 0.00) 0.00( 0.00)
0.3 100.0 0.00 0.00( 0.00) 0.00( 0.00)

Allitin 0.1 100.0 0.00 0.00( 0.00) 0.00( 0.00)
0.2 100.0 0.00 0.00( 0.00) 0.00( 0.00)
0.3 100.0 0.00 0.00( 0.00) 0.00( 0.00)

R a ta n jy o ti oil 0.1 0.0 14.00 0.00( 0.00) 0.00( 0.00)
0.2 0.0 12.33 0.00( 0.00) 0.00( 0.00)
0.3 0.0 4.66 0.00( 0.00) 0.00( 0.00)

Neem oil 0.1 0.0 58.00 1.71( 6.01) 0.00( 0.00)
0.2 0.0 53.33 0.64( 2.64) 0.00( 0.00)
0.3 0.0 27.33 0.00( 0.00) 0.00( 0.00)

l i n d i  oil 0.1 0.0 86.00 5.39(13.43) 19.44(21.74)
0.2 0.0 51.66 0.00( 0.00) 0.00( 0.00)
0.3 0.0 19.66 0.00( 0.00) 0.00( 0.00)

Mohwa oil 0.1 0.0 88.00 10.73(18.95) 19.44(25.54)
0.2 0.0 84.66 0.39( 2.09) 0.00( 0.00)
0.3 0.0 72.33 0.00( 0.00) 0.00( 0.00)

Dodonaea extract 0.1 0.0 29.66 95.40(77.76) 36.98(37.45)
0.2 0.0 16.33 90.29(72.19) 33.92(35.59)
0.3 0.0 8.33 10.00(15.00) 0.00( 0.00)

Nirgudi extract 0.1 0.0 98.66 90.55(72.19) 42.82(40.86)
0.2 0.0 77.00 86.62(68.60) 37.57(37.78)
0.3 0.0 49.66 83.84(66.44) 27.93(31.89)

Coconut shell extract 0.1 0.0 101.66 94.41(76.32) 36.82(37.76)
0.2 0.0 94.66 90.84(72.45) 34.11(35.76)
0.3 0.0 90.66 65.78(54.19) 32.93(35.01)

Clove oil 0.1 0.0 91.66 96.98(80.18) 41.55(40.11)
0.2 0.0 90.00 96.30(79.37) 40.02(39.24)
0.3 0.0 77.00 92.21(73.91) 39.39(38.85)

Petroleum ether (control) 0.0 0.0 105.00 98.41(82.82) 73.57(59.02)
Control — 0.0 106.66 98.74(83.66) 73.72(59.24)
S.E. ± — 2.04 1.92 2.23
C.D. at 5% -- 6.04 5.66 6.59

Figures in parentheses are the transformed arcsin values.
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T a b l e  2. e f f e c t  o f  d if f e r e n t  p r o d u c t s  o n  g r o w t h  a n d  d e v e l o p m e n t  o f  c . m a c u l a t u s  f a b r *

Protectant Concn
(%)(v/w)

% mortality of beetles No. of eggs laid Eggs hatched 
(%)

Adults emerged 
(%)

Bit 0.1 0.0 62.00 95.64(78.01) 79.64(63.21)
0.2 0.0 44.33 7.12(12.12) 36.66(31.92)
0.3 0.0 32.66 0.00(00.00) 0.00( 0.00)

Allitin 0.1 0.0 66.33 95.50(77.89) 75.79(60.53)
0.2 0.0 62.33 95.20(77.68) 72.50(58.41)
0.3 0.0 60.00 94.92(77.33) 71.44(57.69)

R a ta n jy o t i Oil 0.1 0.0 56.00 1.85(11.76) 0.00( 0.00)
0.2 0.0 52.00 0.00( 0.00) 0.00( 0.00)
0.3 0.0 47.33 0.00( 0.00) 0.00( 0.00)

Neem Oil 0.1 0.0 59.66 17.80(24.86) 38.33(38.16)
0.2 0.0 53.00 0.00( 0.00) 0.00( 0.00)
0.3 0.0 42.00 0.00( 0.00) 0.00( 0.00)

XJndi Oil 0.1 0.0 90.66 48.57(44.19) 60.84(51.27)
0.2 0.0 86.66 31.95(34.40) 43.43(41.18)
0.3 0.0 71.66 0.00( 0.00) 0.00( 0.00)

Mohwa Oil 0.1 0.0 93.33 51.47(45.86) 65.96(54.31)
0.2 0.0 85.00 25.45(30.28) 41.65(40.20)
0.3 0.0 84.33 7.90(16.20) 35.55(36.57)

Dodonaea extract 0.1 0.0 72.33 93.99(76.11) 64.19(53.25)
0.2 0.0 39.33 91.57(73.25) 52.92(46.68)
0.3 0.0 24.00 81.15(65.07) 49.38(44.65)

N ir g u d i extract 0.1 0.0 99.66 96.31(78.98) 71.51(57.73)
0.2 0.0 92.66 99.98(72.55) 70.75(57.30)
0.3 0.0 71.33 86.78(68.81) 69.24(56.32)

Coconut Shell extract 0.1 0.0 103.33 95.80(78.28) 74.02(59.50)
0.2 0.0 96.66 94.45(76.42) 73.49(39.08)
0.3 0.0 92.33 87.20(69.36) 72.21(58.19)

Clove Oil 0.1 0.0 100.00 96.04(78.85) 76.63(58.34)
0.2 0.0 97.33 95.19(77.32) 72.32(58.27)
0.3. 0.0 91.00 93 04(74.76) 72.04(58.08)

Petroleum ether (control) 0.0 0.0 107.66 96.28(78.96) 78.77(62.57)
Control — 0.0 108.33 96.31(79.01) 78.59(62.45)
S.E. — — ±1.48 ±1.77 ±3.16
C.D. at 5% — —- 2.38 5.22 9.37

Figures in parentheses are the transformed arcsin values. 
*33 days after treatment.
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respectively. Cent per cent mortality of eggs was noticed 
in Ratanjyoti oil at all the levels, Undi oil at 0.2 and 0.3 
per cent and Neem, Mohwa oil at 0.3 per cent level. 
This might be due to inhibition of spreading of binding 
material of egg on the grain surface. The percentage of 
adult emerged in different treatments ranged from 0.0 
to 73.72, Neem oil, Bit, Allitin and Ratanjyoti oil at 0.1, 
0.2 and 0.3 per cent levels, Mohwa and Undi oil at 0.2 
and 0.3 per cent levels completely inhibited adult emer­
gence.

The data given in Table 2 (33 days after treatment) 
indicate that none of the treatments had any effect 
on the adult mortality of C. maculatus. The average 
number of eggs laid in different treatments ranged bet­
ween 24.00 and 108.33. All the products were signifi­
cantly effective in reducing the average number of eggs 
laid. The treatments with neem oil and Ratanjyoti oil 
at 0.2 and 0.3 per cent, Bit and Undi oil at 0.3 per cent 
level were significantly more effective in inhibiting the 
hatching of the eggs than the rest of the treatments. 
Ratanjyoti oil at 0.1, 0.2 and 0.3 per cent, Neem oil 
at 0.2 and 0.3 per cent and Bit and Undi oil at 0.3 per 
cent level were significantly superior to the rest of the 
treatments in reducing the per cent adult emergence. The 
average percentage of germination ranged between
86.00 and 87.66 which is statistically not significant. 
Therefore it could be concluded that the protectants 
tested can safely be used in storing pulses for prolonged 
period. Mammigatti and Raghunathan2 have observed 
that coating of green gram with castor, gingely and 
mustard oils at 0.3 per cent and coconut or groundnut 
oils at 0.5 per cent level inhibited the multiplication of 
C. chinensis for 45 days. Similarly Schoonhoven3 has 
reported the use of groundnut oil against C. maculatus. 
Naik4 also reported neem oil and karanj oil at 0.5 
per cent level protected cowpea seed from C. maculatus 
damage for about 6 months. Cowpea seed was 
protected from the attack of C. maculatus if treated 
with neem kernel oil at 8 ml/kg seed which exhibit­
ed reduction in egg laying, ovicidal and larvicidal 
activity3.
References
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FATE OF QUINALPHOS AND MONOCROTOPHOS 
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Persistance of quinalphos and monocrotophos resisdues on 
bittergourd fruits following foliar spray each at 0.05 and
0 . 1  percent concentrations at fruiting stage was evaluated. 
Quinalphos treatments resulted in comparatively very low 
deposits but its residues were found to persist for one to 
two weeks above the maximum permissible limit of 0.25 ppm 
whereas monocrotophos degraded at a faster rate from 
7.19 and 11.4 ppm to non-detectable limits within 10 and 
1 1  days respectively.

Bitter gourd fruits punctured by fruitfly infestation 
degrade the market value of the fruits as well as adver­
sely affect the economic cultivation of the crop due to 
heavy damages. The timely insecticidal sprays of quin­
alphos (0, 0-diethyl 0-quinoxalin-2-yl phosphorothioate) 
and monocrotophos (dimethyl (E)-l-methyl-2-methyl 
carbamoyl, vinyl) were found effective in controlling 
the damage to the crop1*2. These insecticidal treatments 
while protecting the crop from insects also leave their 
residues. Since no information is available on the resi­
dues of these insecticides on bitter gourd, it was thought 
fit to collect data on the build-up of the residues of these 
two insecticides.

Bittergourd, Momordica charantia, (cv. Arka Harit) 
was raised in 3 X 3m2 plots at Horticultural Experimental 
Farm of the Indian Institute of Horticultural Research, 
Bangalore during winter season of 1981 (December- 
February). The crop was sprayed with quinalphos 
(Kotophos 25 EC supplied by SEARLE India Ltd.) 
and monocrotophos (Nuvacron 40 EC supplied by 
CIBA-GEIGY India Ltd.) each at 0.05 and 0.1 per cent 
concentrations at fruit formation stage. Experiment was 
laid out in randomised block design, keeping three 
replications. The fruit samples from treated plots were 
collected after 1 hr of treatment for estimating initial 
residue levels and thereafter 1, 3, 5, 7, 10, 15 and 21 
days after treatment.

Contribution No. 234/83, of I.I.H.R., Bangalore-560 080.
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The fruit samples were cut into small pieces, 50g of 
these were blended with 100 ml chloroform in a Waring 
blender. Extraction of insecticide residues was repeated 
thrice with further aliquots of chloroform. The 
combined extracts were concentrated in an evaporator 
and passed through chromatographic glass columns 
containing activated adsorbent mixture of charcoal: 
Cellite 545: neutral alumina (2:2:1 w/w) for cleanup 
of insecticide residues from other co-extractives of plant 
material. The columns were eluted with chloroform. The 
chloroform extracts containing cleaned up insecticide 
residues were concentrated to a known volume under 
reduced pressure. A 5 ml aliquot representing 5g plant 
material was used to estimate the residues of quinalphos 
and monocrotophos colorimetrically by Getz and 
Watts3 method. In order to know the efficiency of analy­
tical techniques, recovery experiments were conducted 
by fortifying control samples of bittergourd fruits with 
known quantities of the two insecticides and residues 
were determined. The average recoveries of quinalphos 
varied from 85.0 to 87.5 per cent and monocrotophos 
from 80.0 to 85.0 per cent.

The initial residues of 1.92 and 3.3 ppm quinalphos 
in bitter gourd fruits of the crop sprayed at 0.05 and 0.1 
per cent spray concentrations were found to degrade to 
non-detectable levels by 7 and 15 days respectively 
(Table 1). The rate of degradation of quinalphos

T a b l e  1. r e s id u e s  (p p m ) o f  q u in a l p h o s  a n d  m o n o c r o t o p h o s

ON B ITTER  GOURD FRUITS

Days after Quinalphos at concn of Monocrotophos at concn of treatment •— --------- -------------—  — ——------------ —•-----0.05% 0.10% 0.05% 0.10%
0 1.92 3.3 7.19 11.4
1 1.51 2.72 5.82 8.28

(21.3) (17.5) (19.05) (27.3)
3 1.24 1.92 2.97 5.78

(35.4) (41.8) (58.6) (49.2)
5 0.55 1.51 2.03 3.44

(71.3) (54.2) (71.7) (69.8)
7 N.D. 0.96 0.62 2.03(100.0) (70.9) (91.3) (82.1)

10 — 0.41 N.D. 0.78(87.5) (100.0) (93.1)
15 — • N.D. — N.D.(100.00) (100.0)
21 ____ .— ____ ____

The values are averages of three replications. 
N.D.=Not detectable.
The figures in parentheses denote per cent reduction.

residues from either of the treatments was slow at initial 
stages of spray treatment. This could be due to low wind 
velocity and temperature of the environment during this 
period which have adversely affected the évapotranspira­
tion of the chemical from the fruit surface. The succe­
ssive reduction in residues continued at 35.4 and 41.8 
per cent within 3 days; 71.3 and 54.2 per cent in 7 days,
100.0 and 90.9 per cent in 10 days from 0.05 and 0.10 
per cent applications respectively. The persistence of 
residues from higher dose (0.10 per cent) for longer 
period against lower dose (0.05 percent) indicates that 
the decay of chemical was dominated by chemical forces 
only and hence the degradation of residues followed 
the first order reaction of chemical decay. In addition, 
the grooved surface of the bitter gourd prevented the 
physical forces of insecticide degradation and allowed 
the residues to persist for longer period. In another study 
Prasad Rao4 worked out 9 days waiting period for qui­
nalphos on cole crops. This observation is almost 
similar to the present investigation.

Monocrotophos spray at 0.05 and 0.1 per cent con­
centrations were found to result in 7.19 and 11.4 ppm 
initial residues which were comparatively higher than 
from quinalphos treatments, applied at the same rate 
(Table 1). This difference in the build up of initial resi­
dues from the two different insecticides can be attributed 
to the purity of their respective formulations only. 
Monocrotophos, relatively a highly polar chemical 
persisted for 10 and 15 days after spray treatment at 
0.05 and 0.1 per cent concentrations respectively. Com­
paratively increased loss in monocrotophos residues was 
observed just after 3 days of spraying. This could be 
due to the monocrotophos, being systemic and highly 
water soluble, finds a ready access to inner tissues allow­
ing the chemical to degrade by biochemical processes. 
The degradation rate of monocrotophos residues on 
bittergourd fruits was comparatively higher than that of 
quinalphos and therefore the residues reduced down the 
tolerance limit of 0.2 ppm by 7 and 10 days almost 
same as that of quinalphos. While working on cucurbits, 
Prasad Rao4 recommended a lapse of 9 days and Awasthi 
et al5. worked out 11 to 15 days for monocrotophos to 
degrade on cowpea pods. Awasthi et al.6 have further 
confirmed the high persistence of monocrotophos 
residues in soybean by suggesting a waiting period 
of 13.1 days. Present investigations are also similar 
to the above findings. However, due to differences 
in texture, composition and growth rate of differ­
ent vegetable crops, variation in the behaviour of pesti­
cide residue degradation is quite obvious.

Authors wish to sincerely thank Dr K. L. Chadha, 
Director, Indian Institute of Horticultural Research, 
Bangalore for his keen interest and facilities provided 
for the present studies.
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BOOK REVIEWS

Advances in Biochemical Engineering. Vol—23.- Edited
by A. Fiechter, Springer-Verlag, Rezensionen 4023,
Post fach, Heidelberger Platz, West Germany; 1982;
Pp. 194.; Price: $ 39,10.
This volume has four review articles relating to dif­

ferent areas. The first review by Doeli and his colleagues 
refers to the regulation of glucose metabolism in bacteria. 
Our current knowledge of glucose metabolism in bac­
teria is dominated by two major phenomena namely the 
Pasteur Effect and the Crabtree Effect. This review 
brings out clearly the role of various phosphofrctoki- 
nases and shows that this enzyme has perhaps little to 
do in this phenomenon. With regard to the Crabtree 
Effect the review shows that this process may not even 
be functional in bacteria and brings out the dangers in 
generalization with regard to regulation of glucose 
metabolism and shows that this may be different from 
that reported in yeast.

The second article by Rogers and his colleagues 
reviews the status of ethanol production and metabolism 
in Zymomonas. It covers all the known literature about 
this organism and the various corditions that have 
been developed to test its usefulness for alcohol produc­
tion. It also brings out the future areas of work that 
need to be done specially keeping in view the high 
productivities this organisms can generate and the possi­
bilities of genetic manipulations. Tin- authors correctly 
conclude that the laboratory observations are extremely 
promising but challenges exists at the pilot plant level. 
The third article by Prof. Aiba on the growth of photo­
synthetic organisms, deals with the conditions that 
stimulate growth in eutrophic environments. The 
review also brings out the fact that photosynthetic bac­
teria and algae can not be treated in the same category 
as fat as the effect of either carbondioxide or oxygen is

4. Prasada Rao, V. L., S tu d ie s  o n  th e  e f fe c t  o f  ce r ta in  o rg a n o -
p h o sp h a tic  in se c tic id e s  o n  th e  im p o r ta n t p e s t s  o f  cru c i-  
je r o u s  veg e ta b les  a n d  o n  th e  re s id u es  o f  s e le c te d  p e s tic id e s . Ph. D. thesis 1976, Univ. Agric. Sci., Bangalore.

5. Awasthi, M. D., Dixit, A. K., Verma, S., Handa, S. K. andDewan, R. S., Fate of monocrotophos and carbaryl on cowpea. In d ia n  J .  P I. P r o t ., 1977, 5, 55.
6. Awasthi, M. D., Handa, S. K., Dixit, A. K. and BhattacharyaN. S., Dissipation of Metasystox and monocrotophos in or on soybean crop. In d ia n  J .  A g r ic . S c i . , 1978, 48, 245.

concerned. The last article by Fan and his colleagues 
is on the nature lignocellulose materials and their pre­
treatment for enzymatic hydrolysis. The various methods 
relevant for treating lignocelluloses have been compared 
but nothing appears cheaper than the caustic soda 
treatment. Although economical, this process needs 
specialised equipment.

P. Tauro
H aryana Agricultural University, H issar, India

Advances in Biochemical Engineering I Biotechnology: 
Vol. 26, Edited by A. Fiechter, Springer-Verlag 
Berlin, Heidelberg, New York, 1983, Pp. 209, Price, 
US $ 38.
The latest volume in this popular series carries four 

excellent review articles, the first two of which are 
directly in keeping with the theme title “Downstream 
processing” while the other two pertain to Molecular 
cloning and Amino acid Fermentation. A welcome 
change has been introduced in renaming the series as 
Advances in Biochemical Engineering/Biotechnology 
in recognition of the value of this rapid developing 
technology to “progress in scientific developments and 
their practical applications”.

As in the earlier volumes, the classification of the 
subject matter in each review article is excellent and 
helps at a glance to perceive the scope and depth of the 
topic discussed. Bell, Hoare and Dunnill have presented 
a comprehensive review on the formation of protein 
precipitation and their centrifugal recovery in which a 
vast area ranging from basic aspects of protein chemistry 
to the principles of centrifugal separation and modifi­
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cation of industrial centrifuges is dealt with in detail. 
Technological processes involving protein precipitation 
and separation are also briefly discussed. Flaschel, 
Wandrey and Kula discuss ultrafiltration for the sepa­
ration of Biocatalysts in the second review article in the 
book. Ultrafiltration as a separation process as well 
as its application to membrane reactions is analysed 
along with discussions on theory of ultrafiltration. 
process design and its utility for isolation of biocatalysts.

Esser and Hinrichs outline the basic strategies and 
limits to molecular coining in heterologous systems. 
Discussing the stability and expression of foreign DNA, 
the review discusses results of recombinant DNA with 
biotechnological relevance at present and those which 
may have future perspectives in applied research. The 
“Conclusions and Perspectives” section of the Chapter 
presents a balanced and realistic apprisal on the state 
of the art of molecular cloning with respect to bacterial, 
yeast and higher plant systems. Emphasis is laid also 
on the more stable DNA recombinants obtained through 
the easier and less elaborate “classical” metnods of 
sexual or parasexual cycle.

The last chapter on production of L-tryptophan by 
Microbial processes by Nyeste, Pecs, Sevella and Hollo’ 
gives brief discussion on L. Tryptophan biosynthesis 
and its regulation, methods of production including 
preparation of substituted tryptophan derivatives and 
some data on the economics of tryptophan production 
and its potential applications.

The Chapters written in this volume give a wealth of 
information for those engaged in biotechnological 
research in academic as well as industrial areas. Tehy 
would form valuable reference material for many years 
to come and may deservedly receive repeated citation in 
future biotechnological literature.

M. C. Srinivasan 
N ational C hemical Laboratory, Poona

Computer Aided Techniques in Food Technology: Edited 
by Israel Saguy, Marcel Dekker, INC, 270, Madison 
Avenue, New York-10016, Pp. 494; $ 69.75.
Computer—aided techniques in the current decade 

has pervaded in almost all the spheres of human activity, 
and has almost saturated in certain fields of science. The 
author has rightly pointed out that the computer-aided 
techniques in Food technology is in its teething stage, 
and its application in Food Science is yet to be 
accomplished.

This volume almost fulfils the author’s objectives, 
namely, to use this book as a reference literature for 
professional food engineers, food technologists, food 
scientists and Industrial personel, to expand and up 
date their knowledge on computer aided methods and 
techniques.

This book has tried to connect the circuit comprising 
of the components like computers, fundamental pro­
gramming numerical techniques, Model building follow­
ed by various applications in Food Science, operational 
research, design problems, data processing, proces 
control, production control, rheology studies, optimi­
zation, PERI (Programme evaluation and review 
techniques). Quantitative analysis and simultation of 
food quality loses during processing and storage and 
transportation, finally new approaches in computer 
system developments, interface and sub-routines and 
professional responsibility all in correct sequence. To 
achieve this, the editor has chosen a multiauthor 
contribution.

The editor discusses the pros and cons of multi- 
authored collection. This approach may result in dif­
ferent philosophies, uneven courage, unwarrented dupli­
cation and inadvertant omission of important material. 
A few papers related to computer aided techniques in 
food science have been elaborately illustrated. To 
identify one of them i.e., “Computer analysis of Food 
chromatographic and Electrophoretic data of protein’ 
the following details have been given: Intioduction, 
Data Acquisition and smoothing, peak analysis, s’ope 
analysis, peak detection and baseline correction, moment 
analysis, protein characterisation, gel chromatography, 
molecular weight distribution analysis, Trans Electro­
phoresis and Estimation of molecular weights and dif­
fusion coefficients.

In a similar way, the vast vacancy still existing in the 
field of computer-aided techniques in food science can 
be filled one by one. To mention a few of the 
areas to be occupied are anlytical field comprising of 
analysis of food nutrients, quantitative analysis of uxy- 
gen, nitrogen, carbon & sulphur, identification of the 
quantitative existence of Zn, Mn, Pb, etc., in food stuffs, 
technologies like Fermentation, Baking, Flavour, Micro­
biology, Packaging, Pesticide control, etc., product 
development, process control, planning monitering, 
evaluation services and anlytical quality control are 
the fields still left open for intensive exploration. This 
book will play a vital part in this heavy unending task.

Venkatakuppaiah
C.F.T.R.I., M ysore
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Food Protein Deterioration Mechanisms and Functionality: 
Edited by J. P. Cherry, A. C. S. Symposium Series, 
206, Amrican Chemical Society, Washington D. C., 
1982; pp. 444; US and Canada: $ 47.95, Export 
$ 57.95.
The major importance of proteins in food is due to 

its functional and nutritional properties. Various 
factors influence these properties either favourably or 
adversely. Under the auspices of the Agricultural Food 
Chemistry Section of the American Chemical Society 
a symposium on deterioration of focd proteins was held 
in New York in August 1981 and the proceedings of 
this symposium have been published in the form of this 
monograph. The monograph has fv'teen articles and is 
a mixed bag of diverse topics.

From the point of view of a food technologist, func­
tional properties of a protein mean some characteristics 
like solubility, dispersibility, foam capacity, emulsifi­
cation, gelation properties etc. These are intrinsically 
decided by the structure of the protein and interaction 
with other components in the food system. The intrinsic 
structure of a protein is essentially governed by its 
amino acid sequence which is decided by the genes 
which code for it. In the present monograph Asim Even 
deals with the genetic mechanisms which influence protein 
properties specially of plant proteins. Deterioration of 
food proteins can be due to either chemical, physical or 
microbiological factors.

Chemical factors like lipid perox dation, interaction 
with carbohydrates, phenolic compounds or strong 
alkali, deliberate chemical modification (such as acyla­
tion or reduction of disulfide bridges) which influence 
protein quality and functionality have been examined 
by specialists in these areas in six articles. Protein 
functionality as affected by physical factors like tempera­
ture, ionic environment etc. have been dealt with in four 
articles. The influence of endogenous and exogenous 
proteolytic activity on proteins have been discussed in 
one article. Some types of oriental 7ood (Miso, Shoya, 
Tempeh, Ontom) are made from proteinaneous material 
through the deliberate intervention of microorganims 
and the processes affect protein quality. Improper sto­
rage of proteinaceous food material can lead to damage 
by fungi resulting in the formation of toxins. These 
aspects have been considered in an article by Cherry. 
The nutritional consequences of protein modification 
have been examined in another article.

This monograph is really meant for the specialist in the 
area of protein foods.

D. Rajagopal Rao 
C.F.T.R.I., Mysore

'Phal Tat ha Turkari Parirakshan Proudyogiki’ {Hindi):
Sadasivan Nair S. and Harischandra Sharma>
Rajasthan Hindi Grantha Academy, Jaipur; 1981;
Pp. XXI+544; Price Rs. 48.00.
The authors have put lot of efforts in bringing out the 

present publication. Claimed to be the first university 
level book on the subject in Hindi, it attempts to present 
a comprehensive account of theoritical and practical 
aspects of the subject.

This book is divided into two parts.
Part I —Pariraksan siddhant (‘Principles of preserva­

tion) : Provides basic information on fruit and vegetable 
preservation in 7 chapters. First chapter ‘Parirakshan- 
ek-parichay’ introduces the concept of preservation with 
a brief history. Principles of preservation are discussed 
under ‘temporary’ and ‘permanent’ preservation in 
the second chapter. Chapter on temporary preservation 
disucsses the principles, advantages and conditions for 
preservation raw fruits and vegetables by ‘asepsis’, ‘low 
temperature’, ‘exclusion’/‘retention’ of moisture, waxing, 
‘exclusion’ of air and by using mild antiseptics. Various 
‘non-heat’ and ‘heat’ processing techniques are briefly 
discussed under ‘permanent preservation’. Third 
chapter deals with the role of microoragnisms in food 
deterioration and fourth chapter is on the nutritive 
value of fruits and vegetables and effect of various pre­
servation techniques on them. The fifth chapter on food 
additives is a compilation of exhaustive information on 
food additives and preservatives, specifications, etc. 
Sixth chapter is devoted to containers used in the fruit 
and vegetable preservation industry.

Last chapter of the part I gives the potential food 
manufacturers-some entrepreneurial guidelines.

Part II—though titled ‘Alpa tap parirakshan’ (Low 
temperature preservation) deals in detail with preser­
vation techniques including heat processing. First two 
chapters are on refrigeration, cold storage and freezing. 
The controversial technique of preservation by irradi­
ation is briefly covered in the 3rd chapter. Fourth chap­
ter on preservation by fermentation includes methods 
ranging from domestic pickling and vinegar preparation 
to industrial fermentation. Unit operations, raw 
materials, equipment detail for making fruit juices and 
beverages is the topic of fifth chapter. Chapter 6, 7 and 
8 on commercial canning, canning of fruits and of vege­
tables respectively are complementary to each other. 
Subtitling of the 9th chapter categorieses sundrying as 
drying process and other methods as dehydration pro­
cess. 10th chapter is all about jams, jellies, marmalades,
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murabbas etc. followed by another chapter on concen­
trates with special emphasis on tomato products.

The text concludes with a small but useful chapter 
on byproduct utilization followed by glossary, biblio­
graphy and errata.

The second part could have been bifurcated into ‘low 
temperature’ and ‘high temperature’ preservation. In­
terchanging of certain chapters, clubbing of some sub 
divisions would have helped to maintain the sequence in 
text and avoided repetitions. Limiatation of type faces 
and sizes might have resulted in erratic and sometimes 
misleading subtitles. This could be overcome by adopt­
ing decimal system which is more scientific and useful 
to the students who heavily rely on captions and 
titles for last minute references and revision. A few 
illustrations in part I are wrongly placed. Spelling 
mistakes are much more than those listed in errata. 
Some factual errors seem to have escaped authors 
attention like inclusion of B and C vitamins under fat 
soluble group, giving tomato the honour of being 
the only one among fruits and vegetable to have acid 
content, stressing cough and cold as Vitamin D defici­
ency symptoms, omission of role of sunlight in Vitamin 
D synthesis and so on.

Since technical terminology in Hindi is still in the 
process of standardization, science writers have the task 
of discrete and careful handling of the same. The authors’ 
aware of these and sincere efforts are made to tackle them. 
Influence of english has affected the flow of thought 
resulting in ambiguity in some places. Simple and 
straight narration would have been more appropriate. 
True and unimaginative translation of English terms 
on one side and use of English terms when much, 
popular and standardised Hindi terms are available, 
use of one word to convey more than one technical 
concept and vice verse, all these facts make a strong 
case for urgent standardization and popularization of 
the technical terminology. Different connotations of 
similar words, nuances of synonyms could have been 
taken advantge of.

Considering the comprehensive coverage of the subject 
‘Pita I tatha tarkari parirakshan proudhyogikV is very 
useful as a source book to the students.

B. Anuradha 
C.F.T.R.I., Mysore

Elements of Food Borne Diseases: by J. A. Awan 
The Institute of Management and Technology, P.M.B. 
01079, Enuger, Nigeria; pp. 156; Price: $ 12.00.
Food is the most important biological necessity 

and has to be consumed in sufficient quantity and should

also supply all the ingredients necessary for the metabolic 
activity of the organism. There is competition for food 
from different living beings like man, animals including 
insects, plants and microorganisms and each one of them 
try to utilize it for its growth and development. Once 
the food is attacked by an agent it may be modified in 
such a manner that it becomes deleterious to other orga­
nisms. In addition it is also made unwholesome by extra­
neous chemical intentionally used by man to preserve crop 
plants, food articles and in keeping the environment 
‘clean’. The above mentioned book has been brought 
out by the author to dissiminate information on the 
agents responsible for food poisoning, food contami­
nation and health hazards for students of food science 
and technology, catering establishments, nutritionists 
etc., who are interested in disease prevention.

There are nine chapters dealing with food poisoning 
caused by intrinsic chemicals toxicity by extraneous 
chemicals, fungal food poisoning, bacterial food intoxi­
cation, bacterial food infections, potozoen infestations, 
worm infestations and diseases transmitted by insects 
and rodents.

Some common elements, their sources and possible 
hazardous effects due to their excess in the diet have 
been listed. Some intrinsic material that may decrease 
the nutritive availability of certain food constitutents 
are presented in a tabular form. Many food articles 
that are items of diet like cassava brassicas, potatoes, 
bananas and certain vegetabls, when eaten in excess 
may prove toxic due to the presence of certain chemicals 
like hydrocyanic acid, oxalic acid, alkaloids etc. Certain 
precautions to be observed are evermented. Certain 
toxins of animal origin also have been mentioned.

Toxicity of agricultural chemicals like fertilizers, 
fungicids, herbicides, insecticides, rodenticides and mol- 
luscides have been discussed. Deliberate addition of 
adultrants to food articles, which are toxic have also 
received attention. Food additives which are not of 
edible grade, are commonly used in food processing that 
may be hazardous to health.

One of the important area, which is receiving world­
wide attention by food technologists and nutritionists 
is fungal food poisoning. The author has described food 
poisoning caused by direct consumption of certain 
mushrooms as also other mycotoxins. The next chapter 
deals with bacterial food intoxication with emphasis on 
botalism Bacillus cereus and Staphylococcal toxins. The 
fifth chapter is devoted to bacterial food infections. 
Which causes illness when food containing living bac­
terial cells are infested. The organism listed are. Brucella 
abortus, Campylobacter jejuni, Clostridium perfungens, 
Escherichia Còli, Salmonella spp, Shiegella spp Stre­
ptococcus faecalis, Vibrio cholerae, V. parahaemolyticus, 
and Yer inie faecalis. Diseases caused by protozoans
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and helminths are discussed in the next two chapters. 
The final chapter is devoted to food borne diseases 
spread through the agency of rodents and insects. The 
author also has given a list of titles of publications for 
further reading, followed by a glossary of terms relevent 
to the text of the book and an index.

The book provides information on food-borne diseases 
and will be a useful reference book for students of Food 
Science and Technology and other disciplenes concerned 
with food preservation and processing.

U. R. Sreelata 
C.F.T.R.I., M ysore

The Maillard Reaction in Foods ana Nutrition: Edited 
by George R. Waller and Milton S. Feather, ACS 
Symposium Series 215, American Chemical Society, 
Washington D. C. 1983; Pp. 585 Price: US & Canada 
$ 59.95 Export $ 71.95.
The book is based on a symposium sponsered by the 

Divisions of Agricultural and Food Chemistry and Car­
bohydrate Chemistry at the 183rd Meeting of the 
American Chemical Society, Lass Vegas, Nevada, from 
March 28 to April 2, 1982.

Louis Camille Maillard, a French Scientist, first 
reported his outstanding observation on the conden­
sation of amino acids and sugars 72 years ago, and since 
1950, the reaction is named after him. The reaction 
occurs between sugars and amino acids, polypeptides or 
polysaccharides and proteins, and gives rise to unde­
sirable flavours and colours in foods during processing 
and storage. The reaction transaforms many foods, 
bland and unplesant tasting in their natural form, into 
most desirable ones as in coffee, bread, roast beef, 
toasted nuts etc., and has been deliberately used to 
flavour the engineered foods, so much so, during the 
last 20 years, thousand patents have been granted. Alth­
ough many of them may be redundant, at last 45 patents 
specify mixing one or more amino acids with one or more 
carbonyl compounds and heating. The reaction produces 
mutagens some of which are carcinogens, affect nutrition 
and health, and also produce chemicals which have 
antioxidant and therapeutic vaiues. These aspects are 
covered in 29 papers divided into seven sections.

The history of the Maillard reaction, written by, 
Kawamura, comprises the first section of this book.

The second section relates to the mechanism of the 
Maillard reaction and the identification of these pro­
ducts. The mechanism proposed by Hodge in 1953 
involving Amadori rearrangement as a key step, has 
been accepted over a quarter of a century as most apt 
description. Namiki and Hayashi, now, propose a me­

chanism involving cleavge of the sugar molecule to yield 
a highly reactive two-carbon fragment prior to Amadori 
rearrangement. Nyhammar et al. discuss Strecker 
degradation products from glucose-glycine reaction. 
Russell discusses reaction of Amadori compounds and 
their rearrangement products with nitrite to form 
nitrosamines having genotoxic effect. Change of colour 
in cane sugar during storage has been shown by Cheng 
et al. to be due to the formation of humic acids, caramel, 
5-hydroxymethylfurfural, and melanodins. Coloured 
compounds formed by the interaction of glycine and 
xylose reported by Nursten and O Reilly include 4- 
hydroxy-3 methyl-3 (2H) furanone, and 2-furfurylidene-
4-hydroxy-5 methyl-3 (2H) furnanone. Lipid-oxidative 
and sugar-derived fluorescences have been proposed by 
Porter et al. for measuring deterioration during storage.

The various flavours, tastes and odours produced 
by the Maillard reaction are detailed in the third rection. 
Included in this section are a variety of odours produced 
in more than 400 model systems drawn from 21 amino 
acids and sugars studied by Lane and Nursten: muta- 
genetic and antioxidative properties of the roller-dried 
soya flour, glucose, and lysine by Dworscha’k et al., 
formation of desirable meat flavour by reaction between 
amino acids and carbohydrates written by Bailey; and a 
survey of sensory properties of nearly 450 Maillard 
reaction products by Susan Fors.

Chapters 14 to 16 relate to the application of Maillard 
reaction in food processing. Danehy and Wolnak have 
discussed the formation of desirable flavours in bland 
raw-materials like chocolate, cocoa and meats during 
processing and exploitation of Maillard reaction to 
produce desirable flavours. Bichner and Wolf describe 
the use of Amadori compounds as a means to optimize 
the drying and storage conditions of dehydrated carrot. 
Lingnert et al. by dialysis and electrophoretic fractiona­
tion of the histidine-glucose reaction product and 
electron paramagnetic resonance studies of the fractions, 
demonstrate the presence of free radicals responsible for 
the antioxidative property of the Maillard reaction pro­
duct.

The effect of browning on nutrition is discussed in the 
fifth section. Included in this section are the report by 
Johnson et al. that consumption of toasted and browned 
foods like cornflakes reduced zinc retention; the urinary 
zinc is bound to heavier compounds; and the urine of 
such subjects contain higher-molecular-weight amino 
substances than subjects eating corn grits. Knipfel et al. 
discuss the naturally occurring Maillard reaction in 
cereal grains with paiticular reference to rye, and the 
effect of heat treatment of alfalfa which results in pro­
tein increase of the fibre fraction and decrease in the 
in vitro digestibility of organic matter. Tsen et al. 
report the loss in the nutritive value during conventional
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baking of bread, an excellent staple, although, Maillard 
reaction plays an important role in producing the unique 
golden brown crust essential to the development of full 
flavour and aroma. Also, included in this section are 
losses of available lysine in protein in Maillard reaction 
systems by Tucker et al.; effect of glucose and lysine 
reaction mixture on protein and carbohydrate digestion 
and absorption by Oste et al.; and determination of 
available lysine by various procedures in Maillard type 
products by Erbersdobler and Anderson.

The discovery, in the past decade, that Amadori 
products form readily in vivo, and that the levels of 
glycosylated hemoglobins reflect the glycemia over 
several weeks has greatly stimulated the interest in the 
Maillard reaction in vivo. Monnier and Cerami review 
the reports of nonenzymatic glycosylation causing acute 
or chronic molecular changes observed in diabetes and 
involvement of Maillard browning in general aging 
process. Therapeutic effects of Maillard reaction pro­
ducts have come to be well established. Mester et al. 
in their review report on stimulation of Lactobacilli and 
Aspergilli growths by N-glucosylglycine, and the use­
fulness of deoxyfructoserotonin in the treatment of 
leprosy.

The final section is devoted to the possible toxicologi­

ASSOCIATION NEWS

Hyderabad Chapter
The Annual General body meeting of the above 

Chapter was held in Hyderabad. The Secretary presented 
his report for the year 1983. The highlights of his re­
ports, included the increase in membership to about 150, 
organization of seminar on “The role of food industries 
in Andhra Pradesh—constraints for Development, 
in collaboration with SrSf and Food Craft Institute, 
arranging visits to BHEL, Hyderabad, Vinedale Bre­
weries and Distilleries and arranging of seminars by

cal effects of the Maillard reaction. Pintauro et al. 
report based on long-term feeding of Maillard browned 
proteins to rats find no toxic effect. Barnes et al. Jagers- 
tad et al. and Nagao et al. report that cooking processes 
such as frying, grilling and broiling of meat and fish, 
and roasting of coffee beans, involve Maillard reaction 
which gives rise to mutagens some of which are carcino­
gens. A ray of hope amidst these disturbing findings 
is the observation that addition of soya protein or anti­
oxidants inhibit the formation of mutagens. Unlike the 
products formed during reaction at high temperatures, 
Omura et al. report the formation of weak mutagens by 
Maillard reaction at 100°C. Principal mutagens in such 
reactions include 5-hydroxymethyl furfural, (2-formy.-5- 
(hydroxymethyl) pyrrol-l-yl)-norleucine, 2-methyl-thia- 
zolidine and reaction products of troise reductone with 
amino acids or nucleic acid related compounds.

Research on Maillard reaction and its product will 
continue. It is a ‘Pandora Box’ with good as well as 
evil phases. The literature reviews and the papers pro­
vide an up-to-date wealth of information to students, 
research workers, processors, nutritionists and toxico­
logists, and is a valuable publication.

S, Ranganna 
C.F.T.R.I., M ysore

experts on specialised topics. This was followed by the 
presentation of report by the Treasurer.

The nominations for the office of AFST(I) Hyderabad 
Chapter for the year 1984 were called but there was no 
response. Hence the Executive Committee met on Febr­
uary 4, 1984 and nominated the following for the dif­
ferent offices. President—P.G. Shrotreya, Vice-President 
Mrs. Yamuna Ranga Rao, Secretary—Mr. B. D. 
Tripathi, Joint Secretary—Mr. N. Mallikarjuna Rao, 
Treasurer—Mr. P. S. V. Ramana Rao.
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