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Methods for Determ ination o f Sen sory Q uality o f Foods :
A  Critical Appraisal

DHARAM PAL, SUNIL SACHDEVA AND S. SINGH*
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National Dairy Research Institute, Kamal-132 001, India.
In  a  m o d e m  food c o rp o ra te ,  s e n s o ry  e v a lu a tio n  p la y s  a  c r it ic a l ro le . I t is  o n e  o f  th e  s im p le s t  a n a ly t ic a l  to o ls  

for m o n ito r in g  q u a li ty  c o n tro l  a t  a ll s ta g e s  o f  food p r o d u c t  p ro c e ss in g , s t a r t in g  fro m  th e  in s p e c t io n  o f  in c o m in g  ra w  
m a te r ia ls  to  s u rv e il la n c e  o f  th e i r  f in is h e d  p ro d u c t .  A s u c c e s s fu l  im p le m e n ta t io n  o f  s e n s o ry  p ro g ra m m e  r e q u ir e s  p ro p e r  
la b o ra to ry  fac ilitie s , t r a in e d  s e n s o ry  p a n e ls ,  a n d  a d o p tio n  o f  p re c ise  s e n s o ry  m e th o d s . A  s e n s o ry  p a n e l i s t  w o rk s  a s  
a n  a n a ly tic a l  in s t r u m e n t ,  h e n c e  s h o u ld  b e  c a re fu lly  se le c te d , a n d  r ig o ro u s ly  t r a in e d  so  a s  to  o b v ia te  in c o n s is te n c y  
in  r e s u l ts .  S e n s o ry  t e s t s  a r e  b ro a d ly  c la ss if ie d  in to  th r e e  g ro u p s , n a m e ly , d is c r im in a tiv e , d e sc r ip tiv e , a n d  affectiv e 
(acc ep ta n ce ). T h e  d is c r im in a tiv e  t e s t  is  a  p o w erfu l m e th o d  in  te rm s  o f  i t s  se n s itiv ity , re lia b ility , a n d  v a lid ity . I t is  
m o re  f re q u e n tly  u s e d  fo r se le c tio n , a n d  tr a in in g  o f  p a n e l is ts ,  a n d  u s u a l ly  p re c e d e s  o th e r  te s t in g . D e sc rip tiv e  a n a ly s is  
is  a  s o p h is t ic a te d  c o n c e p t in  th e  s e n s o ry  e v a lu a tio n  o f  p ro d u c t ,  w h ic h  h a s  evo lved  fro m  e x p e r t  o p in io n s  fo r  a  m o re  
r ig o ro u s , a n d  sc ie n tif ic  a p p ro a c h  to  m e a s u r in g  p e rc e p tio n s . T h e  im p o r ta n t  a p p lic a t io n s  o f  d e sc r ip t iv e  a n a ly s is  in c lu d e  
s to ra g e  s ta b il i ty  a n d  sh e lf- life  s tu d ie s ,  n e w  p r o d u c t  d e v e lo p m e n t, q u a li ty  c o n tro l, a n d  e s ta b l i s h m e n t  o f  c o rr e la t io n  b e tw e e n  
s e n s o ry  a n d  p h y s ic o -c h e m ic a l te s ts .  T h e  s e n s o ry  a c c e p ta n c e  r e p r e s e n ts  th e  th ird ,  a n d  a  f in a l p h a s e  o f  t e s t  r e s o u rc e s ,  
w h ic h  a lso  re fe rs  to  c o n s u m e r  s tu d ie s .  It p ro v id e s  c o n t in u i ty  b e tw e e n  th e  c o n tro lle d  la b o ra to ry  e n v iro n m e n t,  a n d  th e  
ty p ic a l p r o d u c t  u s e  s i tu a t io n .
K ey w o rd s : S e n s o ry  e v a lu a tio n , P a n e l se le c tio n , D isc r im in a tiv e  m e th o d , D e sc rip tiv e  a n a ly s is ,  S c o rin g , A c c e p ta n c e , 

T e s tin g .

Definition o f sensory evaluation
It has long been recognized that enjoyment of 

food is essential for good health. Enjoyment would 
mean choice, and acceptance, and not always 
nutrition, and wholesomeness (Solms and Hall
1981). The consumer's appreciation of food quality 
is, thus, all important. For consumers, the 
perceivable sensory attributes, colour, appearance, 
feel, aroma, taste, and texture are the deciding 
factors in food acceptance. According to the Sensory 
Evaluation Division of the Institute of Food 
Technologists (Anon 1975), the sensory evaluation 
is defined as a scientific discipline used to evoke, 
measure, analyze, and interpret results of those 
characteristics of foods, and materials as they are 
perceived by the senses of sight, smell, taste, touch, 
and hearing. The definition makes clear that 
sensory evaluation encompasses all the senses, and 
not taste testing alone. Sensory evaluation takes 
into account several different disciplines, which 
include experimental, social, and a working 
knowledge of food science and technology, and it 
emphasises the behavioural basis of perception. As 
the definition implies, sensory evaluation involves 
the measurement, and evaluation of the sensory 
properties of foods, and other materials (Stone and 
Sidel 1993). Therefore, sensory evaluation helps in 
ensuring that the consumer gets consistent, non
defective, and enjoyable foods.
* Corresponding Author

Importance o f sensory evaluation
With the tremendous growth of economy, and 

competition, the developments in the food processing 
industries, the high cost of research, and 
development, and marketing, and the high failure 
rates of new products led the food scientists, and 
technologists hastily to turn to sensory responses, 
as validating tests for better prediction of success. 
Sensory evaluation is, therefore, considered to be 
an important analytical tool in the present day 
competitive corporate environment.- Measuring the 
sensory properties, and determining the importance 
of these properties, as a basis for predicting 
acceptance by the consumer, represent major 
accomplishments for sensory evaluation (Bodyfelt 
et al. 1988). Though sensory evaluation is utilized 
by many of the companies, the methodologies 
adopted are not uniform, clear, and precise. The 
survey done by Brandt and Arnold (1977), and by 
the Institute of Food Technologists, Sensory 
Evaluation Division (Stone and Sidel 1993), revealed 
that sensory evaluation, as a science is not well 
understood, methods are not always used in 
appropriate ways, results are misused, and there 
is a dearth of qualified professionals in the field. 
The sensory evaluation science has, therefore, not 
achieved a status commensurate with its potential. 
This article focusses on a systematic approach to 
the organization, development, and operation of a 
sensory programme in a business, and research 
environment.
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Applications o f sensory evaluation

The modem day concept of total quality control 
involves application of sensoiy evaluation at all 
stages of processing, right from procurement of raw 
materials upto the packaging of the finished product 
(Reece 1979). The sensory evaluation can contribute, 
directly or indirectly, to a number of activities 
(Stone and Sidel 1993), such as (a) new product 
development, (b) product reform ulation/cost 
reduction, (c) monitoring competition, (d) quality 
control, (e) quality assurance, (f) product sensory 
specification, (g) raw material specification, (h) 
packaging materials suitability, (i) storage stability, 
(j) process/ingredient/analytical/sensory relation
ships, and (k) advertising claims.
Organizing a sensory evaluation programme

A successfu l implementation of sensory  
evaluation programme requires three major 
components: proper laboratory facilities, sensory 
panels, and rigorous training programme (Reece
1979).

F a c i l i t i e s  : The literature on sensoiy facilities 
has been limited. More recently, American Society 
for Testing and Materials (Eggert and Zook 1986) 
published a monograph on the design of a sensory 
facility, including guidelines for the size of the 
facility, and suggested booth dimensions, and 
related information. The sensory facility is as 
important as any instrument, and therefore, needs 
serious consideration. Of particular importance are 
ventilation, lighting, traffic patterns, and locations, 
product preparation, subject communications, and 
experimental comfort. In most cases, a facility is 
ideally described as a quiet area free from distraction, 
with controlled lighting, partitions between subjects 
to minimize visual contact, neutral colours for 
walls, and odour-free surroundings (Stone and 
Sidel 1993; Bennet et al. 1956).

/ The sensory laboratory set-up normally consists
of a reception-cum-briefing room, panel booths and 
sample preparation room. The panel booths should 
be of identical design. Each booth may be 75 to 
80 cm wide (ASTM 1968; Stone and Sidel 1993), 
having adequate space to keep samples, rinsing 
water, and score card. Stone and Sidel (1993) do 
not recommend provision of a small sink for oral 
rinsing in the booth. They consider that sinks are 
sources of odours and noise, require regular 
maintenance and increase the construction costs. 
They have suggested the use of covered, disposable 
containers for expectorations, as an alternative to 
sink. The lighting of booths should be uniform.

glare-free, and arrangements should be made to 
provide white or coloured light. According to Stone 
and Sidel (1993), the lighting in the booth area 
should be fluorescent, except in the booths 
them selves, where incand escent lighting is 
recommended. This lighting should be sufficient to 
provide 100-110 foot candles of shadow-free light 
at the counter surface. Some workers (Laue et al. 
1954; Kefford and Christie 1960) have favoured the 
coloured illumination to mark the differences in the 
colour of the samples. On the contrary, Stone and 
Sidel (1993) observed that the use of other than 
conventional lighting caused more problems than 
it appeared to solve and hence they did not 
recommend the use of coloured lights.

The ventilation for sensory room, and specially 
for booths is critical, and needs special attention. 
The entire booth area should have a slight positive 
pressure relative to other areas, and the air turn 
over in the booths should occur every 30 seconds, 
as a minimum, particularly for strong odours, and 
fragrant products (Stone and Sidel 1993). In general, 
odour-free environment in booths has been suggested 
by many authors (Amerine et al. 1965; Bodyfelt et 
al. 1988; Stone and Sidel 1993). A temperature of 
20-25°C, and relative humidity of 62% in the 
testing room are considered to be ideal (Hopkins 
1954).

Nakayama and Wessman (1979) observed that 
sensoiy facilities need not be, as elaborate or, as 
large as those in an R&D centre. The emphasis 
is on conducting tests that produce valid, reliable, 
and reproducible results. They recommended that 
the facilities might be divided into two distinct 
areas - one for sample preparation, and another 
for evaluation - with appropriate lighting, ventilation 
and temperature controls so as to create an 
environm ent conducive to preparation and 
evaluation. Stone and Sidel (1993) emphasized that 
the laboratory facility should be flexible enough to 
handle current and future testing activities as well 
as to provide a workable environment for the staff. 
The use of computers has been recommended in 
sensoiy evaluation by many workers (Brady 1984; 
Brady et al. 1985; Gordin 1987; Guinard et al. 
1985; Russel 1984; Savoca 1984; Winn 1988). In 
that case, sensory evaluation laboratory should 
include space for data processing equipments, 
which include digitizer, personal computer (PC) with 
colour display, a storage peripheral, printer/plotter, 
and modem, if one is linked to a mainframe. If 
paper score cards are used for sensoiy evaluation, 
then a digitizer system is most efficient, flexible and
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least costly. The digitizer converts the marks on 
score cards to numerical values, each value is 
displayed on the screen of the microcomputer, and 
then transmitted to storage. After all the data are 
entered and hard copy obtained from printer, the 
appropriate softw are is entered  into the  
microcomputer, and the analysis is completed, and 
results printed (Stone and Sidel 1993). One can 
also use direct data entry using an electronic score 
card. A recent introduction is the use of score sized 
tablets that display a score card page (Billmeyer 
and Wyman 1991).

S a m p l e  s i z e  : Many factors such as inherent 
characteristics, preparation factors, and serving 
conditions influence the conduct of sensory tests 
(Amerine et al. 1965). The Sensory Evaluation 
Committee of ASTM (1968) has recommended the 
amount of sample for various sensory tests. In fact, 
the size, and the amount of the sample for one 
judging session vary from product to product 
(Amerine et al. 1965). Keiford and Christie (1960) 
recommended limiting the number of samples per 
session to three to eight, depending on the intensity 
of the flavour, and the judging capacity. If interest 
can be maintained, panel members can evaluate 
rather large number of samples per session especially 
with bland or mild flavoured foods (Kramer et al.
1961). Pangborn et al (1964) presented 100 samples 
of odorous material of low intensity without fatigue. 
For economic efficiency of sensory testing, the 
larger the number of samples per session, the 
better it will be (Pfaffmann et al. 1954).
^  S e r v i n g  t e m p e r a t u r e  : As a general rule, the 
samples should be served at a temperatures at 
which they are normally eaten (Laue et al. 1954; 
Larmond 1977). Serving temperatures for many 
foods have been suggested by various investigators 
(Caul 1957; Bodyfelt 1988; Stone and Sidel 1993), 
and the Sensory Evaluation Committee of ASTM 
(1968). The higher temperature than normal has 
been recommended for edible oil and ghee (44°C), 
and for hot foods (60-66°C) (Larmond 1977; ISI 
1975b), and freezing temperature (-15°C) for ice 
cream, and hard frozen desserts (Bodyfelt 1988). 
The general principle must be that the temperature, 
used should be optimum for detecting differences 
that are under study (Amerine et al. 1965).
Sensory evaluation personnel

Nakayama and W essm an (1979) have 
recommended three levels of personnel - one at the 
Research, and Development level, and two at the 
plant levels. The details of these are given below:

(i) S e n s o r y  l e a d e r  : He/she provides the expertise 
to the programme in terms of ensuring the 
application of valid sensory techniques, training the 
plant sensory coordinator on how to examine 
samples from production, and coordinating, and 
communicating sensory information from plant to 
plant, thus unifying, and standardizing the 
programme as much as possible.

( ii)  P l a n t  s e n s o r y  c o o r d i n a t o r  ; H e/she has full 
time responsibility at the plant location for 
implementing and coordinating the programme. He 
or she is responsible for designing, and conducting 
sensory tests, and for analyzing, interpreting, and 
reporting the sensory data. The individual is 
regarded not as the expert taster, but rather, as 
the trainer of sensory methodology at the plant 
location.

(H i) S e n s o r y  p a n e l i s t s  : They conduct the routine 
sensory evaluation. The panelists are selected, and 
trained by the coordinator depending on the type 
of the product. The actual number of panelists is 
dependent upon the plant size, and the situation. 
The Sensory Evaluation Committee of American 
Society for Testing and Materials (1968) has classified 
the sensory panels into three categories viz., 
trained, semi-trained, and consumer panel, which 
are described below :

( a )  T r a i n e d  p a n e l  : They should be carefully 
selected, and trained, and need not be expert 
panelists. Trained panel should be used to establish 
the intensity of a sensory character or overall 
quality of a food. The trained panels should be 
small in number, varying from 5 to 10 and may 
be used in all developmental and processing studies. 
A small highly trained panel will give more reliable 
results than a large untrained panel.

( b )  S e m i - t r a i n e d  p a n e l  : This type of panel 
should be constituted from persons normally familiar 
with quality of different classes of foods. This panel 
is capable of discriminating differences, and 
communicating their reactions, though it may not 
have been formally trained. In a semi-trained panel, 
individual variations can be balanced out by 
involving greater number of panelists. The panel, 
should normally consist of about 25 to 30 members, 
and should be used as a preliminary screening 
programme to select a few products for large scale 
consumer trials.

(c )  C o n s u m e r  p a n e l  : The members of the 
consumer or untrained panel should be selected 
at random from the potential consumers in the 
market area. The number of panelists should be
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large enough to ensure due representation to 
different age, sex, race, and Income level groups 
in the potential consumer population in the market 
area.

In addition to above personnel, a statistician, 
who helps in selecting a suitable sampling procedure, 
evaluation card (score card), experimental design, 
and statistical methods, should also be included 
(Amerine et al. 1965).
Selection o f sensory panelists

The methods for selection, and training of the 
sensory panelists have been given by several 
workers (ISI 1976; ASTM 1968; Cross et al. 1978; 
Amerine et al. 1965; Bodyfelt 1988). Larmond
(1977) has made the following observations regarding 
choosing, and training of panel.

The panel is the analytical tool in sensory 
evaluation. The value of this tool depends on the 
objectivity, precision, and reproducibility of the 
judgement of the panelists. Before a panel can be 
used with confidence, the ability of the panelists 
to reproduce judgements must be determined. 
Interest, motivation, general attitude, and emotional 
state of the panelists may be responsible for 
reliable, and valid judgements.

Amerine et al. (1965) have suggested that the 
persons who serve, as panelists should be in good 
health, and should absent themselves, when 
suffering from conditions that might interfere with 
normal functions of taste, and smell. Emotional 
factors, interest, and motivation appear to be more 
important than the age or sex of a panelist (Giradot 
et al. 1952; Peryam 1958). It is generally 
recommended that panelists refrain from smoking, 
chewing gum, eating or drinking for at least 30 
min before the test (Larmond 1977).

According to Stone, and Sidel (1993), the 
motivation of the panelist affects his response to 
a great extent. An interested panelist is always 
more efficient. The panelists should be made to feel 
that they are an important activity, and that their 
contribution is very important. There must be a 
proper programme for panel selection so as to 
improve the general level of sensitivity, to match 
panel with problem, and to increase one's confidence 
in the conclusions derived from the results. A 
successful testing programme involves employees 
from all sections of an organization (Nakayama and 
Wessman 1979). Once individuals have indicated 
their willingness to participate, they are required 
to participate in a series of screening tests to

determine their skills. This screening will include 
completion of a product attitude survey, and 
participation in a series of selected sensory tests. 
Once qualified, their performance needs to be 
monitored. The first step is to have each individual 
complete the survey form, which invariably includes 
a limited amount of demographic, and background 
information, such as age groupings, general job 
classification, sex and special product requirements, 
such as food liking or allergy.

A general approach for screen in g , as  
summarized stepwise by Amerine et al. (1965) is 
(a) use, as test materials, the same product that 
will be tested later, (b) prepare tests to obtain 
variations in the product similar to those, which 
will be met within the actual experiment, (c) adjust 
the difficulties of the test so that the group, as 
a whole will discriminate between samples, but 
some individuals will fail; (d) use score card similar 
to those to be employed later, (e) start with, as 
large a group of panelists, as is feasible, and with 
a selection test that is operationally simple, (f) 
screen on the basis of relative achievement, 
continuing until a top-ranking group of the size 
desired may be reliably selected, and (g) at each 
stage reject those who are inadequate and 
insensitive.

Screening, and selection of a subject, based 
on sensory skills can be achieved in several ways. 
The tests suggested by various workers include 
difference tests; ranking, scoring, descriptive 
preference, and sequential analysis (ISI 1976; 
Bradley 1953; ASTM 1968; Dawson et al. 1963; 
Giradot et al. 1952; Mackey and Jones 1954; 
Sawyer et al. 1962; Amerine and Roessler 1983; 
Zook and Wessman 1977; Stone and Sidel 1993).

Most investigators have suggested specific tests 
based on (a) discriminating differences between 
solutions or substances of known chemical 
composition, (b) ability to recognize flavours or 
odours, (c) performance in comparison with other 
panel members, and (d) ability to discriminate 
differences in samples to be used later in the test 
(Amerine et al. 1965). It was clear that an individual's 
sensitivity to sample aqueous solutions of sweet, 
sour, salty and bitter stimuli had no meaningful 
relationship to subsequent performance in the 
evaluation of a typical food, and beverages (Stone 
and Sidel 1993).

The individuals are provided with a tolerance 
range in the form of graphic illustrations, terms, 
definitions, and reference samples (Nakayama and
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Wessman 1979) during training. The panelists are 
trained for desirable, and undesirable sensory 
attributes of the concerned food product (Bodyfelt 
et al. 1988). They are trained to identify, and 
measure the intensity of each attribute on a score 
sheet. Normally, a discrimination test is preferred 
for these activities. Many randomly selected samples 
of the product are evaluated by the panelists before 
he or she becomes qualified to make sensoiy  
checks (Nakayama and Wessman 1979). To confirm 
thej panelists' performance, panel difference test, 
and just noticeable difference test have been 
suggested (Galanter 1962). The major point to be 
emphasized with regard to panelist qualifying is not 
the rigid adherence to one product or test procedure 
exclusively, but rather the provision of some 
diversity, and making the job enjoyable for the 
subject. The importance of teaching individuals to 
gain confidence in their ability, as sensory panelist 
is of paramount importance (Stone and sidel 1993).
Sensory tests

Sensoiy tests may be conducted to meet the 
five purposes (Amerine et al. 1965), such as (a) 
select qualified judges and study human perception 
of food attributes, (b) correlate sensory with chemical, 
and physical measurements, (c) study processing 
effects, maintain quality, evaluate raw material 
selection, establish storage stability or reduce costs,
(d) evaluate quality and (e) determine consumer 
reaction.

Each of these purposes requires appropriate 
tests. There are substantial number of test methods, 
and new methods continue to be developed. Stone 
and Sidel (1993) have classified these methods into 
three broad categories, viz. discrim inative, 
descriptive, and affective (Table 1).

D i s c r i m i n a t i v e  t e s t i n g  : This is one of the most 
useful analytical tools available to the sensoiy  
professionals (Stone and Sidel 1993). It is on the 
basis of a perceived difference between two 
products that one can justify proceeding to a 
descriptive test in order to identify the basis for

TABLE 1. CLASSIFICATION O F  D IFFE R E N T  SE N SO R Y  T E S T S
C ateg o ry T e s t  ty p e
D isc rim in a tiv e

D e sc rip tiv e

Affective

D iffe ren c e  : P a ire d  c o m p a r is o n , d u o -tr io , 
tr ia n g le , m u ltip le  s a m p le
D e sc rip tiv e  a n a ly s is  : F la v o u r  a n d  te x tu re  
p rofile , q u a n t i ta t iv e  d e sc r ip tiv e  a n a ly s is  
A c c e p ta n c e  p re fe re n c e  : 9 -p o in t  H ed o n ic

A d a p te d  from  S to n e  a n d  S id e l (1993)

the difference (Larmond 1977). Within this general 
class are a variety of specific methods, e.g., (a) 
paired comparison test, (b) duo-trio test, (c) triangle 
test, (d) multiple sample test, and (e) other test 
methods such as dual and multiple standard tests.

The main objective of all these methods is to 
answer a simple question, are these products 
perceived, as different? Obviously, the response to 
this question can have major consequences. If the 
conclusions from a discrimination test are to be 
accepted by management, as reliable, valid and 
believable, then it is important that each test be 
conducted with proper consideration for all aspects 
of the test design, product preparation and handling, 
im plem entation , data design  a n a ly sis  and 
interpretation (Roessler et al. 1948). Failure to 
appreciate all the subtleties of a test increases the 
risk of data misinterpretation.

P a i r e d  c o m p a r i s o n  t e s t : The paired comparison 
procedure is the earliest example of the application 
of discrimination testing to food and beverage 
evaluation (Amerine et al. 1965). Cover (1936) 
described its use in the evaluation of meat. Since 
then, it has been used extensively in various foods 
(Peryam and Swartz 1950; Bradley 1963). It has 
also been used successfully for determinations of 
threshold for basic taste solutions (Pangbom 1959).

The paired comparison test is a two product 
test, and the panelist’s task is to identify the one 
that has more of a designated characteristic such 
as sweetness, tenderness or skininess (Stone and 
Sidel 1993). In this method, a directional component 
could also be added which will alter the panelist 
to a specific type of paired test. The paired 
comparison test is relatively easy to organize, and 
implement. The two coded products (AA, BB, AB, 
BA) are served simultaneously, and the subject has 
to decide whether there is any difference or not. 
Requiring a difference response in all cases has 
been found to give better results (Gridgeman 1959).

Another version of the paired test is the A- 
not-A procedure (Peiyam 1958; Pfaffmann et al. 
1954). The subject is presented with a single 
sample for evaluation, which is then replaced by 
the second sample. The subject then makes a 
decision, as to whether the products are the same 
or different. This particular test procedure has 
considerable merit in those situations, where non
test variables such as a colour difference may 
influence results.

D u o - t r i o  t e s t  : This is a modified paired 
presentation developed by Peiyam and Swartz
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in finding out those product variables, that are 
different, and from which one can establish the 
cause, and effect relationships.

A descriptive test involves relatively few subjects, 
who have been screened. Screening should be 
product category specific, as is the subsequent 
training effort. Training is primarily focussed on 
development of descriptive language, which is used, 
as a basis for scoring the product. Apart from this, 
the other important activities that are part of 
training include, the grouping of attributes by 
modality (i.e. appearance attributes, aroma attributes 
and so on), listening them by occurrence, developing 
a definition for each attribute, identifying helpful 
references for use during training, and familiarizing 
the subject with the scoring procedure. There are 
numerous applications for descriptive analysis, 
including monitoring competition, storage stability/ 
shelf life, product development, quality control, 
physical/chemical, and sensory correlations (Stone 
et al. 1974; Meilgaard et al. 1991).

Depending upon the test methods used, the 
training can be quite different. Some of the 
descriptive methods described in the literature are 
summarised below :

F l a v o u r  p r o f i l e  : This method is the only formal 
qualitative descriptive procedure, and is probably 
the most well known of sensory test methods (Stone 
and Sidel 1993). This method utilizes a panel of 
four to six screened, and selected persons who first 
examine, and then discuss the product in an open 
session (Caul 1957). Once agreement is reached on 
the description of the product, the panel leader 
summarizes the results in a report form. The 
method has considerable appeal because results 
could be obtained rapidly, and would obviate the 
need for statistics (Caimcross and Sjostrom 1950).

T e x t u r e  p r o f i l e  : This method represents an 
advancement in descriptive analysis with respect 
to development of the descriptive terminology, the 
scales for recording intensities, and the word/ 
product anchors for each scale category (Stone and 
Sidel 1993). In developing the method, the objective 
was to eliminate problems of subject variability, 
allow direct comparison of results with known 
materials, and provide a relationship with instrument 
measures (Szczesniak et al. 1963; Brandt et al.
1963). There is a considerable appeal to the direct 
link between specific instrumental measures of the 
rheological properties of a product, and the responses 
of a panel of specific sensory attributes, for 
example, texturometer units, and hardness sensory

ratings. However, separation of texture from other 
sensory properties of a product such as colour, 
aroma, taste and so forth limits the total perception 
of the product's sensory properties.

Q u a n t i t a t i v e  d e s c r i p t i v e  a n a l y s i s  : This method 
was developed with an approach that was primarily 
behavioral in orientation, with a consensus approach 
to language development, use of replication for 
assessing the subject, and attribute sensitivity, and 
for identifying specific product differences, and 
defined statistical analysis (Stone et al. 1974). The 
development of method evolved from a number of 
considerations (Stone and Sidel 1993) to ensure 
that it would (a) be responsive to all the sensory 
properties of a product, (b) rely on a limited number 
of subjects for each test, (c) use subjects qualified 
before participation, (d) be able to evaluate multiple 
product in individual booths, (e) use a language 
development process free from leader influence, (f) 
be quantitative and use a repeated trials design, 
and (g) have a useful data analysis system.

The important features of the quantitative 
descriptive analysis methodology as suggested by 
Stone and Sidel (1993) are discussed now. This 
method provides a complete word description for 
all sensory properties of various ranges of products, 
the existing as well as new products. This 
methodology recommends 10 or 12 subjects. 
However, there have been some product categories, 
where 15 to 20 subjects have been used. A basic 
strength of this descriptive method is the ability 
to independently verify after each test, that individual 
panelists perceive differences among products on 
attributes in a reliable manner. This is directly 
measured with a one-way analysis of variance from 
each subject for each attribute. By establishing a 
formal data-based selection, the system thus 
becomes less dependent on a limited number of 
subjects.

Earlier descriptive methods, such as the flavour 
profile were criticized because of the difficulty in 
understanding the words in the description and the 
lack of a true numerical system, and statistical 
procedure for assessing product differences based 
on these descriptions. The quantitative descriptive 
analysis method has been quantified by using an 
appropriate measuring technique (or scale), and the 
reliability of individual subject established by 
adopting repeated judgement (Stone and Sidel
1993). A line scale has been used for product 
evaluation by many workers (Baten 1946; Anderson 
1970), and its use in quantitative descriptive 
analysis was suggested by Stone et al (1974). In
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this test, a line of 15 cm length is considered to 
be veiy effective. The anchors are located at 
approximately 1.5 cm from each end. The scale 
direction always goes from left to right with 
increasing intensity, for example, weak to strong, 
light to dark or some similar designated set of word 
anchors. The panelist's task is to make a vertical 
line across the horizontal line at the point that best 
reflects the relative intensity for that attribute 
(Anderson 1970). For computational purposes, the 
distance along the line to the mark is measured 
to yield a numerical value. During language 
development, subjects are familiarised with the 
scale, and its use with particular attention given 
to the anchor terms relative to specific products 
that will be evaluated.

A line scale was selected because it provided 
the subject with an infinite number of places in 
which to indicate the relative intensity for an 
attribute (within the constraints of the actual length 
of the line), numbers are not used, thus avoiding 
number biases, and finally each subject could mark 
at whatever location on the line, provided the 
subject was self consistent (Stone and Sidel 1993).

Empirically, this procedure was found to be 
very easy to use and panelists were able to 
complete a score card containing, as many as 40 
attributes within a few minutes with high degree 
of reliability.

O t h e r  m e t h o d s  : Many more descriptive methods 
have been described in the literature, which are 
more or less on the lines of the test methods 
discussed above.

The spectrum descriptive analysis, for example, 
involves extensive training activities, reflecting the 
basic flavour, and texture profile procedures, with 
particular reliance on training the subjects with 
specific standards of specified intensities (Stone 
and Sidel 1993). Free choice profiling is another 
approach in which no subject screening or training 
is required, and the subject can use any words, 
they want to describe the products being evaluated. 
The time advantage may, however, actually not be 
there, since the experimenter requires to spend 
time, explaining the testing procedures to the 
subjects.

S c o r i n g  : The most frequently used of all 
sensory testing systems is scoring because of its 
diversity, apparent simplicity, and ease of statistical 
analysis (Amerine et al. 1965). Scoring methods 
have been most extensively used by the dairy 
industry  for product developm ent, and

improvements, shelf-life studies and assessing  
suitability of packaging materials. Score cards 
based on 100 points are generally used forjudging, 
and grading of dairy products (ISI 1975a,b; Nelson 
and Trout 1964). Most recently, 25 points score 
cards have been suggested for dairy products 
(Bodyfelt et al. 1988). Ellis (1961) believed that 
numerical rating tests  gave more complete 
information than either ranking tests or descriptive 
rating tests, but the judges m ust be trained. Since 
there is no indication of liking to the test product, 
palatability norms should be established. The score 
card must be properly developed giving due 
weightage to all the sensory attributes.
Affective testing

Acceptance testing, a valuable, and necessary 
component of every sensory programme, is performed 
at consumer's levels. It refers to measuring liking 
or preference for a product. Preference can be 
measured directly by comparison of two or more 
products with each other, that is, which one of two 
or more products is preferred. Indirect measurement 
of preference is achieved by determining which 
product has scored significantly higher rating than 
another product in a multi-product test, or which 
product has scored higher rating than another by 
significantly more people (Guilford 1954). The two 
methods most frequently used to directly measure 
preference, and acceptance are the paired  
comparison test, and a 9-point Hedonic scale. 
Other methods are either modifications of these two 
methods or are types of quality scales; for example, 
excellent to poor and palatable to unpalatable.

P a i r e d  c o m p a r i s o n  : It is probably the first 
formal sensory method developed to a sse ss  
preference, and there is extensive literature about 
this method (Bradley 1953; Bradley and Terry 
1952; Day 1974; Gridgeman 1955, 1959).

The method requires the subject to indicate 
which one of the two coded products is preferred. 
A frequently used option allows the inclusion of no 
preference, as a third choice, while another option 
allows inclusion of a fourth choice, dislike both 
equally. The test is relatively easy to organise and 
to implement (Amerine et al. 1965). Marketing 
research has made the greatest use of the paired 
comparison preference method, either, as a two 
product test or as a much larger effort involving 
many products, which is referred to as multiple 
paired comparison tests. The paired preference test 
is, however, not veiy informative because the 
response provides no direct measure of magnitude



365
TABLE 2 . NINE POINT H ED O N IC  SC ALE

A ttr ib u te S c o re
L ike ex tre m e ly 9
Like v e ry  m u c h 8
L ike m o d e ra te ly 7
Like s lig h tly 6
N e ith e r  like n o r  d is lik e 5
D is lik e  s lig h tly 4
D is lik e  m o d e ra te ly 3
D is lik e  v e ry  m u c h 2
D is lik e  ex tre m e ly 1

A d ap ted  fro m  A m c rin e  e t  a l. (1965)

of the preference (Stone and Sidel 1993). The test 
is less efficient because there is only one response 
for each pair of products, compared with a scoring 
method that yields a response per product.

H e d o n i c  s c a l e  : The 9-point Hedonic scale has 
been used extensively since its development (Jones 
et al. 1955; Peryam and Haynes 1957) with a wide 
variety of products, and with considerable success. 
The scale is easily understood by naive consumers 
with minimal instruction, and the product diiferences 
are reproducible with different groups of subjects. 
The results from use of this scale are most 
informative, since computations will yield means, 
variance measures, and frequency distributions, all 
by order of presentation and magnitude of difference 
between products by subject, and by panel, and 
the data can be converted to ranks as well, yielding 
product preferences (Amerine et al. 1965). An 
example of a nine point scale is given in Table 2.

The subject task is to circle the term that best

represents their attitude about the product. The 
responses are converted to numerical values for 
computational purposes : like extremely, 9; dislike 
extremely, 1. Vie et al (1991) have recommended 
calculating R-indices for 9-point Hedonic scale 
data. On the basis of these advantages, this method 
is more useful than the paired test (Stone and Sidel
1993).

T y p e s  o f  a c c e p t a n c e  t e s t i n g  : There are three 
primary categories of sensory acceptance test, and 
the characteristics of each are given in Table 3.

The sensory acceptance test is a very cost- 
effective resource that has a major role to play in 
the development of a successful product. Properly 
used, it will have a significant impact on the 
growth, and long term development of sensory 
evaluation.

It is concluded that the future for sensory 
evaluation is very bright, judging from the number 
of new food industries, and many existing units 
that are expanding their sensory test capabilities. 
If sensory evaluation is to become more successful, 
it must move from a passive, service-oriented 
programme to an active, result-oriented resource.
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A s u rv e y  o n  th e  p e rc e p tio n  o f In d ia n  food a n a ly s ts ,  w o rk in g  in  G o v e rn m e n t food la b o ra to r ie s  o n  th e  c u r r e n t  

t r e n d s  in  food a d u l te r a t io n  w a s  c a r r ie d  o u t  th r o u g h  q u e s t io n n a ir e .  A to ta l  o f  112 a n a ly s ts  fro m  13 S ta te s ,  a n d  tw o 
U n io n  T e rr ito r ie s  p e rc e iv ed  t h a t  a d u l te r a t io n  o f  e d ib le  o ils  w a s  th e  m a jo r  p ro b le m , follow ed b y  a d u l te r a t io n  o f  s p ic e s , 
m ilk , a n d  sw e e ts . U se  o f  n e w e r  a d u l te r a n t s  lik e  u l t r a m a r in e  b lu e  in  d ry  g in g er, u r e a  in  p u ffed  r ice , a n d  a lu m in iu m  
in  supari w e re  o b se rv e d . A d d itio n  o f  c o lo u rs  to  p o ta to e s , p ic k le s , a n d  p re p a re d  foods lik e  biryani w a s  c o m m o n . T h e  
n u m b e r  o f  c h e m ic a l a d u l te r a n t s  w e re  fo u n d  to b e  in c re a s in g  o v e r th e  y e a rs .
K e y w o rd s  : F ood a d u l te r a t io n ,  P e rc e p tio n  o f  food a n a ly s ts ,  S u rv e y  re p o rt, N ew er a d u l te r a n t s ,  C h e m ic a l a d u l te r a n t s .

Food, a basic need for all people, must be 
wholesome and safe. Food adulteration is a major 
public health hazard, which affects the quality of 
life of people (Jacob 1976). In order to ensure the 
quality of food available to the consumers, the 
Government of India had enacted several legislations, 
including the Prevention of Food Adulteration Act 
(PFA) (Bhat and Rao 1985). Various State/Union  
Territory laboratories, which are entrusted with 
implementation of the PFA act, analyze the food 
samples, collected by food inspectors, that are sold 
in the market. They report the findings to 
Directorate-General of Health Services (DGHS), and 
the information is published every year (Anon 
1992a). It includes the figures on the % adulteration, 
number of prosecutions, and convictions. The % 
adulteration, has come down from 14% in 1981 
to 9.3% in 1989 (Anon 1992a). This trend is similar 
in prosecution, and convictions also (Anon 1992a).

The nature of food adulteration may vaiy from 
State to State or there could be newer adulterants 
arising, as a result of changing environmental 
factors, like non-seasonal rains or improved 
production/cultivation practices. An adulterant 
which could be a common one in one region, may 
become a newer adulterant in other region. Therefore, 
a study was carried out to find out the perception 
of food analysts on adulteration, and adulterants 
encountered.

about the food adulteration, in general, common 
adulterants which are frequently encountered, 
unusual adulterants observed, and suitability of 
available methods for their detection.

M e t h o d o l o g y  o f  c a l c u l a t i o n  : Data were analyzed 
by assuming that the information provided by the 
analysts was based on their own experience. The 
% adulteration was calculated by totalling the 
number of analysts, reporting the encountering of 
particular adulterant.
Results and D iscussion

A total of 112 analysts from 32 laboratories 
and 77 State food laboratories, who had their own 
experience in food analysis, adulteration detection, 
have responded to the questionnaire. Repeated 
reminders did not elicit any response from the 
remaining 45 laboratories. State food laboratories 
of Andhra Pradesh, Gujarat, Goa, Haryana, Jammu 
and Kashmir, Karnataka, Kerala, Madhya Pradesh, 
Maharashtra, Pondicherry, Rajasthan, Tamil Nadu, 
Tripura and West Bengal have responded, while 
there was no response from the laboratories of the 
States of Bihar, Himachal Pradesh, Nagaland, 
Orissa, Punjab and Uttar Pradesh.

Analysis of experience profile indicated that 
65% of the analysts had more than 10 years of 
experience in food analysis (Table 1). According to 
2 0  out of 112 analysts, the adulteration of edible

Materials and Methods TABLE 1. E X PE R IE N C E PR O FIL E  O F  ANALYSTS
S u r v e y  m e t h o d o l o g y  : A  pre-tested questionnaire No. o f  y e a r s No. o f  a n a ly s t s

was sent to 77 State food laboratories spread all 1 - 5 10
over the country. The questionnaire was aimed to 6  -1 0 2 9
elicit information on perception of food analysts 11 -1 5 2 6

16 -2 0 17
* Corresponding Author > 2 0 3 0
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SPICES

1 6 .3%

MILK
1 6 .5%

SWEETS
12.2%

CEREALS AND 
CEREAL PRODUCTS 

11.6% GHEE AND 
VANASPATI 

11%

OILS
18%

MILKPRODUCTS
7 %

TEA
9 .3 %

Fig. 1. A d u lte ra tio n  p a t te r n  o f  food c o m m o d itie s

oils was the major problem, while 18 and 16 
analysts opined that spice, and milk adulteration 
respectively, were common (Fig 1). Analysis of 
adulterants found in individual food groups indicated 
at least 11 adulterants in edible oils (Fig 2). A total 
of 58 analysts reported various adulterants in 
edible oils. Sixteen out of 58 analysts felt that 
adulteration of edible oils with castor oil was a 
major problem, while cottonseed oil was a common 
adulterant in other edible oils according to 9 
analysts. Castor oils seemed to be the oil of choice 
for adulteration in groundnut, and coconut oils. In 
case of mustard oil, the linseed oil was the 
adulterant. This observation is in line with the 
earlier independent survey conducted in 1100 
mustard oil samples from 228 villages of Uttar 
Pradesh, where 150 samples were found to be

Foreign starch 22.4%

Rice 22.4%

Colour 24.5%

Arrow root 2%  
Potato 2%  

Tapioca 2%  
Millet 2%

Lead chromate 4%

Jo w ar 4% 
riaize 6.1%

Wheat S.2%

Fig. 3 . T ype  o f  a d u l te r a t io n  in  tu rm e r ic

adulterated with linseed oil (Khanna et al. 1986).
It is pertinent to mention that, according to 

the reports of DGHS, the edible oil adulteration 
varied from 6.0 to 16.2% (Chadha 1989). In 
contrast, the survey conducted by the National 
Dairy Development Board (NDDB) in Rajkot, and 
Bangalore markets, over 90% of edible oils were 
adulterated (Anon 1991). Another survey, conducted 
in an urban slum in Hyderabad, revealed that 89% 
of the edible oils were adulterated (Sawma 1993). 
M ethods for detection  of adu lterants and 
contaminants in edible oils and fats have been 
critically evaluated (Krishnamurthy 1993).

Analysts perceived that the second high risk 
adulterated group is spices, among which turmeric 
is the mostly adulterated item with a higher 
number of adulterants. Among the 49 analysts, 
who have reported adulterants in turmeric, 12 
stated that the addition of colour was the major 
problem, while 11 analysts felt that foreign starch 
from cereals, and tuber was the major adulterant 
(Fig. 3). Other spices, like cardamom, cloves, and 
dry ginger, were not mentioned by the analysts. 
Perhaps, these samples were not sent to them for 
analysis.

Abstraction of fat

Fig. 2. T ype o f a d u l te r a t io n  in  e d ib le  o ils  T O C P - T ri o r th o  c re sy l 
p h o s p h a te Fig. 4 . T ype o f  a d u l te r a t io n  in  m ilk
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Fig. 5 . T ype o f  a d u l te r a t io n  in  p o w d e r

Among 39 analysts, who have reported 
adulterants in milk, 18 felt that it was water, while 
12 opined that it was abstraction of fat (Fig. 4). 
According to the official statistics, milk is the most 
adulterated commodity (Chadha 1989). However, 
the analysts perceived it to be the third high risk 
group. Adulteration of milk is not taken seriously, 
and this is an instance of traditional compromise 
between the seller, and the consumer on account 
of economic considerations (Gopalakrishna Murthy
1985). Among tea and coffee, the first was opined 
to be the most adulterated, and there were 8 
adulterants reported in tea (Fig. 5). Among the 31 
analysts, who had reported adulterants in tea, 10 
analysts felt cashew husk was the major adulterant, 
while 7 and 6 analysts opined iron fillings and 
colour, as the major adulterants, respectively. In 
the sweets, and confectionery, among the 46 
analysts who had reported adulterants in 
confectionery, 17 have opined that saccharin, as 
major adulterant, while 16 felt addition of 
unpermitted colour as a major problem (Fig. 6).

A total of 33 analysts had reported various 
adulterants in cereals, pulses, and their products 
(Fig. 7). Thirteen, out of 33 analysts, reported 
L a t h y r u s  s a t i v u s  as a major problem, while addition 
of colour was the common problem as per 7 
analysts. L a t h y r u s  s a t i v u s  adulteration in C a j a n u s  
c a j a n ,  C i c e r  a r i e t i n u m  flour, and p a p a d  seemed to 
be the major problem throughout India, except in 
the States where the sale of L a t h y r u s  s a t i v u s  is 
not banned. Similar results were also found in 
independent survey conducted in Uttar Pradesh 
(Khanna and Mukuldas 1992).

The pattern of food adulteration is changing. 
The use of saccharin, and unpermitted colours in 
confectionery is an old problem. Colours are now 
being added to foods like peas, potatoes, aniseed 
( P i m p i n e l l a  a n i s u m ) ,  asafoetida, and prepared foods 
like chicken b i r y a n i  (a spicy preparation with chicken 
and rice), and pickles. A study conducted in 
Calcutta revealed the fraudulent use of colours in 
flattened rice, fish, vegetables, cut fruits, and milk 
(Roy and Chakrabarti 1991). Traditionally, some 
sweets are decorated with silver foil in India and 
use of aluminium was reported in place of silver 
(Personal communication). Now, the use of 
aluminium has spread to other foods like s u p a r i  
(A r e c a  c a t e c h u ) and p a n  m a s a l a .

The food adulteration seems to be having a 
regional character. Laboratories from Assam have 
reported adulteration of buffalo milk with metanil 
yellow for facilitating its sale, as cow milk. No other 
State had reported such problem.

Analysis of the data on unusual adulterants 
indicated about 50 food items, which were found 
to have unusual adulterants. Many of the unusual 
adulterants reported by analysts were common 
adulterants in other region. State food laboratory,

Fig. 7. T y p e  o f a d u l te r a t io n  in  c e re a ls ,  p u ls e s ,  a n d  th e ir  
p ro d u c ts
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TABLE 2. UN USU AL A D U LTER A N TS R E P O R T E D  BY STATE

FO O D LABORATORIES
Food ite m s A d u lte r a n ts
T u rm e ric U n id e n tif ie d  w a te r  s o lu b le  y e llo w  c o lo u r
Supari A lu m in iu m  foil
Pan masala A lu m in iu m  foil
T ea S ilv e r o a k  le a f
Pan chatnl A lu m in iu m  foil
Bengalgram f lo u r Pisum sativum  f lo u r, M e tan il ye llow
D iy  g in g e r U ltr a m a r in e  b lu e
A safo e tid a M etan il y e llo w
Puffed  rice U ltr a m a r in e  b lu e , u r e a
A n iseed M a la c h ite  g re e n

majority of the adulterants are chemicals. Some of 
these chemicals have been permitted under the act 
for use in specific foods (Anon 1992b). However, 
they are being added to other foods. For example, 
saccharin is not permitted to be used in 
confectionery, but it can be used in non-alcoholic 
beverages upto 100 ppm (Anon 1992b). In some 
cases, these chemicals are being used in excess 
of the permitted levels. For example, benzoic acid 
or sulphur dioxide is permitted in pickles at 250 
or 100 ppm, respectively, in pickles (Anon 1992b), 
but were found to be at much higher levels in some 
samples.

Indore, has reported cashew husk in tea, as a 
newer adulterant. However, laboratories from 
Coimbatore, Thanjavur, Palayamkottai, Madurai, 
Bombay, Thiruvananthapuram, and Hyderabad have 
reported cashew husk, as a common adulterant. 
Table 2 reports some of the unusual adulterants.

The reported adulterants have been classified 
based on their nature (Table 3). It shows that the

TABLE 3 . D IF F E R E N T  C L A SSE S O F  ADULTERANTS
C la ss if ic a tio n A d u lte r a n ts

C oal ta r  d y e s O ra n g e , S u d a n , m e ta n il  yellow , 
a u ro m in e , o ra n g e  II, m a la c h i te  
g re e n , rh o d a m in e  B.

C h e a p e r  o ils C a s to r  oil, s o y b e a n  oil, 
s e s a m e  oil, r a p e s e e d  oil, 
p a lm o le in , m in e ra l  oil, 
te rp e n t in e .

C h e a p e r  a g r ic u l tu ra l  p ro d u c e W h e a t s ta r c h ,  m a iz e  s ta r c h ,  
jow ar  s ta r c h ,  r ic e  s ta r c h ,  
a r ro w  ro o t s ta r c h ,  a m a r a n th  
s e e d s , d a te  s e e d s .

C h em ica ls S a c c h a r in ,  s o d iu m  
b ic a rb o n a te ,  s o d iu m  
c a rb o n a te ,  a c e tic  ac id , 
a m m o n iu m  s u lp h a te ,  c o p p e r  
s u lp h a te ,  u r e a ,  d u lc in , 
b ro m in a te d  v e g e ta b le  oil, 
m o n o s o d iu m  s te a r a te ,  
a m m o n ia , c a lc iu m  oxide, 
u l t r a m a r in e  a n t ic a k in g  a g e n t ,  
b e n z o ic  a c id , d ie z ip a n , 
a m m o n iu m  c h lo rid e , c h lo ra l 
h y d ra te ,  tr io r th o c re s y l  
p h o s p h a te .

E x tra n e o u s  m a t te r W o o d e n  p ie ces , c h a lk , c a s h e w  
h u s k ,  g ra m  h u s k ,  s ilv e r  o a k  
leaf, fe n u g re e k , s a n d ,  
c e llu lo se , c o lo p h a n y  re s in , 
ta m a r in d  h u s k ,  co ffee h u s k ,  
g r a s s  s e e d s , s a w  d u s t .

M eta l c o n ta m in a n ts A lu m in iu m , i ro n  filin g s, le a d  
c h ro m a te , n ick e l.

Regarding the adequacy of the methods 
available, many of the analysts have indicated the 
need for efficient, and specific method to detect, 
and identify individual oil in oil blends. Some 
analysts expressed the desire to have simple 
methods to detect food additives.

Besides DGHS statistics on food adulteration 
(Anon 1992a), the scientific research studies on 
food adulteration are limited to selected food items 
like sweets, and confectionery (Khanna et al. 1986), 
and edible oils (Anon 1991). There is a considerable 
difference between the official statistics of food 
adulteration, analysts' perception and isolated 
surveys conducted. To get a true picture, drawing 
of non-formal samples by independent authority 
(not through food inspectors) and its analysis for 
various adulterants is essential.
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A s ta t is t ic a l ly  d e s ig n e d  s u rv e y  w a s  u n d e r ta k e n  to  f in d  o u t  th e  m a g n itu d e , a n d  u s a g e  p a t t e r n  o f  a r tif ic ia l  c o lo u rs  

in  sw e e ts , s a v o u ry  p r o d u c ts  (namkins), a n d  p o w d ered  tu rm e r ic ,  a n d  re d  ch illi. O f  2 0 5 7  s a m p le s ,  d ra w n  fro m  2 2 4  
v illage m a rk e ts  fro m  5 6  d is t r ic t s  o f  U t ta r  P ra d e s h ,  3 2 %  c o n ta in e d  a r tif ic ia l  c o lo u rs  o f  w h ic h  6 1 .6 %  w e re  n o n -p e rm it te d .
In  th e  a rtif ic ia lly  c o lo u re d  e a ta b le s ,  3 9 %  sw e e ts , 8 5 %  namkins, a n d  a ll th e  s a m p le s  o f  p o w d e re d  tu rm e r ic ,  a s  w ell 
a s  ch illi c o n ta in e d  n o n -p e rm it te d  c o lo u rs . S ev en  n o n -fo o d  g ra d e  d y e s  u s e d  in c lu d e  m e ta n il  ye llow , o ra n g e  II, S u d a n  
I, rh o d a m in e  B, B lu e  V R S, a u ra m in e ,  a n d  S u d a n  III/IV .
K e y w o rd s  : P e rm itte d  c o lo u rs , N o n -p e rm itte d  c o lo u rs , F oo d  c o m m o d itie s , S w e e ts , S a v o u ry , T u rm e r ic ,  C h illi.

Colours are used in food for centuries to 
increase consumer acceptibility (Walford 1980). 
Indiscriminate use of non-permitted colours in food 
preparations and the likely threat to health safety 
have been a matter of continued concern (Khanna 
et al, 1973; 1980; 1985, Khanna and Singh 1975; 
Babu Shenolikar 1990; Roy and Chakrabarty, 
1991, Khanna and Das 1992). In an earlier survey 
(Khanna et al. 1985), 47.8% sweet and 61.3% 
n a m k i n  samples in rural areas were found to 
contain non-permitted colours. The present study 
was aimed to identify the usage pattern, and 
magnitude of artificially added synthetic colours in 
sweets, n a m k i n s  (savouries), and powdered chilli, 
as well as turmeric sold in retail outlets of rural 
markets in Uttar Pradesh.
Materials and Methods

C h e m i c a l s  a n d  r e a g e n t s  : Permitted colours 
used as reference standard were the courtesy of 
Bush Boake Allen (India) Ltd, Madras. Green S and 
Fast green FCF were gifts from Williams (Hounslow) 
Ltd, UK. Non-permitted colours i.e., auramine, blue 
VRS, malachite green, and orange II were purchased 
from Vesco Products Co., Calcutta. Metanil yellow, 
and rhodamine B were from Loba Chemie 
Indoaustranal, Bombay and S.D. Fine Chemicals 
Ltd, Bombay, respectively. Fat-soluble dyes, Sudan 
I, butter yellow, and Sudan IV were purchased from 
Hartman Leddon Co., Philadelphia, USA, while 
Sudan II was from VEG Laborchemie, Apolda, and 
Sudan III from E. Merck, Germany.

C o l l e c t i o n  o f  f o o d  s a m p l e s  : Three samples each 
of sweets, and n a m k i n s  and 2 samples each of 
turmeric, and red chilli powder were collected from

* Corresponding Author

2 rural markets, out of the two randomly marked 
blocks in each of the 56 districts of Uttar Pradesh. 
These food samples were procured from 112 blocks, 
and 224 village markets. From Lucknow district, 
2 0  samples from each of 8 rural blocks led to an 
additional collection of 160 samples. Of the 2400  
samples collected in the 2 years programme, 2057 
samples could be analyzed, while the remaining got 
spoiled during transit.

C l a s s i f i c a t i o n  o f  e a t a b l e s  : Sweet samples 
analyzed included (i) milk products (k h o y a  b u r f i  
c h e n n a / b e n g a l i  sweets), (ii) non-milk products ( j a l e b i  
l a d d o o ,  k h u r m a ,  s o h a n  p a p r i ), and (iii) sugar 
confectionery like l e m o n  d r o p s ,  l o l l i p o p s ,  and s u g a r  
c o a t e d  s a u n f .  Savoury products analyzed in the 
survey comprised of d a l m o t h ,  b e s a n  s e v ,  s a b u d a n a  
( s a g o )  rolls and s a b u d a n a  chips. In powdered 
spices, turmeric, and chilli samples were analyzed.

E x t r a c t i o n  a n d  r e s o l u t i o n  o f  d y e s  f r o m  
f o o d s t u f f s : Selective extraction method based on 
differential solvent solubility (Khanna et al. 1985), 
which eliminated interference in the subsequent 
paper chromatographic separation, was used.

A twenty five gram portion of the sample was 
soaked for 3-4 h in 100 ml petroleum ether (40- 
60°C boiling range) with occasional shaking, and 
filtered. Treatment was repeated with 50 ml fresh 
petroleum ether. On filtration, residue was dried 
at room temperature, and shaken with 50 ml of 
80% ethanol with occasional heating in a water 
bath, after which the solvent was decanted. Another 
25 ml portion of fresh 80% ethanol was used for 
the second extraction as above. The combined 
filtrate was evaporated to remove ethanol, and the 
residue was taken up in 25 ml distilled water. The 
colours from water phase were then selectively 
extracted in 2-3 ml of acidic n-butanol (pre-acidified
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with five drops of concentrated hydrochloric acid 
per 100 ml water saturated n-butanol). Though 
small volume of acidic n-butanol serves the purpose 
for qualitative detection, as it gives a concentrated 
extract of colours, repeated extractions till acidified 
n-butanol layer become colourless are required for 
optimum extraction in cases where quantitative 
determination is desired. The combined butanol 
extracts were concentrated to a small volume under 
vacuum.

The butanolic coloured layer was applied on 
to a Whatman No. 1 chromatography paper strip, 
together with authentic standard colour, and run 
overnight in either of the following 2 solvent system  
(Crossby 1981).

S o l v e n t  A  : Trisodium citrate : ammonia :
water (2 g :15 ml : 85 ml) for pink-red, orange, 
and yellow samples.

S o l v e n t  B :  Isopropanol: ammonia : water (7:2:1 
v/v) for blue, green, and yellow samples.

Rf values of separated colours were compared, 
and matched with Rf values of reference dyes.
Results and Discussion

Of the 2057 samples analyzed, only 672 
(32.7%) samples contained synthetic colours. Among 
these, 258 samples had permitted colours, while 
414 samples had non-permitted colours. Thus, the 
percentage of samples adulterated with non- 
permitted colours was 20%.

U s a g e  p a t t e r n  o f  c o l o u r s  i n  d i f f e r e n t  f o o d  
c o m m o d i t i e s  : The extent of addition of colours in 
different food commodities is given in Table 1. 
Analysis revealed that 394 (56.3%) of total 699 
sweet samples employed externally added colours. 
Among coloured sweets, 240 (61%) samples 
contained permitted group of colours, and 154 
(39%) samples had non-prescribed colours (Table 1)

Among permitted colours used in the sweets, 
the yellow to orange shades, viz., tartrazine, and 
sunset yellow were found in 144 and 71 samples, 
respectively. These colours along with blue, 
indigocarmine (12), and brilliant blue FCF (6) were 
used to get green shade. For red shade, only 
amaranth (7) was used. Among non-permitted 
colours, metanil yellow, was encountered in 73 
samples, followed by orange II in 56 samples. The 
two other non-food grade colours detected in the 
sweets were the fluorescent pink dye (rhodamineB), 
and a blue colour (blue VRS) in 14 and 11 samples, 
respectively.

N a m k i n s  : In this group of commodity, 671

TABLE 1. P A T T E R N  O F  N O N -P E R M IT T E D  C O L O U R S  IN 
D IFFE R E N T  FO O D  C O M M O D IT IE S AND IN S O C IO 
E C O N O M IC  Z O N E S  O F  T H E  ST A T E  O F  UTTAR  
PR A D ESH

A ttr ib u te  N u m b e r  o f  s a m p le s  A d u l te r a t io n  %  b a s e d  o n

C o m m o d i ty

T o ta l
a n a ly 

zed

A rtifi
c ia lly

c o lo u r 
ed

C o n ta in 
in g  n o n -  

p e rm itte d  
c o lo u rs

T o ta l
s a m p le s
a n a ly 

zed

A rtific ia l
c o lo u re d
s a m p le s

S w ee ts 6 9 9 3 9 4 154 2 2 .0 3 9 .1
Namkins
T u rm e r ic

6 7 1 127 109 16 .2 8 5 .8

p o w d e r
C h illi

4 6 2 106 106 2 2 .9 1 0 0 .0

p o w d e r  
Z o n e s  :
B u n d e l

2 2 5 4 5 4 5 2 0 .0 1 0 0 .0

k h a n d 175 6 2 4 1 2 3 .4 6 6 .1
C e n tr a l 4 5 2 158 107 2 3 .6 6 7 .7
E a s te r n 4 9 3 147 8 8 1 7 .8 5 9 .8
Hill 281 7 0 4 0 1 4 .2 5 7 .1
W e s te rn 6 5 6 2 3 5 138 2 1 .0 5 8 .7

samples comprising savoury items such as, d a l m o t h  
(374) b e s a n  s e v  (193) m a i d a  products (68), s a g o  
rolls (21) and s a g o  chips (15) were examined. Only 
127 (18.9%) of the total n a m k i n  samples collected 
had artificial colours. Over 85% of these (109 
samples) contained non-permitted colours (Table 1). 
In permitted colours, only tartrazine (11) and 
sunset yellow (7) were spotted. Three non-permitted 
colours detected included, metanil yellow (52), 
orange II (50) and auramine (7).

T u r m e r i c  p o w d e r  : Of 462 samples analyzed, 
106 samples (22.9%) contained artificial colours, all 
of which belonged to non-permitted class (Table 1). 
Orange II was encountered in 49 samples, while 
44 samples contained metanil yellow. In addition, 
13 samples employed a blend of these two colours.

C h i l l i  p o w d e r  : In this commodity, 45 samples 
(20%) out of 225 samples were coloured (Table 1), 
and all of these contained fat-soluble, Sudan dyes.

U s a g e  p a t t e r n  o f  c o l o u r s  i n  5  s o c i o - e c o n o m i c  
z o n e s  o f  t h e  S t a t e  o f  U t t a r  P r a d e s h  : The usage 
pattern of colours in food commodities out of 5 
socio-economic zones of the State of Uttar Pradesh 
is shown in Table 1. In Bundelkhand zone, which 
comprises 5 districts, 175 samples of all 4 group 
of commodities were picked up. Of these, 62 
(35.4%), samples were coloured, 21 with permitted, 
and 41 with non-permitted colours. Colour 
adulteration of food commodities in this zone 
worked out to 23.4% of total collected, and 66.1% 
among coloured eatables. From the Central zone,
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which possessed 9 districts, a total -of 452 eatables 
of the 4 commodities were analyzed, out of which 
158 samples (34.9%) contained added synthetic 
colours. The numbers of permitted versus non- 
permitted colours were 51 and 107 samples, 
respectively (Table 1).

From the State capital city of Lucknow, a part 
of central zone of the 8 blocks, namely Bakshi Ka 
Talab, Chinhat, Gosaiganj, Kakori, Mai, Malihabad, 
Mohanlalganj and Sarojini Nagar, 149 samples 
were analyzed, of which 57 eatables (38.2%) 
contained artificial colours. Of these, permitted, 
and non-permitted colours were 12 and 45, 
respectively. These figures gave a colour adulteration 
value of 30 and 79%, due to use of non-permitted 
colours, among total, and coloured eatables analyzed, 
respectively.

In Eastern zone having 15 districts, 29.8% 
(147) samples from a total of 493 were coloured, 
of which 59.8% samples had non-permitted colours. 
The Hill zone with 8 districts showed least use of 
synthetic colours with only 70 (24.9%) food products 
out of 281, employing artificial colours. Of 656 
samples analyzed from the 19 districts of Western 
zone, 235 samples (35.8%) were coloured. In these, 
138 were dyed with non-food grade colours (Table 1).

The extent of use of non-permitted colours in 
the 4 groups of edible commodities among the 5 
socio-economic zones is presented in Table 2. The 
analysis of samples having non-permitted colours, 
out of total collected samples of that group, 
revealed that the percentage adulteration ranged 
from a minimum of 15.1% in Bundelkhand to a 
maximum of 28.8% in the Eastern zone in case 
of sweet samples. However, in n a m k i n s ,  Eastern 
zone exhibited the lowest (6.2%) use of non- 
permitted colours, while Western zone showed the 
maximum use (21%) of non-food colours. In case 
of powdered turmeric. Hill zone showed least use 
of non-permitted colours with only 4.6% coloured
TABLE 2. C O M M O D IT Y  W IS E  U S E  O F  N O N -P E R M IT T E D  

C O LO U R S (%) IN FIVE SO C IO -E C O N O M IC  Z O N E S 
O F  T IIE  STATE O F  UTTAR PR A D ESH

N o n -p e rm itte d  c o lo u rs  a m o n g  to ta l s a m p le s  (%)
Z o n e  —

S w ee t Namkin T u rm e r ic C hilli
B u n d e lk h a n d 15.1 2 0 .3 3 3 .3 3 3 .3
C e n tra l 2 4 .3 2 0 .0 3 4 .6 10.2
E a s te rn 2 8 .8 6 .2 18 .3 1 4 .6
Hill 18 .7 1 4 .0 4 .6 2 2 .2
W e s te rn 18.1 2 1 .0 2 1 .1 2 3 .4

T o ta l 2 2 .0 16 .2 2 2 .9 2 0 .0

TABLE 3 . OV ERA LL F R E Q U E N C Y  O F  U S E  O F  INDIVIDUAL 
C O L O U R S IN T H E  E N T IR E  SU R V EY  SA M PLES

C o lo u r T o ta l P e rc e n ta g e P e rc e n ta g e
n u m b e r w ith in  th e o f  to ta l

g ro u p c o lo u rs
(PC o r  NPC) (PC a n d  NPC)

P e r m i t t e d  (PC) 2 5 8 1 0 0 .0 3 8 .4
T a r tra z in e 155 6 0 .1 2 3 .1
S u n s e t  ye llow 7 8 3 0 .2 11 .6
In d ig o  c a rm in e 12 4 .6 1.8
A m a ra n th * 7 2 .7 1.0
B ril l ia n t  b lu e  F C F 6 2 .3 0 .9

N o n - p e r m i t t e d  (NPC) 4 1 4 1 0 0 .0 6 1 .6
M etan il ye llow 169 4 0 .8 2 5 .1
O ra n g e  II 155 3 7 .4 2 3 .1
B le n d  S u d a n  I +

S u d a n  III 3 0 7 .2 4 .5
R h o d a m in e  B 14 3 .4 2.1
B len d  M etan il ye llow +

o ra n g e  II 13 3.1 1.9
B lu e  VRS 11 2 .6 1.6
S u d a n  I 9 2 .2 1.4
A u ra m in e 7 1.7 1.0
S u d a n  III/IV 6 1.5 0 .9

* A m a ra n th  w a s  e n lis te d  a s  a  p e rm itte d  c o lo u r  d u r in g  th e  c o n d u c t  
o f  p r e s e n t  s tu d y ,  a n d  h a s  s in c e  b e e n  w ith d r a w n  (PFA 1993).

samples, while central zone samples showed 
maximum use (34.6%). The frequency of non-food 
grade, fat soluble dyes in chilli powder showed a 
minimum, and maximum of 10.2% and 33.3% in 
Central and Bundelkhand zones, respectively. In 
powdered spices, addition of even permitted coal 
tar dyes is not permissible, as per PFA Act and 
Rules (PFA 1993). Hence, addition of even permitted 
colour would render the samples being branded as 
adulterated.

O v e r a l l  u s e  p a t t e r n  o f  i n d i v i d u a l  c o l o u r s  : The 
overall frequency of use of individual permitted, and 
non-permitted colours in the entire coloured survey 
samples is tabulated in Table 3. Tartrazine was the 
most used yellow permitted colour detected in 23% 
of total coloured samples, while sunset yellow was 
present in 11.6% samples. The three other permitted 
colours used were the indigocarmine (1.8%), and 
the brilliant blue FCF (0.9%), and Amaranth (1%). 
Amaranth (1%), besides fast red E and green S are 
prohibited (PFA 1993).

Among non-permitted dyes, the most commonly 
used colours detected in order of usage included 
metanil yellow (169), orange II (155), Sudan l /1 1 1
(3), rhodamine B (14), blend of metanil yellow plus 
orange II (13), blue VRS (11), Sudan III (9), 
auramine (7) and Sudan I (6).
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A number of dyes meant for textiles, and other 

uses which are easily available in cheap paper 
wraps, are used in foods either deliberately or 
through ignorance. Such an use is considered more 
likely in village markets than city markets, where 
regulatory surveillance is comparatively more 
organised. The data show that there is no marked 
difference in the pattern of use of non-prescribed 
colours amongst the five socio-economic zones of
U.P. and especially that in the economically poor 
Eastern zone to that of somewhat affluent Western 
belt. Same is the case with the well demarcated 
backward districts versus non-backward districts.

In a recent survey aimed at identifying the 
frequency of use of added colouring matter on some 
foodstuffs available in and around Calcutta markets, 
Roy and Chakrabarti (1991) reported the fradulent 
use of artificial colours in some of the unsuspected 
food items such as flattened rice, fish, fresh 
vegetables, and cut-fruits. In each of these 
commodities, even the use of permitted food colours 
is non-permissible, as per the provision of the 
Prevention of Food Adulteration Act of India (PFA
1993). This study identified non-permitted colours 
such as auramine, Congo red, malachite green, 
rhodamine B and even an inorganic pigment, 
copper sulphate. Use of non-permitted colours was 
also reported in limited surveys on eatables from 
Hyderabad (Babu and Shenolikar 1990), and Mysore 
(Nagaraja KV, Personal communication). Also, results 
of two separate basket surveys of edible commodities 
exclusively drawn from city markets of Lucknow, 
and Delhi showed a much less prevalence of non- 
permitted colours, showing a restrictive use 
frequency of 22.4 and 14.6% (ITRC 1993). In 
contrast to these above city market surveys, the 
rural samples in the present study showed a 
considerably high magnitude, and prevalance of 
non-food grade colours.

Animal toxicity evaluation has shown that non- 
permitted dyes such as auramine, blue VRS, 
malachite green, orange II, rhodamine B and 
"Sudan I/III" produce pathological lesions in vital 
organs like kidney, spleen and/or liver (Khanna 
and Das 1991). High levels of metanil yellow are 
known to cause testicular degeneration (Singh and 
Khanna 1974). Auramine, blue VRS, and rhodamine

are reported to increase the incidence of tumours 
of lung, breast, ovary, and liver, and teratogenic 
abnormalities of bone, eyes, skin, and lung (Khanna 
et al. 1980). Hence, efforts are needed to strengthen 
the existing food quality monitoring, and surveillance 
programmes particularly in rural areas.
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S to ra g e  s ta b il i ty  o f  c h ic k e n  p ic k le  in  v in e g a r , p a c k e d  in  tw o  ty p e s  o f  p o u c h e s  m a d e  fro m  (i) m e ta lliz e d  p o ly e s te r /  
p o ly e th y le n e  a n d  (ii) c o e x tru d e d  film  o f  p o ly e th y le n e /p o ly a m id e /e th y le n e -a c ry lic  a c id  f ilm s h a s  b e e n  s tu d ie d  fo r 9 0  
a n d  180 d a y s  s to ra g e  a t  (i) a c c e le ra te d  c o n d it io n  (38°C w ith  9 0 %  RH), a n d  (ii) n o rm a l  o r  s t a n d a r d  c o n d it io n  (27°C  
w ith  6 5 %  RH). E x c e p t fo r  a  p ro g re s s iv e  in c re a s e  in  free  fa tty  ac id , a n d  p e ro x id e  v a lu e , n o  s ig n if ic a n t  c h a n g e s  (P>0.05) 
in  o th e r  c h e m ic a l p a ra m e te r s  w e re  o b se rv e d . A d e c re a s e  (P<0.05) in  s e n s o ry  q u a li ty  o c c u r re d  w ith  s to ra g e . T h e  p ro d u c t  
w a s  fo u n d  to b e  m ic ro b io lo g ic a lly  sa fe . T h e  e x p e r im e n ta l  d a t a  in d ic a te d  th a t  b o th  th e  ty p e s  o f  p o u c h e s  c o u ld  b e  u s e d  
to  o b ta in  sh e lf- life  o f  9 0  to 1 8 0  d a y s  u n d e r  th e  c o n d it io n s  in v e s tig a te d .
K e y w o rd s  : C h ic k e n  p ick le , S to ra g e , F lex ib le  p o u c h e s , C h e m ic a l c h a n g e s , S e n s o ry  sc o re s .

The consumption of poultry meat has been 
growing, but its scientific processing, and packaging 
are not well developed (Sahu and Mahapatra 1992). 
There is also a growing demand for ready-to-eat 
and semi-processed meat products such as wafers 
and pickles. Consequently, technologies for 
processing poultry products such as poultry pickles, 
and wafers have been developed (CFTRI 1988-89). 
Further, packaging of these processed products is 
important for extending the shelf-life, and 
distribution over wider areas.

Several studies have been carried out on the 
storage aspects of pickled products based on pork 
(Kumar and Bachhil 1993), and quail eggs (Srivastav 
and Panda 1976; Appi Reddy et al. 1978, Singh 
and Panda 1991). Further, storage stability of egg 
powder in flexible pouches has also been studied 
(Nirmala et al. 1976), while Juhi Raikhy and Bawa
(1992) studied the overall acceptability of pickled 
chicken eggs. But no details on the keeping quality 
of pickled chicken have been reported. The current 
investigation envisaged the evaluation of the physico
chemical properties of two newly available flexible 
packaging materials, their protective properties for 
storing the product under simulated conditions of 
extrem e con d ition s as w ell as standard  
environmental conditions, and providing good 
keeping qualities for a minimum period of 3 to 6 
months, which would be suificient for marketing 
purposes.
Materials and Methods

C h i c k e n  p i c k l e  : To obtain about 12 kg of
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eviscerated, and deboned chicken, 23 broiler chicken 
were used. The meat pieces were cut to about 5 
cm width, marinated, and cooked for 30 min (Sidhu
1993). Cooked pieces were deep-fat-fried in rapeseed 
oil, and mixed with spices paste, salt, sugar and 
vinegar, to make the complete pickle (Sidhu 1993).

Q u a l i t y  e v a l u a t i o n  o f  p a c k a g i n g  m a t e r i a l s  : The 
thickness, tensile strength, and heat-seal strength 
were determined according to test procedures of 
ASTM (1982). The water-vapour transmission rate 
(WVTR) was determined as per IS : 1060 (BIS 1982), 
and the oxygen transmission rate according to 
D1434 (ASTM 1982).

C h e m i c a l  a n a l y s i s  : Moisture content was 
determined according to AOAC (1973). Acidity as 
pH was measured using pH-meter (Radiometer, 
Copenhagen). Crude fat, protein, free fatty acids 
(FFA), and peroxide value (PV) were determined by 
standard methods (Nambudiry 1985).

M i c r o b i o l o g i c a l  a n a l y s i s  : The product was 
analyzed initially, and at the end of storage period 
(90 and 180 days) under the two conditions for 
total plate counts, total coliforms. S t a p h y l o c o c c u s  
a u r e u s ,  according to the FDA analytical procedures
(1978), and yeasts plus moulds, and acid-tolerant 
bacteria according to BIS (1985).

S t o r a g e  s t u d i e s  : Unit pouches filled with 200 g 
samples were heat-sealed, and exposed to 90% RH, 
38°C (accelerated condition), and 65% RH, 27°C in 
humidity cabinets (Laboratory Thermal Equipment, 
Oldham, U K.) as per the Standards (BIS 1060 Part 
1) or normal conditions. The pouches were made 
of a laminate of 12 micron metallized polyester/ 
100  micrcn co-extruded film of high density 
polyethylene, and low-density polyethylene; 100
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TABLE 1. PH Y SICO -C H EM ICA L P R O PE R T IE S O F  PACKAGING 

MATERIALS
P ro p e rty M PP

la m in a te
LPE

c o e x tru d e d
T h ic k n e s s , p m 112  (1 2 /1 0 0 ) 100
T e n s ile  s t re n g th ,  k N /m

M a c h in e  d ire c tio n 3 .6 0 2 .1 4
T ra n s v e rs e  d ire c tio n 3 .3 0 1 .84

E lo n g a tio n  a t  b re a k , %
M ach in e  d ire c tio n 3 6 ■ > 2 0 0
T ra n s v e rs e  d ire c tio n 4 2 > 2 0 0

H e a t-se a l s t re n g th ,  k N /m
M ach in e  d ire c tio n 2 .9 0 1 .93
T ra n s v e rs e  d ire c tio n 2 .6 0 1 .66

W ate r v a p o u r  t r a n s m is s io n  ra te , 
g / m 2 .2 4  h

3 8 ° C /9 2 %  RII c o n d itio n 0 .7 4 3 .6 6
2 7 ° C /6 5 %  R II c o n d itio n 0 .3 0 1 .17

O x ygen  t r a n s m is s io n  r a te
m l /m 2 .2 4  h  k P a  a t2 7 °C 0 .2 0 4 .3 9
Yield o f  film , m 2/ k g 8 .4 0 9 .7 0
MPP : M e ta llised  p o ly e s te r /h ig h  a n d  low  d e n s ity  p o ly e th y le n e  
f ilm , L P E  : L in e a r  lo w  d e n s i t y  p o l y e t h y l e n e / p o l y a m i d e /  
p o ly e th y le n e  c o -e x tru d e d  film .

micron co-extruded white pigmented film of linear 
low-density polyethylene/bonding agent/polyamide/ 
bonding agent/ethylene-aciylie acid copolymer. The 
control samples packed in glass jars were stored 
at refrigerated condition (4-6°C).

S e n s o r y  e v a l u a t i o n  : Sensory evaluation of 
pickled chicken, spread on bread pieces, was 
carried out by a 12 member trained panel at each 
interval for colour, odour, taste, and texture (mouth 
feel) using a 7-point Hedonic scale.

Results and D iscussion
P h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  p a c k a g i n g  

m a t e r i a l s  : The values are indicated in Table 1.
Chicken pickle with an initial moisture content 

of 47.5% had an equilibrium relative humidity of 
81.4% at 27°C as determined by hygrometer 
(Novasina water activity meter, Zurich, Switzerland). 
Initial microbiological loads include a total plate 
count of 9.0 x 104/g, while the yeasts plus moulds, 
and acid tolerant bacterial count were 4 0 /g  each. 
Coliforms, and S. a u r e u s  counts were absent.

A c c e l e r a t e d  s t o r a g e  : Moisture content of the 
product during storage of 90 days has indicated 
a slight decrease, from the initial value of 47.53%  
to 45.11% in MPP laminate, and to 45.54% in 
coextruded film pouch (Table 2).

Initial FFA value of 6.96% increased gradually, 
and is in general consonance with the water vapour 
transmission rates of the packaging materials used. 
Higher rates were observed in the co-extruded film 
than the laminate pouches. The maximum FFA 
value (17.0%) was observed in pickle packed in 
coextruded film after 90 days storage, whereas it 
was only 13.45% in the case of metallized polyester 
pouches. Similar results were reported in pickled 
quail eggs by Singh and Panda (1991).

Initial pH (4.2) changed marginally to 4.3 in 
both types of pouches, and attained this equilibrium 
value after 60 days of storage. Similar results have 
been reported for pickled quail eggs by Tipshetti 
and Panda (1978) and Appi Reddy et al (1978).

There was a slight increase in the total fat 
content during 90 days of storage, while the protein

TABLE 2. C H A N G E S IN C HEM ICAL AND SE N SO R Y  QUALITIES O F  ST O R E D  PICKLE AT T H E  A C C ELER A TED  C OND ITION .
D a y s  o f  s to ra g e

A ttr ib u te 0 15 3 0 4 5 6 0 7 5 9 0
M PP LPE M PP LPE M PP LPE M PP LPE M PP LPE M PP LPE

M o is tu re  % 4 7 .5 3 4 5 .5 4 4 7 .0 6 4 5 .5 4 4 7 .5 5 4 5 .3 6 4 4 .4 3 4 4 .2 1 4 5 .7 1 4 3 .2 2 4 5 .9 8 4 5 .1 1 4 5 .5 4
Acidity, pH 4 .2 0 4 .2 0 4 .3 0 4 .2 0 4 .2 0 4 .2 0 4 .2 0 4 .3 0 4 .2 0 4 .3 0 4 .3 0 4 .3 0 4 .3 0
F a t, % 1 3 .7 0 1 4 .0 0 1 4 .6 6 1 4 .9 4 1 4 .9 5 1 4 .7 6 1 4 .6 6 1 4 .2 5 1 5 .4 2 1 4 .0 0 1 5 .6 8 1 4 .0 2 1 3 .8 2
P ro te in  % 3 4 .5 0 3 5 .1 4 3 5 .6 3 3 3 .9 8 3 5 .1 2 3 4 .5 8 3 3 .0 8 3 3 .7 3 3 4 .1 5 3 1 .4 5 3 1 .8 0 3 2 .9 7 3 2 .0 7
F F A  % 6 .9 6 '  7 .6 0 7 .2 5 8 .5 5 8 .4 5 9 .4 5 1 0 .0 5 1 0 .4 5 1 2 .0 5 1 2 .0 0 1 5 .1 0 1 3 .4 5 1 7 .0 0
PV, m .eq. 7 .71 1 1 .3 5 1 1 .7 0 1 2 .6 5 1 4 .2 5 1 3 .6 0 1 5 .8 0 1 4 .3 0 1 6 .3 5 1 2 .6 5 1 4 .2 3 9 .4 5 1 2 .5 5
C o lo u r - 6 .4 4 6 .3 7 5 .5 3 6 .0 2 5 .3 2 5 .3 2 5 .11 4 .9 0 4 .7 6 4 .7 6 4 .4 5 4 .7 6
T e x tu re - 6 .1 6 6 .3 0 5 .3 2 5 .6 7 4 .9 7 5 .4 6 4 .8 3 5 .2 5 4 .6 2 5 .1 1 4 .4 8 5 .0 4
T a s te - 6 .3 0 6 .2 6 5 .3 9 5 .8 8 5 .1 1 5 .7 4 4 .9 7 5 .6 7 4 .7 6 5 .3 2 4 .6 2 5 .1 8
O v erall
a c c e p ta b ility _ 6 .3 7 6 .3 0 5 .4 6 5 .81 4 .9 7 5 .4 6 4 .7 6 5 .1 8 4 .6 9 5 .1 4 4 .6 2 5 .0 4
MPP and LPE : Designations same as in Table 1 ; FFA : Free fatty acids, percent as oleic acid, PV : Peroxide value, milliequivalentsof oxygen/kg fat. The values are mean of three determinations.



content decreased gradually from the initial mean 
value of 34.50% to 32.07% in the laminate pouch, 
and 32.87% in the pouches made from co-extruded 
film (Table 2).

The peroxide value as the criterion of oxidative 
changes (Gopalakrishna and Prabhakar 1983) 
indicated significant changes. The increase was 
more pronounced in the co-extruded film pouch 
than in the metallized polyester pouches, as indicated 
by the value of 12.55 and 9.45, respectively, at the 
end of 90 days and, after reaching peak values at 
the end of 60 days storage.

The details of the changes in the sensory 
qualities, colour, texture, taste, and overall 
acceptability scores are presented in Table 2. There 
was progressive loss in sensory scores. The scores 
for texture, and taste were comparable to overall 
acceptability. Greater decrease in colour intensity 
was noticed. The differences in the taste, and 
subsequent overall acceptability may be due to the 
different contact layers, viz., low density polyethylene, 
and ethylene acrylic acid co-polymer, as the former 
has been shown to absorb various flavourings 
faster, and to a greater extent than others due to 
greater sorptive capacity (Baner et al. 1991).

Overall acceptability scores declined steadily 
with storage time, the decrease being more 
dependent on the packaging material. However, no 
detectable off-odour was perceived even upto 180 
days of storage period. Penelists did not differentiate 
the pickle texture, but indicated undesirable changes 
in colour, especially for the one in the laminate 
pouch.

N o r m a l  s t o r a g e  : The moisture contents

decreased gradually in both types of pouches, the 
decrease being more pronounced in the co-extruded 
film pouch sample, due to its greater water vapour 
transmission (Table 1). Although at the end of 90 
days, the moisture contents in the laminate, and 
co-extruded film pouches were 46.48 and 45.80% 
respectively, it further decreased to 44.10 and 
44.00% at the end of 180 days. The changes in 
the pH value were minimal, and these were similar 
to those of the values for accelerated storage.

The changes exhibited in the total fat, and 
protein contents were more or less similar to those 
at the accelerated condition. The FFA values 
showed lesser increase, as indicated by values of 
11.24 to 11.30% at the end of 180 days storage, 
as against 13.45 and 17.00% at the end of 90 days 
storage at the accelerated condition in the polyester 
laminate and nylon-based co-extruded film made 
pouches. PV indicated a rapid rise initially, reaching 
a maximum value of 14.5 to 14.7 milliequivalents, 
and later decreasing gradually.

From the data, it could be concluded that 
enhancement in protection against oxidative changes 
could be attributed to the metallization web (Table 1), 
which was found to have an oxygen transmission 
rate of only 0.2 m l/m 2, 24 h.kPa at 27°C as against
44.5 for the polyamide-based film. The former flexible 
packaging material afforded good protection, due 
to its barrier properties, though not to the extent 
as indicated by its low value.

In the case of pickled quail eggs (Singh et al.
1989), it has been observed that oxidation index, 
the thiobarbituric acid (TBA) value, increased 
significantly. Higher storage temperature resulted

TABLE 3 . C H A N G E S IN CHEM ICAL AND S E N SO R Y  QU ALITIES O F  S T O R E D  PIC KLE AT T H E  NORM AL CO N D ITIO N .
D a y s  o f  s to ra g e

A ttr ib u te 0 3 0 6 0 9 0 120 150 180
M PP LPE M PP LPE M PP LPE M PP LPE M PP LPE M PP LPE

M o is tu re  % 4 7 .5 3 4 5 .4 8 4 5 .6 3 4 5 .6 7 4 5 .2 8 4 6 .4 8 4 5 .8 0 4 5 .4 5 4 5 .3 2 4 4 .1 2 4 4 .1 0 4 4 .1 0 4 4 .0 0
A cidity, pH 4 .2 0 4 .2 0 4 .3 0 4 .2 0 4 .2 0 4 .3 0 4 .3 0 4 .2 0 4 4 .3 0 4 .2 0 4 .3 0 4 .2 0 4 .3 0
F at, % 1 3 .7 0 1 1 .8 9 1 2 .3 4 1 3 .7 0 1 3 .6 0 1 4 .2 0 1 4 .6 6 1 4 .2 0 1 4 .5 2 1 4 .1 2 1 4 .4 8 1 4 .1 0 1 4 .2 0
P ro te in  % 3 4 .5 0 3 4 .1 8 3 4 .0 5 3 3 .2 3 3 2 .4 4 3 1 .7 3 3 0 .9 3 3 1 .6 0 2 9 .8 2 3 0 .8 3 2 8 .2 2 2 7 .6 5 3 0 .0 2
FFA, % 6 .9 6 8 .6 5 8 .2 5 8 .7 5 9 .1 0 9 .5 0 9 .7 5 1 0 .0 5 1 0 .3 5 1 0 .7 5 1 0 .9 0 1 1 .2 4 1 1 .3 0
PV, m .eq. 7 .71 1 4 .7 0 1 4 .5 0 1 4 .0 2 1 4 .0 5 1 0 .3 0 1 3 .2 5 8 .9 0 1 1 .0 0 7 .8 0 9 .7 5 7 .2 3 8 .8 8
C o lo u r - 6 .1 6 6 .3 0 5 .3 9 5 .81 4 .9 7 5 .3 2 4 .3 4 4 .9 7 3 .9 2 4 .4 1 3 .8 5 4 .0 6
T e x tu re - 5 .9 5 5 .6 0 4 .9 0 5 .1 4 4 .9 0 4 .9 7 4 .4 1 4 .4 8 4 .0 6 4 .2 7 3 .6 4 4 .0 6
T a s te - 5 .8 8 6 .0 2 5 .4 6 5 .3 9 4 .7 6 5 .2 5 4 .3 4 4 .7 6 3 .9 2 4 .4 1 3 .6 1 4 .0 6
O v erall
ac cep ta b ility _ 6 .0 9 6 .0 9 5 .6 7 5 .3 2 5 .2 5 4 .8 3 4 .7 6 4 .5 5 4 .0 6 4 .4 1 3 .6 1 3 .9 9
MPP and LPE : Designations same as in Table 1 ; FFA : Free fatty acids, percent as oleic acid, PV : Peroxide value, milliequivalentsof oxygen/kg fat. The values are mean of three determinations.
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In relatively higher values. The correlation of TBA 
values with the acid values indicated a limited 
oxidation breakdown of lipids during storage. The 
formation of oxidative by-products has been found 
to be dependent on temperature, and time (Singh 
et al. 1989).

The values for quality parameters (Table 3) 
indicate that the scores decreased gradually, but 
to a lesser extent than for the accelerated storage. 
The general pattern indicated that the product 
packed in the co-extruded film pouches is slightly 
better, than that in polyethylene contact layer in 
the polyester-based laminate. The lower scores for 
this pouch may be due to the absorption of 
essential aromatic ingredients (scalping) by the 
polyethylene web (Baner et al. 1991), resulting in 
decreased aroma intensity. After 90 days of storage, 
there were noticeable decreases in the taste, and 
colour scores in both types of pouches. However, 
even upto the end of the study period, no off- 
flavours were observed.

The various microbial counts at the end of 
storage were similar to those observed in the 
beginning.

It may be concluded that pickled chicken could 
be packed, in flexible pouches made from either 
metallized polyester/polyethylene or polyamide 
(nylon) based co-extruded film pouches, as 
alternatives to other forms of conventional rigid 
containers. The product packed in flexible pouches 
would retain the desirable attributes well upto a 
minimum of 6 months, under the ambient 
conditions.
Acknowledgement

Authors are grateful to Drs. K.K.S. Nair, and
D. Narasimha Rao, Department of Animal Products 
Technology, CFTRI, Mysore, for interest in the work.
References
AOAC (1973) O ffic ia l M e th o d s  o f  A n a ly s is , 1 2 th  e d n . A sso c ia tio n  

o f  O fficial A n a ly tica l C h e m is ts ,  W a sh in g to n  DC

ASTM (1982), ASTM S ta n d a r d s ,  D -1 4 3 4 , A m e r ic a n  S o c ie ty  for 
T e s tin g  a n d  M ate ria ls , P h ila d e lp h ia

A ppi R ed d y  B, P a n d a  B, M all MP (1978) E ffec t o f  d iffe re n t 
m e th o d s  o f p a c k a g e  a n d  s to ra g e  c o n d itio n s  o n  k e e p in g  
q u a lity  o f  p ic k led  q u a il  eggs, In d ia n  P o u ltry  G a z e tte , 6 2 :1 5 4 -  
162

B a n e r  AL, K a ly a n k a r  V, S h o u n  LH (1991) A ro m a  s o rp tio n  of 
a s e p tic  p a c k a g in g . J  Food S c i 5 6 :1 0 5 -1 5 4

B IS  (1982) M e th o d s  o f  S a m p lin g  a n d  T e s t  fo r P a p e r  a n d  A llied 
P ro d u c ts , IS  1 0 6 0  B u re a u  o f  In d ia n  S ta n d a r d s ,  N ew  D elh i

BIS (1985) S p e c if ic a tio n s  fo r F ro z e n  P ra w n s  (S h rim p s), IS  2 2 3 7 , 
B u re a u  o f In d ia n  S ta n d a r d s ,  New D elh i

CFTRI (1 988 -8 9) T ra d itio n a l p ro d u c ts  fro m  m e a t, f ish  a n d  
p o u l t r y  In  : A n n u a l  P r o g r e s s  R e p o r t ,  C e n t r a l  F o o d  
T ech n o lo g ic a l R e s e a rc h  In s t i tu te ,  M ysore, In d ia

FDA (1978) B ac te rio lo g ica l A n a ly tica l M a n u a l, F o o d  a n d  D ru g  
A d m in is tra tio n  W a sh in g to n  DC

G o p a la k r is h n a  AG, P r a b h a k a r  J V  (1983) E ffec t o f  w a te r  ac tiv ity  
o n  a u to o x id a tio n  o f ra w  p e a n u t  oil. J  A m e r O il C h e m  S o c  
6 0 :9 6 8 -9 7 0

J u h i  R aik h y , B aw a  AS (1992) S tu d ie s  o n  p ic k led  c h ic k e n  eggs. 
J  F oo d  S ci T e c h n o l 2 9 (4 ):2 4 6 -2 4 8

K u m a r  V, B a c h h il  VN (1993) S tu d ie s  o n  th e  d e v e lo p m e n t o f  
p o rk  p ic k le s  : E ffect o f  d iffe re n t p re s e rv a tiv e s  o n  its  q u a lity  
a n d  shelf-life . In d ia n  F ood P a c k e r  4 2 :1 5 -2 1 .

N a m b u d iry  DD (1985) A n a ly tica l M a n u a l  o f  F ish , a n d  F ish e ry  
P ro d u c ts . K e ra la  A g ric u ltu ra l U n iv ers ity , T r ic h u r

N irm a la  N, G h o sh  KG, S h a rm a  T R  (1976) S to ra g e  s ta b ili ty  o f 
egg  p o w d e r  in  flex ib le  p o u c h e s . J  F o o d  S c i T e c h n o l 
1 3 :1 6 2 -1 6 3

S a h u  B B , M a h a p a tr a  CM  (1992) P o u ltry  a n d  m e a t  p ro c e ss in g  
a s  in d u s try . In d ia n  F ood In d u s t r y  1 1 :3 1 -3 3

S id h u  J S  (1993) E ffect o f  p a c k a g in g , a n d  s to ra g e  s tu d ie s  on 
th e  she lf-life  o f  c h ic k e n  p ick le . M .S c. F ood T ech n o lo g y - 
In v e s tig a tio n  R ep o rt, U n iv e rs ity  o f M ysore, M ysore

S in g h  R P, P a n d a  B, Y ad av  VK (1989) E ffec t o f  p a c k a g in g  a n d  
s to ra g e  o n  th e  k e e p in g  q u a li ty  o f  p ic k led  q u a il  eg gs. 
In t  J  F ood S c i T e c h n o l 2 4 :2 8 3 -2 9 0

S in g h  RP, P a n d a  B (1991) S to ra g e  s ta b il i ty  o f  o il-b a s e d  p ic k led  
q u a il  eggs. In d ia n  J  P o u ltry  S ci 2 6 :2 2 1 -2 2 5

S r iv a s ta v  AK, P a n d a  B (1976) C h a n g e  o f  pH  in  p ic k led  q u a il  
egg  a t  ro o m  te m p e ra tu re .  J  F oo d  S c i T e c h n o l 1 3 :1 6 2

T ip s h e tt i  M S, P a n d a  B (1978) S tu d ie s  o n  p re s e rv a tio n , a n d  
k e e p in g  q u a lity  o f  p ic k led  q u a il  eg g s. I n : P ro c e e d in g s  o f  1 s t 
In d ia n  C o n v e n tio n  o f  F o o d  S c ie n tis ts ,  a n d  T e c h n o lo g is ts , 
A sso c ia tio n  o f  F oo d  S c ie n t is ts  a n d  T e c h n o lo g is ts  (India), 
M ysore, p p . 4 5 -4 8

R e c e i v e d .  1 4  F e b r u a r y  1 9 9 4 ;  r e v i s e d  2 2  M a r c h  1 9 9 5 ;  a c c e p t e d  1 2  A p r i l  1 9 9 5



J. Food Sci. Technol, 1995, Vol 32, No. 5, 381-385

Extraction  o f Pectin from Sugar-Beet Pulp and 
Intrinsic Viscosity-M olecular Weight Relationship

of Pectin Solutions
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S u g a r -b e e t  p u lp  p e c t in  w a s  e x tra c te d  b y  u s in g  HC1 (pH 1 .5 , 80°C , 1 h), a m m o n iu m  o x a la te  (0 .2 5 % , p H  3 .5 , 

75°C , 1 h) a n d  EDTA (0 .5% , 90°C , 1 h). T h e  b e s t  r e s u l t  w a s  o b ta in e d  w ith  a m m o n iu m  o x a la te  e x t ra c t io n  in  w h ic h  
th e  p e c tin  c o n te n t  o f  th e  fin a l p ro d u c t  w a s  2 1 .7 5 % , a l th o u g h  th e  effic ien cy  a m o n g  th e  p ro c e d u re  v a r ie d . T h e  d e g re e  
o f  m e th y la t io n  w a s  h ig h e r  th a n  5 0 %  in  a ll p e c tin  s a m p le s ,  in d ic a tin g  t h a t  th e  s u g a r - b e e t  p e c t in  is  a  h ig h -m e th o x y l 
p e c tin . T h e  d e g re e  o f  a c e ty la t io n  w a s  h ig h  in  a ll s a m p le s ,  in d ic a tin g  t h a t  th e  g e llin g  c a p a c i ty  o f  s u g a r - b e e t  p e c tin  
w a s  po o r. M a g n itu d e s  o f  in t r in s ic  v isco s ity , a n d  m o le c u la r  w e ig h t o f  p e c t in s  o b ta in e d  b y  e x tra c t io n  w i th  HC1, a m m o n iu m  
o x a la te , a n d  EDTA w e re  110 , 158, 2 0 8  m l /g  a n d  4 1 3 0 0 , 3 0 4 0 0 , 1 5 1 0 0 , re sp e c tiv e ly . T h e  d a t a  w e re  f i tte d  to  M ark - 
H o u w in k -S a k u ra d a  e q u a t io n  a s  q ,= 0 .3  (MwavJ 0 G13, w h ic h  h e lp e d  e v a lu a te  th e  a v e ra g e  m o le c u la r  w e ig h t  o f  p e c t in  s o lu t io n s  
fro m  s u g a r -b e e t  w ith  a  k n o w led g e  o f  th e i r  in tr in s ic  v isco s ity .
K e y w o rd s  : S u g a r -b e e t  p u lp , W a ste , P e c tin , E x tra c tio n ,

Interest in the pectin substances has persisted 
because of their important role in maintaining the 
texture of raw, and processed fruits, and vegetables 
(Gee et al. 1958). Pectins exist in vaiying amounts 
in fruit cell walls, and have important nutritional, 
and technological properties, mainly because of 
their ability to form gels (Westerlund et al. 1991). 
Pectin is obtained mainly from the by-product or 
waste streams of the processing of apple, orange, 
and lemon juices (Kratchanova 1991). Sugar-beet 
pulp, a by-product of sugar extraction, is a well- 
known source of pectin (Phatak et al. 1988). Good 
quality pectin was prepared from ripe mango peel 
(Beerh et al. 1976) Pectin from Indian citrus peels 
have been characterized (Alexander and Sulebele
1980) and changes in pectin, and pectinase activity 
in developing guava fruits, (Pal and Selvaraj 1979) 
and apple fruits (Surinder Kumar et al. 1985) have 
also been studied.

The major use for pectins is, as a gelling agent 
in jams, and preserves (Kirk and Othmer 1967). 
For this application, a high methoxyl pectin, such  
as the citrus pectin with a degree of esterification 
(DE) greater than about 55%, is required (Zitko and 
Bishop 1965). Pectins of this type will only gel at 
low pH in the presence of high levels of sucrose 
or other humectants (King et al. 1986). The gelling 
ability of pectin depends on its solubility, and 
viscosity, which are a measure of its molecular 
weight (Rao 1993). Higher the molecular weight, the 
higher is its viscosity, and hence, the better is its 
grade (Rao 1993). Therefore, there is a need to
* Corresponding Author
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measure the molecular weights of pectin solutions. 
Molecular weight distributions of pectin samples 
have been earlier determined by gel permeation 
chromatography (Phatak et al. 1988; Chou and 
Kokini 1987), and high performance size exclusion 
chromatography (HPSEC) (Fishman et al. 1991). In 
the present investigation, the average molecular 
weight was measured by light scattering technique, 
because of its ease, and simplicity in apparatus 
(Rao 1993).

The aim of the present investigation was to 
extract maximum pectin from sugar-beet pulp, 
determine some chemical characteristics of the 
extracted pectin, including the average molecular 
weight, and generate a knowledge of intrinsic 
viscosity of pectin solutions.
Materials and Methods

M a t e r i a l s  : Sugar-beet pulp was obtained from 
Elazig Sugar Factory, Elazig (Turkey). The pulp was 
dried, ground and sieved to obtain 50 mesh 
fraction. The defatted ground beet pulp was used 
for pectin extraction. Experiments were performed 
in duplicate.

P e c t i n  e x t r a c t i o n  : Pectin was extracted from 
sugar-beet pulp by three different extraction 
procedures, using HC1, ammonium oxalate (Phatak 
et al. 1988), and EDTA solvents. EDTA extraction 
procedure is a modification of the procedure of 
Phatak et al (1988). Sugar-beet pulp (lg) was mixed 
with 100 ml of 0.01 N HC1 (pH 3.5), and 100 ml 
of 0.5% (w/v) of EDTA. The mixture was 
mechanically stirred for 60 min at 90°C, cooled to
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25°C, pH was adjusted to 7.5 by 50 ml of 0.1 M 
sodium phosphate, and 5 mg of protease enzyme 
(Sigma Chemical Co., P 5147) was added to 
hydrolyze the proteins present in the extract. 
Extract was incubated overnight at 37°C, and liquid 
phase separated from the solid m ass by filtering. 
Pectin was coagulated with 4 volumes of ethanol, 
centrifuged for 30 min, pectin coagulate was 
washed twice with 45% ethanol, centrifuged for 30 
min and dried.

C h e m i c a l  d e t e r m i n a t i o n s  : Anhydrogalacturonic 
acid content of the sugar-beet pectin was determined 
by a colorimetric procedure, using p-hydroxydiphenyl 
colour reagent (Blumenkrantz and Asboe-Hansen
1973). Ash was determined by incinerating the 
sample overnight in a muffle furnace at 600°C 
(AOAC 1984). Methods given in Food Additive 
Codex were used for the methylation degree 
determination (NRC 1972). Since the amount of 
methoxyl in 100% methoxylated pectin is 16.32% 
(Gee et al. 1958), the methoxyl % was calculated 
from the following equation.

MeO % = (16.32/100) x (the degree of methylation)
The reaction of the ester groups in pectin with 

alkaline hydroxylamine at room temperature, to 
produce p ectin  hydroxam ic acid , and  
acetohydroxamic acid, was applied to determine the 
degree of acetylation (McComb and McCready 1957). 
The amount of acetyl % was calculated by the 
following equation (Gee et al. 1958; McComb and 
McCready 1957) ;

Acetyl % = (18.53/100) x (the degree of acetylation)
V i s c o m e t r y  : For viscosity determination, 0.5,

1.0, 1.5 and 2.0% pectin solutions, were prepared 
in 0.1 M sodium phosphate buffer (pH 7.0). The 
solutions were stirred for 10 min, and undissolved 
pectin particles were removed by squeezing the 
solution through cloth (Hwang et al. 1992). The 
viscosity of pectin solution, and solvent were 
determined at 25°C in Ubbelohde viscometer No 1c 
(Ubbelohde, Schott-Gerate, Hofheim, Germany). 
Densities of solutions were measured using 
pycnometer (Teknik Cam Co., Istanbul, Turkey) at 
25°C. The calculation of the relative viscosity was 
made according to the following equation (Chen and 
Joslyn 1967) :

4 r = ........................................  (D
Viscosity values were converted to specific viscosities 
(t|ap) using the following equation (Chen and Joslyn 
1967) :

%  =  ( n - i U / T l r V l  ........................................  ®

tj / c known as reduced viscosity should ideally be 
independent of concentration, and it becomes so 
at the limit of zero concentration (Hwang et al.
1992). This limiting value of reduced viscosity is 
called the intrinsic viscosity (Tanglertpaibul and 
Rao 1987). Intrinsic viscosity was calculated using 
the following equation (Chou and Kokini 1987; 
Tanglertpaibul and Rao 1987) :

ri1 = lim (r^/c) ......................  (3)
It can be shown (McMillan 1974) that reduced 
viscosity cari be written in the form of Huggins's 
equation :

ibp/c = 4, + k' r^c  ........................  (4)
The intrinsic viscosity was obtained by plotting the 
ratio of specific viscosity to pectin concentration 
(qsp/c) against pectin concentration (c). The intrinsic 
viscosity was obtained by extrapolating the line, 
joining the points to zero concentration (Chou and 
Kokini 1987; Tanglertpaibul and Rao 1987).

D e t e r m i n a t i o n  o f  m o l e c u l a r  w e i g h t : The refractive 
indices of pectin solutions were measured by a 
refractometer (Atago Co. Ltd., Tokyo, Japan), using 
a mono-chromatic source of sodium vapour lamp 
$.=5893 A). The intensity of light scattered through 
pectin solutions was measured as the percentage 
of light transmitted through pectin solutions, as 
compared to that through 0.1 M sodium phosphate 
buffer (pH 7.0) by Spectronic 20 (Bausch and Lomb 
Inc., Rochester, NY) (Rao 1993). The experimental 
measurements were made at four concentrations 
(0.5, 1.0, 1.5 and 2.0 g /1 0 0  ml).

The average molecular weight of the (Mw ave) was 
calculated by the following equation (Allock and
Lampe 1981, Rao 1993).

1/Mwav = lim (Hc/ t) ......................... (5)
Where H is given (Allock and Lampe 1981, Rao
1993) by

H = (327i3n02/3A.4N0) ((n-n0)/c))2 ......................... (6)
The turbidity (x) of the solutions was measured 

as the decrease in the intensity of a beam of light 
because of scattering. The decrease or attenuation 
depends on the length of the light path through 
the system (Allock and Lampe 1981), and by 
analogy to the Lambert law (Allock and Lampe
1981), it is possible to use

I/I0 = e-1 ...........................  (7)
The fraction of light scattered is generally very 
small (Allock and Lampe 1981), and it is a good 
approximation to express the exponential in the
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above equation (Allock and Lampe 1981) as

=  1 - t1 + ( 1 /2 )  (xl)2—(1 / 6 )  (t1)3+ . . . = 1 - x1 ...................  (8)

xl = 1 - e - 1 = l - ( I / g  ................................................  (9)
Mwavewas measured by plotting Hc/x versus c 

and interpolating to zero concentration, and noting 
the value of intercept (Allock and Lampe 1981).
Results and Discussion

Extraction of beet pulp with HC1, ammonium 
oxalate and EDTA yielded 17.71, 21.75 and 18.89% 
pectin, respectively, the highest yield being in case 
of ammonium oxalate procedure. Pectic substances 
as high-molecular-weight carbohydrate polymers 
are intimately associated with the insoluble cellular 
materials in plants (Gee et al. 1958). Because of 
their association in the three dimensional lattice 
of the cellular framework, it has not been possible 
to extract them completely from this matrix without 
changing their chemical, and molecular composition 
(Gee et al. 1958). For these reasons, most of the 
conclusions based upon the role of pectic substances 
in fruit texture have been drawn from the 
characterization of less than 50 to about 70% of 
the total pectic substances present (McCready and 
McComb 1954). For molecules which can exist with 
a variety of molecular weights, the relation between 
intrinsic viscosity, and molecular weights is one of 
the most important properties (Tanglertpaibul and 
Rao 1987; Gee et al. 1958). The chemical composition 
of pectin obtained by three different extraction 
procedures is shown in Table 1.

The higher galacturonic acid, and the lower 
ash contents of pectin are the two criteria for its 
purity (Hwang et al. 1992). It is evident from 
Table 1 that the purest pectin was produced by HC1 
extraction. However, the longevity of the extraction 
period in the HCl-procedure, compared to the other 
two procedures, might as well be the cause for the

TABLE 1. C HEM ICAL CO M PO SITIO N  O F  PECTIN
E x tra c tio n  p ro c e d u re s

C o n s ti tu e n ts ,
%

HC1, 
pH  1.5, 

80°C  
4  h

A m m o n iu m  
o x a la te , 0 .2 5 % , 

p H 3 .5 , 
75°C , 1 h

EDTA,, 
0 .5 % , 
90°C  
1 h

A n hydro - 
g a la c tu ro n ic  a c id 6 8 .2 0 6 4 .1 0 5 3 .2 0
A sh 4 .0 2 9 .5 7 1 2 .3 6
M éth y la tio n  d e g re e 7 4 .7 7 6 7 .1 2 5 9 .1 4
M éth y la tio n  c o n te n t 1 2 .2 0 1 0 .9 5 9 .6 5
A cety la tio n  d eg ree 2 5 .3 4 2 8 .8 2 2 6 .6 7
A cetyl c o n te n t 4 .7 0 5 .3 4 4 .9 4

Fig. 1. L ig h t- s c a tte r in g  d e te r m in a t io n  o f  t h e  m o le c u la r-w e ig h t 
o f  p e c t in  in  0 .1  M s o d iu m  p h o s p h a te  b u ffe r .

high galacturonic acid content of the pectin obtained 
by the HCl-extraction.

Since the carboxyl groups of the galacturonic 
acid units in pectin molecules are partially 
neutralized with cations (McCready 1966), the 
higher ash % content of pectin obtained by the 
EDTA extraction, as compared to other procedures, 
may be attributed to the complexing property of 
EDTA with metal ions. Phatak et al (1988) also 
reported that the ash % of pectin obtained by EDTA 
extraction was higher, as compared to that obtained 
by other methods.

ex 102 (g/ml)
Fig. 2 . P lo t o f  r i ^ / c  v e r s u s  c
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The degree o f m eth y la tion  in  all sam p les  

analyzed w a s  found  to b e  over 50%, in d icating  that  
the su gar-b eet p ectin  h ad  a h igh-m eth oxyl content. 
The degree of acety lation  varied according to the  
iso lation  procedures. The gelling cap acity  of p ectin  
d ecreased  w ith  an  in crease in  th e  degree of 
acetylation  (McCready 1966).

H c/x  v a lu es  w ere calcu lated  an d  plotted against 
concentration  of p ectin  so lu tio n s (F ig .l). H c/x  
v ersu s c sh ow ed  sim ilar tren d s an d  stra ight lin e s  
w ith linear regression  coefficien ts in  th e  range 0 .9 9 -
1 .0 .

The reciprocal of th e  in tercept is  the average 
m olecu lar w eight. Fig. 2 sh o w s th e  m ethod  of 
determ ination  of th e  m agn itu d e o f in trin sic  v iscosity  
by p lotting T|ap/ c  v er su s  the con cen tration  of p ectin  
so lu tion s. M agnitudes of in trin sic  v iscosity , and  
m olecu lar w eigh ts o f p ectin s obtained  b y  HC1, 
am m onium  oxalate and EDTA extraction  w ere 110, 
15 8 , 2 0 8  m l /g  an d  4 1 3 0 0 , 3 0 4 0 0 , 1 5 1 0 0 ,
respectively.

In tr in sic  v is c o s ity  is  a c h a r a c te r is tic  of  
m acrom olecu les th a t is  related  directly to their  
ability to  d isturb  flow, and indirectly  to their size, 
and sh ap e (Tanglertpaibul an d  Rao 1987). The 
average m olecu lar w eight o f  p ectin , and  its  in trin sic  
v iscosity  in  a so lu tio n  are related b y  th e  Mark- 
H o u w in k -S a k u r a d a  e q u a t io n  (B ra n d ru p  a n d
Im m ergut 1975) :

' Ï1, = K ........................................  (10)
In tv = In K + a  In M ................................ (11)w.ave '  '

Intrinsic v isco sity  v a lu es  obtained  from plot of 
ti / c  v s . c w ere u se d  for p lot o f In tv v s . In M•sp' r  H w.ave
The coefficient K an d  exp on ent w ere ca lcu lated  
from th e  intercept, and  slop e o f th e  straight line  
fitted to In tv and In M (K=0.3, a= 0 .613 ).

The exp on ent a  an d  K are d ep en den t on  th e  
nature o f the m olecu le , an d  so lven t, and  on the  
tem perature (Tanglertpaibul an d  Rao 1987). The  
va lu es determ ined are applicable for p ectin  so lu tio n s  
in 0 .1  M sod iu m  p h osp h ate  buffer so lven t alone, 
w hich lim its the applicability  o f  th ese  coefficients. 
It is  p ossib le to d eterm ine th e  average m olecu lar  
w eight of p ectin  sa m p les  b y  m easu rin g  the in trin sic  
v iscosity  of p ectin  w ith  a  and K coefficients.
Nomenclature
C C oncentration  of the so lu tion , g /m l  
dj D en sity  o f so lu tio n , g /m l  
d2 D en sity  o f so lven t (0.1 M sod iu m  p h osp h ate  

buffer) = 1 .4 3 5 3  g /m l

k ’ H uggins's con sta n t
I /I0 F raction o f light tran sm itted  th ro u gh  1 cm  

len gth  o f so lu tio n
I Length of th e  light p ath  in  the so lu tio n , cm  
Mwave Average m olecu lar w eigh t
n 0 Refractive id ex  o f the so lven t (0.1 M sod iu m  

p h osp h ate  buffer) = 1 .3 3 6 8
n  Refractive in d ex  of th e  so lu tio n
N0 Avogadro n u m b er = 6 .0 2 3  x  1023
tj Tim e ta k en  b y  so lu tio n  to  flow  in  v iscom eter , s
t2 Tim e ta k en  b y  so lven t to  flow  in  v iscom eter , s
T| V iscosity  o f  so lu tio n , cp s
t)s V iscosity  o f so lven t, cp s
t|sp Specific v isco sity
t|i Intrinsic v iscosity , m l/g
X  W ave len gth  o f light = 0 .5 8 9 x l0 " lcm
x T urbidity of th e  so lu tio n , cm  1
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M e ta l C o n t e n t s  in  S o m e  o f  t h e  P r o c e s s e d  F o o d s  a n d  T h e ir  
E ff e c t  o n  t h e  S to r a g e  S t a b i l i t y  o f  P r e -c o o k e d  D e h y d r a t e d

F la k e d  Bengalgram. D hal
A.D. SEMWAL, M.C. NARASIMHA MURTHY AND S.S. ARYA*

D efen ce Food R esearch  Laboratory, M ysore-570  O i l ,  India.
Mineral composition of some convenience food products like pre-cooked, and dehydrated vegetable pulav, instant 

halwa mix, instant upma mix, preserved chapati, spiced potato chapati, instant spiced dhals, alu chholay, rice noodles, 
chikki and canned curried meat has been investigated. The levels of sodium, potassium, calcium, iron, zinc, manganese, 
and copper were found to vary between 42-26,000, 130-6710,17.4-725, 39-170, 6.7-36.6, 1.8-19.2 and 1.6-17.0 ppm, 
respectively, in these processed foods. In commercially procured, and stored canned curried meat, tin, copper and 
zinc were found to vary between 60-152, 1.2-12.4, and 15.3-38.8 ppm, respectively. The levels of nickel, iron and 
copper were found to vary between 0.40-8.70, 0.80-8.20 and 0.015-0.025 ppm, respectively, in different commercial 
brands of vanaspati, whereas nickel content was found to vary from 1.10-2.10 ppm in different commercial brands 
of chocolates. In dehydrated flaked dhal, sodium chloride exhibited slight pro-oxygenic activity, but copper, iron and 
cobalt exhibited strong pro-oxygenic activity. Only at 500 ppm level, nickel exhibited marginal antioxygenic activity.
Keywords : Convenience foods, Canned meat, Mineral composition, Sunflower oil, Peroxide value, Vanaspati, Chocolate,

Metal ions.
W ith increasing industrialization , contam ination  

of foods w ith  h eavy  m eta ls  h a s  b ecom e w idespread  
(Lindsay and S h erlock  1982). Industria l efflu en ts  
are often released  to sea , river and even  to  irrigation  
ch a n n els  or in  fields, an d  th u s  som e o f the m etallic  
co n stitu en ts  o f the efflu en ts en ter  th e  food ch a in  
(Fimreite 1971; WHO 1972). W hile som e o f th e  
m eta ls  like sod iu m , p o ta ss iu m , ca lc iu m , an d  iron  
are of nutritional sign ificance (Young and Scrim shaw  
1979), heavy m eta ls  like lead , cad m iu m , chrom ium , 
nickel, and  cob alt are toxic, an d  therefore, their  
con cen tration  sh a ll b e m onitored  in  food s (Moore 
et al. 1979; G rasso 1975; J a th a r  et al. 1981). In  
addition, m etal con ta m in a n ts  m ay  a lso  occur, a s  
a resu lt o f con tact w ith  p rocessin g  equ ipm ent  
(Sem wal and Arya 1994), an d  p ack agin g  m ateria ls  
(Concon 1988). H eavy m eta ls , an d  th e ir 'sa lts  are 
also  u sed  a s  ca ta ly sts  during p rocessin g  o f foods. 
For exam ple, m etallic nickel is  u sed  by hydrogenation  
industry in  the m an u factu re  of vanaspati (Murti 
and A chaya 1974). T hough efficient filtration sy stem  
for rem oval of ca ta ly sts  is  available, and  u se d  by  
the in d u stry  (Satya P rakash  an d  S arin  1991), 
retention  of trace a m o u n ts  o f  m eta l ca ta ly sts  
can n ot be ruled out. In fluence of copper, and iron  
in  g h ee  o n  ox id ative  d eter iora tion  h a s  b een  
investigated  (U n n ik rlsh n an  an d  B h im a sen a  Rao 
19 7 7 ). T r a c e s  o f  cu p r ic  co p p e r  h a v e  b e e n  
dem onstrated  to  accelerate nitrate in d u ced  corrosion  
in  tin p la tes (E ipeson  and S a s t iy  1984). B es id es  
being toxic, m eta l co n ta m in a n ts  affect ta ste , and  
flavour o f foods, an d  their stab ility  during storage
* Corresponding Author

(Sem w al and Arya 1992). S om e o f th e  tra n sitio n  
m eta l io n s  like iron, cop p er an d  cob a lt are k n ow n  
to  cata lyze lipid peroxidation , w h ich  is  a m ajor  
deteriorative reaction  in  d eh yd rated  con v en ien ce  
food s (Sem w al an d  Arya 1992). K eeping so m e of 
th e se  a sp ec ts  in  view , th e  m in era l co m p o sitio n  of  
som e of th e  p rocessed  con v en ien ce  food s, an d  a lso  
som e p opular b ran d s of vanaspati an d  ch o co la tes  
have' b een  stu d ied , an d  th e  data are reported  in  
the p resen t paper.
Materials and Methods

In stan t halwa m ix, in sta n t  upma m ix, chikki 
an d  p re-cooked  dehydrated  vegetab le  pulav w ere  
procured from  m an u factu rers in  M ysore, w h ile  
n oo d les w ere from  a m an u factu rer  from  B om bay. 
In stan t sp iced  dhals, alu chholay an d  chapatis w ere  
p rocessed  in  th e  lab orato iy , u s in g  m eth od ology  
reported b y  P atki an d  Arya (1994), G h osh  et al 
(1979), and Arya et al (1977), resp ectively . C anned  
curried m eat sa m p les  (keema an d  ch u n k s) w ere  
obtained  from  different A rm y Service C orps D ep ots. 
S even  b ran d s of vanaspati an d  s ix  ty p es  of  
c h o co la te s  w ere p rocu red  from  lo ca l m ark et. 
C om m ercially  availab le good  q u ality  d eh u sk ed  
Bengalgram dhal an d  refined su n flo w er  oil w ere  
also  p u rch ased  from  local m arket.

Sample preparation : T otal co n ten t o f e a ch  p ack  
w a s  b len d ed  in  a laboratory au to  m ix  (M odel 84 2  
INT, S u m eet, N asik , India), an d  2 0  g sa m p le  w a s  
d igested  in  K jeldahl fla sk s, u s in g  n itric  acid , and  
su lp h u ric acid  m ixture for ox idation  o f carb o n aceou s  
m atter a s  per Ja co b  (1958). For each  sam p le , b lan k
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w a s prepared s im u lta n eo u sly  b y  tak in g  sa m e  
am ou n ts o f nitric, and  su lp h u ric  ac id s m ixture. 
C oncentrations o f va rio u s m eta ls  w ere ca lcu la ted  
by determ ining th e  ab so rb a n ce  at appropriate  
w avelengths, u s in g  atom ic ab sorption  sp ectro p h o to
m eter (Model AA 6 7 0 , S h im ad zu , Kyoto, Jap an ), by  
aspirating th e  so lu tio n  in to  the oxygen -acety len e  
flam e (Cowley 1978). T he in stru m en t w a s  calibrated  
by u sin g  stan d ard  so lu tio n s  (1 -6  m g/litre ) of 
various m etal sa lts .

Preparation o f precooked dehydrated flaked  
Bengalgram  d h al : Bengalgram dhal (2 kg) w a s  
soaked  in  2 I w ater, con ta in in g  required q u an tities  
of sod iu m  chloride or su lp h a te s  o f iron, copper, 
cobalt or n ick el for 3  h at am b ien t tem peratu res  
(15-35°C), and  47-78%  RH. The soa k ed  dhal w a s  
cooked, and flaked a s  per th e  m eth od  reported by  
Sem w al and A iya  (1994). The flak es w ere dried to 
5% m oistu re at 80°C in  a h ot air cab in et d iyer  
(Model SDA, Type E, K ilb u m , M acNeil and  Magor 
Ltd. C alcutta, India). Required q u an tities  (2 kg) of  
the flak es w ere treated  w ith  su n flow er oil (15%, 
w /w ) and m ixed  thorou gh ly  in  a s ta in le s s  stee l 
vesse l, u s in g  a laddie.

Storage and evaluation : T reated an d  u n treated  
Bengalgram dhal flak es (100  g) w ere p ack ed  in  
polypropylene (75 p) p o u ch es , an d  stored  in  an  
incubator m ain ta in ed  at 37±1°C . Initially, an d  at 
regular in tervals, th e  sa m p les  w ere analyzed  for 
peroxide va lu e, w h ich  in d ica ted  th e  rate o f  lipid  
peroxidation (Arya an d  T hakur 1986).
Results and Discussion

The levels o f sod iu m , p o ta ss iu m , ca lc iu m , iron, 
m a n g a n e s e , c o p p e r  a n d  z in c  in  p r o c e s s e d  
conven ience food s are g iven  in  T able 1. S od iu m  is  
p resent in  largest con cen tra tio n s in  a lm ost all th e  
con ven ien ce foods, m ain ly  d u e to incorporation  of

sod iu m  chloride in  th ese  p rod u cts during p rocessin g  
for ta ste  con sid era tion s, excep t for halwa m ix  and  
rice n ood les. P o ta ss iu m , o n  th e  o th er h an d , varied  
b etw een  130  an d  6 7 1 0  ppm  in  different p rocessed  
foods. C o n cen tra tion s o f p o ta ss iu m  w ere a lso  h igh  
in  m o st o f th e  p ro cessed  food s, ex cep t for halwa 
m ix  an d  rice n ood les. Chikki h ad  th e  h igh est  
con cen tration  o f p o ta ss iu m , w h ich  m a y  be ascribed  
to  h igh  levels o f p o ta ss iu m  in  o ilseed s , an d  p u lse s  
(G opalan et al. 1985). R elatively, copper, and  
m a n g a n ese  w ere p resen t in  h ig h er  con cen tra tio n s  
in  in sta n t p u lses . Earlier a lso , leg u m es, an d  p u lse s  
have b een  reported to  co n ta in  larger con cen tra tion s  
of th ese  e lem en ts  (G opalan et al. 1985).

The levels o f  tin , z in c , an d  cop p er in  12 
sa m p les  o f com m ercially  availab le m ea t c h u n k s  and  
keema sa m p les , stored  at v a r io u s p la ces  for one  
year, are g iven  in  Table 2 . In all th e se  sa m p les, 
the con cen tra tion s o f tin  varied  b etw een  6 0  and  
152 ppm , an d  its  lev e ls  w ere b elo w  th e  m ax im u m  
lev e ls  perm itted  in  food s (PFA 1954). T he levels of 
zin c  varied  b etw een  15 .3  a n d  3 8 .8  ppm , an d  th o se  
of cop p er b etw een  1.2 an d  1 2 .4  ppm . E xcept in  
on e sam p le  in  w h ich  th e  level o f  cop p er w a s  found  
to b e sligh tly  h igher, th e  lev e ls  o f tin , z in c and  
cop p er w ere fou n d  to  b e  b elow  th e  p rescrib ed  lim its  
in  all o th er sam p les , even  after on e yea r  o f storage  
u n d er different clim atic  con d itio n s.

Till recently , there w ere n o  lim its o f n ick el 
con ten t prescribed  for vanaspati, b u t there h a s  
b een  con sid erab le  con cern  ab o u t th e  h igh  level of 
th is  e lem en t in  som e b ran d s o f vanaspati (Satya  
P rakash  ar.d S arin  1991), w h ich  is  a lso  u se d  by  
ch oco la te  m a n u fa ctu res  a s  a h ard en in g  agent 
(Minifie 1989). It m ay  b e  se e n  (Table 3  an d  4) th a t  
n ick el co n ten t in  sev en  b ran d s o f  vanaspati, and  
s ix  typ es o f ch oco la te  varied  b etw een  0 .4 0  an d  8 .7  
an d  1 .10  an d  2 .1  ppm , resp ectively . T he levels of

TABLE 1. MINERAL COMPOSITION (ppm) OF PROCESSED CONVENIENCE FOODS
Products Sodium Potassium Calcium Iron Zinc Manganese Copper
Instant halwa mix 48 375 141 70 10.7 2.6 2.2
Instant upma mix 12,500 2100 575 160 24.4 14.1 4.4
Vegetable pulav 18,500 4360 365 82 26.3 6.7 3.3
Spiced redgram dhal 24,500 4800 370 110 30.3 16.0 13.0
Spiced Bengalgram dhal 26,000 4560 400 141 36.6 19.2 13.5
Spiced blackgram dhal 21,300 4200 420 170 33.1 18.8 17.0
Chapati 6,850 2250 262 75 26.5 6.7 5.1
Spiced potato chapati 9,825 3200 725 118 23.3 5.1 3.2
Alu chholay 18,200 2200 200 118 24.7 6.6 2.1
Rice noodles 42 130 17 39 6.7 1.8 1.6
Chikki 1,060 6710 130 77 31.9 5.8 3.7
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TABLE 2. METAL LEVELS (ppm) IN CANNED MEAT STORED AT VARIOUS PLACES FOR ONE YEAR UNDER DIFFERENT CLIMATIC 

CONDITIONS
Product Place of Storage RH, % Tin Zinc C opper

storage tem p, °C
M utton ch u n k M issam eri 9 - 36 52 - 91 105 26 .7 3 .0
M utton ch u n k M issam eri 9  - 36 52 - 91 92 25 .8 1.3
M utton ch u n k J a b a lp u r 1 - 46 32 - 84 152 38.5 1.3
M utton keem a J o d h p u r - 2  - 49 18 - 82 100 15.6 7 .8
M utton keem a Jo d h p u r - 2  - 49 18 - 82 60 15.8 3.1
M utton keem a M adras 18 - 39 61 - 88 100 20.0 3.6
M utton keem a J a b a lp u r 1 - 46 32 - 84 96 19.6 1.2
M utton keem a J a b a lp u r 1 - 46 32 - 84 100 21.6 1.2
M utton keem a J a b a lp u r 1 - 46 32 - 84 80 23 .8 12.4
M utton keem a J a b a lp u r 1 - 46 32 - 84 80 38 .8 4 .5
M utton keem a J a b a lp u r 1 - 46 32 - 84 92 23 .5 5.5
M utton keem a B engdubi 5  - 39 56  - 89 79 15.3 7 .6

Iron, and copper in  ixmaspati sa m p les  varied from
0 .8 0  to 8 .2 0  an d  0 .0 1 5  to 0 .0 2 5  ppm , respectively. 
The levels o f n ick el an d  iron w ere a lso  found  to  
vary in  different b a tch es  o f vanaspati of th e  sam e  
brand. The h igher n ick el, an d  iron co n ten ts  in  som e  
of th e b ran d s o f vanaspati cou ld  b e d u e to n o n 
a d h e r e n c e  o f  q u a l i t y  s t a n d a r d s  d u r in g  
hydrogenation, and su b seq u en t p ost-refin in g  of 
hydrogenated oil.

Effect of metal ions on the stability of pre
cooked dehydrated B engalgram  dhal: The resu lts  on  
ch an g es in  peroxide va lu e  a s  a resu lt o f storage  
(Table 5) sh ow ed  th a t ad d ition  of copper, cob a lt and  
iron even  at 1 ppm  level con sid erab ly  en h an ced  th e  
rate o f lipid peroxidation  in  dehydrated  flaked dhal. 
The catalytic effect of th e se  io n s  w a s  con cen tration  
dependent, an d  in creased  w ith  r ise in  con cen tration  
of m etal io n s  from  1 to  5 0 0  ppm . A m ong th e  three  
m etal ion s, copper w a s  th e  m o st pro-oxidant, 
followed by cob alt an d  iron. It h a s  b een  cla im ed  
that tran sition  m eta l ion s, at h igher con cen tra tion s  
exert antioxygen ic activity, d ecom p osin g  p eroxid es  
(Em m anual and L yaskovskaya 1967). T h is effect

h a s  n o t b een  ob served  in  d eh yd rated  flak ed  
Bengalgram dhal even  at 5 0 0  p p m  lev e ls  o f copper, 
cobalt an d  iron. Incorporation  o f n ick e l u p to  5 0  
ppm  level did n ot exert an y  s ig n ifican t effect, b u t  
it exerted  very sligh t an tioxygen ic effect at 5 0 0  p p m  
level. Incorporation of sa lt  a lso  s ligh tly  en h a n ced  
th e  rate of lipid perox id ation  in  dehydrated  flaked  
Bengalgram  dhal, an d  its  cata lytic  actio n  in crea sed  
w ith  r ise  in  con cen tration . S am e p attern  w a s  
observed in  dehydrated  rice (Sem w al an d  Arya  
1992).

From  th e  foregoing stu d y , it is  ev id en t th a t th e  
levels of m eta l io n s vary con sid era b ly  in  v a r io u s  
p rocessed  food s, e ith er a s  a resu lt  o f varia tion  in  
th e  recipe or a s  a resu lt o f con tam in a tion  d u rin g  
p rocessin g  or a s  a  resu lt o f  in teraction  w ith  th e  
p ack agin g m ateria l. H owever, in  ca n n ed  curried  
m u tto n  ch u n k s  an d  keem a, th e  lev e ls  o f tin , z in c  
and copper rem ained  b elow  th e  perm itted  lev els  
even  after one year  o f storage at v a r io u s p la ces  
u n d er varying clim atic  con d itio n s. T h ou gh  th e  level 
of n ick el in  m o st o f th e  sa m p les  o f  vanaspati an d  
ch oco la tes analyzed  w ere a lso  fou n d  to  b e  w ith in

TABLE 3. NICKEL, IRON AND COPPER CONTENTS (ppm) IN V A N A S P A T I SAMPLES
Nickel Iron Copper

Brand Mean Range CV Mean Range CV Mean Range CV
A 2.5 0 .4 - 8.7 99.0 3.1 1.2 -8 .2 76.9 0.018 0.015 - 0.020 14.0
B 2.7 1.6 - 4.5 45.2 2.9 0.8 - 5.0 58.5 0.018 0.015 - 0.020 12.9
C 1.3 1.1 - 1.4 9.8 6.0 4.3 -7 .0 20.6 0.017 0.015 - 0.020 14.0
D 4.5 3 .6 - 5.8 21.7 3.7 1.2 -6 .6 60.4 0.022 0.020 - 0.025 10.9
E 4.4 3.9 - 4.8 8.5 3.6 2.9 -4 .7 21.9 0.023 0.020 - 0.025 10.1
F 4.2 3 .8 - 4.6 8.4 3.6 3.2 -3 .9 8.0 0.018 0.015 - 0.020 12.9
G 1.8 1.5- 2.0 10.7 5.3 4.9 - 5.6 5.6 0.018 0.015 - 0.020 12.9

C.V. (%) - Coefficient of variation
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TABLE 4. NICKEL CONTENT 

CREAM BAR
(ppm) IN CHOCOLATES AND

Brand Type Mean Range CV
A Milk chocolate 1.3 1 .2- 1.4 6.6
B Milk chocolate 1.2 1.1 - 1.3 3.4
C Milk chocolate 1.5 1.4- 1.7 8.2
D Milk chocolate 1.6 1.5- 1.7 6.4
E Cream bar 1.3 1.2 - 1.5 10.0
F Cream bar 1.9 1.8 -2.1 14.7

C.V. (%) - Coefficient of variation

the p erm issib le lim its, a few  sa m p les  o f v a n a s p a t i  
had nickel levels a s  h igh  a s  8 .7  ppm , an d  therefore, 
there is  a n eed  to  m on itor th e  level o f n ick el in  
v a n a s p a t i  to  en su re  ad option  o f m ore effective 
filtration tech n iq u e b y  th e  in d u stry . B esid es , toxic  
effect o f trace m eta l io n s  at h igh er levels, som e of 
th ese  m etal io n s (copper, iron an d  cobalt) catalyze  
lipid peroxidation  an d  resu lta n t off-flavours in

TABLE 5. EFFECT OF SODIUM CHLORIDE AND TRANSITION 
METAL IONS ON THE CHANGES IN PEROXIDE 
VALUE (meq 0 2/ k g  fat) OF PRECOOKED 
DEHYDRATED FLAKED B E N G A L GRAM D H A L  
HAVING ADDED SUNFLOWER OIL AND STORED AT 
37±1°C

Peroxide value (meq 0 2/kg fat)
Metal ions Storage period (days)

0 30 45 60
Control 8.6 29.8 50.6 67.5
Copper, ppm

1 9.2 44.4 70.8 104.2
5 9.4 60.1 85.0 158.6

50 9.4 112.9 202.1 489.2
500 9.8 245.5 430.6 971.7

Cobalt, ppm
1 9.0 34.8 58.2 77.6
5 9.1 38.7 65.1 91.3

50 9.3 47.2 78.3 120.1
500 9.5 100.6 192.1 454.4

Iron, ppm
1 8.9 32.2 53.4 73.9
5 9.2 34.1 55.5 76.1

50 9.5 42.6 66.5 90.0
500 9.8 63.4 101.4 138.1

Nickel, ppm
1 8.8 30.5 51.8 68.7
5 9.0 31.6 52.9 69.9

50 9.1 28.1 49.4 67.2
500 9.0 26.1 46.7 62.9

Sodium chloride, %
0.5 9.2 31.7 53.2 72.3
1.0 9.1 33.9 58.5 77.6
2.0 9.1 36.2 62.5 82.9

in stan t cooking d h a l s  and  other foods. It is , therefore, 
esse n tia l th a t their m a x im u m  lev e ls  b e  sp ecified  in  
p rocessed  food s to en su re  th e ir  sa fe ty  an d  stability .
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L o ss  o f  M o is tu r e  a n d  S u lp h u r  D io x id e  D u r in g  A ir  C a b in e t
D r y in g  o f  M a n g o  Puree

M.A. MIR1 AND NIRANKAR NATH*
D epartm ent o f Food S cien ce  and T echnology  

G.B. P ant U niversity of A griculture and T echnology, P an tnagar - 2 6 3  145 , India.
Effect of addition of powdered cane sugar to mango puree for raising the total soluble solids to 30° Brix, and 

drying it as plain mango bar, or after adding 4.5% soy protein concentrate or 2% desiccated coconut powder in a 
cross flow air cabinet drier at 63±2°C on loss of moisture, and retention of sulphur dioxide has been investigated. 
Mango puree exhibited constant rate drying for the first 1.5 hour. During this period the drying rate (gHaO /100 g 
solids/h) of plain mango bar was 35.5, as compared to 33.0 for mango-desiccated coconut bar or 30.0 for mango- 
soy protein concentrate bar. Their critical moisture contents (% db) were 144 and 130, respectively. During falling 
rate period, the drying rate of plain mango bar was higher upto the first 6.5 h, but subsequently it became lower 
than the drying rates of other two samples. Loss of free, and total sulphur dioxide during drying of puree followed 
first order kinetics, and free sulphur dioxide was lost more rapidly than total sulphur dioxide. Concentration of total 
sulphur dioxide (C) in three puree preparations can be represented as a function of drying time (t) by one straight 
line with the equation log  ̂ C = 7.308-0.0363 t.
Keywords : Air cabinet drying, Drying rate, Fortified mango puree, Fruit bar, Mango bar, Sulphur dioxide.

M ango bar is  an  age-o ld  prod u ct o f the Indian  
s u b -c o n t in e n t  (A n on  1 9 5 7 ) . It i s  p rep a red  
traditionally b y  su n -d ry in g  ripe m an go p u r e e  (Anon  
1957; CFTRI 1990). B u t, the p ro cess  is  slow , 
unhygienic, y ie ld s a  dark  brow n product, and  th e  
lo sse s  m ay  b e  h igh  during rainy se a so n  (Jagtiani 
et al. 1988). To overcom e th ese  p rob lem s, M athur  
et al (1972) prepared m an go b ars from  ripe m ango  
p u r e e  by three sta g e  drying (1 h  at 80°C , follow ed  
by 2 -3  h  at 70°C , an d  2 - 3  h  at 65°C) in  a cro ss  
flow air drier, w h ile  N an ju n d asw am y et al (1976) 
and Rao and R oy (1980) u sed  sin g le  sta g e  drying  
at 60  or 70°C. S u gar  is  added to p u r e e  to  ra ise  
the total so lu b le  so lid s  con ten t, an d  reduce th e  
drying period, th o u gh  it low ers the drying rate (Rao 
and Roy 1980). O ther w orkers (B ain s et al. 1989; 
C han an d  C aveletto 1978; S in gh  et al. 1989) have  
stu d ied  som e o f th e  drying ch ara cter istics  of  
u n sw eeten ed  or sw eeten ed  fruit p u r e e  in  forced air 
circu lation  cab in et driers. C onversely , K hedkar and  
Roy (1983) stu d ied  th e  ab sorp tion  an d  reten tion  of 
su lp h u r dioxide in  raw  m an go  s lic e s  during drying  
and dehydration. H ow ever, Mir an d  N ath  (1993) 
have fortified m an go  p u r e e  w ith  d esicca ted  co co n u t  
p o w d er/so y  protein  co n cen tra te , w h ich  m ay  alter  
drying ch ara cteristics. S u lp h u r  d ioxide, w h en  added  
to m an go p u r e e ,  a s  p o ta ss iu m  m etab isu lp h ite , 
red u ces brow ning, an d  retard s m icrob ial sp oilage  
(Mir and N ath 1993). L o sse s  o f su lp h u r  dioxide  
occur during drying (Mir 1990). In th is  paper, th e

* Corresponding Author, 1 Present address : Division o f Post- 
Harvest Technology, Sher-e-Kashmir University o f Agricultural 
Science and Technology, Shalmar, Jam m u and Kashmir, India.

effects o f  fortification  o f m an g o  p u r e e ,  added  w ith  
d e s ic c a te d  c o c o n u t  p o w d e r  or s o y  p r o te in  
con cen trate , on  its  drying b eh aviou r, an d  lo s s  of 
su lp h u r  dioxide are reported.

D r y i n g  : M ango p u r e e  o f  'Langra' variety  w a s  
ad ju sted  to 3 0 °  Brix, an d  0.6%  acid ity , u s in g  ca n e  
su g a r  pow der, an d  citric acid , resp ectively . P u r e e  
w a s  h ea ted  to  91 -9 3 °C  for 2 m in , ab o u t 1 0 0 0  ppm  
s u lp h u r  d io x id e  (1 7 3 4  p p m  p o ta s s iu m  m eta  
b isu lph ite) added, p ack ed  in  3  L g la s s  con ta in ers, 
sea led , an d  stored  at 7±3°C  till required. P u r e e  w a s  
dried, a s  su c h  (plain  m an g o  bar), or after fortifying  
w ith 4.5%  soy  protein con cen trate  or 2.0%  d esiccated  
c o c o n u t pow der (Mir a n d  N ath  19 9 3 ). E ach  
form u lation  (3 .5  kg) w a s  h o m o g en ised  in  a b lender, 
an d  sp read  un iform ly to a  10  m m  th ic k n e ss  (tray 
load in g 9 .8  k g /m 2) on  a lu m in iu m  trays, th a t h ad  
b een  sm eared  w ith  vegetab le  fat to  facilitia te  ea sy  
rem oval o f th e  dried p rod u ct. T he tra y s  w ere loaded  
in to  a forced air c ircu la tion  ca b in et drier, an d  the  
p roduct w a s  dried for 1 4 -1 6  h  a t 63±2°C , an d  linear  
air velocity  o f 2 .4 2  m /s e c .  D u rin g  th is  period , th e  
th ic k n e ss  o f  th e  layer red u ced  to  a b o u t 5 m m .

C h e m i c a l  a n a l y s i s  : D u ring  drying, 2 0  g sa m p les  
w ere draw n at in terva ls o f 1 h  from  th e  se lec ted  
trays, an d  an a lyzed  for m o istu re  b y  v a c u u m  oven  
m eth od  (tem perature 7Q±2°C for 6  h), free an d  tota l 
su lp h u r  dioxide b y  m odified Ripper's titration m ethod  
(R anganna 1986). S a m p les  w ere draw n in  tr ip lica tes  
from  three different lo ca tio n s  o f a  tray, an d  th e  
v a lu e s  w ere averaged.

M o i s t u r e  l o s s  d u r i n g  d r y i n g  : R esid u a l m oistu re  
c o n ten ts  o f  th e  sa m p le s  w ere p lotted  again st
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corresponding drying period. D rying rates w ere  
calcu lated  by a graphical m eth od  (Perry et al.
1984), and  p lotted, a s  a fu n ction  o f tim e.

S u l p h u r  d io x i d e  l o s s  d u r i n g  d r y i n g  : Free, and  
total su lp h u r  dioxide co n ten ts  o f sa m p les  were 
plotted against drying tim e on  a sem i-log  paper, 
and the data w ere regressed  u sin g  a first order 
reaction k in etics m od el (Perry et al. 1984).

Initial m oistu re con ten t of m ango p u r e e  w a s  
h ighest, and  its  m oistu re con ten t rem ained  h igher  
than  the other two sa m p les  (m ango-soy protein  
concentrate or m an go-d esiccated  coco n u t powder) 
for in itial 3  h  drying (Fig. 1). After th is  period, th e  
pattern  o f th e cu rves ch an ged , an d  th e  m oistu re  
content of the p la in  m an go bar w a s  18 g /1 0 0  g 
bone dry product (18% db), a s  com pared  to 21%  
(db) for th e  m an go-d esiccated  coco n u t pow der 
sam ple, an d  25%  (db) for m a n g o -so y  protein  
concentrate.

Drying rate cu rves (Fig. 2) for all th e  three  
sam p les exh ib ited  a co n sta n t rate period of d iy in g  
for in itial 1.5 h , a s  su ffic ien t m oistu re  w a s available  
at the surface for evaporation  (Hawlader et al.
1991). However, the d iy in g  rate during th is  period, 
(dM /dt)c, w a s  h igher for the p la in  m ango p u r e e  
(35.5 g H20 / 1 0 0  g so lid s  h  th a n  for m ango -  
soy  protein con cen trate  (3 0 .0  g H2O /1 0 0  g so lid s

Fig. 1. Moisture content (% db) of plain mango puree (O— O), 
mango desiccated coconut puree ( • —• )  and mango-soy 
protein concentrate puree (A—A) during air cabinet drying 
at 63 ± 2°C

Fig. 2. Dry rate curves for plain mango puree (O— O), mango 
desiccated coconut puree ( • —•)  and mango-soy protein 
concentrate puree (A—A) during air cabinet drying at 
63 ± 2°C

Ti or m a n g o -d esicca ted  coco n u t pow der (3 3 .0  g 
H2O /1 0 0  g solid  “h sam p les. (dM /dt)c, d ep en d s u p on  
the m a ss  tran sfer coefficient (Kg), drying su rface  
area, w ater vap ou r p ressu re  a t p rod u ct su rface, 
and partial p ressu re  o f w ater va p ou r in  drying air 
(Brennan et al. 1990). S in ce , th e  drying w a s  carried  
ou t s im u lta n eo u sly  u s in g  th e  sa m e tray load, and  
surface area, the la st three param eters w ere con stan t  
during th e  co n sta n t rate period. Therefore, th e  
differences in  (dM /dt)c are du e to  Kg only. Critical 
m oistu re con ten t (Mt) for th e  p la in  m an go b ar w a s  
144% db, ag a in st 130%  db for th e  oth er two  
sam p les. A s drying proceed s, th e  drying interface  
reced es to th e  interior, its  d istan ce  from  th e  su rface  
in crea ses, and  th e  m oistu re  m ovem en t w ith in  th e  
so lid s  occu rs throu gh  liq u id /v a p o u r  d iffu sio n  only  
from  th e  u p per sid e, w h ich  is  exp o sed  to th e  d iy in g  
air (H allstrom  1990).

The (dM /dt)f va lu e  for p la in  m an g o  b ar  w a s  
higher u p to  th e  first 6 .5  h , an d  thereafter, th e  
d iy in g  pattern  ch an ged  (Fig.2), d u e  to  d ifferen ces  
in  their ch em ica l com p osition  (su gars, p ro te in s and  
fats). G reater w ater b in d in g  cap a city  o f su gar-rich  
p la in  m an go bar (R ahm an an d  Lamb 1991) low ered  
its  drying rate. A s a resu lt o f th e se  c h a n g es , th e  
differences in  (dM /dt)f for all th e  th ree  sa m p les  
b ecam e le s s  during th e  final s ta g e s  o f drying.

S em i-log p lo ts o f  resid u a l su lp h u r  dioxide (free 
or total) co n ten ts  a g a in st drying tim es  gave stra ight  
lin e s  (Fig. 3), thereb y sh ow in g  h ig h ly  sign ifican t  
(PcO.Ol) v a lu es  o f R2 (0 .9 5 2  to  0 .9 9 7 )  (Table 1). 
It sh o w s th a t th e  lo s se s  of free, an d  tota l su lp h u r  
dioxide during d iy in g  follow ed th e  first order 
k in etics , a s  reported earlier b y  W ed zich a (1987) for 
vegetab le dehydration. The d ata  for free su lp h u r  
dioxide w ere scattered , an d  th e  ex ten t o f  scatterin g  
d ep en ded  u p o n  th e  type o f sa m p le  (Fig. 3). O n th e
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TABLE 1. REGRESSION VALUES OF CONSTANTS FOR THE MODELY Y = a ekx FOR LOSS OF SULPHUR DIOXIDE DURING AIR CABINET 

DRYING OF MANGO P U R E E
Sample loga b R2 Calculated

F
First order 

rate constant
Residual free sulphur dioxide

Plain mango puree 6.501 -  0.0074 0.957 89.9** -  0.178
Mango-desiccated coconut powder p u r e e 6.497 -  0.0687 0.997 1340.1** -  0.158
Mango-soy protein concentrate p u r e e 6.474 -  0.1080 0.952 79.8** -  0.248

Residual total sulphur dioxide
Plain mango p u r e e 7.321 -  0.0396 0.994 702.3** -0.911
Mango-desiccated coconut powder p u r e e 7.343 -  0.0412 0.991 423.5“ -  0.095
Mango-soy protein concentrate p u r e e 7.291 -  0.0344 0.953 81.3** -  0.079
Common tosamples 7.308 -  0.0363 0.972 179.3** -  0.084
** Highly significant (PcO.Ol).

other hand , varia tion s in  th e  tota l su lp h u r  dioxide  
con ten ts o f th e three sa m p les  w ere low, and it w a s  
p ossib le to  draw one com m on  line for them . T his  
line w as found  to have th e  follow ing eq u ation  :

logeC = 7 .3 0 8  -  0 .0 3 6 3  t 
W here C is  tota l su lp h u r  dioxide con ten t (ppm) of 
sam ple at an y  tim e t (h).

S lop es of th e  sem i-log  p lo ts  in  Fig. 3  rep resen t  
the rate of lo ss  su lp h u r  dioxide, an d  are given, a s  
con stan t 'b' in  Table 1. R ate of lo s s  of free su lp h u r  
dioxide w a s  a lw ays greater th a n  th a t of total 
su lp h u r dioxide, b e ca u se  som e o f free su lp h u r  
dioxide e sca p es  from  p roduct to  the drying air 
during drying. A dditionally, free su lp h u r  dioxide is  
know n to b ind  w ith  red u cin g  su g a rs , p ectin s, and  
am ino acid s (Bolin et al. 1985). In the early s ta g es  
of d iying, m u ch  of th e  su g a rs  are p resen t a s

DRYING TIME (hr»)

Fig. 3. Residual free and total S 0 2 contents (ppm) oi plain 
mango puree (O— O), mango desiccated coconut powder
puree ( • ----• )  and mango-soy protein concentrate puree
(A— A) during air cabinet diying at 63±2°C

su crose . B ut, a s  drying p roceed s, m ore an d  m ore  
red u cin g  su g a rs  are p rod u ced  b y  acid  in version  of 
n on -red u cin g  su ga rs, an d  so m e o f th e  free su lp h u r  
dioxide form s com p lex  w ith  th em , th ereb y  raising  
b ou n d  su lp h u r  dioxide co n cen tra tio n  in  th e  product 
(M cBean 1967). Total, an d  red u cin g  su g a r  co n ten ts  
of th e  p la in  m an go b ar (71.5%  an d  27.8%  db, 
respectively), and  th e  m a n g o -d esicca ted  coco n u t  
pow der (66.6%  an d  17.1%  db, respectively) w ere  
higher, a s  com pared  to  th e  m an g o  -  protein  
con cen trate  (61.4%  an d  18.8%  db, respectively) (Mir 
1990; Mir an d  N ath 1995). T herefore, th e  rate of 
lo s s  of tota l su lp h u r  d ioxide for th e  form er two  
sa m p les  w ere low er (Fig. 3  an d  T able 1).
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P h y s ic o - c h e m ic a l  a n d  N u t r i t io n a l  T r a it s  o f  R ic e  B r a n  
P r o t e in  C o n c e n t r a te - b a s e d  W e a n in g  F o o d s
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High protein weaning blends from acid stabilized rice bran protein concentrate and rice, with or without greengram 

have been assessed for their physico-chemical characteristics, and nutritional quality. The protein contents of weaning 
blends 1 and 2 were 20.6 and 21.8%, respectively. These represent calorie dense formulations with 377 and 372 
calories/100 g, which conform to ISI specifications. The protein efficiency ratios of blends 1 and 2 were 2.1 and 2.2, 
respectively. Formulations possessed high water absorption capacity of 310 m l/100 g at 27°C, which increased to 
360 m l/100 g at 60°C. The gruel viscosities of reconstituted blends were low, when compared to two rice-based 
commercial preparations.
Keywords : Rice bran protein concentrate, Weaning foods, Protein efficiency ratio, Water absorption, Consistency, 

Viscosity.

Rice is  one o f th e  m ajor stap le  food s in  h u m a n  
diets in  m an y  co u n tr ies  w orldw ide (Kaul 1975). Rice  
bran, a b y-product o f rice m illing industry , h a s  
potentia l for u tilization , a s  food b y  virtue o f its  
nutritional quality  (Barber an d  Barber 1980). Som e  
of the prob lem s en cou n tered  w h ile  utilizing rice  
bran for food in clu d e p resen ce  o f silica , h u lls , and  
rapid quality deterioration, due to  oxidative rancidity, 
and enzym e activ ity (Barber an d  Barber 1980). Acid  
stabilization  treatm en t ca n  preserve full fat rice  
bran m ore elfectively (Prabhakar an d  V en k a tesh
1986). Rice bran  c a n  be incorporated  in  b read s, 
m uffins, breakfast foods, sn a c k  item s and b iscu its , 
a s a sou rce of dietary fibre (Barber an d  Barber  
1974, 1980; S au n d ers 19 8 6 , 1990; Skurray et al. 
1986; B abcock  1987; S lo an  an d  J a m e s  1988). 
B esides, som e w orkers h ave stan dard ized  m eth o d s  
for th e preparation of w ea n in g  food s b a sed  on  soy- 
w hey b len d s (Kapoor and G upta 1981); potato  
(Barinder K aur and G upta 1982); m alted  ragi and  
green gram  (M alleshi an d  D esik ach ar 1982). Oil, 
and proteins are tw o va lu ab le  com p o n en ts obtained  
from rice bran. D efatted  bran  serves, a s  a good  
so u r c e  o f p r o te in  (1 4 -1 8 % ), w h ic h  c a n  b e  
incorporated into m an y  food p rod u cts (Sau nd ers
1986). However, its  u se  in  in fant food s is  lim ited, 
b ecau se  of h igh fibre co n ten t. T h is problem  can  
be overcom e b y  u tiliz ing protein  con cen trate  m ad e  
from defatted rice bran . F ull fat rice b ran  ca n  also  
be u sed , b u t it lea d s to  lo s s  o f  va lu ab le  rice bran  
oil a s  a by-product. Earlier s tu d ie s  have sh ow n  that  
protein con cen trate  prepared from  acid  stab ilized  
rice bran  w a s  o f good  nu trition al quality  (Prakash
1991). In th e p resen t stu d y , two w ea n in g  foods.

* C o rre sp o n d in g  A u th o r

b a sed  on  acid  stab ilized  rice b ran  w ere prepared, 
an d  analyzed  for p h ysico -ch em ica l, an d  nu trition al 
ch aracteristics. The r e su lts  are reported  in  th is  " 
paper.
Materials and Methods

F resh  rice bran  w a s  p rocu red  from  paddy  
( O r y z a  s a t i v a ) o f 'Gowri S an n a' variety  from  local 
rice m ill. The b ran  w a s  su b jected  to  stab iliza tion  
b y  treating w ith  con cen trated  hydrochloric acid  (12  
N) at th e  rate o f 4 .0  m l / 10 0  g  on  v / w  b a s is  by  
th e  m eth od  describ ed  b y  P rabhakar an d  V en k atesh
(1986). The stab ilized  b ran  w a s  d efatted  u s in g  food  
grade h exa n e b y  cold  extraction  (Barber an d  Barber
1985). Protein  co n cen tra tes  w ere prepared  from  th e  
defatted rice b ran  b y  a lk ali p ep tiza tion  (at pH 11 .0 , 
u sin g  1 N so d iu m  hydroxide), follow ed b y  isoelectric  
precip itation  (at pH 4 .0 , u s in g  1 N hydrochloric  
acid) o f th e p rotein s (Prakash an d  R am an ath am
1994). T he w et protein  co n cen tra te  w a s  u sed  to 
form ulate th e  two ty p es  o f w ea n in g  foods.

W eaning m ix  1 co n s iste d  o f rice b ran  protein  
con cen trate  (25%), an d  rice flour (75%). W eaning  
m ix 2 co n s isted  of rice b ran  p rotein  con cen trate  
(20%), rice flour (60%), an d  w h o le  greengram  flour  
(20%). Rice, and  greengram  (P h a s e o l u s  v u lg a r i s ) were 
procured from  loca l m arket, c lea n ed , an d  pow dered  
in a p late m ill (D iaf m ak e, C handra C o., M adras). 
For preparation  o f w ea n in g  food s, rice flour a n d /  
or greengram  flour w a s  ad d ed  to  w et protein  
con cen trate , an d  m ixed  w ell w ith  w ater. The 
d isp ersion  w a s  su b jected  to  s im u lta n e o u s  cooking  
an d  roller drying (E sch er W yss d ou b le  drum  drier, 
61 cm  in  d iam  an d  112 cm  in  len g th , revolving  
at 3 -4  rpm  at 3  k g /c m 2 stea m  p ressu re). The roller 
dried flak es w ere pow dered  in  a m ixer (Bajaj
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superm ix, Bajaj Co., Bom bay) to  p a ss  throu gh  40  
m esh  sieve. T h ese b len d s w ere stored , and u sed  
for determ ining proxim ate com p osition , certain  
functional properties, an d  protein  efficiency ratio.

Proxim ate a n a ly s is  o f  sa m p le s  w a s  done  
according to AOAC (1984). S tandard  m eth od olog ies  
were u sed  for d eterm in ation  o f b u lk  d en sity  (Wang 
an d  K in se lla  1 9 7 6 ), w a ter  h o ld in g  c a p a c ity  
(Prasanappa et al. 1972), and w ater absorption  
capacity  (Janicki and W alczak  1954). C o n sisten cy  
of recon stitu ted  w ea n in g  foods w a s m easu red  by  
m odifying the ring te st o f  B ookw alter et al (1968).

The calorie con ten t of th e  food s w a s  calcu lated , 
a s per the m eth od  describ ed  b y  G opalan  et al
(1989). For determ ining the apparent v isco sity  of 
w eaning food slu rries, 2 0  g m ateria l w a s su sp en d ed  
in 100 m l d istilled  w ater, left to equilibrate, and  
apparent v isco sity  w a s determ ined  w ith  a Synchro  
e le c tr ic  v is c o m e t e r  (B r o o k fie ld  E n g in e e r in g  
Laboratory Inc., S p ou gh ton , M a ssa ch u se tts , USA), 
u sin g  RVT sp in d le  No. 4  at 100  rpm. The gruel 
viscosity  w a s expressed  in  cen tip oise (CP). V iscosities  
of the sam p les w ere a lso  m easu red  after m ixing the  
form ulations w ith  hot w ater (60°C) at th e  above  
ratio.

For th e p u rpose of com p arison , two rice-b ased  
com m ercial w ean in g  food s w ere a lso  eva lu ated  for

p h ysica l, and fun ction a l ch aracter istics. C om m ercial 
w ean in g  food A  com p rised  o f rice flour, m ilk  so lid s, 
su gar, m in era ls and v ita m in s, w h erea s  com m ercial 
w ean in g  food B con ta in ed  rice flour, su cro se , 
ca lc iu m  carb on ate , iron sa lts , an d  v ita m in s, a s  
declared b y  th e  m an u factu rers on  th e  p ack ages.

Protein efficiency ratio (PER) w a s  d eterm ined  
a s  per th e m ethod  o f O sborne et al (191 9), and  
d escribed  by Pellet an d  Y oung (1980). 'Wistar' 
stra in  w ean lin g  m ale  rats, 2 2  d ay s old, and  
w eigh in g b etw een  3 7 -4 0  g, w ere u se d  for feed ing  
stan dard , an d  te st  protein  d ie ts  (Pellet an d  Y oung  
1980). The n u m b er o f rats u sed  in  ca se  o f each  
food w a s eight. All th e d iets con ta in ed  (%) grou n d n u t  
oil 10, su cro se  10, sa lt  m ix tu re 2 (H ubbel et al. 
1937), v itam in  m ixtu re 2 (C hapm an et al. 1959), 
te st  protein  (at 10% level), an d  c o m  sta rch  to  m ak e  
up th e  w eight to 100 g. The r e su lts  ob ta in ed  w ere  
sta tistica lly  analyzed , u s in g  D u n ca n 's  n ew  m u ltip le  
range te st  (D u n can  1955).
Results and Discussion

Proxim ate com p osition  o f th e  w ea n in g  food s is  
p resen ted  in  Table 1. B oth  th e  w ea n in g  food s had  
a lm ost sim ilar com p osition , an d  w ere in  conform ity  
w ith  th e Indian  stan d ard  sp ec ifica tio n  for th e  
w ean in g  food s (ISI 1969). A  m in im u m  protein  
con ten t of 14% h a s  b een  prescrib ed  for w ea n in g

TABLE 1. PROXIMATE COMPOSITION OF WEANING FOODS*
Formulated Commercial

weaning foods weaning foods**
Constituent 1 2 A B

Composition
Moisture, % 3.1 ± 0.40 3.9 ± 0.60 3.0 ± 0.30 -
Proteins, % 20.6 ± 1.20 21.8 ± 1.40 12.0 ± 0.90 6.0 ± 0.70
Fat, % 0.4 ± 0.12 0.4 ± 0.12 7.5 ± 0.90 0.6 + 0.20
Ash, % 2.2 + 0.43 2.1 ±  0.25 3.5 ± 0.30 0.7 ± 0.50
Crude fibre, % 1.0 ± 0.02 1.4 ± 0.03 1.8 ± 0.09 2.7 ± 0.01
Carbohydrates (by difference), % 73.3 ± 3.20 70.4 ± 4.50 72.2 ± 2.30 86.0 ± 4.10
Calories (KCal) 377 372 404 373

Physico-chem ical properties
Bulk density, g/ml 0.75± 0.02 0.75+ 0.03 0.43 + 0.02 0.30 + 0.04
Water holding capacity, m l/100 g

at 27°C 300.0 ± 2.2 320.0 + 1.2 200.0 ± 1.9 620.0 ± 2.6
at 60°C 340.0 ± 2.4 350.0 ± 1.9 250.0 ± 1.7 700.0 ± 2.5

Water absorption capacity, m l/100 g
at 27°C 310.0 ± 1.7 310.0 ± 2.0 220.0 ± 1.4 640.0 ± 2.1
at 60°C 360.0 ± 2.2 360.0 ± 1.9 240.0 ± 1.6 660.0 ± 1.5

Consistency, pat spread, cm
at 27°C 7.0 ± 0.6 7.0 ± 0.7 5.5 ± 0.3 3.0 ± 0.1
at 60°C 6.5 ± 0.4 5.5 ± 0.5 4.5 ± 0.4 3.0 ± 0.1

* values are average of three estimations + standard deviation; ** As reported by the manufacturer.
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foods by ISI (1969). S in ce  th e  p resen tly  form ulated  
foods are m ean t to  be w ith  h igh  protein  level, an  
attem pt w a s  m ad e to bring up  th e protein  con ten t  
to 20-22% , b y  adding m ore of rice b ran  protein  
concentrate. The fat co n ten t o f  w ea n in g  food s w a s  
only 0.4% , s in ce  n o  ad d itiona l fat w a s added to  
the form ulations. T h ese form u lation s w ere calorie  
d en se, an d  con ta in ed  3 7 7  an d  3 7 2  ca lories per  
100 g  food. For p u rp ose o f com p arison , proxim ate  
com position  o f two com m ercial w ea n in g  food s, a s  
given by the m an u factu rer, is  a lso  in clu d ed  in  
Table 1.

The data  o n  b u lk  d en sity , w ater ab sorption  
capacity, w ater hold ing cap acity , co n s isten cy , and  
apparent v isco sity  o f reco n stitu ted  b len d s are 
presented  in  Table 1 an d  Fig. 1. The b u lk  d en sitie s  
of both th e  w ea n in g  food s w ere high (0 .7 5  g /m l) , 
a s  com pared to th o se  o f th e  com m ercial w ean in g  
b len d s A and B, w h o se  b u lk  d en s itie s  w ere 0 .4 3  
and 0 .3 0  g /m l, respectively.

The w ater ab sorption  cap a c ities  o f w ean in g  
blends at 27°C w a s  3 1 0  m l / 100  g, w h ereas  
com m ercial w ean in g  b len d s exhibited  lower (weaning  
food A), and h igher (weaning food B) w ater absorption  
capacities. S in ce w ean in g  b len d s are generally  
reconstituted  in  w arm  w ater, it is  in terestin g  to  
note the effect of tem perature on  w ater ab sorption  
capacity. At 60°C , th e  w ater ab sorp tion  cap a c ities  
of the form ulated, an d  com m ercial w ean in g  b len d s  
increased  b y  5 0  and 2 0  m l / 10 0  g, respectively. It 
w as obviously du e to b etter gelatin ization  behaviour, 
and sw elling cap acity  o f starch  gra n u les at h igher  
tem perature (Lund an d  Lorenz 1990).

Fig. 1. Effect of temperature on apparent viscosity (100 rpm) 
of reconstituted weaning foods with solids : water ratio 
of 1:5.
a. Weaning food 1 (A) : 27°C, (O) : 60°C.
b. Weaning food 2 (a) : 27°C, (•) : 60°C.

A  sim ilar profile w a s  ob served  in  ca se  o f w ater  
h old ing ca p a c ities  o f w ea n in g  food s. W ater holding  
cap a c ities  o f  w ea n in g  food s 1 an d  2 at 27°C  were 
3 0 0  and 3 2 0  m l / 100  g sam p le , w h ile  th e  v a lu es  
w ere 3 4 0  and 3 5 0  m l / 10 0  g sam p le , respectively, 
at 60°C.

W eaning b len d s 1 an d  2 h a d  p a t sp read s of
7 .0  cm  at room  tem peratu re, w h ich  d ecreased  to
6 .5 , an d  5 .5  at 60°C , resp ective ly  (Table 1). 
C om m ercial w ea n in g  food s h a d  low er p a t sp read s. 
S in ce  low  pat sp read  is  rela ted  to in creased  
v isco sity  (Bookw alter et al. 1968), it w ou ld  low er  
the food co n su m p tio n  o f ch ild , b e c a u se  of its  
b u lk in ess  (Ljungquist et al. 1981). H en ce, a h igher  
pat spread  or low  v isco s ity  is  favoured  in  w ean in g  
b len d s to  in crea se  th e  food in tak e. C onsiderab le  
pre-cooking, an d  gela tin iza tion  o f  s ta rch  ta k es  p lace  
during roller drying o f w ea n in g  food s, w h ich , in  
turn , affects the v isco s ity  o f  reco n stitu ted  b len d s. 
G elatin ization  o f starch  is  an  im p ortan t fu n ction a l 
ch aracteristic  for th e  form ation  o f sm oo th  porridge 
(C handrasekhara an d  R a m an ath am  1983). S in ce  
starch  h a s  a large w ater b in d in g  cap a city  th a t 
c a u se s  h igh  sw ellin g  an d  v isco s ity  (Lund and  
Lorenz 1990), it is  con sid ered  a s  a n  im portant 
factor in  lim iting th e  food in tak e o f in fan ts, and  
sm all ch ildren  (Ljungquist et al. 1981). If cereal- 
b a sed  w ea n in g  food s are su b jected  to  certain  
p rocessin g  con d ition s, like en zym e treatm en t, pre
cook ing or ex tru sion  cook in g , th eir  d ietary b u lk  is  
r e d u c e d , a n d  n u tr ie n t  d e n s ity  is  in c r e a se d  
con sid erab ly  (M alleshi 1984).

A s is  evident from  Fig. 1, th e  v isco s ity  of  
w ean in g  b len d  2 w a s  h ig h er  th a n  th a t o f w ean in g  
b lend  1. T h is cou ld  b e attr ib uted  to  th e  p resen ce  
of greengram  flour in  w ea n in g  b len d  2. B oth  th e  
b len d s exh ib ited  a s ligh tly  h ig h er  v isco s it ie s , w h en  
reco n stitu ted  in  w arm  w a ter  (60°C) a t a  so lid  to  
w ater ratio of 1:5. T h ese  r e su lts  are in  conform ity  
w ith  th e  other fu n ction a l ch a ra cter istics  o f th ese  
w ea n in g  food s, like w ater ab sorp tion  cap acity , 
w ater h old ing cap a city  an d  pat sp read , w h erein  an  
in crease  in  tem peratu re resu lted  in  h ig h er  w ater  
u p tak e, and th ic k n e ss  o f  b len d s.

D ata  o n  apparent v isc o s it ie s  o f  reco n stitu ted  
w ean in g  b len d s, a s  a fu n ctio n  o f so lid  w ater ratio, 
along w ith com parison  w ith  com m ercial preparations  
are given in  Fig. 2 . A s th e  am o u n t o f w ater added  
to th e  b len d  in creased , th e  gru el v isco s ity  o f b len d s  
d ecreased . H owever, th ere  w a s  a defin ite in crease  
in  v isco sity  of b len d s a t h ig h er  tem peratu re at both  
th e ratios tested , in  c a se  o f all th e  sam p les. S in ce
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SOLID : WATER RATIO
Fig 2. Effect of solids : water ratio on apparent viscosity 

(100 rpm) of formulated weaning foods in comparison 
with commercial weaning food preparations at 
A :27°C |------1 and B: 60°C
a . Weaning food 1, b. Weaning food 2, c. Commercial 
preparation A, d. Commercial preparation B.

the com m ercial preparation  B h ad  h igh  w ater  
uptake, the v isco sity  of reco n stitu ted  m aterial cou ld  
be m easu red  only at a so lid  w ater ratio o f 1:9 and  
1:10. S u ch  ob servation s h ave b een  reported earlier. 
F or e x a m p le , M a lle sh i (1 9 8 4 )  s tu d ie d  th e  
ch aracteristics o f som e proprietary w ea n in g  foods, 
w hich w ere roller dried, and fou n d  th a t th ese  
exhibited sign ifican t d ifferences in  cold , an d  cooked  
p aste  v isco sities . T h is cou ld  be d u e  to  different 
p rocessin g  con d ition s, varia tion  in  the com p osition , 
and exten t o f gelatin iza tion  o f starch .

The protein  efficiency ratio v a lu es  for w ean in g  
m ixes 1 an d  2 w ere 2 .0 9  an d  2 .2 0 , respectively  
(Table 2). C asein , u n der sim ilar con d itio n s, gave a 
protein efficiency ratio o f 2 .5 . A  sligh tly  h igher  
protein efficiency ratio o f w ea n in g  b len d  2 cou ld
TABLE 2. PROTEIN EFFICIENCY RATIO OF WEANING FOODS

Average Average Average Protein efficiency ratio
Diet initial

weight,
g

protein
intake,

g
gain in 
weight, 

g
Experi
mental

Adjusted

Casein 37.3 13.7 35.3 2.57a 2.5
Weaning
food 1 37.3 13.0 27.3 2.09b 2.04
Weaningfood 2
SEm

37.3 16.4 36.1 2.20b
±0.09 
(14 df)

2.15

Randomized block design, 3 groups of eight male rats each. 
Means of the same column followed by different letters differ 
significantly according to Duncan's new multiple range test.

b e d u e to  a b etter  am ino acid  profile, s in ce  the  
form u lation  con ta in ed  greengram  flour, a lon g  w ith  
rice flour, and  rice b ran  p rotein  con cen trate . 
However, both  th e form ulations w ere n ot significantly  
different in  th eir  p rotein  quality , a s  ju d g ed  b y  
D u n ca n 's n ew  m u ltip le  ran ge te st.
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P r e s s u r e -S te a m  a n d  D r y -H e a t  P a r b o ile d  R ic e
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D ep artm en t of G rain S cien ce  an d  T echnology,

C entral Food T echnological R esearch  In stitu te , M ysore - 5 7 0  0 1 3 , India.
All types of parboiled rice got degraded when immersed in very dilute alkali, but the appearance of the degraded 

grain differed among the three classes of parboiled rice. Open-steam parboiled rice grains remained fairly chalky white; 
pressure-steam parboiled grains became transparent; and dry-heat (sand heating) parboiled grains remained chalky, 
but got longitudinally split. Alkali reaction could thus distinguish between the three classes of product. The reaction 
seemed independent of starch reassociation.
Keywords : Parboiled rice, Alkali test, Kernel reaction pattern, Distinguishing type/extent of processing, Starch 

reassociation.
Ali and B h attach arya  (1972) sh ow ed  th a t alkali 

reaction w a s a sensitive qualitative te st  to d istin gu ish  
raw? from parboiled rice a s  w ell a s  of th e  severity  
of parboiling. W hen rice gra in s w ere im m ersed  in  
su ch  dilute alkali so lu tio n , in  w h ich  the raw rice  
grains rem ained unaffected , parboiled gra in s w ere  
invariably degraded, the exten t in creasin g  w ith  
in crea sin g  sev er ity  o f  h e a t  trea tm e n t d u rin g  
processing. A stu d y  w a s  con d u cted  w ith  a w ide  
range of variously  parboiled  rice, w ith  th e  aim  to 
see w hether th e p attern  of kernel reaction  differed  
w ith the type, and  exten t of p rocessin g .

'Intan' variety of paddy (interm ediate am ylose  
content an d  gelatin ization  tem perature) w a s  steam -  
a s w ell dry-heat parboiled  u n der a w ide range of 
processing conditions, air-dried and m illed  (M ahanta  
and B hattacharya 1989). A b rief d escrip tion  of th e  
sam p les is  given in  Table 1. For th e alkali-reaction  
test, 10 w hole m illed  gra in s w ere im m ersed  in  2 0  
m l of 0.9%  KOH in  a 7 -cm  diam  petrid ish , p laced  
on a b lack  polythylene sh eet, and  left covered  
overnight (Ali and B h attach arya  1972).

A few typical r e su lts  are sh o w n  in  F ig .l .  The 
raw rice gra in s, a s  observed earlier (Ali and  
B h attach aiya  1972), rem ained  u n affected  by th e  
very dilute alkali so lu tio n  u sed . B u t, all the 33  
parboiled rice sa m p les  w ere attack ed  b y  alkali, the  
extent of degradation in creasin g  w ith  in creasin g  
severity o f parboiling con d ition s. The u se fu ln e ss  of 
th is  reaction, a s a sen sitive  qualitative te st  of 
parboiled rice (B h attach a iy a  1979), w a s  th u s  
confirm ed. However, the te st  cou ld  give only a 
rough estim ate of the degree o f parboiling treatm ent, 
a s quantitative estim ation  o f the relative degradation  
of the sa m p les  w a s difficult. B u t there w a s a
* C o r re sp o n d in g  A u th o r  1 P r e s e n t  a d d r e s s  : S u p r iti, 6 1 , F ifth  M a in  

R o a d , J  a y  a la k s  hrn ip  u ra m , M y s o r e -5 7 0  0 1 2 , In d ia .

d istin ct difference in  th e  p a ttern  o f k ern el reaction , 
according to th e  c la s s  o f parboiled  rice.

In parboiled  rice p rod u ced  b y  s tea m in g  u n d er  
atm osp h eric  p ressu re  (viz., 3 0 -0 -1 0 , 3 0 -0 -2 0 , 3 0 -  
0-6 0 ), th e  degraded k ern e ls  invariab ly  rem ain ed
TABLE 1. DESCRIPTION OF EXPERIMENTAL PARBOILED RICE 

SAMPLES ■
Rice codeb Approx, chalky

centre area (%)
Steam parboiling series

12-l-10b 95
12-1-20 90
12-2-10 80
12-2-20 50
12-3-10 25
12-3-20 0
17-1-10° 40
17-1-20 10
17-2-10 5
17-2-20 0
17-3-10 0
17-3-20 0

‘ There were 33 samples in all. Samples other than those listed 
above were; (a) in steam series: 22-1-10, 22-1-20, 22-2-10, 22- 
2-20, 22-3-10, 22-3-20, 30-0-10, 30-0-20, 30-0-60, 30-1-10, 30- 
1-20, 30-2-10, 30-2-20, 30-3-10, and 30-3-20 and (b) in dry- 
heat parboiling series0; 200-2.00-20, 200-4.00-16, 250-1.00-20, 
250-2.00-16, 275-0.75-20 and 275-1.50-16. None of these had 
any chalky centre.
b For steam-parboiling series: First two digits indicate approximate 
initial paddy moisture (% w.b); the next digit indicates steam  
pressure (kg/cm2); the last two digits indicate steaming time (min).
For dry-heat parboiling series: First three digits indicate sand 
temperature (°C); the next three digits indicate sand heating time 
(min); the last two digits indicate approximate final paddy moisture 
(% w.b.). Initial paddy moisture before sand heating. 30% (w.b). 
12% moisture: original paddy:30% moisture: paddy soaked to saturation.
cThe 12% and 17% moisture steam series and the dry-heat 
series, being low-moisture parboiled rice, were also moistened 
and tempered to promote starch reassociation  (Ali and Bhattacharya 1976).
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R A W  30-0-10 30-0-60 30-1-10

12-3-10 12-3-20 17-1-10 17-3-20

Fig. 1. Degradation of raw and steam-parboiled rice in 
0.9% KOH. Explanation of code numbers is as 
given in Table 1.

chalky w hite, w ith  a faint collar all around after 
24  h (Fig. 1). S im ilarly, all low -m oistu re paddy, 
pressure-parboiled  b y  su c h  stea m  p ressu re  th a t left 
a large ch alky  cen tre  in  the grain  (e.g., 1 2 -1 -1 0 ,
12-2-10 , 17 -1 -10), a lso  sh ow ed  a ch a lk y  w h ite  
grain m a ss  after alkali treatm ent, w ith  a faint collar  
aro u n d . C o n s e q u e n t ly , t h e s e  s a m p le s  w ere  
in d istin gu ish able  from  fully  soak ed  op en -steam ed  
sam ples. L ow -m oisture pressu re-p arb oiled  paddy, 
having only a sm all ch a lk y  cen tre (e.g., 1 7 -1 -2 0 , 
17-2-20), sh ow ed  only a sm all area of op acity  at 
the centre an d  a su rrou n d in g  tran sp aren t m a ss , 
with no collar around.

On the other h an d , all the 17 fully  tran slu cen t  
p ressu re-steam  parboiled  rice w ith  n o  ch alky  centre  
in the kernel, regard less o f  original p addy m oistu re  
or steam in g con d ition  em ployed  for parboiling (viz., 
12-3 -20 , 1 7 -2 -2 0  to 1 7 -3 -2 0 , 2 2 -1 -1 0  to 2 2 -3 -2 0 , 
3 0 -1 -1 0  to 3 0 -3 -2 0 ), b ecam e fu lly  tran sp aren t after 
overnight soak in g  in  alkali (Fig. 1). The k ern els a lso  
show ed sligh t lon gitu d in al sp littin g, b u t th e two  
split h a lves did not d isen gage from  each  other.

D ry-heat parboiled  p addy sh ow ed  a different 
pattern. The exten t o f degradation here too increased  
slightly, and th e  op aqu e cen tre  d ecreased  in  s ize  
w ith in creasin g tim e an d  tem perature of san d  
roasting. B u t no sam p le  b ecam e fully  tran sp aren t. 
H ow ever, a ll th e  s a m p le s  sh o w e d  c o m p le te  
longitudinal sp litting, w ith  th e  two sp lit h a lves  
m oving appreciably apart from  each  oth er (Fig. 2).

Clearly, the alkali te st, in  ad dition  to being  
u sed  a s  an  excellen t qualitative te s t  to  d istin gh ish  
raw from parboiled rice, an d  a s  a rough test of 
the degree of parboiling (Ali an d  B hattacharya

RA W  200°-20 250°-20 275°-20

30-0-10 200°-16 250°-16 275°-16

Fig. 2. Degradation of raw and dry-heat parboiled rice in 0.9% 
KOH. Explanation of code numbers is as givep in Table 
1. The 30-0-10 steam-parboiled rice was included for 
comparison.

1972; B h a tta ch a iy a  1979), ca n  a lso  b e  u se d  a s  a 
te s t  of th e c la s s  o f parboiled  rice. It c a n  confidently  
d istin g u ish  (a) fu lly  tra n s lu cen t p ressu re -stea m  
from  o p en -stea m  parboiled  rice, an d  (b) d iy -h ea t  
from  stea m -h ea t parboiled  rice. The d istin gu ish in g  
k ernel sp littin g  o f d ry-h eat parboiled  rice w a s  
confirm ed w ith  three oth er va rieties  ('IR8', ’IR20', 
'Madhu') to sh o w  its  gen era l valid ity . T he te s t  can  
a lso  identify p ressu re -s tea m  parboiled  rice having  
ch a lk y  cen tres. E ven  th o u gh  th e  cen tre  rem ained  
op aqu e in  th is  c a se  a lso , th e  su rrou n d in g  grain  
m a ss , u n lik e in  o p en -stea m  parboiled  rice, b ecam e  
fu lly  tran sp aren t.

Pillaiyar et al (1988) h ad , in  a p relim in aiy  
report, su g g ested  a te s t  to  d is tin g u ish  p ressu re-  
parboiled rice. A  few  rice g ra in s w ere boiled  in  5% 
KOH so lu tio n  for 4  m in . P ressu re-p arb oiled  rice 
grains becam e tran slu cen t (those w ith  ch alky cen tres  
gave tra n slu cen t periphery). B u t rice parboiled  at 
p ressu res  of 0 .3 5 2  k g /c m 2 or le s s  rem ain ed  opaque.

W hether or not starch  reasso cia tio n  in  parboiled  
rice h ad  a n y  eifect on  the a lk ali reaction  w a s  tested . 
All low -m oistu re p ressu re -s tea m  an d  d ry-h eat (sand  
heating) parboiled  rice (Table 1) w ere m o isten ed  to 
25-30%  m oistu re  to prom ote starch  rea sso c ia tio n  
(Ali and  B h a tta ch a iy a  1976), th e n  dried back. 
T h ese  sa m p les  w ere th e n  treated  b y  alkali. The  
resu lts  seem ed  to rem ain  u n affected  b y  th e  m oistu re  
treatm ent. T h is su g g ested  th a t a lk ali reaction  w a s  
largely in d ep en d en t o f sta rch  reasso cia tio n .

C.L.M. is  th a n k fu l to  th e  Ind ian  C ouncil of 
A gricultural R esearch , New D elh i, for a fellow ship .
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F a t t y  A c id  P r o f i le  o f  S o m e  I n d ia n  S p i c e s
K. CHANDRASHEKAR*, V. VIJAYALAXMI AND Y.G. DEOSTHALE

N ation al In stitu te  o f N utrition, H yd erab ad -500  0 0 7 , India.
Total fat content in seventeen spices ranged from 3.2% (cardamom) to 35.7% (nutmeg). Qualitative differences 

were observed in the fatty acid composition. Total saturated fatty acids ranged from 3.7-93.5%. Monounsaturated fatty 
acids varied from 3.8-77.8%, and polyunsaturated fatty acids ranged from 2.8-59.4%. Palmitic, oleic, linoleic and linolenic 
acids were major fatty acids in most of the spices, except in nutmeg, which contained 74.9% myristic acid.
Keywords : Indian spices, Lipid, Fatty acids, Monounsaturated fatty acids, Polyunsaturated fatty acids, Saturated fatty acids.

S p ices  an d  co n d im en ts , th o u gh  co n su m ed  in  
sm a ll a m o u n ts , h a v e  d is t in c t  p h y s io lo g ic a l,  
b iochem ical, an d  p h arm aco logica l effects (Pruthi 
1976 , 1980). The ch em ica l co m p o sitio n , in c lu d in g  
proxim ate, ch em ica l c o n s t itu e n ts , e sse n tia l oils, 
and o leo resin s h ave b e e n  reported  (Pruthi 1980; 
Rao et al. 1980; G u en th en  et al. 1975; Varo and  
H einz 1970), an d  a lso  th e  m icrob ial q u ality  o f so m e  
se lected  sp ic e s  h a s  b een  stu d ied  (Kaul an d  T aneja  
1989). B esid es , b ish op w eed , b la ck  pepper, coriander  
and cu m in  h ave b een  su rveyed  for their fun gal 
con tam in a n ts (Amita S h riva sta va  an d  J a in  1992). 
Little in form ation  is  availab le  o n  lipid  an d  fatty  acid  
com p osition  o f In d ian  sp ic e s  (H em avathy and  
Prabhakar 1 9 8 8 , 1989). In th e  p resen t in vestigation  
the lipid, an d  fatty acid  co m p o sitio n  o f 17 Indian  
sp ices  are reported.

S a m p les  o f different sp ice s , card am om  'Mysore' 
and 'Malabar' (E l e t t a r i a  c a r d a m o m u m ), corian d er  
"PM', ”FM', 'M' (C o r i a n d r u m  s a t i v u m ), cu m in  T ,  'M. 
C 43’ (C u m i n u m  c y m in u r r i ) ,  fen n el 'PM-PF 35 ', 'FM', 
'PM' ( F o e n ic u l u m  v u l g a r e ), fen u g reek  (T r ig o n e l la  

f o e n u m g r a e c u m ) ,  c h i l l i e s  (C a p s i c u m  a n n u m ) ,  
b a y le a v e s  (L a u r u s  n o b i l i s ) ,  n u tm e g  ( M y r i s t i c a  
f r a g r a n s ) ,  m a c e  ( M y r i s t i c a  J r a g r a n s ) ,  K a stu r i 
(C u r c u m a  z e d o r i a ) ,  a n d  turm eric ( C u r c u m a  lo n g a )  
were ob ta ined  th rou gh  S p ice  Board, C och in , K erala  
or p u rch a sed  from  lo ca l m ark ets. All sa m p les  w ere  
clean ed , k ep t overn igh t in  a n  oven  at 50°C , and  
ground to  a fine pow der in  a an a ly tica l grinder  
(Cyclotec, M odel No. 10 9 3 , Sw ed en ).

L i p i d  e x t r a c t i o n  : T otal lip id s from  3 -5  g 
sa m p les  o f  sp ice  w ere extracted  accord in g  to th e  
procedure o f H ubbard et al (1977), an d  purified  
follow ing th e  proced u re o f F o lsch  et al (1957). T he  
lipid extract w a s  co n cen tra ted  in  a rotary evaporator  
(Evapotec, M odel No. 6 6 8 , W. G erm any) at 40°C , 
an d  dried in  a d esiccator over con cen trated  su lp h u ric  
acid  for 18 h . S a m p les  w ere dried in  a n  oven  at
* Corresponding A u thor

110°C to c o n sta n t w eigh t, in  order to  rem ove  
vo latile  lipid  (AOAC, 1984), an d  to ta l lipid w a s  
d eterm in ed  gravim etrically.

F a t t y  a c i d  a n a l y s i s  : A  w eigh ed  a m o u n t (20- 
3 0  mg) o f sp ice  lipid  w a s  evaporated  to  d ryn ess  
at 40°C , in  a n  a tm osp h ere  o f n itrogen , an d  fatty  
acid  m eth y l e s te rs  w ere p repared  accord in g  to th e  
p rocedure o f M orrison an d  S m ith  (1964). The fatty  
acid  profiles o f m eth y l e s te r s  w ere determ in ed  u sin g  
varian  3 7 0 0  g a s  liqu id  ch rom atograp h  w ith  flam e  
ion ization  detector, cou p led  w ith  in tegrator a s  
d escrib ed  earlier (G h a foo m issa  1989). The co lu m n  
w a s  p ack ed  w ith  10% S ilar  IOC, co a ted  on  
ch rom osorb  W 8 0 -1 0 0  AW.

C h r o m a to g r a p h i c  c o n d i t i o n s :  T he in itia l co lu m n  
tem peratu re w a s  160°C , th e n  program m ed to 225°C  
at th e rate o f 3 °C /m in , an d  m a in ta in ed  for 2 0  m in. 
The tem p era tu res o f th e  injector, an d  d etector w ere  
2 3 0  an d  250°C , resp ectively . T he flow  rate o f 
n itrogen  w a s  2 5  m l/m in . T he in d iv id u al fatty acid  
p ea k s w ere identified  by com p arin g  th e  reten tion  
tim es o f stan d ard  fatty  ac id s (N u-chek  prep, E lysian, 
MN). All d eterm in ation s w ere perform ed in  duplicate, 
an d  m e a n s  are reported.

T o ta l  l ip id s :  T he r e su lts  (Table 1) in d ica ted  th a t  
th e  lipid c o n te n ts  varied  w id ely  in  different sp ice s  
from  3.2%  (cardam om ) to 35 .7%  (nutm eg). It was- 
of in terest to n o te  th a t m ace , an  aril o f  m yristica  
fam ily w a s  a s  rich  in  lipid co n ten t a s  n u tm eg , th e  
k ern el o f  m yristica  fam ily. A m ong th e  seed  sp ices , 
fen n e l an d  cu m in  w ere rich  in  lip id s  (20-23% ). The  
lipid c o n te n ts  in  three va r ie ties  o f  corian d er ranged  
from  3 .6 -7 .9 % , in  turm eric a b o u t 5.9% , w h ile  in  
ch illie s  (27.4% ).

F a t t y  a c i d  c o m p o s i t io n :  P alm itic , oleic, linoleic  
an d  lin o len ic  a c id s  w ere p red om in an t in  m o st of 
th e  sp ice s , excep t in  n u tm eg  w h ich  con ta in ed  
74.9%  m yristic  acid  (Table 1). H igh est am o u n t of 
sa tu ra ted  fatty a c id s  w a s  fou n d  in  n u tm eg  (93.4%). 
T h ese  v a lu e s  are s im ilar  to  the reported v a lu es
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TABLE 1: FATTY ACID COMPOSITION OF SOME INDIAN SPICES

Lipid
% C 14:0 C 14:1 C 16:0

Cardamom 'Mysore’ 2.9 0.5 - 21.2
Cardamom 'Malabar' 3.4 0.4 - 20.8
Coriander- 'PM' 6.7 - - 3.8
Coriander -'FM' 3.6 - 0.1 4.0
Coriander- '2 M' 7.9 - - 3.6
Cumin - T’ 22.9 - - 4.0
Cumin 'MC. 43' 22.7 - 0.1 5.4
Funnel 'PM, ’PF-35’ 21.4 0.2 - 4.8
Fennel ’FM’ 23.0 0.2 - 5.0
Fennel ’PM' 20.0 0.1 - 4.8
Fenugreek 6.9 0.7 0.5 10.8
Chillies, dry 27.4 4.2 - 16.4
Nutmeg 35.7 74.9 - 9.7
Mace 30.4 0.3 - 31.3
Bay leaves 4.0 9.2 0.3 8.5
Kasturi 5.5 4.0 1.8 15.0
Turmeric 6.4 5.2 2.3 16.8

Fatty acids, % of total fatty acids

16 :1 C  18:0 C  18 :1 C  18 .2 C  18 :3 C  20:0

- 2.9 4 4 .1 2 1 .4 7 .8 2 .1

- 3 .1 4 3 .1 2 2 .1 7 .8 2 .7

- 0.8 7 4 .9 17 .8 2 .7 -

- 0.9 7 7 .5 16 .0 1 .5 -

- 0 .1 7 6 .7 18.0 1.6 -

- 1.9 6 6 .3 2 5 .4 2 .5 V
- 1 .7 5 7 .2 3 3 .2 2 .4 -

- 1.0 7 7 .3 15 .1 1 .6 -

- 1.0 7 5 .5 16 .5 1 .7 -

- 0 .1 7 7 .8 15 .3 1.8 « -

- 4 .3 2 2 .7 3 7 .6 2 1 .8 1.0

- 4 .1 18 .5 5 4 .8 2 .0 -

- 6.9 3.8 1.8 1.0 2.0

- 2.9 40 .3 19 .8 2.9 1.8

9 .2 24 .8 26.2 10 .6 6 .7 4 .5

3 .9 10 .5 12.0 4 2 .4 7 .7 2 .7

2.4 8 .7 14 .2 4 6 .0 3 .7 0.8

(Hollan et al. 1991). Palm itic an d  stearic  acid  
con ten ts ranged from  3 .6  to 31.3%  and 0 .1 -2 4 .8% , 
respectively. A rachidonic acid w a s p resen t in low  
quantities (0.8 to 4.5% ).

The m ajor m o n o u n sa tu ra ted  fatty acid  in the  
lip ids of all sp ices  w a s oleic acid  (ranged from  3 .8 -  
77.5% ). The h ig h est am ou n t w a s found  in  fennel, 
coriander, an d  cu m in . The h igh  v a lu es  of 18:1 
could  be attributed  to iso m ers o f 18.: 1 like  
petroselin ic, and oleic ac id s a s  reported in  literature  
(Pruthi 1980; H em avathy and Prabhakar 1988). 
F enugreek se e d s  sh ow ed  low er a m o u n ts  o f oleic  
acid a s  reported b y  earlier w orkers (H em avathy and  
P rabhakar 1989). B ay  le a v e s  co n ta in ed  good  
am ou n ts of p a lm itoleic  acid. Fatty ac id s like 
m yristoleic an d  p lam itoleic ac id s w ere fou n d  in  
trace am o u n ts in  turm eric varieties.

The total p o lyu n sa tu ra ted  fatty  a c id s ranged  
from 2 .8  to  59.4% . Linoleic acid  is  th e  m ajor fatty  
acid in m o st o f th e sp ices. The levels in  chillie, 
cum in, coriander and turm eric w ere fou n d  to be  
slightly h igher th a n  th o se  reported b y  earlier  
workers (G hafoorunissa 1989). Linolenic acid content 
ranged from  1-21.8% , h igh est bein g  in  fenugreek  
seed s.

T h ere are se v e r a l r ep o r ts  in  lite ra tu re , 
highlighting th e  im portance o f turm eric, fenugreek  
and cardam om  on ch o lestero l m etab olism  and  
gastric d isord ers (Sharm a 1984; S u b b a  Rao et al. 
1970). E ssen tia l o ils  from  ginger, cu m in , qjow ain , 
coriander, b a sil clove an d  m u sta rd  sh ow ed  variou s

degrees of inhibition aga in st m icrobial con tam in ation  
(M eena an d  Vijay S eth i 1994). T h ese  ob servation s  
on  th e fatty  acid  profile o f som e o f th e se  sp ic e s  
along w ith  dietary fibre co m p o n en ts  n eed  further  
s tu d ies .

A u th ors are th an k fu l to  Dr. V in od in i R eddy, 
D irector, for k een  in terest, an d  to  th e  S p ice  B oard, 
G overnm ent of India, for fin an cia l a ss is ta n c e .
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G lu ta m ic  A c id  F e r m e n t a t io n  U s in g  B revibacteriu m
D S M  2 0 4 1 1

K. MADHAVAN NAMPOOTHIRI AND ASHOK PANDEY*
R egional R esearch  Laboratory (CSIR), T h iruvanan thapuram  - 6 9 5  0 1 9 , India.

For production of glutamic acid by B r e v ib a c te r iu m  DSM 20411, a number of growth media were evaluated to 
find out a suitable production medium for glutamic acid. Under optimized conditions with glucose as carbon source 
at pH 7.2 and 30°C incubation, the culture produced 1.13 mg glutamic acid/ml medium after 48 h fermentation 
in shake flasks. Change in ratio of fermentation medium and flask volume affected glutamic acid production.
Keywords : Glutamic acid, B r e v ib a c te r iu m  DSM 20411, Ninhydrin colour reaction, Fermentation, Optimization.

Rapid in crease  in  th e  d em an d  for m on o so d iu m  
g lutam ate, a s  a  flavour en h a n cin g  agent b oth  for 
food in d u stry , an d  th e tab le u se  h a s  b e e n  w itn essed  
in recent y ea rs (K inoshita 1963). M any L-am ino  
acid s are currently  p roduced  from  ch eap er  carbon, 
and n itrogen  so u rces  by ferm en tation  w ith  different 
b a c te r ia l  s t r a in s  s u c h  a s  C o r y n e b a c t e r i u m  
g lu t a m ic u m ,  B r e v i b a c t e r i u m  l a c t o f e r m e n t u m ,  S e r r a t i a  
m a r c e s c e n s ,  E s c h e r i c h i a  co li, a n d  B a c i l l u s  s u b t i l i s  
(N akayam a 1982). Earlier, a stu d y  h a s  b een  m ad e  
on th e m in era l req u irem en ts  o f a stra in  o f  
P s e u d o m o n a s  a e r u g i n o s a  for th e  p roduction  of 
glutam ic acid in  a sy n th etic  m ed iu m  (G osw am i and  
M ajum dar 1971). S u b -seq u en t research  resu lted  in  
an  e c o n o m ic a l fe r m e n ta tio n  p r o c e s s  for th e  
production  of L -glutam ic acid  (Hirose et al. 1985). 
G lutam ate ferm entation  is  w ell k n ow n  a s  a typ ical 
type of aerobic ferm entation , an d  still th e  b a tc h /  
fed b atch  p ro cess is  th e m o st pop u lar ferm entation  
m ethod for production  o f g lu tam ate (Richard J o sep h  
and R am achandra Rao 1973; Ishizaki et al. 1993). 
M uch efforts have b een  paid  to en h a n ce  th e  
glutam ate ferm entation  p ro cess b y  m odifying th e  
m edium , u se  o f n ew er a s  w ell a s  h igh ly  p otent 
cu ltu res, and  a lso  u tiliza tion  o f n ew  raw m ateria ls  
(M inoda 1 9 8 6 ). T h e e x tr a c e llu la r  g lu ta m a te  
accu m u la tion  is  k n ow n  to be accom p ain ed  by  
cellu lar perm eability  (Shiio et al. 1962). In fact, th e  
esta b lish m en t o f L -glu tam ic acid  ferm en tation  
provided a sign ifican t im p etu s to  th e  developm ent 
of m icrobial p roduction  o f prim ary m etab olites  
(Hirose et al. 1985). The p resen t w ork  h a s  b een  
u n d ertak en  b y  u s  to develop an  efficient in d igen ou s  
technology. R esu lts  on  prod u ction  o f L-glutam ic  
acid b y  B r e v i b a c t e r i u m  DSM  2 0 4 1 1  are reported in  
th is  com m u n ication .

M i c r o o r g a n i s m : A  s tra in  o f B r e v i b a c t e r i u m  sp , 
o b t a in e d  fr o m  D e u t s c h e  S a m m lu n g  V o n
* Corresponding A uthor

M ikroorganism en u n d  Z ellculturen GmbH (Ajinomoto 
Co. Inc.) w a s u sed . C ulture w a s  m ain ta in ed  o n  agar 
s la n ts  con ta in in g  (g/1) ca se in  p ep ton e 10, y ea st  
extract 5, g lu co se  5, sod iu m  chloride 5 , agar  
powder, 15 an d  d istilled  w ater 1 0 0 0  m l (pH 7 .2 -
7.4). S la n ts  w ere preserved at 4°C, an d  su b cu ltu red  
tw ice a m onth .

I n o c u l u m  a n d  f e r m e n t a t i o n : F erm en tation  w a s  
carried ou t b y  taking 2 0  m l o f th e  above m ed iu m , 
b u t w ith ou t agar in  2 5 0  m l E rlenm eyer flask . After 
in ocu la tin g  (20 h old cu ltu re , 5% v /v  in ocu lu m  
size), th e  fla sk s were in cu b ated  at 30±1°C  for a 
stip u la ted  period o n  a rotary sh a k er  (MB-Orbit 
E n viron  S h ak er , S K -1009R , MB In stru m en ts , 
Bom bay- India) at 180 rpm. Sam ples w ere w ithdraw n  
a s  w hole fla sk  at desired tim e in terva ls for a n a lysis . 
The r e su lts  are reported a s  th e  average of four s e ts  
of experim ents.

The b acter ia l grow th  w a s  d eterm in ed  by  
m easu rin g  ab sorb an ce at 6 1 0  n m  in  sp ec tro 
photom eter (UV-160A, S h im ad zu , Jap an ). S o lu b le  
su g a rs w ere analyzed  by dinitro sa licy lic  acid  
m eth od  (Miller 1959). T h in  layer chrom atography  
(Silca gel G, so lven t m ixture: n -b u ta n o l/g la c ia l  
acetic  a c id /w a ter  4 :1:1 , v /v )  w a s  u se d  for th e  
qualitative determ ination  o f g lu tam ic acid  (Brenner  
an d  N ieser 1967). Q uantitatively, it w a s  estim ated  
b y n inhyd rin  co lour reaction  b y  m ea su r in g  th e  
ab sorb an ce at 5 7 0  n m  (Spies 1957).

S e l e c t i o n  o f  p r o d u c t i o n  m e d i u m :  The general 
p attern  of p roduction  m ed iu m  for g lu tam ic acid  w a s  
obta ined  from  literature (K inoshita 1963; H irose et 
al. 1985; N akayam a 1982), b u t w ere m odified  in  
th e  p resen t stu d ies . M edium  M5 co n ta in ed  2 g 
g lu co se , 0 .5  g  N a N 0 3, 0 .1 2  g KH2P 0 4, 1 m l m ineral 
so lu tio n  (F eS 0 4.7H 20 ,  M n S 0 4.4H 20 ,  M g S 0 4,4H 20 ,  
Z n S 0 4.6H20,N aC l each 1 mg), 100 pi thiam ine  
hydrochloride, 100 pi co m  steep  liquor and 100 pi 
Tw een 8 0  in  100 m l distilled w ater (pH 7.2) w as used.
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Fig. 1 Cell growth, glutamic acid production and glucose 
consumption by B r e v ib a c te r im  DSM 20411 (120 h)
•  Optical density (610 mm), O Concentration of glutamic 
acid (mg/ml), ▲  Glucose concentration (mg/ml)

Fig. 1 sh ow s the cell growth pattern and glutam ic  
acid production b y  B r e v i b a c t e r i u m  sp . over a period  
of 120 h in  M5 m edium . The cu ltu re a tta in ed  th e  
m axim um  growth after 2 4  h , an d  th e  m axim u m  
glutam ic acid production  (1 .13  m g /m l) w a s obtained  
after 4 8  h.

S tu d ies  on  g lu co se  co n su m p tio n  p attern  in  the  
m edium  (M5) by th e cu ltu re  revealed th at about 
70% of g lu co se  w a s  co n su m ed  w ith in  4 8  h  
ferm entation (Fig. 1). E fficiency o f th e  stra in  to  
utilize th e su b stra te  (glucose), an d  its  con version  
to the desired  am ino acid  is  a n  im portant factor  
in  ferm entative p roduction  of am ino acid s (Amin 
et al. 1993).

E f f e c t  o f  p H :  The pH o f M5 w a s  se t  at different 
initial v a lu es  (pH 4, 5, 6 , 7 , 8 , 9 , 10 an d  11), and  
the resu lts  are sh o w n  in  F ig.2. D ata reveal that  
optim um  pH v a lu es  for g lu tam ic acid  production  
are betw een  7 .0  and 8 .0 .

E f f e c t  o f  t e m p e r a t u r e  a n d  a g i ta t io n : Ferm entation  
w as carried out by tak ing  2 0  m l o f M5 m ed iu m  
in 2 5 0  m l E rlenm eyer fla sk s. For s tu d ie s  on  effect 
of tem perature, after in ocu la tion , th e  fla sk s  w ere  
incubated  at four different tem p eratu res (20, 25 ,

4 .

Fig. 2 Effect of pH on glutamic acid production by B re v ib a c te r iu m  
DSM 20411 (48 h)

TABLE 1. EFFECT OF TEMPERATURE AND AGITATION ON 
GLUTAMIC ACID FERMENTATION BY 
B R E V IB A C T E R IU M  SP.

Temperature, Glutamic acid, Agitation, Glutamic acid,
°C mg/ml rpm mg/ml
20 0.51 60 0.40
25 0.86 120 0.71
30 1.13 180 1.13
35 1.02 240 1.05

300 0.76

3 0  an d  35°C) for a stip u la ted  period on  a rotary  
sh a k er  agitated  at 180  rpm . For s tu d ie s  o n  effect 
of agitation , ferm en tation  w a s  carried o u t at five 
different ag itation  sp e e d s  (60, 120, 180 , 2 4 0  and  
3 0 0  rpm). The r e su lts  are sh o w n  in  Table 1. D ata  
sh ow ed  th a t op tim u m  tem p eratu re, an d  agitation  
for g lu tam ic acid  p rod u ction  w ere 30°C  an d  180  
rpm , respectively . U nder co n d itio n s  o f in su ffic ien t 
oxygen , th e p rod u ction  o f g lu tam ic  acid  is  poor, 
an d  large a m o u n ts  o f  lactic , an d  su c c in ic  ac id s  
accu m u la te , w h ile  e x c e ss  oxygen  in crea se s  th e  
am ou n t o f a -k etog lu taric  ac id  (Amin et al. 1993). 
It w a s  fou n d  th at b oth  over-ab u n d an t, an d  m eagre  
aeration  are u n d esirab le , th e  form er b ein g  Inhib itoiy  
to cell grow th, an d  th e  la tter  to g lu tam ic  acid  
p roduction  (Hirose et al. 1966).

E f f e c t  o f  r a t io  o f  v o l u m e  o f  t h e  m e d i u m  a n d  
f l a s k :  Two different ty p es  o f  s e ts  w ere prepared. 
In one set, th e vo lu m e o f th e  m ed iu m  w a s  kept 
co n sta n t at 2 0  m l w ith  varia tion  in  th e  vo lu m e of 
fla sk  from  100  m l to 5 0 0  m l. In a n oth er  se t, th e  
v o lu m es o f th e m ed iu m  w ere 5 0  an d  1 00  m l in  
2 5 0  and 5 0 0  m l fla sk s , respectively . It is  in terestin g  
to  note th a t g lu tam ic acid  p rod u ction  h a s  in creased  
due to  ch a n g es  in  th e  ratio of vo lu m e of th e  
m ed iu m  to  vo lu m e of th e  flask . T he r e su lts  are 
recorded in  Table 2 . In b o th  c a se s , y ie ld s  of 
glu tam ic acid  w ere four to  five fold h igh er th a n  th e  
control experim ent. T he b a la n ce  o f aerobic and  
anaerobic con d ition s is  on e o f th e  im portant factors, 
w h ich  con tro ls th e  y ie ld s  o f  g lu tam ate , a s  th e  m ain  
p a th w a y  o f g lu ta m a te  s y n t h e s i s  in v o lv e s  a 
com b in ation  o f oxidative d egradation  o f g lu co se  and  
anaerobic citrate d ecom p osition  (K inoshita 1963). 
It is  a lso  evident from  Table 2 th a t it is  not th e  
ratio o f th e  vo lu m e of th e m ed iu m  to  fla sk  vo lum e  
is  critical for th e  g lu tam ic  ac id  p rod u ction , a s  
different y ie ld s have b e e n  ob ta in ed  w ith  1:5 ratio 
of vo lu m e o f m ed iu m  to  fla sk  v o lu m e. The data  th u s  
ind icate th a t it is  th e  w orking vo lu m e of th e  
m ed iu m  at sp ecific  m ed iu m  vo lu m e to fla sk  volum e
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TABLE 2. EFFECT OF RATIO OF VOLUME OF THE MEDIUM
AND FLASK IN GLUTAMIC ACID PRODUCTION
(48 h)

Volume of the Ratio of volume of Glutamic acid,
flask, ml medium: flask volume production, mg/ml

500 1:25 1.168
250 1:12.5 1.175
150 1:7.5 1.315
100 1:5 3.042
500 1:5 6.868
250 1:5 5.775

ratio, w hich  is  im portant. T h u s, th e  b est  yield  w a s  
obtained, w h en  100 m l o f th e  m ed iu m  w a s  tak en  
in 5 00  m l flask , w h ich  resu lted  in  p roduction  of 
6 .8 6 8  m g /m l g lu tam ic acid.

A uthors are th an k fu l to Dr. A .D. D am odaran, 
Director for in terest in th is  work. MNK is  grateful 
to the C ouncil o f Scientific and Indu stria l R esearch , 
New D elhi, for th e aw ard o f J u n io r  R esearch  
Fellow ship.
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E sch erich ia  co li  in  M ilk , M e a t a n d  M e a t  P r o d u c t s  : 
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1 D epartm ent o f V eterinary Public H ealth and E pidem iology, d e p a r tm e n t  o f V eterinary Pathology, 
College ofV eterin ary  S cien ce , Punjab A gricultural U niversity, L udhiana - 141 0 0 4 , India.
Seventy eight isolates of E s c h e r ic h ia  co li isolated from a total of 350 samples, comprising milk, meat, and meat 

products, were found to be of 20 different serotypes. These isolates were grouped into various biotypes, ranging from 
A to U on the basis of five biochemical tests. The isolates exhibited, a, ß and y- haemolytic activities. Antibiogram 
revealed that majority of the isolates were sensitive to gentamicin, ampicillin, streptomycin, chloramphenicol, cotri- 
moxazole, bacitracin, kanamycin, but resistant to doxycycline, cloxacillin, carbenicillin, penicillin-G and polymyxin-B.
Keywords : E sc h e r ic h ia  coli, Serotypes, Biotypes, Antibiogram, Haemolytic activity, Zoonotic significance.

Strains o f E s c h e r i c h i a  c o l i  are kn ow n  to be  
associated  w ith  a variety o f pathological con d ition s  
(Sojka 1971). In an im als, it c a u se s  co lib acillosis, 
w hich is  resp on sib le  for sign ificant econom ic lo s se s  
(Blood and R ad ostitis 1989) an d  in  m an , it is  
associa ted  w ith  acu te  gastroen teritis, particularly in  
infants, and older p erson s, urinary tract in fection s, 
and traveller's diarrhoea (D uguid et al. 1984). 
V arious types o f E . c o li  ca n  be iso lated  from  m ilk, 
m eat, and their p rod u cts (Singh et al. 1994). There  
m ay be great variation s in  b ioch em ica l properties 
w ithin a sp ec ies , and  on  the b a s is  o f th is, th e  
bacteria can  be b iotyped  into several b iotyp es  
(Duguid et al. 1984), w h ich  m ay  sh ow  som e  
correlation w ith  p ath ogen icity  of th e  organism  
(K ulshrestha and K um ar 1977). Indiscrim inate u se  
of chem otherapeutic agen ts lead s to drug resistan ce, 
w hich creates problem s for th e su c c e ss fu l treatm en t 
of E . c o li  in fection s (Singh et al. 1994). Several 
stu d ies have b een  carried out on  th e m icrobiological 
quality of raw m eat (B achhil an d  A hluw alia 1973); 
occurrence of S a l m o n e l l a  in  m ea ts  (Bachhil and  
Ja isw al 1988); a lso  on  m arket m ilk s in H isar  
(Gahlot et al. 1975), and m ilk  an d  spray-dried sk im  
m ilk powder u sed  a s ice cream  in gred ien ts (Anupam  
Arora and S u d arsan am  1986). K eeping in  view  th e  
public health  sign ifican ce o f th is  organism , th e  
present investigation  involved th e  in cid en ce o f E. 
c o li  in  m ilk, m eat, and  m eat products, its  haem olytic  
activity, b ioch em ical behaviour, serotyping, and  
biotyping p a ttern s, an d  sen s it iv ity  to  v a r io u s  
chem otherapeutic agen ts.

In all, 3 5 0  sa m p les  o f raw m ilk , m eat, and  
m ea t p ro d u cts  w ere c o lle c te d  u n d e r  a se p tic

* Corresponding Author

con d ition s from  loca l m arket, an d  reta il m eat 
sh o p s. T h ese  sa m p les  w ere su b jected  to  a n a ly sis  
w ith in  4  to  6 h  o f co llection . In c a se  o f m ilk  
sa m p les, 10 m l of a liq u ots w ere in o cu la ted  into  
tu b e s  con ta in in g  10 m l dou b le stren gth  M cC onkey  
lactose  broth, and in cu b ated  at 37°C  for 2 4  h. After 
incubation , one loopful o f cu lture broth w a s  streaked  
onto M acC onkey lactose  agar, and  eo sin -m eth y len e  
b lu e  (Collee et al. 1990) agar ob ta in ed  from  Hi- 
M edia Laboratories, B om b ay for iso la tio n  o f pure  
iso la tes  (Varadaraj 1993). In c a se  o f m ea t sa m p les, 
2 5  g m aterial w a s  m in ced , an d  transferred  into 2 5 0  
m l double stren gth  M cC onkey la c to se  broth , and  
in cu b ated  a t 37°C  for 2 4  h. The broth  cu ltu re  w a s  
streak ed  a s above to get pure iso la tes.

"typical co lo n ies  resem b lin g  E. c o l i  w ere picked  
up, and su b jected  to variou s m orphological, cu ltural, 
and b ioch em ica l te s ts  (Edw ards an d  E w ing 1972; 
Collee et al. 1990). The su sp e c te d  c u ltu r e s  sh ow in g  
typical m orphological, an d  b io ch em ica l ch aracter i
s t ic s  o f E. c o l i  w ere se n t  to  N ational S a l m o n e l l a  and  
E s c h e r i c h i a  Centre, C entral R esearch  In stitu te  (CRI), 
K asauli for serological typ ing an d  fin a l confirm ation . 
All the confirm ed iso lates w ere subjected  to ferm enta
tion  o f su cro se , du lcito l, am ino acid  d ecarboxylation  
activity in  L -lysine m on oh yd roch lorid e, L -om ith in e  
m onohydroch lorid e, and  L -arginine hydrochloride. 
For h aem olysin  prod u ction , all th e  iso la te s  w ere 
streak ed  onto b lood  agar p la te s  (Collee et al. 1990), 
con ta in in g  10% sh eep  b lood  (v /v ), in cu b a ted  at 
37°C  for 2 4  h, an d  exam in ed  for zon e o f c learan ce  
around  th e  co lon ies. All th e  confirm ed  iso la te s  were  
te sted  for antim icrobial drug sen sitiv ity  a g a in st 24  
ch em o th era p eu tic  a g e n ts  o b ta in ed  from  S p a n  
D ia g n o stics , S u rat (India) a s  per m odified  Kirby 
B au er d isc  d iffu sion  m eth o d  (Carter 1973).
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O ut o f 3 5 0  sa m p les  o f m ilk, m eat, and  m eat 
products exam ined, 78  (22.28% ) yielded E . c o li  (Table 
1). Incidence w a s  fou n d  to  be h ig h est in  ch ick en  
m eat (60.87% ), follow ed b y  m eat p rod u cts (47.5% ), 
goat m eat (21.31% ), an d  pig m eat (8.70% ). O nly  
5 (8.33%) ou t of 6 0  m ilk  sa m p les  w ere fou n d  to  
be contam inated  w ith  E . c o l l  The in creased  iso lation  
of E . c o li  from  variou s m eat sa m p les  cou ld  b e du e  
to the fact th a t there are c h a n ces  th a t ga stro 
in testin a l tract m ight rupture during evisceration , 
resu lting in  con tam in a tion  of w h o lesom e m eat.

A lth o u g h , n o  r e la t io n s h ip  b e tw e e n  th e  
prevalence of E . c o li  an d  sa m p les  exam in ed  w a s  
observed, there w ere m ore sa m p les  p ositive for E .  
c o li  from m eat p rod u cts, w h ich  w ere procured  
locally th a n  th o se  m an u factu red  b y  stan d ard  firm s. 
Low in ciden ce o f E . c o li  in  th e la tter cou ld  b e due  
to h igher sa lt con cen tration , h ea t treatm en ts, and  
preservatives u sed  in  the m an u factu re of th ese  
foods.

S w in es are n ot gen era lly  sk in n ed  during  
slaughter, and  sk in  m ay  con ta in  th e  organ ism s, 
w hich rem ain  stick in g  to it, and later ga in  entry  
in pork, and sa u sa g e s  prepared from  su c h  m eat. 
The zoonotic im portance of E. c o l i  of porcine origin  
have a lso  b een  reported (L akshm anachar et al. 
1985).
TABLE 1. ISOIOVTION AND SEROTYPING OF E S C H E R IC H IA  

C O LI FROM MILK, MEAT AND MEAT PRODUCTS
Source No. of

samples
examined

Samples
No.

positive
%

for E . coli 
Serotypes

Milk 60 5 8.33 0 :5 ,0 :7 ,0 :6 1 (2 )
0:106

Goat liver 61 13 21.31 0:3, 0:4 (2) 0:15„ 
0:32 (2) 0:61 & 
untypable (6)

Goat kidney 53 9 16.98 0:4, 0:23,0:2(2) 
0:61 & untypable 
(4)

Goat muscle 51 13 25.49 0 : 4 ,0 : 3 2 ,0 : 5 2  
0:61, 0:62, 0:91 
(3) & unypable  
(5)

Pig liver 23 2 8.70 0:9, 0:62
Pig muscle 39 3 7.69 0:9, 0:91, 0:164
Chicken meat 23 14 60.87 0:5, 0:62 (2)

0:158, 0:162 
rough (3) & 
untypable (6)

Meat products
(chicken 
sausages, pork 
sausages, s h a h i  
k a b a b , salami 
and meat pie)

40 19 47.50 0:3, 0:21, 0:32 (2) 
0:60, 0:61, 0:157, 
0:162 & 
untypable (11)

The in cid en ce  o f E. c o l i  in  m ilk  a p p ea rs to  be  
rather low, con sid erin g  th e  u n h y g ien ic  p ractices  
em ployed  in  m ilk  p rod u ction . T here are c h a n c e s  
th a t th ese  org an ism s m igh t h ave esca p ed  d etectio n  
ow ing to  their sm all n u m ber.

The r e su lts  o f b io ch em ica l b eh av iou r o f 78  
stra in s  o f  E. c o l i  revealed  th a t 6 2  (79.49% ) w ere  
positive for su crose , 4 3  (55.13% ) positive for dulcitol, 
an d  n on e p rod u ced  h yd rogen  su lp h id e . All the  
iso la tes  w ere positive for g lu co se , arab in ose, la c to se , 
indole, an d  m ethy l red (MR), w h ile  n egative  for 
u rease , v o g es  p rosk au er (VP), an d  citrate  u tiliza tion  
te sts . O ut o f 78  E. c o l l  53  (67.95% ) d ecarb oxylated  
ly sin e, 6 0  (76.92% ) argin ine, an d  4 8  (61.54% ) 
orn ith in e. S u ch  va r ia tio n s h a d  b e e n  reported  
p reviou sly  by va rio u s w orkers (Subbarao et al. 
1975; K u lsh resth a  an d  K um ar, 1977; S h arm a et 
al. 1992). S h arm a et al (1992) an d  Lautrop et al
(1971) h ave d isc u sse d  th a t H2S  p rod u cin g  E. c o l i  
stra in s  do appear a s  va r ia n ts in  n atu re.

The resu lts  of serotyp in g  of va r io u s E. c o l i  
(Table 1) sh ow ed  th a t ou t o f 7 8  E. c o l i  iso la tes , 
4 3  w h ich  have b een  serotyp ed  b elon ged  to  20  
different serotyp es. The iso la tio n  o f su c h  a w ide  
range o f serotyp es cou ld  b e  b e c a u se  o f different 
so u rces  o f sa m p les , w h ich  w ere p rocured  from  
different retail m eat sh o p s , s la u g h ter  h o u se s , and  
dairy farm s. The serotyp e 0 :3 2  w a s  th e  m o st  
predom inant, having b een  recovered from  7 sam p les, 
follow ed by 0:61 (6) and 0 :6 2 , 0 :4  and 0:91  (4 each).

In th e  p resen t stu d y , all the E. c o l i  s tra in s  w ere  
grouped in to  2 0  b io ty p es (A to  U), an d  th e  r e su lts  
are sh ow n  in Table 2 . M ajority o f  th e se  b elon ged  
to A  (15.38% ), follow ed b y  C (11.54% ), H (10.26% ), 
B an d  E (6.41%  each) in  d ecreasin g  order (Table 
2). T h ese  fin d in gs are in  co n tra iy  to  S am ra and  
Sam byal (1982) an d  Sh arm a et al (1992). T h ese  
varia tion s m ight resu lt ow ing to  th e  different 
so u rces  of iso la tes  b y  va rio u s w orkers. O ut of 78  
iso la tes, 31  (39.74% ) p rod u ced  a lp h a , 11 (14.10% ) 
b eta , and  3 6  (46.15% ) gam m a type o f  h aem olysin . 
T h ese fin d in gs a lm ost corraborate w ith  fin d in gs  
reported earlier (Sharm a et al. 1992).

The antib iogram  s tu d ie s  o f 78  iso la te s  o f  E. 
c o li  revealed  th a t n on e  of th e  an tim icrob ial drug  
w a s  effective a g a in st all th e  is o la te s  te s te d . 
G entam icin  inh ib ited  th e  grow th o f 97 .43%  o f th e  
iso la tes, follow ed by ch loram p h en ico l (93.59% ), co- 
t r im o x a z o le  (8 3 .3 3 % ), a m p ic i l l in  (7 8 .2 0 % ),  
streptom ycin  (71.79% ), and b ac itra c in  (70.51% ). 
None of the iso la tes w a s  found sen sitive  to  cloxacillin, 
carbenicillin , and doxycyline. The res ista n ce  tow ards
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TABLE 2. BIOTYPING OF 78 ISOLATES OF E . C O U
Biotype No. of T ests

iso lates S D LLM LAH LOM
A 12 + + + + +
B 5 + + + + -
C 9 + - + + +
D 4 + + + - +
E 5 + + - + +
F 4 + - + - +
G 5 + + - + -
H 8 + - + + -
I 3 - + + +
J 4 + - - + +
K 2 + + + -
L 2 + + - - +
M 2 + - + +
N 1 + + + - -
O 3 + + - - -
P 3 + - + - -
R 3 + - - + -
S 1 - - + +
T 1 + - - +
U, 1 - - - -
s = S ucro se  ferm en tation : 62 +

16 -
D = Dulcitol ferm en tation : 35 -

43 +
L-LM = Lysine m onohydrochloride : 25 -

53 +
L-AII = L - arg in ine hydrochloride : 18 -

60 +
L-OM = O rn ith ine  m onohydrochloride : 30 -

48 +

an tib io tics b y  th e  iso la te s  w a s  : cep h a lex in , 
polym yxin-B , O xytetracycline, and  p en ic illin  G 
(98.72%  each), C hlortetracycline (96.15% ) triple 
su lfa  (93.59% ), tetracycline (83.33% ), erythrom ycin  
(90.77% ), and cep h alorid in e (74.36% ). The observed  
resistan ce pattern  ca n  b e d u e  to the in d iscrim in ate  
u se  of th ese  d ru gs in  an im als w h ich  en cou ra ges  
the in ciden ce of drug res ista n ce  in  enterotoxigen ic  
stra in s o f E . c o l i  (Singh et al. 1994).

Som e of th e  serotyp es en cou n tered  in  th e  
p resent stu d y  are im portant from  the p u blic  h ea lth  
point of view . A lthough  n o  enterotoxigen icity  or 
other s tu d ie s  w ere con d u cted , one stu d y  h a s  
docum ented  th a t 0 :1 5  is  en terotoxigen ic, and  0 :1 6 4  
is enteroinvasive, w hile 0 :1 5 7  is  enterohaem orrhagic  
(W ilson et al. 1984). T he O -groups 4 , 7 an d  9 are 
a s s o c ia te d  w ith  p a r e n tr a l s e p t ic  in f e c t io n s  
particularly o f urinary tract, an d  the 0 :1 6 4  c a u se s  
dysenteric type of diarrhoea in  m an. Serogroup 0:157  
is  considered  to b e resp on sib le  for haem orrhagic  
colitis w ith sym p tom s o f p a ssa g e  of b lood  sta in ed  
sto o ls  in  ch ildren  due to  its  ability to  produce

c y to to x in . S im ila r ly , se r o ty p e  0 : 1 5 8  is  a lso  
en cou n tered  in  ou tb reak s o f gastro en ter itis  in  
in fan ts (W ilson et al. 1984). O ut o f 11 stra in s, 
w h ich  are o f p ublic  h ea lth  sig n ifican ce , 7 (63.64% ) 
w ere a -h aem o lytic  an d  5 , 4  an d  2 belonged  to  
b io ty p es A, C an d  H, thereb y in d ica tin g  th a t th ese  
b io typ es are m o st p a th ogen ic  a s  reported  earlier 
(Sharm a et al. 1992).

G enerally, m eat is  fu lly  cook ed  before its  
co n su m p tion , b u t th e  u s e  o f m ilk , a n d  m eat  
p rod u cts m a y  prove h a za rd o u s for h u m a n  h ealth , 
a s  th ey  are co n su m ed  e ith er a s  su c h  or h a lf  cooked. 
The p ossib le w ays o f entry o f variou s E . c o l i  serotypes  
cou ld  b e h an d lin g  o f m ilk , m ea t an d  m eat p rod u cts  
b y  adopting im proper h yg ien ic  m e a su r e s  during  
h a n d lin g , an d  p r o c e s s in g . T h erefore , c a re fu l 
p rocessin g  of th e  m ilk , m ea t an d  m ea t p rod u cts  
is  a n  im portant p u b lic  h ea lth  m ea su re . Proper 
hygien ic  m ea su res  n eed  to  b e  ad op ted  for h an d lin g  
variou s food p rod u cts in  order to  bring dow n the  
entry o f th ese  org an ism s in  th e se  p rod u cts, thereb y  
safeguarding th e  h u m an  b e in gs from  h ea lth  hazards.
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E ff e c t  o f  P r o c e s s in g  D i f f e r e n c e s  in  C a r b o h y d r a te s  o f  
C e r e a l- le g u m e  B le n d s  o n  B lo o d  G lu c o s e  R e s p o n s e s  in  a n  

I n d iv id u a l  w i t h  I m p a ir e d  G lu c o s e  T o le r a n c e
A. SUMATHI*, S. VISHWANATHA, N.G. MALLESHI AND S. VENKAT RAO

D ep artm en t o f G rain S c ien ce  an d  T echnology,
C entral F ood T ech n ological R esearch  In stitu te , M ysore - 5 7 0  0 1 3 , India.

Among cereal-legume blends of malted, popped and roller dried wheat, chickpea, greengram and moth bean, 
the malted cereal-legume blend showed the highest glycemic response in a normal as well as in an individual with 
impaired glucose tolerance, as compared to popped and roller dried cereal-legume blends.
Keywords : Glycemic index, Malting, Popping, Roller drying, Cereal-legume blends.

In the b eg in n in g  o f 19 80 's , it w a s  b ecom in g  
increasingly  c lear th a t different sta rch y  food s are 
digested  at different ra tes, affecting u ltim ately  the  
glycem ic resp o n se  (O'Dea et al. 1981). Food  
p rocessin g  in  p articu lar c a n  c a u se  m od ifica tion s of 
starch  (Brand et al. 1985), an d  a lter  its  p h y sico 
chem ical p roperties su c h  a s  h yd ration  o f gran u les, 
chem ical n atu re (Snow  and O 'Dea 1981), and  
con seq u en tly  c a n  alter carbohydrate d igestib ility , 
and glycem ic resp o n se  (R oss et al. 1987). S in ce  it 
is  difficult to predict the g lycem ic resp o n se  of 
starchy food s from  their ch em ica l com p o sition  due  
to w ide varia tion  in  th e  d igestib ility  o f starch , 
Jen k in s  et al (1981) in trod u ced  th e  con cep t of 
glycem ic in d ex  of foods. The degree o f p ost-p ran d ia l 
resp on se of variou s sta rch y  food s d ep en d s on  the  
degree of g lu cose  tolerance o f th e  individual su b jects. 
C onsequently, the m o st g lu co se  to leran t su b jec ts  
show  the least d ifferences in  post-prandial resp on ses, 
w h ereas the lea st  g lu co se  to leran t n orm al su b jec ts  
exhibit th e  grea test d ifferen ces (Crapo et al. 1980). 
D ifferen ces  in  p o s t -p r a n d ia l r e s p o n s e s  m a y , 
therefore, b e exaggerated  in  su b jec ts  w ith  im paired  
g lu cose to leran ce. In th is  com m u n ica tion , th e  
effects of m a iled , popped  and roller dried cerea l- 
legum e b ased  food s on  p ost-p ran d ia l b lood  g lu co se  
resp o n ses  in  an  in d iv id u al w ith  im paired  g lu co se  
tolerance are reported. T he s tu d y  is  lim ited  to  on ly  
one su b ject a s  th e  con d itio n  o f im paired  g lu co se  
tolerance is  rare.

W heat (T r i l ic u m  a e s t i v u r h ) ,  greengram  ( P h a s e o l u s  
a u r e u s  R o x b ) ,  ch ick p ea  (C ic e r  a r i e t i n u m ), and  m oth  
b ean  ( P h a s e o l u s  a c o n i t i fo l iu s ) w ere from local m arket. 
M alted, an d  popped  flou rs from  w h ea t, and  leg u m es  
w ere prepared a s  d escrib ed  b y  L ivingstone et al
(1993). M alted w h eat flour, an d  to a sted  greengram ,

* Corresponding A uthor

ch ick p ea , m oth  b ea n  an d  sk im  m ilk  pow der w ere  
dry m ixed . Popped w h ea t w a s  b len d ed  w ith  popped  
leg u m es to prepare popped  food. D eb ran n ed  w h eat, 
an d  d ecorticated  sp lit leg u m es  w ere to a sted  at 
70°C , an d  th e ir  b len d  w a s  roller dried a s  per  
M allesh i et al (1989). T he b le n d s  co n ta in ed  (%) 
: w h ea t 7 5 , greengram  10, ch ick p ea  5 , m oth  b ean  
5, an d  sk im m ed  m ilk  pow der 5.

The g lycem ic in d ex  s tu d ie s  w ere co n d u cted  on  
a 59  year old m ale  su b ject, w h o  sa tisfied  th e  
criteria o f im paired g lu co se  to lera n ce  (National 
D iab etes D ata  group 1979). Oral g lu c o se  to leran ce  
te s t s  w ere carried ou t, after a n  overn ight fast, by  
ad m in isterin g  5 0  g g lu co se . C h a p a t i s  (un leaven ed  
flat bread) prepared from  5 0  g eq u iva len t of 
carb oh yd rates of m alted , popped , an d  roller dried  
b len d s w ere sm eared  w ith  sugar-free  ja m , an d  fed  
to  th e su b ject o n  tw o sep ara te  o c c a s io n s , after an  
overnight fast. F inger p rick  b lood  w a s  co llected  at 
3 0  m in  in terva ls over a period  o f 2  h  an d  analyzed  
for g lu co se  co n ten t b y  g lu c o se  ox id ase  m eth od  
(D ahlqvist 1964). S im u lta n eo u sly , th e  s tu d y  w a s  
a lso  carried o u t in  a 4 3  yea r  old  n orm al su b ject  
on  sim ilar lin e s  for com p arison . T he glycem ic in d ex  
(GI) o f food s w a s  ca lcu la ted  a s  fo llow s :

Area u n d er  th e  curve for te s t  food  
GI = ------------------------------------------------------------ X  100

Area u n d er  th e  curve for g lu co se
The m ea n  b lood  g lu c o se  resp o n se  o f th e  

su b ject w ith  im paired g lu co se  to leran ce a s  com pared  
to  th e  norm al su b ject for th e  m alted , popped , and  
roller dried food s a t different tim e in terva ls is  
d ep icted  in  Fig. 1. At all tim e in terva ls, th e  blood  
g lu co se  lev els  from  a n y  o f th e  three b len d s w ere  
m a rk ed ly  lo w er, a s  c o m p a red  to  th e  ora lly  
ad m in istered  g lu co se . The b lood  g lu co se  resp on se  
in  th e  im paired  g lu co se  to leran t su b ject w a s  m u ch
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Fig. 1. Blood glucose response to wheat-legume blends in 
normal and impaired glucose tolerance (IGT).

—• — Control glucose —X— Malted O Popped
—A — Roller dried - - - Normal ---- IGT

higher th a n  th a t in  norm al su b ject, th e  p eak  
concentration  reach ing  after 6 0  m in  in  the form er 
as com pared to 3 0  m in  in  the latter. At the end  
of 2 h , the blood g lu co se  levels fell n ea r  to th e  
fasting level in  the norm al su b ject, w h erea s th e  
level rem ained above th e  fastin g  level in  the  
im paired g lu cose  tolerant su b ject (Fig. 1). The 
m axim um  blood g lu co se  con cen tra tion s w ith  th e  
glu cose load a s  w ell a s  the p rocessed  food s w ere  
m u ch  h igher in  im paired g lu co se  to leran ce, a s  
com pared to th o se  in  norm al su b ject (Table 1), 
show ing th a t b lood g lu co se  re sp o n se s  to  the three  
p rocessed  form u lation s get b oo sted  in  the im paired  
glu cose tolerant su b ject, a s  com pared  to th o se  in  
norm al subject. In im paired g lu co se  to leran ce, th e  
m axim um  blood g lu co se  con cen tration  for th e  
m alted, and roller dried p rod u cts w ere a lm ost  
sim ilar, w hile that o f popped food w a s sligh tly  
lower. On th e  other h an d , the m ax im u m  blood  
g lu cose  con cen tration  for the m alted  p roduct w a s  
higher th a n  th a t of th e  roller dried or popped  
p roducts in  the norm al subject. T he m alted  food  
sh ow ed  a h igher glycem ic in d ex  th a n  th e  popped, 
and roller dried food s in  b oth  the su b jects . 
Interestingly, the glycem ic in d ex  o f roller dried food

TABLE 1. MAXIMUM BLOOD GLUCOSE CONCENTRATION AND 
GLYCEMIC INDEX OF MALTED, POPPED AND 
ROLLER DRIED CEREAL-LEGUME BLENDS IN 
NORMAL AND IMPAIRED GLUCOSE TOLERANT 
SUBJECTS*

Maximum Incremental Glycemic
blood glucose area under index
concentration, glucose curve, 

mg % mg.min/dl
Attribute Subject Subject Subject

Normal IGT Normal IGT Normal IGT
Glucose 199 256 4718 11760 100.0 100.0
Malted 151 223 3900 7065 82.7 60.1
Popped 137 185 1882 6435 39.9 54.7
Roller dried 123 229 2603 6099 55.2 51.9

* Average of duplicate determinations, 
IGT : Impaired glucose tolerant
w a s lea st  in  the im paired  g lu co se  to leran t su b ject, 
in  con trast to  th a t of p op p ed  food in  th e  norm al 
su b ject.

T h u s ,  it  c a n  b e  c o n c lu d e d  t h a t  t h e  
carbohydrates o f  th e m alted  food are m ore d igestib le  
a s com pared  to th o se  o f popped , an d  roller dried  
food s in  the im paired g lu co se  to leran t a s  w ell a s  
in norm al su b jects . The h igh  glycem ic resp o n se  of 
the m alted food m ay be attributed to th e pred igestion  
of starch  to  low er m olecu lar  w eigh t su g a rs  during  
th e  m alting  p ro cess (Lorenz 1980). T he d ata  sh o w  
th a t th e  m alted  food m ay  be m ore su itab le  for th e  
norm al geriatric su b jects , b e c a u se  o f its  h igh er  
digestib ility  (Lineback and P onpipom  1977), an d  
low  b u lk  ch ara cter istics  (M alleshi an d  D esik a ch a r
1982), w h ile  th e  popped food m a y  b e  m ore su ita b le  
for geriatric d iabetics.
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Rice Bran
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Fractional classification of rice bran proteins, the proximate composition, and protein efficiency ratio (PER} of 
untreated, and stabilized brans have been studied. Rice bran proteins are rich in albumins (32%), and globulins (26%). 
Protein contents of defatted, milled, and sieved bran flours ranged from 16.5 - 18.2%. PER of acid-stabilized bran 
was highest (2.18), followed by untreated (2.09), heat-stabilized (2.03), and parboiled rice brans (1.99).
Keywords : Rice bran, Untreated, Milled, Sieved, Acid and heat stabilization, Proeins, Protein efficiency ratio, 

Composition.

P o ss ib ilit ie s  o f  u s in g  rice b ran , an d  its  
derivatives for h u m a n  food h ave b een  explored, 
although com m ercial exp loitation  h a s  b een  lim ited  
(Saunders 1986 , 1990). High q u ality  protein , and  
edible oil are th e  m ost va lu ab le  b ran  com p o n en ts  
(Saunders 1986 , 1990). O ne o f th e  prob lem s in  
incorporating rice bran  in  food p rod u cts is  its  h igh  
instab ility  due to lip ase  (Akazawa 1972), w hich  
catalyzes, sp litting o f th e  oil in to  free fatty  acid s, 
and glycerol (E nochian  et al. 1980), th u s  reducing  
shelf-life (H unnell and  N ow lin 1972). S tab ilization  
of rice bran  h e lp s  to overcom e th is  problem  
(D esikachar 1974). M ethods p roposed  to stab ilize  
rice bran are b ased  on  altering th e  m oistu re  
content, tem perature or pH to d estroy th e activity  
of the lip ase  (Prabhakar 1987). T h ese p ro cesses  
involve h eat treatm ent, low  tem perature storage, 
and ch em ica l treatm ent (C ornelius 1980; Sayre et 
al. 1982; Prabhakar and V en k atesh  1986). Stabilized  
bran can  be u sed  for form ulation  of food p rod u cts  
(Saunders 1990), an d  for extraction  of oil (C ornelius  
1980). B ran from parboiled  paddy is  m ore stab le , 
and can  b e kept up to 15 days, w ith ou t an y  
stab ilization  treatm ent (Sayre et al. 1982). P hysico-  
therm al properties o f rice b ran  h ave a lso  b een  
reported (Maharaj N arain et al. 1978). D avid et al 
(1965) stu d ied  the quality o f bran  oil a s  in flu en ced  
by the conditions of storage o f rice bran. N arasim han  
et al (1988) reported th a t rice b ran  stab ilized  by  
treatm ent w ith con cen trated  hydrochloric acid  at
4 .0  and 5.5%  levels w a s  h ighly  unfavourable for 
the m ultip lication  of red flour b eetles. Flow belaviour  
properties o f rice bran  protein  con cen trate  have  
also b een  reported (Bera and M u k h eijee 1991). 
Since full-fat or defatted rice bran  is  u sed  a s  a  
sou rce o f protein  (Sau nd ers 1990), it is  of in terest  
to stu d y  the effect o f bran  stab ilization  treatm ent
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on protein  quality. Therefore, th e  p resen t s tu d y  w a s  
u n dertak en  to d eterm ine th e  protein  efficien cy  ratio  
of u n treated , an d  stab ilized  rice bran .

F resh  rice b ran  from  p addy o f 'Gowri Sanna"  
variety w a s  procured from  loca l m ills. P arboiled  rice  
bran  sam p le  u se d  w a s  from  'Jaya' variety. Acid  
stab iliza tion  w a s  effected by treatin g fresh  rice b ran  
w ith  con cen trated  h ydrochloric ac id  (12N) -at th e  
rate of 4 .0  m l/lO O g (v/w ) a s  p er th e  m eth od  
d escribed  by Prabhakar an d  V en k a tesh  (1986). 
H eat s ta b iliz a t io n  w a s  a ch iev ed  b y  w e t-h e a t  
treatm ent o f rice b ran  in  an  au toclave  (Model 9 1 4 3 ,  
Conrad E ngelke, K rau ss MaJ0fei Co., G erm any) at 
1 k g /c m 2 p ressu re  (110°C) for 10 m in  (H erm ans  
1970). The au toclaved  m ateria l w a s  dried in  a 
cab in et dryer (Arm strong S m ith , B om bay, India) at 
50°C for 3 h  to a final m o istu re  co n ten t o f  5%.

The raw m ateria ls, n am ely  u n trea ted , acid- 
stab ilized , h eat-stab ilized , and parboiled  rice b ran  
w ere defatted ind ividually (Barber an d  B arber  
1985), u s in g  food grade n -h ex a n e . Cold extraction  
of fat w ith  a con tact tim e o f 10 h  w ith  th e  so lven t  
w a s  repeated  four tim es. T he defatted  m ateria l w a s  
exp osed  to su n lig h t for 2 h  to  rem ove so lven t  
traces. The defatted  rice bran  w a s  fin ely  pow dered  
u sin g  a plate m ill (C handra C o., M adras), s ieved  
(40 m esh ), an d  u sed  in  all exp erim en ts. M oisture, 
protein  (Kjeldahl), fat, to ta l a sh , an d  cru d e fibre 
w ere d e term in ed  in  tr ip lica te  (AOAC 1 9 8 4 ). 
Carbohydrate w a s  ca lcu la ted  b y  difference.

P roteins from  u n trea ted , d efatted  rice bran  
w ere fractionally  c la ssified  b y  seq u en tia l extraction  
w ith  w ater, sod iu m  chloride (1 M), eth y l a lcoh ol 
(75%), and sod iu m  hydroxide (pH 11.0) (K insella  
1976). N itrogen extracted  in  ea ch  m ed iu m , and  
leftover resid u e w ere a lso  an a lyzed  (AOAC 1984).

The m eth od  d escrib ed  b y  O sborne et al (1919) 
w a s u sed  to d eterm ine th e  p rotein  effic ien cy  ratio

416
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TABLE 1. PROXIMATE COMPOSITION OF RICE BRAN SAMPLES (g/100g)

Attribute Moisture Proteins Fat Carbohydrates 
(by difference) Ash Crude fibre

Rice bran (’Gowri Sanna' variety")
Full Fat* 5.1 ± 0.55 13.5 ± 0.67 19.9 ± 0.44 41.3 ± 1.3 12.2 ± 0.40 8.0 ± 0.30
Defatted" 6.8 ± 0.57 17.0 ± 0.72 1.5 + 0.05 50.6 ± 1.4 14.3 ± 0.52 9.8 + 0.36

Parboiled rice bran ('Jaya' variety1’)
Full fatb 6.4 ± 0.25 10.7 ± 0.53 19.8 ± 0.68 30.2 ± 1.32 19.9 ± 1.10 13.0 ± 0.28
Defattedb 3.5 ± 0.22 15.4 ± 0.62 0.50 ± 0.01 41.S ± 1.43 24.8 ± 0.81 14.0 ± 0.32

Defatted, milled and sieved
Untreated" 5.0 ± 0.42 18.2 ± 0.41 1.5 ± 0.02 56.0 ± 1.23 14.1 ± 0.31 5.2 ± 0.30
Acid stabilized" 4.6 ± 0.45 18.0 ± 0.65 1.6 ± 0.06 55.5 ± 1 .1 0 14.6 ± 0.47 5.7 ± 0.25
Heat stabilized" 5.8 ± 0.53 17.5 ± 0.70 0.70 ± 0.02 55.6 ± 1.40 13.8 ± 0.52 6.6 ± 0.28
Parboiledb 3.3 ± 0.15 16.5 ± 0.52 0.48 ± 0.03 48.0 ± 1.20 22.1 ± 0.92 9.6 + 0.29
* - Values are mean ± standard deviation of three estimations.
a. 'Gown Sanna' variety
b. 'Jaya' variety

(PER) of u n stab ilized , stab ilized , an d  parboiled  rice 
brans. 'Wistar' stra in  w ea n lin g  m ale  rats, 22  d ays  
old, and w eigh in g b etw een  3 7 -4 0  g, w ere u se d  for 
feeding stan dard , an d  te st  protein  d iets. All th e  
diets con tained  (%) grou n d n u t oil 10, su cro se  10, 
salt m ixture 2 (H ubbel et al. 1937), v itam in  m ixture  
2 (Chapm an et al. 1959), te st  protein  (at 10% level), 
and c o m  starch  to m ak e up  th e  w eight to lOOg. 
The re su lts  ob tained  w ere sta tistica lly  analyzed , 
u sin g  D u n can 's new  m u ltip le  range te s t  (D u n can  
1955).

The proxim ate com p osition s o f different sam p les  
of rice bran are sh o w n  in Table 1. F ull-fat rice bran  
contained  19.9%  fat, w h ich  d ecreased  to  1.5%, 
w hile protein  con ten t in creased  from  13.5%  to 17% 
on defatting. In addition, defatting resu lted  in  an  
increase in  other com p onen ts, n am ely carbohydrates, 
ash , and crude fibre. M illing, an d  siev ing of 
untreated, acid -stab ilized , and h eat-stab ilized  rice  
bran did not resu lt in  altering th e  com p osition . 
H eat-stabilized m ateria l h ad  a sligh tly  low er fat 
content, thereby in d icating b etter  extraction  o f oil 
from the cellu lar  m atrix, a s  a resu lt of exp osure  
to high tem perature during h ea t stab iliza tion  (Graci 
et al. 1953). F ull-fat, and  defatted  b ran  from  
parboiled paddy sh ow ed  low er protein  co n ten ts  b u t  
higher con ten ts of ash , and crude fibre, a s  com pared  
to untreated  rice b ran  sam p le. In th e  defatted  
sam ple, the p rotein s, carb oh yd rates, and other  
co n stitu en ts  proportionately in creased , a s  a resu lt 
of fat extraction. The protein  con ten t in  th e  
defatted, and m illed  m aterial w a s  h igher (16.5% ) 
w ith a considerab le red u ction  in  cru d e fibre con ten t  
(9.6%), a s com pared to defatted  sam p les.

A s ca n  b e s e e n  from  T able 2 , n early  32%  
protein  w a s  extracted  in  w ater at n eu tra l pH, after 
w h ich  sod iu m  chloride extracted  a furth er 26%  of 
the protein . T h ese tren d s in d ica ted  a h igh  am ou n t  
of a lb u m in s, an d  g lob u lin s in  rice b ran  protein s, 
In alcohol, and  alkaline m ed ia  (pH 11.0), prolam ines, 
and g lu te lin s  w ere extracted  to  th e  exten t o f 4 .5  
and 13%, respectively . After seq u en tia l extraction  
of rice bran  p rotein s, th e  resid u e con ta in ed  about 
21%  proteins. S im ilar r e su lts  are reported  by  
C agam pang et al (1966), an d  B etsch a rt et al (1977). 
A m ong cereal p rotein s, rice p ro te in s are con sidered  
to  be o f h ig h est in  q u ality  (Lasztity 1984). A m ong  
th e  protein  fraction s o f rice, a lb u m in s are reported  
to have th e  h ig h est b io log ica l v a lu e  d u e  to  a h igh  
ly sin e  con ten t (Tamura et al. 1952), w h ile  the  
v a lu es  for p ro lam in es are th e  lo w est (T ecson  et al. 
1971). G lobulin  fraction  h a s  a h igh  con cen tration  
of m eth ion in e  (Iw asaki et al. 1982). S in ce  rice bran  
is  m ain ly  m ad e up  o f a n  a leu ron e layer con ta in in g  
high p ercen tage of rice a lb u m in s, an d  g lob u lin s, 
the protein  quality  of rice b ran  h a s  b een  reported  
to be h igher th a n  th a t o f th e  m illed  rice (Lasztity  
1984). Rice b ran  p rote in s are relatively rich  in  
essen tia l am ino acid s, an d  a cco u n t for h igh er ratio
TABLE 2. FRACTIONATION OF RICE 

SEQUENTIAL EXTRACTION
BRAN PROTEINS BY

Medium of extraction Fraction Proteins extracted, 
%

Water, pH 6.8 Albumins 32.20 ± 2.56
Sodium chloride, 1M Globulins 26.11 ± 2.34
Ethyl alcohol, 75% Prolamins 4.54 ± 1.1
Sodium hydroxide, pH 11.0 
Residue

Glutelins 13.03 ± 2.03 
21.12 ± 1.08
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TABLE 3. PROTEIN EFFICIENCY RATIO OF DIFFERENTLY 

TREATED RICE BRAN FLOURS
Average Average Average Protein Protein

Diet initial protein gain in efficiency efficiency
weight, intake, weight, ratio, expe ratio,

9 9 9 rimental adjusted
Casein 37.0 27.7 74.3 2.68* 2.50
Defatted 
rice bran, 
untreated 37.0 37.6 78.6 2.09 be 1.95
Acid stabilized 
rice bran 36.8 36.2 79.0 2.18 b 2.03
Heat stabilized
rice bran 36.7 37.3 75.8 2.03e 1.89
Parboiled 
rice bran 36.9 38.8 77.2 1.99e 1.86
SEm ± 0.05 (36 df)
Randomized block design, 5 groups of ten rats each. Means of 
the same column followed by different letters differ significantly 
according to Duncan's new multiple range test (p<0.5).
of essen tia l am ino acid s (g / g  tota l N), an d  e ssen tia l  
am ino acid in d ices (Prakash and R am an ath am
1994).

PER v a lu es  o f variou sly  treated, and u n treated  
defatted rice bran  flours are p resen ted  in  Table 3 . 
PERs of acid -stab ilized , and u n treated  rice b ran  
were 2 .1 8  and 2 .0 9 , a s  com pared  to  PERs of 2 .0 3  
and 1 .99 of h ea t treated , and parboiled  rice bran. 
PER v a lu es  for defatted bran , a s  reported in  litera
ture, range from  1 .9 9 -2 .1 9  (Lynn 1969; S au n d ers
1986), and th ese  correlated  w ell w ith  ad ju sted  (as 
com pared to  c a se in  va lu e of 2 .5) PER v a lu es  of 
1.95, 2 .0 3  and 1 .89 ob tained  for u n treated , acid- 
stabilized, and h eat-stab ilized  rice b ran  sam p les, 
respectively, in  the p resen t stu d y. Several s tu d ie s  
indicate that h eat treatm ent ca n  low er PER v a lu es, 
w hich are sign ifican tly  in flu en ced  b y  th e  type of 
protein being h eated , an d  the duration  o f h eatin g  
(Wolf et al. 1979; K eyes an d  H egarty 1979). T h ese  
could  serve to exp lain  th e  low er PER v a lu es  
obtained  for h eat-stab ilized , and parboiled  rice bran  
flours. The p resen t stu d y  in d ica tes th a t acid  sta b ili
zation  of rice bran  d oes n ot in flu en ce th e  protein  
quality adversely, and  th a t acid  stab ilized  bran  can  
be u sed  a s  a sou rce o f protein  in  food form ulations.
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Organochlorine Insecticide Residues in Bovine Milk and
Commercial Baby Milk Powder

M.D. AWASTHI* AND A.K. AHUJA
P esticide R esid ue Laboratory, Indian  In stitu te  o f H orticultural R esearch ,

H essaragh atta , B angalore - 5 6 0  0 8 9 , India.
Bovine milk samples from different dairies in Bangalore city, and popular brands of baby milk powder were 

monitored for the residues of two organochlorine insecticides, i.e., dichlorodiphenyltrichloroethane, and 
hexachlorocyclohexane. Of the 30 samples of bovine milk, 83.3% samples were contaminated with dichlorodiphenyl 
trichloroethane, and its metabolites, while the residues of hexachlorocyclohexane, and its isomers were detected in 
all the samples. In five brands of baby milk powder from two manufacturing batches, dichlorodiphenyltrichloroethane, 
and its metabolites were not detectable, while all the samples were contaminated with a, P and y  isomers of 
hexachlorocyclonexane.p-hexachlorocyclohexane was predominantly present in over 60% samples above the prescribed 
maximum residue limit.
Keywords : Insecticide residues, Dichlorodiphenyltrichlorocthane, Hexachlorocyclohexane, Metabolites, Isomers, Bovine 

milk, Baby milk powder.

The b u ild u p  of p estic id e  res id u es  in  food ch a in  
is of con cern  due to h ea lth  h azard s to h u m a n  b ein g  
(Bindra 1971). Pesticide resid u es have b een  reported  
in foodgrains, vegetables, fruits, and  anim al products  
in m arket sa m p les  from tim e to  tim e (Agnihotri 
1983; Kalra and C haw la 1983; K aphalia et al. 
1990; H anda 1992). It is  of con cern  th a t th ese  toxic  
resid u es have invaded b ab y food s a lso  (Dhaliwal 
and Kalra 1978; K um ar et al. 1991). A m ong th e  
different org an o ch lorin e  in se c t ic id e s , d ich loro-  
diphenyltrichloroethane, and hexachloro-cyclohexane  
have b een  identified  a s p o iso n o u s, b u t are still u sed  
w idely in  India for p est control in  agricu lture, and  
public h ealth  program m es (M ehrotra 1989). The  
analysis of fresh bovine m ilk  sam p les from Bangalore  
city, and different b ran d s o f com m ercial m ilk  
powder w a s carried out in th e p resen t s tu d ie s  for 
the resid u es o f d ich lorod iphenyl-trich loroethane, 
and h exach lorocycloh exane in sectic id es.

W hole m ilk  sa m p les  (500  m l in  three replicates) 
from each  o f five m a in  dairies (code No 1 ,2 ,3 ,4 , 
and 5) in  Bangalore city w ere collected  at fortnightly  
intervals for three m o n th s, Ju ly -S ep tem b er 1991 . 
The m ilk  sa m p les  w ere collected  from  m ilk  b oo th s  
of different dairies, and  im m ediately  tran sp orted  to  
laboratory in  ice b oxes. The sa m p les  from  each  of 
the source were processed  for an a lysis after thorough  
shaking for break ing th e fat g lob u les. Five popular  
brands of baby m ilk  pow der, m an u factu red  in  
different c ities  in  th e  country, and  m arketed  in  
Bangalore city w ere se lec ted  for a n a ly sis . The m ilk  
p o w d e r  s a m p le s  w e r e  c o l le c t e d  fro m  tw o  
m an u factu ring  b a tch es  o f each  brand  in  tw o lots.
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in  trip licates, during 19 91 , an d  19 92 . W hole m ilk  
w a s prepared from  th e  m ilk  pow der in  m easu red  
q uantity  o f w ater, b a sed  on  fat co n ten t a s  sp ecified  
on th e tin .

A  2 0  m l m ilk  sam p le , from  th e  thorou gh ly  
h om ogen ised  m ilk  so  prepared, w a s  extracted  w ith  
3 x  4 0  m l n -h ex a n e  for r e s id u es  o f d ich lorodi- 
p h enyltrich loroeth an e, h exa ch loro cycloh exa n e , and  
their m eta b o lite s /iso m ers . In sectic id e re s id u es  in  
h exa n e layer w ere c lean ed  up  from  fat, and  other  
co-extractives b y  acid  d ig estio n  m eth o d  (Kapoor 
a n d  K alra  1 9 8 8 , 1 9 8 9 ) . T h e  q u a n t i t a t iv e
d eterm in ation  o f in sectic id e  r e s id u es  w a s  carried  
ou t by g a s  liquid  ch rom atograp h y (Varian G C -36 00  
m odel A erograph, S u n n y va le , C alifornia, USA), 
equipped w ith  e lectron  cap tu re detector, an d  2 m  
long s ta in le s s  stee l co lu m n  p ack ed  w ith  a m ixtu re  
of 1.5% O V -17+1.95%  OV 2 1 0  a d so rb ed  on  
chrom osorb  W. O ther co n d itio n s  were: co lu m n  
tem perature 190°C; in let tem perature 220°C; detector  
tem perature 220°C , an d  n itrogen  g a s  flow  rate of 
3 0  m l /m in .  R e s id u e s  o f  d ic h lo r o d ip h e n y l-  
tr ich loroethane w ere identified , an d  an a lyzed  for 
para p ara-d ich lorod iph en yld ich loroethy len e, para  
para-tetrach lorod ip h enyleth an e, para para-d ich loro-  
d ip h en y ltr ich lo ro eth a n e , w h ile  h e x a c h lo r o c y c lo 
h exa n e res id u es  w ere an a lyzed  for a ,  p an d  y  
iso m ers (Kalra et al. 1983).

The resu lts  o f th e  m on itorin g  o f th e  ex ten t of 
th e res id u es  o f d ich lorod ip h en yltrich loroeth an e, and  
h e x a ch lo ro cy lo h ex a n e , a lo n g  w ith  th e ir  m a in  
m eta b o lite s /iso m ers , are p resen ted  in  T able 1. Of 
th e  tota l 3 0  sa m p les  analyzed  over a  period  o f 3  
m o n th s , 83 .3 %  s a m p le s  w er e  fo u n d  to  be  
con tam in ated  w ith  d ich lorod ip h en lytrich loroeth an e,

420



421
and its m etab olites, w h ile  all th e  sa m p les  w ere  
contam inated w ith h exach lorocycloh exane in  varying  
quantities, ranging from  traces to  a s  h igh a s  0 .2 2 5  
ppm. Total d ich lorod iphenyltrich loroethane resid u es  
averaged at 0 .0 2 2 1  ppm  ± 0 .0 1 7 9 . A m ong th e  
d if fe r e n t  m e t a b o l i t e s  o f  d ic h lo r o d ip h e n y l -  
tr ic h lo r o e th a n e , p a r a  p a r a -d ic h lo r o d ip h e n y l-  
dichloroethylene a cco u n ted  for 81.9% , para para- 
tetrachlorodiphenylethane for 10.8%  an d  para para  
dichlorodiphenyltrichloroethane for 3.6%  of th e  
total d ich lorod iphenyltrich loroethane resid u es. The  
presence of th e  re s id u es  o f th ese  m etab o lites  w a s  
at the m ean  level o f 0 .0 1 8 1  ppm  in  2 5  sam p les ,
0 .0 0 2 3  ppm  in  11 sa m p les , an d  0 .0 0 0 8  ppm  in  
6 sam p les, resp ectively  (Table 1). W hile on ly 10% 
m ilk  sa m p les  w ere fou n d  co n ta m in a ted  w ith  
dichlorodiphenyltrichloroethane resid u es h igher th an  
the prescribed m ax im u m  resid u e lim it o f 0 .0 5  ppm , 
80% sa m p les  co n ta in ed  h ex a ch lo ro cy c lo h ex a n e  
resid u es above m ax im u m  resid u e lim it o f 0 .0 1  ppm . 
The q u an tities of h exach lorocycloh exan e res id u es  
were v e iy  h igh  a s  com pared  to  d ich lorodiphenyl-

trich loroethan e. S om e o f th e  sa m p les  sh ow ed  2 0  
tim es h igh  h exa ch loro cycloh exa n e re s id u es  to  the  
prescribed  m ax im u m  resid u e  lim it. T h is in d ica tes  
th e  w id espread , an d  h igh  co n ta m in a tio n  of m ilk  
w ith  toxic in sectic id e  res id u es . The data  o f the  
s ta tu s  o f co n tam in a tion  o f m ilk  w ith  dichloro- 
diphenyltrich loroethane, an d  h exach lorocycloh exane  
resid u es  a cro ss th e  cou n try  (H anda 1992) also  
con cu r w ith  th e  p resen t finding.

The r e su lts  o f  re s id u e  a n a ly s is  for tota l 
d ich lorod ip h en yltrich loroeth an e, an d  h exa ch loro cy 
c lo h exan e in  dry m ilk  pow der are d eta iled  in  Table  
1. O f th e  3 0  sa m p les  m on itored , n o n e  w a s  found  
to  c o n t a in  a n y  d e t e c t a b le  r e s id u e s  o f  
dichlorodiphenyltrichloroethane, an d  its  m etab olites. 
D haliw al and Kalra (1978) an d  K um ar et al (1991) 
have reported con tam in a tion  of dry m ilk  pow der  
w ith  d ic h lo r o d ip h e n y ltr ic h lo r o e th a n e , a n d  it s  
m etab olites at b io con cen tra tion  lev e ls  th a t m ay  
c a u se  ill effects. O n th e  o th er h an d , in  th e  p resen t  
s tu d ie s , all th e  sa m p le s  w ere  fo u n d  to  b e

TABLE 1. RESIDUES OF ORGANOCHLORINE INSECTICIDES IN BOVINE MILK AND COMMERCIAL BRANDS OF MILK POWDER 
Source * Average residues of DDT and HCH and their metabolites/isomers (gg g ')

pp-DDE pp-TDE pp-DDT Total DDT a -HCH ß-HCH y-HCH Total HCH
Bovine milk samples

1 0.0112 0.0006 0.0008 0.0128 0.0520 0.0276 0.0540 0.1336
2 0.0146 0.0016 0.0016 0.0145 0.0331 0.0251 0.0416 0.1001
3 0.0133 0.0066 0.0000 0.0140 0.0213 0.0091 0.0216 0.0513
4 0.0308 0.0048 0.0016 0.0373 0.0331 0.0105 0.0505 0.0941
5 0.0203 0.0053 0.0012 0.0268 0.0785 0.0295 0.0586 0.1666

Mean residue 0.0181 0.0023 0.0008 0.0229 0.0436 0.0204 0.0453 0.1090
± SD 0.0133 0.0057 0.0021 0.0179 0.0322 ' 0.0210 0.0306 0.0664

Milk powder samples
1A — — — - 0.050 0.100 0.050 0.200
IB — - - - 0.100 0.150 0.010 0.250
2A — — - - 0.001 0.001 0.001 0.003
2B — — - - 0.020 0.001 0.001 0.022
3A — - - - 0.030 0.020 0.001 0.051
3B -- - - - 0.050 0.040 0.002 0.110
4A — — - - 0.030 0.020 0.001 0.051
4B — — — - 0.050 0.030 0.010 0.090
5A — — — - 0.005 0.0202 0.001 0.026
5B — - - - 0.005 0.0202 0.001 0.026

Mean residue — — - - 0.0341 0.0402 0.0078 0.0821
± SD — - - - 0.0200 0.0486 0.0125 0.0868
Residues of DDT and its metabolites were not detected in any of the milk powder samples
* The samples of bovine milk were collected from five dairies supplying milk to Bangalore city and the samples of milk powder were 
collected from different brands manufactured in Maharashtra, Gujarat, Punjab, U.P. and Karnataka States.
pp-DDE = para, para-Dichlorodiphenyldichloroethylene; pp-TDE = para, para-Tetrachlorodiphenythane; pp-DDT = para, para- 
Dichlorodiphenyltrichlo roe thane; a -HCH = Alpha-Hexachlorocyclohexane; (1-HCH = Beta-H exachlorocyclohexane; y-HCH
=Gamma-Hexachlorocyclohexane; SD = Standard Deviation.



422

c o n t a m in a te d  w ith  d if fe r e n t  i s o m e r s  o f  
hexach lorocycloh exane at varying q u an tities. The 
m ean  tota l o f 0 .0 8 2 1  ppm  h exach lorocycloh exan e  
resid u es  w a s sh ared  b y  50% b -h exach lorocy -  
cloh exan e, 40% a -h exach lorocycloh exan e. and 10% 
g-h exach lorocycloh exane isom ers. The quantitative  
com p osition  of variou s iso m ers w a s  h igh er over th e  
m axim u m  resid u e lim it of 0 .0 5  ppm  in  6  sa m p les  
for a -isom er; 0 .0 2  ppm  in  10 sa m p les  for b - 
isom er, and 0 .0 1  ppm  in  6  sa m p les  for g -isom er  
of h ex a ch lo ro cy c lo h ex a n e , resp ec tiv e ly . H igher  
persistence of b -isom er res id u es  in  m ilk , and  m ilk  
products h a s  a lso  b een  reported b y  D haliw al and  
Kalra (1978), Kapoor an d  Kalra (1988) an d  K athpal 
et al (1982) a s  com pared  to oth er iso m ers, probably  
due to its  ch em ica l stab ility  tow ards degradation  
in dairy p rod u cts (K annan et al. 1992). The  
sta tistica l a n a lysis  ; o f resid u e data  reflects w ide  
difference in  low er,'an d  u p per lim its o f con fid en ce  
in te r v a ls  o f  th e  r e s id u e s  for  e a c h  o f  th e  
h exach lorocycloh exane isom ers, regard less of th e  
brand. However, the sa m p les  from  brand 1 w ere 
invariably found  to con ta in  exceptiona lly  h igher  
resid u es in  both  b a tch es  follow ed by b ran d s 3 , 4 , 
2 and 5.

T his stu d y  su g g e sts  im m ediate review  o f the  
w idespread u se  o f h exach lorocycloh exan e in  p est  
control, a s  the resu ltan t res id u es  are hard  to  
degrade (Kalra et al. 1983), an d  th e  p ersisten t  
resid u es m ay  have m ad e their w ay even  into th e  
baby's sy stem  over a period of tim e right from  
birth, and m ay ca u se  detrim ental effects o n  h u m an  
health .
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Proteins, Free Amino Acids and Carbohydrate Contents of 
Twenty-nine Almond Selections from Jammu and Kashmir
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D epartm ent o f H orticulture,

Punjab A gricu ltural U niversity, L udhiana - 141 0 0 4 , India.
Twenty-nine almond selections from Jammu and Kashmir, and a locally bred almond 'Hybrid-15' were analyzed 

for crude protein, soluble protein, free amino acid, soluble sugar, and starch contents in their matured kernels. Crude 
protein, soluble protein, and free amino acid contents ranged between 20.49-39.66, 13.48-23.61 and 0.19-0.64% on 
dry weight basis, respectively. The ranges of soluble sugar, and starch were 3.57-12.47%, and 0.73-2.63%, respectively. 
Selections 'JKS-47', 'JKS-50', 'JKS-65' and 'JKS-77' were superior in terms of crude protein, and starch contents, 
while 'JKS-189', 'JKS-190', 'JKS-266' and 'JKS-287' had higher quantities of soluble proteins, free amino acids, and soluble sugars in their matured kernels.
Keywords : Almond selections, Sub-tropics, Kernel, Crude proteins. Free amino acids, Soluble sugars, Starch.

C opious in form ation  is  available on  kernel 
com position  of a lm on d s grow n in  tem perate region s  
(Barbera et al. 1987; K ester et al. 1990). H owever, 
sim ilar inform ation p erta in in g to  in d ig en ou s alm ond  
se lectio n s (Kumar and U ppal 1990), grow ing u n d er  
sub-tropical environm ent is  lim iting (Kumar 1987).

On th e  other h an d , carbohydrate com p osition  
of m u stard  (B r a s s i c a  j u n c e a ) seed  m eal (Sindhu  
Kanya and Kantharaj U rs 1983), ferm ented  m elo n  
seed s o f Nigeria (A chinew hu 1987); am in o acid  
com p o sition  of S u ra b u l se e d  k ern e l p ro te in s  
(Azeemoddin et al. 1988), an d  co tto n seed  protein  
iso late (H anum antha Rao et al. 1987) have b een  
reported. O nly recently, in form ation  on  oil con ten t, 
and its co n stitu en ts  in  th e se  se lec tio n s  is  provided  
by Kum ar et al (1984). In th is  report, q u antitative  
data are p resen ted  on  co n ten ts  o f  cru d e protein, 
solub le protein , free am ino acid , so lu b le  su gar, and  
starch  co n ten ts  in  m atu red  k ern els o f  alm ond  
se lection s from Ja m m u  an d  K ashm ir.

T he ex p er im en ta l m a ter ia l an d  sa m p lin g  
procedure followed in  th e  p resen t s tu d y  w ere a s  
described previously (Kumar et al. 1994). Crude  
protein w a s ca lcu la ted  from  % tota l n itrogen  
(McKenzie and W allace 1954) by m u ltip lica tion  w ith  
factor 5 .1 8  (Saura-C alixto et al. 1981). Q uantitative  
d eterm inations w ere m ad e for th e  so lu b le  p rotein s  
(Lowry et al. 1951), free am ino a c id s  (Lee and  
T akahash i 1966), and  tota l so lu b le  su g a rs  (Yemm  
and W illis 1954). For the a n a ly s is  o f starch , free 
am ino acids, and total so lu b le  su ga rs, th e extraction  
w a s done a s  follows: In each  ca se , 5 0 0  m g dried  
sam ple w as m ixed  w ith  5 m l o f 80%  eth a n o l o n
* C o rre sp o n d in g  A u th o r  : 1P r e s e n t  a d d r e s s :  U n iv e r s ity  o f

H o r ticu ltu re  a n d  F o re s try , N a u n i  S o la n , 1 7 3  2 3 0 , In d ia .
2N a tio n a l H o r tic u ltu re  B o a rd , G u r g a o n -1 2 2  0 0 1 , In d ia .

a m agn etic  stirrer. The extraction  w a s  repeated  
tw ice, an d  th e  extract w a s  cen trifu ged  at 3 0 0 0  rpm  
for sep ara tin g  th e  su p ern a ta n ts . To th e  resid u e, 5 
m l of 70% eth a n o l w a s  ad d ed , stirred , centrifuged  

•at 3 0 0 0  rpm, an d  th e  su p ern a ta n t w a s  sep arated . 
T h is p rocess o f resid u e extraction  w a s  rep eated  four  
tim es. All th e  a lcoholic  ex tracts w ere p ooled  together  
an d  kep t in  a refrigerator till analyzed . T he resid u e  
w a s p rocessed  for q u an tita tive  a n a ly s is  o f starch  
a s  per th e  p rocedure o f  C legg (1956). T he ch em ica l 
a n a ly sis  w a s  done u s in g  tw o rep lica tes in  each , and  
the data  reported are th e  average o f th e  ob servation s  
recorded in  1 9 8 4  an d  1985 .

C r u d e  p r o t e i n  : It varied  from  2 0 .4 9  to  39 .66%  
(Table 1). S e lec tio n s 'JK S-194', 'JK S-212' an d  'JKS- 
287' h a d  sign ifican tly  le s se r  a m o u n ts  o f tota l 
p rotein s, th a n  'H ybrid-15'. S om e o f  th e  earlier  
reports (Pyzhov et al. 1977; D h aliw al e t al. 1978) 
in d icate  th a t different a lm on d  va rieties  co n ta in  total 
p rotein s in  th e  range o f 14 .7  to  34.9% . In an oth er  
stu d y , S aura-C alixto  et a l (1981) argued  th a t  
alm ond k ern els con ta in ed  n o t b elow  2 0 g  p ro te in / 
10 0  g a lm ond k ern el on  dry m atter  b a s is .

S o l u b l e  p r o t e i n s  : T h ese  ran ged  from  1 3 .4 8  to 
23.61% . S e lec tio n s 'JK S-57', 'JK S-77', 'JK S-168', 
'JK S-185', 'JK S-189', 'JK S-190' an d  'JK S-266' h ad  
higher so lu b le  p rotein  co n ten ts , th a n  ’H yb rid -15 ’. 
Inform ation on  th is  b ioch em ica l c o n stitu en t in  
alm ond k ern els  is  com p letely  lack ing.

F r e e  a m i n o  a c i d s  : T h ese  ranged  from  0 .1 9  to  
0.64%  w ith  overall variability  o f  31 .42% . S e lectio n s  
’J K S -1 8 9 ’, ’J K S -1 9 0 ’, ’J K S -2 4 8 ’ and ’JK S -266 ' had  
higher free am ino acid  c o n te n ts  th a n  th e  control. 
Free am ino acid  co n ten ts  o f  a lm on d  h ave a lso  b een  
lea st  stu d ied .

S o l u b l e  s u g a r s  : T h se v a lu e s  ranged  from  3 .5 7
423
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TABLE 1. CONTENTS (ON DRY WEIGHT BASIS) OF CRUDE 
PROTEIN, SOLUBLE PROTEIN, FREE AMINO ACID, 
SOLUBLE SUGAR AND STARCH IN ALMOND 
KERNELS UNDER SUBTROPICAL CONDITIONS

Selection Crude Soluble Free amino Soluble Starch,
No. proteins, proteins, acids, sugars, %

'JKS' % % % %
47 34.72 19.73 0.21 4.71 1.95
50 34.27 16.15 0.23 4.08 1.72
55 30.67 17.60 0.19 6.81 2.63
57 33.04 20.45 0.29 8.28 2.56
65 36.27 13.84 0.26 4.35 1.83
67 28.78 18.30 0.25 6.45 1.61
68 32.03 16.63 0.24 6.73 2.05
69 39.66 13.73 0.39 3.62 1.52
75 28.80 19.79 0.31 6.66 1.29
77 35.34 22.71 0.29 9.77 2.31

145 32.16 18.37 0.28 5.19 1.62
168 31.59 20.15 0.37 6.66 1.48
169 31.94 17.59 0.32 4.38 1.74
172 33.18 16.70 0.42 12.47 1.75
184 30.42 19.57 0.23 6.89 1.70
185 34.73 20.88 0.30 8.48 1.57
189 34.56 23.61 0.55 9.25 0.73
190 31.81 22.13 0.58 11.01 2.35
194 20.49 13.98 0.39 8.92 1.56
198 32.21 15.48 0.32 5.38 1.23
212 23.00 13.48 0.37 8.27 1.29
235 33.65 14.23 0.37 3.95 1.20
238 30.30 17.57 0.46 6.02 1.17
248 33.39 16.34 0.64 4.38 1.60
268 33.18 22.19 0.52 8.46 1.66
270 32.80 19.37 0.32 3.57 1.56
280 30.68 17.90 0.40 6.93 1.66
287 27.58 19.52 0.40 9.33 1.55
288 37.45 16.52 0.44 3.76 1.28

Hybrid-15 30.14 18.36 0.43 4.22 1.49
Mean (X) 31.96 18.09 0.35 6.63 1.65
S.E.
(Mean) ± 1.38 1.01 0.04 0.86 0.15
CV (%) 11.88 15.36 31.42 35.74 24.84

to 12.47% . No se lec tio n  h ad  low er v a lu es  o f total 
so lub le  su g a rs  th a n  th a t in  th e  control. In the p ast, 
m an y w orkers h ave reported u p to  8% so lu b le  
su gars o n  dry w eigh t b a s is  in  a lm ond k ern els  
(Kosev an d  Lichev 1974; S au ra-C alixto  et al. 1981 , 
1984; Lopez-Andreu et al. 1985). H ow ever, B ogd an  
and M olnar (1975) reported m ore th a n  10% total 
so lub le  su g a rs  in  a lm ond k ern els.

S t a r c h  : Its range exten d ed  from  0 .7 3  to 2.63% . 
S electio n s 'JK S-189', 'JK S-198', ’JK S -235 ' and 'JKS- 
2 3 8 ’ had  low er q u a n tities  o f sta rch  in  their  k ern els  
than  'H ybrid-15 ’. Previously , sta rch  w a s  con sid ered  
lack ing in  a lm on d  k ernel (W oodroof 1979). O n the  
contrary, K osev an d  Lichev (1974) fou n d  th a t starch

con ten t ranged  b etw een  3 .0 6  an d  4 .78%  in  different 
alm ond k ern els. Later on , Sau ra-C alixto  et al (1983) 
in d icated  th a t sta rch  varied  from  0 .0 7  to  0.17%  
in  fresh ly  co llected  k ern e ls  w ith  corresp on d in g  
low er v a lu e s  in  sa m p les  stored  for severa l m on th s.
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Effect of Enzymatic Pre-treatment on Dehulling of Rapeseed
B.C. SARKER* B.P.N. SINGH, Y.C. AGRAWAL AND D.K. GUPTA

D ep artm en t o f P rocess an d  Food E ngineering,
G.B. P ant U niversity of A griculture and T echnology, P an tnagar - 2 6 3  145, India.

Enzymatic pre-treatment of rapeseeds for different time intervals showed significant effect on efficiency of rapeseed 
dehulling. Samples treated with 51.23 mg enzyme/100g dry matter for a period of 12 h at 45°C showed increase 
in the dehulling fractions by 6.65 %, and reduction in the unhulled fractions by 5.53 %.
Keywords : Rapeseed, Enzymatic pre-treatment, Dehulling, Effect of pre-treatment time.

D ehulling, th e  p ro cess  o f  rem oval o f h u sk , is  
not an  essen tia l u n it operation  in  recovery of oil 
from rap eseed , a lth o u g h  it w ould  be u sefu l for 
obtaining light coloured  oil, an d  im proving th e  feed  
va lu e of th e  resu lta n t m ea l (W iegand 1978). 
D ehulling rem oves a m ajor part of th e  fibre, and  
also a group of p igm en ts, w h ich  o th erw ise p a ss  into  
the m eal, and  lower its  feeding va lu e  (N iew iadom ski
1990). The efficient d eh u llin g  p ro cess  sh o u ld  fulfil 
three con d ition s i.e ., com p lete rem oval of m eal from  
coat, protection  of m eal from  lo ss  o f oil, and  
avoidance o f d u st  form ation  during cru sh in g  
(N iew iadom ski 1990). D eh u llin g  h a s  b een  reported  
to reduce p o lyp h en o ls an d  p h ytate , thereb y  
im proving the protein  q u ality  o f pearl m illet (Pawar 
and Parlikar 1990). D eh u llin g  cou ld  be easily  
carried out in  a m o d e m  p addy d eh ullin g  m ach in e  
(Schneider 1979). U ppal et al (1984) have carried  
out stu d ies on the nutritive va lu e of low glucosinolate  
variety of rap eseed  m eal.

Effect o f enzym atic pre-treatm en t on  d eh ullin g  
of rapeseed  h a s  not y et b een  reported. M ost o f the  
literature reports are either on  direct d eh ullin g  of 
seed  (N iew iadom ski 1990; S ch n eid er 1979). It h a s  
b een  em p h asized  th a t th e b iodegradation  of gu m  
layer b etw een  th e  cotyledon , an d  th e h u sk  can  help  
to loosen in g  of th e bond , thereb y lead in g to  easy  
rem oval o f th e h u sk  (Verma et al. 1993). The  
p resen t s tu d y  w a s , th erefore, u n d er ta k en  to  
investigate the effect of enzym atic p re-treatm ent on  
rapeseed , d eh ullin g  at different tim e intervals.

R a p eseed , variety  'PT-303,' h av in g  5.74%  
m oisture (wet b asis), w a s  ob tained  from  th e Crop 
R esearch Centre of the U niversity. E nzym e so lu tio n  
for u se  in  the p re-treatm ent w a s  prepared by  
growing A s p e r g i l l u s  f u m i g a t u s  NCIM 9 0 2 , obtained  
from N ational C hem ical Laboratory, P une, on  w heat 
bran m ed iu m . Initially, 1-2 loop s o f A .  f u m i g a t u s  
cu lture w ere transferred into a con ica l flask  (500
* C o r re sp o n d in g  A u th o r

m l capacity), con ta in in g  sterilized  2 0 0  m l YPSS  
m ed iu m . It c o n s is ts  o f (g/L): so lu b le  sta rch  15, 
y ea st extract 4 , K2K P 04 1, M g S 0 4. 7H zO, 0 .5  and  
distilled  w ater 1 0 0 0  m l. (pH 7.0). T he fla sk  w a s, 
th en , in cu b ated  at 45°C on  a n  in cu b ator  sh a k er  
(120  rpm  for 3  d ays (B hatnagar 1987). A b out 50  
m l of th e  ferm ented  m ed iu m  w a s  u se d  to in o cu la te  
a b a tch  ferm enter (W orking cap a city  o f 1.5  L M odel 
F -2 0 0 0 , New B ru n sw ick  S cien tific  Co. Inc., E d ison ,
U.S.A), hav in g  1.5 litre of sterilized  w h ea t b ran  
m ed iu m  (w heat b ran  6 0  g, d istilled  w ater 1.5 L, 
pH 7.0). F erm en tation  w a s  carried ou t at 45°C  
(B hatnagar an d  Jo h ri 1987) w ith  1 W M  air su p p ly , 
and 120 rpm  agitator sp eed . The ferm en tation  w a s  
co n tin u ed  for 72  h , th e  ferm ented  m ateria l w a s  
filtered through  ch e e se  clo th , an d  th e  filtrate w a s  
centrifuged  at 1 0 ,0 0 0  rpm  at 10°C for 10 m in . The 
so lu tion , th u s  obtained , w a s  u sed  a s  cru d e enzym e  
for th e treatm ent. The protein  con ten t w a s  m easu red  
follow ing th e  m eth od  of Lowry et al (1951). T he filter  
paper activity (IU /m l) w a s  m ea su red , u s in g  th e  
m eth od  of M andels et al (1976). T he cru d e en zym e  
so lu tio n  h ad  0 .3 3 0 7  IU /m l filter p ap er activ ity, and  
3 .3 6 6  m g /m l cru d e protein  con ten t.

For each  experim ent, a  sam p le  o f 2 0 g  rap eseed  
w a s  ta k en  in  a con ica l fla sk  (125  m l capacity), and  
a ca lcu la ted  am o u n t of enzym e so lu tio n  w a s  m ixed  
to  in crease th e  m oistu re  co n ten t from  5.74%  to  
23.33%  (wet b asis), an d  to  get th e  protein  con ten t  
of 5 1 .5 3  m g / 100 g dry m atter  o f th e  sam p le . T h is  
com b in ation  w a s  fou n d  op tim u m  for m ax im u m  oil 
yield  from  pre-treated  w h ole  rap eseed  (Sarker 1993). 
The fla sk  w a s sh a k en  m an u ally , an d  equilibriated  
in  a refrigerator for 8  h . T he fla sk s  w ere th e n  kept 
on  a n  in cu b ator at 45°C  for h yd ro lysis  (B hatnagar  
an d  Joh ri 1987). In cu bation  tim e w a s  varied  from  
1 to 13 h  at a n  interval o f l h  (Sarker 1993). The  
hydrolyzed sa m p les  in  d u p lica te  w ere dried in  an  
oven at 70°C  for ab o u t 2 h  to  in activate  th e  enzym e, 
an d  a lso  to red u ce th e  m oistu re  c o n ten t  to  about 
7%.

426



427
TABLE 1. EFFECT OF CLEARANCE ON DEHULLING OF 

RAPESEED
Clearance,

mm
0.16 ± 0.02 
0.30 ± 0.02 
0.47 ± 0.02 
0.62 ± 0.02

Whole seed,
%

3.62 ± 0 .1 1  
5.82 ± 0.17  
6.36 ± 0.32 

16.38 ± 0.35

Dchulled seed,
%

63.05 ± 1.05 
64.85 ± 1.31 
67.17 ± 1.75 
58.22 ± 0.96

Other,*
%

32.58 ± 0.54 
29.25 ± 0.32 
26.43 ± 0.46  
25.02 ± 0.62

* includes hulls, fragmented hulls and immature seeds, fines
The sa m p les  (20 g each) w ere th en  d eh u sk ed  

on a rice d eh u sk in g  m a ch in e  (Model Tm, S atak e  
Engineering Co. Ltd., Tokyo, Jap an ). The c learan ce  
betw een  th e tw o rubber rolls w a s  ad ju sted  to  
0 .4 7 1 0 .0 2  m m , b a sed  on  prelim inary ob servation s  
(Table 1) for m ax im u m  d eh u llin g  o f the grain. The 
deh usk ed , an d  u n h u sk ed  fraction s w ere collected  
in  a container, an d  la ter on  sep ara ted  m anually . 
The h u sk  w as collected  in  a sep ara te  container. 
Q uantity of air fed throu gh  the conveyor for 
effective h u sk  separation  w as se t through preliminary  
trials. U ntreated sam p le  w a s  u sed  to  com pare th e  
resu lts. Average v a lu es  o f two different d eh ullin g  
fractions w ere calcu lated .

R esu lts  in d icate  th a t en zym atic pre-treatm en t  
for different tim e d u ration s h a s  sign ifican t effect 
(r2=0 .96 , n = 1 3 , p=0.01) o n  d eh u llin g  (Table 2). The 
dehulled  fraction o f u n trea ted  sam p le w a s  67.17% , 
a s against the m ax im u m  va lu e  for enzym e treated  
sam ple w a s  73.82% , thereb y in d icating  a n  in crease  
of 6 .6 5  %. The u n h u sk ed  fraction s d ecreased  from
6 .3 6  to 0.81% . H owever, th e  other fraction s (hu lls, 
fines, fragm ented h u lls , im m atu re seed s) varied
TABLE 2. EFFECT OF ENZYME TREATMENT TIME ON 

DEHULLING OF RAPESEED

from  2 5 .3 8  to  27 .78% , w ith o u t a n y  sp ecific  trend  
w ith  th e  treatm en t tim e.

Increase in  d ehulled  fractions for treated  sam ple  
h a s  b een  attr ibuted  to  th e  m ixed  activ ity  enzym e  
action  m ain ly  carbohydrase, an d  p ec tin a se  (Sosu lsk i 
et al. 1988) on  gu m  like s u b s ta n c e s  like pectin , 
ga lactoxylog lu can  p resen t in  b e tw een  th e  cotyledon , 
an d  seed  coa t (Yiu et al. 1 9 8 2 , N iew iad om sk i 1990). 
E n zym es degrade gu m m y su b s ta n c e s  in to  sim ple  
u n its , thereb y im proving h u llin g  efficien cy  (Verma 
et al. 1993). T hey h ave reported  im provem ent in  
h u llin g  efficiency in  p igeon p ea , w h en  pre-treated  
w ith  m icrobial enzym e. T reatm en t tim e h a s  sign ifi
ca n t effect (p < 0 .0 1 ) o n  in crea se  in  p ercen t d eh u ll
ing, a s  am o u n t o f d eh u lled  fraction s in crea sed  w ith  
tim e to 73.82%  at ab o u t 12h , an d  th e n  rem ained  
n early  con sta n t. The treatm en t period at w hich  
m axim u m  in crea se  in  d eh u llin g  fraction s w a s  
observed  is  in  good  agreem en t w ith  th e  op tim u m  
treatm en t tim e reported b y  S m ith  et al (1993) in  
ca se  o f soyb ean . E n zym atic p re-treatm en t a lso  
en h a n ced  th e  overall oil recovery u p to  4.20% . The  
d eh ulled  seed , an d  other fraction  con ta in ed  54.02% , 
an d  25 .32%  oil, respectively. The h igher am ou nt of 
oil in  other fraction w a s due to con tam in ation  w ith  
sm all particles of m eal, an d  germ s. T h is quantity of 
oil represented 14.26%  of th e  pre-treated seed  oil. 
Oil colour of pre-treated sam p le w a s  observed to  be  
better visually, a s  com pared to control. Free fatty acid  
value increased  from 0 .9  to 1.0 due to pre-treatm ent.
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Proximate Composition of Unconventional Leafy Vegetables 
from the Konkan Region of Maharashtra

M.Y. SHINGADE, K.N. CHAVAN* AND D.N. GUPTA
D ep artm en t o f A gricultural C hem istry  and S oil S c ien ce ,
K onkan A gricultural U niversity, D apoli - 4 1 5  7 1 2 , India.

Analysis of ten unconventional leafy vegetables found in the forest, and culturable wasteland of Konkan revealed 
that drumstick leaves, m a th , k a te m a th ,  b h a r a n g i  and k a w a la  contained comparatively higher amounts of crude proteins, 
crude fats, ash, crude fibres, and total carbohydrates. Drumstick leaves could be rated the best among all the leafy 
vegetables studied, as it also contained higher ascorbic acid, and P-carotene as well as lower oxalates. The uncoventional 
vegetables, in general, contained less oxalates, as compared to cultivated vegetables.
Keywords : Leafy vegetables, Unconventional, Konkan forest, Proximate composition.

G reen leafy v eg eta b les are, in  general, good  
sou rces of v ita m in s, an d  m in era ls  (R am dasm urthy  
and M ohanram  1984). C ertain  lea v es  con ta in  
proteins of h igh  quality, a lth ou gh  th e  tota l q u an tity  
of protein is  lim ited. (Pike an d  B row n 1970). There  
are m an y leafy veg eta b les grow ing w ild, w h ich  ca n  
be con su m ed  m ore often  in  larger q u an tities, b u t  
th ese  are u su a lly  looked  u p on  a s  poor m an 's food, 
and people from  w ell-to -d o fam ilies h es ita te  to  eat 
th ese  u n con ven tion a l vegetab les. Effect of cooling  
on the ch a n g es  in  ascorb ic  acid , an d  caroten e  
content of green  leafy veg eta b les h a s  b een  reported  
(Ranjana Sood and B h at 1974).

Som e stu d ie s  on  th e  nutritive va lu e  of su n -  
dried green leafy veg eta b les (Sehgal et al. 1975); 
L a u n a e a  C o m u t a ,  a w ild  leafy  vegetab le o f T anzania  
(N d o ss i a n d  S r e e r a m u lu  1 9 9 1 );  a n d  s o m e  
conventional, and  n on -con ven tion a l green  leafy  
vegetables (K ausalya G upta et al. 1992) are reported.

The agro-clim atic con d itio n s of the K onkan  
region are characterized  b y  hot, an d  h u m id  clim ate, 
high  ra in fa ll d u rin g  m o n so o n , a n d  frost-free  
con d itio n s (Anon 1972). T he forest, an d  th e  
culturable w a ste la n d s o f th e  region  n u rtu re certain  
sp ec ies o f green  leafy v eg eta b les  during rainy  
seaso n , w hich  are locally  ca lled  a s  p h o d s i ,  d h a n d g i ,  
k a w a l a ,  t a k a l a ,  b h a r a n g i ,  k a t e m a t h ,  s h e w g a  
(drum stick), g h o l ,  an d  oth ers. M ajority o f th ese  are 
an n u a ls , grow ing in  k h a r i f  s e a so n  only, an d  u sed  
by the poor p op u la tio n s in  their diet. Proxim ate  
com p osition s of ten  su c h  leafy veg eta b les are 
reported in  th is  com m u n ica tion .

The edible leafy m ateria l (Table 1) w a s  collected  
from the forest, an d  cu ltu rab le  w a ste la n d  n earb y  
D apoli, w hile m a t h  an d  p a l a k ,  th e  cu ltivated  sp ec ie s  
w ere obtained  from  th e  exp erim enta l farm  of th e
* C o rre sp o n d in g  A u th o r

U niversity. T ender lea ves, an d  ed ib le s te m s  of th e  
veg eta b les w ere w a sh ed  u n d er  ru n n in g  tap  w ater, 
rin sed  w ith  d istilled  w ater, b loated , dried at 5 0  to  
60°C , an d  ground  to  6 0  m e sh  in  a W aring b len d er  
(Braun AG, Frankfurt. G erm any). T he 6 0  m esh  
pow der w a s  u se d  for ch em ica l an a lysis .

M oisture, cru d e fibre, an d  a sh  w ere estim ated  
a s  per stan d ard  m eth o d s  (NIN 1983), an d  exp ressed  
on  fresh  w eight b a s is . The cru d e fat w a s  estim ated  
b y extraction  p rocess o f R andall (1974), u s in g  Ra- 
fa -tech  extractor (Tecator Inc., Colorado, USA); 
w h ile cru d e p ro te in s w ere ca lcu la ted  from  th e  
n itrogen  co n ten t b y  K jeldahl m eth o d  u s in g  factor
6 .2 5  (AOAC 1965), an d  th e  carb oh yd rate con ten t  
b y  difference. A scorbic ac id  in  th e  oxalic acid  
extract w a s  estim ated  b y  u s in g  2 ,6 -d ich loro p h en o l 
in d op h en ol dye (AOAC 1955), w h ile  p-carotene w a s  
separated  by co lu m n  chrom atography u sin g  acetone- 
h exa n e  (3:7) m ixtu re, an d  estim a ted  colorim etrically  
(AOAC 1970). O xalic acid  w a s  determ in ed  by  
titrim etric m eth od  (AOAC 1980).

M o is t u r e  : T he m oistu re  co n ten t o f th e  leafy  
veg eta b les ranged  b etw een  7 6 .4  an d  91.9% , the  
h ig h est b ein g  in  p h o d s i  (91.9% ). K a t e m a t h ,  k a w a l a  
an d  b h a r a n g i  sh ow ed  com p aratively  low  m oistu re  
con ten t. T he lo w est m o istu re  co n ten t o f 76 .4%  w a s  
observed  in  d ru m stick  leaves. In gen era l, th e  leafy  
v eg eta b les con ta in in g  m ore m oistu re  w ere tender, 
su ccu len t  in  n atu re, w h ile  th o se  con ta in in g  le s s  
m oistu re  w ere o f w ood y texture.

C r u d e  p r o t e i n s  : The m ax im u m  cru d e p rotein s  
w ere observed  in  d ru m stick  lea v es  (7.0%), w hile  
d h a n d g i  (1.8%), an d  p h o d s i  (1.3%) con ta in ed  th e  
low est am ou nt. T he o th ers w ere in term ed iate  in  
their  protein  co n ten ts . S im ilar v a lu e s  h ave b een  
reported for d ru m stick , k a n g k o n g  an d  t a k a l a  leaves  
(Anon 1951; A m b egaon k ar et al. 1964).
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TABLE 1. PROXIMATE COMPOSITION OF LEAFY VEGETABLES (fresh weight basis)

Common Botanical ñame Moisture, Crude Crude Ash, Crude Total carbo Ascorbic ß-carotene, Oxalic acid,
name % proteins,

%
fat,
%

% fibre,
%

hydrates,
%

acid, 
m g /lOOg

pg/100 g m g/100g

M a th A m a r a n th u s  tricolor 85.1 5.3 0.8 3.4 1.8 3.7 117.7 5641.0 873.6
Spinach S p in a c e a  o le r á c e a 90.7 3.1 0.2 2.3 0.7 3.0 88.4 3143.3 586.2
K a te m a th A m a r a n th u s  s p in o s u s 82.3 4.9 0.4 2.9 1.7 7.8 137.8 7764.8 1161.4
Drumstick M o rin g a  o le fe r a 76.4 7.0 0.9 2.1 2.2 11.5 229.9 5080.3 92.5
T a k a la C a s s ia  to ra 85.3 3.3 0.4 2.5 1.7 6.8 178.8 1873.0 619.4
G hol P o r tu la c a  o le r á c e a 89.7 2.3 0.3 1.8 1.6 4.4 59.8 3082.9 521.8
B h a ra n g i C le ro d e n d r o n  s e r r a tu m 81.6 3.9 0.2 1.9 2.4 10.0' 45.1 1307.3 258.0
Cowpea V ig n a  u n g u ic u la ta 88.5 3.8 0.3 1.0 2.1 4.3 59.8 5652.1 26.6
K a w a la S m i th ia  s e n s i t i v a 81.4 5.6 0.7 1.1 2.4 8.9 93.3 1479.4 46.8
P h o d s i C h lo r o p h y tu m  tu b e r o s u m 91.9 1.3 0.3 1.3 1.0 4.2 71.0 1000.3 16.9
Kangkong Ip o m e a  a q u a t ic a 90.3 3.2 0.3 1.3 1.4 3.5 48.8 1989.7 29.0
D lu m d g i T r ic h o le p is  a m p e lx ic a u l is 91.6 1.8 0.3 1.2 1.5 3.8 70.6 828.0 30.7

C r u d e  f a t s  : All th e  leafy veg eta b es w ere found  
to be the poor so u rces  o f fat, w h ich  ranged  b etw een  
0 .2  and 0.9%  (Table 1). The m ax im u m  cru d e fat 
w as observed in  d ru m stick  leaves (0.9%), m a t h  
(0.8%) and a w a l a  (0.7%), w hile th e  rest o f  the  
vegetab les con ta in ed  le s s  th a n  0.4%  cru d e fats.

C r u d e  f i b r e s  : The leafy v eg eta b les w ere found  
to vary in  their cru d e fibre co n ten ts . B h a n a n g i  
(2.4%), k a w a l a  (2.4%), d ru m stick  lea ves (2.2%), 
and cow pea leaves (2.1%) recorded  h igh  fibres, 
w hile sp in ach  (0.7%), an d  p h o d s i  (10%) w ere low  
in crude fibres. The sp ec ie s  w ith  m ore su ccu len t  
growth, w ere found to  h ave le s s  fibres th a n  w oody  
perennials. Sim ilar resu lts  w ere reported b y  G opalan  
and B alasu b ram an ian  (1980) in  ca se  o f g h o l  and  
cow pea leaves.

A s h  : A sh  co n ten ts  o f all th e  v eg eta b les were 
high. The unconventional sou rces of leafy vegetab les, 
nam ely k a t e m a t h ,  t a k a l a  an d  d r u m s t i c k  leaves  
contained appreciable am ou n ts o f ash , in  com parison  
to the cu ltivated  sp ec ie s  su c h  a s  sp in ach , and  
m a th .  In general, the m ineral m atter ranged b etw een
1.0 and 3.4% .

C a r b o h y d r a t e s  : T he u n co n v en tio n a l leafy  
vegetab les con ta in ed  m ore carb oh yd rates th a n  th e  
conventional sou rces. D ru m stick  lea v es  (11.5% ), 
b h a r a n g i  (10.0% ), k a w a l a  (8.9%), k a t e m a t h  (7.8%), 
and t a k a l a  (7.8%) w ere su p erior  in  carbohydrate  
con ten ts, a s  com pared  to rest o f th e  veg eta b les  
stud ied . It h a s  b een  reported th a t d ru m stick  leaves  
contain  13.4%  carb oh yd rates (Anon 1951).

V i t a m i n s  : A scorbic acid  w a s fou n d  in  th e  
range o f 45 .1  to 2 2 9 .9  m g / 100 g in  th e  veg eta b les  
stu d ied . The h ig h est co n ten t o f ascorb ic acid  w a s  
in  d ru m stick  leaves, follow ed b y  t a k a l a ,  k a t e m a t h  
and m a th .  K a w a la ,  sp in ach , p h o d s i ,  d h a n d g i  cow pea  
leaves, and  g h o l  w ere in term ed iates, w h ile  low  
va lu es of ascorb ic acid  w ere observed  in  k a n g k o n g

an d  b h a r a n g i  fycarotene w a s  m ax im u m  in  k a t e m a t h  
(7 7 6 4 .8  pg/lO O g), follow ed b y  cow p ea lea v es , m a t h  
an d  d ru m stick  leaves. D h a n d g i  h ad  on ly  8 2 8 .0  pg 
P-carotene per 100  g fresh  w eight.

A n t i - n u t r i t i o n a l  f a c t o r s  : O xalic acid  in  the  
vegetab les is  considered  a s  on e o f the anti-nutritional 
factors in  h u m a n  d iet (S ingh  an d  S a x en a  1972). 
The lo w est am o u n t o f oxalic  acid  (1 6 .9  m g /  lOOg) 
w a s found  in  p h o d s i  K a t e m a t h  an d  m a t h  sh ow ed  
appreciably h igh  am o u n ts o f oxalates. The u n co n v en 
tional leafy vegetab les n am ely  p h o d s i  cow p ea leaves, 
k a n g k o n g ,  d h a n d g i  k a w a l a  an d  d ru m stick  lea ves, 
in  general, con ta in ed  low er a m o u n ts  o f oxalic  acid , 
thereb y in d icating  good p alatab ility , an d  sa fe  u se  
of th ese  v eg eta b les in  h u m a n  diet.
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' T h e  F o o d  I n d u s t r i e s  o f  B r i t i s h  I n d i a "  B y  K.T. 
Achaya, Published by Neil O'Brien Oxford 
University Press, YMCA Library Building, 
Jaisingh Road, New D elhi-110 001, 1994, 
pp 316, Price R s.45 0 /-  
It w a s  a p lea sa n t op p ortu n ity  to review  the  

book entitled  'T he F ood In d u str ies  o f B ritish  India" 
b y Dr. K.T. A ch aya . Tw o th in g s  s tr u c k  m e  
sim u ltan eou sly , on e th e  k ey  w ord Food Industry 
and the other key word Dr. Achaya. T h ese  are 
com plem entary w ords, an d  th e  trad ition  of Dr. K.T. 
Achaya, and h is  b o o k s h ave go n e a very long w ay  
in  e s ta b lish in g  w ith  th e  p u b lish e r s  for h is  
m eticu lou s, detailed , to th e  p oint a s  w ell a s  th e  
critical eva lu ation  o f m an y  a sp e c ts  o f su c h  b oo k s  
w ell d ocu m en ted . In th is  particu lar book, through  
the Oxford U niversity P ress  printed  during 1994 , 
the su b jects  covered b y  Dr. A ch aya in  th e  area of 
’T h e Food In d u stries o f  B ritish  India" are sa lt, 
su g a rca n e , b evera ges, d airy  p ro d u cts , an im al 
products, coffee an d  tea  p rod u cts, an d  vegetab le  
oils along with the p rod u cts o f b a k e iy , confectionery, 
packaging, an d  factors for in d u str ia l grow th. A lso, 
h is favourite top ics, if  I m ay  sa y  so , w h ich  are 
vegetable oils, an d  v a n a sp a th i is  dealt w ith  a h igh  
degree of professionality . E ach  ch ap ter  o n  th e  above  
su b jects op en s u p  w ith  a h istory  o f th e  product 
profile, the so u rces , an d  th e  develop m en t o f su ch  
an  industry during B ritish  period in  different p arts  
of th e country. T he b y-p rod u ct recovered a s  w ell 
as the production , and export o f th is  product w ith  
an u ltim ate a n a ly sis  o f th e  fu tu re tren d s in  th is  
area. T h ese have b een  very w ell w ritten  w ith  
sta tistic s  of prod u ction  in  th e  la tter B ritish  India 
upto 1 9 4 7 -1 9 4 8 . The entire em p h a sis  o f  th e  book  
lie s  in  im portant references in  va rio u s su b ject areas  
on w hich  a reader ca n  lay  h a n d s , if  h e w a n ts  
further details. My feeling is  after go in g  through  
th is  b ook  w h ich  its e lf  is  a  co m p en d iu m  o f  
inform ation on  th e  variou s references, there is  very  
little need  for som eb od y to  go  throu gh  th e  original 
references for facts, an d  figures, u n le s s  he w a n ts  
to have the p lea su re  o f op en in g  up  an  old reference, 
and enjoy reading th e original. O f particular m en tion  
sh ou ld  be, th e  figu res w h ich  are fu rn ish ed , giving  
the kind of so p h istica tio n  th a t ex isted  even  during  
19 2 0 s and 1 9 3 0 s  is  w orthy o f d ocu m en ta tion . I am  
sim ply am azed  ab ou t the F igure 7 .1  w h ich  is  a 
Power D riven D ecorticator for gro u n d n u ts  w hich  
w a s w idely u sed  in  1 9 3 0 s. The m o st recent 
decorticators o f  cou rse , are h ighly  p recision  m ade,

e lectron ically  driven, b u t  fa sc in a tin g  en o u g h , th e  
princip le rem ain s th e  sam e. T he oth er strik ing  
feature o f th e  b ook  is  th a t so m e o f th e  ad vertisem ent  
clip p in gs from  th e  C a lcu tta  G azette regard ing th e  
p ro d u cts  esp ec ia lly  o f  th e  b ev era g es  lo o k  so  
inform ative, and  r a ise s  th e  va lu e  o f  th e  b o o k  to  
su c h  a n  exten t, d em an d in g  it to  b e  p reserved  a s  
a d ocu m en t.

Overall, if on e read s a  b ook  carefu lly , the  
follow ing a sp e c ts  w ill b ecom e very clear. (1) th e  
ex isten ce  o f advanced  food in d u str ie s  in  th e  B ritish  
India, rath er th e  a d v an cem en t o f tech n o log y  even  
at th a t sta ge  w a s  su ffic ien t en o u g h  to  give th e  fillip  
to Food Industry a h igh  level tech n o lo g y  at th a t  
tim e a lso  (2) th e sk illed  lab ou r th a t w a s  availab le  
at th a t tim e to  ru n  th e se  in d u str ie s  n e e d s  a sp ec ia l 
m en tion . (3) th e  lead ersh ip  th a t w a s  availab le at 
th a t tim e, for exam p le w ith  p erso n n el like D in sh aw ji 
C ooveiji Pandole, w h o  fo u n d ed  D u k e a n d  S o n s  in  
1889  in  B om bay to  b ottle  so d a -lem o n  an d  a h o st  
of oth ers w h o  led  th e  in d u stry  to  a  s u c c e s s  (4) th e  
linkage th a t w a s  estab lish ed  b etw een  Food Industries  
of B ritish  India, an d  th e  Food In d u str ies  in  th e  
current scen ario  ca n  w ell b e  seen . (5) L astly  b u t  
n ot lea stly , th e  im p ortan ce o f A gro-b ased  Food  
In d u str ies in  India h a s  a lo n g  h istory , an d  therefore  
h a s  th e  ad van tage o f experien ce w ith  ou r raw  
m ateria ls. Looking in to  oth er a n g les, th e  ad van tage  
of the Food In d u str ies over a lon g  period  in  th e  
cou n try  hav in g  d a ta b a se , m o d e m  ga d g ets , sk illed  
an d  exp erien ced  labour, d yn am ic lea d ers, and  
ca p ta in s  of in d u str ie s  an d  th e  en cou ra g in g  p olicy  
from  th e  G overnm ent to  In d u stry  in  th e  p re
in d ep en d en t India h ave all h e lp ed  tod ay 's grow th  
of th e  industry . I am  su re  to  a large ex ten t th e  
credit to  th is  s u c c e s s  lie s  w ith  th o se  in d u str ia lis ts  
from  th e  country, w h o p ioneered  an d  in  sp ite  of 
lack  o f sop h istica ted  tech n o logy  d u rin g th o se  d ays, 
w ere still able to  carve a n ich e  globally , even  at 
th a t tim e. T h is is  very c lear from  th is  b ook , if  one  
rea d s it very  carefu lly . T h e b o o k  p riced  at 
Rs. 4 5 0 / - ,  w ill b e a va lu ab le  ad d ition  to  p erso n n el 
or p rofession a l libraries, s in ce  ea ch  o f its  p age is  
loaded  w ith  inform ation  o f h igh  v a lu e , an d  th e  
exp ertise  o f Dr. A ch aya in  ex p ress in g  th e  fa c ts  in  
th e  m o st sim p le  la n gu ag e, su c h  th a t even  a stu d en t  
ca n  grasp  w h at h e h a s  con veyed  th rou gh  th is  book. 
The b ook  is  very w ell w ritten , an d  w ill b e  a n  a sse t  
to an y organization.

V . P R A K A S H
C E N T R A L  F O O D  T E C H N O L O G IC A L  R E S E A R C H  IN ST IT U T E

M Y S O R E  - 5 7 0  0 1 3
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A  P r a c t i c a l  A p p r o a c h  t o  C h i r a l  S e p a r a t i o n s  B y

L i q u i d  C h r o m a t o g r a p h y  : Edited by G.
Subramanian, Published by VCH Publishers
Inc, New York, pp 405, 1994, Price DM 178
Today, chiral chrom atography h a s  a ssu m ed  

great im portance not on ly b eca u se  o f the current 
scientific in terest, b u t a lso  b y  the in creasin g  
pressure of regu latory au th orities a g a in st the  
m arketing o f recem ic m ixtu res, particularly b y  the  
ph arm aceutica l in d u stry . W ith th e  im p en d in g  
regulation in  E uropean, and North A m erican  region  
on production, an d  u se  of ch iral drugs, th e need  
to m onitor production , report isom eric com p osition  
of products, and  vigilance stu d y  of d ru gs have given  
trem endous im p etu s to th e  developm ent, and  
application o f th is  sep aration  tech n iq u e in  th e p ast 
decade or so. The other in d u str ies  w hich  require 
en an tiosep aration s are agro-chem ical, food & drink, 
and petro-chem ical in d u str ies. Here, the typical 
exam ple of A spartam e, artificial sw eeten er, m ay be  
cited, while R, R- isom er h a s  sw eet ta ste , and  the  
S, R- isom er is bitter. The ch em ica l production  of 
flavours, and fragrances is  h ighly d ep en den t on  
enantioseparation  for the correct property.

T his book  is  aim ed to provide a practical 
a p p r o a c h  to  c h ir a l  s e p a r a t io n  b y  liq u id  
chrom atography w ith ou t su b jectin g  th e  reader to  
extensive am o u n ts o f theory, alth ough  it d oes give 
sufficient theoretical background  to form  the b a s is  
for the developm ent of n ew  tech n iq u es. A team  of 
experts from academ ic, and  in d u stria l laboratories  
throughout the world have com piled  their findings, 
and experience in  th is  book, so  th a t it allow s a  
choice of m ethodology from  the w hole sp ectra  of 
currently available tech n iq u es. The au th ors have  
strived to cover th e  literature exh au stively  upto the  
beginning of 1994 , so  th a t the current s ta tu s  of 
the subject is  reported for the benefit of research ers, 
an alysts, and  in d u stria l ch em ists  in  th e field.

This book  h a s  12 ch ap ters, and  ch ap ter 1 is  
an introduction  to en an tiosep aration  b y  liquid  
chrom atography. It g ives an  overview o f the variou s  
chiral station ary p h a se s , and  chiral m obile p h ase  
additives applicable in  chiral chrom atography, along  
with the fun d am en tal princip les o f chirality. The  
current s ta tu s  of chiral chrom atography in  variou s  
industry is  a lso  w ell described .

Chapter 2 g ives an  idea o f m odelling, and  
enantiodifferentiation in  chiral chrom atography. It 
describes w hat is  m olecu lar m od ellin g and how  to  
u se  it. The various com p u tation al too ls  are w ell 
ex p la in ed . A d e ta ile d  a c c o u n t  o f m o d e llin g

en an tioselective  b in d in g  in  chrom atography, that 
illu stra tes the pow er of m olecu lar m odelling, and  
its  vu lnerability , is  a lso  given.

C hapter 3  d eals w ith  the regulatory im plications  
of ch iral sep aration s. The au th or exp la in s the  
princip les o f licen sin g  o f m ed ic in a l p rod u cts, and  
also  em p h asizes on  the n ecess ity  o f sep ara tion  of 
racem ic drug m ixtu res.

The developm ent of variou s ch iral station ary  
p h a ses , and  application  in  the sep aration  o f racem ic  
m ixtu res, b oth  for analytica l, an d  preparative sca le , 
are d iscu ssed  in  ch ap ters 4 -1 0 . C hapter 4  sh ow s  
en an tiom er sep aration  u s in g  ta ilor-m ade p h a se s  by  
m o le c u la r  im p rin tin g . P r in c ip le  o f  m o le c u la r  
im p r in t in g , i t s  h is to r ic a l  d e v e lo p m e n t , a n d  
preparation m eth o d s, and  ap p lication s o f  variou s  
chiral station ary p h a se s  are lu cid ly  explained . The 
applications of cyclodextrin -bonded  ch iral sta tio n a iy  
p h a se s  are d escrib ed  in  ch a p ter  5 , w h erea s  
p olysacch arid e p h a se s  are dealt w ith  in  ch ap ter 6. 
V arious protein -b ased  ch iral p h a se s  are d iscu ssed  
at length  in  ch ap ter 7. C hapter 8  g ives a good  idea  
a b o u t  o p t ic a lly  a c t iv e  p o ly a c r y la m id e /s i l ic a  
c o m p o s ite s , an d  rela ted  p a c k in g s , an d  th eir  
a p p l i c a t io n s  in  c h r o m a to g r a p h y . I o n -p a ir  
chrom atography in  en an tio sep a ration  is  d iscu ssed  
in  ch a p ter  9 . In ch a p ter  10, sep a ra tio n  of  
enantiom eric com p o u n d s b y  ch iral se lec to rs  in  the  
m obile or so lven t p h ase  is  detailed .

T h e ro le  o f  c h ir a l c h r o m a to g r a p h y  in  
ph arm aceutica l an d  b ioan alytica l ap p lication s are 
revised in  ch ap ters 11 an d  12, respectively.

T h u s, both  analytica l, an d  p rep arative-sca le  
e n a n tio se p a r a tio n s  b y  liq u id  ch ro m a to g ra p h ic  
tech n iq u es  are covered in  a dow n-to-earth  practical 
way. The theory o f ch ira l sep a ra tio n s is  dealt w ith  
in  su ff ic ie n t  d e ta il to  g u id e  th e  p r a c t is in g  
chrom atographer in terested  in  d evelop in g  n ew  
tech n iq u es. P u blication  of th is  b ook  is  tim ely , and  
of im m en se  va lu e  to  th e  grow th o f th is  field.

K .N . G U R U D A T T
C EN TR A L  F O O D  TEC H N O LO G ICA L R E S E A R C H  IN ST IT U T E ,

M Y SO R E  - 5 7 0  0 1 3

P l a n t s  i n  N u t r i t i o n  : (77 World Review of 
Nutrition and D ietetics) Edited by A.P. 
Simopoulos. Publisher - Karger S, Basel AG, 
Allschwilerstrasse 10, P.O. Box. Postfach, 
CH-4009, B asel, Sw itzerland, 1995, P 
XTV+198 Price DM 237 or $ 158.50.
A  c u rso iy  g lan ce  a t th e  to p ic s  d isc u sse d  in  th is
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book w ould  sh ow  th a t th e  editor h a s  m ad e a  
sincere, and system a tic  en d eavou r to  d is c u s s  th e  
p lan ts th a t can  enrich diet. However, th ese  p la n ts  
are not com m on ly  grow n, co n su m ed , an d  know n. 
The contributors of each  paper of th e  b ook  have  
highlighted th e  agro-clim atic con d itio n s favourable  
for the cu ltivation  o f th e se  p la n ts  along w ith  their  
nutritional, and  p h arm aceu tica l u se s . In 155 p ag es  
of th is  book, eight p ap ers w ritten  b y  different 
au th ors are included .

The first paper on  M icro-algae a s  sou rce  o f w 3 
fatty acid s b y  C ohen  et al e lu c id a tes th e  role of 
w3 fatty acid s (EAP & DHP), a s  a prophylactic for 
coronary heart d isea ses , artery d isea ses , throm bosis, 
hypertension , can cer  o f th e  colon , etc. For m eetin g  
the in creasin g d em an d  o f w 3 fatty ac id s, th e  au th ors  
have su gg ested  the exp loitation  o f m icro-a lgae, a s  
an  a ltern a tiv e  so u rce . B e s id e s  exp lorin g  th e  
production p oten tia l of oil by th ese  m icro-a lgae, th e  
au th ors have a lso  su g g ested  th e  fu tu re direction  
of research  in  area su ch  a s  th e  stra in s  o f m icro
algae, w hich ca n  sy n th esize  in creased  a m o u n ts  of 
w3 fatty acid s, w ith  le s s  co st  of production .

To h elp  fight protein  and |i caroten e  
m alnutrition  in  d evelop ing cou n tr ies , th e  au th ors  
of the 2n d  paper h ave h ighlighted  n ew  d im en sion  
of production  techn ology  throu gh  in crea sed  large  
sca le  production  of S p i r u l i n a  a lgae, w h ich  is  rich  
in th ese  n u trien ts. T hey a lso  have exh ib ited  its  
sim ple cu ltivation  techn ology , and its  favourable  
effect on  h u m a n  body. L im itations o f its  u s e s  in  
areas, w here people are n ot accu sto m ed  to its  m ild  
m arine b ou q u et a s  w ell a s  w ith  its  co lou r are a lso  
d iscu ssed .

The paper b y  S im o p o u los et al on  th e  u se  of 
P urslane in  h u m a n  nutrition , and its  p oten tia l for 
world agriculture g ives co n c ise , an d  additional 
inform ations esp ecia lly  for its  u se  a s  a m ed icin e  
for treating G.I tract d isorders and sk in  in fection  
a s well a s  con sid erin g  it a s  card iac ton ic, and  
diuretic drug. G ood n u trition al va lu e  o f th is  p lant 
h a s been  em phasized , b eca u se  it co n ta in s  prom ising  
q uantities of LNA, v itam in  E, v itam in  C, fl-carotene, 
pectin  and g lu ta th ion e. T hey a lso  h ave su gg ested  
the future d irection for co n d u ctin g  research  on  its  
extract to be recom m ended  a s  a m ale  contraceptive.

The fourth paper o n  sw eet lu p in s  in  h u m a n  
nutrition  b y  U au y et al h a s  h ighlighted  the facts  
that in  com p arison  to  soy b ean , th e gra in s o f lu p in s  
are a b u n d an t in  p rote in s. The au th ors h ave  
su gg ested  that th e  u se  o f its  defatted  flour and

iso late  w ith  cerea l p rep aration s c a n  prove to be  
b etter  th a n  th a t o f soyb ean . To m ak e it popular, 
th ey  a lso  h ave advocated  d evelop m en t o f n ew  
p rod u cts, w h ich  w ou ld  be accep tab le  to  co n su m ers.

In th e  p ap er on  B arley F ood s, an d  their  
in flu en ce on  ch o lestero l m etab o lism  th e  au th o rs  
have con vin cin gly  argued  ab ou t th e  p o ten tia l u se  
of g lu ca n s  in  th e  low ering o f b lood  ch o lestero l level. 
T hçy have em p h asized  on  the greater u s e  o f barley  
an d  its  p rod u cts a s  w ell a s  the n eed  to  in crea se  
the popularity of its  p rod u cts am on g th e  co n su m ers.

The p ap er on  Nopal ep itom izes it s  m ed icin a l, 
and n u trition al v a lu es. N opal, a su c c u le n t  c a c tu s  
p lant, rich in  Ca, Mg, K, is  p op u lar for treatin g  
ga stritis, p eptic u lcer  and fa tigu e a lon g  w ith  h igh  
seru m  ch olestero l an d  su g a r  lev e ls  in  M exican  
people. In sp ite  o f its  great u s e s  and d em a n d s in  
M exico, the a u th o rs  are ab le to get on ly  a m eagre  
record for its  production . T h ey a lso  h av e  a sserted  
th a t there is  a  w ide gap  in  th e  kn ow led ge ab out 
th e  effect, and  m ech a n ism  o f actio n  o f N opal.

The la st paper on  H ow th om  (S h a n  Z h a )  b y  
C heu et al h a s  am on g oth er th in g s , d escr ib ed  th e  
effect of its  drink preparation  in  low ering b lood  
lip id s in  h u m a n s and rats. T he a u th o rs  h ave  
em p h a sised  th a t th is  w ild fruit b earing  trees  grow  
in  C hina an d  its  fru its are u se d  a s  food and  
m ed icin e, esp ecia lly  for th e  treatm en t o f heart  
d ise a se s  and obesity . The a u th o rs  h av e  ob served  
lim ita tion s of th e  research  o n  H o w th o m , b e c a u se  
in  traditional m ed icin e, th e  w h ole s e e d s  h av e  b een  
u sed  w h erea s m o d e m  p h arm acap eia  is  b a se d  o n  
iso la tion  o f active p rin cip les from  th e  p lan t, a s  its  
fruits or seed s.

The ed itor h a s  d on e a com m en d ab le  w ork  in  
com piling th is  b ook  after p u ttin g  u p  a lo t o f efforts 
in  co llection s, an d  p rep aration s. T h is  b oo k  c o n ta in s  
va lu ab le  in form ation , an d  h istor ica l b ack grou n d . 
C oloured illu stra tion s for p recise  id en tifica tion  of 
each  p lant w ould  h ave added  to  th e  u tility , b e c a u se  
m o st of th e  p la n ts  are not k n ow n  com m only. 
S ubject in d ex  cou ld  b e  in crea sed  esp ec ia lly  in  
relation  to  n u trition al, an d  p h arm aceu tica l a sp ec ts . 
Index for sc ie n tis ts , w h o se  n a m es  w ere m en tion ed  
in  each  paper cou ld  h ave b e e n  ad d ed  to in crea se  
the va lu e or contributions o f each  sc ien tist. E xcellent  
quality o f p ap ers for printing, an d  b in d in g  h ave  
b een  u se d  to  add to th e  va lu e  o f th is  book.

N u t r i t io n i s t s ,  fo o d  t e c h n o l o g i s t s ,  a n d  
agricu ltural s c ie n tis ts  w ou ld  b e  b en efitted  b y  th e  
inform ation p resen ted  in  th is  b ook  for th eir  research
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work. T his b ook  w ou ld  a lso  b e  h igh ly  u sefu l, a s  
a reference m aterial.

G . K . K O C H A R  
H P  K R IS H I V IS IiW A  VIDYALAYA  

PA LA M PU R  - 1 7 6  0 6 2

Control of Fish Quality : Edited by J .J . Connell, 
Published by Fishing News Books, A Division  
of Blackwell Scientific Publications, 238  
Main Street, Cambridge, MA 02142, USA, 
1995, pp. 245, Price : £  25 .00
T his is  a u n iq u e p u b lica tion  w ritten  b y  Prof. 

J .J . C onnell, form er D irector o f Torry R esearch  
Station , A berdeen, S cotland . The b ook  is  organized  
into 10 ch ap ters, dea lin g  w ith  a lm ost all a sp ec ts  
of quality o f fish  su c h  a s  in trin sic , and  extrin sic  
factors, affecting fish  quality, p a th o g en s prevalent 
in  fish , and m ea su res  to  control th em , official 
m ethod s o f a n a ly sis  to  m ea su re  p h ysica l, and  
chem ical ch a n g es, occurring during storage o f fish  
products, several m eth o d s o f p reservation  in clu d in g  
chilling, freezing, drying, sa ltin g , sm ok in g  etc. In 
addition, the b ook  a lso  co n ta in s  n ationa l, and  
international co d es  o f practice to  m ain ta in  h igh  
quality sta n d a rd s for fish  p rod u cts.

C hapter 1 d ea ls  w ith  term inology u se d  in  
quality d eterm in ation  o f fish , In trinsic quality  
ch aracteristics are d eta iled  in  ch ap ter 2. Intrinsic  
qualities in clud e sp ec ies , s ize , sex , con d ition , and  
com position  of fish . All th e se  ch ara cter istics  p lay  
significant roles in  d ecid in g  th e  quality  of fish . F ish  
a lso  n a tu r a lly  h a r b o u r  p a r a s ite s ,  p ro to zo a , 
p latyhelm inths, n em a to d es , C rustacea, fun g i and  
bacteria. The con tam in a tion  d ep en d s u p o n  the  
locality a s w ell a s  sp e c ie s  o f fish . S om e sp ec ie s  of 
fish  are n atu ra lly  toxic, an d  o th ers m ay  b e  
contam inated  w ith  p o llu ta n ts  su c h  a s  m eta ls , 
elem en ts, organic ch em ica ls , radioactive iso to p es, 
and m icroorgan ism s from  sew age. T his in form ation  
is u sefu l for fish  p ro cess in g  in d u str ies , w h ich  ca n  
take proper s te p s  to avoid  p rocessin g  of su ch  
contam inated  fish .

C hapters 3  an d  4  incorporate th e  in form aiton  
on the extrinsic q u ality  of fish  viz., D eterioration  
(1) c a u se s  and effects (2) practica l m ea su res  of  
preventing deterioration , an d  factors in flu en cin g  
the rate of deterioration. The au th or h a s  excellen tly  
dealt w ith th is  su b ject w ith  m an y  sim plified  flow  
charts for h an d lin g  o f fish  on  board, pictorial 
p resentation  o f attractive packaging, w h ich  h e lp s  
in  augm enting sa le s  o f the p rod u cts, filleting and  
chilling, optim um  con d itio n s of freezing m eth od  of 
prepared fish , can n in g  an d  h ea t p rocessin g  of fish .

T h is ch ap ter w ill certa in ly  h elp  food tech n o lo g ists  
to follow good m an u factu rin g  p ractices for obtain ing  
b etter  quality  p rod u cts. A  few  ta b le s  o n  storage life 
of different varieties o f  fish  at different tem p eratu res  
in c lu d ed  in  th is  ch ap ter w ill b e  o f m u ch  h elp  to 
th e  s tu d e n ts  o f food tech n o logy . Several m eth o d s  
of p reservation  su c h  a s  sa ltin g , d iy in g , can n in g , 
bottling, sm ok in g , freezing, ch illin g  etc. g iven  in  
detail w ill help  th e  read ers to  get a n  in -depth  
know ledge in  th e  field  o f fish  p rocessin g . V arious  
d efects observed  in  im proper ch illin g , freezing, 
sm ok in g  etc. w ill w arn  th e  fish in g  in d u stry  to tak e  
proper n ote  of p reservation .

S afety  a sp e c ts  o f  co n su m p tio n  o f f ish  are dealt 
w ith  in  ch ap ter  5. In cid en ce o f  r isk s  o f  d ise a se s  
from  co n su m in g  different p rod u cts v iz ., raw  fish , 
sem i-p reserved , and ferm ented  fish  are p resen ted  
in  a tab u lar  form. In cid en ces, an d  severity  of r isk s  
from  d ifferen t s o u r c e s  s u c h  a s , p a th o g e n ic  
organ ism s, p ara sites , ch em ica ls , scom b ro to x in  and  
n atu rally  toxic fish  are a lso  com p iled  in  a tab u lar  
form  to facilitate readers to  u n d er sta n d  th e  su b ject.

C h a p ter  6  e n c o m p a s s e s  e x h a u st iv e ly  th e  
m icrobiology o f fish  p rod u cts. T he au th or  h a s  
p resen ted  in  great detail ab ou t th e  prevalent 
p ath o g en s viz., A e r o m o n a s ,  L i s t e r i a  m o n o c y t o g e n e s , 
C l o s t r i d iu m  b o tu l in u m ,  V ib r io  c h o le r a  an d  V ib r io  
p a r a h a e m o l y t i c u s  in  fish  p rod u cts. H ow ever, no  
m en tion  is  m ad e o f oth er im p ortan t p a th ogen s  
norm ally reported in  sh r im p s i.e .. S a l m o n e l l a  and  
B a c i l l u s  c e r e u s .  T h is in form ation  w o u ld  h ave m ade  
th is  top ic com plete.

In the la tter part of th is  ch ap ter o n  m icrobiology  
of fish , controlling m eth o d s  su c h  a s  p erson al 
h ygien e, d isin fection , w ater quality , eq u ip m en ts etc. 
are d escrib ed  in  order to ob ta in  fish  p rod u cts of 
h ygien ic quality.

Several ad d itives an d  p reserva tives ca n  also  
keep  the fish  for lon ger tim e. H ow ever, em p h a sis  
is  laid  on  proper p ack agin g  an d  lab elling  p ractices. 
A n exce llen t exam ple o f good  q u ality  lab elling  is  
depicted  in  th e  book, w h ich  w ill b e  o f great help  
to traders a s  w ell a s  co n su m ers.

C hapter 7 is  devoted  to m eth o d s  for a s se s s in g  
th e  quality  o f fish  p rod u cts during storage. The  
m eth o d s in clu d e s e n s o iy  eva lu a tio n  b y  s ig h t, to u ch , 
od our an d  flavour. G rading o f fr e sh n e ss  b a sed  on  
sk in , ou ter  slim e, eyes, g ills , p er iton eu m , and  
in tern al od our is  tab u lated , th u s , facilita tin g  ta ste  
p a n e lis ts  to  u n d erstan d  h ow  to  score  th e  sam p le  
correctly.

A m ong laboratory m eth o d s, p h ysica l m eth o d s  
involving direct m ea su rem en t o f fat co n ten t o f  fish .
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and Torrim eter to  m easu re  degree o f fr e sh n e ss  of 
f ish e iy  p rod u cts in  ch illed  con d ition  are quite  
u sefu l for w h o lesa le  d ealers for rapid d isp osa l of 
fish , if it is  o f  d oubtfu l quality.

B ioch em ica l m eth o d s d escrib ed  in clu d e Total 
Volatile B a ses  (TVB), h yp oxan th in e, and  trim ethyl 
am ine (TMA) ch a n g es  in  th eir  con cen tra tion s w ith  
the degree of sp oilage are graphically  p resen ted . 
M icrobiological m eth o d s are a lso  described . T h u s, 
the ch ap ter is  of great h elp  to quality  control 
laboratories to a s s e s s  the shelf-life o f f ish  prod u cts. 
Trade in fishery p rod u cts is  sm oo th , provided  
quality a ssu ra n ce  is  g iven  to co n su m ers a s  w ell 
a s official in sp ection  is  done. In d ustria l quality  
a ssu r a n c e  in c lu d e s  en d -p ro d u ct sp ec if ica tio n , 
p rocessin g  sp ecification , ch eck in g  in sp ection  o f raw  
m ateria ls, and  en d  product, recording, reporting  
and finally hazard a n a ly s is  a s  w ell a s  critical point. 
Official in sp ection  requirem ents for several cou n tries  
in the world are given.

C hapters 9  an d  10 en co m p a ss  n ation a l, and  
in te r n a t io n a l  s ta n d a r d s  fo r  f is h  p r o d u c ts .  
M icrobiological stan d ard s, stan dard  m eth o d s of 
an a lysis o f sam p les, n ation a l, and  in tern ation al 
cod es of practice, an d  scorin g sy stem  are dealt w ith  
in detail.

I, strongly  recom m en d  th a t th is  b ook  sh ou ld  
be on the sh e lf  o f every food sc ien tis t, and  
techn olog ist w orking on  fish  preservation , exporters, 
and quality control in sp ecto rs. G raduate s tu d en ts  
will find it extrem ely u se fu l in  u n d erstan d in g  th e  
various m eth o d s o f preservation , typ es o f p oison in g, 
and p athogen ic bacteria  p resen t in  fish , control 
m easu res etc. T h u s, the book  will b e a good  
com panion to fish  traders, exporters, food inspectors, 
fo o d  t e c h n o lo g i s t s ,  g r a d u a t e  s t u d e n t s ,  
m icrobiologists. The au th or Prof. C onnel is  an  
authority on  a lm ost all a sp e c ts  o f fish  technology, 
w h ose va lu ab le experience, and v iew s are depicted  
in  th is book.

It is  n eed le ss  to sa y  th a t th is  w ide range of 
su b jects  covered in  th is  b ook  form s th e  focal point, 
and en h a n ces  its  va lu e. The b ook  is  exce llen t w ith  
the printing b ein g  very c lear an d  brou ght ou t in  
a professional w ay w ith  good  ed iting and quality  
to m ake th e  reader com fortable in  term s o f  
u n d erstan d in g  each  an d  every asp ect.

I finally con gratu late  th e  p u b lish ers, an d  the  
au th or for bringing out su ch  a va lu ab le  book.

M .D . A LUR
B H A B H A  A T O M IC  R E S E A R C H  C E N T R E , 

B O M B A Y  - 4 0 0  0 8 5

"Use of Irradiation to  Control Infectivity  of 
Food-borne Parasites" Proceedings o f a Final 
Research Co-ordination M eeting held at 
Mexico City, Mexico from 14 to  18 June 
1991. The m eeting was organized by the 
'Jo in t FAO/IAEA D iv ision  o f N uclear  
Techniques in Food and Agriculture. This 
was printed by the IAEA in Austria in 
Decem ber 1993. pp 140, Price 4 0 0 /-  
(Austrian Shillings).
The p roceed ings in c lu d e th e  r e su lts  of th e  work  

carried out over five yea rs (1 9 8 6 -1 9 9 1 ) b y  tw elve  
research ers, participating in  th e  program m e, i.e ., 
from A rgentina, Belgium , C hina, Ja p an , th e R epublic  
of Korea, M exico, Poland, T hailand , an d  th e  U nited  
S ta tes  o f Am erica.

F ood bom e p ara sites  are com m o n  th rou gh ou t  
th e  world. T h ese p ose  sign ifican t h ea lth  problem s, 
and ca u se  econ om ic lo s se s  in  term s of agricu ltural 
c o m m o d it ie s , an d  h u m a n  p r o d u c tiv ity . T h e  
prevalence o f th e p arasite  d ise a se s  is  h ig h est in  
A sia esp ecia lly  in  J a p a n , T hailand , C hina etc. 
w here people h ave th e  h ab it o f  co n su m in g  raw s e a 
foods, and an im al foods. E xposu re o f food to low  
d ose  gam m a irradiation h a s  proven  to  be an  u sefu l 
tool for the d estru ction  of bacteria l, an d  p arasitic  
p ath ogen s a s  w ell a s  p reservation  o f food, in  
general. T h is p roceed ing p rovides va lu ab le  d ata  on  
the u se  of irradiation to  control in fectivity of 
food b om e p arasites.

The b ook  sta r ts  w ith  a su m m ary  report of the  
w ork carried out by tw elve research ers, and  is  
p resen ted  in  a com p reh en sive m an n er. T he brief 
overview h a s  b een  divided in  to  five sec tio n s . The  
first sec tio n  d ea ls  w ith  fish , an d  invertebrate  
food b om e p arasites, and  th eir  con tro l by u se  of 
gam m a irradiation. A n exten sive , and  va lu ab le  
in form ation is  given  in  m in im al effective d ose  (MED) 
of irradiation n eed ed  to elim inate sev en  p arasites.

Further, th e b ook  d eta ils  on  th e  u s e  of 
irradiation to control toxo p lasm o sis , tr ich in ellosis , 
and ta e n ia s is /c y st ic e r c o s is .

F inally , th e  s tra teg ies  to  im p lem en t food  
irradiation p rogram m es in  the con tro l o f  th ese  food
b o m e  parasitic  in fection s h ave b een  ou tlin ed .

The su m m ary is  follow ed b y  th e  detailed  
p ap ers p resen ted  b y  tw elve p articip an ts. T he earlier 
available data, w ith  the excep tion  o f data  on  
T r ic h in e l la  s p i r a l i s ,  a p arasitic  n em atod e, were 
in su ffic ient for th e u se  of irradiation  tech n o logy  to 
control food b om e p arasites. T he p resen t findings, 
therefore, have esta b lish ed  con clu sive ly  th e  potentia l
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for application of food irradiation in  the control of 
liver flukes, tape w orm s, round  w orm s, tr ich in osis, 
toxoplasm osis, etc. T his book, therefore, will certainly  
serve, a s  a v a lu a b le  reference to  sc ie n t is ts ,  
technologists, and veterinarians w orking on  research  
projects related to food b om e p arasites.

S .R . PADW AL - D E SA I  
B H A B H A  A T O M IC  R E SE A R C H  C E N T R E  

B O M B A Y  - 4 0 0  0 8 5

G l y p h o s a t e  : IPCS, Environmental Health Criteria 
159, Published under Joint Sponsorship o f 
United Nations Environmental Programme, 
the International Labour Organisation, and 
World Health Organisation (WHO) as a part 
of the IPCS (International programme on 
chem ical safety) World Health Organisation 
Geneva 1992; WHO Distribution and Sales 
1211, Geneva 27, Switzerland; WHO - 
Regional Office for South-East Asia, World 
Health House, Indraprastha Estate, M.G. 
Road, New Delhi, 110 002. pp 177, Price 
SW. Fr 18.90 in developing countries.
T his report co n ta in s  the collective v iew s o f an  

international group of experts, m ain ly  con cern ed  
w ith the environm ent, toxicology an d  toxicological 
effects of the herbicide g lyp h osa te . T h is is  a sm all 
m onograph w ith  179 p ag es com p risin g  12 ch ap ters  
with the follow ing sec tio n s  1. Sum m ary. 2 . Identity. 
Physical and ch em ica l properties an d  analytical 
m ethods. 3 . S ou rces o f h u m a n , and environm ental 
exposure. 4 . E nvironm ental transport, d istrib u tion  
and transform ation. 5. E nvironm ental levels o f  
hu m an  exposure. 6. K inetics and m etab olism  in  
laboratory an im als. 7. E ffects on  laboratory an im als  
and in v i tr o  te st  sy stem s. 8 . Effect on  h u m a n s. 9. 
Effect on other org an ism s in  laboratory, an d  field.
10. E valuation  of h u m a n  h ea lth  h azard s, and  
effects on th e environm ent. 11. R ecom m en d ation s  
for protection  o f h u m a n  h ealth , an d  12. F urther  
research followed by a n  ex h a u stiv e  3 6 1  references.

G lyphosate is  a sy stem ic  n on -se lective  herbicide  
intended to u se  against various deep rooted perennial 
sp ecies in clud in g g ra ss, an d  sed g es . The m ain  
biodegradative path w ay ap p ears to b e  sp littin g  of 
C-N bond to produce am ino m eth y l p h osp h on ic  
acid (AMPA). There is  a lso  a seco n d  rou te b y  w hich  
m icrobes degrade th e  g lyp h osa te  in  th e  soil i.e ., via  
sarcosin e and O -p h osp h ate  after w h ich  sarco sin e  
is  degraded to g lycine, and  finally  to  C 0 2 via  
form aldehyde. T h u s, the degraded com p ou n d  is  not 
toxic to m am m alian  system s. G lyphosate is  prepared

in  variou s com m ercial form u lation s w ith  variou s  
syn o n y m s an d  con cen tra tion s in  v a r io u s cou n tries. 
E ven th e recom m en d ed  ra tes o f ap p lica tion s v a iy  
w ith  different cou n tr ies . It is  d on e b y  aerial 
application  or b y  m is t  sp ray in g , an d  there is  
variable tim ing o f app lication .

In sectio n  2 , p h ysica l an d  ch em ica l properties, 
and m eth o d s o f a n a ly s is  are d isc u sse d . T h is is  a 
w ell w ritten  ch ap ter w ith  d escr ip tio n s o f variou s  
m eth o d s of d eterm in ation , u s in g  HPLC, an d  GCMS. 
T h ese  m eth o d s b ein g  exp en siv e , it w a rran ts for th e  
d evelopm ent o f sim p ler m eth o d s  for id en tification , 
an d  ch aracterization  of g lyp h osa te . C hapter 3  d ea ls  
w ith  th e  so u rces  o f h u m a n , a n d  en viron m en tal 
exp osure. The m ajor m eth od  o f exp o su re  is  (1) 
occu p ation a l exp o su re  d u rin g  form u lation  and  
spraying, an d  th is  c a n  b e  rem oved b y  protective  
cloth ing , and th u s  96%  of th e  p rotection  ca n  be  
obtained . S ection  4  p resen ts  d ata  o n  transport  
d istribution , an d  tran sform ation . It d oes n o t seem  
to  b e transported  in  sign ifican t a m o u n ts  in  so il and  
water. C on tam in ation  of drinking w ater from  ground  
w ater is  m in im al b e ca u se  o f th e  low  m ob ility  of 
glyp h osate. In su c h  c a se s , ozon e ca n  b e efficiently  
u sed , and it con ju gates, an d  rem oves toxicity. 
B esid es , iron sa lts  are k n ow n  to  com p lex  w ith  
glyp h osa te , an d  th u s  th e  tox ic ity  c a n  b e  rem oved. 
B iodegradation  se e m s  to  b e  th e  m ajor sou rce  of  
d issip a tion . In th e  so il, m o st  o f  th e  g lyp h osa te  is  
asso c ia ted  w ith  th e  u p p er layer only. In th e  field, 
p h otodegradation  h a s  a lso  b e e n  reported. W hen  
ad m in istered  to a n im als it is  rapidly excreted  
w ith o u t d egrad ation  an d  d o es  n ot b io a ccu m u la te  
in  t is su e s , in  view  o f th e  h igh  so lu b ility , an d  ion ic  
ch aracter  a s  revealed  by s tu d ie s  w ith  fish , m o llu cs, 
and cru sta cea n s. H owever, ab so rp tio n  is  lim ited  to  
30-36%  in  rats, rab b its, g o a ts  an d  h e n s  w h en  given  
orally throu gh  th e  gastr ic  in te stin a l tract. The  
AMPA (A m inom ethyl p h o sp h o n ic  acid) is  th e  on ly  
m etab olite  found  in  th e  u rin e. H ow ever, it is  kn ow n  
to c a u se  severa l sy m p to m s, s u c h  a s  grow th  
retardation  in crea sed  liver w eigh t, an d  degenerative  
ch a n g es  w h en  fed at very h igh  levels. It h a s  not  
b een  found  to  b e teratogen ic  or carc in ogen ic  a t the  
level o f its  u sa g e . In ch a tte ls , h ig h  lev e ls  are found  
to  b e  toxic. M oderate to  severe  eye an d  derm al 
irritation b y  c o n sta n t exp o su re  h ave b een  reported. 
H owever, in  h u m a n s  n o  con tro lled  s tu d ie s  h ave  
b een  done so  far. The actio n  o f g lyp h osa te  on  
m icroorgan ism  h a s  b een  reported  particu larly  in  
p seu d o m o n a s  w h ere it is  d egrad ed  in  th e  AMPA 
pathw ay. In prokarocytic cyan ob acteria , enzym e  
sy s te m s  are in h ib ited , in d ica tin g  th e  herbicidal
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property. Variable r e su lts  have b een  reported w ith  
different p op u la tion s of h igh er p lan ts. In p la n ts, it 
is know n to inhib it m o stly  arom atic am ino acid  
pathw ay and a lso  resp iration , and p h otosyn th esis . 
One im portant a sp ect of g lyp h osa te  is  th a t it d oes  
not inhibit degradation  of ce llu lo se , starch , and  
proteins by the m icrob es. H owever, there are 
conflicting reports on  th e  phytotoxicity  in  aquatic  
plants. It is  n ot toxic to  earthw orm s an d  b e e s  at 
the level of its u se  an d  d oes n ot affect n odulation . 
Several factors su c h  a s  pH, h a rd n ess  o f w ater and  
tem perature, seem  to b e  involved w ith  resp ect to  
its toxicity to fish . It a lso  d oes not affect th e  
nem atode population . T h u s in  v iew  o f its  low  
toxicity, low  volatility, and low  ab sorption  by th e  
body it is  a safe herbicide for field application , 
provided the w orkers w ear full protective clothing.

The la st  sec tio n  d ea ls  w ith  the future line of 
work. However, n oth in g  is  m en tion ed  ab out its  
effect on  the im m u n e system . T h is is  a lso  one area  
to be p u rsued , apart from  other areas m en tion ed .

T his form s a u sefu l report for tox ico log ists w ho  
are p lanning n ew  exp erim ents w ith  p estic id es, and  
herbicides, a s  various m eth o d s have b een  extensively  
reported. It will a lso  b e  u se fu l to agricultural 
sc ien tists , policy m ak ers of herbicide rem oval 
agen cies and also  u sefu l for the M inistry of 
Agriculture. The b ook  is  w ell w ritten  and covers  
extensively the effect on  all vertebrates, invertebrates 
and m icrobes. The references g iven  at th e en d  are 
com prehensive. I strongly recom m end th is  book  for 
sc ien tists  and tox ico log ists, w ho w ould  b e in terested  
in evaluation  of n ew  h erb icid es an d  p estic id es.

K . H ARIH A R A N
CENTRAL F O O D  TECHN O LO G ICA L R E SE A R C H  IN ST IT U T E

M Y SO R E  - 5 7 0  0 1 3

"Storage of Cereal Grains and Their Products" 
- Fourth Edition (1992) Edited by D.B. 
Sauer, J.D. Miller and H.L. Trenholm. 
Published by the American Association of 
Cereal Chemists Inc., St. Paul, Minnesota, 
USA, pp 615, Price US $ 98/-; Other countries 
US $ 118/-.
T his m onograph is  the fourth ed ition  p u b lish ed  

by the A m erican A sso cia tio n  o f C ereal C h em ists, 
after an  interval o f 10 years. In th is  edition, there  
are 16 ch ap ters w ritten  by 2 7  exp erts in  different 
areas. There are four n ew  ch ap ters v iz . ,  p h ysica l 
properties o f cerea l gra in s, h istorica l perspective on  
developm ent o f storage tech n iq u es , in tegrated  p est  
m an agem en t o f  stored  grain  in se c ts  and th e  
econ om ics o f  grain  storage, w h ich  m ak e th is

vo lu m e a com p reh en sive one.
The inform ation provided in  th e  ch ap ter entitled  

"Physical properties o f grains" o n  stru ctu re  o f th e  
grain, b u lk  d en sity , angle of rep ose, flow  o f grain  
from  a b in , h a rd n ess  of grain  etc. are h igh ly  u se fu l 
in  u n d erstan d in g  the su b seq u en t ch ap ters w ith  
reference to  p est a tta ck  a s  w ell a s  th e  storage  
system . The ch ap ter o n  "History o f gra in  storage  
techniques" e lu cid a tes the grain  h arvest an d  storage  
p ractices from  th e an cien t tim es to th e  p resen t day  
p ractices in  different p arts o f th e  w orld . The  
im p ortan ces o f ecolog ical factors, regu latin g  the  
in sec t p op u lation , b e s id e s  m onitoring th e  p e s ts  are 
stre ssed  u n d er integrated  p e s t  m a n a g em en t of 
stored  grain  in sec ts . U nder th e  econ o m ics o f grain  
storage, the specific  co m p o n en ts  o f storage c o s ts  
an d  th e  in flu en ce o f govern m en t p o lic ies  on  the  
price stru ctu re are d iscu ssed .

The m ajor prob lem s o f storage v i z . ,  m oistu re , 
in sec ts , rod en ts and m icroflora are dealt w ith  
elaborately, a s  in  th e p reviou s ed ition . T h ese  
c h a p t e r s  p r o v id e  a n  in - d e p t h  b a c k g r o u n d  
inform ation for u n d erstan d in g  an d  ap p lication  of 
storage tech n iq u es d isc u sse d  in  th e  o th er  ch ap ters. 
H owever, th is  m onograph d ea ls  w ith  m ain ly  the  
practical prob lem s o f storage in  North A m erica.

It w ould  h ave b een  m u ch  m ore u sefu l, if  one  
or two ch ap ters on  practica l p rob lem s o f storage  
are in clud ed  from  different agroclim atic zo n e s  of 
the world, for exam ple, th e A sian  region, w h ere the  
storage p ractices an d  con d itio n s are different.

K .S . N A R A SIM H A N
C E N TR A L F O O D  T E C H N O LO G ICA L R E S E A R C H  IN ST IT U T E

M Y SO R E  - 5 7 0  0 1 3

A d v a n c e d  D a i r y  C h e m i s t r y  : V o l u m e  2  : L i p i d s  
Edited by P.F. Fox. Published by Chapman 
& Hall, Madras, India, 1 995 , p p .443  
Price £  99.
Milk lipids contribute greatly to th e  organoleptic, 

and rheological properties of m ilk, and  m ilk  products. 
From  nu trition al view  p oint a lso , m ilk  fat is  very  
im portant, a s  it co n ta in s  e ssen tia l fatty  ac id s, and  
fat so lu b le  v itam in s, b e s id es  b ein g  a rich  sou rce  
of energy. In fact, th e rich p lea sin g  flavour o f m ilk  
fat is  not d u plicated  by an y  oth er fat. C on su m p tion  
of m ilk  fat is  con sid ered  a s  a  r isk  factor in  ca u sin g  
ath erosclerosis. However, th is  h a s  b een  q u estion ed  
by m an y research  workers. T h is ca lls  for a  thorough, 
and clear evidence before d ietary reco m m en d atio n s  
are m ad e a g a in st m ilk  fat. M ilk lip id s are su b jected  
to chem ica l, and enzym atic ch a n g es, w h ich  can  
ca u se  flavour defects in  p rod u cts, con ta in in g  them
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during storage. M any o f th ese  a sp e c ts  have b een  
d iscu ssed  in  D evelop m en ts in  D airy C hem istry  
Vol.2 - Milk Lipids, p u b lish ed  in  1983 . C onsiderable  
progress h a s  b een  m ad e in  several a sp ec ts  of m ilk  
lipids during th e  p ast 11 years. Therefore, there  
is  a need  for a critica l ap p ra isa l o f th e  ad v an ces  
in the area o f m ilk  lip ids. It is  to  th e  credit o f  Dr. 
P.F. Fox, the internationally  renow ned dairy ch em ist, 
that a reference b oo k  o n  m ilk  lip id s h a s  b een  
edited, and p u b lish ed  u n d er  th e  ser ie s  o f A dvanced  
Dairy C hem istry. After go in g  throu gh  th e  book, it 
is evident th a t Dr. Fox h a s  p u t forth all h is  efforts 
to provide an  im pressive, and m u ch  need ed  reference  
book, illu strating th e  ad v an ces in  m ilk  lip ids, 
spreading over 10 va lu ab le  ch ap ters, contributed  
by in ternationally  recogn ised  experts.

The first ch ap ter o f th e  b ook  con trib u ted  by  
Christie, thoroughly  d is c u s s e s  th e  variou s a sp ec ts  
of com p osition , an d  stru ctu re  of m ilk  lip ids. The  
chapter g ives a com parative a cco u n t on  th e  fat 
content, com p osition  o f lipid c la s se s , profile, and  
arrangem ent o f fatty a c id s  o f lip id s from  th e m ilk s  
of various sp ec ies . T he ch ap ter  is  so  con clu sive ly  
prepared th a t th e  au th or rightly fee ls  th a t there  
is  no scop e for furth er research  in  a sp e c ts  on  
com position , an d  stru ctu re  o f m ilk  lip ids o f  cow , 
and h u m an . W ith oth er sp ec ies , how ever, relatively  
little is  know n on  th e  com p o sition  of variou s lipid  
c la sses (other th a n  triglycerides) or of their structure, 
and further w ork in  th is  area w ould  h ave both  
biochem ical, and  n u trition al relevance.

Fat in m ilk, u n like carbohydrates, an d  proteins, 
is subjected  to m arked varia tion s in  b oth  am ou nt, 
and com p osition , due to n u trition al factors, w hich  
are su p er im p osed  u p on  va ria tion s d u e to  sp ec ies , 
genetic, and lacta tion a l factors. The nu trition al 
effects specific  to fa ts  arise principally  b e ca u se  a 
considerab le, b u t variable proportions of th e  fatty  
acids of m ilk  lip id s are derived d irectly from  dietary  
lipids. H aw ke an d  Taylor have h igh ligh ted  the  
in flu en ce o f n u tr itio n a l factors on  th e  y ield , 
com position , and p h ysica l properties of m ilk  fat in  
chapter 2. S in ce an  ap p recia tion  of the factors, 
w hich alter th e  com p o sition , an d  am ou n t o f m ilk  
fat secreted  by th e  m am m ary glan d  is  d ep en d en t  
upon  a w orking know ledge o f the b ioch em istry  of  
the pathw ays involved, th e  au th ors have com m en ced  
the ch ap ter w ith  th e  m ech a n ism  o f b io sy n th es is  of 
m ilk fat in  m am m alian  tis su e .

The fat g lob u le m em b ran e is  acquired  from  the  
endoplasm ic reticu lu m  during form ation  of th e  
in tracellu lar lipid droplet p recu rsors o f m ilk  lipid  
glob u les, and from  sp ecia lized  ap ical reg ion s o f th e  
p lasm a m em brane during th e  p ro cess  of cellu lar

d isch arge o f th e  lipid drop lets. M olecu lar gen etic , 
an d  tech n o log ica l in n ov atio n s in  ce ll b io logy h ave  
b een  applied  w ith  s u c c e s s  to a sp e c ts  o f th is  
research  area. K eenan  an d  D y lew sk i h av e  review ed  
the origin, grow th, and secretion  o f lipid g lob u les  
w ith  th e  h elp  o f electron  m icrographic illu stra tion s. 
T he com p o sition a l a sp e c ts  o f  th e  fat g lob u le  
m em b ran e are a lso  d isc u sse d  aptly.

P h ysica l, an d  co llo id al a sp e c ts  o f  th e  m ilk  fat 
g lo b u les  are o f im p ortan ce for th e  sta b ility  of m ilk, 
an d  m ilk  p rod u cts a s  em u ls io n s . T h is co n cern s  
cream ing, aggregation , co a lescen ce , and  partial 
co a lescen ce , an d  a lso  so m e a sp e c ts  o f lipo lysis. 
F oam ing, an d  w h ipp ing  are stron gly  affected  by  
p roperties o f th e  fat g lo b u les , a s  are su c h  product 
p roperties a s  v isco sity , an d  colour. The p roperties  
of h igh  fat p rod u cts m a y  esp ec ia lly  b e d om inated  
b y th o se  of th e  fat g lob u les. W alstra h a s  d isc u sse d  
th e se  a sp ec ts  in  d eta il in  th e  ch ap ter  on  p h ysica l 
ch em istry  of m ilk  fat g lob u les.

The crysta lliza tion  b eh av iou r o f m ilk  fat is  
prim arily o f  im p ortan ce, b e c a u se  it greatly  affects  
first, the co n s is te n c y  o f h igh  fat m ilk  p rod u cts, 
esp ecia lly  b u tter , an d  seco n d , th e  occu rren ce, and  
rate o f partial co a le scen ce  in  o il-in -w ater em u lsio n s. 
A s a resu lt, ch u rn in g , an d  w h ip p in g  p ro c e sse s  are 
also  affected. M oreover, it a ffects th e  m ou th fee l of 
b u tter-lik e p rod u cts, large cry sta ls  g iv ing a san d y  
im p ression , an d  m u ch  so lid  fat ca u s in g  a cooling  
effect. It a lso  d eterm in es oilin g-off in  p ro d u cts  like  
b u tter, w h ich  is  prom oted  b y  low  so lid  fat con ten t, 
an d  large crysta ls. Fat cry sta ls  n o t on ly  sta b ilise  
th e  droplets in  a w a ter-in -o il em u ls io n , b u t m ay  
also  affect the ap p earan ce o f som e p rod u cts. Fat 
crystallization  is  a  com p licated  su b ject, b e c a u se  th e  
w ide range o f trig lycerides lea d s  to  a w id e m eltin g  
range, esp ecia lly  in  m ilk  fat. N u cleation , an d  grow th  
of crysta ls  are in tricate b e c a u se  o f th e  com p licated  
sh a p e  of, an d  sm all d ifferen ces b etw een , the  
m olecu les. Triglycerides, like all long ch a in  a lip h atic  
m olecu les, ca n  crystallize in  va r io u s polym orphs. 
C on sequ en tly , m ilk  fat crysta lliza tion  n ever a tta in s  
equilibrium , an d  is  gen erally  d ep en d en t on  tem pera
ture h istory. New in tr icac ies  a lso  occu r  in  th e  
form ation  o f fat crysta l n etw ork s. T h ese  a sp e c ts  are 
d iscu ssed  in  a ch ap ter  b y  W alstra et al.

A  n u m b er o f econ o m ic , m ed ica l, an d  socia l 
factors have con trib u ted  to  th e  d ecline in  b u tter  
con su m p tio n . C o n su m ers a lso  prefer a fridge 
sp read ab le , an d  m ore n u tr itio n a lly  accep tab le  
spread . The d evelop m en t o f dairy sp rea d s h a s  b een  
th e  resp o n se  b y  m an u factu rers to  th e se  m arket 
forces. Efforts b y  eq u ip m en t m a n u factu rers to  
produce low -fat b u tter , u s in g  co n tin u o u s  ch u rn in g
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equipm ent w ith  an  additional sh aring  u n it to 
incorporate th e  extra a q u eo u s p h a se  h ave recently  
m et w ith com m ercial su c c e ss . C hem istry, and  
technology of m ilk  fat sp rea d s h ave b een  narrated  
by Keogh.

Hydrolytic rancidity in  m ilk, an d  m ilk  p rod u cts  
h a s  b een  a con cern  to  th e  dairy in d u str ies  of m ost  
countries, and therefore ca lls  for a con sta n t vigilance  
to en su re effective control. D eeth  and Fitz-G erald  
have explained  in  detail ab ou t th e lipolytic en zym es, 
ca u ses , and  p revention  of hydrolytic rancidity, and  
analytical m eth o d s for estim atin g  th e  degree of 
lipolysis. The detrim ental, an d  ben efic ia l effects of 
lipo lysis have b een  describ ed  w ell in  th is  chapter. 
The p resen ce of a u n iq u e b ile sa lt stim u la ted  lip a se  
in  h u m an  m ilk, and  its  u se fu ln e ss  in  th e  d igestion  
of fat are a lso  em p h asized .

The oth er m ajor ch em ica l p ro cess b y  w h ich  
lipids undergo deterioration is  au tooxidation . The  
m ech an ism  o f lipid au tooxid ation , p rod u cts of 
oxidation, and off-flavours, factors affecting lipid  
oxidation, and an tio x id a n ts are narrated  by C onnor  
and D'Brien. D ietary ch o lestero l h a s  often  b een  
blam ed a s  a risk  factor for ath erosc lerosis. However, 
evidence is  m ou n tin g  a g a in st th is . M any s tu d ie s  
further, have sh o w n  th a t pure ch olestro l d oes not 
accu m u late  in  th e  v a scu la r  en d oth eliu m , u n til 
lesion s occur. It h a s  b een  p roposed  th a t oxidation  
products of ch olestero l m ay  be a c a u se  for lesion  
form ation, after w h ich  pu re ch o lestero l, and  its  
esters accu m u la te  a s  a secon d ary  p ro cess  lead ing  
to a th erosclerosis. After a carefu l look  on  th ese  
asp ects, it is  observed  th a t th o u gh  a few  reports  
indicate the presence of cholestrol oxidation products  
in m ilk, and m ilk  p rod u cts, m an y  s tu d ie s  h ave a lso  
revealed their ab sen ce . C holesterol is  generally  
stable tow ards au tooxid ation , an d  its  m ech a n ism  
is  sim ilar to th a t of u n sa tu ra ted  fatty acids. 
Therefore, an  effective control of lipid ox id ation  is  
helpful in  arresting th e  form ation  o f ch olestro l 
oxidation p rod u cts in  m ilk, and  m ilk  products.

The dram atic sw itch  from  w h ole m ilk  to lower 
fat varieties during th e  1980 's, and  th e  equally  
dram atic fall in  b u tter  com su m p tion , an d  rise in  
low fat spreads have m ade a su b stan tia l contribution  
to the fall in  fat in tak e in  m an y  in d u stria llised  
countries. W hile co st clearly  con trib u ted  to th ese  
ch an ges in  fat con su m p tion , the in creasin g  public  
in terest in  nutrition , an d  the fo cu ssin g  o f a tten tion  
by health  ed u cators o n  th e  adverse effects of fat 
with sa tu rated  fatty acid s, an d  ch olestero l have  
played a m ajor role. T he ch ap ter on  the n utritional 
sign ificance o f lip id s by Gurr d is c u s s e s  th e variou s

roles o f lip id s in  the d iet, an d  in  th e  b od y, a s s e s s e s  
th e evid ence for a m ajor role for d ietary fat in  the  
so  ca lled  " d iseases o f affluence" an d  s e ts  th e  
nu trition al sign ifican ce o f dairy lip id s in  p ersp ective. 
It is  su m m arised  briefly, in  th e  ch ap ter, w h a t are  
th o u gh t to  b e  m ajor im p licatio n s o f lip id s, e ith er  
a s  ca u sa tiv e  a g en ts  or in  th e  d ietary m an a gem en t  
of th e  d isea se . P articu lar reference is  m ad e to  
con troversies, su rrou n d in g  th e  role o f  m ilk  fat in  
c o n tr ib u tin g  to  h e a lth , a n d  d is e a se . In th e  
co n c lu sio n , w h ich  is  a  h igh ligh t o f th is  ch ap ter, 
th e au th or ad vocates th e  n eed  o f ca u tio n , w h ile  
accep tin g  th e  reco m m en d atio n s for m od ifica tion  in  
th e d iets  for w h ole  p op u la tio n s. S in ce  th e  im pact 
of dietary cholestero l on  blood ch olestero l is  m in im al, 
Gurr fee ls th a t m ark etin g o f ch o lestero l red u ced  or 
ch olestero l-free p rod u cts by th e  dairy in d u stry  is  
a m isca lcu la tio n  by th e  dairy in d u stry , an d  th a t  
b y doing so  th e  in d u stry , an d  its  sc ien tific  ad v isers  
have con ced ed  th a t th ey  h ave lo s t  th e  b attle  to  
provide proper in form ation  o n  all sc ien tific  is s u e s  
relating to m ilk, an d  h ea lth . W hile a red u ction  in  
fat in tak e m ay  b e  a d istin ct ad van tage for m an y  
people, esp ec ia lly  th o se  w h o find d ifficulty in  
m ain ta in in g  energy b a la n ce , there is  a d anger th a t, 
in  th is  o b se ss io n  w ith  d ietary fat, other, p erh ap s  
m ore im portant, life sty le  factors are forgotten , 
in clud in g  sm ok in g , too little exercise , an d  raised  
blood  p ressu re . The role o f fat m u s t  b e  s e e n  in  
perspective, an d  it sh o u ld  n o t b e  co n c lu d ed  th a t  
w id espread  ch a n g es  in  d ietary fact co n su m p tio n  
will lead  inevitab ly  to freedom  from  th e  so -ca lled  
"diseases of affluence". T he ev id en ce d o es  n ot point 
th a t w ay. The key to a good  d iet is  variety, and  
m ilk, and m ilk  p rod u cts, b oth  low, an d  full fat 
varieties, will co n tin u e  to  p lay  a n  im portant role  
in  con trib u ting  to th a t variety.

M ela, an d  R aats h ave g iven  a d escr ip tion  a s  
the role of fat in  the co n su m er  a ccep ta n ce  o f dairy  
p rod u cts. R eso lu tion  of som e o f th e  is s u e s  raised  
by th e  au th ors in  th is  la s t  ch ap ter  o f th e  b ook  ca n  
h a v e  p o te n t ia lly  im p o r ta n t c o n tr ib u t io n s  to  
u n d erstan d in g  the b a s is  for, an d  p o ss ib le  in d u str ia l 
resp o n ses  to th e  role o f fat in  th e  co n su m er  
accep tan ce  o f dairy, an d  oth er food p rod u cts.

T h is book  is  a  rich store h o u se  o f in form ation  
ab out th e  a d v an ces in  m ilk  lip id s w ith  la test  
literature c ita tio n s. T h is b oo k  is  in d esp en sa b le  to 
s tu d en ts , tea ch ers , an d  resea rch ers w h o  are to  
know  th e la test d evelop m en ts in  th e  area  o f m ilk  
lip ids.

M .K . R A M A M U R T H Y  
NATIO N A L D A IR Y  R E S E A R C H  IN ST IT U T E , 
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