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RESEARCH PAPERS

Nisin as an Aid for Thermal Preservation of Indian
Dishes—upma and Kheer

Lokendra Singh, M. S. Mohan and R. Sankaran*
Defence Food Research Laboratory, Mysore-570 011, India

Received 18 November 1986;

revised 8 April 1987

Nisin, a nontoxic metabolite of Streptococcus lactis has much potential as a thermal aid for preservation of food.
Studies carried out on two Indian dishes viz., medium acidic Upma (pH 5.0-5.2) and non-acidic Kheer (pH 6.2-6.4)

showed its antimicrobial effect on Bacillus stearothermophilus.

required for its preservation.

The acidity of the food decided the amount of nisin

Nisin at levels of 25 and 200 IU per g could sufficiently lower the thermal processing

of Upma and Kheer respectively and enhance the storage life to more than 6 months.

The heat treatment employed in processing ol
different canned foods is targetted to eliminate all types
of micro-organisms which are responsible for spoilage
and toxin production. Most of these bacteria are spore
forming and heat resistant and require prolonged heat
treatment for destruction. To be on the safer side,
canners normally apply much greatei amount of heat
which often results in impairment of texture, sensory and
nutritional qualitiesl These quality attributes of foods
could be greatly enhanced by employing a heat sterili-
zation aid which meets the requirements of being
nontoxic, heat stable, economic and being active against
all types of spores surviving normal heat processing2.

Nisin is an active antibacterial metabolite of Stre-
ptococcus lactis and is the natural constituent of cow’s
milk. It is considered as a good and safe thermal
sterilization aid and has been used for various foods in
many developed countries3-0; however very little work
has been done in our country on prepared foods7-9.
Considering these facts, the study was carried out on two
Indian dishes— Upma (medium acid) and Kheer (non-
acid).

Materials and Methods

Upma was made in the conventional way. Soji (wheat
semolina) was fried and kept aside. Oil was heated and
green chillies and ginger cut to small pieces and mustard
were fried and vegetables, required quantity of water
and salt added and simmered until cooked. The soji was
then added and kept for 5 min. Kheer was made with

*To whom all queries regarding the paper should be addressed.
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milk, rice and sugar in the proportion of 14 1milk, 840g
rice and 2.25 kg sugar. Four hundred grams of each
preparation were transferred to 11b jam size cans, stream
exhausted and then thermal processed as required for
the different experiments.

Bacillus stearothermophilus (ATCC-1518) was used
as the test organism. The spore crop was prepared as
described by Thangamanil0. Nisin obtained from M/s.
Aplin and Banett Ltd., Yeovil, Somerset, England was
used. Thermal processing of the canned foods was
monitored by Digital FO computer (Ellab, Denmark)
and was reported as FO value.

Inoculation pack studies; Thoroughly washed spores
of B. stearothermophilus were suspended in sterilized
distilled water and added to the foods to get a final spore
concentration of 3 X105and 10 X103 per g in Upma and
Kheer, respectively. Nisin, dissolved in distilled water
(pH 4.0) was added at 25, 50 and 75 IU/g to Upma and
200, 300 and 400 1U/g to Kheer. Samples without added
nisin served as controls. Packed cans were heat processed
at processing values of 2.0"1.0.

Analysis: The cans were observed for physical
appearance, vacuum, pH, residual nisin and microbial
load, just after the processing and at the end of incuba-
tion for 6 days at 55°C. The surviving spores were
enumerated on Bacillus stearothermophilus medium10.
Residual nisin was estimated by plate diffusion assay
using Micrococcus flavus as the test organisml1l Cans
stored at ambient temperature were analysed for residual
nisin, microbial load, pH, etc. upto 6 months.
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Table 1. effect of nisin on bacillus stearothermophilus
DURING THERMAL PROCESSING OF UPMA
Initial B. stearothermophilus counts/g.
nisin
concn Fo=2 Fo=3 4
(1U/g)
B A B A B
Control 1950 2380 1300 1700 1150 1260
25 1100 990 950 925 700 650
50 890 800 780 640 550 490
75 780 670 670 500 260 100

Initial counts of B. stearothermophilus was 3 X 105g,
A—After processing,
B—After incubation at 55°C for 6 days

Results and Discussion

The pH of Upma ranged from 5.0 to 5.2 and that of
Kheer from 6.2 to 6.4. The effect of nisin on B. stearo-
thermophilus in Upma has been presented in Table 1.
Upma cans initially contained 3 X105 spores per g and
heat processing reduced the counts to 1950, 1300 and
1150 per g at FO values of 2.0, 3.0 and 4.0, respectively.
Nisin incorporation increased the destruction of spores
proportionately and the microbial load varied from 780
to 1100 (F0=2), 670-950 (Fc~3) and 260-700 (F0=4)
per g. Thermally processed cans, when subjected to
accelerated incubation (55°C, 6 days) showed a rise in
population from 9.5 to 30.7 per cent in control. Nisin
containing cans on the contrary showed a reduction in
population at the rate of 2.6-10, 10.1-25.4 and 13.9-
61.5 per cent with initial nisin concentrations of 25, 50
and 75 1U/g, respectively.

Because of the nonacidic nature, kheer cans were
inoculated with lower number of spores (10 x 103/g) and
higher concentration of nisin (200-400 1U/g). Observa-
tions made in Table 2 show that heating of kheer cans
(control) caused the destruction of spores, lesulting in
spore concentrations of 1140 (FO~3) and 880 (F0=;4)

effect of NISIN ON BACILLUS STEAROTHERMOPHILUS
DURING THERMAL PROCESSING OF KHEER

Table 2.

s B. stearothermophilus counts/g.
Initial nisin concn.

(1U/g) 1= 3.0 Fo=4.0
A B A B
Control 1140 3000 880 1770
200 10 45 Nil Nil
300 Nil Nil Nil Nil
400 Nil Nil Nil Nil

Initial counts of B. stearothermophilus—IOxIO03
A—After processing,
B—After incubation at 55°C for 6 days.
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per g. The nisin supplementation at rate of 200 1U/g
resulted in elimination of all the spores excepting few
(< 10/g) at Fc value of 3.0. The incubation of processed
cans induced the multiplication of bacteria and the
number reached 3000 (F0=;3) and 1770 (Fc=4) per g in
control cans and to 45 per g in nisin (200 1U/g) contain-
ing cans after 6 days at 55°C. The higher nisin concen-
tration (300-400 1U/g) during thermal processing result-
ed in sterilization of food and no count was observed in
the course of study.

Fig. 1and 2 show the residual level of nisin in the two
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foods as a result of thermal processing and subsequent
incubation. In case of upma nisin degradation increased
with increase in processing value (Fig. 1). The residual
nisin levels in cans have been 7.0, 5.0 and 4.0 1U/g
(initial nisin 25 1U/g), 14.0, 12.8 and 10.5 IU/g (initial
nisin 50 1U/g) and 25.0, 23.0 and 20.0 1U/g (initial nisin
75 1U/g) after thermal processing at FO values of 2.0, 3.0
and 4.0 respectively. Incubation of cans resulted in
further degradation of nisin, though not to such an
extent. Kheer processing showed about 6 fold decrease
in nisin level at FDvalue of 3.0 and 8 fold decrease at FO
value of 4.0 (Fig. 2). Incubation of kheer cans also
caused the destruction of some nisin.

NISIN FOR THERMAL PRESERVATION OF UPMA AND KHEER
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Thermal processing efficiently inactivated the spores
of Bacillus stearothermophilus and the effect has been
proportional to the amount of heat applied (FOvalue).
Nisin incorporation accelerated thermal destruction of
the spores, the extent of destruction being dependent on
the amount added. Nisin appeared to increase the heat
sensitivity of spores. The exact mechanism of its action
however is not clearly understood so farl2

Nisin, being proteinaceous13 in nature, undergoes
degradation during heat treatment. The degradation
was observed to be lesser in upma than in kheer and
could be attributed to the acidic nature of upma as it is
known that nisin is stable in acidic conditions.

Since it is the residual nisin which is most important
for the storage stability of the product, from the present
data it can be concluded that nisin at level of 501U perg
with thermal processing value of FO=.2 and 300 1U per g
with thermal processing value of FO= 3 is required for
upma and kheer respectively for attaining satisfactory
shelf life. Its use should be promoted on commercial
scale especially for foods which are acidic in nature and
have delicate flavour and texture. With the increasing
trend of using flexible packages for thermal processing
the necessity of using such a thermal sterilization aid
need not be overemphasized.
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Study of Physical Properties, Milling Performance and
Cooking Time of Minor Millets
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Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur-482 004, India
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Physical properties, milling and cooking quality of kodo (Paspalum scrobiculatum L.) kutki (Panicum miliaceus L.) and

sawan (Panicum miliare L.) were studied.
The milling efficiency was
kodo followed by kutki and sawan.
25 min.

Minor millets occupy a sizeable chunk of the culti-
vated land in India. The area under cultivation of minor
millets was 3.393 million hectares in 1984-1985 and
yielded 1.319 million tonnes of grainl These crops ate
veiy hardy and remarkably drought-resistant and are
grown in the shallow, gravelly and light uplands of
Karnataka, Maharashtra, Tamil Nadu and Madhya
Pradesh2. They provide staple food to the tribals of the
above states living in the hills and forests. The crops are
reported to have a marvellous storability and do not
lequire much of tillage operations. They are consumed
after hulling which is performed only by hand pounding.
No improved machines are available for hulling/de-
husking of these crops. There is no technology for
preparing ready-to-eat snacks from them.

The present study was therefore undertaken to find
out the physical properties, milling quality and cooking
characteristics of these grains.

Materials and Methods

One variety each of kodo, kutki and sawan were
procured from the Minor Millet Improvement Scheme,
Zonal Agricultural Research Station, Rewa. Moisture
content of cleaned grains was determined using Burrow
digital moisture computer. Thousand grain weight was
measured using an electronic balance.

The study revealed that kutki is smallest [and kodo is the largest in size.
highest in sawan followed by kodo and kutki while the husk content was

highest in

The total cooking time taken by all the three minor millets was found to be

Dimensions of ten grains Irom each millet were
measured using a dial calliper; length/breadth ratio of
the grains was also determined. The shape of the grains
was expressed in terms of its sphericity calculated by the
following expression3.

- Geometric mean diameter
Sphericity = --------

—- -
Major diameter

in which, geometric mean diameter,= (abc)’l\ mm

Where, a =;Longest intercept; mm,

b =.Longest intercept normal to V, mm;
¢ ~Longest inteicept normal to ‘a’ and
b\ mm.

Liquid (kerosene) displacement method was used for
determining specific gravity. Bulk density was measured
by weighing the sample of known volume. The angle
of repose was measured by slump cone method. A
cylinder of size 10 cm xem was filled upto top with
sample and inverted on a plane surface. The paper was
taken out gradually ana cylinder was raised vertically;
thus conical shape of the material was obtained.

Angle of repose was calculated by using the
relationship;

Angle of repose (°)=;tan”1(2H/B), Where H=Height,
m; B=Base of the cone, m.
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Table 1. physical properties of some minor millets
Moisture Equivalent  Length  Thousand Sp. Bulk Angle of
Millet Variety (% db) Sphericity dia. breadth grain ar. density repose
mm ratio wt. g. (g/ml) <°)
Kodo RPS-123 11.30 0.89 1.82 1.00 4.89 1.08 0.57 28°50’
Kutki RPM-81 11.90 0.93 1.07 1.06 2.00 135 0.72 20°21°
Sawan REF-51 11.00 0.90 1.59 1.07 4.03 117 0.55 24°25’

The milling (dehusking and polishing) was done with
centrifugal dehusker and Kkisan rice polisher as these
were similar to commeicial conditions. The operation
was done in three replications. The milling efficiency was
calculated by the expression4.

E=(1—@)x ( 1 —_I\E)
Mt Mt

E=Milling efficiency %
Muh=Mass of giains after hulling, g
Mb=Mass of brokens including mealy waste after

hulling, g
Mt=Total mass of grains before hulling which do
not contain hulled and broken grains, g.

For cooking test milled grains were soaked in three
replications with 25 g sample each in 100 ml test tubes.
They were kept in a thermostatically controlled water
bath where 100°C temper ature was maintained. Soaking
was done in excessive water by dipping the test tubes in
water bath. Aftei specific time interval (5 min), the
material was removed, dabbed with filter paper and
weighed. The initial moisture content of the milled grain
was determined. The moisture content after soaking was
calculated by the following relationship:

Qi (100-M i)=Q 2 (100-M2);

Where, Qj =Initial weight of sample, g

Mi=Initial moisture content of the sample,
% ~b.

Q2 =Final weight of sample after soaking, g

M2="Final moisture content, % wb.

When the giain weight became constant, the soaked
sample was placed in between two glass slides. If no

hard cort was observed when it was pressed, the sample
was considered to be fully cooked. The moisture content

(%, wet basis) was converted into dry basis using
following relationship:

— - X 100
100-m

M=moisture content, % db
m=moisture content, % wb

Results and Discussion

As seen from Table 1, the average geometric mean
diameter of kodo is higher than that of sawan and kutki.
The sphericity of kutki is observed to be highest among
the three minor millets and kodo is the least spherical.
The knowledge of geometric mean diameter and spheri-
city will help in deciding the clearance between two
abrasive surfaces for dehusking and polishing. It will
also help in designing the cleaner and separator. The
length-breadth ratio is highest in sawan (1.07) indicaitng
that sawan grain is the most slender of all. Thousand
grain weight is the highest in kodo followed by sawan
and kutki, but specific gravity is the highest in kutki
(1.35). The bulk density of kutd (0.72g/ml) is the highest
followed by kodo (0.57 g/ml). Sawan having more
sphericity and length-breadth ratio entraps more space,
thus reducing its bulk density. Gravimetric properties
such as specific gravity, bulk density and thousand grain
weight are necessary in design and analysis of separation,
design of hoppers and bloweis. The angle of repose of
kodo (28°50%) was observed to be the highest followed
by sawan (24°25°) and kutki (20°21"). The knowledge of
angle of repose will help in predicting the motion of
particles during milling and in determining the pressures
of grain against machine walls so as to decide the
thickness of metal sheet for dehusker and polisher.

Milling performance: Table 2 shows that the husk
content of the kodo, kutki and sawan grain wasl8.95,

Table 2. milling performance of some minor millets
Millet Variety Husked grain Unhusked grain Brokens Husk Milling
efficiency
(%) (%) (%) (%) (%)
Kodo RPS-123 56.25 6.39 17.91 18.95 76.43
Kutki RPM-81 54-57 10.23 17.46 17.74 74.10
Sawan REF-51 71.50 5.68 11.60 11.22 83.38

it4 Uy LILHTS



Moisture absorption during cooking: The initial
moisture content of kodo, kutki and sawan was 11.3
11.5 and 11.0 per cent (db) respectively. The samples
were soaked for 30 min. and moisture content was
determined at 5 min intervals. Fig. 1shows the moisture
It can be seen that moisture
absorption was rapid within the first 10min and declined
thereafter. After 25 min of soaking moisture absorption
became constant. Exponential equations were developed
by the use of which moisture absorption can be predicted
at any time of soaking at 100°C (Fig. 1). It is further
seen that the rate of moisture absorption varies with the
grain but the total time taken to achieve a constant
moisture absorption stage is the same for all three i.e.
25 min. of cooking. This shows that milling performance
for same milling conditions do not affect the cooking
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Fig. 1. Moisture absorption of minor millets during cooking

17.74 and 11.22 pei cent respectively. The total recovery
of husked sawan grain was observed to be 71.5 per cent
after polishing while in kodo and kutki the recovery was
56.25 and 547 per cent respectively. The reason for
lower recovery in kodo and kutki is due to the fact that
some grains are powdered and get mixed with bran.
Because of the higher husk content the machines has
to be operated for more time and this gives more
brokens as well as flour. Also sawan supplies more
edible matter per unit weight than the other two.

characteristics of the minor millets.

References

1. Anon., All India crop estimate, 1984-85. Agric. Situat. India,
1985, 40, 1069.

2. Jaiswal, P. L. (Ed.), Hand Book ofAgriculture, Indian Council
of Agriculture Research, New Delhi, 1980, 835.

3. Mohsenin, N. N., Physical Properties of Plant and Animal
Materials, Gardon and Broach Science, New York,
1980, 58.

4. SeXena, R. P., Singh, B. P. N. and Agrawal, U. S., Milling
behaviour of pea (Pisum sativum L.), grain for making
dhal on cylinder-concave dehuller, J. agric. Engng, 1985,
22, 101



Effect of Addition of Defatted

Soy Flour on Physico-chemical

Characteristics and Acceptability of Green Gram Barian*

Meena Tandon and Gurmukh Singh

Dept, of Food Science and Technology,
G.B. Pant University of Agriculture and Technology, Pantnagar-263 145, U.P. India

Received 24 July 1986;

revised 25 February 1987

The Effect of addition of defatted soy flour (5 to 30 per cent) on physico-chemical characteristics and acceptability of

green gram (moong) (Phaseolus aureus) barian (Wadian) was investigated.
crude fibre contents and decrease in crude fat and total carbohydrates with the
The visual colour of barian became darker and the extent of non-enzymatic browning increased

flour in the product.
with increasing level of soy flour.
The consumer acceptability of barian decreased with the
defatted soy flour up to 10.0 per cent did not make any

Soybean has great potential in overcoming protein-
calorie-malnutrition (PCM) on account of its high
protein (38-42 per cent) and fat (18-20 per cent) contents.
Defatted soy flour is a common form in which soybeans
can be incorporated in various food preparations. Its
use in bread, biscuits, chapati, snacks and textured
products has been demonstratedI’4. No attempt had
been made so far to incorporate defatted soy flour in
moong ba,ian (wadian) which are traditional savoury
preparations of Punjab, Uttar Pradesh, Haryana and
adjoining states. They are produced on a cottage
scale and are used in vegetable curries. Extensive
studies on the:r manufacture, composition, storage
aspects and standards have been carried out5. The
persent investigation was therefore undertaken to
study the effect of addition of defatted soy flour on the
quality characteristics and acceptability of moong
barian.

Materials and Methods

Materials; Defatted soy flour was procured from
M/S General Foods, Indore (M.P.) and was desolventis-
ed by keeping in an oven at 60°C for 2 hr. It was then
given a heat treatment at 121 °C (15 psi) for 20 min to
inactivate antinutritional factors. Dehulled green gram
dal pumpkin and spices were purchased from the local
market.

Preparation of barian: For preparation of barian,
green gram dal was soaked in water fcr 12 hr at room
temperature (24-32°C). The hydrated dal was washed

#Research paper No. 4014 through the Experiment Station, G.B.

Poor rehydration of soy fortified barian was on

There was increase in protein, ash and
increase in the level of defatted soy

account of their hard texture,
increase in the level of defatted soy flour. Addition of

significant difference to the overall acceptabilty.

with water 3 times to remove frothings and ground in a
waring blender with addition of small quantities of water
until a thick paste was obtained. Defatted soy flour,
mixture of spices and freshly comminuted pumpkin
(after boiling) were also mixed during the grinding stage.
The ground paste (peethi) was beaten by hand for 15 min.
Small round lumps weighing about 50 g were made and
then placed directly on an oil smeared enamelled tray
at a distance of about 3 in from one another. The trays
containing barian lumps were then sun dried for 4-6 days.
After 1-2 days of exposure, the lumps were turned over
by hand for uniform drying. The dried barian were
packed in polyethylene bags and stored in air tight
containers. Green gram dal and defatted soy flour were
used in proportions of 100:0, 95:5, 90:10, 85:15, 80:20,
75:25 and 70:30 in the preparation of barian. Pumpkin
and spice mixture6 were added at 2 and 8 per cent
respectively during the grinding.

Analytical methods: Powdered samples of barian
were analysed for moisture, protein, crude fat, ash and
crude fibre by standard methods7. Acidity and extent
of non-enzymatic browning were estimated by the
procedure described by Ranganna8. Colour of samples
was expressed on the basis of Munsell colour chatts.
Hardness of barian was found out using a Hardness
Tester (Kiva Seisakusho) and was expressed as crushing
resistance (kg). For rehydration studies, a known weight
(30-409) of dry barian was hydrated in 3 times the weight
of water at room temperature (24-32°C). Samples were
drained after 30 min, 1, 2 and 4 hr and the wet weights

Pant University of Agriculture and Technology, Pantnagar (U.P.).

283



284
Table I

Defatted soy  Water added Wt. of

Moong dal flour during grinding paste
(%) (%) (mlrkg) (kg)

100 0 240 2.45

95 5 220 2.40

90 10 200 2.30

85 15 185 2.25

80 20 175 2.20

75 25 160 2.10

70 50 150 2.05

1. Expressed as optical density

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 24, NOV./DEC. 1987

production details and product characteristics of green gram barian fortified with defatted soy flour

Yield of  Dehydration Non-enzymatic Mean
barian ratio browningl acceptability
(9/kg) score*

830 2.95:1 0.07 6.80
845 2.84:1 0.10 6.50
846 2.72:1 0.12 6.15
852 2.64:1 0.14 4.80
860 2.60:1 0.17 4.25
875 2.40:1 0.17 4.00
880 2.33:1 0.19 3.80

’ Significant at 5% level of significance; critical difference at 5%—1.19

were recorded. Per cent water absorption was calculated
at each stage. The acceptability of barian was determined
by serving them as vegetable curry to 20 trained panelists.
They were asked to evaluate the products for quality
attributes namely colour, texture and flavour on a 9
point hedonic scale9.

Results and Discussion

Table 1gives production details of soy fortified green
gram barian. The amount of water needed duringgrinding
decreased as the proportion of defatted soy flour in
barian increased. Lesser requirement of water during
grinding appeared to be due to low water absorption by
soy flour. The moisture content of wet paste (peethi)
ranged between 61.50 and 63.62 per cent. The yield of
barian ranged from 845 to 880 g per kg of raw material
for those containing defatted soy flour as against 830 g
per kg for the control. The dehydration ratio of the
product lowered with the increase in the level of defatted
soy flour.

The proximate composition of soy fortified green
gram barian varied considerably. Moisture content of all
the samples was less than 8.2 per cent. The contents of
protein, ash and crude fibre increased whereas crude
fat and carbohydrates decreased by increasing the level
of defatted soy flour in barian. The control sample
contained (in per cent) protein 18.23, fat 1.15, ash 4.10,
crude fibre 0.13 and carbohydiates 68.22 whereas the
sample containing 30 per cent soy flour had protein
27.55, fat 1.05, ash 4.31, crude fibre 0.78 and carbohy-
drates 58.90. Barian containing 30.0 per cent defatted
soy flour had about 9.0 per cent higher protein content
than those prepared from green gramdal alone. Increase
in protein and ash content of soy fortified green gram
barian is attributed to their higher content in soy flour

than in green gram dal6. A gradual reduction in titrat-
able acidity and increase in acid insoluble ash content
was also noted when soy flour was added in
increasing proportions in the preparations.

The colour of control sample was yellowish brown.
Addition of defatted soy flour at 5.0 per cent level did
not bring any change in colour whereas at 10.0 per cent
level, the colour of barian became brownish yellow.
Samples containing 15 to 30 pet cent defatted soy flour
had similar colour parameters and were typically dark
brown. The extent of non-enzymatic browning in the
samples also increased with the increase in the proportion
of defatted soy flour (Table 1). Apparently, sugar-amino
reactions increased upon incorporation of defatted soy
flour in the preparations.

Soy fortified green gram barianexhibited greater hard-
ness than the control. The extent of hardness increased
with increasing level of defatted soy flour in the product.
The crushing iesistance of control sample was 2.2 kg
while for those containing 30 per cent defatted soy flour
itwas 17.3 kg.

Rehydration studies on barian indicated that the
control sample had the highest water absorption whereas
that containing 30 per cent defatted soy flour had the
lowest water absorption ovei the entire period of study
(Fig. 1). There was gradual decrease in the water
absorption of barian with the increase in the level of
defatted soy flour. Fig 1 and hardness data revealed
that samples having maximum hardness had the mini-
mum water absorption in 4 hr. Apparently, hatd texture
of soy fortified barian lowered water imbibition by the
product.

Studies on organoleptic evaluation of the products
showed that average acceptability score as well as
consumer response was maximum for the control sample
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Fig. 1. Per cent water absorption by moong barian fortified
with defatted soy flour. (Each point is mean of 3
values)

and decreased with the increase in the level of defatted
soy flour in the product (Table 1). The control samples
were liked to varying degrees by 85 per cent judges
whereas those containing 5 and 10 per cent defatted soy
flour were liked by 80 and 70 per cent panelists, respecti-
vely. Significant differences at 5 per cent level of signifi-
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cance were seen among various preparations. Samples
containing 5 and 10 per cent defatted soy flour were
similar to controls in acceptaiblity whereas those con-
taining 15 per cent or higher were unacceptable. It is,
therefore, concluded that addition of up to 10 per cent
defatted sov flour in green gram barian does not cause
any significant change in the acceptability of the product.
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used for evaluating biscuit quality, showed that in addition

to major ingredients like flour and fat, minor ingredients like corn syrup, milk powder and baking chemicals considera-

bly influenced the acidity of soft dough biscuits.

Incorporation of 3% corn syrup and 2% non fat dry milk solids

increased the acidity to 0.49 and 0.48% respectively from 0.37% observed for control biscuits without these ingredients.

On the other hand,
Sodium bicarbonate brought about maximum reduction in

to 260°C, increased the acidity from 0.35 to 0.73% while increasing the baking time from 12 to

the acidity from 0.38 to 0.86%.

In India, biscuits occupy a prominent place among
baked products. The present pieduction of biscuits
exceeds 4 lakh tonnes per annum valued at Rs. 400
croresland its consumption is steadily increasing at the
compound rate of 9.2 per cent. At present the export
of biscuits to South East Asia, Middle East and African
countries is valued at Rs. 2 crores2. There is consider-
able scope for further increasing the production and
export which call for improvement in the quality of
biscuits.

The quality of biscuits in India is governed by specifi-
cations of the Indian Standards Institution (ISI) which
are optional and those of the Prevention of Food
Adulteration Act (PFA) which are mandatory. Apart
from laying the limits for moisture and acid insoluble
ash, these specifications specify a maximum limit
of 15 per cent for acidity of fat extracted from
biscuits3.

At present, several biscuit production units, parti-
cularly those of the small scale sector without adequate
infrastructural facilities for quality control are confront-
ed with the problem of maintaining the acidity of
biscuits within the specified limit. It is well known that
the acidity of biscuits which is an important factor in
obtaining a product of desired shelf life is mainly influ-
enced by acidity of major ingredients like flour and
shortening. Minor ingredients as well as processing
conditions might also contribute to acidity and such
information is lacking. With this background, the
results of studies on the acidity in biscuits as influenced
by various factors aie presented in this paper.

addition of baking chemicals reduced the acidity of biscuits markedly from 0.86

0.42%.
temperature from 175

to
the acidity. Increasing the baking

21 min increased

Materials and Methods

Materials: Commercial grade refined soft wheat
flour (maida) procured from the local market was used.

Preparation of biscuits: Soft dough biscuits were
prepared according to the recipe and the method
described earlier by Haridas Rao, et al.4 However, to
study the effect of different minor ingredients such as
glucose syrup, milk powder and baking chemicals on
the acidity, biscuits w'ere made with and without any
one of the minor ingredients. The influence of processing
conditions on the acidity was determined by varying
(0 the resting period (0-5 hr) of the dough before mould-
ing (n) baking temperature (150-325°C) and (Hi) baking
time (12-21 min). Changes in acidity during storage at
room temperature (27°C) were determined by storing
biscuits wrapped in wax coated paper in an air-tight
container.

Analysis: The acidity in biscuits was determined
according to the standard ISI method5 while standard
AOAC methods was followed for flour and fat. In all
the cases the acidity was expressed as per centoleic acid.
Moisture, total ash, gluten, sedimentation value and
farinograph water absorption of maida were determined
according to standard AACC methods?

Results and Discussion

Chemical characteristics of maida: The analytical
data obtained on maida as expressed on 14 per cent
moisture basis were: total ash, 0.63, per cent dry gluten,
8.7; per cent sedimentation value, 21 ml; farinograph
water absorption, 56.5 pei cent. The low values for
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gluten, sedimentation value and water absorption
indicated that the maida selected for the study was from
soft wheat suitable for biscuit making8.

Acidity of commercial biscuits: The fat acidity
determined for 12 commercial samples of sweet biscuits
varied from 0.40 to 0.88 per cent with an average value
0f0.65 per cent and was within the maximum permissible
limit of 1.5 per cent, as specified by PFA.

Baking conditions: The acidity of biscuits baked at
different temperatures for an optimum period to yield a
product of desired surface colour indicated that the
acidity increased from 0.35 to 0.73 per cent when the
baking temperature was raised from 150 to 325°C
(Fig. 1). The acidity in biscuits baked at temperatures
higher than 350°C may be due to the faster rate of
hydrolysis of fat to free fatty acids as compared to that
baked at a lower temperature of ISOC. Similar observa-
tion was made for oils wherein the acidity increased with
increase in frying temperature9.

The effect of baking time on acidity was similar to
that of baking temperature (Fig. 1). The acidity increas-
ed from 0.38 to 0.75 per cent when baking time was
increased from 12 to 21 min. The optimally baked
biscuits had an acidity of0.41 per cent while the unbaked
biscuit dough had an acidity of 0.32 per cent indicating
thereby an increase in acidity during baking. Higher
acidity due to over-baking was confirmed by the observa-
tion that acidity was higher in the peripheral (0.55 per
cent) than in the central portion (0.40 per cent) of
biscuits which are subjected to more heat.

Resting the dough: Generally, biscuit doughs are
rested for about half an hour for uniform hydration
before shaping; a 2 hr. resting period led to negligible
increase in acidity (Fig. 2). However, resting the dough
for more than 2 hr slightly increased the acidity of
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Fig. 1. Effect of baking time and baking temperature on the
acidity of biscuits.
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biscuits. The acidity increased to 0.48 per cent from
0.42 per cent when the dough was rested for 5 hr.

Types offat : The acidity of biscuits depended on the
acidity of fat used (Table 1). Biscuits prepared with
unrefined oil having an acidity of 1.7 per cent had the
maximum acidity of 1.4, while those made with bakery
shortening of acidity 0.06 per cent had only 0.42 per cent
acidity.

Table 1. acidity of bicsuits made with different types
OF FAT
Acidity (as% oleic acid)
Type of fat - —
Fat Biscuits
Bakery shortening 0.06 0.42
Qil, refined 0.10 0.48
Qil, unrefined 1.70 2.40
Hydrogenated fat 0.10 0.49

Average of 3 determinations



Table 2. effect of minor ingredients on the acidity
OF BISCUITS
Ingredient Acidity

Name % used (% oleic acid)
None 0 0.37
Com syrup 1 0.42
2 0.45
3 0.49
4 0.54
Non-fat dry milk 1 041
solids 2 0.44
3 0.48

Average of 3 determinations

Baking chemicals: Addition of normally used baking
chemicals like ammonium bicarbonate, sodium bicarbo-
nate and baking powder lowered the acidity in biscuits
(Fig. 2). However, maximum effect on the acidity was
observed in case of sodium bicarbonate. This is due to
the neutralisation of free fatty acids formed during bak-
ing by sodium carbonatel0. The combined effect of the
different chemicals was less than the sum of their indi-
vidual effects. Incorporation of different baking chemi-
cals at varying levels (0 to 1 per cent) showed that
maximum effect in reducing the acidity was observed
in the range of 0.2 to 0.75 per cent. However, when
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Fig. 3. Effect of storage on the acidity of biscuits.
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sodium bicarbonate was added along with acid calcium
phosphate in amounts required to neutralise the residual
sodium carbonate which imparts an unpleasant taste, no
change in the acidity was observed.

Minor ingredients: Generally, in the preparation of
soft dough biscuits, corn syrup is used to obtain the
desired color and milk powder to improve the taste and
nutritive valuell Inclusion of these ingredients were
found to increase the acidity in biscuits depending on
the levels used (Table 2). Increase in the acidity due to
incorporation of these ingredients may be due to their
acidic naturell

Effect of storage-. Acidity in biscuits as expected,
gradually increased from 0.42 to 0.57 per cent during
storage for 4 months (Fig. 3). However, the increase
would be naturally higher at higher temperature of
storagel2 An increase in the acidity by 0.32 per cent was
observed when biscuits were stored at 37°C (instead of
room temperature) for 4 monthsi3,
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Raw and heat-treated pork and beef products were purchased from the outlets of two leading Kenyan manufacturing
firms.  Pure beef and pork sausages and pork sausages containing 1, 5 and 10% beef were prepared in the labo-
ratory.  Antigens from these products were extracted with phosphate buffered saline.  The presence of beef and pork
in these products was determined using absorbed goat antisera to cattle and pig thermostable muscle antigens in an
enzyme immunoassay. The assay was able to detect beef in pork sausages at the level of 10% and 5% but not
at 1%. Of the 44 commercial beef products labelled as containing only beef, 23 (52.3%) were shown to contain
pork and 23 (50%) of the 46 pork products were shown to contain beef. Antisera to thermostable muscle antigens
proved to be of great value in species identification not only of fresh unheated meats but also of heated (cooked,

pasteurized and autoclaved) meat products in an enzyme immunoassay.

Food analysts have relied heavily on conventional
analytical methods for the detection of adulteration of
food products. The potential of immunoassays as
methods of choice for replacing less specific and more
costly methods has been recently appreciated. The
application of immunoassay for the detection of
adulteration or accidental contamination of one kind of
food with another is, therefore, still only in its early stages.

Identification of the species of origin of raw, unproces-
sed meat represents a recurrent problem in the meat
industry. Methods such as immunodiffusion12 electro-
phoretic techniques34 and enzyme linked immuno-
sorbent assay56 have been used for species identification
of raw, unprocessed meat with comparable results.

Recent reports on substitution of sheep, horse and
kangaroo meats in Australian beef exportsé and horse in
British beef imports5 have shown that processed meat
products may also contain meat from animals othei than
those specified by the manufacturer. Spéciation of meat
in processed products, especially those that have under-
gone some degree of heating, has not been successful
using the immunoassays commonly employed for raw
meats. Assays of heated products must be based on the
detection of heat stable antigens which have retained
their species specificity. Milgrom and Witebsky7
described the presence of heat stable antigens in adrenals.
Hayden8 used antisera to such antigens to detect adulte-
ration in thoroughly cooked beef sausages using im-
munodiffusion tests. In our recent reports9,16, we have

shown that antisera to thermostable muscle antigens
(TMA) can be used to identify the species of origin of
fresh, cooked and autoclaved meat extracts from even
phylogenetically closely related species in immunodif-
fusion tests.

This report describes the use of an enzyme immunoas-
say for the detection of beef and pork in raw and heat-
treated meat products using antisera to thermostable
muscle antigens.

Materials and Methods

Processed beef and pork products such as sausages,
beef burgers, cooked ham, luncheon meat and corned
beefwere purchased from the retail outlet of two leading
Kenyan manufacturing companies.  Ninety samples
bearing different production and batch dates were
obtained over a period of two months.

Extraction of antigens from the products: After
removal of the casings and other wrappings, the products
were homogenized in phosphate buffered saline (PBS,
0.15M, pH 7.2) in the ratio of 1:1 (W/V). The homoge-
nate was centrifuged at 4000 xg for 30 min and the
supernate filtered through a Whatman No. 3 filter paper
to remove fat and coarse particles. The filtrate was
stored at 4°C after the addition of sodium azide to 0.01
per cent final concentration.

Production of antisera: Antisera to cattle and pig
TMA were produced in goats according to the method
described by Kang’ethe et al9.
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Table 1. recipe for the laboratory preparation of sausaces
Sausage 100% 1% 5% 10% 100%
ingredients pork beef beef beef beef
Beef lean (g) — 12 60 120 700
Beef fat (g) — — — — 200
Pork lean (g) 700 688 640 580 —
Pork fat (g) 200 200 200 200 —
Ice/water (g) 100 100 ,|‘QO 100 100
Milk powder (g) 50 50 50 50 50
Salt (g) 15 15 15 15 15
Seasonings (g) 5 5 5 5 5

Absorption of antisera: Each antiserum was tested
for cross-reactions and specificity using Ouchterlony’s
double diffusion test as described by Crowlell. The
antiserum was absorbed by copolymerized pooled serum
from pig, warthog, bushpig, cattle and buffalo using
the ethyl-chloroformate method of Avrameas and
Ternynck12 The absorbed antiserum was further tested
for specificity using an enzyme immunoassay. If
required, further absorptions were carried out using
appropriate cattle and pig TMA and fresh meat antigens
(FMA) coupled to cyanogen bromide activated
sepharose 4B.

Preparation of pork sausages containing various
quantities of beef: Fresh beef and pork sausages con-
taining 1, 5 and 10 per cent beef weie made in 1 kg lots
(Table 1).

Preparation of rabbit anti-goat IgG glucose oxidase
conjugate: Rabbit anti-goat 1gG were separated from
rabbit anti-goat 1gG serum by precipitation at 50 per cent
saturation with ammonium sulphate and chromato-
graphed on DEAE-cellulose. The IgG fraction was
conjugated with glucose oxidase according to the perio-
date method of Wilson and Nakane13, with slight modifi-
cations. Briefly, the procedure was as follows; Seventy
six milligrams of glucose oxidase were dissolved in 9.2 ml
of distilled water and oxidized by addition of 1.9 ml of
0.1M sodium metaperiodate solution. The mixture was
stirred in the dark for 30 min at room temperature. It
was dialysed against 100 ml of 1 mM acetate buffer
pH 4.4 containing 0.1 ml ethylene glycol for 10 min,
after which the dialysis was continued using 1 mM
acetate buffer, pH 4.4 without ethylene glycol for 1 hr.
The oxidized enzyme was mixed with rabbit anti-goat
IgG in the molar ratio of 1:1, in 0.5M carbonate buffer
pH 9.0 and left stirring for 2 hr at room temperature.
The pH of the enzyme-lgG mixture was adjusted to
between 7.5 and 7.8 and left at 4°C overnight. Twenty
milligrams of glycine was added to the mixture which
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was left stirring for 1 hr at room temperature to block
the remaining aldehyde groups. The pH was finally
adjusted to 7.4-7.8 using 1 N HC1. After clarification by
filtration through a 0.45 /xmmillipore filter, the conjugate
was stored at -20°C after the addition of an equal
volume of glycerol.

Enzyme immunoassay: Optimal dilutions of the
antisera, conjugate and antigens were determined by
checkerboard titrations. Appropriate antigen, antiserum,
conjugate and substrate controls were included. Tests
for specificity using each antiserum were also performed
with homologous and heterologous antigens.

The antigen extracts of the meat pioducts were diluted
in the coating buffer (0.05 M carbonate-bicarbonate pH
9.6); 100 jul/well of the 1:400 dilution of the antigen were
used to coat the microtitre plates (Dynatech flat bottom-
ed plates M 129 A, batch 300266). The plates were
incubated at room temperature overnight in a humid
chamber, washed with PBS containing 0.05 per cent
Tween 80 (PBS-Tween) ana tapped dry on absorbent
paper. 100 jul/well of absorbed goat anti-cattle TMA
diluted 1:50 and goat anti-pig TMA diluted 1:50 were
added and incubated for 1 hr at 37°C in a humid
chamber. The serum diluent consisted of 75 g of KC1+
2.5 g disodium EDTA+ 1 g benzoic acid+ 1 ml Tween
80+5 per cent normal rabbit serum in 1000 ml of 0.05 M
phosphate buffer pH 8.0; the pH of the diluent was
adjusted to 7.5.

After incubation, the plates were washed, tapped dry
and 100 jul/well of the rabbit-anti-goat 1gG glucose
oxidase conjugate, diluted 1:1000 in the conjugate diluent
was added and incubated for 1 hr at 37°C in a humid
chamber. The conjugate diluent was similar to the serum
diluent except that 0.05 per cent of Tween 80 was used
instead of 0.01 per cent. After incubation, the plates
were washed, tapped dry on absorbent paper and 100
Ixl/well of the substrate added and incubated for 1 hr at
room temperature. The absorbance was read at 410 nm
using a micro-ELISA Mini-reader MR 590 (Dynatech,
Santa Monica, California). For 1 plate the substrate
solution was made as follows:

10 ml of 0.05 M ammonium acetate buffer pH 5.0
1 ml of a 20 per cent glucose solution

0.1 ml of peroxidase type Il solution (1 mg/ml) in
0.05 M acetate buffer (pH 5.0)

0.1 ml of 2,2’azino-di-methyl benzthiazoline sulfonic
acid (ABTS) (25 mg/ml in distilled water).

Those products that were negative for beef or pork
were further tested starting with an antigen dilution of
1:2 in the coating buffer. For the differentiation of
known beef and pork, the reaction was considered
positive, when the absorbance exceeded 3 times that of
the mean of the negative sampleld.
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Results and Discussion

Forty six labelled samples of pork, and 44 labelled
samples of beef were examined for the presence of pork
and beef. Table 2 summaiizes the results of EIA using
absorbed goat anti-pig and -cattle TMA sera.

Nineteen of the 46 samples labelled pork were found
to give positive reactions for beef. This represents 41.3
per cent of the pork samples. Included in these 19
samples are 8 samples that gave negative reactions for
pork.

Twenty three of the 44 samples labelled beef gave
positive reactions for pork. This represents 52.3 pei cent
of the total beef samples. Among these are 3 samples
that were negative for beef. Three other samples were
found to be negative for both beef and pork. These
samples gave positive reactions that were on the border-
line for beef and pork. If the cut off point were to be
lowered to 2 times the absorbance of the pure pork
sample, they would have been positive for both beef
and pork.

Table 3 shows a comparison of the products from the
two factories. Substitution of pork with beefwas found
in 50 per cent of the pork products from both factories.
Substitution of beefwith pork was found in 78.6 per cent

Table 2. detection of beef and pork meat in pork and beef
PRODUCTS BY ENZYME IMMUNOASSAY
Product Samples tested Positive for Positive for Positive for
label (No.) pork (1)  beef (2) M +@2)

Beef 44 23 10 23
(52.3%)  (86.4%)  (52.3%)

Pork 46 38 23 23
(82.6%)  (50%) (50%)

Table 3. results of enzyme immunoassay showing factory-

wise DETECTION OF BEEFAND PORK MEAT INPORK AND BEEFPRODUCTS
RESPECTIVELY

Product Samples Samples
Factory  Antiserum used label tested positive
(No.) (No.)
A Goat anti-cattle TMA Pork 24 12(50%)*
Goat anti-pig TMA Beef 28 22 (78.6 %)+
B Goat anti-cattle TMA Pork 22 1 (50%)*
Goat anti-pig TMA Beef 16 1 (6.3%)+

«Substitution of pork with beef
+Substitution of beef with pork

. DETECTION of beef and pork in meat products
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Fig. 1. Effect of milk powder on the detection of beef in pork
products containing milk powder.

Pure beef O— O; Pure pork X -.-X; 5% milk powder « —9

of the beef products from factory A and only in 6.3 per
cent of the beef products from factory B.

This high rate of substitution of pork for beef and
vice-versa in products from both factories cannot be
referred to as adulteration, since the Kenya Bureau of
Standards’ Specification for the manufactuie of beef and
pork sausages allows inclusion of other unspecified
meats. For beef products, the allowed minimum lean
beef should be at least 32.5 per cent while the pork
products should contain at least 52 per cent lean pork15.

Fig. I shows the results of enzyme immunoassay (EIA)
designed to examine the effect of 5 per cent milk powdei
on the detection of beef in pork sausages. This quantity
of milk powder used in the sausage mix did not produce
false positive reactions for beef in pork sausages. Ap-
parently, milk powder does not contain antigens related
to cattle TMA. Itis also possible that the absorbed goat
anti-cattle TMA serum has no antibody activity to
bovine milk components. Species identification of meat
can be achieved in meat products containing milk powder
added as a binder using anti-TMA sera. Di Antiono
et aW. were unable to differentiate between pork
sausages containing bovine milk powdei with these that
contained bovine meat in immunodiffusion tests using
anti-bovine sera supplied by a commercial firm. The
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Rabbit antisera to extracts of raw and partially heated (70°C) meats of buffalo,
were used in an immunodiffusion test to differentiate their raw, heated (70°C)
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cattle, sheep, goat, pig and poultry
and boiled (100°C) meats. The anti-

sera reacted with raw and heated (70°C) meat extracts producing a spectrum of species specific precipitation bands

which enabled their identification.

antisera to heated pork extracts gave only species specific reactions.
showed weak reactions with minor variations when tested against extracts of heated (70°C) and raw meats.

Cross reactions were observed between related species but anti-poultry sera and

raw and heated (70°C) meats
Boiled

Antisera to

(100°C) meat extracts neither produced antibodies nor reacted with these antisera and hence could not be identified

after pathopal concentration.

Many techniques have been used to detect adulteration
of meat of which the remarkable specificity of serological
reactions was first demonstrated by Landsteinerl The
most commonly employed serological methods are the
tube ring test2 and agar gel precipitation test3. Tizard
et al4. and Kurth and Shaw5 found that the tube ring
test could not be employed alone to prove the identity
of the meat due to occurrence of false positive reactions
and lesser sensitivity. The agar gel precipitation test can
resolve the constituents of an antigenic mixture, compare
these with reference antigens at the same time6 and is
sufficiently sensitive to detect mos: commercial degrees
of adulteration. Further, this test has been found to be
simple and convenient by several workers7-12.

Serum proteins were used earlier but soluble meat
extracts were observed to be superior for production of
antisera in rabbits injected by the intramuscular
route713 15 False positive reactions have also been
reported with serum proteins because of the specificity
of the antisera to serum or blood proteins rather than
muscle proteinsl6. Very few reports are available on
the detection of origin of heat treated meats and avail-

Antisera to raw meats stored at -20°C for 9 years were also found

to be competent.

able antisera were unable to detect meats heated above
80°C1718 In the present investigation, attempts have
been made to study the application of the agar gel
diffusion test by considering the spectra of the
precipitation lines and further its application to meats
heated to 70°C and 100°C using rabbit antisera to raw
and heat treated meats.

Materials and Methods

Preparation of meat extracts for immunisation:
Freshly collected lean meat samples from multiple sites
of cattle, buffalo, sheep, goat, pig and poultry were first
minced in a meat mincer and then homogenised to a paste
by adding 75 ml of normal saline solution (NSS) contain-
ing 8.5g NaCl/lOOmlto 100g of meat as described by
Sherikar et al9. The extracts were filtered and centri-
fuged at 3000 rpm for 30 min. The supernatants were
filtered through a seitz filter and the filtrates were tested
for their sterility. The sterile meat extracts were distri-
buted in 10 ml vials and thiomersal (1:10,000) was added
as a preservative. The protein contents were estimated
by the biuret method19. In case of heated and boiled
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meats, 100g of meat were heated to 70°C and boiled at
100°C, respectively for 20 min. The samples were cooled
to room temperature, homogenised, filtered, centrifuged
and the extracts were collected as described above.
Boiled meat extracts were concentrated by addition of
pathopal pellets (M/s. Ambika Enterprises, Bombay)
at the rate of 5 g/20 ml before use. The extracts were
allowed to stand for 45 min so that the pellets absorbed
water and reduced the fluid to nearly 1/3 its original
volume. The swollen pellets were reused after repeated
washing with distilled water and then dried in the
incubator at 37°C tor 24 hr.

Immunisation schedule: Two rabbits each were
immunised with respective antigens of raw meat extracts
which contained 3.7-4.2 mg per cent protein. One
millilitre of the antigen mixed witn equal quantity of
Freund’s complete adjuvant was injected (deep)
intramuscularly as described by Campbell et al20. at
weekly intervals for 5 weeks. Test bleeding was done
seven days after the last injection and agar gel diffusion
test was carried out to monitor the immunoresponse.
The serum was collected aseptically and distributed in
5 ml screw cap glass tubes. Thiomersal was added in the
proportion of 1:10,000 and it was stored at -20°C.

In order to prepare antisera to heated (70°C) meats,
water extracts of such meats containing 3.1 to 3.8 mg
per cent protein were injected into the rabbits in the above
manner whereas, extracts from boiled (100°C) meats
containing 2.1 to 2.5 mg per cent protein were used.

Preparation of test meat extracts: Raw, heated and
boiled meat extracts were prepared by weighing 20,50
and 100g respectively of lean meats, mixing with equal
amounts of distilled water and heating to 70°C or boiling
at 100°C for 20 min in case of heated and boiled meats.
Heated and boiled meats were later cooled to room
temperature.  All the mixtures were homogenised,
centrifuged (5000 rpm, 20 min) and the supernatants
collected were used as test meat antigens, except boiled
meat extracts which were concentrated as described
earlier.

Immunodiffusion test: Immunodiffusion tests were
carried out as described by Crowle6. Undiluted anti-
serum @ 5 /jlwas put in the central well and test meat
extracts of raw, heated (70°C) and boiled (100°C) meats
@ 5 julwere loaded in the peripheral wells. Antiserato
raw meats raised 9 years ago and preserved at -20°C
were also subjected to immunodiffusion test.

Results and Discussion

Use of antisera raised against raw meat extracts:
Results of the study revealed that the rabbit antisera to
buffalo, cattle, sheep, goat and pig raw meat extracts
reacted with extracts of homologous species as well as
showed cross reactivity amongst each other maintaining
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a spectrum of precipitation bands specific for each
species (Table 1). However, both anti-poultry serum and
its meat extracts produced only homologous reaction.
Though the precipitation bands developed after 16 hr
they became prominent at the end of 24 hr.

From Table 1, it is also evident that each species has
more than one antigenic component. The pattern of
these precipitin lines indicates the characteristics of the
components, viz. their diffusion rates and their mole-
cularlweights. The component having a high rate of
diffusion formed a precipitation line nearer the antiserum
well bending towards the well. The diffusion components
with lower diffusion rate formed precipitation lines near
the antigen well bending towards the well. The com-
ponents which had the same diffusion rate as that of
antiserum, formed a straight line without exhibiting any
bending effect. The corresponding concentration of these
components determined the thickness or thinness of the
precipitin lines formed, giving further information on the
relative concentrations of all the components.

Van den Heever2l also found that raw meats could be
identified qualitatively based on the number of preci-
pitin lines and their characters. Ramdass and Misral2
could identify meats species on the basis of number of
lines of identity and partial identity with antisera of
different species. Since, poultry is not related phylo-
genetically with other species, cross reactions were not
evidenced.

Extracts of heated (70°C) meats were tested against
antisera to raw meat extracts, wherein precipitin lines
were observed but the intensity of the bands were found
to be weak. These meat extracts also showed cross
reactivity with other species except poultry (Table 2).
On comparison of the number and type of precipitin
bands with raw meat extracts, it was observed that with
the exception of buftalo all other species, showed minor
variations. These variations reveal the succeptibiiity of
native proteins to heat, probably resulting in decrease
in the intensity of the bands, due to changes in the
nature of the proteins22. Similar observations were
recorded by Warnecke and Saffle2 and Hashimoto and
Yasuils

The antisera against raw meat extracts revealed no
precipitin bands in case of boiled meat extracts. Absence
of precipitin bands could be due to changes in the
solubility of sarcoplasmic and myofibrillar proteins with
increasing temperatures of heating above 70°C. At
temperatures above 70°C uncoiling of the peptide helix
along with loss of sulphydryl groups23 could have
resulted in the loss of antigenic properties due to which
precipitin lines could not be observed Ginsberg23 also
stated that meat samples which have been heated upto
80°C for 30 min will not react with sera prepared by use
of unheated material.
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The soluble properties and antigenic competence of
test proteins of meat systems are altered considerably
when products are highly heated rendering immuno-
chemical methods ineffective when used to analyse
suspect material or products heated above SO0°Cu. The
results in the present study indicate that the test is
adaptable to identify meats heated upto 70°C.

Use of previously raised antisera: The previously
raised antisera against raw meat extracts of the animals
under study were employed to observe their efficacy in
immunodiffusion test. Reproducible results were
observed indicating that the antisera can be preserved
at -20°C for prolonged periods of time. However,
Hayden10 observed some non-specific cross reactivity
between the rabbit antiserum to chicken troponin and
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extracts of beef sausage after storage of the antiserum
for a period of 3 months, though that was specific for
chicken species.

Use of antisera produced against heated meat extracts:
Precipitation lines could not be obtained with raw meat
antisera when tested against boiled meats, whereas
reactions were found when they were tested against
heated meat extracts. Based on these findings, it was
envisaged to prepare antisera against extracts of meats
heated to 70 and 100°C. The antigens from boiled
meat extracts used for the purpose of raising the antisera
were concentrated three times in order to enhance the
protein content of the extracts. The results of the study
indicated that precipitin bands were observed in case
of all the heated (70°C) meat extracts with the antisera

Table 1. schematic representation of reactions between raw muscle antigens and antisera to raw meat extracts in
ouchterlony’s double gel diffusion test
Antigens
Antisera
Buffalo Cattle Sheep Goat Pig Poultry

Buffalo 0
Cattle 0
Sheep 0
Goat 0
Pig 0
Poultry 0 0 0 0 0

Reaction with homologous antigen.

0 : No reaction

Reaction with heterologous antigen showing line of identity
Reaction with heterologous antigen showing partial identity.
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Table 2. schematic representation of reactions between heatfd muscle antigens and antisera to raw meat extracts in
ouchterlony’s double gel diffusion test
Antigens
Antisera
Buffalo Cattle Sheep Goat Pig Poultry
Buffalo
Cattle 0
Sheep 0
Goat 0
Pig 0
Poultry 0 0 0 0 0
—n —

Reaction with homologous antigen.

0 : No reaction

to heated meats giving homologous reactions; however,
cross reactions were also observed within the group
except with antigen from poultry (Table 3). When the
raw meat extracts of buffalo, cattle, sheep and goat were
tested with antisera to extracts of heated meats, though
precipitin bands were observed, they were of weak
intensity and showed cross reactivity with other species
except poultry (Table 4). But pig and poultry antisera
gave only homologous reactions with heated and raw
meat extracts.

Minor variations with respect to the number and type
of bands were observed when the antisera were tested
against raw meat extracts in comparison to the results

Reaction with heterologous antigen showing line of identity
Reaction with heterologous antigen showing partial identity.

obtained with heated meat extracts. These variations
could be attributed to the type of antisera which consist
of a mixture of antibodies against heated and native
proteins25. Hashimoto and Yasuils stated that the
species specificity is recognizable upto heating tempera-
ture of 70°C only in case of application of the antisera
to which heated serum and myoglobin are used as
antigens for their preparation.

Though antisera of buffalo, cattle, sheep and goat
showed cross reactions with extracts of heated and raw
meat of pig, anti-pig serum did not react with the above
species. This could be attributed to the inability of the
specific cross reacting fractions present in the pig antigen
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to produce sufficient antibody titre to exhibit the presence
of precipitin lines, since meats like pork are very sensitive
to heat treatment22.

No reactions were recorded with boiled meat extracts
using the antisera to heated meat extracts.

Extracts of boiled (100°C) meats failed to produce
antibodies in rabbits. Though antibodies may have been
produced they were found to be very weak and non-
specificl4l5 Hayden1l reported the loss of antigenic
competence of meat on excessive heating.

A necessary condition for the detection of animal
meats is the presence of native proteins in meats to
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denote their ability of antibody formation. So, the
precipitin reaction appears only when theie exist some
corresponding native proteins in the extiact of meats and
strength of the reaction decreases with the amount of
native proteins in the extracts. When all proteins in
meat are denatured by heat, precipitin reaction does
not take place any more.

When these denatured proteins are used as antigens,
they do not develop antibodies in rabbits so that the
precipitin test cannot be adopted to such meats which
are severely heated.

From the present study, it was concluded that species

Table 3. schematic representation of reactions between heated muscle antigens and antisera to heated meat
EXTRACTS IN OUCHTERLONY’S DOUBLE GEL DIFFUSION TEST
Antigens
Antisera
Buffalo Cattle Sheep Goat Pig Poultry

Buffalo 0
Cattle 0
Sheep 0
Goat 0
Pig 0 0 0 0 0
Poultry 0 0 0 0 0

Reaction with homologous antigen.

0 : No reaction

Reaction with heterologous antigen showing line of identity
Reaction with heterologous antigen showing partial identity.
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TABLB 4. SCHEMATIC REPRESENTATION OF REACTIONS BETWEEN RA
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W MUSLCE ANTIGENS AND ANTISERA TO HEATED MEAT

EXTRACTS IN OUCHTERLONY’S DOUBLE GEL DIFFUSION TEST

Antigens
Antisera
Buffalo Cattle Sheep Goat Pig Poultry
Buffalo —-— e mmemmmees mmmeeeees - 0
Cattle 0
Sheep 0
Goat 0
Pig 0 0 0 0 0
Poultry 0 0 0 0 0
Reaction with homologous antigen.
----------- : Reaction with heterologous antigen showing line of identity
- . - .- : Reaction with heterologous antigen showing partial identity.
0 : No reaction

of origin of raw meats and meats heated upto 70°C could 3.
be identified using antisera to raw and heated (70°C)
meat extracts. However, the spectrum of the precipi- 4.
tation bands, their position and intensity is required to

be compared with standard photographs or reactions

of known standard meat extracts for which technical 5
expertise is necessary.
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The effect of SO2 on the bacteriological stability and eating quality of minced goat meat was studied at 7°C and

15°C storage temperature.
increased storage life.

At 425 and 450 p.p.m., SO:2
There was no adverse effect on the eating quality, or on the odour of meat.

stability resulting in

The results

conferred maximum bacteriological

also indicated SOz to be a good colour fixative agent for goat meat.

One of the major problems of today’s meat industry
is to check growth of surface bacteria which spoil the
meat. Usually, this is achieved by loweringthe tempera-
ture of storage. In tropical countries, refrigeration,
however, is quite often undependable and an additional
use of some other preservative might be beneficial. Use
of sulphurdioxide, especially in comminuted meats is
permitted in U.K., Australia and India. However, not
much information is available regarding its efficacy as a
meat stabilizing agent. Besides the stabilizing effect,
S0: being a reducing agent, might also act as a colour
fixative thereby providing an alternative for nitrites.

*Present address:

The present studies were, therefore, undertaken to assess
the efficacy of SO: in retarding the spoilage of meat at
7 and 15°C, and to fix the colour of the meat.

Materials and Methods

The lean meat from leg and shoulder regions of adult
male goat carcasses (one to two years old) was purchased
and minced at the retail shop with the hand mincer
within two hours of slaughter and brought to the labo-
ratory in polythene bags kept in ice box. The samples
were kept at refrigeration temperature till processed,
which usually was within two hours of its mincing.
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Sodium disulphite (Na2S205. Sarabhai Chemicals,
Baroda) was used as the source of SO02and the dose was
calculated on the basis of its expected yield. A near
uniform level of S02 (indicated by SCK estimationl in
samples drawn from three different places) in one to two
kg of minced meat was obtained in approximately 10
min. of mixing. The treated samples weie divided into
smaller lots of about 50g each, packed in polythene bags
and kept for storage. Minced meat samples from the
same source not treated with S02 but handled, packed
and stored similarly served as controls.

Effect of various S0 2 doses on meat stabilization : The
minced goat meat obtained from the same source at
the same time were treated in one experiment with
sodium disulphite to get 300, 450 and 600 ppm. of SO
and in another to get a SO:2 concentration of 375, 400,
425 and 450 ppm. The samples were incubated at
7+0.5 and 15%0.5°C along with the untreated controls
till spoilage was detected. Samples from both treated
and untreated meat were drawn daily to perform sensory
tests like odour, colour and boiling tests2. The sensory
evaluation was done by six persons and meat was
considered spoiled even if a single evaluator indicated
development of abnormal (sour or any other) odour.
The colour was judged on a three point hedonic scale.
For bacteriological evaluation (SPC 30°C and 7°C)3
and pH and S02determination, the samples were drawn
on 0,3,5,7,9,11 and 13 days from 7°C stored and 0,2,4
and6fromI5°C stored samples. The pH of the samples
was determined thrice by introducing the electrodes
(Systronic digital pH meter) in the minced meat sample
and the average value taken. The total residual S02 in
uncooked and cooked minced meat (15 Ib pressure, 10
min) was determined by iodimetric titration method:
by taking 10 g sample homogenised in 200 ml of distilled
water, 10 ml of saturated sodium bicarbonate solution
and 5 ml of concentrated HC1 for direct distillation into
iodine solution. Blanks (untreated control) were also
run simultaneously.

Effect of initial level ofbacterial contamination on S02
treatment: Three minced meat samples obtained from
three different sources, were treated with S02 at 450 ppm
and stored at 7+0.5 and 15+0.5°C along with untreated
controls. The samples were drawn for sensory (odour,
colour changes) evaluation, pH determination and
bacteriological (SPC) (30C) examination as described
above.

All the experiments were conducted in triplicate and
the average values are reported. The data of all the
experiments conducted, were subjected whenever neces-
sary to appropriate statistical analysis4.

Sensory evaluation of treated minced meat: The semi
trained panel members who were able to identify the
odd sample in the set of three at least twice in a trial of
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three replicates were enlisted for the triangle test5. A set
consisting of one odd treated (300, 450, 600 ppm)
and two untreated minced meat samples were drawn on
zero and 3rd day of storage at 7°C, sodium chloride was
added, to get a final concentration of one per cent,
cooked in a domestic pressure cooker for 5 min, offered
to the panel members to identify the odd sample and
the results analysed following the procedure of
Ranganna6. Uncooked samples of both treated (450
p.p.m.) and untreated minced meat stored for zero and
three days at 7°C were also presented to the same panel
in screw capped glass bottles for evaluation of colour
and odour using a 5 point hedonic scale.

Paired test on consumers: About 50g of each treated
and untreated minced meat was provided to each of the
60 individuals who were requested to cook the samples
separately but under identical conditions for con-
sumption. A sample score card was provided to indicate
the preference if any, amongst the two samples and the
results analysed6.

Results and Discussion

The treatment of minced goat meat with 300, 450 and
600 p.p.m. of SO. was found to decrease the rate of
multiplication of the spoilage bacteria. In untreated
meat samples, the standard plate count (30°C) of
20x105qg present on the zero-day of storage increased
to 33333 X105g during the log phase of five days (zero
to 5th day of storage) of bacterial growth with a multi-
plication rate of approximately 250 colony forming
units (CFU)/hr. In 450 and 600 ppm of SO2 treated
meat samples, the rate of multiplication was reduced to
2 CFU/hr and 0.7 CFU/hr. respectively. During the log
phase of growth of 5 days (9th to 13th day of storage),
the CFU increased to 143xI0%g and 47x105 from
8x105 and 4x10%g, respectively. It was, however,
difficult to assess how much the reduced rate of multipli-
cation of bacteria contributed to the increased keeping
quality of the meat since both 450 and 600 p.p.m. of SO:
treated meat samples spoiled on the same day of storage.

The treatment also increased the bacteriological
stability as after an initial reduction, the number of
bacteria did not vary significantly for a considerable
period of time. In contrast, the bacterial flora in un-
treated samples revealed significant continuous increase
in its number till the day of spoilage. The enhanced
bacteriological stability was found to be directly asso-
ciated with the delay in spoilage changes. Treated meat
revealed spoilage changes on the 7th (300 ppm) and 13th
(450, 600 ppm) day of storage while the untreated did so
on the 5th day of storage. The increased bacteriological
stability of meat appeared to be due to bacteriostatic
action of S02because, a prolonged lag phase (3to 9 days)
of growth was observed in treated meat samples but not
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Fig. 1. Effect of different levels of S02 on storage life of
minced meat (Initial = pH 5.75)

in untreated controls. The increase in S02 dose beyond
450 ppm level, however, did not appear to have any
beneficial effect as the meat treated with 450 and 600 ppm
of S02 spoiled on the same day of storage. Therefore,
to find out the maximum level of S02 beyond which any
increase in the dose would have no additional effect, the
minced meat sample was treated with 450 and 375, 400,
425 ppm of S02 and was stored at 7°C (Fig. 1). The
samples treated with 375, and 400 ppm of S02 behaved
similarly in that both spoiled on the 9th day of the
storage and the spoilage bacteria revealed dormancy or
prolonged lag phase of growth upio 5th day of storage
while the samples treated with 425 and 450 ppm S02
spoiled on 11th day. It thus, appeared that the SO2dose
could be lowered to as low as 425 ppm to obtain maxi-
mum preservative effect.
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Fig. 2. Relationship of residual S02 with microbial growth
in treated minced meat stored at 7°C
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Bacteriological analysis of treated and untreated meat
samples stored at 15°C also revealed the same tiend as
was observed in the treated and untreated samples stored
at 7°C, except the period of bacteriological stability and
the rate of growth of bacteria. The former was found
to be comparatively reduced while the latter increased
indicating the influence of storage temperature on the
bacteriostatic action of S02. The action was observed
to be more pronounced at 7°C than at 15°C.

The initial level of bacterial contamination was also
found to affect the preservative efficacy of S02. The
sample with initial contamination level of 7.6 XIO7
CFU/g on treatment spoiled as early as on 6th day of
storage while the samples with lower degree of contami-
nation (7.1 and 6.9 x 10s CFU/g) under similar condi-
tions spoiled on 13th day at 7°C. Christian7 also,
reported that the stability of SO2treated mince depended
upon the initial level of bacterial contamination.

Correlation between the residual S02 and the bacterial
growth during storage at 7 and 15°C is depicted in
Fig. 2 and 3 respectively. The decrease in S02 con-
tamination started with immediate effect from the zero-
day of storage. This reduction was probably on account
of conversion of S02 to reversibly bound form during
processing. However, in general, a negative correlation”
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Fig. 3. Relationship of residual S02 with microbial growth
in treated minced meat jstored at 15°C
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Table 1. acceptability of treated minced meat
Difference in treated and non Indicated preference
No. of judges treated meat Accepted
treated”™
Not detected Detected Treated Not treated meat+
(No) (No) (No) (No) (No)
Triangle test
Trial | 14 12(86)*** +2(14) — — 14(100)***
Trial 1l 12 10(83)*** 2(17) — — 12(100)***
Trial 1 9 7(78)*** 2(22) — — 9(100)***
Paired test
38 (Males) 12(32) 26(68) 26(68)** 0 38(100)***
13 (Females) 4(31) 9(69) 7(59) 2(15) 11(85) ***
10 Children 4(40) 6(60) 5(50) 1(20) 9(90) ***
Total 61 20(33) 41(77) 48(62