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Gam m a Irradition o f R ice Grains
M.K. Roy, S.K. G h o sh  a n d  S.R. C hatterjee  

Nuclear Research Laboratory 
Indian Agricultural Research Institute, New Delhi-110012.

Received 9 October 1990; revised 27 April 1991

Ricé grains o f the variety,*Pusa-33’, a t 12.0% m oisture, were irrad iated  with doses of 0-150 kGy. The crystallinity o f starch, soluble 
amylose and yellowness of treated grains increased with increment in the dose of radiation but water absorption and volume expansion 
on cooking decreased. Irrad ia tion  at doses of 3-5 kGy increased im perceptibly the hardening of rice cooled after cooking, but had 
no effect on edibility. The off-arom a in irradiated  grains was perceptible a t doses higher than 5 kGy. The changes in colour and4arom a persisted also on cooking. Upto a dose of 5 kGy, the sensory scores o f rice, both cooked and uncooked, were a t o r above 
acceptable lim it of score (5.5). The doses of 3 and 5 kGy were highly effective in reducing fungal population in irrad iated  grains, 
b u t in view of the changes in colour and cooking qualities, 3 kGy is the preferred dose-limit of irradiation .

A recent study1 with an Australian variety of rice at 16.3 
and 25.1 per cent moisture indicated that gamma irradiation 
at a dose above 1 kGy (100 krad) bums off rice, the product 
becoming unacceptable and unconsumable. This suggested 
that rice cannot be irradiated with doses above 1 kGy, which 
are required for reduction or elimination of fungi or other 
microbes. Consumer acceptability is the success of irradiation 
processing. However, Wang et af. in Taiwan reported that 
irradiation at a dose below 3 kGy did not cause significant 
changes in cooking quality as judged by water uptake during 
cooking, volume expansion,pH of rice soup and sensory 
evaluation for colour and flavour of cooked rice. Japanese 
studies3 also brought out the importance of moisture content 
in irradiation preservation of rice. Studies in Egypt4 showed 
that 1.0 kGy is the acceptability limit for brown rice and 2.5 
kGy for milled rice. These findings necessitated further 
research in this area. The objectives of the present work were 
to study the quality changes, determine acceptability limit 
of irradiation, reduce fungal load and add to the available 
information on these aspects of rice irradiation.
Materials and Methods

The rice grains (dehusked paddy) of the variety, ‘Pusa-33’, 
used in the study, contained as determined with a Marconic 
moisture meter, 12.0 per cent moisture. The grains in 10 (for 
mould counts) 20 and 250 g lots, gamma (“ Co) irradiated 
in sealed polythene bags, with doses of 1.0, 3.0, 5.0, 10.0, 50.0 
and 150.0 kGy at a dose rate of 0.08 kGy/min, were stored 
at ambient temperature (30±8°C) during the study. The 
X-ray diffraction patterns of the powdered (powdered after 
irriadiation) rice grains (250 /x m) were recorded within a 
few days after irradiation by using Philips (Model PW 
1729-PW1710) X-ray diffractometer operated at 35 KV and

30 mA to obtain nickel—filtered cuK radiation. The width 
of both the scatter and divergence slit was 3 mm and that 
of the receiving slit was 0.2 mm. The samples of unirradiated 
and treated rice powder were scanned between 5°-30° 2 0 
at a scanning speed of 2° 2 6 /min. The relative crystallinity 
of single sample was calculated5 by dividing the area of the 
peaks of irradiated samples with the corresponding peak area 
of the control sample. Whole grains were used to study colour 
changes in 5 replicates with a Hunterlab colorimeter by 
standardised method. Soluble amylose was determined in 4 
replicates by a modified starch iodine blue method6. The 
water uptake during cooking was determined in duplicate by 
autoclaving for 25 min at 100°C, 20 g of rice taken in 
100 ml water in 250 ml beakers. The rice so cooked was 
strained and quickly rolled over a filter paper to drain off 
water7. The water uptake was calculated by dividing the 
increased weight after cooking by the original weight of rice 
grains used. The volume expansion per unit volume of 
uncooked rice was determined in duplicate on the basis of 
difference in the volume of water displaced by uncooked and 
cooked grains8. For sensory ratings of both cooked and 
uncooked rice by 9 panelists, a 9-point Hedonic scale was 
used. The scores of 5.5 or more were considered acceptable. 
The texture of cooked rice and the after-cooking hardening 
was judged by pressing between the fingers and by crushing 
with a glass rod1. To study the effect of irradiation on 
hardness of uncooked rice, the averages of pressures in 
lb/square inch required just to crush 11 grains per treatment 
were determined with the aid of a fruit texturometer. Six 
evenly placed grains were dipped in 1.7 per cent KOH in small 
petri dishes in triplicate kept at 30 ± 1°C for 16 hr to study 
alkali digestibility using a 7-point scale9. One hundred 
grains from each treatment and the untreated control from
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sealed 10 g lots were placed on malt salt agar containing 2.0  
per cent malt extract, 7.5 per cent sodium  chloride and 2.0 
per cent agar agar, 6 V2 and 1 month after irradiation in 
separate experim ents to exam ine the reduction as a result o f  
irradiation10 in fungal population arising from natural 
infection o f grain.

Results and Discussion
The X-ray diffractogram s in F ig .l showed A-type 

diffraction pattern characteristic o f  rice starch at all levels 
o f  irradiation and are in good agreem ent with other studies 
on r ice1. The shape o f the peak at 5.87 A  is apparently not 
affected by irradiation o f  the grains thereby showing no 
change in polym orphic form  as a result o f irradiation. In 
the region o f  5 .22 -4 .8 0  A four peaks are discernible in the 
control and in the grains treated at 1 kGy; but on irradiation 
at 3 kGy and above only three distinct peaks are d iscernible  
in the region indicating a change in the atomic^ordering". 
The next major peak in the region o f  3.87-3.76 A is a broad 
one in the control. On irradiation at 1 kGy, it develops a 
shoulder at the higher side o f  2 9 angle and on irradiation 
at still higher doses o f  3, 5 and 150 kGy it splits into two 
distinct peaks suggesting im provem ent in the ordered  
arrangement o f  atoms.

The relative crystallinity data in Table 1 show small 
increases with increm ents in the d ose o f  irradiation when  
calculated on the basis o f  the area o f  the peak marked B in 
F ig .l. W hereas, in contrast, this increase is large when the 
area under peak A in F ig .l is used. However, at the high dose  
o f 150 kGy, these increases are not sustained probably because 
o f  charring effect o f  irradiation on the grains. Studies with  
irradiated rice and w h eat1" starches also reported such 
increases in relative crystallinity based only on peak area but 
did not report peak delineation or peak sharpening as found 
in the study. T hese latter characteristics further lend support 
to the fact o f  increased crystallinity.

<------- DEGREES 2 6  ---------
Fig.l X ray diffraction pattern o f  powdered rice (irradiated).

I Control: 2 : I kGy: 3 : 3 kGy; 4 : 5 kGy and 5 : 150 kGy
The Hunterlab L and b values in Table 1 show that as the 

irradiation dose increased the L-values, com pared with the 
control, decreased significantly, but the b-values at all the 
doses increased significantly except at 1.0 kG y as a lso  the 
yellow ness o f  the treated grains. Such colour changes with  
parallel descending L and ascending b-values have a lso  been  
reported in other stu d ies'4. M elanoid ins form ed due to 
oxidation o f  phenols or M aillard reactions betw een carbonyl 
com pounds and free am ino groups have been suggested as 
probable causes o f  yellow ing in irradiated rice'. Water

T a b l e  1. C o l o u r , w a t e r  u p t a k e  d u r i n g  c o o k i n g , s o l u b l e  a m y l o s e  a n d  r e l a t i v e  c r y s t a l l i n i t y  o f  i r r a d i a t e d  r i c e

Irradiation dose Mean Hunterlab values Av. water Av. soluble
Av. relative crystallinity(kG y) L uptake* amylose

<%) A B
0 58.62 12.11 3.19 23.8 100 100
1 57.27 13.08 2.42 24.3 120 106
3 56.35 13.80 1.99 26.0 130 107
5 56.03 14.37 1.84 27.7 128 111
10 56.52 16.09 1.30 28.5 — —

50 54.60 18.48 0.62 31.5 — —

150 49.26 21.24 0.22 29.4 108 106
C.D.at 5% 0.40 1.21 0.13 0.33 — —

(—) Not done
*Wt after cooking/wt before cooking 
+A and B as in Fig 1
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T a b l e  2 . C o l o u r , a r o m a , t e x t u r e  a n d  c r u sh in g  pr essu r e  o f  ir r a d ia t ed  rice
Irradiation Uncooked rice

dose
(kGy) Colour Aroma Texture

0 7.7 7.1 6.4
1 7.6 6.4 7.1
3 6.0 5.9 6.4
5 6.0 5.9 7.0

C.D. at 5% 1.33 N.S. N.S.

Cooked rice
Av. crushing Colour Aroma Texture

pressure/grain
(Psi)
20.5 7.1 6.6 6.4
22.0 6.6 6.4 6.022.3 6.6 6.2 6.225.0 5.5 6.4 6.0
N.S. N.S. N.S. N.S.

N.S, -  Not significant

uptake (Table 1) decreased significantly with increm ents in 
d ose o f  irradiation and is in good agreem ent with other 
results'. Solub le am ylose (Table 1) considered as the m ost 
important determ inant o f  cook in g13 and eating14 quality o f  
rice increased significantly with irradiation probably due to 
breakdown o f  am ylopectin' and solubilisation o f  starch 
caused by changes in its structure. The direct relationship  
that increase in so lu b le am ylose increases the water uptake, 
holds good as is generally known, in a different situation i.e. 
in un-irradiated rice. B esides, negative relationship betw een  
these two factors o f  cooking quality has also been reported9.

The sensory evaluation scores for colour and aroma o f  
cooked rice (Table 2) decreased with irradiation indicating  
significant change in co lour above 1 kGy and loss o f  aroma 
(significant). The scores for texture suggested slight increase 
in hardness but was not statistically significant. The increases 
in pressure required to crush irradiated grains were a lso  not 
significantly different. N evertheless, upto the dose o f  5 kGy 
the sensory characteristics scores o f both cooked and 
uncooked rice were at or above the acceptability lim it o f  5.5. 
The acceptable d ose is, therefore, m uch above 1 kG y as 
suggested in the Australian studies w hich were carried out 
with rice that was cold-stored (5°C ) after treatment and had 
high m oisture content.

The data in Table 3 show that irradiation at the doses o f  
3 to 5 kG y reduced the fungal population by 83 to 94  per 
cent in grain after 1 m onth o f  storage. But this d ose could  
reduce the fungal counts after 6 V2 months o f  storage by about
78.0 per cent (Table 4 ). T his d ose range o f 3-5 kGy could  

not elim inate m oulds com pletely. A few propagules survive 
m assive radiation assault perhaps because o f  reversibility o f

T able  3 . Fu n g a l  co u nts  (num ber  o f  colonies/ioo grains
OF IRRADIATED RICE) AFTER ONE MONTH OF STORAGE

Radiation Fungal % reduction in
dose counts fungal counts
(kGy) (over control)

0 37 —

3 6 83
5 2 94

growth inhibition1516 by irradiation with passage o f  tim e, or 
due to m echanism s o f dam age repair operative in fu n gi17. 
The reversible reactions and m echanism s o f dam age repair, 
however, require further research for com plete explanation. 
Wang e t  a l . 2 reported that the dose o f  3 kGy could reduce 
m icrobial population by about 91 to 95 per cent w hile 10 kGy 
could bring down the population by about 99  per cent during 
12 months o f  storage period. Japanese workers3 showed that 
an increase in m oisture content o f  rice by about 2-3  per cent 
(from 14-17 per cent) doubled the irradiation dose from 2 kGy 
to 4  kGy for reducing m icrobial load and extending storage 
life o f rice. The efficacy o f  irradiation in reducing fungal load 
as obtained in this study is in com plete agreem ent with that 
o f  other studies2 \

T a bl e  4 . F u n g a l  c o u n t s  (n u m b e r  of c o l o n ie s /ioo
GRAINS OF IRRADIATED RICE) AFTER 6'A MONTHS OF STORAGE 
Fungi
Aspergillus flavus 
Aspergillus niger 
Aspergillus amstelodami 
Aspergillus sp.
Allernaria allernata
Total
% reduction over 0 kGy

T able  5. A lkali -  digestibility , v o lum e  expansion  a n d
AFTER COOKING HARDENING OF IRRADIATED RICE

Radiation Av. alkali Av. voi. Av score
dose digestion expansion/ on hardening
(kGy) scores* unit voi. of cooked rice

of rice on cooling
0 5.7 5.0 8.0
1 5.2 4.7 7.9
3 4.0 4.2 7.8
5 4.7 3.5 7.8

Sigmlicance ** N.S.
C D. at 5% 0.36

••Significant at 5% level. 
N.S. -  not significant

0 kGy 3 kGy 5 kGy
8 2 1
3 — 1i
7 1

1
1
1

18 4 4
78 78
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Irradiation increased (Table 5) imperceptibly the hardening 
o f rice cooled  after cooking at am bient temperature. The 
alkali-digestibility scores showed only small and insignificant 
effect o f  irradiation on grains. The volum e expansion  
decreased significantly on irradiation at doses above 1 kGy. 
The effects, however, did not disqualify the grains for 
acceptibility or edibility. A dose o f 3 5 kGy is necessary for 
effective reduction in m icrobial population but a dose much 
lower than 1 kGy is considered good enough when the 
problem  is to kill insects in storage13.
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An empirical equation correlating moisture content to duration of soaking in water at 30-80°C was developed for evacuated paddy. The 
equation was based on generalised mathematical equation developed for direct soaking of paddy. The predicted and experimental values 
of moisture content were non-significant for entire range of this study at 0.5 per cent level of significance. The developed equation therefore 
can be directly used for prediction of moisture content of paddy soaked in water, after evacuation, in the temperature range of 30-70°C 
for soaking duration upto 6 hr and 2 hr for 80°C.

Soaking is an important step in paddy processing. The 
soaking tim e depends upon soaking temperature, initial 
m oisture content o f  grain and level o f  m oisture content 
desired. It is, therefore, desirable to study the kinetics o f  
m oisture absorption for prediction o f  m oisture content for 
optim ising the process variables. Som e studies' ' are 
reported but the inform ation on com plicated variables such  
as grain surface area, diffusion co-efficient and grain volum e  
is required for solv in g  those equations. It, thus, restricts the 
use o f  equations with inform ation on soaking conditions  
a lo n e . A  m ath em a tica l e x p r e s s io n  w as th ere fore , 
developed45 assum ing that soaking is analoguous to drying6 
and correlating m oisture content and duration for direct 
soaking o f  paddy. S ince the evacuated paddy soaking speeds  
up the m oisture absorption7 and g iv es the rice with  
im proved product quality8, an em pirical equation for 
evacuated paddy soaking was developed.

R e v ie w  o f  e q u a tio n :  The equation was developed with the 
follow ing assum ptions; Paddy is an isotropic and hydrophilic 
material. The process o f  soaking is lim ited upto the 
gelatinization o f  paddy starch and does not include cooking. 
The higher values o f  vapour pressure o f water in liquid or 
vapour form in the surrounding m edium  increase the rate o f  
absorption o f  water vapour into the grain, and the pressure 
o f  water vapour is directly proportional to the absolute 
temperature o f  soak water. At soaking temperatures less than 
or equal to the gelatinization temperature, paddy attains a state 
o f  equilibrium , w hen it is soaked for relatively longer 
duration. M oisture content at equilibrium  is designated as 
saturation m oisture content (M s).

From the assum ptions it is obvious that, rate o f  water 
absorption is proportional to d ifference in vapour pressure 
o f  surrounding medium and vapour pressure in the grain. The
rate o f  water uptake ) by the paddy is directly  a t)

proportional to the d ifference o f  saturation m oisture content 
(M s) w hich remains sam e for any duration and temperature 
o f soaking4, and m oisture content o f  grain (M ) at any given  
soaking duration ( 0 ) .

i.e . ^ - “ (M s -  M ) or 0  (M s -  M ) .............. (1)
W here,

9  =  soaking tim e, min 
^ 3  =  soaking constant, min '

— —  =  rate o f  m oisture absorption, per cent d .b ./m in .

M s =  saturation m oisture content o f  grain, per cent db 
M =  m oisture content o f  grain at any duration, 0 , 

per cent d.b.
The soaking constant ( 0 )  is a constant o f  proportionality  

which has the dim ension ( ) and its value should remain
sam e for any given soaking temperature.

Integration o f  equation 1 for 0  =  0  to »  and M =  M o  
to M s as boundary conditions y ield

-  M s -  MM = M s -  M o =  e .(2 )
at a  =  1

W here,_
M =  m oisture ratio

M o =  initial m oisture content o f  grain, per cent d.b. 
a  =  d im en sion less constant 

The constant ( a ) represents the m oisture ratio (M ) in 
equation 2 at 0 = 0 .  Theoretically, its value is unity as M  
=  M o at 0 =  O in equation 2.

Materials and Methods
The raw paddy ‘Jaya’, at 13.2 pier cent d .b. sam ples 

(150 g) were subjected to vacuum ( — 76 cm  o f  Hg as indicated 
by com pound gauge) for 5 min before soaking. H ot water 
(225 m l) was then released into the flask containing sam ple.

*Present address: SPU. Project. Central Institute of Agricultural Engineering. Nabt Bagh. Bhopal 462 018.
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Vacuum was released after thorough mixing of water and 
paddy, and sample was then soaked. Samples were soaked 
for 9 durations viz 0.25, 0.50, 0.75, 1, 2, 3, 4, 5 and 6 hF 
and at 6 soak water temperatures viz 30, 40, 50, 60, 70 and 
80°C  in a preset hot water bath (± 0 .5°C ). The moisture 
content was calculated after weighing4. The data were 
analysed for development of empirical equation for prediction 
of moisture content within the range of the study.

Results and Discussion
M o is tu re  a b s o r p t io n :  Fig 1 indicates sudden rise in the 

moisture content upto 35 per cent d.b. Initial moisture gain 
was reported to be more in evacuated paddy soaking than 
direct soaking and thus reduced soaking time for achieving 
particular level of moisture content. The significant rise in 
moisture uptake is seen after soaking at 80°C for 1.5 to 2 hr 
(Fig 1). It is due to the bursting and subsequent cooking of 
grains during soaking. Therefore, the empirical equation has 
been developed for 2 hr soaking duration upto which the 
soaking continued, instead of 6 hr soaking duration at 80°C  
(Fig 2).

E m p ir ic a l  e q u a tio n :  The soaking test data upto certain 
moisture gain at which the husk splitting took place (45-50 
per cent d.b.) were analysed (Table 1) using equation 2 and 
the average M s value for all soaking duration. However, the

Fig. 1. Variation in moisture content of paddy soaked after evacuation with 
soaking time.

Ms value ranged9 from 69-73 per cent d.b for different 
soaking temperatures. Value of M calculated from data for 
any given g indicated the available potential for moisture 
absorption. When M was plotted against 0 for different 
soaking temperature gave straight line relationship (Fig 2).

V ariation  o f  a  w ith  s o a k in g  te m p e ra tu re :  Theoretically 
(equation 2) the value of a should be unity. But since the 
developed equation does not account for initial uptake of 
moisture in the constant rate period, a  can not obviously be 
unity if the equation is to be used for entire period of soaking. 
Value of a was always less than unity (Table 1) and did not 
show any definite relationship with soaking temperature. 
Therefore, an average value ( a  = 0.6394) was assumed to 
be constant and used in generalised equation.

INITIAL MOISTURE CONTENT

11.22 PER CENT « .b .
—o— I0*c
—• -  70* c —A— 60 *C
—•*- S0C

Fig.2. Variation of moisture ratio (M) with soaking time.

T a bl e  1. V a l u e s  of c o n st a n ts  a , (3, a n d  co r rela tio n
CO-EFFICIENT V FOR REGRESSION EQUATION M = a  e~(3 FOR 
EVACUATED PADDY SOAKING AT DIFFERENT TEMPERATURES.

Soaking temp
n o a B r
303 0.6972 ( - )  0.0007 ( - )  0.9848
313 0.6484 ( - )  0.0007 ( - )  0.9701
323 0.6209 ( - )  0.0011 ( - )  0.9874
333 0.5997 ( - )  0.0012 ( - )  0.9722
343 0.6136 ( - )  0.0022 ( - )  0.9989
353 0.6535 ( - )  0.0066 ( - )  0.9989
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V ariation o f  /3 w ith  so a k in g  tem p era tu re :  It is clear (Table 1) 
that P increased with soaking temperature. The analysis o f  
variation o f (3 with absolute temperature iT,"K) o f soaking was 
found to yield best correlation for the relationship o f the form

Y =  a X b, or P =  a (^-)b i.e.
3  =  4.157 x  10 36 ( l } - ' 29126 (r =  -  0.9313) ....... (3)

and gave a straight line plotted on log-log scale (Fig. 3.).
G e n e r a liz e d  s o a k in g  e q u a tio n :  An em pirical equation o f  

the form (eqn. 4) relating M with 0 and T was developed  
using average value o f  a  , equations 2 and 3 for the 
temperature range o f  30-70°C  and soaking duration upto 6  
hours and up to 2 hours for 80°C

M =  0.6394 e^ [4.157 x  10 36 ( y ) -12 9126] 0 ............ (4)
From  this study, it was established that the absorption and 
desorption  are sim ilar phenom ena and confirm  the 
generalised drying equation6 o f  the form M =  e ”Kfl. 
Equation 4 was predicting the moisture content o f paddy soaked 
after evacuation and used for, within the range o f this study. The

T
F ig.3. Relationship between soaking constant with soaking temperature.

EXPERIMENTAL MOISTURE CONTENT, PER CENT d.b.
Fig.4 . Variation in predicted and experimental values o f  moisture content 

o f  paddy soaked after evacuation.
differences betw een the observed and predicted values were 
found to be non-significant (Fig 4) at 0 .5  per cent level o f  
significance by the chi square (x 2) test. F ig 5 indicates the 
trend o f  experim ental and predicted m oisture content values 
at 4 0 ,5 0  and 70°C. The data were further analysed by the 
chi square test for soaking duration (upto 1 hr), and all the 
soaking temperatures. The d ifference betw een the observed  
and predicted values was found to be non-significant (Table

SOAKING DURATION, hr--- -
/0c — P I 
70e —E i 
SOI -P  ■,
S0E -E ;
SOc -p ;
40c - E  ;

----------------- P (PREDICTED)___________ (EXPERIMENTAL
Fig.5. Variation o f predicted (P) and experimental (E) moisture content with 

soaking duration.
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T a bl e  2. D etails o f  chi sq u a r e  t est  a n a ly sis  for
DIFFERENT SOAKING DURATIONS AND TEMPERATURES

Soaking D.F. 2
X (0.99)

duration (n-1) Calculated Table value
upto (hr)
0.25 5 0.507 0.55
0.50 11 0.800 3.10
0.75 17 1.140 6.40
1 23 1.670 10.20
6 49 3.120 22.60
♦ Soaking temperatures 30-80°C with 10°C interval and soaking duration 15 
min to 6 hr for all temperatures except 80°C (up to 2 hr only).

2) at 1 per cent level o f  significance in all the cases, 
confirm ing the validity o f  the developed equation for initial 
period o f  soaking for all the tem peratures and also for entire 
range o f  study i.e . 15 m in to 6  hr soaking duration and 30  to 
70°C  soaking temperature and 2 hr for 80°C . However, this 
equation is not expected to be valid for a constant rate period  
w hich m ight fall anywhere up to 15 m in soaking duration 
w hich is otherw ise outside the range o f  this study.

T his study clearly indicates the validity o f  developed  
em pirical equation for prediction o f  m oisture content o f  
evacuated Jaya paddy soaked at any given soaking duration

upto 6  hr and temperature range o f  30-70°C  and up to 2  hr 
for soaking at 80°C . The w ider application o f  this equation  
is possib le as the only inform ation required for prediction  
o f m oisture content after evacuation o f  paddy is the duration  
and temperature o f  soaking.
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Effect of Varieties and Processing Methods on Phytic Acid and Protein 
Digestibility of Groundnut (Arachis hypogaea L.)
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R e c e iv e d  17  S e p te m b e r  1990; r e v is e d  1 A p r i l  1991

Processed groundnuts (cultivar ‘Florunner’, ‘US No. 1)’ by boiling, water- and steam- blanching and roasting, and other varieties 
(viz, ‘TP 171-2'. *TP 172-2’, ‘TP 175-3’, ‘TP 175-6', ‘TP 178-1’, ‘TP 18-3', ‘TX AG-3’, and ‘RMP-12’) were analyzed for protein, 
phytic acid, total phosphorous, nitrogen solubility and in vitro protein digestibility (IVPD). Phytic acid of nine varieties varied 
from 289 to 3.96 mg/g indicating significant differences among varieties. The IVPD values of these varieties ranged from 668 to 
77.5% with mean being 70.9%. There was a significant negative correlation between phytic acid and IVPD of these varieties. Removal 
of seed coat in the present study did not reveal noticeable differences in phytic acid, whereas it considerably influenced nitrogen 
solubility and IVPD values. Processing methods reduced the phytic acid of groundnut and effect was more pronounced in boiling 
process (wet-heating) followed by blanching processes. Dry -heating (roasting) considerably reduced IVPD of groundnut, whereas 
it did not show any noticeable effect on phytic acid.

Over the past years, major attention has been directed to 
the uses o f  o ilseed s as cheaper yet adequate protein foods. 
In addition to being a good source o f  o il, peanut also called  
groundnut (A ra c h is  h y p o g a e a  L .) is used as human food in 
various forms. B oiling, blanching and roasting processes are 
com m only em ployed for converting raw groundnut into 
consum able form. Nutritional quality o f  groundnut proteins 
has been the subject o f  several studies in the past and this 
subject has been periodically reviewed' . Raw and heat 
processed groundnut flours were found to have higher trypsin 
inhibitors and lectins than sim ilarly processed soy flour*.

W hen consum ed in excess, phytic acid can function as an 
anti-nutrient. M ajor concern is over the bioavailability o f  
minerals such as zinc, calcium , and iron which are not readily 
absorbed when insolubilised as calcium  phytate . Phytic 
acid has also been linked to the inhibition o f digestive exzym es 
such as protease', lipase . and alpha-amylases*. Com plexing  
betw een phytate and proteins has been reported for several 
proteins o f cereals and legum es including groundnut and this9-11m ight affect the protein digestibility and bioavailability  
Information on the phytic acid content o f groundnut is scanty. 
Therefore, the objectives o f  this study were : 1) to exam ine 
the variability in phytic acid content o f groundnut varieties, 2) 
to study the effect o f processing m ethods on removal o f phytic 
acid , and 3) to study the relationship betw een phytic acid, 
nitrogen solubility and in  v itro  protein d igestibility (IV PD ) 
o f  groundnut.

Materials and Methods
Seed sam ples o f nine varieties ( T P  171-2’, ‘TP 172-2’, TP  

175-3’. T P  175-6’. T P  178-1’, T P  178-3’, ’TX A G -3’, ‘RMP-12’ 
and 'Florunner'. ‘U S N o 1') were obtained from  Yoakum  
Experimental Research Station. Texas, U S A . T hese varieties 
were grown in 1988 and the ‘F lorunner’ ( ‘U S  No. 1’) was 
used as a control. Seed lots were cleaned and stored in a cold  
room at 4°C  until used. To study the effect o f  processing  
m ethods, the variety ‘F lorunner’ was used. For boiling  
process, about 50  g seed material was boiled in 2 00  ml 
distilled  water for 30 m in. Water was brought to a boiling  
point and then seed material was transferred to the boiling  
water and boiling continued for 30 m in. After boiling, excess 
water was discarded and seeds were dried in the oven at 50°C  
overnight. For water-blanching, seeds were dipped in hot 
distilled water at 90°C  for 2 min according to Ukuku  
e t  al.'~. E xcess water was discarded and material was dried 
as above. The steam -blanching was carried out at 100°C for 
2 min ’ . The water- and steam -blanched sam ples were dried 
at 50°C  overnight. The roasting was carried out at 165°C for 
8 min in a cabinet drier (Proctor and Schwartz Inc. Horsham, 
PA). All processed sam ples were decorticated by rem oving 
the seed coat manually. Raw, processed and decorticated  
sam ples were ground using a W iley M ill (Arthur H. Thom as 
Company. Philadelphia).

M oisture, protein, fat, and ash contents in the ground 
sam ples were determ ined using standard AOAC m ethods'3.

*Present address: International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Patancheru, Andhra Pradesh 502 324, India. 
'Department o f Soil and Crop Sciences. Texas A & M University. Texas 77843. USA.
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Protein content was calculated by using the nitrogen to protein 
conversion factor o f 5.46. Phytic acid was determ ined  
according to the method described by W heeler and Ferrel'4. 
Phytate content was calculated from the iron concentration  
by assum ing a constant Fe: P m olecular ratio o f  4 :6  in the 
precipitate. A colorim etric method using am m onium  
m olybdate and am ino naphthol-sulphuric acid reagent was 
used for the determ ination o f phosphorus1".

The nitrogen solubility was determ ined by em ploying  
AACC m ethod16 with m inor m odifications.

For determ ination o f  in  v itr o  protein digestibility  
(IV P D )17, an amount o f defatted sam ple containing 5 .0+0 .1  
mg N  was used.

T a b l e  2. C o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  p h y t i c
ACID, NITROGEN SOLUBILITY A N D  IN VITRO PROTEIN

DIGESTIBILITY (IVPD).
Phytic acid PA/P N solubility IVPD

Phosphorus (P) 0.116 -0 .0 2 7 —0.192 —0.175
Phytic acid (PA) — 0.251* -0 .0 7 1 -0 .3 5 3 * *
PA/P — — 0.041 -0 .2 3 5 *
N Solubility - — — 0.589**
♦ Significant at 5% level. 

♦ ♦ Significant at \% level.

proteins and inhibit enzym e activity has been reported by 
earlier workers6. It appeared that phytic acid reduced the

Results and Discussion
Protein content o f these varieties ranged from 23.2  to 29.5  

per cent showing a large variation (Table 1). There was also  
a large variation in 100-seed weight which ranged from 50.4  
to 65.0 g. Fat content did not show much variation, as it ranged 
from 42 .4  and 48.9 per cent with a mean o f 46.1 per cent.

Phytic acid content ranged from 2.89 (‘T P 178-3") to 3.96  
m g/g (‘T  P 172-2’). Phytic acid constituted from 61.2 to 76.0 
per cent o f the total phosphorus (Table 1). Nitrogen solubility  
o f these varieties ranged betw een 49.7 and 60.5 per cent and 
in v itro  protein digestibility (IV PD ) betw een 66.8 and 77.5 
per cent, with mean being 70.9 per cent. The IV PD  values 
are considerably lower than those reported by Anurag and 
G eervani1*. The highest protein digestibility was observed in 
‘T P 178-3’ which contained the lowest amount o f  phytic acid. 
There was a negative and significant correlation (r=-0.353**), 
although the magnitude o f correlation was low, between phytic 
acid and IV P D  values (Table 2). Phytic acid is reported to 
form a com plex with proteins rendering them less soluble

protein digestibility by interfering with protease enzym es. The 
form ation o f  a com plex with protein did not appear to be a 
strong factor in the present study as there was no noticeable  
negative correlation betw een nitrogen solubility (as an index 
o f protein solubility) and phytic acid (Table 2 ). However, the 
present results suggest that phytic acid possib ly inhibits the 
enzym e activity.

The processing methods studied reduced the protein content 
to variable extents, maxim um  reduction being noticed in case  
o f boiling process. This might have been due to the solubility 
o f proteins in boiling water (Table 3). Removal o f  seed coat 
in the present study did not reveal noticeable differences in 
phytic acid , whereas it considerably influenced nitrogen 
solubility and IVPD values (Table 3). This contradicts the 
previously reported results on phytic acid w hich was 
significantly increased due to dehulling in dry beans'9. 
Boiling resulted in a considerable (15 per cent) reduction in 
phytic jjcid. Phytic acid reduction due to roasting was less  
(1.2 per cent). It has been reported that 30-m in  autoclaving

The results o f  the present study do not appear to lend support reduced the phytate content o f cereals by less than 10 per cent 
to this observation. The ability o f  phytic acid to com plex with ", The boiling o f  groundnut did not change the nitrogen

T a b l e  1. M o i s t u r e , ioo— s e e d  w e i g h t , f a t . p r o t e i n  c o n t e n t s , p h o s p h o r u s , p h y t i c  a c i d , n i t r o g e n  s o l u b i l i t y , in  vitro
PROTEIN DIGESTIBILITY (IVPD) OF GROUNDNUT

Phytic Phytic acid
Cultivar Moisture 100-seed Fat Protein Phosphorus acid as % o f  P N solu­ IVPD

(%) wt (g) (%) (%) (mg/g) (mg/g) bility (%) (%)
TP 171-2 4.9 60.5 44.6 24.9 4.8 3.3 68.1 60.5 73.0
TP 1 7 2 -2 4.8 62.3 46.3 23.2 5.4 4.0 73.9 50.0 68.5
TP 17 5-3 5.2 59.9 48.9 24.1 4.8 3.1 65.0 58.3 72.5
TP 17 5-6 5.1 59.5 46.3 24.2 4.5 3.2 71.1 52.6 72.7
TP 178-1 5.3 53.0 46.2 25.0 5.0 3.4 67.9 55.4 70.4
TP 17 8-3 4.8 50.4 45.3 24.7 4.6 2.9 63.4 51.5 77.5
TX AG- 3 4.9 65.0 47.7 28.7 4.9 3.5 72.0 49.7 69.6
R M P -12 4.9 56.0 47.6 29.3 4.9 3.3 66.7 51.4 67.0
Florunner 4.9 50.9 42.4 29.5 5.1 3.9 76.0 50.6 66.8
Mean 5.0 57.5 46.1 26.0 4.9 3.4 69.3 53.3 70.9
SD + 0.38 1.32 0.98 0.81 0.32 0.27 1.52 1.26 2.04
1. Means o f two independent determinations.
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T a b l e  3. E ffec t  o f  pr o c essing  m e t h o d s  o n  pr o tein , ph ytic  acid , nitr o g en  so l u b ility , a n d  in  vitro  protein
DIGESTIBILITY (IVPD) OF GROUNDNUT1

Processing
method Protein (%)

Phytic acid 
(mg/g)

Nitrogen 
solubility (%)

IVPD
(%)

a b a b a b a b
Raw 29.5 30.6 3.4 3.5 50.6 53.7 66.8 70.1Boiling 25.4 26.0 2.9 2.9 50.8 58.5 70.0 74.7Water-blanching 27.9 28.5 3.1 3.1 50.4 52.3 69.4 77.5Steam-blanching 29.0 29.5 3.2 3.2 49.6 50.5 68.4 72.0Roasting 28.5 29.3 3.4 3.4 45.5 48.0 60.7 65.8Mean 28.1 28.8 3.2 3.2 49.4 52.6 67.1 72.1SD + 0.35 0.32 0.18 0.19 1.34 1.08 1.32 1.45
1. Means of two independent determinations.
a. With testa (seed coat)
b. Without testa

solubility, w hereas it im proved in  v itro  protein digestibility. 
McWatters and Cherry3 reported that heat processing o f  
groundnut flour reduced protein solubility. But in the present 
study, roasting decreased both nitrogen solubility and protein 
d ig estib ility  w h erea s b o ilin g  in creased  the protein  
digestibility. The observation partly disagrees w ith those o f  
Anurag and G eervani18 w ho reported that roasting, boiling, 
and frying improved the in  v itro  protein digestibility o f  
groundnut.

To conclude, it may be m entioned that large variability 
existed in IV P D  and phytic acid o f  groundnut varieties. 
Nitrogen solubility  a lso  showed noticeable variation am ong  
varieties. There was a significant and negative correlation  
betw een phytic acid and IV P D  o f  groundnut im plying that 
phytic acid would adversely influence the protein quality o f  
groundnut. The boiling process considerably decreased the 
phytic acid and this m ight have improved the in  v itro  
digestibility o f  groundnut.
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Dehydration Characteristics of Ten Onion Cultivars
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Onion varieties were dehydrated as 5 mm thick rings in an air cabinet drier (65+2°C, 7 hr). Dehydration reduced pungency (as 
pyruvic acid) and ascorbic acid levels, and induced browning; the extent of these changes depended upon variety. Colour of dehydrated 
product showed significant positive correlation with flesh colour but not the peel colour. Varieties were ranked on the basis of quality 
of their deydrated rings. ‘VL-1’ was found to be excellent, ‘Pusa Red’ was very good, and ‘Punjab Red' and ‘S el-10 2-r  were 
good for dehydration.

Dem ands for fresh and dehydrated onions have considerably 
increased over the last two decades'. To m eet this challenge  
many new varieties p ossessing superior field  characteristics 
have been developed. But their dehydration characteristics 
differ markedly and the Indian varieties generally have low  
solids, pungency/shelf-life and are pigm ented, which limit 
their suitability for dehydration \  The objective o f this 
study was to evaluate som e o f  the onion varieties for their 
dehydration characteristics.

Materials and Methods
Mature and cured bulbs o f  ten varieties (‘Agrifound Light 

Red’, ‘Arka Niketan’, ‘Pusa W hite Round’, ‘Pusa W hite Flat', 
‘Pusa Red’, ‘Punjab Red’, ‘Punjab Red Round’, ‘Sel-102-1’, 
‘VL-1’ and ‘V L -3’) under field trials at Horticultural Research 
Centre o f  this University were stored under ambient 
conditions (April-O ctober, 30  +  3 °C, RH 40 -8 0  per cent) in 
a w ell ventilated room on open shelves. A m ong these 
varieties, ‘Pusa R ed’ is under com m ercial cultivation w hile  
others are new for the Tarai region.

P h y s ic a l  a n a ly s is :  Average w eight, diam eter, neck
diameter, and height o f 10 randomly selected w h ole bulbs 
o f  each variety were determ ined separately. Their visual 
surface colour was also noted.

C h e m ic a l a n a ly s is :  Peels, roots and tops were removed, 
and 3 -4  bulbs o f each variety were ground to paste in a 
blender. The total soluble solids content (TSS) was determined 
with a pocket refractometer. Vacuum oven method'’ for 
moisture, AOAC method for alcohol insoluble solids (A1S). 
Lane and Eynon m ethod8 tor total and reducing sugars, 
dye-titration m ethod8 for ascorbic acid ( AA) .  and method  
o f  S ch w im m er and Guadagni" for pyruvic acid ,(PA)

were follow ed. Peel or flesh colour was estim ated by the 
m ethod o f M oore e t  a l . 'n using acidified m ethanol as 
solvent. O D  o f  extract was measured at 540  nm on a 
Spectronic-20 D  colorim eter and from these values, O D  per 
g sam ple/O D  per g solids were calculated. O D  in these units 
were used to express and com pare the colour o f  fresh and 
dehydrated sam ples.

D ry in g  c h a r a c te r is t ic s :  Bulbs were peeled , trim m ed and 
sliced manually into 5 mm thick rings. ‘Pusa Red’ variety 
was given different treatments but in the second set o f  studies 
the varieties were dried without any pre-treatment. Rings were 
spread thinly on trays (tray loading 4 .2  kg/m") and dried in 
an air cabinet drier (6 5 ± 2 ° C , about 7 hr) to 5-7 per cent 
m oisture. Dehydrated rings were packed quickly in 
polyethylene bags and stored in desiccators for further 
analysis.

Rings o f ‘Pusa Red' variety were dipped in 5 per cent NaCl 
solution for 30 min or warm water (70°C ) for 1 m in", 0.5  
per cent 1-cysteine for 10 m in L or 5 per cent starch solution  
for 30 min' . dipped sam ples were drained for 5 min and 
dried.

E valu a tion  o f  q u a lity  o f  d e h y d ra te d  r in gs: Shrinkage ratio
(SR), dehydration ratio (D R ), co-efficient o f rehydration (CR) 
and extent o f  non-enzym atic browning (N E B) were estim ated  
by the m ethods suggested by Ranganna8. M ethods for 
estimating moisture, pigments, total and reducing sugars, and 
AA in dehydrated rings were sim ilar to those for fresh onion. 
For PA estim ation, dried sam ples were prepared by the 
method o f Peleg e t  a l . iJ and the analy tical m ethod was that 
used for fresh onion'.

Suitability o f varieties for dehydration was assessed  on the 
basis o' ¡he quality o f their dehydrated products. Varieties
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T a ble  i. Para m eters  w ith  their  r an g e  a n d  w eightage
USED  FOR RANKING DEYHDR ATED RINGS OF DIFFERENT  

VARIETIES
Quality parameter Rating range with score Weightage'

+ +  + +  +  +
(4) (6) (10)

Shrinkage ratio >  9 8 - 9 <  8 2
Co efficient o f rehydration < 0 .6 0 .6 - 0 7 > 0.7 2
Non-enzymatic
browning (O D )1 > 0 .2 2 0 .1 3 -0 .2 2 > 0 .13 1
Pyruvic acid retention (%)' <  10 1 0 -2 0 > 2 0 3
Ascorbic acid rentention ( t  ) <  20 2 0 - 3 0 >  30 1
Increase in flesh colour ■ %)' >  30 1 0 -3 0 <  10 1
1 On dry weight basis; 2 Weightage in a maximum score o f 10

were categorised into appropriate range o f  6  quality 
parameters (Table 1) and evaluated based on scores.

Sam ples were drawn by RBD technique and were analysed  
in triplicate. S ignificance o f  difference betw een values was 
estim ated at p <  0.05 by applying analysis o f variance15. 
Inter-relationship between different parameters was evaluated 
by calculating correlation co -efficient (r )15.

Results and Discussion
P h y s ic o -c h e m ic a l  c h a r a c te r is t ic s :  The varieties can be 

grouped into three categories on the basis o f  their surface 
colour-w hite (‘Pusa W hite Round’ and ‘Pusa W hite Flat’),

light red (‘Agrifound Light Red’, Arka Niketan’, ‘Punjab Red’, 
‘S el-10 2-f and ‘VL-1’), and red (‘Pusa Red’, ‘Punjab Red 
Round’ and ‘V L -3 ’). Their sizes (diam eter x height) and 
weights differed significantly (Table 2) and were larger than 
those reported by Karla e t  a l *  and Siva Kumar5 but sm aller 
than those o f  Singh and Kumar3. Their bulb diam eter 
(4 .3-6 .3  cm ) was more than minim um  desirable diameter (4.0  
cm ) for dehydration. N eck diam eter (0.56-1.23 cm ) o f  bulbs 
differed significantly (CD: 0.17 cm ) at p <  0.05 but they were 
in the range o f 0.69-1.30 cm  reported for other varieties'.

A ll the ten varieties were analysed for 9 chem ical con sti­
tuents (Table 2) w hich have been reported to influence the 
quality o f  dehydrated rings5. Their flesh m oisture (84.9-88.8  
per cent) were in the reported range o f  83.5 to 88.7 per 
cent15. ‘Pusa Red' and ‘VL-1’ had significantly high ( > 15 .0  
per cent) total solids. Sugars (total and reducing) were within  
the reported range,13 5 but reducing sugars content did not 
follow  the pattern o f  total sugars. Reducing sugar contents 
o f  ‘Pusa W hite Round', ‘Pusa Red’, ‘Punjab Red Round’ and 
VL-1’ were within the range ( <  2 0  per cent, dw ) desirable 
for dehydration (Table 2). A lcohol insoluble solids (A IS) o f  
all the ten varieties were above 1 per cent (fresh weight basis), 
the level reported to y ield  product w ith superior rehydration 
characteristics.' Mature bulbs are poor sources o f  ascorbic 
acid (A A ) because o f their low A A  content (44.0-80.9 mg/lOOg 
o f  solids) and low consum ption levels.

Pungency was estim ated in term s o f  pyruvic acid (PA). It 
ranged from  2 .9  to 12.8 m ole/m l. ju ice  (Table 1). ‘V L -3 ’

T a b l e  2. P h y sic o - c h e m ic a l  c o n st it u t e n t s  o f  t en  o n io n  varieties
Variety Size Wt Neck

dia.
(cm)
(cm)

Moisture TSS Sugars (% d.w.) AIS AA PA( M ole) Colour (OD/g)

(g) (%) (%) Total Reducing (% d.w.) per 
per g

ml
TSS

Flesh Peel

Agrifound 
Light Red

6 2 x 6 .0 86.1 0.86 87.2 10.3 68.6 20.6 17.6 64.7 5.2 50.2 3.2 48.4

Arka
Niketan

5 .8x5.8 81.3 1.01 88.5 11.2 66.4 23.5 22.8 80.9 11.0 97.9 1.9 48.8

Pusa White 
Round

4 .3 x 4 .4 34.7 0.76 87.1 9.7 54 .4 18.0 24.1 55.1 5.2 53.3 0.5 2.1

Pusa White 
Flat

4 .4 x 4 .7 38.5 0.77 87.6 12.1 71.3 20.6 20.7 62.7 7.5 62.3 1.1 2.1

Pusa Red 5.0.x 4.8 63.9 0.56 85.0 13.3 64 .5 11.4 24.8 44 0 7.4 55.6 3.1 93.0
Punjab Red 5.4X 5.5 62.6 0.62 87.4 12.0 73.5 24.5 23.9 52.4 3.5 29.2 3.4 30.2
Punjab Red 
Round

5 .8 x 5 7 96.3 0.55 88.8 8.9 56.0 18.7 23.2 58.9 6.8 76.0 5.7 71.9

Set-1 0 2 -1 5 5 x 5 .2 86.4 1.23 86.0 13.0 50.7 18.1 19.4 49.7 2.9 22.3 4.5 62.7
V L -1 6 3 x 5 .0 75.6 1.05 84.9 13.4 60.8 19.5 22.4 45.6 4.2 31.1 1.9 35.8
V L -3 5 9 x 6 .6 91.6 0.88 88.6 9.2 50.4 18.5 23.5 6 3 4 12.8 139.5 2.1 135.2
Fc 
C D

7.95* 6.73* 
0.69 0.72

8.19*
21.07

14.16*
0.17

18.79*
0.96

273.59*
0.30

19.88*
5.60

51.41*
1.46

97.25*
0.68

21.11*
9.60

87.28*
1.01

138.50*
8.90

445.60*
0.22

230.61*
10.73

'Size: Diameter (cm ) x Height (cm); AA: Ascorbic acid in mg/lOOg solids; PA: Pyruvic acid; Table F value at p 0.05 was 1.98 for size, weight and 
neck diameter, and 2 .40  for others.
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had significantly higher PA content and was followed by Arka 
Niketan’. T hese values ajre c lo se  to the values reported by 
Schw im m er and Guadagni9. Som e o f  the varieties (v iz .,  
A grifound’ ‘Light Red’ and ‘Pusa W hite Round’ or ‘Pusa 
W hite Flat’ and ‘Pusa Red ’) may have the sam e PA content 
on fresh w eight basis but their sensory perception and 
pungency o f varietal dehydrated rings may be different due 
to varietal variations in TSS and total solids. PA contents were, 
therefore, expressed on the basis o f  TSS and they changed  
their relative pungency rating based on PA con ten t.16 A rka  
Niketan’ and ‘V L -3 ’ can be said to be o f  intermediate 
pungency; ‘Pusa Red’, ‘Punjab Red Round’ and ‘Pusa W hite 
Flat’ to be o f m oderately weak pungency and the rest 5 
varieties to be o f  weak pungency. N one were strongly and 
very strongly pungent.

Pee! O D  was much higher than the respective flesh O D  
(Table 2) because peels were darker than flesh. Peel O D  
correlated better with visual surface colour o f  w h ole bulbs. 
But peels are removed before dehydration and there was no  
significant correlation between the above two optical densities. 
Varieties should, therefore, be selected  on the basis o f  flesh  
colour.

A ll the physico-chem ical characteristics differed sign ifi­
cantly within variety and no significant inter-relationship was 
observed betw een them , except for size-w eight (r: 0.871,
0.792) or moisture-TSS (r=-0.810). These characteristics, thus 
depended upon variety only.

D e h y d ra tio n  c h a r a c te r is t ic s :  Browing, discolouration, 
loss o f pungency and poor rehydration are the major problems 
o f  dehydrated onions. Som e o f the treatm ents"13 reported to 
overcom e them were tried with ‘Pusa Red’, a com m ercial 
variety. Though the treatments reduced browing (NEB:
0.071-0.081 O D /g solids as against 0.275 O D /g solids for 
control), there was considerable loss o f pungency (PA: 3.6-5.3 

ijl m ole/g  solids as against 7.2 p. m oles/g  solids for control

sam ple). Therefore, further studies were carried out without 
any pre-treatment.

Seven hours drying reduced the m oisture content o f  onion  
rings to 4.3-7.6 per cent. Their strinkage ratio (SR) was
7.2-11.0 (Table 3). Dehydration ratio (D R ) found in this study 
(5.9-9.6) was c lo se  to the reported values3 o f  6.3-10.1. Their 
co-efficients o f  rehydration (CR) ranged from  0.53 to 0.74, 
CR o f only ‘Pusa Red’, ‘Sel-102-T and ‘VL-1’ were above 0.70 
and were significantly higher (Table 3). M oisture (r cal-
0.712), TSS (r cal; 0 .859), SR (r ca l:-0.712) and D R  (r cal-
0.699) exhibited significant correlation with CR (r table: 0.632  
at p <  0.05 and 0.765 at p <  0.01).

PA contents o f  dried onions were 2.1-7.2 m oles/g  solids  
as com pared to the reported values o f  3.97-6.83 m oles/g  
sam ples2, 2 .83-6 .40  m oles/g  sam ples5, or 10.6 m oles/g  
solids'4. Though only few varieties were com m on to the 
above studies, range o f  residual PA was very narrow. A  large 
percentage o f  PA is lost during dehydration and only 2.8-13.2 
per cent o f  the original content was retained in the dehydrated 
product due to thermal or other degradative changes in 
pungency com pounds, their volatilization17 or due to both 
these factors.

O nions becam e darker upon drying and O D  o f  m ethanolic 
extract o f  dried products were higher than those o f  
corresponding fresh onion flesh (Tables 2  and 3). N E B  o f  
dehydrated pigm ented varieties (excepting ‘Pusa R ed’, 
‘Sel-102-1’ and ‘V L -3’) were clo se  to those o f  w hite varieties 
(Table 3). There was a significant positive correlation between  
colour o f  dried product and their NEB (r: 0.749) or colour  
o f fresh bulb flesh (r: 0.967). This indicates that darker colour 
o f  the dried onions was due to the presence o f  pigm ent in 
fresh onion as w ell as due to NEB. Varieties with light red 
flesh like A rka Niketan’ and ‘VL-1’ yielded light coloured  
dried products (Table 3).

T a bl e  3 . Q u a l ity  c h a ra cter istic s  o f  d e h y d r a t e d  r ing s  of ten  o n io n  varieties
Variety Shrin­ Dehy­ Co-eff- PA Colour NEB AA RS Ranking

kage dration of rehydra­ (OD) with score
ratio ratio tion

Agrifound Light Red 8.5 7.5 0.60 3.0 3.49 0.147 13.2 20.4 M (5.4)
Arka Niketan 8.7 7.8 0.55 7.0 2.32 0.181 13.8 19.1 P (4.8)
Pusa White Round 8.5 7.3 0.59 5.3 0.98 0.184 18.5 16.5 M (5.1)
Pusa White Flat 9.3 8.3 0.60 3.5 1.77 0.123 14.1 18.0 M (5.2)
Pusa Red 7.2 5.9 0.73 7.2 3.60 0.275 17.5 9.9 V (7.8)
Punjab Red 7.4 6.6 0.60 2.3 3.55 0.170 14.0 20.8 G (6.6)
Punjab Red Round 11.0 9.6 0.55 2.1 5.82 0.345 15.7 17.2 P (4.8)
SEL-102-1 8.5 7.8 0.70 3.1 4.67 0.261 19.6 17.3 G (6.6)
VL-1 7.5 6.8 0.74 4.1 2.38 0.152 14.2 19.1 E (8.0)
VL-3 10.3 9.4 0.53 5.8 3.60 0.295 18.0 16.2 P (4.2)Fcal — — 228» 158* 5.9* OO L/

t * 26.6* 459* _

C D — — 0.015 0.44 1.71 0.008 1.33 0.42 _

Ftab value at 5% level 1.98
PA: Pyruvic acid ( p. mole/g solid); Colour: Flesh colour (OD/g solids); AA: Ascorbic acid (mg/100 g solids); RS: Reducing sugar (g/100 g solids); 
E: Excellent (score 8.0); V: Very good (score 7.0-8.0); G: Good (score 6-7); M: Medium (score 5-6); P: Poor (score 5.0)
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D rying reduced A A  content by 60  to 80 per cent but 
reductions in corresponding percentages o f  reducing sugars 
and sugars ratio were slight (Tables 2 and 3). A A retention 
was com paratively higher (31.2-39.9 per cent) in ‘Pusa Red’, 
‘Sel-102-1’, ‘VL-1’ and ‘Pusa W hite Round' varieties. PA 
retentions in these four varieties were a lso  higher (9.9-13.3 
per cent) than the other six  varieties (2.8-7.9 per cent). 
The first three varieties had high TSS o f  13.0-13.4 per cent 
(Table 3).

Varieties were scored for quality o f  their dehydrated 
products. The scores ranged from  4 .2  out o f  10.0 for ‘V L -3 ’ 
to 8.0 for ‘VL-1’ (Table 3). They were ranked for their 
dehydration characteristics on the basis o f  these scores. On 
this basis, ‘VL-1’ can be term ed as excellent for dehydration  
c lo se ly  follow ed by ‘Pusa R ed’ (score 7.8), and ‘Punjab Red’ 
and ‘Sel-102-1’ varieties (score 6.6) were good. W hite fleshed  
varieties, ‘Pusa W hite Round’ and ‘Pusa W hite F lat’, were 
o f  m edium  suitability.
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Inderse -  an Indian traditional deep-fat fried sweet is prepared from partially fermented rice flour and powdered sugar. Traditionally, 
it is prepared from rice flour soaked for 72 hr but the present studies revealed that the Inderse could be prepared from 24 hr 
soaked rice flour without affecting the quality/acceptability of the product. Attempts wire made to prepare Inderse from Lactobacillus 
plantarum  cultured rice flour. Equilibrium Relative Humidity (ERH) was determined to be 69 per cent. Samples stored well upto 
45 days in LDPE (150 gauge), polypropylene (120 gauge), and friction top tins without affecting the quality characteristics significantly 
due probably to high ERH of the product. Moisture increase was well near the Equilibrium Moisture Content (EMC) levels at 
the ERH of the product. Free fatty acid content and Peroxide Value increased sligh.ly in all the packagings without affecting the 
acceptability/quality of the product upto 45 days storage.

In India, a num ber o f  sweets are prepared from  a variety 
o f  raw m aterials like B esan (Bengalgram  flour), Urd dhal 
flour, M oong dhal flour, M aida (refm ded wheat flour) and 
rice. Studies have been carried out on som e of the traditional 
sweets like Gulab Jam un13, Shrikhand4, Burfi and Pera5, 
Sohan H alwa6, and Rew;ari and Gajak7. Inderse is a deep- 
fat fried sw eet, prepared from  partially ferm ented rice flour  
and sugar and is consum ed in the States o f  Uttar Pradesh, 

Rajasthan, Madhya Pradesh as w ell as in parts o f  Pakistan8. 
But, very little scientific data and published inform ation  
are available8 on this sw eet. H ence, system atic studies were 
carried out on the preparation, packaging and storage aspects 
o f  this sw eet to ensure im provem ent in the quality and to 
extend shelf-life . The results o f  these studies are presented  
in this paper.

Materials and Methods;
R a w  m a te r ia ls :  R ice (var. ‘Parm al’), sugar, Vanaspati 

(hydrogenated fat) (Dalda brand) and poppy seeds (khas khas) 
were procured locally.

P re p a r a tio n  o f  I n d e r s e :  C leaned rice was washed in tap 
water and soaked in ex cess  water for optim um  o f  24  hr at 
room  temperature and one sam ple was incubated with 
L a c to b a c il lu s  p la n ta r u  m  culture for 12 hr. E xcess water was 
drained o ff  and soaked  rice was then dabbed betw een the 
m uslin cloth  to rem ove adhering water. The soaked rice was 
ground in a waring b len der to pass through 60  m esh sieve. 
R ice powder was m ixed  with dry powdered sugar (60  m esh) 
in the ratio o f  1:1 on  dry raw rice basis. The m ix was made 
into balls and kept aside for 24 hr at room temperature

( 3 0 ± 5 ° C ) .  The ferm ented rice-sugar m ix balls w ere broken  
and kneaded into dough with water (8 per cent on rice basis). 
The dough was made into small balls weighing 10-15 g. T hese  
balls were flattened into circular discs (about 5 -6  cm  diameter 
and 1 cm  thick) on  a w ooden plate by pressing w ith fingers 
and dressed w i h  poppy seeds (khas-khas) on one side. These 
discs, facing cressed  side upward, were deep-fat fried at 
160°C in vanaspati until turned into brown. T he Inderse 
sweets thus prepared were cooled  to room  temperature (30°C ) 
and packed for storage studies. D etails are described  in the 
M aterial balance sheet (F ig 1).

E q u ilib r iu m  r e la t iv e  h u m id ity  (E R H ) s tu d ie s :  T he ERH  
studies were carried out by storing the Inderse in dessicators  
m aintained at 11 to 92  per cent relative hum idity at room  
temperature (1 0 ± 5 ° C )  as per the m ethod described  by 
Rockland9.

P a c k a g in g  a  i d  s to r a g e  s tu d ie s :  Inderse sam ples (100 g  
each) were packed in flexib le pouches (L D PE  150 gauge, 
polypropylene 120 gauge) and friction-top tins and stored at 
room  temperature (3 0 ± 5 ° C ) .

P h y s ic o - c h e m ic a l  a n a ly s i s :  Inderse sam p les  w ere  
analysed for u i i t  w eight, unit diameter, th ickness, shape, 
m oisture, crude fat, reducing sugars, total sugars, total ash, 
acid insoluble ash, free fatty acids (FFA) and peroxide value 
(PV ). The moisture, FFA and PV  were determined at intervals 
o f  0, 15, 30, 45 days during storage.

S e n s o r y  e v a lu a tio n :  Inderse sam ples were evaluated by 
a panel o f  fellow  scientists for their quality characteristics 
like colour, texture, arom a, taste and flavour and overall 
quality.
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RICE (1000 g.)
SOAKING IN EXCESS WATER FOR 24 hr

4
DEWATERING/REMOVAL OF ADHERING WATER

■ l
SOAKED RICE (1240 g.)

i
POWDERING IN MIXIE (WARING BLENDER) 

(LOSS 30 g.)
iSIEVING OF POWDER THROUGH 60 MESH 

SIEVE ( 1210 g.)
1SUGAR powdering ^  MIXING WITH 1000 g. SUGAR POWDER 

IN MIXIE KX»g (1210 g + 1000 g.)
4*MAKING BALLS
iKEEPING FOR 24 hr IN CLOSED VESSEL
iKNEADING INTO DOUGH WITH 80 ml. WATER
iMAKING CIRCULAR DISC WITH 

WOODEN PLATE (CHAKLA) AND FINGERS
lDRESSING OF DISK ON ONE SIDE WITH 

POPPY SEEDS (KHAS KHAS) (55 g.)
4

DEEP FAT FRYING IN VANASPATI GHEE 
AT 160°C

iINDERSE 212 NOS. (2220 g.)
4*PACKAGING IN POLYPROPYLENE
iSTORAGE

Fig. 1. Materials balance sheet on the preparation of inderse.
Results and Discussion

The rice samples contained an initial moisture of 9.8 per 
cent which increased to 31.2 per cent upon soaking in water

Fig. 2. Per cent change in weight of inderse at different relative humidities 
at R.T. (30+5°C).

for 24 hr but did not increase further beyond 24 hr soaking. 
Acidity increased from nil to 0.12, 0.18 and 0.20 per cent 
during soaking for 24, 48 and 72 hr respectively. The pH 
changed from 7.5 (initial) to 4.00 (final) during 48 hr soaking. 
Samples cultured with L. p la n ta ru m  attained an acidity of
0.18 per cent during 24 hr. Slight off flavour/fermented flavour 
was noticed in all samples soaked beyond 24 hr.

From Thble 1, it is seen that Inderse samples prepared from 
24 (I) 48 (II), 72 (IE) hr soaked rice and L. p la n ta ru m  
fermented rice (TV) had light-brown colour. Sample I was 
considered quite acceptable since it possessed soft, crisp and

T a bl e  1. E ffec t  o f  soaking  tim e  o n  t h e  q ua lity  o f  in d e r se
Soaking
period
(hr)

Colour Texture Aroma Thste & 
flavour

Overall
quality

24 (I) Light brown, 
desirable

Chewy, soft, 
crisp. 80% 
honey-comb 
structure

Good Good, peculiar 
of Inderse

Acceptable

48(D) Brownish,
slightly
undesirable

Chewy, soft, 
80% honey­
comb structure

Fermented
flavour

Boor,
off fermented 
flavour

Not acceptable

72 (DI) Brown, un­
desirable

Hard, chewy 
100% honey­
comb structure

” Poor, perceptible 
off fermented 
flavour

Not acceptable

L. plantarum 
fermentation 
for 12 hr (IV)

Light brown, 
desirable

Chewy, hard 
No honey 
comb structure 
cracked surface

Oily, aroma of 
lactic acid 
fermentation

Good taste Off-flavour 
not acceptable
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chewy texture, good flavour and taste typical of Inderse, and 
a good honey-comb structure (80 per cent). Other samples 
had peculiar undesirable fermented flavour and hence were 
not acceptable.

The physico-chemical analysis data for Inderse are given 
in Thble 2. They were round/circular disc shaped with honey­
comb structure, having a diameter ranging from 5 to 6.6 cm, 
thickness ranging from 0.85 to 1.46 cm and unit weight ranging 
from 10 to 16 g. It contained moisture 3.99 per cent, crude 
fat/ether extractives 22.39 per cent, total sugars 35.45 per 
cent and total ash 0.77 per cent. There was no acid insoluble 
ash as samples were prepared under laboratory conditions. 
The FFA content was 0.74 per cent and PV was 8.17 milli 
equiv. 0 2/kg oil.

Storage behaviour of Inderse under different humidities 
ranging from 11 to 92 per cent RH is presented in Fig 2 and
3. The ERH of Inderse was quite high (69 per cent RH) at 
which no loss or gain in moisture was noticed. The sensory 
quality of the samples did not change upto 75 per cent RH 
at equilibrium moisture content of 5.38 per cent. However, 
beyond this RH, the product became soggy and unacceptable. 
Mould appeared on the samples at 86 and 92 per cent RH 
at the EMC level of 15.34 and 25.97 per cent on 9th and 7th

Table 3. Changes in moisture, ffa  and pv in inderse
SAMPLES STORED IN DIFFERENT CONTAINERS AT ROOM 

TEMPERATURE (30+5°C)
Storage Moisture FFA PV
period (%) (as % oleic acid) (million equiv.
(days) 0 2/kg oil)

Polythene pouch (150 gauge)
0 3.99 0.74 8.17

15 4.10 0.77 8.90
30 4.25 0.84 9.80
45 4.20 0.86 10.00

Polypropylene pouch (120 gauge)
0 3.99 0.74 8.17

15 3.86 0.76 8.70
30 3.59 0.77 8.92
45 3.82 0.86 9.82

Friction-top-tin
0 3.99 0.74 8.17

15 3.90 0.80 8.80
30 4.00 0.86 9.00
45 4.10 0.89 9.40

day, respectively.
The samples packed in LDPE, PP and friction-top-tins, 

remained quite acceptable upto 45 days of storage without 
showing any discernible change in chemical and organoleptic

Table 2. Physico-chemical characteristics o f
INDERSE PREPARED FROM 24 HR SOAKED RICE IN THE 

LABORATORY

quality characteristics, which may be due to the high ERH 
of the product. The FFA content increased slightly from 0.74 
to 0.89 per cent (maximum) in the product stored in friction-

Parameters
Unit wt (g)
Diameter (cm)
Thickness (cm)
Shape

Colour
Texture
Aroma
Taste & flavour 
General appearance 
Moisture (%)
Crude fat (%)
Reducing sugars (%)
Total sugars (%)
Total ash (%)
Acid insoluble ash (%)
Free fatty acid (as % oleic acid) 
Peroxide value (milli equiv 0 2/kg oil)

Values/characteristics 
15.0 (10-16)
5.86 (5—6.6)
1.38 (0.85-1.46)
Round/circular disc with
honey-comb structure
Light brown
Soft, crisp, chewy
Good
Good
Desired honey-comb structure
3.99
22.39
Nil
35.45
0.77
Nil
0.74
8.17

Results of chemical analysis are the average of 2 replicates 
Figures in parantheses indicate range values.

Fig. 3. Relationship between relative humidity (R.H.), equilibrium 
moisture cantent (E.M.C.) and number of days to attain equilibrium 
for inderse.
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top tins, w h ile  P V  increased from  8.17 to 10.00 m illi equiv. 
0 2/k g  o il in the prod u ct stored  in L D P E  p o u ch es . 
N evertheless, the product rem ained quite acceptable without 
any o ff  flavour/rancid flavour and taste (Table 3).
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Energy consum ption pa ttern  in bread m anufacturing industry was studied by energy accounting system. The baking oven used 
90% of the total energy input. The overall energy consum ption in the production of 1405.2 kg bread/day was 44716.32 M J. Several 
energy saving m easures are suggested.

During the last decade, the third world countries, including 
India have been severely hit by the increased cost o f  energy. 
Imported o il, in m ost countries, has caused a considerable  
drain on foreign exchange reserve. Energy m anagem ent 
in industrial operation in these countries carries extra 
significance'.

The food industry is highly diversified with processing plant 
ranging from sm all to large industrial units and use all types  
o f  fuel sources besides electrical energy. A fundamental step 
in any energy m anagem ent effort is the com parison o f  the 
actual energy consum ption with the m inim um  energy  
requirement o f  the process in question .3 There have been  
numerous reports on energy requirement associated with food 
industries o f  W estern countries. The reports3 5 clearly  
indicated the energy intensiveness o f  food processing industry.

Laukkanen3 reported total energy consum ption in bakery 
industry o f  Finland was about 0 .2  x  104 MJ or 0.5 per cent 
o f  the total consum ption o f  energy o f  the Finland industry. 
One o f the major energy consum ing food industries in Sweden  
is the baking industry4. In the United States o f  A m erica, 
energy consum ption o f  7.26 MJ/kg bread baked was reported 
in a baking industry which produced 35,000 kg bread/day5.

Literature related to the Indian food industry w ide energy  
consum ption survey is rather fragmentary. It calls for 
thorough survey on energy consumption pattern o f Indian food 
industries, including baking industry w hich would provide 
the energy consum ption cost data on w hich realistic energy  
dem and forecasts can be based. Present investigations were 
undertaken with the follow ing objectives: (1) to com pute 
energy consum ption data o f each baking equipm ent and

process, (2) to compute energy efficiency o f  entire processing  
lines, and (3) to identify energy intensive operations in baking 
industry as a basis for establishing feasibility for reduction  
o f  energy requirement.

Materials and Methods
The survey on energy utilization in bread manufacture was 

conducted in the baking industry (5000  kg bread/day) located  
in Jabalpur city. F ollow ing data co llected  in on e shift o f  8 
hr were cons dered : 1. Power consum ption , 2  fuel o il 
consum ption , 3 coke consum ption , 4  labour hr and 5 
production. The data were co llected  for 30 days and average 
values are reported. The theoretical or anticipated energy  
consum ption o f each baking equipm ent was calculated based  
on input-output analysis o f  bread production and actual or 
practical energy consum ption data o f  each process equipment 
was m easured individually for electrica l, fuel o il, coke fuel 
and man energy. The electrical energy was measured in terms 
o f  Kilo-Watt hr with the help o f  an energy meter. Fuel o il 
energy was measured in terms o f volum e o f  fuel whereas solid  
fuel (C oke) energy was accounted in term s o f  w eight. The 
energy utilization efficiency o f  each process equipm ent used  
in baking was calculated in terms o f  energy use index (E i) 
by the follow ing expression6:

Actual Anticipated
c  consum ption — consum ptionEnergy use index ( E i ) = -------------- ------------------------- *-—  X100Anticipated consum ption

The energy consum ption pattern o f  each unit operation and 
for entire process was presented in the form o f  an energy
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T a ble  1. A v er ag e  energ y  c o n su m p t io n  data a n d  energy-u se  in d e x  o f  various e q u ipm en ts  u s e d  in  b read
MANUFACTURE.

Equipments Electrical energy (MJ) Man energy (MJ)
Anticipated Actual Ei (%) Anticipated Actual Ei (%)

Screw conveyor 4.18 4.82 15.31 0.41 0.51 24.39Flow shifter 3.94 4.75 20.56 0.39 0.51 30.76
Dough kneader 45.90 49.39 7.60 4.50 5.00 11.11
GMS solution 1.35 1.80 33.3 0.63 0.71 12.69
Plant — 15.37 — — — —

Divider 12.71 16.69 31.31 2.24 2.77 23.66
Rounder 11.23 11.52 2.58 1.12 1.63 45.53
Interprover table 11.23 11.73 4.45 1.12 1.59 41.96
Moulder 26.20 26.44 0.90 3.51 4.04 15.09
Slot conveyor (1) 8.29 9.14 10.25 2.43 2.95 21.39
Final prover trolley — — — 1.02 1.16 13.72
Final prover — — — 2.60 3.88 49.23
Oven 135.32 158.66 17.25 4.50 6.09 35.33
Slot conveyor (2) 8.10 8.60 6.17 2.43 2.62 7.82
Depaning table 8.10 8.31 2.59 1.59 2.18 37.10
C.T. trolley — — — 0.52 0.88 69.23
Cooling tunnel 19.02 21.87 14.98 — — —

Slicing 46.64 52.05 11.59 6.03 6.40 6.14
Packaging 4.68 6.92 47.86 0.47 0.48 2.13
Water pump — 1.96 — — — —

Diesel pump — 0.72 — — — —

Pusher 12.67 14.22 12.23 — — ___

Diffuser 63.57 64.80 1.93 — — ----.

Other - - - - 12.83 -
Total 389.65 505.76 29.79 35.51 56.23 58.34
accounting diagram (EAD) by following the method of Singh 
et a l. 1

Results and Discussion
The energy consumption pattern for manufacturing 1405.2 

kg bread/day or one shift of 8 hr is given in Table 1 and eneigy

Fig.l. Energy accounting diagram (EAD) of bread production.

flow in the bread production is shown in the energy 
accounting diagram (EAD), (Fig. 1). It has been observed 
that there were three main energy intensive processing steps 
in bread making i.e. 1. mixing in which mechanical energy 
is produced by electricity, 2. fermentation where thermal 
energy in the form of steam from coke as well as electrical 
energy is employed and 3. baking-in which thermal energy 
is provided both by electricity and liquid fuel.

The proportions of various eneigy input in the bakery were 
91.74, 0.99, 1.13 and 0.125 per cent from liquid fuel, coke, 
electricity and labour respectively. The baking oven used 
more than 90 per cent of the total energy input. It is obvious 
because oven used liquid fuel, electricity and labour energies. 
Next to baking oven, fermentation unit used both electrical 
and steam produced by solid fuel.

The anticipated and actual energy consumption data of 
electrical, man, solid and liquid fuel in the baking process 
were 389.65, 505.76, 35.54 and 56.25, 2289.26, 3127.38,
38507.10 and 41027.16 MJ, respectively. The anticipated 
energy consumption of each baking equipment was compared 
with the practical or acutal energy consumption to find out 
the energy use index given in Table 1. The energy use index 
of total electrical energy in the baking was 29.76 per cent, 
which indicated that 70.21 per cent of the total electrical 
energy was utilized by various baking equipments. Similarly, 
solid fuel, liquid fuel and labour energy utilization in the 
process were 63.35, 93.46 and 43.77 per cent respectively.
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The overall energy consumption in the production o f  1405.2 
kg bread was 44716.32 MJ or 31.82 M J/kg bread. Tragardh 
e t  a l . 1 reported total energy consum ption pattern o f  two  
Sw edish  bakeries were about 13.96 and 4 .88  M J/kg bread, 
respectively for a capacity o f 2,50 ,000  and 3,50,000 kg bread 
Table 2 per year.

The energy co st data o f  bread manufacture (1405.2 kg 
bread/day) were calculated based on observed values o f  
energy consum ption (Table 2). It has been observed that in 
bread manufacture, h ighest m oney is spent on  liquid fuel 
energy. T he cost o f  bread manufacture calculated based on  
energy consum ption data is  about Re.0.67/kg bread.

B ased on the above findings, follow ing energy saving 
m easures are suggested : Correct use o f  the equipm ents (tim e 
o f  use, correct control valves, use o f  autom ation, etc .) and 
regular service are the m ost important and best energy saving 
m easures.

The m ost important source o f  waste o f  heat in bakery is 
the exhaust from the baking oven. Installation o f  waste energy 
(heat) recovery system  could  save the total energy waste to 
a great extent.

T a b l e  2 . E n e r g y  c o s t  a n a l y s is  f o r  b r e a d
MANUFACTURE

Type of energy Measurement unit In MJ unit Approx, 
energy cost 

(Rs Ps)
Electrical 505.76 H.P.hr. 505.76 5.05
Solid fuel 747103.85 Kcal 3127.38 157.75
Liquid fuel 109800.00 Kcal 41027.16 410.00
Labour 16.56 H.P.hr. 56.23 372.65

It may be stated in conclusion  that suitable energy saving  
system  should be introduced to conserve the energy waste 
during different processes identified in the baking industries, 
w hich not only save the energy for processing but also  
save money. I f heat recovery m easures are to be taken 
in the bakery, the designer should be in continuous c lo se  
co-operation with the operating personnel and the effect o f  
heat recovery m easures on the process and v ic e -v e r s a  should  
not be ignored.
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The technology of narampak sandesh production from  buffalo milk with reference to its sugar level, fat content in m ilk and the 
m ethod of heating during  cooking was standard ised . O n the basis of sensory evaluation, best results were indicated w ith the use 
of 30% crystalline cane sugar and  4% fat in m ilk. For a  good quality sandesh preparation , slow process of heating was essential.

Addition of chhana in two instalm ents m arkedly improved the body and texture o f the finished product. Chemical and  microbiological 
results obtained would be useful in form ulating the standards o f narampak sandesh.

S a n d e sh ,  a very popular and oldest c h h a n a -b a s e d  
sweetm eat o f  Bengal' is gaining popularity in other regions 
o f  the country2. Traditionally, s a n d e s h  is prepared by 
H a lw a is  on a small scale. Three kinds o f  sa n d e sh  are available 
in market v iz .,  k a r a p a k  (low  m oisture grade), n a r a m p a k  
(m edium  m oisture grade) and k a c h h a g o lla  (high m oisture 
grade)M , o f  w hich n a r a m p a k  is the m ost popular variety5. 
The N ational C om m ission  on A griculture (1976) had 
recom m ended that efforts should be m ade to standardise the 
production o f  various indigenous m ilk  sw eets w hich m ight 
be adaptable for industries6. S a n d e sh  m aking has an old  
history7, with the art o f  m aking has rem ained in the hands 
o f  H a lw a is 89. As a result o f  this, not m uch has been  
reported in literature about the technology o f  sa n d e sh . In view  
o f  the above facts, an attempt has been m ade in this study 
to standardise the technology for the production o f  n a ra m p a k  
s a n d e sh  from  buffalo m ilk.

Materials and Methods
P ro d u c tio n  o f  chhana: Fresh p ooled  buffalo m ilk was 

procured from  the Experim ental Dairy o f  the Institute. It was 
filtered through a m uslin  cloth and standardised to 2.0, 3.0,
4.0, 5.0 and 6.0 per cent fat w ith the help o f  buffalo skim  m ilk  
as per requirement. T he S N F  content o f  m ilk  ranged from
9.6 to 9 .9  per cent w ith an average o f  9.8 per cent. At a tim e, 
501  standardised m ilk  was taken in a double jacketted steam  
kettle and ch h a n a  was m ade by the procedure o f  Kundu and 
De'° w ith certain m odifications. H ere just after boiling the 
m ilk, 30  pier cent potable water (v/v) in relation to the quantity 
o f  m ilk taken was added in the m ilk , coo led  to 70°C , 
coagulated with 0.5 per cent citric acid solution , strained 
im m ediately for rapid expulsion  o f  whey, and ch h a n a  was

pressed for 10 m in to expedite further removal o f  whey. The 
m oisture per cent o f  c h h a n a  ranged from  55 to 59. It was 
then ground to a sm ooth paste with the help  o f  a power 
operated m echanical grinder.

P ro d u c tio n  o f  sandesh: O n the basis o f  prelim inary trials,
2.0 kg ground ch h a n a  was taken for each trial and this was 
further divided into two equal lots. D ifferent proportions o f  
cane sugar v iz . , 25 ,30 ,35  and 4 0  per cent (by w eight o f  total 
c h h a n a )  was added separately w ith the first lot o f  ch h a n a  
in a double jacketted steam kettle for ascertaining the optimum  
sugar level in the final product. Temperature o f  the ch h a n a  
and sugar m ixture was then gradually raised to about 70°C  
in 15 min by continuous stirring and scraping with the help  
o f  a w ooden ladle. At this juncture, the m ixture developed  
its initial pat stage and the remaining lot o f  ch h a n a  was added. 
D ue to this addition, the temperature o f  the m ixture suddenly 
fell to about 46°C  and it was then slow ly heated to about 60°C  
in 10 min with continuous stirring and scraping as before. 
At this point, the mixture exhibited its final pat stage. Heating 
was discontinued at this stage and the product is cooled  slowly 
to 37°C  in about 10 m in, transferred it to rectangular trays 
and cut into desired sizes. The resultant sa n d e sh  sam ples were 
subjected to sensory, chem ical and m icrobiological analyses.

T im e-tem p era tu re  c o m b in a tio n  d u r in g  sandesh p r o d u c tio n :  
During the cooking process, tem perature o f  the product was 
varied by regulating the steam  inflow. T he product tem pe­
rature was recorded at a regular interval o f  tim e with a 
thermometer. This method provides a lair idea about the effect 
o f  various tim e-tem perature com binations on the quality o f  
the fin ished product.

A n a ly s is  o f  m ilk :  Fat and SN F  in m ilk were determ ined  
as per IS : 1223" and IS : 1008312, respectively.
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S e n so r y  e v a lu a tio n  o /sandesh: The sensory characteristics 
o f  s a n d e sh  sam ples were evaluated by a panel o f  7 trained 
judges in term s o f  flavour, body and texture, colour and 
appearance, sw eetness and overall acceptability using the
9-point H edonic sca le13. Scores o f  the judges were also  
statistically analysed to find out the extent o f variations 
b etw een  sam p les, var ieties , treatm ents, ju d ges  and  
interactions thereof.

C h e m ic a l a n a ly s is  o f  chhana a n d  sandesh: The m oisture 
in ch h a n a  and the m oisture, fat, protein and ash contents in 
s a n d e s h  were determ ined by the IS : 2785 m ethods14. Total 
sugar was estim ated by the d ifference. T he sum total o f  
m oisture, fat, protein and ash were subtracted from  100. 
Titratable acidity was calculated follow ing the procedure o f  
Sachdeva and Rajorhia15 for b u rfi. The water soluble acidity  
was estim ated as per the m ethod o f  AOAC16 described for 

c h e e s e . F ree fatty acidity (FFA) was determ ined as per IS : 
3 5 0 8 17 with som e m inor m odifications as described by Sen  
and R ajorh ia3. F ree  fat (F F ) w as a n a lysed  by the  
recom m ended procedure o f  Hall and H edrick18 originally  
developed for m ilk  powder. The product was m ashed  
thoroughly with a stainless steel grater before w eighing. The 
para dim ethyl am ino benzaldehyde reactivity (p-D M A B ) test 
was carried out according to the m ethod o f  Kumar and 
H ansen19 during the processing o f  sa n d e sh . The pH was 
m easured with a digital pH meter as described by 
K osikow sk i20 for ch eese . T he su p erfic ia l d en sity  was 
calculated by weighing blocks o f  4 .0  cm 3 size and expressed  
as g/cm 3. Hardness was measured with a cone penetrom eter 
as per Sen and Rajorhia4.

M ic r o b io lo g ic a l a n a ly s is  o/sandesh: The total viable counts 
(TV C), co liform  counts and yeast and m ould counts were 
determ ined by the m ethod o f  A P H A 21 using tryptone  
dextrose yeast agar, v io le t red b ile agar and potato dextrose  
agar, respectively. Spore counts were enum erated follow ing

the procedure described in BS : 428 5  using tryptone 
dextrose yeast agar. The staphylococcus counts were  
determ ined as per the recom m ended m ethod o f  A P H A  using  
staphylococcus m edium  S ll0 agar23.

Results and Discussion
O p tim is a tio n  o f  s u g a r  le v e l:  The results o f  sensory  

evaluation o f  s a n d e sh  sam ples m ade from  the four different 
levels o f  sugar are presented in Table 1. From  the Table, it 
could be seen that the highest scores in all the sensory  
attributes were awarded to the sa n d e sh  sam ples prepared with 
30 per cent sugar. S a n d e sh  sam ples m ade with 25 and 
35 per cent sugar were considered slightly less  and m ore 
sw eet, respectively. Incorporation o f  4 0  per cent sugar m ade  
the product excessively  sw eet and y ie ld ed  the low est sensory  
scores (Table 1). Variation in the level o f  sugar brought about 
m inim um  changes in the sensory scores o f  colour and 
appearance. Both under and over sw eetening reduced the 
acceptability scores o f  s a n d e sh  significantly. T h is can be  
observed from  the analysis o f  variance data (Table 2 ). Sugar 
levels significantly influenced the flavour, body and texture 
and overall acceptability o f  s a n d e sh . The co lou r and 
appearance were not m uch affected by the variation in sugar 
content. L ikew ise, no significant variations were noted  
between replicates, judges and interactions between treatments 
and judges. Barker w orkers15 24 25 have also advocated the 
incorporation o f  30  per cent sugar in b u r fi.  T he chem ical 
analysis o f  s a n d e sh  (Table 3) showed that the addition o f  
higher amount o f  sugar progressively reduced the fat, protein 
and ash contents in s a n d e sh  but the m oisture content neither 
changed appreciably nor it follow ed any definite trend. In 
these experim ents, sa n d e sh  sam ples were prepared from  m ilk  
o f  5.0 per cent fat as recom m ended by Kundu and D e 10. 
D isso lu tion  o f  crystalline sugar in s a n d e s h  preparation was 
not a problem . Incorporation o f  4 0  per cent sugar even did

T a bl e  1.
Sensory characteristics

In f l u e n c e  o f  c a n e  su g a r  o n  th e  sen so ry  c h a ra cter istic s  o f  sa n d e sh
% of cane suga- by wt of chhana

25.0 30.0 35.0 40.0
Flavour 6.5 -  8.0 

(7.50 + 0.09)
7.5 -  9.0 

(8.43 + 0.09)
7.0 -  9.0 

(8.36 + 0.11)
6.0 -  8.0 

(7.25 + 0.19)
Body and texture 7.0 -  8.5 

(8.02 + 0.08)
7.5 -  9.0 

(8.46 + 0.09)
7.0 -  9.0 

(8.30 + 0.10)
7.0 -  8.5 

(7.84 + 0.11)
Colour and appearance 7.0 -  8.5 

(8.11 + 0.07)
7.5 -  9.0 

(8.27 + 0.09)
7.5 -  9.0 

(8.16 + 0.08)
7.5 -  9.0 

(8.05 + 0.09)
Sweetness 6.0 -  8.0 

(7.57 + 0.10)
8.0 -  9.0 

(8.55 + 0.08)
7.5 -  9.0 

(8.39 + 0.08)
6.0 -  8.0 

(7.11 + 0.10)
Overall acceptability 6.5 -  8.0 

(7.43 + 0.08)
7.5 -  9.0 

(8.36 + 0.09)
7.5 -  9.0 

(8.25 + 0.10)
6.0 -  7.5

(7.05 + 0.09)
Sensory comments Less sweet Optimum sweetness S ightly higher sweetness Highly sweet
Figures in the parentheses are the means with standard errors. Values are in range
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Table 2. ANOVA FOR LEVELS OF CANE SUGAR ON THE SENSORY QUALITY OF BUFFALO MILK SANDESH
Source of variation Mean sum of squares

df Flavour Body and 
texture

Colour and Sweetness 
appearance

Overall
acceptability

Between replicates 3 0.26 0.33 0.04 0.36 0.07
Between treatments 3 9.98" 2.20" 0.23 13.13" 11.24"
Between judges 6 0.05 0 37 0.07 0.06 0.11
Between treatments x judges 18 0.04 0.38 0.09 0.05 0.K)
Error 81 0.34 0.22 0.23 0.28 0.29
Total 111
"Significant at 1.0 per cent level.

Table 3. Effect of cane sugar on the chemical quality of sandesh
Constituents % of cane sugar by wt of chhana

25.0 30.0 35.0 40.0
Moisture! %) 24.82 -  26.47 

(25.86 + 0.38)
25.43 -  27.00 

(26.07 + 0.34)
25.97 -  27.25 

(26.52 + 0.27)
24.87 -  26.31 

(25.63 + 0.30)
Fat(%) 22.24 -  23.57 

(23.04 + 0.29)
19.70 -  20.52 

(20.62 + 0.19)
17.05 -  18.32 

(17.73 + 0.29)
15.00 -  16.23 

(15.64 + 0.27)
Proteins (%) 18.73 -  20.31 

(19.51 + 0.34)
16.98 -  17.75 

(17.37 + 0.16)
14.39 -  15.04 

(14.85 + 0.15)
12.82 -  14.03 

(13.44 + 0.25)
Total sugars (%) 23.93 -  30.12 

(29.45 + 0.25)
33.88 -  34.65 

(34.35 + 0.16)
38.87 -  39.87 

(39.31 + 0.24)
43.79 -  44.08 

(43.92 + 0.07)
Ash (%) 1.98 -  2.29 

(2.13 + 0.06)
1.78 -  2.03 

(1.95 + 0.06)
1.42 -  1.71 

(1.59 + 0.06)
1.16 -  1.48 

(1.37 + 0.07)
Figures in the parentheses are the means with standard errors. Values are in range.
not leave any undissolved  sugar granules. M oisture content 
in chhana and period o f  heating were enough to d isso lve  all 
the sugar crystals. T h ese observations differed from  the 
procedures describ ed  by earlier w orkers'6 28 w ho had 
recom m ended powdered sugar for sandesh m aking.

Optimisation of fat level in milk: The sensory scores and 
characteristics o f  sandesh sam ples prepared from  m ilk o f  the 
five different fat levels are presented in Table 4 . It may be 
observed that low  fat m ilk resulted in a dry and weak body  
and coarse texture. T he product a lso  lacked the typical rich  
flavour. Sandesh prepared from buffalo milk with 4 .0  per cent 
fat was rated as the best in all the sensory attributes. T hese  
scores were follow ed by the sandesh sam ples made from  the 
m ilk containing 5.0, 6.0, 3.0 and 2 .0  per cent fat, respectively. 
The analysis o f  variance data (Table 5 ) o f  the sensory scores  
o f  sandesh highlighted that the fat content in buffalo m ilk  
significantly affected the flavour, body and texture, colour  
and appearance and overall acceptability o f  sandesh. Changes 
due to replicates, judges and interactions betw een treatments 
and judges were insignificant. It can be seen  from  Table 6  
that the free fat content in sandesh increased progressively  
with the increase in the fat per cent in m ilk. Free fat

proportion in sandesh, produced from  4 .0  per cent m ilk  fat 
was considerably lower (61.42) than the sam ples prepared  
from  either 5.0 (66 .27) or 6.0 (7 4 .5 3 ) per cent m ilk fat. For 
finding out the desired fat level in m ilk, sandesh sam ples were 
prepared separately from  the above five different fat levels  
o f  m ilk using 30 per cent cane sugar by w eight o f  
c/i/w na.O bviously, the fat content in sandesh increased  
progressively with the increase in fat percentage in m ilk w hile  
the protein and ash contents reduced the m oisture and sugar 
contents did not exhibit any sp ecific  trends. However, 
considering the results o f  sensory properties and free fat 
contents in sandesh, it may be recom m ended that the buffalo 
m ilk could be standardised to 4 .0  per cent fat for sandesh 
production.

Time-temperature combination during cooking of sandesh 
production: In the preliminary experim ents, when the mixture 
o f  entire am ount o f  chhana and sugar was heated in the 
jacketted kettle at 100°C or above with sim ultaneous stirring 
and scraping, the product becam e extrem ely hard, brittle and 
chew y with very little coh esiven ess in 5-10 m in. It was, 
therefore, decided  that the m ixture should be heated at less  
than 100°C. Incorporation o f  chhana in two instalments
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T a ble  4 . Effec t  o f  fat c o n t e n t  in  bu ffa lo  m ilk  o n  t h e  sen so r y  c h a ra cter istic s  o f  sa n d e sh

Sensory
characteristics 2.0 3.0
Flavour 6.0 -  8.0 

(6.61 + 0.13)
7.0 -  9.0 

(8.05 + 0.09)
Body and texture 6.0 -  8.0 

(7.02 + 0.10)
7.0 -  9.0 

(8.32 + 0.09)
Colour and appearance 6.0 -  8.0 

(7.16 + 0.11)
7.0 -  9.0 

(7.87 + 0.09)
Sweetness 7.0 -  8.0 

(7.86 + 0.09)
7.5 -  8.5 

(8.09 + 0.07)
Overall acceptability 6.0 -  7.5 

(6.70 + 0.08)
7.0 -  8.5 

(7.86 + 0.10)
Sensory comments Dry, coarse, lacks 

richness
Weak, coarse

Figures in the parentheses are the means with standard errors.

Sensory quality at indicated Fat % in milk
4.0 5.0 6.0

7.5 -  9.0 8.0 -  9.0 7.0 -  9.0
(8.43 + 0.09) (8.34 + 0.07) (8.27 + 0.10)

8.0 -  9.0 7.5 -  9.0 7.5 -  9.0
(8.46 + 0.08) (8.34 + 0.09) (8.14 + 0.08)

7.5 -  9.0 7.5 -  9.0 7.5 -  9.0
(8.52 + 0.08) (8.41 + 0.09) (8.18 + 0.09)

8.0 -  9.0 7.5 -  9.0 7.0 -  9.0
(8.66 + 0.07) (8.48 + 0.10) (8.21 + 0.11)

7.5 -  9.0 7.5 -  9.0 7.5 -  9.0
(8.43 + 0.08: (8.27 + 0.08) (8.16 + 0.08)

Most liked Good, acceptable Moderately good, 
excessive free fat

Values are in rarges.

T a bl e  5. A nova data for  d iff e r e n t  l ev el s  o f  fat o n  th e  sen so ry  a ttributes  o f  buffalo  m ilk  sa n d e sh
c .• ac Mean sum of squaresSource of variation df __________________________________________________2

Flavour Body and 
texture

Colour and 
appearance

Sweetness Overall
acceptability

Between replicates 3 0.17 0.04 3.18 0.19 0.23
Between treatments 4 15.83** 9.82** 8.29** 2.82 13.52
Between judges 6 0.45 0.18 0.49 0.18 0.34
Between treatments x 
judges

24 0.25 0.07 0.34 0.27 0.11

Error
Total
♦ »Significant at 1.0% level.

102
139

0.26 0.28 0.23 0.22 0.23

T a b l e  6. In f l u e n c e  o f  fat c o n t e n t  in b uffalo  m ilk  o n  the  chem ica l  q ua lities  o f  s a n d e sh
Fat % in milk

2.0 3.0 4.0 5.0 6.0
Moisture (%) 26.43 -  28.27 25.86 -  27.35 25.45 -  27.01 25.83 -  27.25 24.91 -  26.54

(27.36 + 0.40) (26.49 + 0.31) (26.23 + 0.34) (26.74 + 0.33) (25.82 + 0.34)
Fat (%) 12.09 -  14.15 15.50 -  17.22 17.68 -  18.42 19.58 -  20.76 21.16 -  22.49

(13.25 + 0.45) (16.14 + 0.37) (18.09 + 0.17) (20.08 + 0.25) (21.94 + 0.28)
Proteins (%) 21.94 -  23.61 20.53 -  22.03 17.96 -  19.64 17.38 -  18.45 15.72 -  17.20(22.83 + 0.34) (21.02 + 0.34) (18.84 + 0.35) (17.95 + 0.23) (16.71 + 0.34)
Total sugars (%) 33.27 -  34.86 33.07 -  34.85 34.20 -  35.20 32.68 -  34.18 32.85 -  34.85(34.21 + 0.34) (34.12 + 0.42) (34.83 + 0.22) (33.27 + 0.34) (33.74 + 0.46)
Ash (%) 2.06 -  2.54 1.99 -  2.34 1.85 -  2.15 1.86 -  2.07 1.64 -  2.01

(2.35 + 0.10) (2.23 + 008) (2.01 + 0.07) (1.96 + 0.05) (1.79 + 0.08)
Free fat (%) 49.66 -  51.30 58.31 -  59.64 60.90 -  62.01 65.65 -  67.28 73.92 -  75.02(50.29 + 0.41) (58.76 + 0.30) (61.42 + 0.25) (66.27 + 0.37) (74.53 + 0.25)
Figures in the parentheses are the means with standard errors Values are in ranges.
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--------n  I f  HIGH RATI OF HEATING

Fig 1. Time-temperature curves during preparation o f buffallo milk sandesh

considerably im proved the body and texture o f  the finished  
product. In subsequent trials, 5 0  per cent o f  the ch h a n a  was 
m ixed w ith the entire sugar (30  per cent by weight o f  total 
c h h a n a )  and continued the scraping and stirring. W hen the 
m ixture developed doughy consistency indicated the initial 
pat stage, the rem aining lot o f c h h a n a  was added with  
continuous stirring and scraping. T hese subsidiary processes  
were essential for attaining soft body and sm ooth texture in 
the fin ished product.

The initial and final tem peratures for rapid heating o f  
buffalo m ilk  c h h a n a  w ith sugar were found to be 76° and 
70°C  in 10 and 2 0  m in, respectively (F ig 1). Rapid heating  
caused hard, chew y and brittle body with an extrem ely coarse 
texture (Table 7). T his indicated that rapid heating o f  buffalo  
m ilk ch h a n a  should be avoided (curve B ,). The structural 
differences in casein m icelles o f  cow  and buffalo milk proteins

T a b l e  7. Effect of various time-temperature
COM BINATIONS DU R IN G  PREPARATION, ON THE SENSORY

Time-temp
QUALITY
Hedonic

OF SANDESH .
Comments

combination
curve

impression
Flavour Body and texture

B, Disliked  
very much

Characteristic
cooked

Very hard, dry 
and chewy, 
extremely coarse

B; Liked
slightly

Undercooked/ 
raw chhana 
type

Very soft, 
smooth

B3 Liked 
very much

Slightly cooked Soft, smooth

T a b l e  8. M i c r o b i o l o g i c a l  q u a l i t y  o f  s a n d e s h  m a d e  
in  t h e  p l a n t

Orua nisnis No. of  
samples 

+ ve

Range
(counts/g)

Mean +  SE 
(counts/g)

Total \  table 10 2.5x10' -  7.6x10' 3.6x10' +  620.60
Coli forms 6 < 1 0 -  4.0x10' 1.3x10' +  4 .48
Spores 10 2.0x10 -  1 .2 x 1 0 ' 4 .6X 101 +  8.97
Yeast and mould 9 <  10' -  6.0x10' 3.0x10' +  5.77
Staphylococc i 10 2.0x10' -  I.4X102 6.6 xlO2 +  98.43
Average o f 10 replicates 
SE = Standard error

might be the possib le reason for it. At low  rate o f  heating 
(curve B ,) the highest temperature (60°C ) and heating  
discontinued temperature (55°C ) o f  ch h a n a  and sugar mixture 
were reached in about 22 .5  and 32 .5  m in, respectively. 
A lthough s a n d e s h  sam p les obtained w ith  this tim e  
temperature combination were undercooked with raw ch h a n a  
type flavour (Table 7), the body and texture o f  the finished  
product improved considerably. However, on the w h ole none 
o f the two curves (B, and B ,) were suitable for sa n d e sh  
production but indicated that the suitable tim e-tem perature 
com bination could exist in betw een the two curves (B, and 
B ,). The tim e taken to reach the first pat form ation stage 
was 15 min at 70°C  (curve B 3). The heating discontinued  
stage was reached in 25 m in at 60°C  (curve B 3). Prepared

Table 9. Quality assessment of sandesh
Quality attributes Range Mean +  SE
Moisture (%) 26.47 -  27.91 27.14 +  0.35
Fat (%) 18.10 -  21.82 18.42 +  0.27
Proteins (%) 18.59 -  18.83 18.71 +  0.05
Total sugars (%) 33.12 -  33.92 33.83 +  0.30
Ash (%) 1.70 -  2.09 1.90 +  0.10
Free fat (as % o f  total fat) 60.62 -  64.31 61.81 +  0.86
Titratable acidity 
(as % lactic acid)

0.67 -  0.85 0.74 +  0.04

Water soluble acidity 
(as % lactic acid)

0.26 -  0.34 0.31 +  0.02

Free fat acidity 
(as % o leic acid)

0.22 -  0.32 0.26  +  0.02

p-D M A B reactivity absorbance 
absorbance

0.11 -  0.13 0.12 +  0.005

pH at 20°C 5.94 -  5.99 5.97 +  0.01
Density (g/cc at 20°C) 1.268 -  1.295 1.283 +  0.006
Penetration value 
(0.1 mm at 30 +  2°C)

142 -  160 148 +  4 .24

Yield (as % o f  chhana) 93.67 -  97.30 94.84 +  0.83
Yield (as % o f  milk) 17.51 -  22 .39 20.78 +  1.11
SE =  Standard errors
Figures are average o f 4 replicates.
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sa n d e sh  sam ples with this time-temperature combination were 
liked very much by the judges (Table 7) and therefore, the 
sam e m ethod w as follow ed for subsequent s a n d e s h  
preparations to assess the various m icrobiological and 
physico-chem ical properties o f  sa n d e sh .

M ic r o b io lo g ic a l  q u a li ty  o f  sandesh: Results revealed that 
about 4 0  per cent o f  the s a n d e sh  sam ples were free from  
coliform s and about 10 per cent free from  yeasts and m oulds 
in 101 dilution (Table 8). It would seem  difficult to produce 
s a n d e sh  free from bacterial sporeform ers and staphylococci. 
T he counts obtained in this study may be helpful to serve as 
guidelines w h ile  form ulating the m icrobial standards for 
s a n d e sh  (Table 8).

Q u a li ty  a s s e s s m e n t o f  sandesh: The various quality 
attributes o f  sa n d e sh  sam ples are highlighted in Table 9. These 
values may serve as guidelines while formulating the chem ical 
standards for s a n d e sh  m ade from  buffalo m ilk. Y ield o f  
s a n d e s h  has also been calculated in term s o f  both, per cent 
o f  m ilk and c h h a n a  originally taken for s a n d e sh  production.
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The post-production heat treatm ent of shrikhand had no adverse effect on its average composition, titra  table acidity, pH, precipitated 
protein, syneresis, flavour, body and texture characteristics. T here was slight improvement in the consistency of the product. It 
had a m arked destructive effect on groups o f m icroorganism s studied depending on severity of heat treatm ent an d  the type of 
m icroorganism s involved.

Shrikhand is a popular indigenous sw eetened fermented  
m ilk product. Being a sum m er dessert, it is in high dem and  
during the hot sum m er m onths. Shrikhand has a fairly long  
sh e lf  life o f about 35 to 4 0  days at refrigeration temperature, 
but very lim ited sh e lf life o f  about 2 to 3 days at am bient 
tem perature1. H ence, extending the sh e lf  life o f  shrikhand 
under prevailing hot clim atic conditions is o f  prim e 
im portance, as in India, refrigeration facility is not readily 
available in m ost o f  the households.

U se  o f  post-production heat treatment has been found 
successful in extending the sh elf life o f  cultured m ilk products 
like yoghurt and such treatment is being practised in the other 
countries2-*. Very lim ited work on post-production heat 
treatment for extending the sh e lf life o f  shrikhand has been  
reported in the literature5. H ence, a study was planned to 
evaluate the effects o f  post-production heat treatment on 
physical, chem ical, m icrobial and sensory qualities o f  fresh  
shrikhand.

Materials and Methods
P re p a r a tio n  o f  s h r ik h a n d :  In the present study, eighteen  

batches o f  shrikhand, six for each replication were prepared. 
H eating fresh buffalo skim  m ilk (9.33 per cent total solids) 
to 85°C  for 15 m in , curd and then chakka (shrikhand base) 
was prepared as per the m ethod o f  D esai e t  a l . 6 To adjust 
6  per cent fat in shrikhand, pasteurized cream  (72-74 per cent 
fat) was used. The chakka-cream  m ixture was made 
hom ogenous by passing it through a co llo idal m ill, to w hich  
the fine crystalline sugar and ground cardam om  were added  
at the rate o f 55 per cent (w /w  o f  chakka-cream  mixture) and
0 .2  per cent (w /w  o f  shrikhand), respectively. The w h ole  
m ixure was blended for about 30 min in planetary m ixture.

P o s t-p ro d u c tio n  h e a t  tr e a tm e n t:  Shrikhand was subjected  
to heat treatment selected  on the basis o f  prelim inary trials,

v iz . , 55°C /30  min (Tl), 60°C /20  min (T2), 65°C/10 min (T3), 
70°C /5  min (T4) and 75°C /2 m in (T5). Indirect heating in 
hot water was perform ed using jacketted kettle. Shrikhand 
was hot-packed in sanitized (200  p .p .m . available chlorine  
solution) polystyrene cups having snap-in-lid and co o led  to
8-10°C. Unheated shrikhnad served as control (C) and handled 
in sim ilar way.

A n a ly s e s :  Representative sam ples o f  shrikhand were 
analysed for m oisture (by M ojonnier tester) protein8, total 
sugar9. fat'1’ (by m odified G erber m ethod) and titratable 
acidity". pH was determ ined by Systronic pH m eter using  
1 : 1 (shrikhand: distilled  water) hom ogenate. Precipitated  
protein1“, syn eresis13 and con sisten cy14 o f  shrikhand were 
m easured using specified  procedures. Sensory quality o f  
shrikhand was evaluated by a panel o f  six  judges for its 
appearance and colour (m ax. score, 3 ), body and texture 
(m ax. score, 5) and flavour (m ax. score, 10). M icrobiological 
exam ination o f  shrikhand sam ples was perform ed by using  
appropriate dilutions and culture m edia for total viab le  
co u n ts15, acid  producer co u n ts16, p ro teo ly tic  co u n ts17, 
lipolytic cou n ts18, yeast and m ould cou n ts16 and colitbrm  
counts .

S ta tis t ic a l  a n ly s is :  The m ean values o f  each attribute under 
study obtained from  duplicate sam ples o f  three replications  
were analysed using factorial C R D 19. The m icrobial counts 
were analysed after square-root transformation with additive 
one.

Results and Discussion
C o m p o s it io n  a n d  p H :  The data collated in Table 1 reveal 

that all the shrikhand sam ples studied had fat, protein, 
titratable acidity and pH within the range reported by various 
workers202'. The m oisture content o f  shrikhand was higher 
than the value specified  under BIS specifications8, on
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T a bl e  1. E ffec t  o f  post-pr o d uc tio n  heat t r e atm ent
ON AVERAGE COM POSITION. (PER CENT BY W EIGHT) 
TITRATABLE ACIDITY A N D  pH OF FRESH SHRIKHAND

Treatment Titra pH
table

Heating Heating 
temp time 
(°C ) (min)

Moisture Fat Proteins Total 
sugars

acidity
( 9? )

Unheated-Control (C) 49.74 5.93 7.38 35.98 1.22 4.34
55 30 49.37 5.96 7.45 36.05 1.24 4.34
60 20 49.21 6.07 7.49 36.05 1.24 4.33
65 10 49.09 6.00 7.58 36.07 1.25 4.34
70 5 48.90 6.03 7.59 36.08 1.26 4.30
75 2 48.82 6.03 7.63 36.10 1.26 4.30
SE + 1.17 0.09 0.45 0.07 0.02 0.11

Significance NS NS NS NS NS NS
CV % 4.14 2.69 10.40 3.45 3.41 4.51

account o f lower rate o f  sugar addition to chakka-cream  
mixture. However, the moisture values o f the samples are well 
below  the m oisture range reported by Bhattacharya e t  a t" .

From the com positional values depicted in the Table, it is 
evident that post-production heat treatment did not bring about 
any appreciable change in its com p osition , acidity and pH , 
except that it resulted in slight decrease in m oisture content, 
w ith concom itant changes in other parameters studied. The 
above changes could be ascribed to evaporative losses o f  
m oisture during heating.

C o n s is te n cy , s y n e r e s is  a n d  p r o te in -p r e c ip i ta t io n :  The 
tabulated values on consistency o f  shrikhand as influenced  
by post-production heat treatment (Table 2) reveal that heated 
sam ples were m ore firm as com pared to unheated sam ple. 
T his may be the com bined effect o f reduced m oisture content 
and physico-chem ical changes induced in shrikhand by heat

T a b l e  2. In f l u e n c e  o f  post-pr o d uc tio n  heat
TREATM ENT ON THE CONSISTENCY, SYNERESIS A N D  EXTENT  

OF PROTEIN-PRECIPITATION OF FRESH SHRIKHAND.
Treatment Consistency Syneresis* Precipitated

Heating
temp

Heating
time

(mm penetration
at 10°C)

(g/70 g) protein (wet)
(g/100 g)

(°C) (min)
Unheated-Control (C) 30.70 5.80 2.07

55 30 24 .40 5.70 2.00
60 20 22.63 5.90 1.98
65 10 22.27 5.77 2.02
70 5 22.13 5.73 2.07
75 2 21.83 5.93 2.23
SE 1.88 0.46 0.53
Significance NS NS NS
CV % 13.62 13.85 45.20

♦ Rate o f  syneresis measured at 30°C for 8 hr

treatment. However, this effect o f post-production heat 
treatment on consistency was non-significant.

Post-production heat treatment o f  shrikhand had neither 
beneficial nor adverse influence on syneresis property. N o  
published data on this aspect o f study are available for 
com parison.

Post-production heat treatment o f acidic product like 
shrikhand tends to bring about structural changes in protein 
and induce aggregation to impart grainy texture. To elucidate 
the effect o f  heating on protein stability, such protein  
aggregates were m easured as wet protein precipitated in 
g per 100 g (Table 2). The observed differences am ong  
experim ental sam ples, including control, were found to be 
non-significant, im plying that post-production heat treatment 
did not prom ote much protein precipitation. Inform ation on  
such aspects o f  study is not traceable in the literature, hence  
com parison o f the results is not possible. However, Korolczuk 
e t  a t . 1' reported 0 .2 . 0 .4 . and 1.5 per cent o f  the total m ilk  
protein precipitated during therm ization (65°C  for 30 min) 
at pH 3.5. 3.7 and 4 .0  respectively in acid-curd ch eeses such 
as quarg or tvaroh.

M ic r o b io lo g y  o f  sh r ik h a n d :  The m icrobial profile o f  
shrikhand as influenced by the post-production heat treatment 
is presented in Table 3. All the sam ples o f shrikhand studied  
had shown absence o f coliform s. C onsidering count o f  
different groups o f m icroorganism s present in unheated  
shrikhand as 100 per cent, corresponding reduction o f counts 
in heat treated shrikhand samples- T l, T2, T3, T4 and T5 were 
61.92, 66.13. 74.13, 78.79 and 82 .47  per cent for total viab le

T a ble  3. M icrobiological  profile  (c o u n t  per  g r a m )* 
of fresh  sh r ik h a n d  as a ffe c t e d  by post-pr o d u c tio n

HEAT TREATEMENT.
Treatment 

Heating Heating
temp time Total Acid Proteo­ Lipoly­ Yeast and
(°C) (min) viable producer lytic tic mould

Unheated-Control (C) 52 .28 46.16 7.02 2.80 8.07
55 30 19.91 19.19 5.11 1.77 6.89

(61.92) (58.42) (27.21) (64 .29) (14.62)
60 20 17.71 9.82 3.38 1.00 2.19

(66.13) (78.73) (51.85) (100.00) (72.86)
65 10 13.52 1.00 2.25 1.00 1.00

(74.13) (100.00) (67.95) (100.00) (100.00)
70 5 11.09 1.00 1.00 1.00 LOO

(78.79) (100.00) (100.00) (100.00) (100.00)
75 2 9.60 LOO 1.00 1.00 LOO

(82.47) (100.00) (100.00) (100.00) (100.00)
SE 0.71 1.09 0.58 0.80 0.56

CD (P <  0.05) 2.21 3.38 1.79 NS 1.72
CV% 6.01 14,58 30.65 96.97 28.87

»Microbial values are square root transformed with additive value as one. 
Figures in brackets indicate per cent reduction o f microbial count.
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T a b l e  4 . E ffec t  o f  po st-pr o d u c tio n  heat  t r e a t m e n t
ON SENSORY CHARACTERISTICS OF FRESH SHRIKHAND.
Treatment Flavour* Body and Total sensory

Heating Heating temp time
texture** score***

(°C) (min)
Unheated-control (C) 9.08 4.09 1617

55 30 9.14 4.32 1649
60 2 0 9.17 4.41 16.70
65 10 9.27 4.38 1658
70 5 9.23 4.41 1659
75 2 9.22 4.42 16.64
SE + 0.12 0.12 0.21
Signif. NS NS Ns
CV % 2.38 4.68 2.19

♦ Max. score is K) 
♦ ♦ Max. score is 5 
***Max. score is 18

counts, respectively. A cid producers were absent in T3, T4 
and T5 w h ile extent o f  their survival was 41.58 and 21.27 per 
cent in T1 and T2 respectively. Proteolytic count was reduced  
by 27.21, 51.85, 67.95, 100 and 100 per cent in T l, T2, T3, 
T4 and T5, respectively. L ipolytic count o f  shrikhand reduced  
by 100 per cent at and above 60°C , w h ile  yeast and m ould  
counts were destroyed com p letely  at and above 65 °C.

The post-production heat treatment had marked destructive 
effect on  the m ajor groups o f  m icroorganism s com m only  
found in shrikhand. The effect was dependent on severity o f  
heat treatment em ployed and types o f  microorganisms present 
in the product. Published inform ation on m icrobial profile  
o f  shrikhand as affected by post-production heat treatment 
is  not available for com parison. However, the results obtained 
in the present investigation are in line w ith those reported 
for heat treated yoghurt and cultured m ilk products .2 4 2324

S e n s o r y  q u a li ty :  T he post-production heat treatm ent o f  
shrikhand had no adverse effect on flavour, body and texture 
and total sensory score (Table 4 ) . In feet, it resulted in slight 
improvement in its sensory attributes though not appreciably. 
Published data on  sensory attributes o f  shrikhand as 
influenced by post-production heat treatment are not available 
for com parison. H owever, the values o f  sensory scores o f  
experim ental shrikhand observed  in the present study are 
sim ilar to those previously reported25.
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Spent Japanese quails (240) with equal num ber of males and females were dressed and chilled in 3 and 6% sodium tripolyphosphate 
(STPP) solution. The chilled carcasses were stored at 4 +  1°C for 6 days and at -  18 + 1°C for 60 days and evaluated microbiologically 
and for sensory qualities. Both the levels of STPP treatm ent re tarded the growth of aerobic mesophilic counts and psychrophilic 
bacteria on the surface of quail carcasses during 60 days of frozen storage. STPP treatm ent has improved all the sensory characteristics. 
Chilling for 6 h r gave better scores for colour, appearance, and flavour. In general, fresh quail carcasses, females and  breast muscle 
gave better sensory scores than  the ir counterparts.

Polyphosphate ch illing o f  chicken carcasses im proves the 
quality o f meat. Chicken carcasses treated with polyphosphate 
solution had reduced m icrobial counts com pared to the 
untreated controls' \  Improvement in the sensory characters 
o f  chicken carcasses treated with polyphosphate was 
reported 5. As work on the influence o f  polyphosphates on 
quail carcasses is scanty, the present experim ents were 
undertaken.

Materials and Methods
Spent Japanese quails (C o tu m ix  c o tu m ix  J a p a n o c a )  aged  

over 25 weeks with 120 each m ales and fem ales were dressed  
in four batches. Ready-to-cook carcasses were chilled in slush 
ice  containing zero (control), 3 and 6  per cent sodium  
tripolyphosphate (STPP) solutions for 3 or 6  hr, packed in 
polyethylene bags and stored either under refrigeration  
(4 ± 1 ° C )  for 6  days or at frozen condition ( —18+ 1°C ) for 
60  days. Both control and treated carcasses were evaluated  
for m icrobiological and sensory characters.

The swab technique o f  M allom an e t  a l t  was used for 
determ ining the surface bacterial counts. The m ethod was 
slightly m odified by using sterile cotton swab along with a 
sterile metal tem plate o f  2 cm 2 size. The swabing was done  
thoroughly on the breast region and then the swabs were 
suspended in 10 ml o f  sterile normal saline. A fter serial 
dilutions, suitable aliquots were used for inoculation. The 
inoculated plates were incubated at 37°C  for 48  hr for total 
aerobic and at 5 +  1°C for 6 days for psychrophilic bacterial 
counts.

The carcasses were cooked at 1.1 kg pressure per cm 2 for 
10 m in. Uniform  sized meat sam ples from both breast and 
thigh regions were cut and served to five m em ber taste panel

for evaluating their colour and appearance, flavour, ju iciness, 
tenderness and overall acceptability on a 9-point H edonic  
scale. The data were statistically analysed as per Snedecor 
and Cochran7.

Results and Discussion
T otal a e r o b ic  c o u n ts :  Both three and six per cent STPP  

treatments were effective in reducing the surface total aerobic 
counts o f quail carcasses (Table 1). S im ilar reduction in 
bacterial counts o f  polyphosphate treated chicken carcasses  
were observed by Panda1 and Susilkum ar e t  a t . On the 
other hand. H oes e t  a t .  and Sofes" observed that the 
addition o f STPP to meat products did not delay the microbial 
growth. T hese differences in the results m ight be variation  
in the STPP concentration used and duration o f  storage 
follow ed by them . Duration o f  ch illin g did not have any 
influence on the surface aerobic counts o f  quail carcasses.

Frozen storage at - 1 8 +  1CC for 30 days had significantly  
reduced the total plate counts below  the initial values but 
storage upto 60  days had significantly increased the total 
a erob ic  cou n ts again  (Table 1). P an d a1" R eddy and  
Varadarajulu" recorded significantly lower m icrobial counts 
in frozen stored carcasses than in fresh carcasses. In case o f  
refrigerated storage at 4 ± 1 ° C , the aerobic counts were 
significantly (P <  0.01) increased steadily and continuously  
upto 3 and 164 days o f  storage.

P sy c h ro p h ilic  co u n ts:  As in the case o f total aerobic counts, 
both 3 and 6 per cent STPP treatment has significantly  
restricted the growth o f  psychrophilic bacteria during storage. 
The antibacterial property o f STPP might be due to its ability  
to reduce the water activity in the m eat.
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T a b l e  1. M e a n  total a erobic  a n d  psychrophilic  c o u n t s  (XioJ/cm;) of q u a il  carcasses  a s  in f l u e n c e d  by
STPP LEVELS, DURATION OF CHILLING AND STORAGE PERIODS.

STPP Chill-
level
(%)

mg
time
(hr)

Storage periods in days Mean for STPP
30 60

tesophiles 
sychrophiles 
leans for chilling trial 
lesophiles 
sychrophiles

Meso
philes

Psychro
philes

Meso- Psychro Meso- Psychro­ Meso- Psychro­ Meso- Psychro­ Meso- Psychro­
philes philes philesi philes philes philes philes philes philes philes
3.63 1.16 15.86 4.68 26.92 9.77 1.11 1.05 1 2 .8 8 10.47 6.92b 3.98b
2.75 1.55 1 2 .8 8 5.89 29.51 17.78 0.81 0.91 14.13 10.75
2.40 0.85 13.49 2 .8 8 19.06 7.08 0.87 0.74 9.12 7.94 5.25* 2 .8 8 *
2.46 1.32 9.55 25.70 0.63 10.23
1.91 13.49 18.20 0.58 9.12 4.90* 1.95*
3.16 8.51 2 1 .8 8 0.65 10.47

periods
2.57" 12 .0 2 ' 22.39J 0.76" 10.72'
1.12b 4.37' 10.0 0 ' 0.79' 9.12d

3 hr = 5.75* 
3 hr = 2.82"

6  hr = 
6  hr =

5.50"
3.72b----:an values within each factor bearing at least one superscript do not differ significantly (P <0.05).

Chilling for 6  hr had resulted in higher counts than chilling  
for 3 hr regardless o f  STPP levels and storage periods 
(Table 1).

The m ultiplication o f  psychrophiles was significantly  
controlled by frozen storage at —18 ± 1 °C  for 30 days but 
further storage upto 60  days resulted in higher counts. 
Probably lower temperature may be needed for effective  
prolonged storage o f quail carcasses. Sim ilar conclusions were 
m ade by Panda10, Reddy and Varadarajulu" in broiler 
carcasses.

Refrigerated storage at 4 + l ° C  was not effective in 
controlling the growth o f  psychrophilic organism s. The

psychrophilic load o f  carcasses was progressively and 
significantly increased during the course o f  refrigeration o f  
6  day period (Table 1). Similar results were recorded by Reddy 
and Varadarajulu" and Panda1 in broiler carcasses.

D espite an increase in the m icrobial counts during storage, 
the counts did not reach the levels o f  spoilage and rejection  
by the rate panel m em bers.

S e n s o r y  c h a r a c te r is t ic s :  A ll the sensory characteristics 
evaluated namely, colour and appearance, flavour, ju ic in ess, 
tenderness and overall acceptance o f  spent Japanese quail 
m eat were significantly improved by the STPP treatment 
(Table 2). Sim ilar im provem ents in the above characteristics

T a ble  2 M e a n  v alues  o f  sen so r y  sco res  o f  q u a il  car ca sses  a s  in f l u e n c e d  by t h e  in te r a c t io n  o f  stpp  l e v e l s ,
DURATION OF CHILLING, STORAGE PERIODS, SEX AND SOURCE OF MUSCLE

Parameter Colour and Flavour Juiciness Tenderness Overall
appearance acceptance

STPP level (%) 0 5.28" 5.31" 5.48* 5.61“ 5.49“
3 5.63b 5.62b 5.78b 5.88* 5.81b
6 5.63b 5.66” 5.80" 5.92" 5.79"

Chilling period (h) 3 5.42" 5.46" 5.65" 5.78" 5.65“
6 5.60b 5.60b 5.72" 5.82" 5.74“
0 5.97'1 6.07b 6.I3'1 6.16' 6.09d

Storage period (d) 3h 5.80'1 5.77' 5.92' 5.98' 5.95'
6 h 5.39b 5.30b 5.55" 5.69b 5.49"
30 5.44' 5.56' 5.56" 5.78" 5.72'
60 4.95" 4.99" 5.19" 5.42" 5.72'

Sex Male 5.36" 5.42" 5.59" 5.70* 5.61“
Female 5.64” 5.64b 5.77" 5.91" 5.80*

Muscle source Breast 5.68“ 5.63" 5.74" 5.88" 5.76"
Thigh 5.32b 5.44" 5.62" 5.73" 5.65"

S.E. Range ■ (0.04 -0.07) (0.04 -0.06) (0 .0 0  -0.06) (0.01-0.06) (0.03 -0.05)
Mean values for each factor bearing same superscript within a row do not differ significantly (P<0.01).
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was observed in STPP - treated poultry m eats3 \  Contrary 
to these observations D aw son and Sim son' observed no 
significant improvement in ju iciness, tenderness, flavour and 
general acceptability scores o f  chicken parts marinated in 
polyphosphate solution.

E ffec t o f  c h ill in g  tim e :  C hilling for 6  hr in ST PP solution  
has given better scores o f  colours and appearance and flavour 
than for 3 hr period. But no significant variations were noticed 
betw een the two ch illin g periods o f  quail carcasses with 
respect to ju icin ess, tenderness and overall acceptance scores 
(Table 2). W hereas Pandey e t  a / '1 observed preference o f  3 
hr ch illed  quail carcasses over the others.

E ffec t o f  s to r a g e  p e r io d :  Fresh quail m eat recorded the 
highest panel scores for all the organoleptic traits and 
preferred by the taste panelists over the stored m eats except 
for a higher ju ic in ess scores in 30  days frozen stored quail 
carcass. T his was especially , true in case o f  untreated meat 
than the ST PP treated one (Table 2). S im ilar inferences o f  
low er panel scores for stored m eats than the fresh m eat were 
drawn by L andes'. O n contrary, K oushik14 observed sign i­
ficant improvement in tenderness, juiciness and flavour scores 
o f  chicken m eat after frozen storage for 10 days at — 10°C 
com pared to the control.

E ffec t o f  s o u r c e  o f  m e a t:  The breast m eat from  spent 
Japanese quail carcasses had superior scores on all the 
sensory characteristics evaluated irrespective o f  other 
treatments in the present study. T his finding concurs with  
the results o f  Baker and D arfler15 in chicken carcasses.

M ost o f  the sensory traits were in favour o f  the m eat 
sam ples from  fem ale quail carcasses rather than from  m ale  
quails irrespective o f  other treatm ents. Contrary to this, 
R istic16 observed better sensory quality in breast m uscles o f  
m ale broilers than fem ales. Greater body size o f  fem ale quail 
carcasses than the m ales unlike in chicken might be the reason 
for these variations.

H ighly significant positive correlation betw een various 
sensory traits o f  breast and thigh meats o f spent Japanese quail 
observed in this study were in agreem ent w ith the findings 
o f  Baker and D arfler15. A m ong the interrelationship between  
various sensory traits, the overall acceptance score was m ore 
positively  correlated with tenderness and flavour scores  
suggesting that these two traits influence the overall 
acceptance o f  the m eat by taste panelists to a greater extent 
than other traits.

Based on the overall results of this study, it may be  
concluded that chilling of spent Japanese quail carcasses of 
either sex for 3 hr in slush ice containing 3 per cent STPP 
is advisable for improving the micro-biological and sensory 
characteristics of quail meat.
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Microbiological changes of Indian prawn, Metapenaeus dobsoni frozen as whole (W) headless-shellon (HL) and peeled and deveined 
(PD) were investigated. Exposure to freezing temperatures caused mortality of major bacteria present in prawn, 8X61%, 79.48% 
and 52.90% of cells being destroyed in W, HI. and PD types. Frozen storage for a period one month caused less destruction (13.58%, 
16.90% and 9.78%). After two months, death was very slow and gradual. The results point to a difference in the survival rate of 
bacteria present on PD prawn. Qualitatively, various genera were affected differently by freezing and frozen storage. Vibrio spp. 
were the most sensitive and Micrococcus spp. the most resistaht.

M ajor part o f  the prawn landings in India are frozen for 
export. W hen prawn is frozen to - 4 0 ° C ,  the lethal action  
o f  temperature causes elem ination o f  bacteria w hich are very 
susceptible to low  temperature. Further reduction may occur  
during prolonged frozen storage. The survivors o f  the freezing 
process w ill be the m ost resistant groups o f  initial bacterial 
load. A  su ccession  o f  bacterial genera is thus found to occur  
in such ca ses1.

The bacteriological profiles o f  the shrim p from  temperate 
waters have been reported25. Num erous publications are 
also available on the bacteriology o f  tropical prawn with  
em phasis on bacteria o f  public health sign ificance612.

T he present work sum m arizes the observations on the 
m icrobiology o f  frozen prawn, M e ta p e n a e u s  d o b so n i.

Materials and Methods
The tropical prawn, M e ta p e n a e u s  d o b s o n i  was used in the 

study. The raw material was collected from the fishing vessels 
operating o ff  K ochi on its arrival at the landing centre and 
consisted o f  fresh clean  prawn in the count range o f  
100-200/kg. The m axim um  tim e that could have elapsed  
betw een the catch and co llection  o f  sam ple was 4 -6  hr.

The material was frozen as w h ole (W ) headless-shellon  
(H L) and peeled and deveined (PD ). Generally, the practices 
followed for handling and packaging were outlined in IS: 
4 3 0 3 13.

Freezing was carried out in horizontal plate freezer at 
- 4 0 ° C . The material was packed in one kg lots in duplex 
cartons lined inside with 100 gauge polythene sheets. Freezing 
was com pleted in 2-3 hr. A fter glazing with ch illed  potable 
water, blocks were transferred to deep-freezer m aintained at 
- 1 8 ± 2 ° C  and stored upto one year. Sam ples were drawn at

regular intervals and subjected to ch em ica l, sensory and  
bacteriolog ical analysis.

About 100 g  o f  the material was cooked  in 2  per cent brine 
for 15 min and assessed by a 6  mem ber taste panel using scalar 
system  o f  scoring. The scoring rate was as 5 -goo d , 4-good  
to fair, 3-fair, 2-fair to poor, 1-poor and 0-off.

The total plate counts (TPC ) and the counts o f  faecal 
indicator organism s were determ ined14. The m edium  used  
for TPC was tryptone g lu cose  extract agar. Appropriate 
dilutions were surface plated and plates incubated at 5°C , 
room  temperature (2 9 ±  1°C) and 37° for 21 days and 2 days. 
The plates incubated at 5°C , after com pletion  o f  the 
incubation at 5°C  were kept for an additional 24  hr at RT 
and counts (5 /30) taken. The bacterial count per g  o f  m uscle  
was calculated.

About 30  to 50  co lon ies were picked randomly from  plates 
o f  tryptone g lu cose extract agar and identified  up to generic
lev el15''7.

The data were analysed by sim ple regression an a lysis18 
taking months o f  storage as X  and logarithm o f  bacterial count 
as Y. In the case o f  P se u d o m o n a s , M o r a x e lla ,  A c in e to b a c te r  
and M ic r o c o c c u s  groups, the percentage o f  each to the total 
count was taken as Y. The sign ifican ce o f  the regression  
co-efficien t ‘b’ o f  m onths o f  storage on bacterial count was 
tested using ‘f  test, w here ‘sb’ is the standard error o f  ‘b\

b

The degress o f  freedom  o f  ‘f  is (n-2) where ‘n’ is the number 
o f  m onths o f  storage.

371



372 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 28, NOV/DEC 1991

T a b l e  1. C h a n g e s  i n  t h e  t o t a l  p l a t e  c o u n t  a t  5 °c  a n d  r t  o f  p f a w n , m . d o b so n i d u r i n g  f r e e z i n g  a n d
F R O Z E N  STORAGE

Period of whole Bacterial count on headless shellor Peeled and deveined
frozen storage-------------------------

(months) Temp, of incubation Ratio of Temp, of incubation Rat o of Temp, of incubation Ratio of
5°C RT 5/30 5/5/30 5°C RT 5/30 5/5/30 5°C RT 5/30 5/5/30

Initial 1.03x10" 2.45 x10s 2.35x10s 0.04 9.40x10s 1.90 x10s 1.60 x10s 0.06 2.60x10s 2.15x10s 2.00 x10s 0.01
0 2.70 x10s 4.00x10" 3.40x10" 0.08 8.40x10s 3.90x10" 2.63x10" 0.03 9.20x10s 1.03 x10s 6.40 xK)" 0.14

1 9.60x10s
•(16.33)

6.50X103 4.60 x10s 0.20 5.70x10s
(20.52) 

6.90 x10s 6.00 x10s 0.09 2.00x10s
(47.91)

8.20x10" 4.90xK)" 0.40

2 8.00X102
(2.65)

1.35x10s 1.02 x10s 0.78 1.60x10s
(3.62) 

3.90 x10s 3.80 x10s 0.42 3.20x10s
(38.13)

6.00XW" 5.90 xlO" 0.54

6 4.60x10s
(0.55)

6.50X102 6.30xl02 0.73 8.70x10s
(2.05)

1.01x10s 9.79 x10s 0.90 8.80 x10s
(27.94)
l.lOxlO4 1.10x10" 0.88

10 3.00x10s
(0.26) 

3.80 xlO2 3.10 x10s 0.98 4.80x10s
(0.53)

5.10x10s 4.90x10s 0.98 7.70 x10s
(56.51) 

7.80 x10s 7.60x10s 1.01

12 2.00X102
(0.16)

2.80x10s 2.70 xlO2 0.74 3.20x10s
(0.27)

3.70x10s 3.60 x10s 0.89 7.40x10s
(3.62) 

7.80 xK)3 7.90x10s 0.94
(OU) (0.19) (3.62)

♦ Values in the parentheses represent the % of the surviving microorganisms.

Results and Discussion
Changes in the T PC  o f  prawn M . d o b s o n i  are presented  

in Table 1. The initial value noted in the Table represents the 
bacterial count o f  the raw material w hich has been subjected  
to handling and hence not identical for the three types, W, 
H L and PD. On freezing, the TPC at 5°C  and RT o f  all the 
three types decreased. T his was accom panied by a further 
decrease on storage at -1 8 °C . T he count at 5°C  was lower  
com pared to that at RT. H owever, this d ifference in TPC  at 
the three incubation temperatures disappeared on storage after 
six  m onths.

W hen the plates incubated at 5°C  were reincubated at RT 
for one day, an increase in TPC was observed in the beginning 
o f  storage period. On prolonged storage, the count at 5°C  
increased. The corresponding increase in 5 /30  count was low  
w ith the result the two counts becam e com parable. In this 
regard, the behaviour o f  the three varieties was very much  
identical.

The percentage o f  surviving population was determined for 
each variety (Table 1). Freezing caused major m ortality in 
bacteria, 86.78, 79 .48 and 53.01 per cent o f  ce lls  being killed  
in the process o f  freezing o f W, HL and PD  respectively. After 
frozen storage for one month at -1 8 °C , the percentage 
reduction in bacterial count rose to 97 .24 , 96 .37 and 61.87 
per cent respectively. Thereafter, the decrease was negligible 
for W  and H L types although P D  continued to register a fell 
in count. The results clearly point to a d ifference in survival 
rate in W, H L and P D  prawns.

T he sensory evaluation is g iven  in Table 2. The sensory  
qualities o f  the sam ples were acceptable till 4  to 6  m onths 
storage. But the major changes in the bacterial flora occurred  
in the early period o f  storage.

T he changes in the various bacterial genera are presented  
in Table 3. The initial flora o f  the raw material W  and HL  
differed from  the PD  having a predom inance o f  Gram

T a b l e  2 .  C h  a n g e s  i n  t h e  s e n s o r y  c h a r a c t e r i s t i c s  o f
PRAW N M. DOBSONI A F T E R  F R E E Z IN G  A N D  F R O Z E N  STO RA G E

Period of Whole prawn Headless prawn Peeled and
frozen storage deveined

(months) prawn
0 Excellent (9) Excellent (9) Excellent (9)
1 Very good (8 ) Very good (8 ) Very good (9)
2 Good (7) Good (7) Good (7)
4 Good (7) Good (7) Good (7)
6 Good slightly Good slightly

tough (5) tough (5) Good (6 )
10 Poor, tough (4) Poor (4) Poor (4)
12 Poor, very Poor, very ftx>r, very

tough (3) tough (3) tough (3)
Figures in the parenthesis indicate the score numbers.

positives as a result o f  greater handling during dressing. The  
faecal indicate r organism s were, not detected in this study.

After freezir g , there occurred a fell in the num ber o f  Gram  
negatives esp ecia lly  P se u d o m o n a s , V ib r io  and F la v o ­
b a c te r iu m  spp. The percentage o f  M ic r o c o c c u s  sp p ., on  the 
other hand, showed a gradual rise. The sam e trend was noted  
during the storage period also.

R egression analysis o f  the data indicated that the 
P se u d o m o n a s  sp ecies decreased during freezing and storage 
and the M ic r o c o c c u s  group increased (Table 4 ) . M o r a x e lla  
and A c in e to b a c te r  species were not much affected by freezing. 
The V ib r io  sp ecies were com p letely  elim inated from  the 
system  show ing its high sensitiv ity to freezing. H ence, this 
was not included in statistical analysis.

The im m ediate effect o f  freezing was a drastic reduction  
in the total m icrobial population in W, H L  and P D  varieties 
o f  frozen prawn. The decline however, was m uch less during 
frozen storage. M ost o f  the bacterial death occurring on  
storage could  be accounted in the early storage period  upto 
2 m onths. H ence, it could be concluded that during freezing
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T a ble  3. ♦ Qualitative  c h a n g e s  in th e  m icrobial  flora  of w ho le . HEADLESS AND PEELED PRAWN
DURING FROZEN STORAGE

Storage
period Type Pseudo- Acineto Mora- Vibrio Fl.cyto- Micro Bacillus Arthro Olhers Total(months) monas batter xella phaga coccus batter isolates

BF W 2 0 * lb 17 14 6 20 i T 4 75HL :<> 17 14 15 3 24 2 3 2 75PD 8 11 10 10 4 46 3 4 4 72
0 w 14 18 2 0 5 1 37 i 4 0 77HL 15 21 2 2 5 1 35 i 1 1 74PD 2 17 14 5 2 50 2 8 0 70
1 W 13 13 19 0 0 52 i 1 1 84HL 13 17 21 0 0 50 0 1 0 81PD 8 2 0 16 0 2 50 0 ? 2 84

2 W 12 15 2 0 0 0 53 0 0 0 73HL 10 15 24 0 0 51 0 0 0 77PD 2 2 2 2 0 0 0 52 1 3 0 79
6 W 9 10 18 0 0 63 0 0 0 92HL 6 16 17 0 0 60 1 0 0 94PD 2 13 15 0 0 64 0 0 0 63
10 W 4 14 15 0 0 67 0 0 0 91HL 0 15 17 0 0 6 8 0 0 0 8 8PD 3 10 12 0 0 71 0 2 2 8 6
12 W 0 15 16 0 0 69 0 0 0 93HL 0 15 14 0 0 71 0 0 0 92PD 0 12 8 0 0 76 0 0 4 73

* Based on the bacterial count at RT
+ Expressed as %

BF = Before freezing.

T a bl e  4 . Re g r essio n  a na ly sis  o f  bacterial  c o u n t
xy X~ y  n b sy-x sb t df P

Log bacterial count W -32.2485 159.3934 9.3934 9 -0.2023 0.9654 0.0765 2.632 7 0.05
HL -28.2948 159.3934 6.4313 9 -0.1775 0.4486 0.0355 4.996 7 0.01
PD -33.7446 159.3934 10.2664 9 -0.2117 0.6677 0.0529 4.003 7 0 .0 1

i seudomonas W -126.5423 159 3934 133.5556 9 -0.7939 2.1743 0.1722 4.610 7 0 .0 1
HL -255.7283 159.3934 466.2222 9 -1.6044 2.8268 0.2239 7.166 7 0.001
PD -77.1013 159,3934 82.8889 9 -0.4837 2.5521 0 .2 0 2 1 2.393 7 0.05

Moraxella W 30.4573 159.3934 103.5566 9 0.2941 3.7366 0.2960 0.994 7 NS
HL -67.8473 159.3934 174.2222 9 0.4257 4.5567 0.3609 1.179 7 NS
PD 168.6103 159.3934 175.5556 9 -0.4304 4.5985 0.3642 1.182 7 NS

Acinetobacter W -73.7967 159.3934 68.8889 9 -0.4442 2.3128 0.1832 2.425 7 0.05
HL -14.9150 159.3934 46.0000 9 -0.0936 2.5243 0.1999 0.468 7 NS
PD - 110.21110 159.3934 206.0000 9 -0.6918 4.3047 0.3410 2.029 7 NS

Micrococcus W 362.5420 159.3934 966.0000 9 2.2745 4.4943 0.3560 6.389 7 0.001
HL 491.9143 159.3934 1900.8889 9 3.0862 7.3946 0.5857 5.269 7 0.01
PD 421.6437 159.3934 1202.8889 9 2.6453 3.5358 0.2801 9.444 7 0.001

b -  regression co-efficient; n -  sample size; sb -  standard error of b; df — degree of freedom; p -  level of significance; NS - not significant at 5% level

storage o f  prawn, the bacterial inactivation during freezing  
was m ore significant than that during storage o f  fish  as 
reported earlier” .

Qualitatively as well as quantitatively bacterial inactivation  
profiles during freezing and frozen storage o f  w h ole  and 
headless prawn were alm ost com parable. Contrary to this, 
the bacterial flora o f  P D  prawn showed higher survival 
capacity as indicated by enhanced T PC  counts. F ieger e t  a l

noted a greater reduction in bacteria in peeled  than unpeeled  
shrimp. A higher TPC in frozen P D  prawn was a lso  noted 
p reviously  for tropical prawn by P illa i e t  a l'° . They  
attributed this behaviour to the large meat surface area 
exposed  to bacterial attack. The present study indicates that 
a shift in the bacterial flora pattern to m ore resistant types 
as a result o f  excessive human handling may be the decisive  
factor. The greater protection, afforded to bacteria o f the
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m eat20, than those on shell surface may be an added  
advantage.

W h ile increase in the ratio o f  5 to 5 /3 0  count is attributed 
to the presence o f  m icrocolon ies21 or to the presence o f  
m esophiles w hich failed to grow at 5°C , the rise in count at 
5°C  could be attributed to the gradual physiological adaptation 
o f  the m esophiles to low  tem perature19. T his clearly shows 
that the freeze resistant fraction is psychrotropic also.

The major event in the qualitative studies was the gradual 
replacem ent o f  the Gram negative flora by the m ore resistant 
Gram positive types. Irrespective o f  their initial number in 
raw m aterial, the Gram positive cocci rose to predom inance. 
The greater resistance to low temperature o f  the Gram positive 
co cci has been reported earlier19'22. T he present study 
confirm s the finding.

The TPC  values reported for frozen prawn is com parable 
to that reported for temperate shrim p4 6. There is very little 
inform ation on the bacterial flora o f  frozen prawn whether 
it is o f  tropical or temperate origin'1" 12. T he study o f  
Kawabata e t  a l"  o f  the bacterial flora o f  tropical shrimp  
imported to Western countries bear m uch sim ilarities to the 
P D  prawn in this study.

T he bacterial flora o f  frozen food has been suggested to 
com prise the m ost co ld  tolerant organism s19. This m eans 
that continued exposure o f prawn meat to freezing temperature 
results in the concentration o f  selected  groups depending on  
the response o f  the individual species to the lethal action o f  
co ld . It is , therefore, likely that the bacterial flora o f  frozen  
stored prawn from different areas may represent m ore or less  
sim ilar flora pattern that are co ld  tolerant.
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The comparative efficacy of indigenous plant species viz. Alpinia galanga Willd., Curcuma amada Roxb., Curcuma longa L ., Curcuma 
zedoaria Rose, and Zingiber officinale Rose, all belonging to the family Zingiberaceae was evaluated against Sitophilus oryzae (L). 
and Corcyra cephalonica (Staint.) infesting wheat Triticum sativum Lam . All the powdered rhizomes tested were found significantly 
superior to  control in protecting the grain  at the concentrations o f 1 and  3% W /W  in bringing about h igher m ortality  o f S. oryzae 
adults. The insect m ortality  was cent per cent in the treatm ents even a t 1% level a fte r 45 days. Besides, the treatm ents C  amada 
and C  longa were highly significantly effective in inhibiting the em ergence of F , generation of the weevil followed by A. galanga, 
G  zedoaria and Z. officinale. W hile against C. cephalonica larvae, the treatm ent A. galanga was the best g rain  protectant even 
a t 1% level after a period of 15 and 30 days. However, a t 3% level there  was no significant difference between A. galanga, G  longa 
and Z. officinale and  they were superior in causing high larval m ortality  followed by G  zedoaria and  G  amada.

The use o f  conventional insecticides for the control o f  insect 
pests at farm or storage level has created potential hazards 
due to toxic and persistant residues in food. H ence, all over 
the world there has been a revival o f  interest in natural 
products for their use in the integrated insect pest control 
program m es. A m on g the various avenues exp lored , 
insecticides o f  plant origin  being safe to m am m als, easily  
biodegradable and practically innocuous to non-target species 
indicate better solution . B esides offering great scop e for 
environm ental safety, natural products may g ive lead to the 
developm ent o f  safer synthetic analogues'. Apart from  the 
known botanical origin  in secticid es such as Pyrethrins, 
Rotenone and N icotine, workers have been exploring the 
possib ility  o f  using various other plant products for the 
effective control o f  insect pests2 6. In the present investi­
gation, five plants belonging to the fam ily Z ingiberaceae 
known for their bioactivity and m edicinal properties78 were 
evaluated for their effectiveness as protectants o f  wheat against 
the infestation o f  S ito p h ilu s  o r y z a e  (L .) and C o rc y ra  
c e p h a lo n ic a  (Staint.).

M a ter ia ls  an d  M eth o d s
The plant m aterials v iz . rhizom es o f  the greater galangal 

A lp in ia  g a la n g a  W illd ., turm eric C u rc u m a  lo n g a  L ., m ango  
ginger C u rc u m a  a m a d a  R oxb., round zedoary C u rc u m a  
z e d o a r ia  Rose, and ginger Z in g ib e r  o f f ic in a le  Rose, were

procured from  the local Ayurvedic drug store, dried in a hot 
air drier at 40°C  and ground in Raym ond’s H am m er m ill and 
the powder was sieved to 2 0 0  m esh  for uniform  adherence  
to grain surface.

O ne w eek  old  rice w eevil (S ito p h ilu s  o r y z a e )  adults and 
third instar larvae o f  rice m oth (C o rc y ra  c e p h a lo n ic a )  w ere  
obtained from  the laboratory cultures m aintained at 2 7 + 2 ° C  
tem perature and 70-75 per cent relative hum idity. T he  
experim ents were conducted at the above m entioned  
tem peratuere and relative hum idity.

W heat ( T riticu m  s a tiv u m  L am .) sam ples w ere disinfested  
by keeping at -1 8 ° C  for two w eeks. T he d isin fested  sam ples 
were brought to equilibrium  m oisture o f  12-13 per cen t by 
conditioning at 70  per cent relative hum idity prior to use for 
experim ental purpose.

Sam ples o f  50  g uninfested w heat w ere taken in g lass jars 
(150 m l) and m ixed with powdered plant m aterials at the  
concentrations o f  1 and 3 per cent. Four replicates w ere  
m aintained for each treatm ent including control.

In an experim ent w ith 5. o r y z a e ,  2 5  adult insects were  
introduced into each replicate. T he efficacy  o f  the plant 
powders was judged by observing the percentage m ortality  
o f  adult insects. T he m ortality was recorded after 15,30 and 
45 days, and insects from  all the treatments including control 
were discarded. The em ergen ce o f  F , generation o f  the 
w eevil was scored at every alternate day till there w as no

*Io  whom all correspondence should be addressed
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further em ergence. The percentage data were subjected to 
angular transformation before carrying out statistical analysis 
w hich was done by ANOVA em ploying two-tailed test.

In another experim ent, 25  third instar larvae o f  C. 
c e p h a lo n ic a  were introduced in treated and control sam ples  
o f  wheat. Data on the m ortality o f  larvae were taken at 
intervals o f  15 and 30 days and were subjected to angular 
transformation before carrying out statistical analysis.

R esu lts a n d  D iscu ssion
The data presented in Table 1 indicate that all the rhizom e 

materials tested against 5. o r y z a e  were found to be 
significantly superior to control in bringing about insect 
mortality even at 1 per cent level after 15 days. The treatment
C. a m a d a  was superior and showed cent per cent insect 
m ortality at 3 per cent concentration after 30 days, follow ed  
by the rhizom es o f  C. lo n g a , A . g a la n g a , C. z e d o a r ia  and
Z. o ffic in a le . A fter 45 days, all treatments at both the 
concentrations showed cent per cent weevil mortality in wheat 
and were found superior to the control. Chander and 
A hm ed5 however, have reported that C. z e d o a r ia  powder 
even at 5 per cent level was not very effective against S. o ry za e  
adults infesting sorghum . The better results in the present 
investigations could be due to the m orphological differences 
between the wheat and sorghum grains. W heat having a brush 
or bristles at the distal end and a deep crease in the m iddle  
would retain the rhizom e powders w ell, resulting better 
efficacy to test insects com pared to sorghum with round and 
sm oother surface.

The em ergence o f  F, generation o f  5. o r y z a e  is presented  
in Table 2. A ll the treatments were significantly superior to 
control in reducing the em ergen ce o f  F, generation . 
However, C. a m a d a  and C. lo n g a  were highly superior to 
other treatments show ing an average em ergence o f  1 and 3 
F, adults. The low em ergence o f the F, generation in treated 
wheat could be attributed to the early adult mortality in those  
treatments.

T a bl e  2. E ffec t  o f  various r h iz o m e  po w d e r s  o n  t h e
EMERGENCE OF F, GENERATION OF SITOPHILUS ORYZAE. L. 

Plant material

Curcuma amada 
Curcuma longa 
Alpinia galanga 
Curcuma zedoaria 
Zingiber officinale 
Control
S.Em
C D at 5%

The per cent mortality o f  C. c e p h a lo n ic a  larvae in wheat 
treated with various rhizom e powders is furnished in Table
3. After 15 days o f observation, all the treatments were found 
significantly superior to control at both the concentrations 
tested. However, at 3 per cent level the treatments A . g a la n g a  
and C. lo n g a  were superior in show ing larval m ortality  
com pared to other treatments. Observation after 30  days 
showed that at 3 per cent concentration, there was no 
significant d ifference betw een the treatm ents A . g a la n g a ,
C. lo n g a  and Z. o ff ic in a le  and they were superior in causing  
high larval mortality follow ed by C. z e d o a r ia  and C. a m a d a .  
As the larvae are the active feeding stage, the m ortality could  
be attributed to the injestion o f  plant material causing stomach 
toxicity. Chander and Ahm ed6 have a lso  reported that plant 
powders such as powdered rhizom es o f  A c o ru s  c a la m u s ,  
powdered leaves o f  C le r o d e n d r o n  in e r m e , T y lo p h o ra  
a s th m a tic a , J u s tic ia  b e to n ic a  and C e s tru m  n o c tu m u m  at 2 
and 5 per cent levels were highly effective against the 
developm ent o f  C. c e p h a lo n ic a  larvae in treated w heat. R ice  
grains coated with o il o f  C. lo n g a  at 100 p .p .m . level has also  
been reported9 to be a strong repellent against red flour 
beetle (T rib o liu m  c a s ta n e u m ).

T he rhizom es o f  the plants selected  in the present 
investigation have m edicinal properties78 and som e are

Emergence of F! 
generation

1.00
3.00

39.00
34.00
55.00

142.00
+2.52

5.29

T a bl e  1. E fficacy  o f  various r h izo m es  o n  th e
MORTALITY OF SITOPHILUS ORYZAE L. ADULTS IN WHEAT AT 

DIFFERENT CONCENTRATIONS.
T a b l e  3. Percentage  m ortality  o f  c o r c yr a

CEPHALONICA, STAINT LARVAE IN WHEAT TREATED WITH 
VARIOUS RHIZOMES AT DIFFERENT CONCENTRATIONS

Plant materials _____ % mortality after indicated days and concern p|an( m ate rja | % mortality after indicated days and concen.
15 days 30 days 45 days

1% 3% 3% 1% 3%
15 days 30 days

i% 3% 1% 3%Curcuma amada 34.40 66.94 41.55 90.00 90.00 90.00
Curcuma longa 39.19 53.27 41.53 66.77 90.00 90.00 Alpinia galanga 50.57 52.95 62.89 65.98Apinia galanga 29.23 43.84 41.55 58.17 90.00 90.00 Curcuma longa 36.84 50.93 48.48 62.83Curcuma Zingiber officinale 37.15 49.61 49.08 61.52zedoaria 34.40 39.19 48.46 58.08 90.00 90.00 Curcuma zedoaria 42.62 41.68 58.82 59.39Zingiber officinale 29.00 39.19 41.55 55.57 9000 90.00 Curcuma amada 37.76 46.01 46.15 56.20Control 16.17 16.17 29.17 29.17 58.51 58 S) Control 19.78 19.78 29.61 29.61S.Em +2.23 +2.61 + 1.42 + 1.75 + 1.60 + 1.60 S.Em + 1.47 + 1.44 +2.42 +2.28CD at 5% 4.68 5.48 2.98 3.68 3.36 3.36 CD at 5% 3.08 3.03 5.09 4.79
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regularly used as sp ices. They are safe from  m am m alian  
toxicity point o f  view , and therefore, the plants can safely be  
incorporated in cereals during storage for the prolonged  
protection against insect infestation.
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Gaigals from two geographic locations viz., Palam pur and N urpur 
in the K angra valley of Him achal P radesh were evaluated for 
physico-chemical characteristics of fru its with special reference 
to recovery of juice as well as yield and quality o f oil and pectin 
from  the ir processing waste. Yield and quality of oil and pectin 
were reasonably good from  the waste of fru its from  both the 
locations, f tc tin  yield from  rags was much higher than from peel. 
Methaxyl content, degree of esterification and jelly grade of pectin 
extracted from  rags were higher than  those from  o ther fru it 
components. Alcohol precipitation m ethod gave h igher pectin 
yield of good quality than  alum inium  chloride precipitation. A 
good quality oil was obtained by all the m ethods used for 
extraction though the cold press method gave the lowest yield. 
F ru it from  Palam pur gave h igher oil yield.

Annual citrus production in H im achal Pradesh, at present, 
is 10,870 tonnes grown in an area o f  31,276 hectares'. 
A m ong major citrus fruits, galgal (C itru s  p s e u d o lim o n  Tan.) 
an indigenous variety o f  lem on is growing w ell in low  and 
m id h ills com prising the belt o f  Hamirpur, U na and Kangra 
districts, Dhaulakuan area o f  Sirm our district, som e parts o f  
Mandi and Bilaspur districts o f  Himachal Pradesh. It is a very 
hardy plant and thrives w ell in rainfed areas and bears heavy  
crop. Fruits are available from early October to end o f March. 
On an average, single galgal tree bears 3 00  kg o f  fruits and 
y ie ld  per acre is roughly estim ated to 30,000 kg2. T here is 
no industry in private or G overnm ent sector to utilize this 
fruit fully. H im achal Pradesh Horticulture Departm ent had 
left galgal fruits worth Rs.12 lakhs unused during 1986 ow ing  
to inadequate processing facilities. However, a sm all quantity 
is being utilized for p ick les and squashes in hom es or sm all 
scale factories. This is the tim e to set up processing industries 
in galgal growing areas for utilizing the fruits including the 
waste w hich otherw ise as fresh has low  market value. After 
ju ice  extraction, galgal waste accounts for 55 -6 0  per cent 
w hich should be used for m aking useful by-products like o il 
and pectin w hich are w ell known products o f  com m ercial 
im portance. Pectin yield  o f  lem on on dry w eight basis has 
been reported in the range o f 21.7 to 33.6 per cent3. Keeping 
in v iew  the large availability o f  this fruit in the region, oil

and pectin extracted from  the waste o f  this fruit w ill be 
sufficient to n e e t  our requirements.

Present investigations have therefore, been m ade to recover 
oil and pectin from  processing waste o f  galgal grown in 
Him achal Pradesh by the standard m ethods follow ed by 
evaluation o f  these products for y ie ld  and quality. A lso , 
physico-chem  cal characteristics o f  galgal fruits were 
determ ined for two m ost important citrus grow ing areas in 
H im achal Pradesh.

Fruits were harvested at ripe stage from  Palampur about 
1300 m etres above mean sea level and Nurpur about 700  
metres above mean sea level in the Kangra valley o f  Him achal 
Pradesh during mid November, 1988 after the colour o f  fruits 
changed from  green to lem on yellow. Fruits were random ly  
se lec ted  for the d eterm ination  o f  p h y sico -ch em ica l  
characteristics from each location and a sam ple o f  5 fruits 
was taken for ;ach observation with 3 replications. The total 
soluble solids were determ ined with an Erm a hand 
refractometer (0 to 32° Brix). The total and reducing sugars 
w ere estim a ted  by titration  m eth od 4. Q u a n tita tive  
determ inatior o f  ascorb ic acid  was don e by using
2,6-dichlorophenol indophenol dye5. T he pH was deter­
m ined by pH m eter M odel-3030.

Peel oil from  fresh peel (flavedo) was extracted using  
sam ples o f  500g  at each tim e for each m ethod, i.e . steam  
d is tilla tio n  m eth o d , c o ld -p ress  m eth o d 6 and so lv en t  
extraction m ethod7. In solvent extraction m ethod, fresh peel 
soaked for 72 lours in n-hexane released the o il from  oil ce lls  
present in p eel. T hen, oil-in-hexane m ixture was taken and 
subsequently nexane was distilled  at 37 °C from  the m ixture 
to recover the o il. Specific gravity, relative v iscosity , 
saponificatior value, iodine value and acid value o f  o il were 
determ in ed  accord in g  to the m ethod  recom m en d ed  . 
Refractive incex o f o il was determ ined with Atago Digital 
Refractom etei M odel RX-I at 25  °C.

H om ogenous sam ples in three different groups o f  blanched  
and dried peel, rags and peel plus rags (200g each) were used  
for extraction o f  pectin by alcohol precipitation m ethod8 and 
aluminium ch oride precipitation method9. M oisture and ash 
contents o f  pectin were determ ined by the recom m ended  
m eth o d s8. M eth o x y l co n ten t, eq u iv a len t w e ig h t and  
anhydrogalacturonic acid content o f  pectin w ere a lso  
estim ated10. D egree o f  esterification o f  pectin was calculated  
by using the form ula given  by Schultz". Jelly grade and 
je lly  setting tim e o f  pectin were determ ined by the standard 
m ethods8.

It is evident from Table 1 that the percentage o f  peel (albedo 
and flavedo), rags, ju ice  and seeds showed neglig ib le  
differences on the location basis. The contents o f  total soluble  
solids (T .S .S .1, acidity, pH , sugars (total and reducing) and 
ascorbic acid were good and can be effic ien tly  used for
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preparation o f  various fruit products. Lower oil y ie ld  was 
recorded in co ld-p ress m ethod (Table 2) w hich may be 
attributed to the handling loss o f  o il during pressing the peel

T a bl e  1 Ph y sic o -c h e m ic a l  c h a r a c t er ist ic s  of
HIMACHAL GALGAL

Particulars Palampur Nurpur
Albedo (%) 18.97 18.35
Flabedo (%) 7.09 6 .8 8
Rags (%) 20.69 20.73
Juice (%) 48.90 49.33
Seed (%) 1.83 2.09
Total soluble solids (°B) 7.03 7.23
Acidity (% citric acid) 5.71 5.60
PH 1.48 1.61
Total sugars (%) 1.56 1.69
Reducing sugars (%) 1.23 1.36
Ascorbic acid (mg/lOOg) 18.46 18.37

and centrifuging the o i l7. In general, o il y ie ld  o f  galgal was 
higher in the peel waste o f  fruits from  Palampur as compared  
to Nurpur using different m ethods. Data a lso  indicate that 
the sp ecific  gravity, refractive index, relative viscosity, 
saponification value, iodine value and acid value o f  oil showed 
the desired values in all the m ethods o f  extraction. D ifferent 
locations also showed slight differences in the values o f  
different quality parameters o f  o il. T hese slight variations in 
the quality o f  peel oil may be due to the fact that quality o f  
oil depends upon locality  o f  production, weather conditions 
and m ethod o f  extraction12.

Pectin y ie ld  from rags was m uch higher than other fruit 
com ponents (Table 3). It is a lso  evident from  the data that 
alcohol precipitation m ethod gave slightly higher pectin yield  
than alum inium  ch loride precipitation m ethod, in all the 
com ponents o f  fruit used for pectin  extraction. Pectin from  
rags had better quality than other fruit com ponents used  for

T a bl e  2. E ffec t  o f  m e t h o d s  o f  e x tra ctio n  o n  recovery  o f  g alg a l  oil a n d  its q u a lit y
Palampur Nurpur

Steam Solvent Cold Steam Solvent Cold
dist extr. press dist. extr. press

method method method method method methoi
Oil yield (%) 1 .2 2 1.33 0.62 1.04 1.16 0.46
Sp. gr. (25°C) 0 .8 8 6 0.808 0.851 0.876 0.790 0.840
Refr. index (25 °C) 1.471 1.4759 1.4714 14686 1.4748 1.4701
Relative viscosity (25°C) 1.127 1.188 1.169 1.109 1.178 1.154
Sap. value 194.09 200.61 207.99 180.69 185.48 188.99
Iodine value 16.32 16.83 17.96 15.25 15.66 16.70
Acid value (% oleic acid) 2.40 3.69 2.71 1.50 3.26 2.40

T a b l e  3 E ff e c t  o f  m e t h o d s  o f  ext r a c t io n  o n  recovery  o f  g a l g a l  pec tin  a n d  its q u a lit y
Characteristics Location Alchohol precipitation method Aluminium chloride precipitation method

Peel Rags Peel + Rags Peel Rags Peel+Rags
Pectin yield (%) Palambur 17.46 21.08 19.13 16.49 19.14 17.80

Nurpur 16.02 18.01 17.25 15.31 17.96 16.90
Quality of pectin
Moisture content (%) Palambur 6.52 8.40 7.33 7.28 9.36 8.44

Nurpur 6.29 8 .0 0 7.02 7.04 8.97 8.09
Ash content (%) Palampur 0.52 0.40 0.45 0.90 0.72 0.80

Nurpur 0.40 0.35 0.40 0.77 0.63 0.70
Equivalent wt Palampur 855 890 867 828 860 834

Nurpur 832 8 6 8 852 805 840 822
Methoxyl content (%) Palampur 8.80 9.53 8.67 8.50 9.12 8.55

Nurpur 8.65 9.40 8.53 8.15 9.05 8 .2 0

Anhydrogalacturonic acid (%) Palampur 65.20 58.20 55.70 58.40 45.40 50.80
Nurpur 55.00 52.30 50.30 50.50 42.20 43.30

Degree of esterification (%) Palampur 76.63 92.97 88.37 82.63 114.05 95.55
Njrpur 89.29 102.04 96.27 91.63 121.75 107.52

Jelly grade Palampur 225 250 235 230 240 230
Nurpur 2 1 0 225 230 2 0 0 2 2 0 2 2 0

Jelly setting time (min) Palampur 13.00 5.00 9.00 14.00 6 .0 0 10.50
Nurpur 16.00 5.50 1 0 .0 0 14.50 6.50 11.50
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pectin extraction. In general, pectin obtained by alcohol 
precipitation m ethod had better quality parameters. Different 
geographical locations a lso  had influence on the quality o f  
pectin .

The above studies suggest that from  such good quality  
galgal fruit, the ju ice  (40-45  per cent) should be utilized  
efficien tly  for preparation o f  citrus products. T he left over 
peel and pom ace (55 -60  per cent) can be used for recovering  
the good quality peel o il and pectin o f  high grade. 
R eferen ces

1. Anon, Statistical Outlines o f Himachal Pradesh, Directorate of
Economics and Statistics, Himachal Pradesh, Shimia-1, 1988.

2. Dang R L, Better utilization of galgal, Indian Fd Packer, 1968, 22, 16.
3. Rouse A H, Evaluation of pectins from Florida’s citrus peels and cores,

Citrus Ind, 1967, 48, 9.
4. Lane J H and Eynon L, Determination of reducing sugars by Fehling

solution with methylene blue as an indicator, J Soc Chem Ind, 1923,
42, 327.

5. Official Methods o f Analysis, Association of Official Analytical
Chemists, Washington DC, 1970, 11. Edn.

6 . Kesterson J W Hendrickson R and Braddock R J, Florida citrus oils,
Technical Bulletin No. 747 of Agricultural Experimental Station, 
Gainesville, University of Florida, 1971.

7. Maarse H and Kepner R E, Changes in composition of volatile terpenes
in Douglas Fir Needles during maturation, J  Agric Fd Chem, 1970, 
18, 1095.

8 . Ranganna S, Manual o f Analysis o f Fruits and Vegetable Products Tata
Me Graw Hill Pub Co Ltd, New Delhi, 1986, 1112.

9. Joslyn M A, Methods in Food Analysis, Academic Press, Inc, New
York, 1970, 565.

10. Owens H S, McGready R M Shepherd A D Schultz S H Pipen E L
Swenson H A MiersJ C Erlandsen R F andMaclay W D, Methods 
used at Western Regional Research Laboratory for extraction and 
analysis of pectin materials, Western Regional Research Laboratory, 
Albany, California, 1952, AIC Bull No. 340.

11. Schultz T H, Methods in Carbohydrates Chemistry, Academic Press
Inc, New York, 1965, 5, 189.

12. Guenther E, Essential Oils o f the Genus Citrus, The Essential Oils,
Robert E Krieger Pub Co, Huntington, New York, 1974, \fol m, 7 7 7



A COMPARATIVE EVALUATION OF MEDIA FOR 
ENUMERATION OF ENTEROTOXIGENIC

STAPHYLOCOCCI BY SELECTIVE ENRICHMENT 
TECHNIQUE

M.Y. KAMAT, G. SULEBELE* AND NIRUPAMA SABNIS 
Food and Fermentation Section, Department of 
Chemical Technology, Bombay-4C0 019, India

Received 18 May 1990; revised 17 June 1991

Two enrichm ent media namely, Giolitti C antoni’s Tellurite broth 
(TEB) and  R aj’s M annitol Salt Sorbic Acid (MSSA) bro th  were 
compared from selective isolation of enterotoxigenic Staphylococci 
from food samples. W ith the limited num ber of samples screened, 
the present findings indicate th a t R a j’s MSSA m edium  has a 
distinct advantage for dairy  products over TEB m edium .

Resuscitation o f  Staphylococci from  processed  foods by 
selective and enrichm ent technique has been studied by 
several investigators'5. The selective m edia em ployed for the 
isolation and enum eration o f  Staphylococci by direct plating 
techniques have been found to be inhibitory to the growth 
o f  th ese  o r g a n is m s '26. It is d if f ic u lt  to  ach iev e  
staphylococcal recoveries better than 70 per cent and in case  
o f  low  num bers and debiliated ce lls, this becom es a critical 
factor23. Selective m edia are unsuitable due to the toxic 
effect o f  their ingredients in recovery o f  dam aged ce lls78. In 
view  o f  these factors, it has been found necessary to adopt 
enrichm ent m ethods for the detection and enum eration o f  
Staphylococci esp ecia lly  w hen present in low  numbers or in 
im paired state due to som e form  o f  food processing  
operations.

In the present w ork, a com parative study on the effective  
recovery o f  sub-lethally dam aged Staphylococcal ce lls  
betw een two m edia nam ely T E B 9 and M S S A 10 has been  
attempted in food sam ples w hich w hen directly plated on  
Baird-Plarker’s ETGPA m edium  indicated total absence o f  
Staphylococci.

Sam ples o f  different food com m odities collected from retail 
outlets in Bom bay were placed in sterile containers and were 
taken up for investigation within two hours. The dairy based  
products were em u lsified  by suspending 10 g o f  the sam ples 
in 90  ml sterile 1.25 per cent sodium  citrate solution , by 
shaking with g lass beads on  a rotary shaker at 220  r.p.m . 
for 15 to 30  min so as to get a hom ogenous m ixture. In case  
o f  m eat, the sam ples were cut into sm all p ieces, the tissue  
tw itched with sterile scalpels and 10 g  quantities were 
em ulsified  with 9 0  ml o f  sterile 1.25 per cent sodium  citrate 
solution in a blender under aseptic conditions. The slurry 
was then transferred to a sterile con ica l flask and shaken at 
2 2 0  r.p.m . w ith g lass beads for 1 5 - 2 0  m in.

E n u m e ra tio n  o f  S ta p h y lo c o c c i:  0.1 m l from  each sam ple  
was surface seeded on Baird-Parker’s ETGPA m edia plates 
and incubated at 37°C upto 48 hr. The m ost probable number 
(M P N ) o f  Staphylococci was noted by the 5 tube M PN  
enrichm ent m ethod em ploying T E B 9 and M S S A 10 broth. 
(Tryptone, meat extract and yeast extract were purchased from  
O xoid, England; M annitol from  D ifco  lab, U .S .A .; G lycine  
and Sodium  pyruvate from  E . M erck and C o ., G erm any; 
Sodium  chloride from B .D .H . India and Cystine from  B .D .H . 
E ngland; S orb ic acid  from  N u tritional B io ch em ica l 
Corporation, U .S .A .; Lithium  chloride from Riedel D e  Haen  
AG, Germ any and T h ioglycollic  acid  from  Eastm an Kodak,
U .S .A .)  The tubes were incubated at 37°C  for 48  hr. Ttibes 
show ing positive growth were streaked on ETGPA m edium  
and incubated at 37°C  upto 48  hr for further studies. 
O rganism s from  representative co lon ies  developed on the 
plates were identified on the basis o f  m orphological and 
biochem ical characteristics. Enterotoxigenicity o f  the isolates 
was exam ined by PAG electrophoresis using partially purified  
enterotoxins A , B, C, D  and E as reference standards".

Both the m edia i.e . TEB and M SSA  broth are partially 
selective for the growth o f  S taphylococci. A lthough G iolitti 
and Cantoni9 reported that only Staphylococci produced a 
black precipitate in TEB m edium , reduction o f  potassium  
tellurite was observed in all the positive T EB tubes. The  
results are sim ilar to those reported by Baer e t  a l. w ho  
have observed 96  per cent tellurite reduction in growth tubes 
o f  w hich Staphylococcal growth w as on ly  in 41 per cent.

C onsistently lower recoveries o f  S taphylococci were 
obtained by enrichm ent on TEB m edium  in frozen foods 
exam ined (ice  cream s). T his suggested that Staphylococci 
subjected to a low  temperature shock are not recoverable as 
com p letely  on TEB as on M SSA  broth. M icrob iologica l 
standards for frozen prawns have been  specified  by Indian 
Standards Institution (IS I ) '\ S ince the m axim um  lim it for 
Staphylococci tolerated in such foods is 100/g, one has to have 
recourse to enrichm ent m ethods for enum eration. In v iew  o f  
the present data, there is a p r im a  f a c i e  ev id en ce to suggest 
that enrichm ent in M SSA  broth would be m ore suitable than 
the T EB m edium  for enum eration o f  Staphylococci from  
frozen foods.

T here is a remarkable variation in the m edia com ponents  
o f  TEB and M SSA . In TEB, the selective enrichm ent o f  
S ta p h y lo c o c c i  is  brought about by addition o f  m annitol, 
glycin e and sodium  pyruvate w hereas K -tellurite and lithium  
chloride are the inhibitory agents (K. tellurite inhibits Gram  
positive bacteria whereas lithium  ch loride inhibits Gram  
negative, lactose ferm enting organism s). M SSA  m edium  
however, contains only m annitol as the se lectiv e  com ponent 
w hereas sodium  chloride and sorbic acid as the inhibitory 
agents. In terms o f  routine work, M SSA m edium  is convenient
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T a b l e  1. C h ar ac teristics  o f  st a p h y l o c o c c i iso lated  from  fo o d  sa m pl es  by e n r ic h m e n t  t e c h n iq u e

ETGPA Haem olysis o f blood Coagulase . Mannitol fermtn. Gelatin Enteiptoxige-
number* medium genesis' Rabbit Horse Human activity Aerobic Anaerobic liquifan. nicity

2 — w + - + - - - - -
3 - w + + + - + + - -
5 + GY + + + + - - - +
6 + GY + + + + + + - +
7 - W - - + - + - - -
8 - W + - + - + - - -
9 - W + - + - + + - -

11 + GY + + + + - - +
14x + GY + + + + - - - +
14y - W - - + - + + + -

•Isolate numbers are with reference to Table 1. 14x and 14y indicate that in sample number 14, two isolates were found. 
1 : Chromogenesis on nutrient agar slants

GY : Golden Yellow 
W : White

to prepare and handle whereas TEB m edium  involves use o f  
Seitz filter for sterilization o f  potassium  tellurite.

T he characteristics o f  Staphylococci isolated from  these  
foods have been  tabulated (Table 1). The only com m on  
characteristic o f  all the isolates was to haem olyse hum an red 
blood corpuscles. About 4 0  per cent o f  the isolates produced  
golden yellow  pigments. Am ong the isolates studied, com plete 
correlation was observed betw een zone o f  clearance on Baird 
Parker’s ETGPA m edium , chrom ogenesis, coagulase activity  
and enterotoxigenicity.

Enrichm ent m edia that use M P N  technique have been  
developed and tested for recovery o f  stressed S. a u re u s  
ce lls ’̂ 16. H eat injured Staphylococci show  several dam age 
sites. M agnesium  and D -alanine are lost from  the ce ll. C ell 
m em brane dam age is m anifested by loss o f  salt tolerance and 
H jO j accum ulation due to loss o f  catalase activity. Taking 
into consideration these facts, many o f  the enrichm ent m edia  
m ake use o f  catalase or sodium  pyruvate incorporation. O ne 
o f  the m ost com m on M P N  procedures is  that o f  the AOAC 
w h ich  uses trypticase soy broth w ith 10 per cent N aC l. 
A lthough N aC l is a selective agent for Staphylococci, sub- 
lethally injured ce lls  exhibit inhibitory effect o f  N aC l in both 
broth as w ell as agar. Lancette e t  a l . 16 have reported that 
decrease in the inhibitory effect o f  N aC l w ith the addition  
o f  1 per cent pyruvate M SSA enrichment broth has been found 
to be advantageous for M P N  m ethod in various ways, (a) The 
technique is m ore efficien t for enum eration o f  low  numbers 
o f  organism s (Fig. 1). (b) The m edium  is good  for the foods 
that contain high num bers o f  other com peting m icroflora,
(c) Ten per cent NaCl is very selective for S. au reu s. However, 
many o f  the sub-lethally dam aged ce lls  o f  Staphylococci do  
not retain their salt tolerance and hen ce m ight not grow in 
the m edium .

Van D o m e  e t  a / 1415 have used a liquid m odification  o f  
Baird-Paker’s m edium  in w hich pyruvate incorporation helps 
in the recovery o f  sub-lethally damaged cells during anaerobic

MPN IN TEB MEDIUM

Sample number
Fig. 1. Comparative evaluation of TEB and MSSA broth for the 

selectve enumeration of Staphylococci.
incubation at 37°C  for 48 hr. T his m edium  a lso  has show n  
certain disadvantages, (a) Addition o f  tellurite is  to be done  
in each tube before inoculation, (b) P ositive liquid B.P. 
m edium  tubes m ust be streaked because the broth is not 
selective, (c) A  plug o f  liquid praffin m ust be incorporated  
in each tube after inoculation and (d) Com peting bacteria may 
outgrow low  num bers o f  S. a u reu s .

Although TEB m edium  and Raj’s M SSA  m edium  were  
developed at about the sam e tim e, a critical evaluation o f  the 
latter m edium  by food m icrob iolog ists was in dem and. With 
the lim ited num ber o f  food sam ples screened , the present 
findings indicate that Raj’s M SSA  m edium  has a distinct
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T a b l e  2. M P N  o f  m icr o o r g a nism s  per  g r a m  o f  th e
FOOD SAMPLES ESTIMATED BY TEB AND MSSA MEDIUM
Sample

No.
Commodity Isolate

No.
MPN of 

TEB
Staphylococci

MSSA
1 Ice cream - Nil Nil
2 Ice cream 2 34 70
3 Ice cream 3 23 23
4 Ice cream - Nil Nil
5 Kulfi* 5 12 542
6 Kulfi* 6 25 542
7 Kulfi* 7 7 48
8 Kulfi* 8 14 76
9 Cream 9 8 21
10 Cream - Nil Nil
11 Cottage cheese 11 Nil 9
12 Cream - Nil Nil
13 Sausages - Nil Nil
14 Sausages 14x,14y 542 542
15 Sausages - Nil Nil

*Kulfi - A local ice cream recipe prepared from condensed milk evaporated 
in an open pan.

advantage over G iolitti and C antoni’s T EB m edium  (Table 2 
and Fig. 1).

We thank Prof. P.R. K ulkarni, H ead , F ood and 
Fermentation D iv ision  for her invaluable encouragem ent and 
guidance.
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Parboiling treatments of paddy varieties HM-95, Jaya, 
Basmati-370, PR-103, PR-106 and PR-107 improved head rice 
recoveries and pressure parboiling (steaming for 20 min at 151b 
/square in. pressure) proved to be more beneficial in increasing 
the head rice yield and reducing the free fatty acid content. 
Varieties and treatments had a significant effect on mean 
length/breadth ratio of milled rice kernels. Parboiling brought 
about increase in amylose content as compared to control. 
Traditionally parboiled rice required less time for cooking than 
pressure parboiled rice. Parboiling treatment increased 
elongation ratio and reduced the losses of solids and gruel upon 
cooking.

Parboiling o f  paddy by soaking in hot water has been  
practised since long and efforts were m ade to overcom e  
certain disadvantages associated  with traditional m ethod. To 
cop e up with the dem and to produce better quality parboiled  
rice, A li and Bhattacharya'introduced pressure parboiling in 
w hich paddy was wetted to desired m oisture level before 
pressure cooking. Review  o f  literature shows on ly  lim ited  
work in Punjab where com parison o f  parboiling m ethods has 
been m ade in relation to physical, chem ical and cook ing  
properties o f  rice. So, the present study was conducted to 
find out the effect o f  traditional as well as pressure parboiling  
treatments on som e high yield ing varieties o f  Punjab rice.

Paddy o f six high yielding varieties namely, ‘H M -95’, ‘Jaya’, 
‘Basm ati-370’, ‘PR-103’, ‘PR-106’ and ‘PR-107’ were procured 
from the Regioral Rice Research Station, Kapurthala o f  Punjab 
Agricultural University, Ludhiana. The sam ples were cleaned  
and kept for two m onths as a prelude to treatments. 
Treatments given to paddy included (i) soaking paddy at 30°C  
until it attainec 18 per cent m oisture follow ed by steam ing  
for 10 min at 15 lb per square in. pressure, (ii) soaking paddy 
at 30°C  until paddy attained 18 per square in. pressure and 
(iii) soaking paddy at 7 0 ± 1 °C  for 2 .5  - 3.5 hr until 35  per 
cent m oisture was attained and steam ing for 15 m in under 
atm ospheric pressure. A  part o f  the paddy was not given  any 
treatment w hich served as control. The sam ples w ere dried  
under shade to 14 per cent m oisture and tem pered for uniform  
m oisture distrioution.

All the paddy sam ples were shelled in the laboratory Satake 
R ice Sheller equipped with rubber rolls and m illed  on  the 
Kett polisher (Type T P -2) to 5 degree o f  polish . Y ields o f  
brown rice, head rice and brokens were calculated. M oisture, 
1000 grain weight, grain dim ensions and free fatty acids were 
determ ined by A A C C 2 procedures. A m ylose was estim ated  
by the m ethod o f Juliano3. C ooking quality o f  intact kernels 
was determ ined using standard m ethods for m inim um  
cooking tim e, elongation ratio and so lid  loss in gruel. The 
sum m arized ard  statistically analysed data g iv in g  variation  
with parboiling treatments are g iven  in Table 1.

Pressure steam ing as w ell as traditional parboiling resulted 
in significant increase in the head rice y ie ld s o f  all the 
varieties. However, vaiations between treatments for head rice 
was non-significant. T he results corroborate with those  
obtained earlier5. The increased y ie ld s have been attributed 
to reduced breakage o f  parboiled rice during m illin g  due to 
hard g e la tin ized  en d o sp erm 6. T rad ition a l p a rb o ilin g  
significandy decreased the length/breadth ratio o f  m illed rice

T a b l e  1. E ffec t  o f  pa rbo iling  t r e a t m e n t s  o n  ph y sic o -c h e m ic a l , m :l lin g  a n d  c o o k in g  properties o f  r ice

Treatment
Head
rice

recovery
(%)

L/B ratio 
of rice

FFA
(as % oleic 
acid, DM 

basis)
Amylose 

(%) (DM basis)
Min.

cooking
time
(min)

Elongation
ratio

Gruel
solids
(%)

Control 77.00“ 3.66b 0.66c 21.90“ 13.20“ 1.39“ 3.95'
Steaming
(10 min 15 lb/sq. in.)

90.90b 3.62b 0.26b 22.90b 19.30b 1.43b 3.11b

Steaming
(20 min.15 lb/sq. in.)

94.70b 3.61b 0.19“ 23.40c 20.50 1.44b 2.78c

Traditional parboiling 93.10b 3.55“ 0.23“ 22.80b 17.90b 1.45b 3.22b

L.S.D. at 5% 4.07 0.05 0.06 0.47 1.77 0.03 0.25
Each value is mean of three replicates and representing six varieties. Means with different superscripts in the same column differ significantly. 
DM = Dry matter basis.
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kernels than the control as w ell as pressure parboiled rice. 
A  significant decrease in free fatty acids content was found  
with parboiling treatments. Steam ing inactivates lipases and 
as a result free fatty acid content o f  bran as w ell as m illed  
rice decreases. Parboiling treatments brought about significant 
increase in the am ylose content over control. A m ong the 
different parboiling m ethods, pressure steam ing for 2 0  min  
produced greatest effect. This m ight have been due to the fact 
that the fraction o f  total so lub le am ylose extracted by water 
was higher in treated sam ples than raw rice.

Parboiled rice required m ore cook ing tim e than control. 
A m ong the treatm ents, pressure parboiling by steam ing for 
2 0  min required longest cook ing tim e. T his m ight have been  
due to increased kernel hardness during the process. H ighly  
significant variations w ere observed for kernel elongation  
ratio betw een raw m illed  rice and parboiled rice, the ratio 
being m ore for parboiled rice. H owever, the differences due 
to traditional and pressure parboiling were non-significant. 
The increase in elongation  ratio m ight have been due to 
increased grain length brought about by parboiling o f  
paddy7. Parboiling had significant effect in decreasing the 
solids loss in gruel with respect to raw m illed rice. However, 
the pressure parboiling was m ore effective than traditional 
one. The low er leaching o f  so lids in parboiled rice was 
attributed to the increased resistance o f  starch in parboiled  
rice due to sw elling and solubilisation  in hot water.

It was observed that parboiling could  be achieved even at 
a very low  grain m oisture content o f  12-20  per cent by proper

pressure steaming and tim e combinations. Pressure parboiling 
has several advantages over traditional parboiling including  
saving o f  tim e in soaking. Secondly, the m oisture content o f  
pressure parboiled rice is on ly 2 2 -2 4  per cent as com pared  
to 32-35  per cent in traditional m ethod, so  drying tim e and 
energy is saved. Further leaching lo sses  are elim inated  
resulting in increased per cent recovery and nutritional quality. 
The data obtained show that pressure steam ing for 2 0  min  
at 15 lb per square inch pressure produced better results.

References
1. Ali S Z and Bhattacharya K R, Studies on pressure parboiling of rice,

J Fd Sci Technol, 1982, 19, 236.
2. Approved Methods. American Association of Cereal Chemists, St. Paul

Minnesotta, USA, 1976.
3. Juliano B O, A simplified assay for milled rice amylose, Cereal Sci

Today. 1971, 16, 334.
4. Sidhu J S Gill M S and Bains G S, Milling of paddy in relation to

yield and quality of rice of different Indian varieties, J  agric Fd Chem,
1975, 23, 1183.

5. Desikachar HS R,  Sowbhagya C M Viraktamath C S, Swamy Y M
1 and Bhashyam M K, Steaming of paddy for improved culinary,
milling and storage properties, J Fd Sci Technol, 1969, 6, 117.

6. Bhattacharya K R and Sowbhagya C M, An improved alkali reaction
test for rice quality, J Fd Sci Technol, 1972, 8, 57.

7. Singh B, Studies on Parboiling of Commercial Punjab Moieties o f Paddy,
1974, M.Sc. Thesis Punjab Agricultural University, Ludhiana.



J. Fd. Sci. Technol., 1991, Vol. 28, N o. 6, 3 8 6 - 3 8 8
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SORBIC ACID AND IRRADIATION
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P&neer, an acid and heat coagulated milk product, is highly 
perishable because of high moisture (58-60%) and low acidity 
(pH 56-5JI). The product had 430 total plate count, 120 proteolytic 
bacteria, 170 lipolytic bacteria and 40 fungi/g of sample with a 
shelf life of few hr. Treatment with sorbic acid and/or gamma 
irradiation reduced the microbial load. Combination treatment 
of 0.10% sorbic acid in milk and irradiation of the product at
2.5 kGy preserved the paneer for 30 days at ambient temperature 
(25-35°C) with good acceptance.

C h eese has not becom e popular in India because o f  the 
peculiar food habits and religious sentim ets. In its p lace, an 
acid  and heat coagulated m ilk product ca lled  ‘paneer’ is 
widely used. It is som etim es also referred to as cottage cheese. 
The product is extensively used as an ingredient in the 
preparation o f  vegetable curry and holds a prestigious position  
in the preparation o f  large number o f  culinary dishes. Paneer 
has outstanding nutritional qualities since it normally contains 
all the essential am ino acids present in m ilk and also  
appreciable am ounts o f  m inerals and vitam ins excepting  
vitam in B and vitam in C w hich are m ostly lost in processing. 
Such nutrient rich products have good potential as an 
ingredient in the rations o f  serv ice personnel w h o are posted  
at distant borders under inhospitable clim atic conditions. 
However, due to high m oisture content and low acidity, the 
product is h ighly perishable and its sh e lf  life in clim atic  
conditions o f  this country can be on ly  a few hours.

Som e work has already been done for the preservation o f  
paneer, by low  temperature1'2, drying3 or frying4. Systematic 
work with special reference to its m icrob iolog ical quality in 
relation to spoilage is scant. A  feasibility study was, therefore, 
undertaken by m aking use o f  sorbic acid and f  -irradiation  
at a d o se  not exceed in g  I M rad w h ich  has been  
unconditionally approved by the Joint C om m ittee o f  FAO/ 
IA E A /W H O 5 for all types o f  food.

Standardised and pasteurised m ilk from  local dairy 
(Karnataka M ilk  Federation, M ysore) with 4 .5  per cent fat 
and 8.5 per cent solids-not-fat (S N F ) was used . For paneer 
preparation, the m ethod described by Bhattacharya e t  a l . 2 
was follow ed. T he pressed paneer was cut into sm all p ieces  
w eighing 50 g  each , and packed in 400  gauge high density  
polyethylene pouches. O ne per cent solution o f  potassium  
sorbate (E. M erck) was heated to 70°C. The required amount 
o f  sorbic acid solution was added to hot m ilk (70°C ), before

the addition o f  citric acid to get a final concentration o f  0.05,
0.10 and 0.15 g per 100 ml o f milk. The sam ples without sorbic 
acid were used as control. The packed paneer sam ples were  
irradiated at the rate o f  0 .5376 kG y/hr at a local irradiation  
plant situated at the Central Sericulture Research and Training 
Institute, M ysore. The plant having 2L  capacity used C o60 
as a source o f  gam m a rays. The treatm ent d ose  has been 0,
2 .5 , 5.0 and 7.5 kGy at am bient conditions. A ll treated and 
untreated  sa m p les  w ere  stored  at 2 5 -3 0 ° C  (room  
temperature).

A ll sam ples were analysed in itially as w ell as at intervals 
during storage for m oisture6, pH and m icrobial load. Sorbic 
acid content was monitored using steam distillation m ethod7. 
The sensory evaluation o f  sam ples was conducted by a team  
o f  seven panelists. The observations were recorded on  a
9-point H edonic sca le8. Ten g  o f  the w ell hom ogenised  
sam ple was used for m icrobiological analysis w ith  quarter 
strength Ringer’s solution as diluent. Sam ples were analysed  
for total plate count, proteolytic bacteria, lip o ly tic  bacteria, 
coliform s and yeasts and m oulds fo llow ing standard 
m ethods1*10. Dextrose tryptone agar (DTA) was used for total 
plate counts and v io le t red b ile  agar (V R B A ) for coliform s. 
For proteolytic bacteria, skim  m ilk agar (S M A ) was used. 
Lipolytic bacteria were enumerated on tributyrin agar (TBA). 
Yeasts and m oulds were counted on potato dextrose agar 
(P D A ) w h ich  w as su p p lem en ted  w ith  100 p .p .m .  
chloram phenicol to inhibit bacterial growth".

Paneer prepared from  standardised m ilk (4 .5  per cent fat 
and 8.5 per cent S N F ) had 58 to 6 0  per cent m oisture and 
pH varied from  5.6 to 5.8. The control sam ples show ed to 
harbour 4 30  total plate count (TPC ), 120 proteolytic bacteria, 
170 lipolytic bacteria and 40  yeasts and m oulds per g, initially. 
Addition o f  sorbic acid to m ilk led to the reduction in 
m icrobial load in all groups. Addition o f  sorbic acid at a level 
o f  0.05 per cent did not contribute m uch to the reduction o f  
microbial load. However, addition o f  0.15 per cent sorbic acid  
reduced counts to 140 TPC , 60  proteolytic bacteria, 80  
lipolytic bacteria and 10 yeasts and m oulds per g  o f  paneer. 
The coliform s were not present in any o f  the paneer sam ple. 
T he absence o f  co liform s can be attributed to their extrem e  
sensitiv ity to heat during pasteurisation o f  m ilk  as w ell as 
during paneer preparation.

During storage at am bient temperature (25 - 3 5 °C ), the 
sam ples added with 0.05 per cent sorbic acid  spoiled  w ithin  
24  hr. In 0.10 per cent sorbic acid treated sam ples, the 
bacterial population showed a continuous m ultiplication with  
tim e o f  storage till the end o f  21 days and then it started  
decreasing. The increase in sorbic acid  to 0.15 per cent level 
could not check  the bacterial m ultiplication . However, the 
growth was slightly retarded and m axim um  num bers were  
recorded at the end o f  30  days. A lthough sorbic acid  at 0.10 
- 0.15 per cent could  not check  bacterial population, it could
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successfu lly  control the fungal population as no increase was 
recorded during the period o f  study. T his finding confirm s  
the preservative action to be m ore sp ecific  for the fungi. The 
decrease in bacterial population at the end o f  the storage 
period can be due to exhaustion o f  nutrients or accum ulation  
o f  som e toxic material in the product.

Treatment o f  sorbic acid  containing sam ples with gam m a  
rays showed reduction in all types o f  m icrobial population. 
Irradiated sam ples at a d ose o f  2 .5  kG y contained 100 TPC, 
4 0  proteolytic bacteria and 15 yeasts and m oulds per g  in the 
ca se o f  0.05 per cent sorbic acid added sam ples (Table 1). 
Irradiation treatment showed an immediate decrease in counts 
and the sam e trend continued upto one w eek and then started 
increasing resulting in spoilage by the end o f  3 w eeks. This 
trend was not seen  in paneer having higher am ount o f  sorbic 
acid w hich could  keep w ell upto 30  days at am bient 
temperature. The m ultiplication o f  bacteria at lower 
concentration o f  sorbic acid could be due to the residual level 
being below  the threshold levels and the bacteria getting over 
the resistance in course o f  tim e. T he continuous decrease in 
m icrobial population in the irradiated sam ples on storage can  
be postulated to the feet that the surviving ce lls  w ill be having 
varying degrees o f  injury due to irradiation and depending  
on the extent o f  injury, many may die o ff  in course o f  tim e12.

At 5 kGy, the paneer with 0.05 per cent sorbic acid showed  
80  TPC , 4 0  proteolytic bacteria, 30  k polytic bacteria and 15 
yeasts and m oulds per g  o f  the sam ple w hich showed  
considerable decrease in all groups at the end o f  30  days o f  
storage (Table 2). The paneer with higher sorbic acid content, 
the TPC was observed to be as low  as 35 per g  and proteolytic 
and yeasts and m oulds 10 per g  in the initial sam ples. During  
storage, the residual m icroflora decreased further reaching  
alm ost neglig ib le levels by the end o f  30  days. The paneer

with 0.15 per cent sorbic acid  treated w ith 5 kG y d ose level 
had only less than 10 g num bers o f  all the various groups. 
The results o f  irradiation treatm ent at 7.5 kG y d ose  are not 
shown in the tables because all the sam ples w ith sorbic acid  
showed alm ost neglig ib le counts in the course o f  study.

Table 3 shows the sh e lf life  o f  paneer at ambient 
tem perature w ith different com binations o f  sorbic acid and 
irradiation. Control sam ples w ithout any sorbic acid and not 
given irradiation treatment could keep only for few hr whereas 
by irradiation at 5 - 7.5 kG y it kept w ell for one full day. 
Addition o f  sorbic acid at 0.05 per cent level in m ilk  also  
extended the keeping quality o f  paneer by one day. The 
com bination treatment o f  0.05 per cent sorbic acid in the m ilk  
follow ed by exposing the paneer to 2 .5  kG y extended the 
shelf-life to alm ost 21 days, w h ile a sh e lf life o f  30  days could  
be obtained by irradiating at 5 - 7.5 kGy. Increasing the 
concentration o f  the sorbic acid  in the m ilk to 0.1 - 0.15 per 
cent level preserved the product for alm ost 7 days without 
irradiation.

The residual sorbic acid content in irradiated and 
un-irradiated paneer sam ples is shown in Fig. 1. The treatment 
o f m ilk with 0.05, 0.1 and 0.15 per cent sorbic acid left residual 
levels o f  sorbic acid in paneer as 0.15, 0 .2 4  and 0 .3  per cent. 
Irradiation treatment caused a reduction in residual sorbic 
acid level. The decrease was inversely proportional to the 
irradiation dose. Frying o f  paneer in hydrogenated o il (w hich  
is the com m on practice for preparing curries) a lso  caused  
a further reduction in the sorbic acid content from  2 0  to 27 
per cent.

The paneer sam ples after 30  days o f  storage at am bient 
temperature were subjected to sensory evaluation. T he  
increased dose o f  irradiation lowered the overall acceptability  
o f  the product (Fig. 2 ). A m ongst all the treatments studied,

T a b l e  1. C o m b in e d  e ffe c t  o f  sorbic  a cid  a n d  ir r a d ia tio n  at 5 kGy o n  m ic r o b ia l  c o u n t  pe r  g r a m  o f  pa neer

Storage 0.05% sorbic acid 0.10% sorbic acid 0.15% sorbic acid
period TPC Proteolytic Lipolytic Yeast & TPC Proteolytic Lipolytic Yeast & TPC Proteolytic Lipolytic Yeast &
(days) mould mould mould

0 100 40 30 15 50 20 15 25 35 20 20 10
7 30 20 10 10 40 20 10 10 30 20 10 10
14 100 10 50 10 30 10 <  10 20 30 10 <  10 20
21 3.5 xlO3 20 l.OxlO3 <10 40 20 10 <10 20 <10 10 10
30 2.3 X105 50 1.5X104 40 10 <10 <10 <10 10 <10 <10 10

T a bl e  2. C o m b in e d  e ffe c t  o f  sorbic  a cid  a n d  ir ra diatio n  At 5 kGy o n  m icr o bia l  c o u n t  per  g r a m  o f  pa n e er

Storage 0.05% sorbic acid 0.10% sorbic acid 0.15% sorbic acid
period TPC Proteolytic Lipolytic Yeast & TPC Proteolytic Lipolytic Yeast & TPC Proteolytic Lipolytic Yeast &
(days) mould mould mould

0 80 40 30 15 35 10 <  10 10 <10 <10 <10 <10
7 60 30 20 10 10 <10 <  10 <10 10 <10 <10 10

14 20 <10 10 <10 20 10 <  10 <10 <  10 <10 <10 <10
21 10 <10 <10 10 10 <10 <  10 10 <  10 <10 <10 10
30 20 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 10 .
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Table 3. Shelf life in days of sorbic acid added and
IRRADIATED PANEER

Sorbic acid
(%)

0 kGy 2.5 kGy 5.0 kGy 7.5 kGy

0 1 1 1 1
0.05 1 21 30 30
0.10 7 30 30 30
0.15 7 30 30 30

XBM CONTROL
m s

OOsJCSOMIC O-lJC SORBIC 0 * ls£ SORBIC ACID ACID ACID
Fig. 1. Effect of irradiation on residual sorbic acid in paneer.

four treatments i .e . ,  0.05 per cent sorbic acid  with 5.0 and
7.5 kGy, 0.1 per cent sorbic acid  w ith 2 .5  kG y and 0.15 per 
cent sorbic acid with 2 .5  kG y gave acceptable product w hen  
scored on 9-point H edonic scale. Out o f  these treatments, 
a com bination o f  0.1 per cent sorbic acid in m ilk and 
subsequent treatment o f the product with 2 .5  kG y irradiation 
was found to be the best. On som e other m ilk based products, 
Bongirwar and Kumta1' observed that com bination treatment 
is able to store the product for 20  - 27 days at 35-40°C , 
although higher doses o f  irradiation seem ed to decrease the 
acceptability o f  the product.

From these findings, it is concluded that in India where 
the am bient temperature is h igh , paneer can be successfu lly  
stored for a period o f  one month by the com bination o f

Œ3 2-5 k «y

treatments. Ir dividual treatment o f  either sorbic acid  or 
irradiation gave only lim ited im provem ent in sh e lf life o f  the 
product. A lthough the recom m ended treatm ent (0.1 per cent 
sorbic acid in m ilk +  2 .5  kG y gam m a irradiation) resulted  
in residual level o f  preservative slightly m ore than the 
perm itted lev e l14, the study shows the possib ility  o f  storing 
a perishable product like paneer at am bient temperature. 
Som e m ore studies are required to reduce the level o f  
preservative farther.
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Yoghurt made from milk with 8% sugar and homogenised at 200 
bar pressure was found to be of good quality. Addition of mango 
pulp upto 4% of milk marginally improved the flavour 
characteristics. Addition of mango pulp higher than 4% affected 
the delicate yoghurt flavour and also the body and texture 
characteristics irrespective of homogenisation pressure. 
Homogenisation at higher pressure was observed to reduce the 
whey separation and also resulted in smoother consistency. 
Addition of mango pulp increased the softness and syneresis of 
yoghurt. Homogenisation at 200 bar pressure was observed to 
improve the consistency, water holding capacity and also the 
sensory characteristics. The Penetration Value (PV) and syneresis 
were observed to decrease with the increase in the homogenisation 
pressure.

Yoghurt is a popular fermented product consum ed in many 
parts o f the world. It is produced in different forms like whole 
m ilk yoghurt, skim m ilk yoghurt, cream  yoghurt, fruit 
yoghurt and drinking yoghurt. In India, D a h i  is prepared 
com m only and yoghurt differs from d a h i in the type o f culture 
used  for its manufacture. In the present paper, results o f  a 
study m ade to standardise the manufacture o f  high fat dessert 
type yoghurt with added fruit pulp are presented.

The m ilk was obtained from the experim ental dairy o f  the 
Institute. In the trials, on ly cow's m ilk (fa t= 3 .5  to 4 .0  per 
cent and S N F = 8 .5  to 8.7 per cent) was used. The m ilk was 
separated into skim  m ilk and cream . Skim  m ilk was added 
to cream to obtain a fat content o f  10 per cent. The 
corresponding SN F  content ranged from  7.2 to 7.4 per cent.

F ru it p u lp :  Fruit pulps o f  m ango and pineapple supplied  
by M /s W IM CO  lim ited. Bangalore was used at different 
levels for the preparation o f  set yoghurt. Banana pulp was 
prepared in the laboratory by using bananas (Dwarf Cavendish 
variety) obtained from  the local market.

Com m ercially available sugar was used at 8 per cent level. 
This level was arrived at by conducting the preliminary trials.

C u ltu re :  Yoghurt culture 709 containing a m ixture o f  
L a c to b a c il lu s  b u lg a r ic u s  (21 per cent) and S tr e p to c o c c u s  
th e rm o p h ilu s  (79 per cent) supplied by M /s Laboratorium , 
W eisby G m bH , West Germany was used for the preparation  
o f yoghurt.

P re p a r a tio n  o f  y o g h u r t:  The m ilk standardised to 10 per 
cent fat was heated (85°C/15 min) and hom ogenised  at 100,

150 and 2 00  bar pressures using 2 stage Gaulin hom ogeniser  
o f  U SA . The temperature o f  the m ilk com in g out o f  the 
hom ogeniser ranged from 70 to 73°C. This was subsequently 
cooled  to 4 5 °C and mixed with preboiled, cooled  sugar syrup 
(prepared by m ixing one part o f  water to 2 parts o f  sugar) 
along with calculated amount o f  fruit pulp. After the addition  
o f  pulp and culture, the inoculated m ilk was filled  in cups 
(3.5cm  height X 7.5cm  dia .) and incubated at 4 2 ± 1 ° C  till 
the pH dropped to 4 .6  and then was stored in the refrigerator 
(8-10°C) for atleast 24  hr before being evaluated for sensory  
and physical characteristics. For prelim inary investigations, 
m ango (total so lids (TS) content o f  24  to 25 per cent), 
concentrated pineapple ju ice  (TS o f 8 to 10 per cent) and 
banana pulp (TS o f  24  per cent) were used to assess the 
suitability o f  the pulp for the manufacture o f  dessert yoghurt. 
The prelim inary studies indicated that the m ango pulp was 
most acceptable and hence in all subsequent trials only mango 
pulp was used for the preparation o f  yoghurt.

F at a n d  to ta l  s o l id s  (TS): The fat in m ilk and TS in m ilk, 
yoghurt and pulp were determ ined by follow ing the 
procedures described in IS: 14791. pH o f  yoghurt was 
m easured by using E lico digital pH meter.

P e n e tra tio n  va lu e  (PV ): The PV was m easured by using 
a penetrom eter (M /s A ssociated Instrument M anufacturers 
(India) Ltd.). Rubber cone (28.5g) was sp ecia lly  designed  
at the institute to m easure the hardness o f  the yoghurt. A ll 
the observations were recorded at 8 — 10°C after taking out 
from  the refrigerator. The PVs obtained w ere inversely  
proportional to the firmness o f  the product and were expressed 
a s
mm x 101.

W h ey s e p a r a tio n  (sy n e re s is ) :  The whey separation was 
measured by centrifugal m ethod. The yoghurt sam ples were 
agitated by using m echanical stirrer operated at 2 500  r.p.m. 
for 20  sec. Ten g  o f  hom ogeneous sam ple was w eighed in 
a graduated centrifuge tube and centrifuged at 500 0  r.p.m . 
for 15 m in. The whey separated from  curd was then directly  
read on the graduated scale o f  the tube.

S e n s o r y  e v a lu a tio n :  The yoghurt sam ples were evaluated 
by a selected panel o f judges for flavour, body and texture 
on a 10-point scale where 1 represented the most unacceptable 
and 10 represented most acceptable, w hile the appearence was 
evaluated on a 5-point scale where 1 represented most 
undesirable and 5 represented m ost desirable.

The sensory results o f  yoghurt prepared by using different 
levels o f  added m ango pulp under different pressures o f  
hom ogenisation are presented in Table 1. The yoghurt with 
4 per cent m ango pulp had the highest mean flavour, body 
and texture and appearence scores compared to those in 
yoghurts with other levels o f pulp. The body and texture score 
o f  yoghurt prepared by addition o f  6  per cent m ango pulp 
was distinctly inferior w hich perhaps was due to the weak
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and granular body and texture characteristics and visible whey
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T a bl e  1. M e a n  sen so ry  sco res for  yoghurt  prepared
WITH DIFFER EN T LEVELS OF M ANGO PULP. 

Hom ogenisation % mango pulp added
pressures

(bar) 0 3 4 5 6
Flavour

100 8.4 8.8 8.5 8.5 7.8
150 9.0 9.0 8.8 7.6 7.0
200 8.8 8.5 8.8 7.5 7.2

Body and  Texture
100 7.9 8.2 8.0 7.0 5.0
150 8.2 8.2 8.1 6.9 5.4
200 8.6 8.4 8.4 7.0 5.6

A ppearance
100 4.6 4.2 4.3 3.5 3.4
150 4.7 4.5 4.3 3.6 3.0
200 5.0 4.6 4.6 3.5 3.4

separation. T his could be ascribed to loca lised  coagulation  
resulting in im proper gel form ation in yoghurt2. S ince the 
flavour, body and texture scores o f  yoghurt w ith 4  per cent 
m ango pulp w ere superior, this level o f  pulp incorporation  
was retained for the study o f  the syneresis and penetration  
value.

H om ogenisation was observed to have favourable effect on  
the physical characteristics o f  yoghurt. Yoghurt hom ogenised  
at 200  bar pressure was observed to be firmer than the yoghurt 
prepared from  milk hom ogenised at 100 and 150 bar pressures 
(Table 2 ). Addition o f  pulp resulted in softer yoghurt w hich  
cou ld  be due to the marginal dilution effect and due to the 
low er pH o f  pulp (3.8 to 4 .0 ). The w hey separation was also  
observed to decrease with the increase in the hom ogenisation  
pressure and it was m inim um  at 2 00  bar pressure. The 
syneresis was higher in yoghurt with m ango pulp which could  
be due to the softer body characteristics o f  yoghurts prepared

T a b l e  2. E ffec t  o f  a d d it io n  o f  m a n g o  p u l p  a n d
HOMOGENISATION ON THE SYNERESIS A N D  C O N SISTEN C Y  OF  

YOGHURT (W ITH 4% PULP)
Hom ogenisation pressures (bar)

100 150 200
Syneresis (10 g )
Plain (ml) 4.0 3.4 2.4
Pulp added (ml) 4 .3 3.9 2.7
Penetration value (mm x  10 1 )
Plain 211.7 164.6 159.3
Pulp added 218.8 188.0 174.3

with added m ango pulp. It was observed that the addition o f  
m ango pulp before ferm entation low ered the pH  o f  the m ix  
from  6.6  to 6.1. T his perhaps affected the gel structure 
com pared to the yoghurt prepared w ithout the added m ango  
pulp. The hom ogenisation  resulted in better gel structure 
because o f  the better distribution o f  fat g lob u les3. T he  
addition o f  mango pulp marginally weakened the gel structure 
w hich could be due to dilution effect or the particles 
w eakening the gel strength by sitting in betw een casein  
m icelles. This apart from  reducing the gel strength also  
reduced the water holding capacity due to the w eakened  
strength w hich was reflected in the form  o f  increased w hey  
separation.
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Heat treatment of cells of Staphylococcus aureus strains 234, 834, 
1151M, 790, S6 and non-enterotoxigenic (NT) in different 
menstrua at 50°, 55°, 62.5°C for different time intervals resulted 
in their non-logarithmic death and hence F-values were 
determined. S. aureus 234 was the most heat resistant in both 
cow and buffalo milks as well as reconstituted infant food as 
evidenced by an F value of more than 120 min at 62.5°C. It was 
followed by S. aureus S6, 834, 1151M and 790. Buffalo milk 
conferred maximal protection to all the strains. The maximal 
recovery of S. aureus after heat treatment was recorded with 
soyabean-casein-digest-agar as compared with Baird Parker's 
agar. Both S. aureus 234 and S6 survived at 71°C in pasteurized 
cream upto 120 min. The typical colony characteristics of the 
survivors from the cream on Baird Parker’s medium were altered.

S ta p h y lo c o c c u s  a u r e u s , the m ost com m on food poisoning  
organism capable o f  producing highly heat stable enterotoxins, 
v iz .,  A , B, C, D  and E , has been encountered in dairy 
products1. The residual staphylococci w hich escape sub- 
lethal processing treatments in the final product may endanger 
the health o f  the consum ers by virtue o f  their ability to 
produce highly potent enterotoxins during faulty storage 
conditions prevalent in som e tropical countries. In this 
connection, behaviour o f enterotoxigenic strains o f  S. a u reu s  
in processed  foods b ecom es highly significant as has been  
reported in our previous study". H ence, this investigation  
has been undertaken to determ ine the survival o f  som e o f the 
selected  enterotoxigenic strains o f  S. a u re u s  subjected to 
defined laboratory heat treatments sim ulating com m ercial 
m ilk processing conditions.

O f the five enterotoxigenic strains o f  S. a u re u s  used, four 
strains nam ely 234 , 834 . 1151M and 790 were procured from  
Food and Drug Adm inistration. U .S .A . w hile one strain S6 
and non-enterotoxigenic strain NT were obtained from
N .C .D .C ., N D R I, Karnal. All cultures were propagated for 
18 hr in brain heart infusion (BH I) broth at 37°C , and 
centrifuged at 4 ,000  x g  for 15 min. The cell pellet was washed 
tw ice by re-suspending in phosphate buffered saline (PB S), 
pH 7.3, followed by centrifugation after each washing. Finally, 
the cell pellet was suspended in the sam e butter and stirred 
thoroughly before adjusting to 0 .30  O.D. at 540  nm. O ne ml 
o f  this standardized cell suspension when added to 99 ml o f

each heating m enstruum  gave a final population o f  
approxim ately 1 X 10 viable ce lls  per m l. The heating 
m enstrua used in the present study were sterilized PBS (pH  
7.3), sterilized full cream  co w ’s m ilk (4 .0  per cent fat), 
sterilized full cream  buffalo m ilk (7.0 per cent fat), 11 per 
cent sterilized reconstituted infant food (G laxo, spray dried) 
and pasteurized cream  (60  per cent fat). The am poule  
m ethod' was used for heat resistance studies at 50°, 5 5 °, 
6 2 .5 °C  in the heating m enstrua for 0, 5, 10, 20, 30, 40, 50, 
60, 70, 80, 90, 100, 110 and 120 m in. However, in case o f  
cream , heat treatment was g iven  at 71°C for different tim e 
intervals.

The viable ce lls  after the heat treatm ent were determ ined  
by the spread plate m ethod using Baird Parker’s Agar (BPA) 
and soybean casein  digest m edia (SC D ) (H i-M edia, India) 
as the recovery m edia. A fter spreading, the plates were 
incubated at 37°C  for 48 hr and the typical co lon ies that 
developed on the respective m edia were counted. In order 
to confirm  that the survivors belonged to S. a u r e u s , a few  
colonies surviving heat treatment were randomly picked from  
the recovery m edia plates and subjected to m icroscopic  
exam ination and a battery o f  b iochem ical tests as described  
previously". Based on these observations, the co lon ies  
appeared to be typical 5. a u reu s . The survivor curves were 
drawn by plotting tim e in min on the X -axis and log number 
o f survivors on the Y-axis. F-values were calculated according 
to the m ethod o f  Banwart4. A ll the trials were conducted in 
triplicate and their average values were calculated.

The order o f  death o f  S. a u r e u s  strains exam ined during 
this study was non-logarithm ic on the basis o f  their thermal 
death curves. Hence, D  and Z values could not be determined. 
Instead, thermal death point m easurem ents, i .e ., F-values 
were determ ined as they give direct m easurem ents o f  tim es 
required for a given probability o f  a kill at a given  
temperature. All the strains o f  S. a u re u s  used in this 
investigation had different F-values in a particular menstruum  
at a particular temperature (Table 1). On the basis o f  their 
F-values, the strains can be arranged in the follow ing  
descending order o f their heat resistance -5. a u re u s  234 , S6, 
834 , 1151M, 790 and NT. The differences in F-values o f  the 
different strains may presum ably be due to variation in heat 
resistance characteristics o f individual strains. The variations 
in the efficien cy o f recoveries o f  the survivors in the present 
study resulted in different F-values on the two recovery media. 
This finding is in agreem ent with the observations o f  Reiter 
et a l '.  Baird-Parker and Davenport'’ and A llw ood  and 
Russel also observed sim ilar variations in the recovery o f  
heat stressed cells  on the different recovery m edia. By and 
large, the SC D  m edium  recorded m axim um  num ber o f  
survivors (higher F-values) as com pared to BPA irrespective 
o f the strain and the heating m enstruum . Ibrahim also  
found SC D as a better recovery medium for stressed S. au reu s
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T a b l e  1. H eat  r esistan ce  o f  s . a u r e u s  in  ter m s  o f  f-values  (in  m in .) in  d iff e r e n t  m e n st r u a
Temp. S. aureus S6 S. aureus 234 5. aureus 834 S. aureus 1151M S. aureus 790 S. aureus NT*
(°C) BPA SCD BPA SCD BPA SCD BPA SCD BPA SCD BPA SCD

Phosphate buffered saline
50 >  120 >  120 >120 >120 >120 >120 >120 >120 >120 >120 >120 >120
55 >  120 >120 >120 >120 80 100 40 80 30 50 12 22
62.5 40 50 80 100 40 60 23 30 10 10 2 5

Cow milk
50 >  120 > 2 0 >120 >120 >120 >120 >120 >120 >120 >  120 >120 > 120
55 >  120 >120 >120 >120 100 >120 80 100 50 60 21 42
62.5 60 80 >120 >120 60 80 40 50 20 30 11 20

Buffalo milk
50 >120 >  120 >120 >120 >120 >120 >120 > 120 >120 >120 >120 >120
55 >120 >120 >120 >120 120 120 100 120 70 20 30 40
62.5 80 120 >120 >120 70 100 70 90 30 40 13 20

Reconstituted infant food
50 >120 >120 >  120 >120 >120 >120 >120 >120 >120 >120 >120 >120
55 >120 >120 >  120 >120 100 >120 70 90 40 50 15 20
62.5 90 110 100 120 50 70 30 40 10 19 5 12
*S. aureus NT, a non-enterotoxigenic strain served as a control BPA: Baird - Parker’s Agar; SCD : Soybean Casein Digest.

ce lls. In case o f  all the five strains o f  S. a u re u s  used in this 
study, F-values were higher in buffalo m ilk followed by co w ’s 
m ilk, reconstituted infant foods and phosphate buffered saline. 
H igher F-values in buffalo m ilk may be due to higher solid  
content which may protect the organism against heat treatment 
as has been suggested by others910. On the other hand, when  
reconstituted infant food was used as the heating m enstruum ,
S. a u re u s  23 4  was not destroyed at 50  and 55 °C even after 
120 m in but was com pletely inactivated within the sam e 
period at 6 2 .5 °C  (F 120). Reconstituted infant food offered  
lesser protection as compared to cow ’s and buffalo m ilk. This 
may presum ably be due to lower total so lids in reconstituted 
infant foods.

The data pertaining to heat resistance o f  S. a u re u s  strains 
in pasteurized cream  at 71°C have been plotted in Fig. 1. 
A gain, the thermal death curves were non-logarithm ic and 
hence F-values were determined. F-values were considerably 
higher in cream as compared to other heating menstrua. Both 
S. a u re u s  234  and S6 exhibited higher heat resistance in 
cream  as is evidenced by higher F-values ( 120 m in). They  
were follow ed by S. a u re u s  834 , 1151M and 790 (120, 110 and 
90  m in). The higher heat resistance o f  S. a u re u s  in cream  
com pared to other m enstrua m ight be due to the higher fat 
content w hich could offer additional protection to the 
organism against heat even at higher temperature. The striking 
observation in case o f  survivors withstanding heat treatment 
in cream  was the absence o f  opa lescen ce zones around the 
colonies recorded on Baird-Parker’s m edium  in alm ost all the 
strains. Som e o f  the co lon ies exhibited lobed edges as 
com pared to entire m argins o f  their unheated counterparts

TIME OF EXPOSURE (MIN)
Fig. 1. Survivor curves of S. aureus strains in pasteurized cream at 71°C 

after different time intervals.
indicating that the heat treatment in cream  can also  alter the 
colony characteristics o f the culture. T he variations in the 
biochem ical characteristics o f  S. a u re u s  after heat treatments 
were also recorded during this study and the sam e have been  
described elsewhere".

From  the foregoing study, it can be concluded  that 
enterotoxigenic S. a u re u s  can survive heat treatment during  
the processing o f  m ilk. H igher total so lid s and fat contents 
seem  to confer greater protection during heat treatments. The
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im portance o f  using suitable recovery m edia to allow  heat 
stressed ce lls  to form norm al co lon ies is indicated.
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The chicken meat loaves were prepared from culled hens and 
broiler breeder males using minced meat in combination with 
various levels of textured soy (TS). The TS was incorporated at 
levels of 10,20,30,40 and 50% of the meat. The sensory evaluation 
revealed that loaves containing TS upto 30% level were acceptable.
The broiler samples were preferred to hens but the preference 
was not significantly different. The loaves had a shelf life of about 
12 days at refrigeration temperature.

The laying hens and broiler breeder m ales at the end o f  
their active life period are considered a by-product o f  the egg  
and broiler industry1. The m eat from such birds is tough 
and not readily acceptable to the consum er and fetches lower 
price to the producer. The addition o f  textured soy or soy 
protein isolates, increases binding o f  fat and water, im proves 
adhesion /cochesion  and reduces w eight loss during cooking  
o f  sausage type products'. Poultry sausages have been  
successfu lly  produced by blending chicken with vegetables3 
and binder such as dried skim  m ilk, sem olina, corn starch 
and pasteurized egg w hite4 and textured soy flour5.

M eat loaves are a delicacy and traditionally prepared from  
pork. With this in view , the present study was undertaken 
to investigate the effect o f  supplem enting poultry m eat from  
culled layers and broiler breeder m ales, with textured soy on  
the quality o f  loaves.

Approxim ately 72-75 w eek old  culled white leg-horn hens 
and broiler breeder m ales were procured from the Department 
o f  Anim al Scien ces at PAU, Ludhiana. The birds were 
slaughtered and dressed using standard procedure. The 
dressed birds were ch illed  and packaged in 150 gauge 
polyethylene bags and kept in deep-freezer at —10°C till the 
deboning was com pleted. The deboned m eat was m inced  
using m anually operated m eat m incer and packaged in 
polyethylene bags for further use.

Textured soy (Nutrella) nuggets procured from the local 
market were rehydrated in warm water. Extra water was 
drained and the nuggets were m inced in the manual meat 
mincer. The minced material was used to supplement chicken  
meat at different levels in the recipe (Table 1), for preparation 
o f  loaves. Twelve loaves w eighing about 2 .5  kg each were 
prepared, five each for meat from  culled layers and broiler

T a bl e  1. R ecipe  for  c h ic k en  loaf preparation
Material per cent
Deboned chicken meat 75
Fat 7
Ginger (grated) 1
Garlic (grated) 1
Onion (grated) 2.5
Phosphate 0.4
Sodium nitrite 0.01
Sodium nitrate 0.03
Black pepper 0.2
Coriander 0.2
Cumin 0.3
Cinnamon 0.1
Salt 1.8
Sugar 1.3
Water 9
breeder m ales containing Nutrella at 10, 20, 30, 4 0  and 5 0  
per cent levels and one each as control.

A ll the ingredients were m ixed , passed through manual 
m incer (2-3 tim es) to obtain a fine paste. T he resulting batter 
was stuffed into Ham m oulds (M /s Gardner C orpn ., N ew  
D elhi) and com pressed. The m oulds were then placed in 
water at 70-72°C for 31/2 hrs (till the temperature at the centre 
o f the loaves was 71°C). The m oulds were drained, coo led  
and the loaves were rem oved from  the m oulds. T he loaves 
were sliced , packed in polyethylene bags and stored in 
refrigerator. The stored sam ples were evaluated for sensory  
qualities by a sem i-trained panel using a sem i-structured  
sca le*1 and proxim ate com p osition  was determ ined by 
Standard AOAC m ethods7 at an interval o f  two days. The 
w h ole experim ent was repeated tw ice.

The proximate com position showed that m eat from broiler 
breeder m ales contained m ore m oisture (73.2  per cent) and 
fat (9.8 per cent) than that from hens. The proxim ate 
com position  o f  loaves from either type o f  m eat (Table 2) 
revealed that the m oisture contents o f  loaves increased with  
the increase in the level o f  total so lids (TS) in both fresh as 
w ell as 14 days o ld  sam ples, w h ile the fat content decreased. 
The storage resulted in a decrease in the m oisture content, 
w hich was m ore in case o f  control and 10 per cent TS 
containing sam ples as com pared to those containing higher 
levels. The decrease in m oisture during storage in case o f  
10 per cent TS sam ples can be attributed to exudation in stored 
sam ples on thawing. A bsen ce o f  exudate on thawing o f  
sam ples containing higher levels o f  TS may be due to 
improved water binding.

There was no significant change in sensory panel scores 
upto 12th day o f  storage. However, the subsequent storage 
resulted in a decrease when com pared to fresh sam ples. The 
supplem entation o f  chicken m eat with 10, 2 0  and 30  per cent 
TS improved the texture o f loaves as com pared to control.
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T a ble  2. Proxim ate  c o m po sitio n  o f  c h ic k en  loaves in = 3)
Hen Brioler breeder males

Textured soy 0 day 14 days 0 day 14 days
added Moisture Fat Protein Moisture Fat Protein Moisture Fat Protein Moisture Fat Protein(%) 1%) IV,) IV,) IV,) 1%) IV,) IV,) IV,) (%) IVc) (%)

0 62.3 14.2 15.5 60.1 14.1 17.8 62.9 12.0 18.2 60.5 12.1 19.8
10 64.4 11.2 17.2 63.2 11.4 18.1 64.8 10.6 19.3 62.5 10.5 19.9
20 64.8 9.6 19.5 63.5 9.5 18.8 65.2 8.9 18.5 63.8 9.0 20.5
30 64.8 9.0 20.2 63.4 9.1 21.0 65.4 8.5 18.8 63.6 8.5 20.7
40 66.6 8.7 17.5 66.3 8.8 18.8 66.9 7.8 18.2 66.5 7.9 19.2
50 67.9 8.0 17.6 67.8 8.2 17.3 67.8 7.3 18.0 67.7 7.5 18.6

S.D +0.47 +0.57 + 0.43 + 0.66 + 0.57 +0.30 +0.43 + 0.47 +0.12 +0.64 + 0.45 +0.18

The evaluation o f sensory panel scores o f  loaves indicated  
an im provem ent in sensory attributes upto 30 per cent level 
o f  TS. The sam ples containing 40  per cent TS were fairly 
acceptable w hile those containing 50  per cent were 
unacceptable. The source o f  meat did not have a marked effect 
on the sensory scores o f  meat loaves for any o f  the attributes.

The m eat loaves can be prepared with m eat from  either  
the culled layers or broiler breeder m ales. The textured soy 
(TS) can be incorporated into poultry loaves upto 30 per cent 
level o f  supplem entation without having a marked effect on  
the acceptability. The loaves thus produced have a sh e lf life 
o f  about tw elve days in polyethylene bags at refrigeration  
temperature.

References
1. Brekke C J, Increased utilization of fowl meat, Inst Fd Techno!. Muscle 

Foods Division. News lett. 1983, 9, I

2. Rogov I A Zurevskaya N K Yasayreva V A Reslena A P Pismens Koya,
V N Perkel T P and Kulikova V V, Utilization of milk co-precipitates 
and soy protein isolates in the manufacture of combination meat 
products. Proc Eur Meeting of Meat Res Workers, 1980, 26, 347.

3. Panda B, Processing, preservation and marketing of poultry products,
Indian Farming, 1968, 12, 65.

4. Panda P C. Use of various binders on the acceptability of chicken
sausage. Indian Poult Gaz, 1980, 64, 48.

5. Jindal V and Bawa A S, Utilization of spent hens and soyflour in the
preparation of poultry sausages. Indian J Meat Sci Technol, 1988. 
1, 23.

6. Stone H Sidel J Oliver S Woolsey A and Singleton R C, Sensory
evaluation by qualitative descriptive analysis, Food Technol, 1974, 
28, 24.

7. Official Methods of Analysis. Association of Official Analytical
Chemists, Washington, D.C. 1980, 13th Edn.



J. Fd. Sci. Technol. , 1991, Voi. 28, N o. 6, 3 9 6 — 397

EVALUATION OF SENSORY ATTRIBUTES AND 
SOME QUALITY INDICES OF IRRADIATED SPICES

G SUBBULAKSHMI, SHOBHA UDIPI, RESHMA RAHEJA
S.N.D.T. Women's University, Bombay, India

ARUN SHARMA, S.R. PADWAL DESAI AND P.M. NAIR 
Bhaba Atomic Research Centre. Bombay, India

Received 8 June 1990; revised 27 December 1990

Ground pepper, chilli, coriander, cumin, turmeric and a spice 
mix (sambar powder) exposed to an absorbed dose of 10 kGy of 
gamma irradiation were studied for microbial and sensory quality 
changes, if any, on storage for 3 months. No significant differences 
between the irradiated and non-irradiated samples could be 
observed in their sensory qualities. While no increase in microbial 
load in sealed irradiated samples could be observed, those that 
were irradiated but opened repeatedly for daily use did show a 
marginal increase in microbial load.

The efficacy o f  gam m a irradiation in the decontam ination  
o f  sp ices has been established during the past few y ea rs '2. 
Irradiation doses o f  3-5 kGy were able to take care o f  
therm ophilic spore formers, m esophilic spore formers, yeast, 
m oulds and coliform s. But the total plate counts required  
10 kGy for their com plete elim ination3, and this dosage was 
effective in destroying pests as w ell4.

An important aspect o f  irradiation technology is the 
consum er acceptance o f  irradiated sp ices. Though objective 
an a lyses o f  essen tia l o ils  and other ch em ica l and 
m icrobiological attributes have been extensively reported5*, 
reports relating to sensory qualities and acceptability o f  
irradiated spices are rather lim ited6. The present study was, 
therefore, focussed on colour, pungency, m icrobial count and 
sensory evaluation o f  irradiated and non-irradiated sp ices.

Sam ples o f ground sp ices (black pepper, ch illi, coriander, 
cum in, turm eric) and a sp ice m ix (sam bar powder) o f  
Khamkar brand were procured from a local consum er c o ­

operative store and exposed to an absorbed d ose o f  10 kGy 
o f gam m a irradiation. The unexposed sam ples from the sam e 
lot served as control. The irradiated and control samples were 
stored under (a) sealed and (b) repeatedly - opened conditions. 
The sp ices were evaluated for m icrobiological and sensory  
quality during storage upto three months. The total plate count 
was determ ined by the procedure described by ASTA and 
standardised at BARC, Bombay. The curcum in present in 
turmeric was determ ined and the co lour intensity was 
calculated therefrom 8. Pungency in ch illi-capsicum  was 
tested by the dilution at w hich the bum  sensation was 
identified8 in 30 sec after swallow ing a few drops o f  the 
sam ple.

A  triode test was conducted to determ ine the quality o f  raw 
sp ice by a trained panel o f  10 m em bers w h o were found to 
have the capacity to distinguish the different degrees o f  
concentration o f  the basic tastes and odours.

The cooked sam ples were evaluated for acceptability on  
a m odified IS I  H edonic scale8 for the sensory attributes like 
colour, appearance, odour, pungency, texture and taste. The 
scores represented: E xcellent =  5, G ood =  4 , Fair =  3, 
Poor =  2 and Inedible =  1. The standardised recipes that 
incroporated different spices were: Pepper rasam , spicy chilli 
potatoes, coriander potato curry, cum in rice, sambar and lim e 
rice (w ith turm eric).

A ll the sp ices except cum in powder showed a high total 
plate count (TPC) at start on purchase in sealed packs 
(1.5 x  103 cfu/g to 6  x  103 cfu /g). After irradiation, 
however, no colony forming units were seen in any o f  the spice 
m ixes, show ing that 100 per cent elim ination o f  m icrobial 
contam ination in sp ices is possib le with irradiation (Table 1).

The extent o f  recontam ination during storage under hom e  
conditions, w here the sam ples were opened and c lo sed  
repeatedly for daily use, was found to be m uch low er in 
irradiated sam ples as com pared to the non-irradiated ones. 
On storage for one month even in sealed conditions, the TPC  
in non-irradiated sam ples was high, but the sam ples that were 
opened and closed  repeatedly showed a still higher TPC. The 
increase in contam ination o f  the non-irradiated sp ice  was

T a b l e  1. Plate  c o u n t s  in ir r a d ia t ed  a n d  n o n -ir r a d ia t ed  spic es  over  a perio d  o f  3 m o n t h s
Plaie counts (cfu/g x 10) at indicated months of storage

Spice Non-irradiated Non-irradiated (simulated Irradiated (sealed) Irradiated (simulated
powder (sealed) to home conditions) to home conditions)

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
Chilli 2.56 10.19 12.60 13.20 2.56 14.79 16.60 17.80 0 0 0 0 0 0 0.58 0.84
Turmeric 0.06 15.43 13.12 14.40 6.06 17.85 15.58 14.43 0 0 0 0 0 0 0 0.06
Black pepper 5.39 11.50 14.69 15.21 5.39 16.21 34 97 32.36 0 0 0 0 0 1.08 1.49 2.15Coriander 1.45 2 50 4.64 5.20 1.45 1.43 10.15 10.81 0 0 0 0 0 0 1.60 2.10Sambar 4.57 3.37 5.06 6.01 4.57 7.56 47.8 41.80 0 0 0 0 0 0 0.93 0.91Cumin 0 3.86 2.50 2.10 0 3.26 5.77 5.12 0 0 0 0 0 0 0 0
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16 tim es that o f  irradiated sam ples during the first m onth o f  
storage. The increase in m icrobial growth was m uch less  
during the second m onth o f  storage. Pepper was found to be 
the m ost easily  contam inated spice. Thus, 1 d ose o f  kG y  
elim inated the m icroflora in all the sp ice sam ples and there 
was only a marginal increase in m icrobial load on storage 
in sem i-sealed  condition.

C olour intensity o f  turmeric as percentage curcum in was 
found to be fairly stable during storage, in both irradiated 
and non-irradiated sam ples though there was a slight 
difference between irradiated and non-irradiated sam ples even  
before storage. T his slight increase in intensity o f  co lour in 
irradiated turm eric could be due to im proved curing and 
colour extractability3.

The pungency o f  irradiated sam ples again was found to be 
higher than the non-irradiated sam ples. T his increase in the 
pungency o f  irradiated ch illi powder could be due to the 
possib le  enchancem ent o f  the volatile o ils  during the 
irradiation process and needs further study6. W hile the 
pungency units rem ained the sam e during storage o f  non- 
irradiated sp ices, there was an increase in the irradiated 
sam ples during the first month o f  storage, remaining constant 
thereafter.

T he sensory evaluation o f  the raw as w ell as cooked  sp ices  
showed no d ifference in the overall acceptability either  
betw een the irradiated and non-irradiated sp ices or betw een  
the sealed and stored sam ples and repeatedly opened and  
clo sed  sam ples. W h ile no difference in appearance, texture 
and taste was observed in irradiated and non-irradiated spices  
there was a slight but non-significant decrease in the scores  
assigned for sam bar prepared from  irradiated sp ice m ix.

Sim ilarly, there was a slight enchancem ent in odour and 
pungency o f  chilli powder and pepper powder on  irradiation. 
The slight increase in odour and pungency in pepper powder 
could be due to the oxidation occurring during irradiation 
and production o f  pepric acid along with other carboxylic  
acids resulting in an increase in volatile com ponents6. Thus, 
neither irradiation nor storage was found to affect the sensory  
attributes o f  sp ices.

It is concluded that irradiation improved the quality o f  
spices without altering their sensory quality and acceptability.
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NEW PUBLICATION FROM CFTRI
T he Central Food T echnological Research Institute, M ysore has just brought out under the Industrial M onograph  

Series, new M onograph entitled “ LITCHI IN  IN D IA  - Production, Preservation and Processing”. Beautifully brought 
out, and scholarly presented, this M onograph covers in a nutshell the follow ing aspects: Propagation, cultivation, 
pests and d iseases, physico-chem ical com p osition , y ie ld  and harvesting, physiological disorders, grading, packaging, 
transportation and storage, physico-chem ical changes during ripening and processing. A n exhaustive list o f  references 
and an appendix o f  equipm ent/m achinery (w ith suppliers’ nam es and addresses) required for m anufacture o f  Litchi 
products, are useful additions. It is Priced at Rs. 4 0 /- (Postage extra).

Other M onographs published in the sam e series are
(1) Pineapple -  an Industrial Profile (2) Pepper -  a profile, (3) Papaya in India, (4 ) G rapes in India, (5 ) Banana 
in India, (6) Mandarin Orange in India (7) M ango in India and (8) Guava in India.

For cop ies, p lease write to the H ead, FO STIS. C FT R I, M ysore - 570 013.
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Nine dominant fungi were isolated from 19 samples of cheese 
obtained from Bhutan. The incidence of Aspergillus ochraceus 
was maximum (74%) followed by Pénicillium citrinum  (68%). 
Twelve of the 19 cheese samples were found to be contaminated 
with different levels of mycotoxins. Citrinin was detected in 
maximum number of cheese samples (6), either alone or as co­
contaminant with ochratoxin A. Three samples of cheese were 
also contaminated with aflatoxins.

M ycotoxins are secondary metabolites, representing a wide 
diversity o f  chem ical sp ecies, m ainly produced by certain  
toxigenic strains o f A sperg illus, Fusarium  and Pénicillium  
sp ecies during their developm ent in food and feed. T hese  
fungi contam inate a variety o f  food and feed item s . 
M ycotoxin contam ination o f  ch eese and dairy products has 
also been reported4 6.

O n an occasional v isit to Thim pu, the capital o f  Bhutan, 
it was noticed that a variety o f  ch eese, sold in the market, 
were very com m only used by the local people. It was observed 
that the m ouldy growth o f  brown and green colony was 
evident on the cheese. O w ing to this, a study was undertaken 
to record the dom inant m ycoflora and their consequent 
problem  o f  toxin contam ination. The variety o f  ch eese  
described in the current study is called chuku and chhurpi 
in Bhutanese and N ep alese languages, respectively.

During Septem ber-O ctober, altogether 19 sam ples (250  g/ 
sam ple) were obtained from different shops at Thim pu. In 
the laboratory, all the sam ples were kept in refrigerator 
( —4°C ) to check further fungal growth. Ten g  cheese samples 
from  each lot were cut into sm all p ieces and were shaken in 
20  m l sterilised distilled  water, w hich was further decanted  
and centrifuged at 1000 r.p.m . for 10 m in. The supernatant 
was aseptically placed in petri dishes containing potato 
dextrose agar m edium . T hese plates were incubated at 
2 8 ± 2 ° C , and the incidence o f  fungi was recorded after 3-4  
days.

For the analysis o f  toxins, the sam ples were dried at 60°C  
for 3-4  days and were ground to fine powder. F ifty g  powder 
from  each sam ple was further extracted for m ycotoxins 
follow ing the m ethod o f  Roberts and Patterson7. Qualitative 
assay o f  different m ycotoxins were done by TLC. The solvent 
system  toluene:ethylacetate:form ic acid (6:3:1) was used for 
separation o f  toxins. Chrom atoplate after irrigation was

observed under long wave UV-light for com parison o f sample 
with standard toxins (obtained from  Sigm a C h em ical C o .,  
St. Louis, U .S .A .). Chem ical confirm ation o f  aflatoxin B, 
was perform ed by spraying aqueous sulphuric acid (25 per 
cent). The presence o f  ochratoxin A and citrinin was 
confirm ed by treatment with am m onia vapour8. The extracts 
positive to toxins were re-examined on high performance thin 
layer chrom atographic (H PTLC) plate, as before. Q uantifi­
cation was done fluorodensitom etically w ith the help  o f  
CAM  AG TLC Scanner-II, using D 2 Lamp and K -400 filter. 
At specific retention, the peak due to sample spot and standard 
toxin spot were achieved through SK L A R  integrator. The 
quantity o f  toxins was calculated as per the follow ing formula 
(standardized in the laboratory):

,  . , V  X WAm ount o f  toxin present in 1 P-1 = ------- x a„ r  A X vo f sam ple extract (W)
W here,

A  =  area o f  standard spot peak; a =  area o f  sam ple spot 
peak; V  =  volum e o f standard spotted; U  =  volum e o f  
sam ple extract spotted and W  =  amount o f  standard solution  
in p  1.

During the v isit to Thim pu, the clim atic conditions were 
moderately co ld  in the night. The day was sunny (temperature
2 6-30 °C ) with occasional rains.

A ltogether 6  fungi belonging to 4  genera w ere recorded  
as dom inant fungi (Table 1). A sperg illu s ochraceu s was 
isolated from  m axim um  num ber o f  sam ples (74 per cent) 
follow ed by Penicillium  citrinum  (68 per cent) and A. f la vu s  
(47 per cent). The number o f  fungal co lon ies varied in 
different sam ples. A. ochraceu s was in the range o f  6-10 
colon ies/sam ple, w h ile  the num ber o f  co lon ies o f  A. fla vu s  
and P. citrinum  was between 3 and 7 and 3 and 9  respectively.

O f the 19 ch eese sam ples, 12 were contam inated with  
different m ycotoxins (Table 2 ). Citrinin was the m ost 
prevalent, w hich alone was detected in 4  sam ples and as c o ­
contam inant w ith ochratoxin A  in two sam ples. The am ount

T a b l e  1. F u n g i is o l a t e d  f r o m  c h e e s e  s a m p l e s
Dominant fungi % samples No. of colonies

infected in positive sample
(range)

Aspergillus flavus 47 3-7A. niger 21 5-8A. nidulanee 37 2-3A. ochraceus 74 6-10Aspergillus spp. 37 4-9Penicillium citrinum 68 4-9Penicillium spp. 63 3-8Rhizopus sp. 42 2-6Mucor sp. 32 3-4
Mean of 5 plates/sample
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T a b l e  2 .M vcotoxins in  c h e e se  sa m pl es

Contaminated Mycotoxins Amount
sample detected ( P g/kg)

1 Ochratoxin A 80
Citrinin 143

2 Aflatoxin B( 188
Aflatoxin B2 56

3 Citrinin 74
4 Aflatoxin B| 212
5 Ochratoxin A 42
6 Ochratoxin A 74
7 Citrinin 92

Ochratoxin A 109
8 Aflatoxin B| 68
9 Citrinin 128

10 Citrinin 224
11 Citrinin 88
12 Ochratoxin A 116

o f  citrinin was estim ated to be betw een 74 and 224  p .g/kg. 
O f the five samples contaminated with ochratoxin A , the level 
was in the range o f  42-116 p. g/kg. T hree sam ples contained  
aflatoxin.

O ccurrence o f  m ycotoxigenic fungi and m ycotoxins may 
be attributed to unhygienic system o f  storage. In a spot study, 
it was observed that the p ieces o f  ch eese  are tagged together  
with a jute thread and hung in the shops for selling. The

exposed  ch eese  gets the fungal contam ination from  the 
surrounding environm ent. B eing a substrate, ch eese  form s 
a good  base for the growth and develop m en t o f  toxigen ic  
m oulds leading to the form ation and accum ulation  o f  toxins.

We are grateful to Professor K .S . B ilgram i, H ead, 
U niversity Departm ent o f  Botany, Bhagalpur U niversity, for 
necessary facilities.
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IFCON-93
III International Food C onvention (IF C O N -93) w ill be organised by A F S T  (I) during January/February 1993 at 

CFTRI, M ysore. Contact has also been m ade with the International U nion o f  Food Scientists and T echnologists (IU F oS T )  
Secretariat to arrange for a regional sem inar o f  one day duration during the period. T he them e o f  IF C O N -93 C onvention is:

F O O D  T E C H N O L O G Y  FO R B ET T ER  H EALTH
A  Food Exhibition is a lso  being planned as part o f  the C onvention. L ook  for further announcem ent.
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Nutrition: Proteins and Amino Acids: Edited by Yoshida, 
Akira, Naito, Hiroshi, Niiyamma, Yoshiaki, Suzuki, and 
Takeshi, Japan Scientific Societies Press, Tokyo, 1990; pp: 
327; Price: DM 148.00.

This is a compilation of the research findings of the 
Research Committee of Essential Amino Acids (Japan) over 
a period of about 30 years. Contributors have been scientists 
of long standing, actively engaged in the field of proteins and 
amino acids.

Historical outlines of studies on amino acid nutrition in 
Japan provided important information on trends of net food 
supply, per capita per day in calories, physique of school 
children and their daily food nutrient requirements, protein 
sources, their utilization etc., Protein synthesis and gene 
expression have been written well and have contributed very 
good information. Ribosome metabolism in association viz. 
5 S-RNA-protein particle, ribosomal protein interaction with 
m-RNA and synthesis of ribosomal proteins are very well 
presented and provide useful information on eucaryotic 
ribosomes and their stability. For intracellular protein 
degradation, lysosomal and non-lysosomal pathways have 
been emphasized. Various enzymes, factors and hormones 
in different pathways have been reviewed with specific 
references to environmental changes and nutritional 
conditions. Mechanism of regulation of animal growth and 
development, and peptide and intermediates excretion in urine 
and accumulation have also been reviewed.

Kinetic techniques for body protein turnover, dietary protein 
requirement, body nitrogen balance and body protein pools 
are also reviewed by taking different organs of rat or mice. 
Gene expression during development and carcinogenesis and 
proteins and amino acid metabolism in cultured hepatocytes 
have been studied.

Nutritive value of proteins in man by taking egg protein, 
wheat gluten as protein sources indicated that about 0.2 g/Kg 
of protein upto maintenance showed a rectilinear relationship 
between protein intake and nitrogen balance, and if intake 
is restricted below 0.2 g/Kg, the ingested protein was utilized 
fully regardless the quality of protein. Amino acid 
requirements of domestic animals, fishes and rats have been 
reviewed exhaustively with literature. Studies on Papua, New 
Guinea highlanders suggest an mechanism of adaptation to 
low protein intake which maintains their nitrogen balance and 
healthy physical activity due to their small physique, small 
obligatory nitrogen loss and reutilization of urea nitrogen for 
protein synthesis. Factors of protein-energy malnutrition in 
Ghana, West Africa listed were non-availability of nutrient 
dense foods for children, infections and i nfestations, measles 
and diarrhoea, and prolonged breast-feeding. Self selection

of amino acid and protein and its control mechanism in rats 
was studied. Dietary protein and aging did not show any 
correlation. In addition, difference in level and source of 
protein or energy diets pointed to age related diseases. In a 
review of studies on protein metabolism in physical training 
and its physiological role, positive balance of nitrogen during 
training period was observed. RBC destruction, sports 
anaemia and lipid metabolism for hard physical exercise have 
been discussed.

Nutrition and metabolism of methionine and cystein are 
very well documented and their utility for life is also stressed. 
Amino acid composition of Japanese food, dietary protein 
and cholesterol metabolism, casein-phospho peptide and 
calcium bio-availability are also reviewed. Production of 
amino acids is also an important chapter in the book.

The book is attractively presented with the information on 
the subject compiled excellently and expressed in simple 
language. It is a book that a teacher and a researcher in 
nutrition should possess.

D.S. WAGLE
HARYANA AGRICULTURAL UNIVERSITY

HISAR.

Yeast Strain Selection: Chandra J. Panchal (Ed) Pub: Marcel 
Dekker, 1991: pp:349; Price: US$ 125/=(US & Canada), 
$150/(all other Countries)

The book is an excellent selection of articles by leading 
yeast scientists and would be useful to a beginner as well as 
to an advanced person in this area of research.

Chapter 1 gives a list of major yeasts culture collections 
from where yeast strain can be obtained. Although the list 
is incomplete with regard to yeast resources in other countries, 
for a newcomer to yeast, this list is adequate. The Chapter 
also has some of the technologies which are used in 
classifying yeast routinely. The 2nd chapter deals with habitat 
of yeasts which would be especially useful for those looking 
for specific types of yeasts. Chapter 3 is about yeast strain 
selection. Although it is not complete, it deals with most of 
the technologies available to improve yeasts. The Chapters 
4 to 6 on selection of yeasts for brewing of wine and for 
bakers’ yeast production, and Chapter 8 for fuel ethanol 
production have not only the information with regard to the 
selection of yeast type but also selective techniques that can 
be used. These chapters will be of immense use for those working in these areas and are uptodate. Yeasts are not known 
for producing extra cellular enzymes. The quantity of 
enzymes produced by yeast is rather small, although a variety 
of them is produced. Chapter 7 deals primarily with regard
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to some of the enzymes that yeast prod jces and have industrial 
application. Chapter 9 is a useful section on the technologies 
available and the status of improving yeasts other than 
sacharomyces. A variety of techniques is available for 
improving non-sacharomyces yeasts but of special importance 
to those who would like to work with the genetics and 
biochemistry of yeasts other than sacharomyces.

The problems with regard to heterologous protein 
production by yeasts have been dealt in Chapter 10 and some 
of the suggestions in maintenance of foreign genetic material 
in yeasts have been dealt and remedies have been suggested. 
The book could be an excellent addition to every library and 
specially for those who work with yeasts, although it is highly 
priced.

p. TAURO
HARYANA AGRICULTURAL UNIVERSITY.

HISAR - 125 004.

Control of Fish Quality: by J.J. Connell, Fishing News Books,
Blackwell Scientific Publications Ltd., Osney Mead,
Oxford, 0X2 OEL, England; 1990, pp. 228. Price = £17.95.

The arduous task of protecting the quality of flesh foods 
is further compounded in the case of fish by a multiplicity 
of factors like species variations, influence of habitat, seasonal 
changes in body composition, and above all, the total lack 
of pre-harvest control over the commodity. Naturally, a major 
share of scientific literature on fish as food has been claimed 
by topics related to spoilage, assessment of quality and 
techniques of preservation.

The book under review, however, stands out among this 
vast spread of published matter, for more than one reason. 
The author, Dr. J.J. Connell, is a former Director of Torrv 
Research Station of the U.K., Ministry of Agriculture, 
Fisheries and Food. Quality of fish has been his main interest 
during most part of his long association with this institution. 
As such, Dr. Connell is in a unique position to deal with the 
various facets of fish preservation, anc expectedly, the manner 
in which he has gone about this task bears the stamp of 
authority.

The opening chapter is an attempt to define quality, 
expecially the ramifications as it applies to the various 
agencies concerned - producer, middleman, consumer and 
of course the Government. Chapter 2 dwells on the intrinsic 
aspects of quality of fish, viz., species, size, sex. ‘condition’, 
compostion, biotoxins, pollutants, micro-organisms and 
parasites. The various ways in which quality' deteriorated in

fish and fish products, and how these changes could be 
retarded or prevented, are discussed in Chapters 3 and 4. In 
the fifth Chapter, the author elaborates further on micro- 
bioligical aspects and nutritional implications of spoilage, and 
also briefly touches upon the role and effect of additives. A 
carefully selected account of sensory and objective methods 
available for assessment of quality is provided in Chapter 6. 
The following three Chapters highlight the essentials of 
organized quality control programmes, including standards, 
specifications and codes of practice. Also quoted here are 
the systems currently in vogue in a few countries. Model 
standards for selected commodities chosen from India, Ireland 
and the U.S.A., have been illustrated in the appendices at 
the end of the text. The latter also contains some useful 
information on recommended International Standards for 
microbiological limits for seafoods. Finally, there is a section- 
wise bibliography pertaining to the preceding Chapters.

The treatment, on the whole, is refreshingly simple and 
forthright. The sections dealing with commodities are 
generally structured in three frames: (i) deterioration
(ii) causes and effects and (iii) practical remedies. Mere 
documentation of information has not been the objective as 
reflected in the style of presentation. The writing, for the 
author is primarily a means of direct communication to the 
actual user. Naturally, the stress is on practical problems faced 
during handling, processing, storage and distribution. Causes 
of deterioration are analysed, quality determinants identified 
and remedies suggested, bringing into play the deep 
understanding and vast experience of the author.

The volume has run into the third edition within a span 
of fifteen years, proving its continued validity and relevance. 
There is visible improvement over the previous editions in 
both form and content. The numerous illustrations serve to 
hold the interest alive for the reader, apart from providing 
useful support to the text.

R.B. NAIR 
CFTRI. MYSORE.

AFST(I) News
In the series on technical lectures on various topics in 

Food Science and Technology, Mr. R.B. Nair, Scientist, 
Animal Products Technology Division, CFTRI, Mysore, 
spoke on ‘Technological Advances in Meat Production and 
Processing' at CFTRI on 24th October 1991, followed by a 
technical discussion.
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