ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS, INDIA

VOL. 21. NO. 6. NOV. /DEC. 1984



ASSOCIATION OF FOOD SCIENTISTS

AND TECHNOLOGISTS 59

(INDIA) ;

The Association is a professional and educational organization 69

of Food Scientists and Technologists %9

Affiliated to the Institute of Food Technologists, USA 88

" To stlmulate research on various aspects of Food Science and

ec nolo

2. Iprovn%/ a forum for the exchangfe dls(cussmn and dissemination of 69

cur ent develohpments In. the fleId of Food Science and Technology. ™

3 promote. the profession of Food Science and Technology. 5

The uItlmate object | |s to serve humanity through better food. 89

Major Activities;
1 PU§)|ICa on of Journal, of Food Science and Technology (hi-monthly)

an (“an Food InJustry (IFI Equarter?y) oy W

2. Arranﬁlng lectures and ?emlnars for the benefit of members.
Holding Symposia on different aspects of Food Science and Technology
Membershl

?mpbersm IS o]pen to gra éjates and dléoloma holders in Food Science. and 69

Technology, and to those endaged in the 1prof 510N Each member will receive a "
c%py of the ournal of Food C|enceand echnoIo% published bytheAssomanon 89
f napters of the, Associ tlon are situated at Bangalore, Bombay, Calcutta, pg

De hi, Hyderabad, Hissar, Ja Fur Jammu, Karnal, Lidhiana Lucknow Madras, 69
Nagpur,” Parbhani, Poona, Palayamkottar, Pantnagar and Trivandrum.
Membership Fee Admission Fee Annual Subscription for 63
Journal of Food Science and {9
Life Member Rs 350 Rs 5 Technology
Life Member (Resident abroad) § 150 g 1 Infand Rs. 120 g
Corporate Member Rs 350 Rs 5 Foreign: AISru ﬁ;ﬁ Mail i 28
Member Rs 25 Rs 5 m
_ Indian Food Industry 69
Member (Resident abroad) $ 15 p 1 Inland Rs. 100
Affiliate Member Rs 35 Rs 5 Foreign: Surface Mail $ SOag
Student Member Rs 15 Rs 5 Air Mail $ %0
Indian (for members) Rs. 20
# Foreign ,, " 3

For membership and other particulars kindly address
The Honorary Executive Secretary
Association of Food Scientists and Technologists, India m
Central Food Technological Research institute, Mysoie-570 013, India g

'S



| g iy
@&ﬁiﬁa%ao tEx—o ICIO}

E(R R. Sreekantiah

umaJ of Food SCIen(fecatlon

:% Isag;ribz %ﬁs Ient

torassu no res nsibility for

cont E opini ns exp
“SC ngf%ﬁg iy aﬂ%%a@g
gj 1n0
nstltute of edtamgbge
J |t sul
|cat| n |n ournal

of this joymal can be. re-
rmlssmnbgf aﬂg éﬁaﬁé ot wntten

gr%r Jseme soﬁ%sﬁe‘b“ e

i iy
@Sta 0 rmn%gg

Executives of the AFST(l)

Prﬁaﬂ%remt Singh

_1

avour of

JOURNAL OF FOOD SCIENCE

AND TECHNOLOGY

Volume 21 Number 6 Nov./Dec. 1984

CONTENTS
Research Papers

O)n%r&% Studies on the Packaging of Milk in Glass Bottles and Polyethylene
P. S. Kadan and J. L. Bhanumurthi

Heat Peretration Studies inPalmMne  Preservation 355
P. E. Okechukwu, C. M. Odili and J. C. Okaka

353

sStudies on Four Particle Size and Endosperm Texture in Sorghum 359

D. S. Murty, H. D. Patil and L. R. House

Stud%tﬁerl\x/‘!llmg, Rreological and Baking Characteristics of Triticaie and %

H. P. S. Nagi, R. Pal Singh, K. L. Sehgal and K. S. Sekhon

Cool% ity and Chemical ition of v Medium and Late
U%f%l Hntlvarsqoﬁgl]geon d(Cajanus cajan L)ﬂhﬁ

U. Singh, M. S. Kherdekar, D. Sharma and K. B. Saxena

Drying of Tomatoes 312
G. Gupta and Nirankar Nath

I in the Proteins of IMilk During P jon of
o e s R R o o o
B. Sai Prakash and R. S. Sharma

How Characteristics of Khoa at Different Stages of Processing 3l
I. K. Sawhney, Bikram Kumar and Y. Singh

Rheological Characteristics of Spreackble Butter from Buffalo Cream 36
Satish Kulkarni and M. K. Rama Murthy

Lipid and Fatty Acid Composition of Fish and Shell Fish 39
P. G. Viswanathan Nair, and K. Gopakumar

Effect of Prosphorus on Fatty Acids of Tea Leaves and on the Quality of Teas 302
K. L. Bajaj, M. N. Devchoudhury and P. S. Sukhija

B thel\feasurementofthePr ress of
l8}<£()§21t|veslgetenorailon In e r R 3%
C. Arumughan. K. K. Bhat and D P Sen

Effect of Intermittent Fryi ' ' f

ec&e%mdnte%ttent HigmmePrwa}dﬁmwl Constants of Ghee and 0

T. Rai end K. M. Narayanan

Effect r(r)f Fortification of Triticaie with Pulses on the Preparation of Some Common
Incian Regl

M. P. Vaidehi, Neena Joshi and S. Meena Kumari

37

41

1 7Apionn



Research Notes

Cmgianve mence of Packi gs in Trays and Conventional Pack
n ﬁgnsn "9 Afples n Tras | 49
S. B. Ma|n| Brijesh Diwan, B. B. La! and J. C. Anand

Use g!oﬁa&@ OW%ra\{ﬁi%gtig%%mity Film Pouches for Processing and 0

S. B. Maini. Brijesh Diwan and J. C. Anand

Erergy Requirements During Processing and Cooking of Rice 413
H. [\)/ _I\|I<ar?]simha, R. Shankara, T. K. Ananthachar and H. S. R.
esikachar

&mggﬁw&&e%%waﬁty of Dried Whole Milk in Relation to the Initial 15
N. S. Reddy. V. Jaswanta Rao and D. Venkayya

Storage Behaviour and Drying Characteristics of Commercial Cuitivars of Onion 417
S. B. Maini. Brijesh Diwan and J. C. Anand

Studlies on Quality and Nutritional Aspects of Tomato 419
Theymoli Balasubramanian

Cha%\ gfri%ﬁlgrie%r M toarm Organoleptic Quality of Citrus PeeI

Urmil Mehta and Satinder Bajaj

S melin as a Preservative on Different Corstituents of
% Rﬁk ring Storage 4
J. S Sandhu, Nusrath Nasir, M. Narayanswamy and O. P. Kapur

Preparation of LowFat, High-Protein Sesame Seed 425

M. R. Surendranath, N. C. Gangi Reddy, G. Azeemoddin, D. Atchyuta
Ramayya and S. D. Thinmala Rao

Effect Oﬁlmbh}éﬁﬂcmmlm of Ba IIu.sntshurlnplensw o the D—I‘VE|O[]TEIT[

orcyra cephalomca

S. G Hemcdatha and A. N. Raghunathan
Book Reviews 19

Association News )



RESEARCH PAPERS

Studies
Bottles

Comparative on the

and

Polyethylene

of M ilk in

Pouches

Packaging G lass

P. S. Kadanl and J. L. Bhanumurthi2
National Dairy Research Institute, Karnal-132 001, India

Manuscript received 13 october 1983; revised 22 May 1984

Comparative studies carried out on the packaging of iiomogenised and unhomogenised cow and buffalo milks in pqlﬁ-
ethylene pouches or bottles showed that during storage, the fat losses were 3 to 4 times more in pouch packed milk

milk. ~ Shel
stored at 30;U C was 10 and 8 hr respectively.

Layetelreviewed the packaging of milkin glass bottles,
plastic bottles and in single service containers. Badings?2
investigated the organoleptic quality of pasteurised milk
packaged in bottles and polyethylene satchels. Munroe3
while discussing the future of milk bottle, emphasised that
glass bottle has retained its position in United Kingdom
and accounted for 83.5 per cent of all liquid milk packag-
ed while plastic bottles and satchels accounted for only
0.8 per cent. Although milk distribution in India has
been started by the organised sector in the conventional
returnable glass milk bottles, it is being slowly replaced
by the single service polyethylene pouch, popularly
known as Pre-pac and Fil-pack systems. Though many
advantages are claimed for the pouch, certain basic
data such as the extent of fat losses due to adhering of
fat, shelf life, etc., of milk packed in the pouch as
compared to the glass bottle have not been reported.
In order to provide information on these aspects which
will be of interest both to the consumers and to the dairy
plants, work was taken up to make comparative study
of the quality of milk packed in these two containers.
Unhomogenised and homogenised buffalo and cow milks
packed in polyethylene pouches and in glass milk bottles
and stored at two selected temperatures were taken up
for investigation to broadly represent the large varieties
of milk distributed in the country by the dairy plants.

Materials and Methods

Fresh raw buffalo and cow milks received at the Ex-
perimental Dairy of the NDRI, Kama!, were used for
the studies to represent the high fat (5-6 per cent) milk

1 No D502 Indian Institute of

Present address:

The organol Ptlc evaluation also indicated that milk in bottles scored a higher rating as compared to
life of milk stored at 5-9°C in glass hottles and polyethylene pouches was 18 and 16

i

and medium fat (3-4 per cent) milk. The raw milk for
all the trials was pasteurised at 63°C with 30 min holding
and cooled using the standard procedures. Homogeni-
sation was done after pasteurisation, at 55-58 “C under
pressure of 175 kg/sq cm and 35 kg/sq cm for Ist and
2nd stages respectively in a Gaulin Model-2 homogeniser
followed by final cooling. The pasteurised milk from
each trial was filled manually in cleaned and sanitised
glass milk bottles of 500 ml capacity4 or in transparent
polyethylene satcnets of 500 ml filling capacity made
from 95 micron film with£15 per cent tolerance on a
Pre-pac equipment. The bottles were closed with alu-
minium foil caps and the satchels were heat sealed and
tested for leakage. The filled containers from each
batch were stored at the two selected temperatures,
5-99C (refrigerator) and 30°t1°C.  Milk samples
stored at 5-9°C were analysed initially and after every
six hours, while those stored at 30;U C were tested
initially and once every four hours till spoilage occurred.
The contents of each container were emptied into a pre-
sanitised glass beaker, thoroughly mixed and samples
analysed in duplicate.  Organoleptic evaluation was
carried out by a selected panel of five judges as detailed
in 1S15. The fat was tested following 1SI6 method. As
a screening test, fat was also determined by Rose
Gottlieb method (Mojonnier modification) as given in
Laboratory Manual7.

Results and Discussions

Acidity: From Tahle 1 it can be seen that at the
storage temperature of 5-9°C, irrespective of the source

ment, Vastrapuram, Ahmedabed,

2 Southern Regioal Station, N. DMF??ageAdugodl PO. Bangalore-560030.
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of milk (cow or buffalo), processing (homogenised or
un-homogenised) and type of package (bottle or pouch)
the acidity of milk increased with time and there was no
appreciable difference between the milk packaged in
the pouch and bottle. In general, different milk samples
had a shelf life of 16-18 hr, with milk packed in bottle
having a slightly longer shelf life than that packed in

pouch.

Table 1. changes in total acidity and fat losses due to
CONTAINER STICKAGE DURING STORAGE (AVERAGE VALUES)

Peg*od

i

Homogenised milk
Bottle Pouch
B A B

Unhomogenised milk
Bottle Pouch
A B A B A

Buffalo milk 59°C

— 04 — 014

006 016 02 016 006
006 017 024 017 007
006 018 0% 019 008
006 019 026 020 007

Buffalo milk 30+1°C

— 04 — 04 —
007 017 02 016 006
007 018 026 018 006
007 020 027 019 006
007 024 0% 02 006

Cow milk 541 9C
— 014 — 04
006 016 032 016
006 017 032 0
006 019 033 018
006 02 033 024

Cow milk 0-1°C
— 014 — 014
007 017 028 016
017 007 018 028 017
018 007 019 028 018
020 007 020 028 019

A: 9elotal acidity o
B: % Fat losses Qe to container stickage

0.14
016
01/
019
0.2

0.14
016
01/
018
019

028
029
031
032

PERKS oo

04 —
017 026
018 02
020 02
02 030

0.14
016
018
019
02

5K ocs~o

— 04 —
00/ 016 022
007 017 023
08 018 022
008 02 02

0.14
016
01/
018
019

PERo o

— 04 —
006 016 02
006 018 02
006 019 027
006 02 030

0.4
016

5K com~o
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At SOIINC (Table 1) storage, there was a tendency
for higher acidity development in pouch packed milk
than in bottled milk. At this temperature, the acidity
developed at a faster rate in all the samples. Shelf life
of the different samples at the storage temperature of
SOTrtFC can be taken as 7 to 12 hr with milk packed in
bottles remaining acceptable for slightly longer periods
than pouch packed milk.

Fat losses: At the storage temperature of 5-9°C
the fat losses (Table 1) in all the samples of milk increas-
ed with time irrespective of the source of milk, processing
and container used and were higher by 3 to 4 times in
pouch packed milk than in bottled milk. The losses
were slightly high in homogenised as compared to
unhomogenised milk. The higher percentage loss in
homogenised milk may be due to the uniform distri-
bution of fat in milk, the residual milk sticking to the
container must have taken away a higher amount of
fat with it as compared to unhomogenised milk. The
fat losses in different samples of milk packed in pouches
and stored at 5-9°C for 24 hr varied from 0.22 to 0.33
per cent, whereas it was 0.02 to 0.06 per cent in
bottles.

At the higher storage temperature 0f 3021 °C (Table 1)
as in the case at 5-9a&C, the fat losses in milk increased
with time and were higher in pouch than in bottle. How-
ever, at this temperature, unhomogenised milk registered
a greater percentage loss than the homogenised. The
fat losses varied between 0.06 and 0.08 per cent in
bottled milk, while they were from 0.26 to 0.28 per cent
in 8ouch packed milk.

rganoleptic evaluation: The scores for organoleptic
evaluation (Table 2) show that at 5-9°C, milk in bottle
scored a higher rating as compared to the pouch except

Table 2. organoleptic evalugtion of d buffalo milk
STORED AT Eg R M L

24 hr at 59°C 12 hrat 30£1°C

Homog
i _o.rmgen_l.s_ed _____ N I_S.e_c ___________ enlsed[&[eg
+SOKSgdS]core Grace Score Grade Soore Glade Soore Grade

Buffalo milk
Bale 790 C 703 C 61 C 52 D
Puh 68 C 60 C %5 D 482 D
Cow milk
Bole 804 B M8 C 69 C %7 D
Puch 80 B 72 C %88 D 44 D

Fat chuming wes not observed in any of the samples.
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the unhomogenised milk where the pouch packed milk
scored marginally higher (by 1.6) points. In all other
cases, the bottled milk scored higher by 4.3 to 11 points.
No churning of fat was observed in any of the samples.
All samples remained acceptable organoleptically at
the end of 24 hr at 5-9°C storage temperature. Homo-
genised milk was rated lower than the unhomogenised
milk although this lower score for homogenised milk
can be attributed to the post contamination; however,
the acidity values do not support this as acidity values
of homogenised and unhomogenised milk were almost
same at this temperature for the differently packed milks.
Trout8 reported that in a survey conducted, nearly 16
per cent of the respondents reported various off flavours
in homogenised milk.

At the higher temperature of 30+1aC storage, the
trend was similar to that of 5-9°C except that the milk
lost score more rapidly. Only unhomogenised buffalo
or cow milk packed in bottles was given a score rated
as acceptable at the end of 12 hr.

Heat Penetration Studies
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Palm W ine Preservation

P. E. Okechukwu, C. M. Odili and J. C. Okaka

Department of Food Technology, Institute of Management and Technology,
Enugu, Anambra State, Nigeria.

Manuscript received 6January 1983; revised 3Apri| 1984

Heat penetration characteristics of palm wine were examined with the Intention of estimating heat loads on micro-

organisms in the wine.

Heat loads equivalent to 20, 3.1, 04 and 0.05 min of heating at 65.5, 70, 75 and 80°C

respectively were found to be effective in ensuring a reasonable degree of safe keeping for a minimum period of two

weeks under ordinary tropical conditions.

Palm wine, an alcoholic beverage obtained by natural
fermentation of sap from the oil palm, (Elagis guinensis)
and the Raphia palm (Raphia hookeri) is extensively
cherished and drunk in Nigeria. The unfermented sap
contains 3-13 per cent sucrose, 0.95-3 per cent reducing
sugar and about 0.36 per cent proteinl In addition,
palm sap contains 10-19mg/100ml of vitamin C as well
as about 160 jag/ml of vitamin Bt2 Due to lack of
aseptic precautions in the present mode of tapping, palm
sap is easily contaminated as it drips from the incission
on the palm tree to the collecting vessel. The contami-
nants, largely microorganisms from the air and the tap-
ping equipment ferment the sap to produce palm wine

containing varying levels of alcohol, acetic acid and other
products.

Storage of palm wine under tropical ambient
conditions results in souring of the product within 24 hr
after collection from the palm tree. The acidity may
rise to 0.68 per cent. At this level of acidity, palm wine
is not acceptable to most consumers. The spoilage of
palm wine is widely attributed to microbial activity.
The dominant organisms responsible for souring in-
clude: Saccharomrces cereviseae, Leuconostoc mesen-
teroides, Lactobacillus plantarwn and species from the
genera Acetobacter, Pediococcus, Corynebacterium, and
Pichia®A. Generally, these organisms have low decimal
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reduction values (D-values) under the conditions of pH
and acidity prevalent in the w:ne3.

Since the early studies on palrr. wine preservation by
Levi and Oruche4 and Chinnarasab, pasteurization has
been found as an effective method. Apparently, not
much has been mentioned on the temperature-holding
time relationships for effective palm wine sterilisation.
In this study, an attempt is made at examining the heat
penetration characteristic of the palm wine and hence
the lethality of heat loads on microorganisms in the
wine.

Materials and Methods

Heat penetration studies: A 5C0 ml (working volume)
cylindrical bottle was used for the determination of the
slowest heating point according to the method described
by Stumbo6. A thermometer (O-IOCFC) with a section
of its bore firmly bound in an insulating cork was
mounted through the bottle cork into the bottle Five
hundred millilitres of palm wine purchased from, a
local tapper (who previously had been instructed not to
adulterate the sap with water or any additive) was
poured into the bottle and the thermometer kept in
place. The bottle was then gently lowered into
a still water bath maintained at 75£1°C. The tempe-
rature of the palm wine was read off at intervals from
the thermometer whose bulb was at a pre-set axial
height inside the bottle. At the end of the heating period
(when content of the bottle attained 70°C) the bottle was
quickly transferred into a cold bath at 27£2°C and
temperature monitoring continued until the content of
the bottle attained the temperature of the cold bath
(27°C).  Several 500 ml aliquots of palm wine were
treated as described above except that the axial height
of the thermometer in the bottle,was altered for each
run.

Stability studies: In order to establish the effective-
ness of different heat loads (F-values for the heating and
cooling cycles) on the stability of palm wine, 500 ml of
palm wine in the experimental bottles with their corks
loosely fitted were heated without agitation in a water
bathat75°C forO, 10,15,16,17 and 18 min, respectively.
The heating was followed by cooling of each bottle in a
water bath at 28.5°C after the bottle had been tightly
corked.  The total heat load (F-values, at 65.6°C
calculated for heating and coding cycles) correspond-
ing to 0, 10, 15 16, 17 and 18 min heating period
were 0, 044, 7.75, 12.64, 19.76 and 24.26, respec-
tively.

Cooled samples given the above heat treatments were
left in a dark cupboard at ambient temperature (26aC)
for two weeks; the dark storage minimises changes in
the drink7. Stored samples were then analyzed for bio-
mass concentration, total sugar, pH and titratableacidity.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21.
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For biomass concentration, the spectrophotometric
method described by Pirt8 was employed while the Lane
and Eynon method9 was used for total sugar determi-
nation on aliquots of stored palm wine after inversion
with 6N HC1. Acidity of the samples were determined
by titration with 0.IN NaOH while Fisher Accumet
Model 230A pH meter was used for pH determina-
tion.

Nomenclature:

D =Time in min required to reduce the microbial
count by a ten-fold at a particular tempera-
ture.

F =The equivalent, in terms of a holding time
at a specified temperature, of the lethal effect
of a heat load on organisms of specified
z-value.

f =Time in min required for the temperature of
the palm wine to increase or decrease by a
ten-fold.

j --Lag factor for heating or cooling.

N =Cell count of organisms in
wine.

T ATemperature of the palm wine at time, t.

the palm

T* =Temperature of heating or cooling bath.
t -time of heating and cooling.

2 =increase in temperature required to effect a
ten-fold decrease in D-value.

Subscripts: 0 =initial

r “referenced to 65.5°C.

Results and Discussion

The heat penetration parameters) and f expressed in
the equation below were obtained from the temperature-
time profiles of the palm wine when the thermometer
bulb was placed in the different position in the experi-
mental bottles.

(T -Ty)
Log (To-T*) f 0)
From plots of log (T - T*) as a function of heating or
cooling time in min typical of Fig 1, values of j and f
for different thermometer probe locations were obtained
as described by Lenninger and Beverloo3. Table 1 shows
the values of j and f obtained from different probe
positions along the central vertical axis during the heat-
ing and cooling phases.
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Fig L Semi log plots for determination of j and f values.

Table 1. heat penetration parameters (j and f values) at
DIFFERENT PROBE POSITIONS

P{r%i {‘O%POB%?{ Pzrar]earmter v;]\r/ig[;gr Parvjmter val. for

heigfit from botle Ay coin (’@ﬂ%

gﬁo{tom Jvalu i r%e ] i mnSE
06 10 145 10 27
05 10 Bl 10 'Bb4
04 10 180 10 153
03 10 184 10 B4
02 10 14 10 15

Fig 2plotted from these data suggests that the slowest
heating point or the point with the largest f-value for
the heating phase can be found between 0.3 and 0.4 of
the axial height (measured from the bottom) in the liquid
column. This point has an estimated f-value of 18.4
min for the heating and a corresponding value of 15.4
min for the cooling phase.

Lethality estimation: Palm wine which has a pH
of less than 4.5 can be classified as an acid beverage.
This pH value precludes the growth and toxin producing
ability of Cl. Botullnlmllo. Target organisms for esti-
mating the heat load requirement in palm wine are
generally non-sporulating mesophi‘esl2 characterized
by short D-vaiues (ranging from 0.5 to 1.0 min at
65.5aC) and a z-value of 4.4-4.6¢C-\5. The choice of a
heat load in terms of a temperature-time relationship
was limited to temperatures less than 78aC, i.e. the lower
boiling point of ethanol-water mixture at atmospheric
pressure.
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ProPc position as Traction of liquid height
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The estimation of lethality was based on the microbial
death kinetic equation according to Leaninger and Beve-
rloo3. The method of Steele and Boardll wasused to
obtain F-values for different temperature-time heat
loads given to the wine samples using the criteria given
in Table 2. Table 3 shows the effect of heat loads on the
shelf-life of palm wine samples. The results presented
are average values obtained from six batches of palm
wine processed in triplicate. Tne observations indicate
that samples given heat loads less than 19.8 min of
heating at 65.5°C showed considerable loss in sugar and
appreciable increases in acidity and biomass. The
samples given heat treatments in excess of about 19.8
min of heating at 65.5®C exhibited little or no changes
in the variables measured. Data in Table 3 suggest
that a holding time of about 20 min at 65.5aC
should adequately increase or stabilize ihe shelf-life
of bottled palm wine. For holding at higher tempera-
tures, this heat load will approximate 3, 1, 0.4 and 0.05
min at 70, 75 and 80&C. respectively. In terms of reduc-

TABLE 2. COMPUTATIONAL CRITERIA KR FVALUE ESTIMATION

Temp, of heating bath (Th*) 15.0-C
Temp, of cooling bath (Tc*) 285°C
Reference Temp. (Tr) 65.5°C
Initial temp, of palm wine (To) 30°C
Heating lag factor (jh) 10
Cooling lag factor (jc) T
f-value for heating phese (min) 184
f-value for cooling phase (min) 154
z-value of organisims 56°C
Dvalue of organisms (min) 10
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Table 3.

Observation just a'ter pasteurization

_F-values at 655°C Total pH Acidity
Heating  Cooling  Entire su?ar acetic
phase phase cycle  (dexirose acid

g/100ml) %
0 0 0 6.37 36 0.23
10 0.32 0.44 5.76 36 0.2
15 6.46 1.75 6.00 36 0.23
16 1053 12.64 6.21 37 0.23
i 17.02 19.76 6.00 3.6 0.25
18 21.32 24.26 6.36 36 0.23

tion ratio, the process implies a 20 logarithmic cycle
reduction of the Initial microbial load. This should
%%%trl%rsltee a high safety probability for the processed

References

1. Okafor, N., Microbiology and biochemistry of oil-palm wine.
Adv. Appl. Microbiol., 1978, 24, 237..3

2. Basir, 0., Some Ninerian wines. African J. Biol. Appl.
Chem., 1968, 10, 4L.

3 Lenninger, H. A. and Beverloo W. A., Food Process Engineer- 1
ing. D. Reidel Pub. Co., Dordrecht, 1975.

4. Levi, S. S. and Oruche C. B., The preservation and hottling

of palm-wine. _Inst, of Appl. Tech. Res., Lagos Nigeria 11,

Res. Rep. 1957, No. 1.

o ol

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV.DEC. 1984

effect of heat loads on shelf life of palm wine

Observation two weeks after pasteurization

Biomass Total pH Acidity Biomass
(g/100ml) su?ar acetic (g/100ml)
(dexdrose acid
g/100ml) %
1.86 0.23 32 146 30
23 0.78 35 0.33 28
305 110 34 0.27 368
2.03 354 34 0.38 257
2.07 5.80 37 0.24 2.13
189 6.15 37 0.22 189
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Flour particle size distribution of two sorghum cultivars was studied using three grinding and sieving methods.

Sieve

shaking machines provided a spurious picture of flour particle size distribution, due to agglomeration of fine particles

on the sieves.
procedures.

Significant differences in flour particle size were observed between 15 cultivars, using hand sifting
Endosperm texture was evaluated by three methods: estimation of breaking strength, microscopic obser-
vation of vitreousness and pearling grains with a seed scarifier.

The parameters, % corneous endosperm, % pearling

loss and % brokens were higly correlated between themselves and with % flour <75jU.m. The coefficient of variation
was the lowest for the parameter % flour <75pm, which gave a reliable indication of grain hardness.

Sorghum (Sorghum bicolor (L.) Moench). is the staple
food of millions of people in In aand Affica. The ease
of reparatron an ac tanceo sorghum food products
15 clepen ent on th ete ure of the grainl  Studlies made
on the mil |ng qua |ty of sor hum using a Strong Scott
barley arl er showed that endosperm texture was
relatéd to milling (1 ality and grain hardnessz Kirleis
and Crosb 3found that pearling and particle size indices
offer sensrtrve and rapid meaSures of sorghum grain
hardness. However, information on flour particle size
N sorghum 15 limited and. contradictory.. Waniskad
found Significant clifferences in flour particle size between
cuItrvars and noted that hard rt;rarns yielded flour with a
fine Ir)artrc esize. Similar resuI Swere obtained by Murty
et al.Susi }gWanrska smethods of particle size analysis.
However, Kirleis and Crosby3observed that hard grains
|gro duced a coarser flour than soft grains.  Alicia de
rancrsco et al.b evaluated three sorghum cultivars and
oun th at the four partrcle srze of Dwarf White was
small, alth Ol(Jjg it had a relatively hard endosperm.
A crrtrcal stu %of the methods follovied by these workers
showeq that e%rrndrn g and sieving techniques used
were different. Therefore, a comparative study of flour
parucle srze distribution In sorghum - cultivars was
undertaken Iyusrn g three rrndrng and seiving methods,
Attempts were also made o evaluiate endosperm texture
with a seed scarifier and to relate the texture to flour
particle size.

Materials and Methods
Bulk samples.of grain harvested during March 1982
from white pericar sorﬁhum cultivars, grown at the
ICRISAT Center (Patancheru) in comi)arable field plots,
were chosen for the present studies. All the samples were
dried to a uniform moisture level (10£1 P]er cent) and
stored at ambient temperature for further analyses.
In one experrment* bulk samples of two cultivars, ‘M
1 and 'SPV 386" were ground in three different mills:
(a) 2 domestrc carborundim grinder (Milcent D-2) with
vertically placed stones; Fb)avrllage lour mi[l or chakki
equr ped with horizontally placed stones: and (¢) a Ud
clone mill with a 0.4 mm screen. The stone grrnders
were operated at a constant speed and setting. “During
each run the middle portion of the flour output was
collected. The flour samples, were stored at 80C until
the Sieve analyses were carried out.

Five lots of flour were taken from each treatment ang
were srfte by five srevrng metho 5 hand until
no more f our assed trou%]n « srevrn wrt a RoTap

|

Sleve Shaker Ier()) for 30 ) srevrn with RoTa
Sleve Shaker” for 0m|n (|v)3 sieving wrth Portaple
Sieve Shaker (Tyler Rx-24) for 30 min,and (v) sieving

with Portable Sreve Shaker for 80 min. Flour samples
25 () taken for sieve analyses were kept in an oven at
0°Cfor two hours and then cooled in & desiccator, The

samples were sieved usrnP a series,of US standard sieves.

The sieve shakers were foaded with sieves of pore sizes

Submitted as Journal Article No. 366 by the Internationa! Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Patancheru
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250, 180, 150, 125, 106 and 75jum in that order from tqp
to bottom and the throughs 0f 75/jm were collected In
a pan. _Hand sifting was done usmﬂ the same set of
sieves. . Flour was shaken and carefu

fing hair brush on the sieve mesh. Flour samples of two
cultivars, ‘E 35-1"and 2968’ were ground in the domestic
?r_mde_r and were observed for their particle size dis-
ribution _both by hand sifting and by using an
AIPme Air-jet Sifter Augsb_ergz1 _

n anather experiment, grain Samples from 15 cultivars
(Table 3) were ground in the domestic carborungum
rinder, and particle siz analgaﬁ of the resulting flour

as carried out only by the hand Sieving method.
The experiment was” repeated over. three consecutive
weeks and durlnq each week three independent obser-
vations on particle size were made for each cultivar.
Grain samples were evaluated for texture by using there
parameters: breaklngf strength, per cent corneous, endo-
SRerm and pearling Tosses.” Breakin _stren?th Skﬁ) of
the grain was obsérved for three individual grains. in
each week by usin a_K|Ya rice hardness testers. During
each week “longitudinal sections of three randomly
chosen grains from each cultivar were observed under a
light microscope. ~ The vitreous and floury por-
tions of  the endosperm were traced on to” graph
paper using a Camera lucida and the Pro ortion
ofdwtreous area Was expressed as per cent corneous
endosperm.

Pea?lmg quality of one sample from 13 cultjvars wes
evaluated” each week by using a Forsberg seed scarifier
(Forsherg’s Inc; Minriesota,” USA) gen r_aIIY_ used_to
scarify légume seeds to hasten :heir germination, The
scarifier consists of a drum (13x15 ¢m) in which four

y rubbed with a
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rotating blades (2.5x11.5 cm) are fixed at the bottom
and are connected to a shaft powered by an electric
motor (HP 13, RPM 17%). A cylindrical, lid
12.5 x 154 ¢m) fits into the drum and is provided with a
Special sand Paper on the walls. A 20 g sample was
placed in the lid and scarjfication wag carried out for 45
sec. The resulting sample was carefully recovered and
sifted through an 850 /um screen to reove the bran,
The throughs were expressed as pearling loss .on per
cent basis. ~ The pearled product or overs Were sifted on
a 1700 ¢:m screen and the throughs were expressed
as brokens on per cent basis.

Results and Discussion -

. Flour particle size distribution data obtained using the
five Sieving procedures are presented in Table 1 When
the shaklng machines were used, the percentage of flour
that passed through the 75 jam sieve was negligible
while the corr_e3ﬁ0nd|n amount for hand  sieving was
several times h|9 er.  For the convenience of tabular
presentation, percentage of flour of <125 and <75 jam
only are given for the sieve shakers. More than 80
per-cent ot the flour was held over the 180 jam screen
when either of the, sieve shakers were used. Agglo-
meration of fing particles on the sieve apparently blocked
the passage of flour when the sieves were shaken.
Agglomeration of flour may not pose serious problems
If Coarse meal or grits were'to be studied by using sieve
shakers. The firer the flour under study the” more
spurious are the values given bg the shakers. \When
bouncers like rudber ballsand plastic bangles were used
on the sieves, Improvement in the, flour™ passage was
small or negligible. Thus, flour particle size distribution

Table I. flour particle size (/IDTF)Fdistribution per cent) of two sorohum cultivars obtained bv using

ERENT GRINDING AND S|

NG METHODS*

Hand sifting

>250 >180 >150 >125 >106 »>75
MjC, 0.5 24 18 42 57 125
M.C: 19 42 45 6.6 87 152
M2C, 2.9 59 57 89 88 157
m2c?2 6.3 8.7 61 104 83 136
m3c, 9.6 91 51 59 61 119
mc?2 9.8 9.4 55 13 52 132
CD 5% 10 10 28 11 10 09
cv% 80 61 230 6.1 58 28

*Average of two observations
MIADomestic grinder, M2=

Ci=Cultivar ‘M 35-1",

C2=Cul

ivar ‘SPV 386",

RoTap sieve shaker Portable sieve
shaker

<75 30 min 60 min 30 min 60 min

<125 <75 < 12" <75 <125 <125
135 20 01 45 04 00 00
52 08 00 24 01 00 00
522 ol 18 01 00 00
46.6 16 01 29 03 00 00
52 09 00 51 01 00 00
498 1.9 14 60 14 00 01
34 16 18 24 05 01 01
23 410 28 680 55 00 00

Villa?e flour mill, M3=Udy-Cyclotec Mill.
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Table 2. flour particle size distribution of two sorghum cultivars analysed by two sieving methods

% fl
Cultivars

E 351

250

95.6
97.0
98.0
98.0

Sieving method

Hand sieving
Alpine air-jet sifter
Hand sieving
Alpine air-jet sifter

296B
%cv

93.9
94.5

obtained on sjeve shakers needs to be cautjously inter-
preted particularly when the flour containg intermediate
or fine particles. Data gbtained by hand sieving showed
that dper cent f our of <75f|m produced in the domestic
grincer was h q er compared, fo_that obtalned In the
vrIIa e flour mill and Udy mill (Table, 1). . Both hand
srevrng and the Alpine Lal oratoryArr Jet Sifter yielded
comparable particle size values” indicating that hand
sifting with the help of a standard sieve and g fine hair
brush could be used reliably In the absence of sophisti-
cated sieving devices (Table 2).
Observations made in the second experiment on flour
particle size, endosperm texture and pearling behaviour
of the 15 cultivars are presented in Table 3 The flour

180

86.8
845

our accumulated through sieve of indicated size (pm)
150 125 106 100 75 n

Bl 657 556  — 405
7’0 620 — 495 —
%01 830
905 810

63
35 260
758

61.0

710 50 410

particle size distribution curves are shown in Frg 1 On
an average,.63 per cent of the flour 'oroduce n the
domestic™mill was_ composed of particles <75pm- ang
15 per cent of particles larger than 125 9m The coefficl-
ent of varlatron for per Cent flour <75 pm was only
per cent and was the most reliable parameter studied.
The ercenta e of rour that passed through the 75pm
screen ranged from 46 to 82 and was hlgl correlated
with Percentage of rour > 125om (r=0.96). Flour
from the floury endosperm types such as, TS 1401 and
‘P 121" had the greatest proportion of particles <75pm
The vitreous graln es such as2219B" and ‘E 51’
produced flour with e lowest proportion of particles
75pm size.  The proportion 0f corneous encosperm

Table 3. endosperm texturf and milling properties of 15 sorghum cultivars*

Cultivar 100 grain wt. % corneous  Breakin
) endosperm  strength
M 351 39 325 5.7
20778 2.30 49.2 41
IS 1401 3.00 4.0 43
IS 5604 231 481 5.0
CSH 6 2.82 50.1 6.1
E 351 350 68.4 110
SPV 31 2.50 61.6 8.1
SPY 422 320 57.8 19
CSH 8 410 493 58
2968 307 481 6.3
22198 2.29 80.2 6.5
P72 2.15 58 5.2
S 243 .1 12
IS 9985 5.46 451 6.1
SPV 393 212 572 6.8
Mean 3.05 488 6.4
SE 0.02 117 0.13
Ycv 21 218 79

% pearling % brokens % flour % flour
0) loss > 125 pm <75 pm
280 9.8 9.13 144
28.1 216 8.87 124
36.0 378 148 809
174 35 24.75 492
139 2.0 20.64 48.0
156 0.9 19.50 438
129 08 2217 46.2
213 33 11,04 67.2
253 254 1147 65.0
22,2 16.0 12.86 65.9
147 21 2317 456
— — 10.43 184
196 44 17.47 =8
— — 6.26 815
155 6.3 1447 61.7
214 108 14.62 62.7
0.76 08 0.32 0.47
6.1 125 8.6 28

"Hundred grain weight, breaking strength, % corneous endosperm, % flour >125 pm and % flour <75 pm were averaged over

9 observations.

Per cent pearling loss ard % brokens were averaged over 3 observations.
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Flour Darticle size distribution in sorghum.

varied from 49 to 80 per cent and was h|g7hly corrleated  observed astron correlatlon between endosperm vitre-
with Bercentage oBfE F 5Am (r=-0:73 significant ousness and gen icle s

at 1 per cent”probability). K|r|e|s and Cro sby3also  Breaking strength ogt%e grains as determined by the
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Kiya rice hardness tester varied from 4.1 to 81 kg with
the exception of the cultivar, ‘E 351" which has turtle
shaped grains with a flat surface on one side. Kiya rice
hardnesS tester observations on sorghum are affected
by grain shape and could be misleadingL The correlation
coefficients between breaking strength and corneousness,
pearlm%_losses and flour particle size were relatively low
and statistically insignificant. o

The amount”of bran lost during scarification or per
cent pearling loss for the 13 cultivars ranged from 13 to
30 and was 05|t|vel¥ correlated with per cent brokens
(r=0.82) and per cent flour <75qm (r=0.94), ~ Per cent
pearling loss was also ne% tively correlated with per cent
corngotls endosperm (r=0.74) Showing that estimates of
pearling losses could”be_used to evaluate the hardness
of the grain.  Shepherd?7 and. Oomah et al.s described
novel laboratory pearling devices that could be used to
evaluate dehullln? uallg and hardness of sorghum
grains. The scarification équipment used here provided
ddequate information on the hardness of the sorghum
samples studied and the coefficient of variation (6 per
cent) was much lower than that for the microscopic
evaluation _ of ~corneousness.  However, pearllng
behaviour is, also affected by grain size and shape3
The mechanism of scarification” involves whirling and
abrasion of the ?raln agalnst_a sand-ﬁ]aper present on the
Inner surface of the sCarifying drum.” Furtner investi-
gations are necessary fo determine how accurately the
pearling qu_a||t¥ redults obtained with the scarifier
could predict the behaviour of sorghum samples in
corra@e]]rzual pearlers where different téchniques may be
usedg e

These studies demonstrate that because of the agglo-
meration problems posed by fine flour particles, agpro-
priate siffing techniques should be used to evaluate
?artlcle size” Endosperm texture, pearl,mq quality and
lour particle size measurements are highly assoCiated
and could he used to evaluate grain hardressn sorghum.
Flour particle size analysis was the most reliable |oa_ra-
meter 10 dIStlngUI_Sh sorghum_samples.  The relative
merit of the three differentmills in the evaluation ofqram
texture and flour particle size could not be judged trom
the present data, as only, two cultivars were comparegl
Apparently, the Udy mill 1s convenient because only
small grain samples”are required.
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Milling, rheological and baking characteristics of triticale and wheat blends were carried out with wheat varieties

‘WL 1562" and ‘WL 711" and triticale varieties ‘TL 257" and TL 419"

with the increase in the triticale component.

Flour recovery of the blends decreased

The Mixographic and Farinographic studies revealed a decrease in mixing
time and dough strength with the increase in triticale content.
absolute and specific loaf volumes upto 25% triticale content with wheat variety ‘WL 711"

triticale with ‘WL 1562" resulted in lower loaf volumes with the increase in triticale component.

The baking studies revealed an improvement in
However, the blend of
Tiie studies on the

cookie making characteristics of the blends revealed a progressive increase in the spread factor and other quality
characteristics with the corresponding increase of triticale component.

Triticale does not compare favourably with bread
wheat either for m|II|n(T1 or baking. characteristicst5.
Lorenz® andl Lorenz et al.7 reported that bread of acce-
ptable %uallty can be produced from tritjcale flour with
slight adjustments In the absorption and mixing times.
Venkateswara Rao et al.s abserved improvement in the
baking %ua_llty of triticale flour with the addition of 2)
i)pm otassium bromate and 0.5 per cent sodium sterg
actylate (SSL).  Lorenz® also Brepared good quall
variety hreads like white rye bread, hard rolls and
noodles from the triticale flour. ,

Sekhon et al."A and Vankateswara Rao, et al* while
studgmg the blends of wheat and triticale flours
for bread, cookie and chapati making quality, observed
no deleterious effect I blending " triticale flour
upto 50 per cent, on the loaf vclume. Sekhon et a/.34
rather reported an Improvement In the loaf volume
with the "replacement of 25 per cent of wheat flour
with that of triticale. The present stud%/ was  plan-
ned to confirm these findings and also to study the
Possmll ity of milling triticale and wheat together father
han mixing in hhe orm of flour, along with its impli-
cations on the rheological and baking systems.

Materials and Methods

Representative samples of two commercial varieties
of wheat viz: WL 1562" and ‘WL 711" and those of two
strains of triticale namely, “TL 257 and ‘TL 419’ grown
in Rabi 1980-81 were obtained from the wheat section
of Punjab Agrlcultural University, Ludhiana. = The
cleaned samé)l s of wheat were conditioned to amaisture
level of 155 per cent and those of triticale to 120 per
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cent.  After a rest period of 48 hr, 2 kﬁ lots of different
blends were prepared and milled in the Buhler Pneu-
matic Laboratory Mill (MLU 202). ‘The flour yield was
calculated on thie basis of drg matter recovered in the
form ot bran and shorts. The composition of the samples
is given in Table 1 _
|| analytical tests were conducted according to the
CY zﬁ)proved methods. The mlxogratg)h was operat-
ed according to the method described by Kent Jones
and AmosI® The constant flour Welght arid the straight
dough methods of AACCO were used for Farinographic
and"baking studies respectlveli/. The cookie tBst was
conducted “as 1 followed at the International Maize
and Wheat improvement Centre, Mexico.

Results and Discussion

The.results in Table 2 show that a progressive increase
of triticale proportion in the ﬂI‘ISt resulted in a Rmﬁres-
sive decrease In the yield of flour. However, the Tlour

Table 1. physico chemical characteristics of triticale and

WHEAT GRAINS
Variety/  Moisture 1000 kernel Hectolitre Protein  Ash
strain wt. :
(%) ©) (ko) (%) (%)
WL 1562 102 428 80.0 141 167
WL 711 104 444 815 945 165
TL 257 93 45.6 14.2 1085 216
TL 419 96 436 140 2065 212
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yield values for blends were higher than the expected
Values and the mean value was /0 per cent, against
expected yield of 685 per cent.  This improvement in

yield and chemical composition of triticale
AND WHEAT BLENDS

Yield Protein  Ash Dama%ed flour recovery was found to be non-significant.
Blend  Observed Expected staic The protein and ash contents of flours did hot vary
%) (%) (%) () > much with the changing proportions of wheat_ and
WL 1562.TL 257 triticale. The damagéd Starch content wes invariably
40 Bl L 100 047 685 lowered as the proportion of triticale in the blend ir-
31 743 719 96 050 6.93 creased. .
11 B30 68r 92 051 726 The mixing times ranged from 1.6 to 2.9 min, gT,abIe,B%
i iy e 8T 0 1% The maximum time was recorded for W1 1562 whic
- - - S ! decreased with the pro%resswe increase in the Iprogr?rnon
WL 1562.TL 419 of triticale In the blengs,  On the other hand no
31 peo 16 a0 BT noticeable change was observed in the mixing times of
s p g§ gjg 1B different blends of WL 711 with triticale. Actually,
0 2 612 93 05 6% V&/ilfergle%t%nfot%gdtrtﬁicg?ge a little lower mixing re-
WL TLLTL 257 | The values for the helﬁht of the curve as well as the
1 ppo B8 06 103 area under the curve which are indicative of strength
% 04 69 a8 o0& gx Of dough and baking s_tren%th, respectively showed a
1 69 656 89 o4 75  progressive decline “with the increase In- trificale
o ' ' A ' proportion inthe blends. Farinographic studies (Table 3)
WAL s e w corroborated these observations.  Farinograph, water
1 G @y a8 on ¥ absorption also showed a progressive decline with the
1 7 847 85 050 7y Increase in triticale ﬁ_roportlon in the blends.
Mean 00 685 84 04 T8 The results of baking tests (Table 4) revealed that
Table 3. mixographic and farinographic characteristics of triticale and wheat blends
Mixographic characteristics Farinographic characteristics
Blend Mixing Ht, of Curve Absor- Dough DouPh Degree of
time cuive area ption dev. time stabifity softening
(min) (cm) (cm2) (%) (min) (min) (BU)
WL 1562:TL 257
40 29 73 873 626 20 130 10
31 26 71 776 628 13 128 30
11 24 68 725 60.6 15 55 75
13 23 58 620 610 15 42 175
0:4 23 5.2 517 53.2 10 30 1%
WL 1562:TL 419
31 24 68 718 574 20 117 40
11 24 6.2 67.6 57,0 15 65 110
13 22 53 548 56.4 18 50 110
0:4 19 48 50.0 56.2 16 21 155
WL 710:TL 257
40 i 71 715 67.0 20 57 55
31 16 6.9 764 628 20 4. %
11 18 6.6 728 616 17 40 100
13 16 53 60.0 604 13 32 120
WL 711.TL 419
31 17 67 745 638 18 38 %
1 18 6.2 65.7 616 15 36 115
13 19 55 574 574 15 33 125
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IAELE 4. BAKING PERFORMANCE OF TRITICALE AND WHEAT BLENDS

Loaf characteristics Cookie characteristics

Blend Loaf Specific Crumb characters Widthfw)*  Spread  Accepta-
VoI, VOI. factor  ability
(cc) (ccl) Colour Grain Texture (cm) (WIT)
WL 1562:TL 257
4:0 645 4.96 cY Fine Soft 21.6 407 Good
31 625 4.69 CY Fine Soft 214 437 Good
11 595 437 cY Fair Soft 22.0 458 V. Good
13 500 3.87 cY Fair Semi-hard 2.1 493 V. Good
0:4 410 3.15 DC Poor Hard 22.9 5.09 Excellent
WL 1562:TL 419
31 580 439 cY Fine Soft 21.6 4.24 Good
11 580 4.36 cY Fair Soft 21.9 4.66 V. Good
1:3 525 3.94 DC Poor Semi-hard 21.8 4.74 V. Good
0:4 385 3.00 DC Poor Hard 22.6 481 V. Good
WL 711 TL 257
4:0 500 370 cY Fine Soft 20.8 4.16 Good
31 550 4.07 cY Fine Soft 21.2 4.33 V. Good
11 475 3.60 cY Fair Semi-hard 21.6 441 V. Good
13 450 3.37 DC Poor Hard 22.0 450 V. Good
WL 711:TL 419
31 525 400 cY Fine Soft 21.4 412 Good
11 500 3.87 cY Fair Semi-hard 21.8 4.36 V. Good
1:3 460 3.56 DC Fair Semi-hard 22.1 493 V. Good

t Observation for four; CY—Creamish yellow; DC—Dull cream.

absolute and specific loaf volumes_improved with the - The best cookies were produced by ‘TL 257", Similar

reTpIacement 0f 25 per cent of'WL711 wheat with any fmdmgs have earlier been reported by Sekhon

of the two triticale strains, T,he_loaf_volgme In case ?f et a/.34

stronger wheat, 1.6, “WL 1562" diminished progressively

with the increased proPortlon of triticale’ strains. ~ ~  References
The improvement,in the loaf volume of WL 711" by 4 Rooney, L. W., Gustafson, C. B. Perez, N. and Porter, K. B.,

the replacement of 25 per_cent triticale flour has also Agronomic performance and quality characteristics of

heen t‘fp{)ﬂﬁd earlier34. Tne_reduction in loaf volume triicale giown in the Texas High Plains. Pro%ress Report,

of ‘WL 1562" with the increasing. porportion of triticale niv., Sept,

points to_the fact that varietal interaction is alsp im-
portant. This fact is supported by the rheological data
obtained with the mlxo?raph and farinograph.  The
higher amylase content of the triticale flours as regorted
by Klassen et al. 1l and Penal2 mI?ht have contributed
to the increase in loaf volume at lower levels. The
crumb and crust characteristics of bread remained un-
affected with the triticale admixture upto 25 per cent.
At higher levels, the crumb grain became coarser, the
texture tenced fo be harder’and crust darker.
The studies further showed that the cookie makin

qualities improved with the increased proportion 0
triticale in the grist (Table 4). The blends containing 50
per cent or more triticale produced very good cookies.
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Cooking Quality and Chemical Composition of Some Early,
Medium and Late Maturing Culfivars of Pigeon Pea
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Twenty pigeon pea (red gram) cultivars belonging to early, medium and late maturity groups grown during two seasons
were studied for the cooking quality and chemical composition.  Although no clearcut differences in cooking time,
water absorption, solids dispersion, texture (extrusion force) and chemical constituents of cultivars of different maturity
groups were observed, the cooking quality of early cultivars appeared to be better than those of the medium and
late ones.  Of the various physicochemical characteristics, water absorption, solids dispersion and texture were highly
and significantly correlated with the cooking time.  This shows that these characteristics can be conveniently used as
objective tests to study the cooking quality of pigeon pea cultivars.

Traditional processing practices have been followed
for many years to_convert grain legumes into the con-
sumable” forms.  Such processes not onlz improve the

giesublllty and palata |||t¥f of food legUimes but_also
help to remmove deleterious erfects of somé antinutritional

groups.  Recently, it was_ reported that late cultivars
were sugerlor to early ones in seed a/leld 100-seed weight,
dhal yield and seed protemn conteritd. e examined the

cooking (wahti( and chemical, composition of earl¥,
mediurh and [ate matu

constituents. PI?QOH pea is an important food legqume
of several countries In semi-arid " tropical. and Semi-
troplcal regions of the world. In Indig, It is consumed
In the form of dhal (decorticated dry spilt seeds) cooked
with water until it becomes soft. Efforts have been made
to study the association between the cooking quality
and Eh sicochemical properties of pigeon gea}.
Bagsd on the maturity period, pigeon p

can he broadly_grouped into three 8r016ps: early, medium
and late cultivars ,retiwrlng 90-130, 13170 and
170-280 days, respective )( Little information is availa-
ble on the cookin quality and nutritional aspects of
pigeon pea cultivars belonging to different maturity

Subbmitted as J. A. No. 367 by the International Crops
2

a cultivars

_ ring cultivars and the results are
reported in this paper.

Materials and Methods

Pigeon pea cultivars belonging to different maturi
roups grown In two successive years were evaluated.
he pigeon pea was grown on black soils at ICRISAT
Centre, Patancheru, “near I-%derabad (L°N).. India,
during the rainy seasons of 1975-76 and 1976-/7. The
cultivars studied are qwen In Tables 1and 2. Dhal
(decorticated split cotY eaons) were preRared by remoy-
mg seed coat manually after soaking the whole seed in
water overnlght at 5°C. Tnese were dried for 16 hr in
an even at 65&C.  For various chemical analyses dhal

h Institute for the Semi-Arid Tropics (ICRISAT).
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samples were ground in a Udy cyclone mill using a 0.4
ﬂm screen andl defatted in & Soxhlet apparatus using

EXane. . N :
C,ooimg time:. Cooking time was determined |
boiling the dhal in distilled water using a BD-20 heatln%
block “digestor (Tecator, Sweden). “Suitable amoun

0.010. of dhal was boiled"in 75 ml of distilled
water and the volume, of water was maintained durm%
cooking by adding boiling water. Boiled samples wer
removed dt an inferval of Lmin and examined for their
softness by pressing between the forefinger and thum,
to_determined its cooking time. Cookirig time was the
minimum tjme interval a which dhal was considered
to be completely cooked by two persons out of a panel
of three persons, _ _

Water absorption; A suitable quantity (5.0 g+0.5 g)

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV./DEC. 19°4

of dhal was taken in a digestion tube and boiled in excess
distilled water (35 ml) for 25 min using the BD-20 block
digestor. The excess water, after bmlmg, was decanted
and the dhal was wel?hed. The amount of water taken
up by the dhal was calculated and the results are expres-
sed as per cent water absorption. o
. Solids dispersed:  The percentage of solids dlispersed
into the cooking_water was determined by boiling 5 g
dhal for 25 min.“Tne boiled material was passed through
a 10 mesh sieve and the residue was thoroughly washed
with distilled water. After washing, residue was dried
at 110°C for 3 hr. The loss inweight of dhal after bomnﬁ
was calculated and termed as per cent solids dispersio
into cookmg water. _

Texture (extrusion force in kg); The texture was
determined by using the back extrtision cell in the Instron

Table 1, COOKING TIME AND PHYSICO-CHEMICAL CHARACTERISTICS Ct DHAL OF EARLY, MEDIUM AND LATE
MATURING CULTIVARS GROWN DURING 1975-76

. Cooking Solids Water Texture Phytic _
Cultivar time dispersed  ahsorption gextrusmn acid Ca Mé; Pectin
(min) (%) (9/g dhal) ~ force, kg)  (mglg)  (mg/L00g)  (mg/lOOg)  (mg/L00g)
Early
UPAS-120 26 50.6 18 150 145 68 120 310
Pant A-2 24 45.0 2.0 125 164 10 127 3.9
Prabhat 41 344 16 220 139 10 152 48.0
T-21 34 343 17 175 125 73 125 315
DL-74-1 28 381 19 135 146 76 127 319
Medium
C-ll R L7 17 180 . 151 2 13 354
No-148 3 46.2 16 200 145 90 160 310
Hy-3c 47 28.8 15 285 123 73 132 36.4
ICP-1 29 45.6 19 165 130 [ 140 383
BDN-1 - 38 36.2 17 205 159 90 129 345
Mukta 48 308 15 218 12.2 g7 168 358
Hy-2 47 346 15, 210 119 89 163 34.2
PM-1 28 39.2 19 148 135 68 112 425
AS-71-37 40 36.6 16 215 129 90 133 348
ST-1 52 304 14 305 107 79 170 46.5
Late

NP(WR)-15 54 283 15 300 106 87 145 523
Gwalior-3 K 310 17 185 128 80 154 46.5
K.WR-1 26 50.2 21 140 16.3 63 130 30.6
T-7 30 319 2.0 150 132 8 149 35.4
T-17 43 305 18 280 118 5 128 36.0
Mean 368 373 17 205.6 134 1.7 1399 38.0
Ea 9.2 6.9 0.2 60.4 17 8.7 16.8 59

a: Standard error of the mean.
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Tante 2. COOKING TIVE AND PHYSICO-CHEMICAL CHARACTERISTICS OF DHAL OF EARLT, MEDIUM AND LATE
MATURINO CULTIVARS GROWN DURING 1976-77

. Cooking Solids Water Texture Phytic
Cultivar time disperse)  absorption gextruswn acid Ca M% Pectin
(min) (50 (/g dhal) ~ force, ky)  (mgly)  (mg/200g)  (mg/L00g)  (mg/100q)
Early
BR-172 28 39.6 20 145 153 74 125 40.6
T-2I R 335 19 160 136 80 120 306
Hy-1 40 310 15 205 125 87 165 50.4
Pusa-4-84 % 28 17 190 130 76 170 499
DL-74-1 3 36.0 17 210 135 75 128 412
HPA-1 B 39.6 15 225 134 n 135 51.0
BS-1 30 425 18 155 129 8l 130 315
Medium
c-l 3% 334 16 195 142 8 142 372
No-148 42 285 16 230 130 14 158 8.7
ST-1 43 28.0 15 230 126 9 135 35.4
BDN-1 4 3.7 18 205 138 T4 154 47,0
ICP-1 30 434 18 165 140 68 130 308
EB-38-70 52 26.7 14 245 105 82 165 59.0
PM-1 36 3.8 18 205 132 80 127 319
Late

BDN-2 3 310 17 200 130 8 140 38.0
NP(WR>15 41 295 17 240 123 8l 1583 475
Gwalior-3 42 305 15 20 120 80 150 39
KWR-1 R 40.8 18 165 136 16 142 503
T-7 3 3.7 17 185 128 8 148 52.0
|CP-7065 49 25.8 15 255 115 8 135 43.6
Mean 370 34.2 17 2025 130 798 142.6 434
SEa 6.2 5.4 0.2 35.6 11 6.7 14.7 .1

a: Standard erro, of the mean.

food testing instrument (Model 1140, High Wycombe,
Berkshire, UK) according_to the method” described by
Voisey and Nonneckeb. "Each dha samPe (20 ?g Was
put i a digestion tube and boiled In distilled “wafer for
15 min; excess water was decanted and traces of water
removed. The botled material ﬁ30.0 0.5 g) was trans-
ferred to, a back extrusion cell and compressed by a
loose fitting plunger until it was extruded through the

between' the” plunger and container.  The "point
where extrusion of Compressed dhal started = was
measured from the peak recorded on the chart
run on a 0500 scale and termed as extrusion

0rces. . . .
6ﬁem|ca| constituents;  Defatted and finely ground
dhal was used for the estimation of chemical conistituents.

Fat, crude fiber and ash were estimated by AQAC
procedurese. Nltrogen was determined by Technicon
auto analyser procedure as_described by Singh and
Jambunathan/, and the protein values weré obtained by
multlpIYmg the nitrogen value with 6.25,

Souble stigars were extracted from the defatted sample
using 80 per cent ethanol in Soxhlet apparatus. Extracts
were evaporated and the residue was taken in_distilled
water. Aliquots were used for estimatjon of soluble
su%ars by phenol sulphuric acid method8, The starch
content in_the, residlie was determined by enzymatic
hydrolysis9, with minor modifications ~ Previoysly
describied proceaures were followed for the determing-
tlont_o{3 phytic acidl, calcium and magnesiumZ and
pectin
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Results and Discussion

Varjation_in cooking time and physicochemical chara- Tesee s proxinere con position (4 dry macter) oizarty.
cteristics: Cooking qgallty WeS IeLred 3 & fucton VEEM A AT VATURING CLLIVARS GROAN DURING
of cookln% time, amount of water absorbed, solids dis-
persed andl texture in early, medium_and late cultivars —cultivar ~ Protein  Starch Solubc Fat Crude Ash
of %)lg]eon pea grown during 197576 (Table 1) and sugars fiber
1976- 7I(_Ta_ble % The cooking time of dhal shoiwed a il
large variation Between cultivars, but, early, medium ay

and late maturity groups did not differ sonifi- UPAS120 214 45 48 22 15 35
cantly with respect “to cooking _time and Other PantA2 240 514 52 21 16 40
chardcteristics for both the years.” The mean cooking prabhat 201 59 45 18 20 37
time was 30, 40 and 38 min or early, medium and late 1.0 07 52 4 17 17 39
cultivars, respe_ctlveng] during 197576 and was 34, 39 plaar 24 542 39 18 14 46

and 39 min durlngl_l 6-(7. " It aﬁpears that the cook-
ability of ear1l¥] cultivars is better than the medium and Medium
late Ones. The differences between the groups were ¢ BT 516 42 20 16 35

larger in 1975-76 than in 1976-77.  This observation

was substantiated by the amount of solis dispersed H" §48 %S; gg% ‘ég i; ig gé
Into cooking water and the texture of boiled dhal & ™ e as s 1t 20 40
measured b{ Instron Food Tester, The mean extrusion ICP-1 - SO
force was 161 225 and 211 kg for earl?/ mediumand BONT 232 828 5116 15 28
late cultivars, respectively, durmg 1975-16 and this PM-L 97 882 49 21 16 3l

trend was also observed for 1976-77. The water absorb-  AS-71:37 209 %69 50 20 13 35
Ing capacity of early, medium anc late cultivars did not  sT-1 28 %7 52 19 17 37
sho Iar%e differences. o _ ]
The Interaction between phytic acid, calcium and ate

magnesium and pectin has been su? ested to Influence NP (WR)-15 237 547 48 22 19 30
the cooklng%ualltyof rain Ie?umes [ Noticeable differ-  Gwalio-3 248 515 55 20 18 41
ences were observed (Tables Tand2) in the phytic acid  kwr-1 26 550 43 18 14 36
content of cultivars be_lo_ngln? to " different maturity .7 79 837 45 16 15 39
grou 5, Whereas the variation, Tor calcium, magnesiym 1. 20 545 50 19 13 38
nd pectin were small. Comparison of cooking”quality '
of 12 common cultivars %rown during both “seasons,  Mean 21 o8 48 19 16 36
showed noticeable Cifferences. Ranklng between years SE % 1% 04 02 02 04
based on cooking time giffered to a [arger extent for  a: Standard error of the mean.
quick cooking cultivars E()26 to 4 mlnz, an the Slow
cooking cultivars (36 to 52 min) indicating large differ- _
ences in the latter, ones. For sorge cultivars, the'cooking  19.7 and 24.8 per cent during 1976-77 and between 20.6
time was Ion?er in 1975-76, and for others In 1976-/7, and 24.9 per cent during 1975-76. The mean protein
bhut the effect of year was more pronounced in case of  content of early, medium and late cultivars did not show
ST-F and ‘NP (WR)-15\ "~ Similar differences were any noticeable differences during 1975-76, whereas mean
observed for other constituents when results cf two Proteln per cent was highest forlate cultivars and lomest
years were compared. It is difficult to point out the Tor early cultivars durm% 1976-77, and this observation
reasons for such variation. -However, the effect of en-  agreed With earlier reported resultsd. There was a small
vironmental factors such as soil. moisture, temperature  vaiiation In soluble sugars, fat, crude fibre and  ash
and. humidity at the time of seed development may play  contents among early, medium and late cultivars, Vari-
an_Importanit role. . ation In phyticacid, calcium, magnesiumand pectin con-
Proximate composition of early, medium and late tent of culfivars helonging to_different maturity groups
cultivars:  The results on_proximate composition of  was larger than that in grommate compositions. .
cultivars of different maturity groups are given in Tables Relationship hetween, cooking time and physicochemical
3 and 4. Protein and starch together constituted about factors: Highly significant and positive correlation was
75 per cent of the total dhal wefght. Only a small vari-  observed hefiwegn cooking time on.one hand and texture
ation was observed between culfivars in the starch con-  (extrusion force) and water absorption on the other hand
tent. Protein content of cultivars ranged between (Table 5). The amount of solids dispersed into cooking
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vvaéer was negatively c?rre_ltaﬁe(%hwnh thﬁS co%Itqng élmg,
Table 4. proximate composition (% dry matter) of earty, A0l WaS IN adreement Wi e Iesy optaine

VEDIUM AND LATE MATURING CLLIVARS GROAN DURING  earlier work2 g. Of the chemical. constituents, ph |¥

acld was negatively correlated with the cooking time

Cultivar  Protein  Starch Solube Fat Crude Ash In both the years” Calcium, ma(t]nesmm and “pectin

sugars fiber showed low positive correlations with the cooking time.

Ealy However, earlier workers had reported that these con-

stituents were not correlated with the cookability of

BRI72 218 %4 55 20 21 34 mgaon nea dhall  Protein, starch, soluble sugars, fat
T Ty T Crice fibe and ash contents o nct Show a0y correl
Pisdgd 217 56 48 11 22 4  dons with the cooking time. . .

DL741 206 534 49 13 19 29 A stepwise mulfiplé regression analysis was carried
HPA-1 26 %0 50 19 18 29  out to relate physico-chennical factors o cooking time.
BS-1 22 55 51 18 20 31  Texture alone accounted for nearly 90 per cent of the

Medium variation in cooking time. But there was no noticeable
improvement in the R2 value when water absori)t_lon
C-ll 22 %r 5411934 and solids dispersed were further used. in the multiple
pol 28 wE a3 20133 regression of cooking time on above variables, Indicatin
BON-L 23 mr o i 15 a0 g4 that texture alone explains most of the variability.

S50 ao significant improvement in R2 value was noticed when

0 %%g 2‘5‘1 ?,% %; 21%; 28 thge comblnat?qn of calcium, magnesium and pectin
PM-1 5 568 49 14 16 41  was tested against cooking time, Whereas the addition
of phytic acid as another Variable did not help much.

Late None of the combinations from protein, starch, soluble

BDN-2 200 524 49 1719 39 sugars, ash, fat and crude fibre resulted In significant
NP (WR)-15 232 568 48 18 20 40  improvement in R2 values.

Gwalior-3 249 506 50 21 18 37 Based on these results, it apgears that cogking time is
KWRL1 24 884 51 19 22 35 hlghl¥corre|ated with water absorption, solids dispersed
T 26 Ml 52 142l AL and fexture (extrusion force),  Further, no clear cut
Main 20 50 51 o 19 35  dlistinction could be made bétween ,earl¥, medium and
SEa 04 15 02 02 02 05 [ate maturing cultivars on the basis of these chara-
2 Standard error of the mea. cteristics. Early cultivars required shorter cooking time

Table 3. correlation coefficients among various cooking quality parame ter-

Parameter Solids Water Texture Phytic Calcium  Magnesium  Pectin Season
dispersed  absorption acid

Cooking time - 19** - 38** gg:: - T7* Ho** 69** 50* 1975-76

- g7+ - 86** - 87+ 45+ 60** 50* 1976-77

Solids dispersed O7* - 75%* B7+* -37 -30 - 45* %g;g;g

66+* - 78** 69** -53* - 49* -.30 -

Water absorption - §4** 64** - 56** - Ho** - 44* 1975-76

- 82%* 5% -43 -51* -42 1976-77

Texture - 16%* 48* HH¥* 42 1975-76

- T3%* 3 ) 37 1976-77

Phytic acid -.35 - 46% - H4* 1975-76

- 46* - 49* - 44* 1976-77

Calcium 55** 10 1975-76

.08 -.09 1976-77

Magnesium 36 1975-76

J3x* 1976-17
*and ** significant at 5 and 1 per cent respectively.
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‘Pusa Ruby’ variety of tomato was blanched for 10 sec in 2.5% brine, cooled, sliced into pieces and dried in sun
and tray drier (70 and 80°Q to 8-10% moisture.  Slices of 2 and 3 cm thickness required 28 and 35 hr drying
as compared to 22 hr for 1 cm slices.  Blanching whole tomatoes, slicing into 1 cm pieces and sun drying gave
as good dried product as those dried in the tray drier. Sun-dried samples had higher moisture levels. Products like soup
and slurry made from dried samples were rated as good as those from fresh tomatoes.

Tomatoes can be dried by foam-mat dryingd, sp_ra;r ed extent in Indian also. However, sun-dried product
dryingz, freeze drying3and vacuum dryingd. “Méchanical is dark in colour and the reconstituted product is thin.
Fl ing i cosél Becatse of high moistire content of the  In Northern India, main harvesting season is from
ruits.” Sup- r?mg of tomatoes has been In practice in - November to June. During February to June %ene_ra,lly
many Mediterranéan countries like Italy5and'to alimit-  the days are bright with sunshine and relative Aumiclity
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i5 also low. Sun drying of tomatoes was taken up during
this period and thé results are presented here,

Materials and Methods

Ripe tomatoes of variety ‘Pusa-Ruby’ obtained from
Hortlculttg]r_al Reéearch Centre of the University, were
used In this stuay.

Preparation of material: Healthy tomatoes were
washed_ thoroughly with water an Beeled manually
after dlmeg I boiling 2.5 per cent brine for 20 seC.
Another lot of tomatoes were blanched either b d|8p|ng
In boiling water for 15 sec or in boiling bring for 10 sec
and coofing In water. They were cut Into slices of 12
and 3 cm thicknesses with ‘stainless steel knives. Slices
were kept on a sieve for a few minutes for draining and
spread on, wire-mesh trays at the rate of 6.28 k(r;/mZ.

Sun-drying:  Trays were covered with_ polyethylene
sheets (having about 100 holes per sq.m.) and kept in
the sun between 9.00 am. and 5.00 p.m. till the product
dried. The temperature during drymtq ranged Detween
%573.8 ?ngeéltS.S and the average relafive humidity was

omato slices were also dried in a tray drier at 80"C

for 3 hr initially and then at 60aC. Air velocity was 135 9.5

m/min.
Dried products were packed in polyethylene bags soon
after drying and sealed. .

Chemical anaI¥3|s:_ Moisture, acidity, pH and ash
content were determined In fresh tomatoes and dried
slices according to the methods given in the Manual of
Anap/sls of Fruits and Vegetablese. Total sugars were
determined by volumetric methods, ascorbic acld
titrimetrically7and Ig/copene and pectin by the methads
sugoested by Rangannap. Total soluble solids (TSS)
Were read In a hand refractometer.

Pectin methyl esterase (PME) activity in samples
\3\/ere rgeasure by the method” of Lirieweaver and

anseng

Drying rate:  Moisture content of the tomato. slices
during drying was estimated at_hourly intervals in the
case Of tray drying and every 2 hr in"the case of sun-

drying. . . o
néug\hty of the dried tomato slices:  Dehydration ratio
(DR) and rehydration ratio (RR) were determined ac-
cording to the procedure given by Rangannab.
Sensory evaluation of dried products’ were carried
out with the samples as such and also after they were
processed into soup and Slurry of 45° Brix.© For
?repanng soup, dried progucts” were soaked in water
or. 30 min, and onion, spices, etc., were added. The
bO,I|In? time required for Soup preparation was 60 min.
With fresh tomatoes cooking fime was 20 min.

For preparing slurry, dried slices were soaked in
water and’ blerided in"a mixer.

3

7
following the Hedonic scale, for colour, motthfeel,
aroma and absence of defects.  They were given 20/20,
40 and 20 per cent WeI?h'[ae respectively. . Sensory
evalyation data were analysed statistically Using Rari-

domised Io?k design for significant dlifference at 5
per cent level9.

Results and Discussion

Chemical composition of tomatoes variety ‘Pusa Ruby’
used in this study is given in Table L T.S.S. and total
sugars were lower than the values reported b Narkwroa
and Ranganna® but slightly higher than those foun
by Hobson1L Total aciciity as citric acid, was 0.62-0.65
per cent, and the sugars to acid ratio was found to be on
an averaqe 4.56. ItS pectin content was 0.328-0.355 r{)er
cent (Table 1), which was higher than the values reported
by Gould12, The lycopene content of this variety of
tomato was in the range of 3.75-5.11 mg per 100 g. “The
tomatges, were found fo have high PME activity ‘also.

Preliminary stuglies conducted to standardize the pre-
tregtments for dr%l ng showed that peeling tomatoes with
boﬂmg water or 2.5 per cent brine resulted in a loss of

5 and 9.8 per centjuice respectively. This Joss increased
further during the process of seed, removal,

In unblanchied tomatoes, cuttlng into slices of 1, 2 and
3 cm resulted jn a loss of 125, 10 and 9 per cent gume
respectively. These losses were higher by 0.2 to 3.5 per
cent in the blanched samples, Loss of juice was mini-
mum in the samples blanched in bring,

.Drying studies conducted with 1 cm slices of tomatoes

iven” different treatments indicated that the dryln(f
Ime 15 not much affected by the presence of pee
and seeds; rather their removal lowered the yield by
217 per cent (Table 2). Remaval of seeds alone from
unpeeled tomatoes restlted in loss of 16.7 and 21 per
cent of yield of tray dried tomatoes. The corresponding
losses irf sun-drying werelO and 16 per cent, respectively:
Presence of peel Oid not affect the dehydration ratio

The rProducts were, assessed by a Panel of judtges,
{ e

Table 1. chemical composition of fresh tomatoes var.
PUSA RUBV

Moisture (%) 93-96

Total soluble, solids (°Brix) 4,0-5.5

Total acids (% anhydrous citric) 0.61-0.65
Sugars (%) 37138
Ascorbic acid (mg/100 g) 20.6-23.17
Ash (%) 0.612-0.671
Pectin (%) 0.328-0.355
Lycopene (mg/100 g) 3.75-5.11
pH 41-43

PE activity (PE u/100 g) 4.961-1.991



374 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV.IDEC. 1934

Table 2. effect of various pretreatments on drying charac-
teristics AND YIELD OF DRIED PRODUCT FROM 1 cm 'FI-II(?K TOMATO

SLICES

Drying time Yield Drying Rehydration

Pretreatmem (hr) (%) ratio  ratio
Tray driedl
Peeled by hot water dip,
seeds not removed 850 720 1875 345
Peeled by hot brine dip,
seeds not removed 850 700 1890 349
Unpeeled, blanched, seeds
not removed, 825 @ * 1610 450
Unpeeted, blanched,
seeds removed 1000 770 20.00 4.80
Unpeeled, unblanched,
seeds not removed 850 980 1480 4.00
Sun dried?
Unpeeled, blanched,
seeds not removed 2200 910  17.00 4.19
Unpeeled, blanched,
seeds removed 21.00 750 2050 5.18
Unpeeled, unblanched,
seeds not removed 2600* 8.0 1840 4.06

‘Drier temperature 70°C.
ATemperature 37-48°C, R. H. 52-62%.
t Period for which product was kept in sun for drying.

Table 3. dryir&g characteristics and rehydration ratio of

TOMATO SLICES CM THICK) DRIED UNDER DIFFERENT CONDITIONS

Sun-drying Tray drying
Unblan- Blan-  Unblanched  Blanched?
ched chedl

Temperature (°C) 36-48 36-48 73 80 70 80~

Drying time (hr) 26 22 85 55 825 525

Moisture in dried
samples (%) 0 10 81 85 61 60

Dehydration ratio 184 170 148 158 161 162

Rehydration ratio 406 419 400 440 450 485

Yield2 (%) & 9 % 2 U 9P
'‘Blanched in hoiling 2.5% brine for 10 sec.

“Drier temperature was 80°C for first 3 hr and then 60°C.

2Yiled calculated on the basis of total solids present in the fresh
material and total solids recovered in dried product.

Moisture (&)

(DR) or rahydration ratio éRR) (Table 2). Since loss of
Juice durln? sllclng was 10,

er cent in samPIes blanched
for 10 sec in bring as compared to 128 per cent durmg
water blanching (15 sec), and peeling and/or_ see
removal did nof affect the drying time, DR and RR, in
subse(i_uent studies tomatoes vieré blanched in hot brine
and sliced irho 1, 2 and 3 cm thick pieces without
peeling or: deseeding. _

un-drylan of 1 tm unblanched slices took 26 hr
(Table 3): Blanching reduced this time by 4 hr. Loss of
moisture was”muchfaster in these sliceS as compared
to those of 2 and 3 cm (Fig. 1). Unblanched slices of 2
and 3 cm took 3L and 33 hr for_sun-dryln%. The corres-
ponding times for blanched slices were 28 and 35 hr
respectively. . The d mg curves started levelling-off
after the moisture content in the slices was reduced to
about 10 per cent. - Further moisture removal was very
slow, Hence, drylngNwas stogped at this paint. The
Product temperat(ire was found to be 1-4°C higher than
he atmospheric temperature during sun-drying. The
raise In product temperature, was more in the afternoon,

In tray drier, time required for the reduction of
moisture” from 93-96 per ‘cent to 58 per cent, took
8.25-850,r at 70°C and 5.25-55 hr at 80°C (Table 3).
Drym? time of blanched samples was much less th
that of unblanched samples (Table 3 and Fig. 2). Drying
time at 70°C was. more than that at 80°C.” Sun-drying
took maximum time.

Drymgi ratio of sun-dried samples was 17 and_ 184
for nblanched and blanched Samples, respectively,
which is higher than that of tray dried samples (Table 3).
The moisture content of the suri-dlried samples was higher
but_ apparently there were more losses during Sun-
dryhng,twmch 15 obvious from lower yield of sun-dried
product.

100
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Fig. 1. Loss of moisture during sun dr in’_? of tomato slices
(Atmosph. temp. 36-48°C, R. H. 52%).
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T2 3 4 5 6 7 8
Fig. 2. Loss of moisture during tray dr in8 of tomato

slices of 1 cm thickness, at 70 and 80°C.

Raw tomatoes contained 75.5-76.84 per cent (d
weight baSI_S& sugars, This was reduced to'59.58 per ce
of total solids i unblanched, 1cm thick sun-dried slices
and to 5751 per cent in blanched and dried samples
(Table 4). The differences in loss of sugar by the two

methods of drying are small.

Fresh tomatdes were rich in ascorbic acid gafaskc)!)erbli)c'

However, during drying about 38.8 per cent o

9

)

ed sun-dried samples. Blaching before slicing reduced
the losses. Greater retention of ascorbic acid inblanched
%imsees may be due to inactivation of ascorbic acid

Pectin methyl esterase (PME{ activity in unblanched
samples was about 99 PEU per 00([1 of solids (Table 1),
Blanching reduced it b)r 18 per cent. Pectin content. of
unblanched dried samples was lower than that of dried
blanched samples (Table 4).

Raw tomatoes contained 3.75-5.11 mg lycopene per
100 g, which is equivalent to 7506-102.26 mg per
100, § of solids (Tables 1 and 4). ft was réduced
during blanching and drying processes, These losses
are less than 17°per cent ‘as reported® in tomato juice
during heating at 130°C for 8 min.

For dried tomato to be acceptable, it should have
%ood rehydration characteristics.  Rehydration ratio
t sun-dried samples were found to vary from 4,06 to 4.19
which are close to the corresponding values for tray
dried samples (Table 3)

Blanched samples renydrated better than unblanched
samples. Al the samples, whether dried in sun or tray
drier, were found fo darken during drying operation
as seen visually.  The sun-dried samples were of lighter
colour than the those dried in cabinet drier. The"|oss
of colour was more in those samples where greater 0ss
In total sugar was noted (Tattle 4). _

Sensory @valuation of dried samples was carried out
after 20 1o 3) days of drying. UBon rehydraion the
structure of dried tomato slices collapsed. The slices did
not regain their original shape, Hence, dried samples

acicl was lost (Table). “The foss was higher inunblanch- s such, and in-the forms" of slurry and soup viere

Table 4. chemical characteristics (on dry weight basis) of dried tomato (1 cm thick) slices

Component per 100 g total solids

Pre-treatment Temp. Total sugars ~ Acidity Pectin  Ascorbic acid Lycopene PE activity

G R A R C it 0
Mechanically - dried

Blanched! 10 52.24 1178 367 31331 91.19 6.73

Unblanched 10 54.29 1391 047 194.72 7131 1.44

Blanched1 80" 5111 12.00 387 28331 93.93 9.78

Unblanched 80" 511 12.30 0.62 121.75 70.89 1511

Sun-dried
Blanched! 37-48 57.51 1310 3.00 245.70 66.12 1.39
Unblanched 37-48 59.58 1231 185 180.76 72.02 1087

*Blanched for 10 sec in hoiling 2.5% brine.

“Drying temp, was 80°C for first 3 hr; reduced to 60°C for rest of the drying period.
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ful to the University for the award of Graduate Research
Table 5. central analysis of variance for dried tomato A53|3tant3h|p.

SLICES, SLURRY AND SOUP

Source of Mean square  Mean square Mean square References

variance  df. for dried df. forslury2 df. for soup3 1 Ginnette L F. Graham. R. P. Mlers. J. C. and Morgan
slices] A. 1. Jr, Tomato powd'er by foam-mat drying. Fd Technol,
Sample 428335 4 62882 1 0.8 1963, 17, 811.
Error 28 10046 20 826434 10 0.96 2. Lazar, M. E., Brown, A. M., Smith, G. S, Wong, S. F. and
Lindquist, F. E., Experimental production of tomato
Fe 240 144 091 powder by spray drying. Fd Technol., 1956, 10, 129.

Fat 5% level 271 287 4.96 3. Hamed, M.GE. and Foda, Y. H. Uberdie herstellung,

'Sensory evaluation of dried tomato slices was done by the gﬁﬁ%?hg“gL;Jb”edns'ma?ﬁgT”@nFeer‘;”%rgg‘{ﬁc"’fsg%m 1t3°0, ”ggéem

composite scoring-test.
- ; 4. Kaufman, V. F., Wong, F., Taylor, D. H. and Talburt, W.,
scgrsi%rés_?er)s/t.evaluatmnofslurry (4% T.5.5.) was done by composite Problems in the production ‘of tomato juice powder. Fd
3Sensory evaluation of soup was done on the ‘Hedonic scale’. Techrol, 1955 9'. 120 _
5. Goose, P. G. and Binsted, R., Tomato Paste, Puree, Jt ice and

Powder. Food Trade Press Ltd., London, 1964.

subjected to sensory evaluation. Statistical analyses of & Ranganna, S, Manual of Anahysis of Fruit and Vegetable
these data are présented in Table b This analysis Froducts g aa Me-Graw il Pulising . L1, N
indlicates, that, there was no_ significant difference at 5 o . - . .
per cent level in the acceptability of the ried siceg either - Oficlal Methods of Analsis, Assoclation of Officel Anclyti-
as such or as slurry.  However, there was a preference & Chemists, Washingion, 132

for the blanched tomato slices dried at 80°C. "Soupwas & Lifeweaver, H. and Jansen, E. F., Adv. Enzymol., 1355, Vol
Prepareoll from this sample and fresh tomato keeping o ooty 0 b R ML and Rosseler E. B

he level of tomato solids same. The panel MEMDENS Principles of Sensory Evaluation of Foods. Academic Press,

could not find any significant diifference between the New York, 1065,

two SAMpIES. 10. Narkviroj, P. and Ran%anna, S., Manufacture and gualit

Acknowled control of tomato products. Indian FdPckr., 1976, 30, 44.
Cknowleagement 11. Hobson, C E., Pectinesterase in normal and abnormal tomato

The authors thank Dean, Agriculture, Director, fruit. Biochem., J., 1963, 86, 356,
Research and Head. Food Scienceand Technology, for 1. Gould, W. A., Tomato Production, Processing and Quality
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Significant (P<0.05) reduction in total-N, non-casein-N, total-aloumin-N and /3-lactoglobulin-N with concomitant increase
in casein-N and non-protein-N fractions was observed when khoa was made either from lactose unhydrolysed (LUM) or

lactose hydrolysed (LHM) buffalo milk.

Casein isolated from LUM-khoa or LHM-khoa contained significantly higher

(P<0.05) nitrogen and hexosamine but lower hexose and phosphorus than the casein isolated from the corresponding

raw milk.

Decrease in FDNB-reactive lysine of casein from LUM-khoa and LHM-khoa was about 19 and 30 per cent,
pectively but from the trichloroacetic acid precipitable proteins of these two types of khoathe loss of lysine
12 and 20 per cent, respectively over the corresponding samples from raw milk. The TNBS-reactive lysine
showed a similar trend but the values were generally higher.

res-
Was
also
The in vitro proteolysis of caseins bytrypsin - was in

the order casein  frommilk > casein from LUM-khoa > casein from LHM-khoa.

Heat processing brings about noticeable changes in
the major and the'minor”proteins of milk. Temﬁeratur,es
emplo%ed during pasteurization do not alfer the casein
much but at elevated temperatures peptide bond cleavage
and _release of cho?e_tldes especially from the K-
caseinl, dlephosphorylation of Casein ~ fractions2 and
increase In_the caséin particle diameter3 have been
reported. ~ Denaturation of whey proteind, their ag?re-
gatign5, formatign of  casein-whey protein com_? ex5
and interaction of proteins with lactose through Maillard
reaction6 are the other ma{0| c_han%es. The extent 0
such changies depend upon the time-temperature combi-
nations_ followed auring processing. Conditigns of heat
p_rocessm? employed auring mantfacture of khoa are
different_from' those employed for. the manufacture of
other milk products. Therefore, in this investigation
attemP]t has heen made 1{0 _studg the comparative
changes in the distribution of nitrogén, composition of
casein, status of available lysine and"in vitro digestioility
of Protems isolated from raw milk and khoa made from
lactose unhydrolysed and lactose hydrolysed milk.

Materials and Methods _

Lactose hydrolysed buffalo milk was Prepared by
usmﬂ Lactozyme (1500 lactase units/rol), at the rate of
Imfl milk.. The rawmilk samples with the enzyme were
incubated in water bath maintained at 40°C" and the
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EZO %/1 ml) L
f tionated as reported b

residual |actose was estimated by the method of Nicker-
son et alL Under these conditions, about 72 per cent
lactose was hydrolysed in the milk. "Khoa was prepared
from both lactose Unhydrolysed (LUM) and the corres-
ponding lactose hydralysed buffalo amilk gLHM b)r
open pan desiccationd ‘In. batches of 31 each. Totd
thermal exposure time required for attaining proper body
and texture varied between 40 and 45 min.
Nitrogenous constituents of milk and reconstituted

UM-khoa and LHM-khoa were frac-

y Aschaffenbur% and D_rewr¥]9
and the nitrogen content was estimatéd by Kjeldanl
meéhole. . .

aseln was prepared by the acig precipitation
methodll The casein isolated from milk, LUM-khoa

and LHM-khoa were analysed after defattlng with
petroleum ether (bailing rarige 40 to 60°C) by Soxhlet

extraction for 8 hr, for moisturell), nitrogen Johospho-
rus'3 hexose4 hexosaminel> and sialic acidll The
available lysine was estimated by methods using
|-fluoro-2 4-dinitrobenzenelo and ~ 24 6-trinitroben-
zenesulphonic acidl7. The rate of proteolysis of caseins
isolated from raw milk, _LUM-khoa and LHM-khoa
was assessed by t%/psm {E. Merk)_ under the conditions
specified b%/ Roy8'and the tyrosing released was estl-
matedlf he niethod of Lovvr¥ ef alld
Trichloroacetic acid precipitable protein  (TCA-P)
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was obtained by precipitatin%the proteins from the raw
milk and the tvvo_gpes of Khoa with 24 per cent W/\Q
trichloroacetic acid, _The precipitates_ were dlialyse
repeatedly aﬁamst distilled water at 103C until aeid free
and weré then defatted with petroleum ether. The
TCA-P was also analysed for available lysine as des-
cribed above for casein. _

The S|gn|f|cance of the changes jn the two types of
khoa as Compared to milk was analysed by ‘t’ test.

Results and Discussion _ _

It is evident from Table 1that on conversion of either
type of milk to khoa, total-N content decreased. This
may be due to the decomposition of some nitrogenous
compounds durm% heating and agitation processZl, A
significant (P<0.05) increase is observed in the casein-N

hen milk is converted to khoa, because the whey pro-
teins, particularly. the fl-lactoglcbulin form a, complex
with casein, speuflcally_wlth kcaseln fraction in heate
milk and get co-precipitated2 with casein when; the
milk is brou(rqht to pH 4.6. The increase In the casein-N
fraction while makm% khoa is also surﬁ)porte_d by a cor-
respond n’g significant decrease In non-casein-N, total
aloumin-N aid jS-actoglobulin-N. - The results show
that when the two types of khoa are. comPared for
their total albamin-N and /J-lactoglobulin-N, the LHM-
khoa contained significantly (P<0:05) higher level of $-

Table 1 distribu lion of nitrogen (/100 g <o) fractions
IN MILK AND KHOA FROM LACTOSE UNHYDROLYSED AND LACTOSE
HYDROLYSED EUFFALO MILK

N fraction Milk  LUM-khoa LHM-khoa
Total N 353 341 341
Casein N 2.92 3.23» 3.22%
(82.71) (94.72) (94.42)
Non-casein N 0.61 0.18* 0.19*
(17.28) (5.27) (557)
Total albumin N 0.38 0.04* 0.05*
(10.761 (L17) (L46)
H:\ ctoglobulin N 0.14 0.01* 0.02*%
(3.96) 1029 (0.58)
proteose-peptone N 0.15 0.02 0.05
(4.24) (0.58) (146)
Non-protein N 0.04 0.09* 0.09*
(L13) (2.63) (253)

Vaiues are the aveiages of six samples.
"Significant at 5% level.
Figures in the parentheses indicate per cent of total N.
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actoglobulin-N fraction suggesting that hydrolysis of
actose in milk pres_umabl)y offers to sore extent a
protective action against complete denaturation of this
protein during heating. ~ With respect to _?_roteose-
oe?tone-N fraction, the decrease Is n_o_n-sqnl icant_n
poth the types of khoa, The significant (P<0.05)
Increase in non-protein-N fraction inboth types of khoa
could be due to thermolytic cleavage of peptide bond
and release of peptides especially from . caseinl23
The differances in the values of total-N, as in the non-
casein-N contents of milk, LUM and LHM-khoa in
comparison to the actual estimates (Table 1) and those
computed through the values of their different constitu-
ent tractions obfained by independent gstimations could
e partly due to lack of absolute specificity of the frac-
tionation methods and partly due to the possible
experimental errors, ,

he analysis of casein samples isolated from raw

d whole milK LUM-khoa and” LHM-khoa E()Table 2

reveal that nitrogen content varied from 1465 to 15.1
r cent in different casein samples which is shPhtly
ower than those reported in literature24. This coufd be
due to incomplete removal of fat and also partly due to
fat globule membrane proteins which on an “average
con%am 25ower nitrogen than the rest of the mi
roteinszb.
g The Phosph_orus content of casein isolated from both
types of khoa is lower than that of casein from milk. The
|lower values of phosphorus could be due to the
thermal . dephosphorylation . of casein2 and the
interaction of Whey proteins with casein  which
are gevoid_ of phos?_ orus and get co-precipitated with
casein during Isolation. _ _

The hexose content of casein samples isolated from
the two types of khoa was significantly (P<0.05) lower
than that”of casein from raw milk which could be clue to
the release of glycopeptides from casein, especially the

QD

Table 2. composition of casein isolated from raw milk and
KHOA FROM LACTOSE UNHYDROLYSED AND LACTOSE HYDROLYSED
BUFFALO MILK
Sialic

Source of casein N P Hexose Hexo-

0 0 i i i
(%) (%) (nigly) %?nrg/lg)e (r%cd/dg)
Milk 1465 120 217 12 208
LUM-khoa 1513 108 170 186* 218
LHM-khoa 1507 083* 185 237* 216

Values are on dry wt basis and each value is the average of 6
samples.

Significant at 5% level.
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K-casein, on heat treatmentZ3 The hexosamine content
of khoa caseins 15 significantly (P<0.05) higher than that
of casein from milk, possibly due to fat globule
membrang protein Interactions ihich are also, the glyco-
proteins in milkz. No significant difference is observed
In the sialic acid content “of casein isclated from khoa
and raw milk.  The carbohydrate composition, of the
glycopeptides, released due to thermolysis of casein have
Stiown ‘significantly higher concentrations of neutral
sugar thai the basic and the acidic sugarsZ3. This may
also_explajn the differential status of Various suoars in
caseing Isolated from raw milk and the two type of khoa
Available lysine was estimated in casein and the total
milk proteins (TCA-P) by the FDNB and the TNBS
methods.  The results %Ta Ie 3) show that the FDNB-
reactive gsme S sngn icantly (P<0.05) higher in the
casem an of law mlkascompared to those
isolated trom LUM khoa and LHM-khoa, On con-
ver3|on o lactose un Sdrolysed milk into khoa, about
rcent FDNB. reactive lysine is [ost from
caseln and TCA respectively. These_ results further
reveal that, when lactose hydrolysed milk is used for
khoa making, the Ioss of FD B reaotlve lysine is
enhanced to”about 3 r_cent from caseln
and TCA-P, resp ectlve The NBS reactive lysing
also gives a S|m||ar trend except tnat this reagent
irrespective of the type of protein and its source of isola-
tion "gives higher Values for lysine than the FDNB-
method, Al 1t has been observed2 that TNBS can
react W|th the £ n|tro en portlon of the, Maillard com-
poun s and on acid “hydralysis. there is_a high yield
of TNP-lysine.  The. losS of available lysine is"mainl
due to [actose-protein interactjon (Maillard reachonﬁ
as have heen observed in case of heat processed milk an
milk ProductsZ? Greater loss of available lysing in khoa
samples made from lactose hydrolysed milk is due to

Table 3. available lysine (g/100 ¢ »rocein) in casein and
TCA-P OF RAW MILK AND KHOA FRCM LACTOSE UNHYDROLYSED AND
LACTOSE HYDROLYSED BUFFALO MILK

Casein TCA-P
Source FDNB  TNBS  FDNB  TNBS
reactive  reactive  reactive  reactive
Milk 7.94 9.36 1.52 10.27
LUM-khoa 6.42 1.25 6.60 7.80
(1914) (545 (1223  (24.0)
LHM-khoa 5.51 1.17 5.95 154
(30.60)  (27.28)  (20.87)  (26.e8)

Values aie average of six samples. . _
Values in parentheses indicate per cen. reduction from milk
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Fig. 1 Action of trypsin on caseins from milk and two types
of khoa.

extensive reaction of lysine Wlth both
tose WhICh are formed on hydrolysis?
T e action of tryRAm on“the caselns isolated from
M-khoa and khoa IS slower than the casein
|soIated from_raw milk {Flg 1) indicating that the In
Vitro dltrtestlbl ity of protein is” lowered When milk is
turned To khoa and such reduction in digestibility of
casein is still higher in khoa made from [actose-hydrolys-
ed milk.  This1s due to extensive Maillard reaction”in
the khoa made from lactose h¥drolysed milk, which 3
sypported by the higher loss of available Iysine in such
khoa (Tablé 3). T'is known that trypsin, an endo-
peptidase, can split only those Peptlde ||nka es which
contain the <-carboxyl group of argining and Jysine)
Due to |actose-proteiri reaction, the site of trypsin action
is therefore may not be accessible.
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Flow characteristics of three types of khoa, Pindi, Dliap and Danedar, have been investigated in terms of flow be-

haviour index (n) and consistency coefficient (m) using constant temperature capillary tube viscometer.

Khoa has

been prepared at temperatures of 116.2, 126.64 and 134.2°c to determine the effect of processing temperature on

flow behaviour.

Khoa is the heat coagulated milk product prepared by
partial dehydration of cow or buffalo milk or their
admixture, without adding any foreign ingradient.
Generally, traditional methods are followed and three
main types, namely Pindi, Dhap and Danedar are
recognised. Each type differs in quality, texture and com-
positionl.  Each variety is used in the preparation
of specific types of sweets.

Instruments used for determining the viscosity of
fluids can be classified into two types, namely, the rota-
tional and the capillary flow viscometers. When the
rotational viscometer is used for determining the vis-
cosities of fluid foods containing suspended solids
erroneous readings would be obtained because of the
separation of the solids. The pressure losses and rheo-
logical properties of flowing butter through stainless
steel tubing have been investigated by Hank et al2
However, no published information is available on flow
characteristics of khoa at different stages of processing,
and therefore, efforts to mechanize the process of khoa
making has become difficult. A systematic study was
undertaken to find out the flow characteristics of differ-
ent types of khoa at various stages of processing and the
results are presented here. A constant temperature capil-
lary tube viscometer was developed and used in the study.

Materials and Methods

The tube viscometer used in the study is shown in
Fig 1 It consisted basically of a sample container,
horizontal straight tube, constant temperature water
bath and a requlated air pressure system. The sample
container having a diameter of 4.5 cm and a height of
125 c¢m was made out of stainless steel tubing. One of
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Khoa at all stages of concentration has been found to be pseudoplastic non-Newtonian food product.

its ends was connected to air pressure system and the
other to a glass capillary tube through one way stainless
steel plug cocks. A constant temperature water bath
and side tube were used to provide the isothermal
conditions.  Glass capillary tubes of 3 mm diameter
and 36 c¢m length were employed where the total solid
content of the product was below 40 per cent, capillary
tubes of 4 mm diameter and 45 ¢cm length for total solids
between 40 to 50 per cent and capillaries of 5 mm dia-
meter and 52 cm length when the solids were more than
50 per cent.

Different types of khoa used in the experiment were
prepared in the improved khoa-pan developed by
Sawhney etal3. The milk used for making khoa contain-
ed 6.5 per cent fat and total solids of 16.2 per cent on
an average. The pan was operated at three different
steam pressures, viz. 0.7, 1.4 and 2.1 kg/cm2, thereby
maintaining the corresponding temperature of heating
medium at 116.2, 126.64 and 134.2°C, during processing
of khoa. Higher temperatures were not used as it led
to rapid browning of the product. Two hundred ml of
samples were drawn in sampling vials at different stages
of khoa preparation (5-6 per batch) and the product
was allowed to flow in the capillary for a precise time
interval by applying air pressure.

The volume of the sample collected was measured.
Flow rate of each sample was measured at 0.6, 0.5, 0.4
and 0.3 kglem2 pressures starting with the highest
pressure. The time varied from 5 to 30 sec and the
volume collected varied from 15to 140 ml. All measure-
ments were made at a temperature of 95+2°C. Solids
content of the sample was determined by the standard
Majonnier method.
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Sample container
Sampie inlet valve

1 Air compressor 10.
2. Air Pressure regulator 11-
3 Pressure gauge 12.
U Shut off valve 13
5 Bye-poss valve 14
6 Hot water bath 15
7.
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. Stirrer motor

. Sample collector
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Fig. 1.

For each measurement, the flow characteristics were
determined in terms of two rheological paremefers viz.,
flow behaviour index (n) and consistency coefficient (m).
For a tiibe-viscometer, the volumetric flow rate (Q)
for the non-Newtonian fluids obeying power-low equ-
ation, could be develpoed by the integration of the
velocity distribution4.

1/n an+ |

Q=0Qj Ru()2mdr- , (~L) (3n%-)R

Where ‘r’ is the variable radius of the tube, ‘L” is the
length and ‘u’ is the velocity of flow. The equation is
only applicable when the following conditions are met,
(a) a laminar flow has developed a steady state, (D) the
measurement is conducted under isothermal conditions,
and (c) the entrance and the exit effects are negligible.
Tne last condition is approximated when the diameter
is small and length to diameter ratio is more than
hundred>5.

The determination of m and n was accomplished by
plotting the logarithm of the volumetric flow rate (Q)

versus the logarithm of( The flow behaviour

2L

b

EXJeruneiltal set-up with constant temperature capillary tube viscometer.

index was measured as the slope of the straight line
obtained from log—log plot while the consistency coeffici-
ent was evaluated from the above equation.

Results and Discussion

Pressure drop versus capillary’ flow data for three
varieties of khoa at different stages of processing is
summarized in Table 1. The variations of consistency
coefficient (m) with different concentrations of the pro-
duct are shown in Fig. 2, 3 and 4 for the three varieties
of khoa. As may be seen from these figures the consis-
tency coefficient of all varieties of khoa remained con-

[ 102kgf—sec” i _
stant 205 X --mev 2 — ] up toaconcentration of 30-35

per cent. The consistency coefficient increased with the
increase in concentrations beyond 35 per cent. It
increased at a faster rate for higher concentration range
of 40 to 60 per cent. The highest value of consistency

coefficient was for pindi (73.019 x

IO"kgf-sec‘}

It is evident from the Fig. 5 6 and 7 that tie flow
behaviour index (n) also remained constant (0.86) for
all varieties of khoa up to a concentration of 30-35 per
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Table 1. pressure drop versus capillary flow data of ihree varieties of khoa at different temperatures of processing

126.24°C

134.2°C
drop Total  Flow
5 solids 6
kglem2] (%) 3/

0.6 18.75
0.5 18.75
04 1875
0.3 18.75
06 3150
05 3150
04 3150
03 3150
0.6 46.01
05 4601
04 4601
03 4601
06 5420
05 5420
04 5420
03 5420
06  59.50
05  59.50
04  59.50
03 59.50
06 6480
05 6480
04 6480
03 6480
0.6 18.60
05 18.60
04 1860
03 18.60
06 3110
05 3110
04 3110
03 3110

21.05
17.62
13.50
10.00

22.05
18.00
1550

8.6

510
345
2.50
1.65

9.30
6.30
320
2.20

8.10
5.65
390
2.00

1.15
4.65
2.95
153

17.62
13.50
10.00

16.50
12.10
9.05

Total

solids

(%)

Pindi

17.60
17.60
17.60
17.60

33.50
33.50
33.50
33.50

4401
4401
4401
4401

49.76
49.76
49.76
49.76

54.02
54.02
54.02
54.02

65.11
65.11
65.11
65.11

19.70
19.70
19.70
19.70

22.85
22.85
22.85
22.85

Ftow

10 8213/

21.00
1730
13.30

9.50

21.00
1725
13.25

9.50

12.60
8.90
6.65
450

5.45
310
2.10
1.76

1.30
545
3.85
2.43

545
393
1.98

17.60
1350
10.00

1750
13.50
10.00

116.21°C

Total

solids

(%>

18.60
18.60
18.60
18.60

22,71
2211
2211
2211

40.65
40.65
40.65
40.65

51.10
51.10
51.10
51.10

51.70
51.70
51.70
51.70

64.60
64.60
64.60
64.60

18,50
18,50
18,50
18.50

38.65
38.65
38.65
38.65

Flow

1556%%3/

18.20
13.80
9.90

19.67
17.60
13.50

9.50

40.10
3450
23.50

390
3.00
2.20
145

533
385
240

530
3.65
2.10

17.60
13.50
10.00

1.67
5.85
410

Al values are averages of 5 replicates at each concentration.

drop

(e

134.2°C
T?tdal Flow
solids
%) ( %?w
sec)
3940 425
3940 333
3940 250
3940 174
5155 760
5155 545
5155  3.70
5155 224
5.9  _
595 630
5995 380
5.95 203
1970 —
1970 17.63
1970 1350
1970  10.10
3405 2237
3405 1750
34.05  13.60
3405 950
4150 10.70
4150  8.30
4150  6.33
4150 445
4502 445
4502 340
4502 245
4502 163
5180 785
5180 555
5180  3.75
5180 225
5581 1.7
58l 517
581 332
581 175

126.24°C
T(l)tgl Flow
solids

) 6%%
4010 990
4010 775
4010 590
4010  4.05
5398 760
5398 510
5398  3.10
5398 232
6060  8.10
6060  5.75
6060  3.95
6060  1.65
Dhap

1823 21.00
1823 1730
1823 . 14.10
1823 950
3105 1787
3105 1530
3105 1175
3105 8.20
3920 1470
3920 11.80
3920 890
3920 610
4305 1110
4305 875
4305 650
4305 450
5170  5.75
5170 444
5170 315
5170 2.07
5.05  6.40
56.05 465
5.05 315
5.05 199

116.27°C

T?tgl Flow
solids

(%) (10 8n3

sec)

4640 950
4640 725
4640 550
4640 375
55.10 758
5.10 580
55.10 375
55.10 255
60.15
60.15 575
6015 3%
6015 215
1850 —
1850 1760
1850 1350
1850  10.00
2430 21.05
2430 1763
2430 1350
2430 10.00
3210 1850
3210 1510
3210 1150
3210 825
4070 —
40.70 49,98
4070 39.00
4070 2716
4650 1110
4650 870
4650  6.60
4650 347
5400  6.67
5400 5.0
5400  3.66
5400 235
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Fig. 2. Variation ofconsmtency coefflment( ) of pindi khoa
at different stages of processing.

cent and decre%sed rapidly beyond this concentration.

Amongst the t ree pes of khoa, 1t decreased most
rasp %g I Danedar compare to Pmﬂ and Dnap,
As the values of * n for aII varletles ofk 0a remainéd

less than unity it indicated the pseudoplastic behaviour
of the product at all the concentrations.

The, maximum value of consistency coefficient for
Pindi is due to its lower moisture content.  Very little
difference was found in the con3|sten0|es of Pindi
and Danedar khoa thougt the latter contalns fairly
large amount _of moiSture as compared to. the
forer. The higher value of con5|stency coefflment
of Danedar khoa was due to | arger su rE>ended particles
in the proguct. Also the fat glo uIe5|
ruptured because of workm on the product ¥

wooden block, during later stages of preparation. This
Ieads fo t efree fat formation in the product and hence

Pind khoa gt kh

70

DHAP KHOA
60 |-
HEATING MEDIUM o 136.2%
TEMPERATURE o 126.64°
50} a 116.2°C
I |
L E
V)
Nl
© 40}
T X
E
=
Z
=)
0 30
I
sy
j8a]
o)
9
5
g 20F
53]
=
w2
7
Z
3
10
. I’
§ s
0 1 -m_m_-roaadﬁ( 4 1
0 10 20 30 40 - 50

TOTAL SOLIDS (%)

g, 3. Variation of consistency cogfficient (m) of Dhap khoa
at different stages of processing.

i

imlféeslrts higher flowability to it at the elevated tempera-

The temperature of heating medium for khoa prepa
ration had no effect on the con3|stenc¥ coefficient nd
flow hehaviour index of different varieties in the initial
stages of their preparation. But both ‘m’ and 'n’ varied
considerably arter a concentration of 38 per cent. The
con5|stency coeffluent was higher for’ the product
Prepare a te h|gC0r température irrespective of

ntrary to this, the value of
flow ehawour mdex Was hlgher for all varieties of
oa prepared at lower temperature  (116.2/°C).
This might be due to more denaturation of mi
rotejns, at hl%her temperatures, Imparting a more
Bseudoplastlc haracteristic to the ‘product.  The
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Fig. 6. Variation of flow behaviour index (n) of DImp khoa
3ok ? different stages of processing.
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20f- E 0.8
: 0.7 |=
2 06}
ol g 0.5 |-
2 oul
: 8 03[ 0134.2%
‘é' § 02l HEATING MEDIUM TEMPERATURE 0 126.67 C
0 0 't 1 1 i) [ a8 116.2°C
0 10 20 30 40 S0. 60 70 0.1 -
TOTAL SOLIDS (°/s) 1 ) 1 L L L |
. . . . .. 0 10 20 30 40 5
Fig. 4. Variation in consistency coefficient (m) of Dunedar e Sl

khoa at different st f : . o
04 & CITIETENt Sieges OF processing Fig. 7. Variation in flow behaviour index (n) of Danedar

khoa at different stages of processing.

T ELNDI KHoa effect of temperature of processing was found to
T e be more pronounced in Pindikhoa because of its higher
S 0% N concentration.
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The rheological characteristics of butter at different temperatures were studied to arrive at a range of objective cha-

racteristics of a good spreadable butter.

It was concluded that a penetration value range of 80-170, extruder thrust

range of 0.5-1.2 kg and a minimum oiling off of 0.7% could be assigned for a good spreadable butter. However, no
definite range could be assigned for extruder friction, viscostiy and yield stress.

The rheoIo ical characterrstrcs of butter are important
since about 40 per cent of the sensory score IS assigned
to body and texture of buterL Dug to improved bro
cyremeént of milk in dairies in the country, the prodution

of butter has increased considerably, * Buffalo milk 1s
the major source of butter.  There is not much infor-
mation” available on the rheologrcal characteristics of
burfalo cream butter. In this studly an attempt has been
made to fix ranges of otgectrve characteristics within
which butter will be gracied as suitable for spreading by
Subjective analysis.

Materials and Methods

Butler:  Butter from huffalo fresh cream was pre ar
ed in the e>}<ger|menta| dar\r/v of National Darry R se rc
Institute, Kamal, In a Vane power chum

The butter was stored at 0°C before analysis. e mean
com[]Josrtron of hutter was fat 80-82 per cent, moisture
16-17 per cent, salt 2 per cent and curd 1-15 per cent
Tem%errng Butter exposed to . temperatures of
15+1° rtU and 2121°C, in incubators for 48
or_ were analysed for rheological characterstics by
objective and Subjective, methods as mentioned below,

enetration valie:  The penetration value (P
butter was measured by Universal cone penetrometer
made to AOCS2 sPeufrcatrons

Spreadability and stickiness:  These were measured by
usrng FIRANIRD extruder2wh|ca recorced the extruder
thrust(ET) and extruder rrctron zres ectively.
ET s nversely correlated to the spreadabili
directly with stickiness of butter (FIRANIR extruder

manual

Vrsco)sr and tXreld stress:  The viscosity and yield
Stress Q L of Dutter were measured by“a modified
Stormet’s Viscometer4 as tollows:

386

of  scalebwith descriptive tests at 2 points interval as fol

About 50 tq of butter was fixed into the sample cup of
viscometer af the temperature of analysis. The cup was
fixed in posrtron b¥ raising the stand uritil the apex of the
Inner cone ets into the ole at the bottom of the outer
cIrnder gts Were gace In the weight pan and the
time taken for the Iar r disc to complete one rotation
was noted. Theweigh twas graduallyrncreased by units of
10 or 20 gand the angular Velocity was determined atleast
with 3 such increments, Then the Werphts were graduall
reclucedand corresponding angular velocities de ermined.
Then a graph was drawn by plott mg weight agarnst
angular vlelo%rty From tfie curve Obtained, the YS
was calcu
Qiling Oﬁ(OO} Oiling 0ff(00) of hutter was mea-
sured by the method of e Man and Woodb.
ensorg evaluation of butter:  The hardness, sprdeada
stickiness of butter were assessed by a ane of
u es from Dairy Technology Section of Nato Da|
esearch Institute, Kamal,“Who were selected
||m|nary screenrng tests.  Each pane| member drd thrs
%/ pread |n|%a part of butter on bread with a table knife
at a yniform experimental temperature.  The panelists
were Instructed to rate each sample on a seven Pornt
oWs
Hardness L Very soft, 3 moderately soft, 5.
moderate hard an 7. very hard,
Spreada ||t¥ nreas v to spread. 3. suitable to
spread 5. rather difficult to Spread, and 7. difficult to

|OStrekrness ) Not sticky’, " 3. slightly sticky, 5.

mo derately sticky and. 7. \ery
Anal sry EYa The data obtaered were analysed

nt/ 1 and 2 factor ANOVA for objective and subjective
ethods respectrvely as described by Snedecor and
Cochran.
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Results and Discussion

The mean _rheologmal characteristics of butter measur-
ed by objective and subjective methods of analysis are
given. in ‘Table 1 and Table 2 respectlvel%

~ 1t is observed from Table 1 that the PV of butter
increased or the hardness decreased with the increase in
temperature. When the same samples were tested for
hardness by subjective method of ana,lysm at 15°C, they
were grackd as moderately hard while the samples at

18°C ‘were graded in befween moderately hard and

Table 1. mean rheological characteristics of butter

eeeeeee d by objective TESTS

RHEOLOGICAL CHARACTERISTICS OF SPREADABLE BUTTER
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moderately soft. At 21°C the samples were graded
between moderately soft and very soft. For butter to be
suitable for spreadling, it should be neither hard nor
sloppy, but should bé moderately soft and this grading
corresponds to a score of 3 on the sensory scale,” In the
sensory. evaluyation at a mean score of 3.5 (Table 2} which
approgimately corresponds to moderately soft, the PV
was 79, AtaPV of 224 the hutter was *u 0ed in between
very soft and moderately soft.  Thereforg, for butter to
have gesired spreadable”character a PV in the range of

-170 can be assigned.  The values of PV reported for
hutter of good spreadability fall within the range men-
tioned above89. " In the stafistical analysis it was observ-
ed that the objective and subjective’ hardness differed
significantly with the temperature of analysis (Table 3

Characteristics 15°C 18°C 21°C and 4).
Penetration value (MMxI0D 5275 79.00 | The mean ET of butter ranged from 0.34-1.36 kg
Ei?fu;z:ot”hrﬁtuik() oy mh R 20 between T and 21°C (Teble 1. The mean wjectie
M | | = score corresponded to grades Detween ‘rather difficult
Extruder friction (kg/cm) 03103 0% to spread’ and ‘Suitable to spread’ and ‘very easy fo
Oiling off (%) 070 180 eoo  spread’ or slightly sloppy at 21°C (mean store 2.5).
Viscosity (Poise) 33100 14150 2960 or butter of desired spreadability it should have a score
Yield stress (dynes/cm?) 6670 3350 24340  Of 3on the sensory scale which corresponds to ‘suitable
to spread”. Here, at a sensory score of 2.9 at 18°C the
mean ET was 043 kg which T very near to ‘suitable o
Table 2. mean sensory score of butter measured by g [ead__ Butter at & sensory score of 25 observed at
2'C is sl1|_qhtly sloppy and the corresponqu(l:‘r
Characteristics s e  ac 8034 kgg able Land 2). AtaET value of 1.3 % at
15°C the butter was graded nearer fo ‘rather difficult
Hardness 50 35 25 tospread’. Hence the range of ET for butter of %ood
Spreadability 41 29 25 spreadable characteristics lies between 05 and 12 kg
Stickiness 31 29 39 approximately, which is almost the same as reported by
Table 3. analysis of variance of rheological characteristics of butter measured by
objective tests (fwvalue)
Treatment df PV ET EF 00
S F-Value S F-Value SS F-Value SS F-Value
Temperature 2 611060 9450+ 25 798% 010 1270 6374 402
Error 6 1940 - 0.01 - 0.02 - 475 —

«Statistically significant

Table 4. analysis of variance of rheological characteristics of butter measured by
subjective tests (f-value)
Treatment df Hardness Spreadability Stickiness
SS F-Value SS F-Value SS F-Value
Temperature 2 383 58.8* 238 19.9% 9.26 2.9
Error 3 127 — 235 — 62.13 -

«Statistically significant.
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Burki and Fluckiger ) for butter from cow cream. The
statistical analysi$ indicated that (Table 3 and 4) the
objective and “subjective spreadability differed_ signifi-
cantly amor}gbdlﬁer,ent temperatures of analysis. =~

The EF of butter increased gradually with increase in
temperature, No gefinite relation was observed at differ-
ent temperatures between objective and subgectlve ana-
lysis. - Statistical analysis showed that the temperature
had a significant effect on the_objective stickiness, (EF)
but its éffect on subjective stickiness was not signifi-

cant ;

The mean oiling off of butter increased significantly
with increase in temperature (Table 1and 3). Butter 4
samples which were found surtable to spread were havin
values of oiling off rangmq_from 127 to 1.93 per cent’

On earlier occasions, the oiling off of butter suitable for 4

S r_eadin? ranged from 0.7 to 39 per cent and_hence no
efinite ange could be assigned for oiling off of good
spreadable butter.

earlier observations _ all butter. samples with good

spreadability had a minimum of oiling off of 0.7 per Cent. s,

No value could be assigned for upper limif,

[
The wscos%was al)sc(iJ found to vary significantly with 7.

temperature (Table 1). Based on the Viscosity Values

and the mean subjective score, r.0 definite range of vis- s

cosity could be assigned for butter of good™ spread-

ability.
The mean YS of butter was also affected significantly 9.

by temperature (Table 2 In the_ present study all the
butter samples which have been judged as suitable to

spread showed YS values which ranged from 344 to 392

o

ynesicm?. In an earlier study3 a set of butter samples 10

/
havmz% 7good spreadability_showed a different range of
YS (247-292 dynesicms).  The range of values reported
IW arekh and SrinivasanZl was™ 250-500 dynes/cm?
ence from the above data it has not been possible to

However, hased on our present'and 5.

—
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fix a definite range of YS value for good spreadable
butter.

The réasons for such variations IS not

nown,

Thus in this study, an attempt has been made to fix a
range of values of various objective tests so that the rheo-
Iog||cgl bgharaptensﬂcs of butter suitable for spreading
cou

defined.
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Lipid and Fatty Acid Composition of Fish and Shell Fish*
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Lipid and fatty acid compositions of five species of lean fish (Johnius argentatus, Chanos chanos, Etroplus suratensis,
Pseudarius jella, Tachysurus SL)) and three species of shell fish (Perm viridis, Neptunus pelagicus, Macrobrachium

rosenbergii) are reported.
weight basis.

pholipids were richer in polyunsaturated acids, compared with neutral lipids.

ess In phospholipids than in neutral lipids.

Fish lipids have been receiving great attention as.a
source of unsaturated fat in humandiet. Data on lipi
and fatty acid composition of many Indian fish and shell
fish are available:5. However, there are many species
whose lipid and fatty acid, composttion have not been
studied. _Lipid and fatty acid composition of five species
ort It%an frgheand three Species of Shell fish are reported
In this pap

Materials and Methods

Five species of lean fish, silver jew fish ﬂJohnrus
entatus milk fish {Chanos chanos), pear! spot
ro lus ™ surafensis, cat fish, {Pseudarius jella and
surus sp.) and. three species of shell fish, mussel

{Per a viricis), crab {Neptunus pelagicus), and fresh water
prawn {Macrobrachium_ rosenbergii) were used |n the
study. Fresh fish pac ed |n ice was rought to the labo-
ratory within. 2 to 3 hr of catch |n be portrons of
fish or shell fish Were minced and use for lipid extract-
ion, by the method of Brgh and rperG The chloroform
extract was washed to remove on lip |d impurities?,
evaporated under vacuum and the |p| samples \Were
stored at-20aC under nitrogen for further analysis.
Separation into aeutral lipids and phospholipids “was
done by silicic acid column chromatograph 8 Neutral
lipids were eluted with chloroform and “phospholipids
with chloroform-methanol mixture. All the phos holrprd
fractrons vvere pooled together concentrated and analys-
){t in_[ayer chromatography on silica gel G platesd.
Iden ification of the separated components was done b
comparing their Ry values with those of standards an
by spraying with specific rea?ents for phosphate, choline
and amino group. Quantifative determination of the
components Was carried out by determination of phos-

Pnospholipid content of these samples varied from 0.87 to 0.96% of the tissue, on wet
Phosphatidyl choline was the major phospholipid in ail the species studied. It was found that phos-

Proportion of monounsaturated acids was

phorus in the separated spotsd and by scanning the char-
red spots with TLC scanner (Hitachi Model 556).
Methy I esters of the fattg acids of neutral and phos-
pholi |p|s \Were prepare according to the AOAC
rocedurel0 and analysed on a column of Silar 5

10 per_cent) on Gaschrom Q, 80/100. Identrfrcatron
and ‘estimation of the components were done as des-
cribed earlier3,

Results and Discussion

Lipid coptent and phospholrprd composition of the
fishes are given In Table 1" Phospholipid content of the
lean fish varied from 0.7 t0 0.89 er cent and that of shell
fish from.0.86 t0 0,97 per cent ot the tissue. Phospholipid
comRosrtron of fish (and shell fish) tissues do not show
much_ variation from species to specres]l Gopakumar
and Rajendranathan Nair25 reported that phospholipid
content of fish and shell fish o this region fall within a
narrow range. Results of the present investigations are
In_agreement with these observations.

Phiosphatidyl choline was the major phospholipid_ in
all the samples studied. In lean fish, its proportron varied
from 55.9 to 638 per cent and In shell fish, from 440
to 689 per cent of total phospholi (prds Phos hatidyl
ethanolamrne contentwas esecon highest com onent
(except In fresh water prawn ). Itsprop ortron n Iean fish
varied from 14.9 to 21.7 per cent of total phospholipids.
Fresh water prawn was notable for its very low content
of phosphaticlyl ethanolamine (8.6 per cent). Phosphatidyl
Serine, phosphatrd I inositol, sphrn%om elin and small

uantrtres of gso derivatives, of phosphatidyl choline
an phosphatr yl ethanolamine were also present in
these” samples.

Fatty acid composition of neutral and phospholipids

*Forms part of Ph.D. Thesis, of the first author submitted to University of Kerala, 198L.
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Fish/Shell fish

J. arpentants
C. chanos

E. suratensis
P. jella
Tachysurus Sp.
P. viridis

N. pelagicus
M. rosenbergii

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, vOL. 21, Nov./DEC. 1984

Table 1. phospholipid composition of the lipids of fish and shell fish
Lipids* Phosphatidy[** . Phos- L
Sample - , ~_Sphingo- phat- .
sz Total Neutral Phos- choline ethano- serine inositol myelin idic  choling
(Nos) pholi- lamine acid
pid

9 11 03 077 559 192 15 6.5 2.6 30 09
2 35 261 089 638 182 37 2.1 4.0 2.2 05
10 19 116 070 579 149 18 28 31 Nil 25
5 26 188 074 610 178 13 18 36 41 14
5 20 124 073 596 217 56 39 35 26 08
450 13033 097 440 30.0 13 2.0 6.0 05 12
60 19 093 096 483 239 9.7 34 5.9 2.9 24
15kyg 12 034 087 689 8.6 11 19 Nil 1.0 18

*0 of tissue on wet weight basis
**0 of phospholipid

Fatty acids

12:0
13:0
14:0
15:0
16:0
18:0
Total

16:1
181
20:1
22:1
Total

18:2
18:3
20:2
20:3
20:4
20:5
22:3
22:4
22:5
22:6
Total

Table 2. fatty acid composition (%

C. cha

01
01
12
2.9
238
17
398

.7
22.0
Nil

15
312

33
41
39
15
6.2
31
Nil
Nil
2.3
28
21.2

*¥1.7% of 19:0 was also present

nos

E. suratensis

0.6
Nil

19

0.7
218
122
312

9.0
248
Nil
Nil
38
43
58
31
2.0
5.0
13
09
14
31
2.4
29.0

Pseudarius sp

0.2
01
34
11
214
107
36.9

9.8
163
Nil
Nil
26.1

31

32

16

08

50

6.4

18

14

33
101
31.0%

a 0.4% of 141 was present

Tachysurus

0.2
Nil

12

0.7
219
102
40.2

106
187
0.4
Nil
30.1°
15
21
09
Nil
34
36
1.0
14
33
124
29.6

J. argentatus

0.6
0.2
30
21
203
113
39.2*

135
120
Nil
Nil
25.5
31
37
21
16
6.6
53
12
17
2.3
1.2
354

b 0.3% of 18:4 was present.

by weight) of neutral lipids of fish and shell fish

ysophosphatidyl
Un

11
0.2
13
12
0.7
Nil
14
0.8

M. rosenbergii

2.7
08
4.0
2.1
184
1.6
36.2

15
18.2
Nil
Nil
5.1
128

36

35
Nil

33

24

0,9

- .14
A

8.6

38.2

iden-

ethano- tified
lamine

33
41
104
18
15
8.6
2.0
6.0

P. viridis
0.2
0.1
6.7
2.3
20.2
6.0
355

116
46
5.3
5.2

26.7
16

Nil
30

Nil
29

13:0

Nil
2.0
1.7

134

37.6
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Table 3. fatty acid composition (% by weight) of phospholipids of fish and shell fish

Fatty acids C. chanos E. suratensis Pseudarius S Tachysurus S)  J. argentatus M. rosenbergii P. viridis
120 2.1 13 3.2 2.0 05 05 Nil
13:0 2.8 13 03 2.0 05 14 Nil
140 40 13 3.6 13 09 2.3 2.2
15:0 Nil 15 2.1 35 10 15 36
16:0 16.7 16.3 119 148 159 15.7 10.0
18:0 128 109 137 114 120 126 33
Total 39.0 32,6 34.8 350 308 340 191
131 17 Nil Nil 05 03 Nil Nil
141 Nil Nil 13 Nil Nil 13 58
151 Nil Nil Nil Nil Nil 18 8.2
16:1 45 4.6 41 49 55 71 1.1
181 18.0 15.3 148 134 10.2 219 25
20:1 Nil Nil Nil Nil 18 Nil 53
22:1 35 Nil Nil Nil Nil Nil 50
Total 217 19.9 20.2 188 178 321 345
18:2 28 33 16 14 1.0 1.1 2.1
18:3 29 34 0.7 16 17 2.1 50
20:2 2.6 21 Nil 2.1 10 14 21
20:3 0.6 29 07 Nil 09 Nil 13
20:4 7.6 101 95 8.2 12.9 8.4 51
205 48 38 71 49 6.8 74 8.3
223 Nil 11 08 19 25 1.0 34
22:4 Nil 16 20 28 51 11 39
2215 2.1 53 25 2.9 24 06 32
22:6 9.2 141 19.3 19.8 179 37 116
Total 332 417 44.9* 46.2 51.3 34.0 46.5

*184, 0.7%

of the fish and shell fish studied are given in Tables 2and  to carry. out this work and to_Shri. M. R. Nair, of

. In general, it was found. that "phospholipids were  Biochemistry and Nutrition Division, for valuable

richer in polyunsaturated acids compared to neutral  suggestions.

lipids. However, the neutral lipics of fresh water prawn
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Effect of Phosphorus on Fatty Acids of Tea Leaves and on the
Quality of Teas
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In Assam type tea leaf, fatty acids present are decanoic, lauric, myristic, stearic, palmitic, palmitoleic, oleic, linoleic

and linolenic acids, of which, oleic, linoleic, palmitic and linolenic acids form a major part.

Phosphorus added through

fertilizer (at 45 or 180 kg per hectare as P205) appears to have no effect on the composition of fatty acids, but

oleic acid and linolenic acid appear to decrease with increased doses of phosphorus.

lenic acids are preferred by tea tasters.

In black teas!-2; linoleic and linolenic acids are shown
to be the precursors of hexanal and frany-.-hexanal
respectively. - During fermentation, in, the preparation
ﬁf black tea, linoleic and linolenic acids decrease aEd
exanal and rrany--hexanal Increase3  Hatanaka
et al4. have shownthat cw-3-hexenal, I/ms-2-hexanal
and n-hexanal were generated by an enzyme bound to
lamellae of chloroplasts in tea leaves, when the leaves
were cut or mechanically ruptured in the presence of
oxygen. erght and Fishwichs reported that lipid
breakdown In Tea leaves Is complete after . hours of
fermentation, However, there is no_ report available on
the role of fatty acids in tea quality. In the present
study an attempt IS made to quantify some of the fatty
acigs in tea leaves, their changes tiy §)hosph%rus fertilizers
and to correlate the fatty acidl In feaves with tea quality.

Materials and Methods _
Tea leaves from clone TV 2* (Assam variety) from the

Teas with less oleic and lino-

bushes receiving 0, 45 and 180 kg P.O; with a basal
dose of 135 kg N and 45 kgnof K2.Oper. hectare durin
March were Collected from the experimental plot g
Tocklai Experimental Station at f rtnlghm intervals
from May to Novemper. ~Leaves were steanted for one
minute and dried using hot air flow at 60&C.
Fattg acids were extracted from tea leaves following the
method used by Saijo and Takeol Five gram of dried
leaves were ground to powder and extracted with .o ml
of chloroform and methanol mixture (2:1) for 5 hr with
continuous stirring in cold room at 10eC. | Extracts were
concentrated under recuced pressure to give cruge lipid
fractions. Fatty acids were converted t0 meth?II esfers
with diazo-methang after which they were analysed bg
%%saﬂgtéromatography as reported” by Sukhija an

Theaflavins QTFJ and thearubigins TRI)1 were estima-
ted by the methd of Roberts and Smith7. Teas were
tasted” by Tocklal and London tasting panels.

*Present address: Tocklai Experimental Station, Jorhat-785 008, Assam, India.



BAJAJ et al: EFFECT OF PHOSPHORUS ON FATTY ACIDS OF TEA LEAVES

Table 1. fatty acid composition of tea leaf (clone ‘tv2™

Fatty acid

components 125 2665 236 17T 27 Average
Decanoic 18 106 53 75 36 696
Lauric 78 106 53 15 38 1.00
Myristic 136 8.2 6.3 15 36 184
Palmitic 301 208 360 379 329 354
Palmitoleic 1.2 2.0 1.0 37 15 188
Stearic 24 23 18 37 20 264
Oleic 6.0 140 102 95 135 1064
Linoleic 140 160 152 98 Ul 1382
Linotenic 155 B5 189 123 240 174
Total 934 1000 1000 994 1000 99.56

Results and Discussion

The fatty acid composition in tea leaves of Assam
variety, namel%/ clone. TV 2’ are presented in_ Table 1
Resulfs show that major fatty acids are palmitic, oleic,
linoleic and linolenic” and minor ones are decanoic,
lauric, stearic, myiistic and palmitoleic acids. . However,
In Japanese tea, lauric, myristic, stearic, oleic, |inoleic
and [inolenic acids are nafeworthy, of which, [inoleic
and linolenic acids are c1une high"In the hosphoh{nd
fractions. Hatanaka ef al4. recorded only traces of free
fart){_ aclds in tea leaf but non-ionic lipids and phos-
Fho ipids fractions contained palmitic, acid 532 mg,
Inoleic acid 32.3 mg and linolenic acid 1724 _mq Pér
100 g of fresh leaf. They have also shown that linglenic
acid”and linoleic acid do_not show marked variation
except a big peak n October. . Our results from
early. May to'late July show.that oleic acid and linolenic
acid incréased during’late July while there was no change
In the total fatty acids (Table 1). . Since (rani-2-hexenal
15 cerived from finolenic acid and it increases from April
reaching a maximum in July as reported by Hatanaka
et ald, “lends Support to Our observation: However
trans-2-hexenal - content in Japanese tea declines in
autymn and reaches a minimum value in Decemper,

The fatty acid composition In tea leaves from bushes
which received 0, 45 and 180 k%_Pz o §/ha are presented in
Table 2. . Phosphorus application did not seem to have
any significant impact on the tofal quantity of fatty
acids, ~ However, a gradual fall in the, concentration’s
of oleic acid and linolenic acid and increase in the
palmitic acid was noticed with the increased dose of
phosphorus.

393

Table 2. effect ofﬁ\?os?horus on the fatty acid composition

Fatty acid components Po PS5 PI80
Decanoic 497 5.00 6.96
Lauric 5.04 5.00 7.00
Myristic 5.04 5.78 184
Palmitic 30.30 30.90 3154
Palmitoleic 2.83 2.04 1.88
Stealic 2.87 2.24 2.64
Oleic 14.03 12.68 10.64
Linoleic 15.4? 15.88 13.82
Linolenic 19.80 18.88 17.24
Total 100.30 98.40 99.56

. Tea quality showed a marginal improvement with the
increased dode of phosphorus. Theaflavins and thearu-
bigins which are consiered to e res?onsmle,for quality
of tea, were qf almost similar concentration in the teas,
but their ratio showed a marginal increase in_the teas
from leaves with higher dgse 0f phosphorus (Table ,3?1.
Interestingly, tasters valuations were higher in teas wit

higher dosé of phosphorus.  Scores given by London
tasting é)anel clearly show preference for teas from leaves
with ncreased dlosé of phosphorus. Improvement of tea
guahty by phosphorus application was also reported by
alukvadze: and Rahman et al9,

. Total fatty acid in leaves appeared to have no correla-
tion with tasters valuation. However, oleic and linolenic

acids showed a gradual decline with the increased dose
of phosphorus (hable 4g. Inudentall%/, tasters marks also
Increased with the decréased levels of oleic acid and lino-
lenic acid.
Table 3. effect of fertilizer phosphorus on tea quality
Chemical assessment Tasters valuation
P2 )
(kgolaa) Thea- ~ Thea-  TF/TR  Tocklai ~ London
flavins  rubigins scores/kg  scores/kg
(%) (%)
0 2.04 1556 0.131 7.30 753
45 2.03 15.15 0.133 1.32 7.80
180 2.08 1551 0.134 7.65 7.93

Each value is the average of 15 replication.
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Table 4. correlation OF tasters score on teas WIth some
ACID QOVPONBNTS OF TEA LEAF

Fatty acid Pc PL5 Pi
Total fatty acids. 100.30 98.40 99.56
Oleic, acid 1403 12.68 10.64
Linoleic acid 1x42 15.88 1382
Linolenic acid 19.80 18.88 17.24
London taster’s score 753 7.80 7.93

It has been shown by Sa|{03 that linoleic acid and
linolenic acid undergo ctiange to hexanoic acid and trans-
.-hexenoic acid through hexanal and  fiww-.-hexenal
respectlveIP(/. The oxidafion was initiated by Ilﬁ)oxygenase.
Tt Is not known whether hexanal, f/mv=.-hexénal and
their acids are detrimental to tea unalltX This aspect
needs a closer study in view of the Tact that Takeo and
Tsushida.o claimed that lipo fg%ena_se activity is h|gher
in the good fermenting clones than n the corresponding
Roor ementing clongs, if hexanoic acid_ or irons--
exenoic acids”are the end products of lingleic acid
and linolenic acid respectively during fermentation which
show a progressive increase with ‘the increase in the
lipoxygenase. activity of leaf, excessive accumulation
of thése acids may cause variations in tea quality.
Therefore, acoordinated study. of the linoleic acid, lind-
lenic acid, lipoxygenase activity, degradation products
of linoleic acid “and linolenic acid and tea quality is
necessary, This may help in selecting quality clones for
planting in new areas.
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Peroxide value (PV), anisidine value (AV), Kreis value (KV), diene value (DV) were compared for their suitability to

monitor oxidative deterioration in edible oils.
at 20-27 (ambient), 30 and 37°C for 20 weeks.

Groundnut, mustard, sesame, safflower and coconut oils were stored
Qil samples were analysed periodically for the above parameters

and were found to be reliable indices of autoxidation in groundnut oil; AV being more accurate and consistent.
Very low values for the methods were obtained for sesame and mustard oils. For safflower oil a negative correlation

was observed between the chemical indices and storage temperature besides values being very high.

failed to respond to any of these parameters.

Autoxidation is the major cause of deterioration of
fats and oils and fatty foods, The unsaturated fatty
acids of food lipids aré the primary tar%_et of oxidation
accompanied by varigus secondary’ reactions leading to
off-flavour and rancidity. The rateof oxidation Increases

gometrically with the number of double bonds.

emPerature, light and heavy metals like iron and copper
accelerate the reaction. Bécause of the complexity of
the end products and the factors influencing the reaction
Kingtics, attempts to. quantify the rancidity of food
products have. met with limited success. Labuzal has
reviewed the Kinetics of lipid, oxidation in foods. Gray?2
has discussed various chemical, and physical methods
for the measurement of rancidity and their correlation
with organoleptic, evaluation, »

.There"are quality standards for rancidity of fats and
oils prescribed by various national and international
agencies baged ori peroxide value (PV). The validity of

to monitor rancidity has been”questioned on nian
ﬁrounds. The peroxidesper se are odourless and the off-
lavour or rancidity Is caused by the secondary degrada-
tign products and hence PV is not a direct measurement
of odouriferous compounds.  Furthermore, the rate
of oxidation depends on the degree of unsaturation and
storage conditions of the fats and oils. It Is therefore,
arqued that PV as a standard for rancidity of all fats
and ails with a single limit value 15 without sufficient
scientific basis. Several workers have compared various
chemical parameters for their suitability to quantify
rancidity of fats and oils with varying degree of Success,
In India, number of oils with widely différing unsatura-
tion and storage histories are consumed. A Studly was,

Coconut oil

therefore, undertaken to find suitable chemical pa-
rameters that can monitor the exent qf oxidatjve
det%[[mrgatmn of the popular edible oils of this
country’,

Materials and Methods

.Coconut, groundnut, sesame, mustard and safflower
oils of unréfined quality were. stored in clean tin
containers. Surface to volume ratio and head sPace \ere
identical for all the samples. Qils were stored at ambient
(20-27°C), 3 and 370C. Samples withdrawn periodically
were analysed for PV3 anisidine value (AV)4, kreis
value (KV)5 diene value (DV)6, thiobarbituric acid
value (TBAV)7 and refractive index (RI)8
For the determination of AV, two methods (IUPACY
and a moclified method of Jirousovad) were compared
and the modified method was found more reliable and
reproducible and hence™ it was followed. A" known
uantity of the fat sample (10-50 mg) was taken In
chloroform (2 mlz and 4 ml of 'L5 per cént TCA in alco-
hol followed by 4 ml of 0,25 per cent p-anisidine (recry-
sgilhsed) n aécohol werg added. The tubes were stopper-
ed and mixed, well and Incubated at 60°C In a water
b%th for 60 min. The colour Was meaSU{ed aﬁ 400 nm.
The result was expressed following the Tormula,
E-Eo-Ei)IO

AN S5

where

™ extinction of sample; Eo=extinction of blank;
Ei=extinction of fat solution and n=weight of fat in

grars,

*present address: F00d Division, Regional Research Laboratoiy, Trivandrum-695 019, India.
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Table 1.
Qil Storage temp.
C) 0 3
Groundnut 20-27 1.5 1.5
30 1.5 2.0
37 1.5 1.7
Mustard 20-27 1.5 45
30 1.5 5.2
37 1.5 5.4
Sesame 20-27 2.0 2.8
30 2.0 2.9
37 2.0 3.9
Safflower 20-27 3.0 18.4
30 3.0 36.0
37 3.0 27.5

NOV.JdEC. 1984

PEROXIDE VALUES (MEQ 02/KG FAT) OF OILS ON STORAGE

Period of storage in weeks

6 9 12 15 18 20
2.5 4.8 6.9 11.0 11.2 14.0
4.5 8.2 15.2 22.0 20.3 29.7
6.8 13.2 20.0 33.1 27.0 42.2
10.0 9.7 9.8 9.7 10.0 9.5
12.0 13.0 11.5 10.5 11.0 10.5
11.0 13.5 12.9 11.0 10.0 10.0
2.4 4.8 6.6 3.5 4.1 4.7
3.2 5.4 6.4 4.8 4.7 5.3
3.7 6.2 6.8 8.3 6.8 7.9

26.5 58.0 58.0 65.0 73.0 83.0

45.0 54.4 55.0 63.0 72.0 73.0

37.1 40.6 41.0 45.0 48.0 44.0

Values for coconut oil were <0.5 for all the temperatures studied.

By this method very high numerical values were
obtained comé)ared to the corresponding values, obtain-
ed by IUPAC.

Results

Peroxide value: PV are presented in Table L PV
for groundnut oil registered a progressive increase with

the period of storage at all temperatures. A significant
difference in the PV due to the temperature of storage
was observed, 1.e., the rate of peroxide development was
higher at higher femperature.” Mustard and sesame oils
showed somewhat Similar pattern of PV, though the
values for sesame. oil were very low. After a dlight
increase In the Initial stages, PV tor mustard oil did not

Table 2. anisidine values of oils on storage
Qil Storage temp. Period of storage m weeks
%c;> 0 3 6 9 2 15 18 20
Groundnut 20-27 20 20 20 20 29 49 58 1
30 20 20 30 4 67 106 185 232
3 20 20 60 12 87 186 215 212
Mustard 20-27 30 7 100 119 191 195 205 340
30 30 91 127 127 167 185 191 364
3 30 95 15 129 135 190 A1 370
Sesame 20-27 20 2 57 62 5 6l 64 55
3 20 29 65 41 52 68 69 56
3 20 49 65 61 5 54 65 mn
Safflower 20-27 50 138 197 437 450 495 504 603
30 50 191 u 508 520 540 51 613
31 50 198 254 451 470 450 409 435
Coconut 20-27 — 1 - 5 5 10 15 20
30 — — — 5 5 10 15 21
3 — — — 5 5 10 20 3%
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increase till the end of the storage period. The increase
of PV for sesame oil was very slow and small compared
to other oils. Both mustard and sesame oil did not show
any significant difference in their PV due to temperature
of storage. Safflower oil followed an mterestmgi pattern
of peroxide dev,eIoBment different from other ofls. Very
sharp increase in PV was recorged at the initial stages
of stora?e for all temperatures. The measurable PV s
highest for. the sample stored at ambient followed by 30
and 37°C in that order. PV was ver}é high for safflower
oil.  Coconut oil did not_record PV more than 05
throyghout the storage period. _

AniSidine value:  Tahle 2 shows AV of the oils on
storage.  Groundnut oil recorded a Steady increase in
AV atter an initial lag period. There was a marked
difference in AV of the groundnut qil stored at different
temperatures; at 37°C the rate of Increase was hl%hes_t
followed by 309C and ambignt. Though mustard oil
also reglstered a prolgresswe increase of AV, the effect
of storage temperature was not very s\|;;n|f|cant. Never-
theless AV was a better index thari PV for mustard oil,
There was no substantial increase in AV for sesame, oil
due to storage or temperature.  Safflower oil at ambient
and at 30°C'recorded a steady increase in AV; the rate
of increase being higher at” 30°C. As observed for
PV, safflower oil storéd at 37%C showed a lower rate
of increase for AV.  Coconut oil did not ?lve any
measurable AV though towards the end of storage it
gave verx low values. _

Kreis Value: ~Kreis values are recorded in Table 3
KV for groundnut oil were consistent with the pattern
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of PV and AV with respect to temperature and period
of storage. Mustard il also showed an increase in KV
but the Tate of increase was fairly uniform for all the
temperatures.  Sesame oil exhibited a similar trend but
at a slower rate of increase. Safflower oil at ambient
temperature recorded the maximum rate of increase
hut'at 30 and 37°C the rate of increase was regliced
sqnlflcantly as observed for other parameters of this
oil.  Coconut oil failed to respond to KV during the
storage period. o _
Diéne value: Table 4 indicates the DV of the ails.
DV of groundnut oil followed a similar pattern as
observed” tor other parameters suf%;gestlng consistency
among these parameters.  Infillence " of storage
temperature was also reflected in DV as higher rate 0f
ncrease was noticed at 30 and 37eC.  Mustard and
sesame oil did_not show any specific trend with respect
to storage peiiod Qr temperature. The values were
erratic and did not increase significantly. Safflower oil
registered a progressive increase in DV with the time of
storage, HowevVer, the rate of increase was decreased
at 37%C as observed In PV, AV and KV. There was no
measurable DV for coconut oil. o
Thiobarpituric acid value and refractive index: _No
measurable colour could be developed. to obtain TBA
value for any of the oil samples by this method. The
increase in R1 was too low to be of‘any practical signifi-
cance. Hence, values for TBA and RIare not recorded.

Discussion _ _
The oils selected for this experiment are popular

Table 3. NESvalues (o.d./g fat) of oits ON ST(RAGE

Oil Stora(ge temp.
C)

0 3

Groundnut 20-27 0.25 0.25
30 0.25 0.25

37 0.25 0.26

Mustard 20-27 0.30 0.28
30 0.30 0.43

37 0.30 0.43

Sesame 20-27 0.20 0.20
30 0.20 0.20

37 0.20 0.25

Safflower 20-27 0.50 1.84
30 0.50 1.16

37 0.50 1.10

Values for coconut oil were not significant.

Period of storage in weeks

6 9 12 15 18 20

0.25 0.34 0.38 0.40 0.73 0.70

0.30 0.41 0.76 0.60 1.00 1.30

0.39 0.63 1.00 1.00 1.30 1.90

0.60 0.54 0.75 0.80 0.89 0.75

0.77’ 0.49 0.77 0.80 0.77 0.82

0.74 0.57 0.96 0.90 1.00 0.84

0.23 0.23 0.17 0.22 0.18 0.33

0.31 0.29 0.29 0.24 0.16 0.32.

0.32 0.25 0.30 0.28 0.30 0.47

2.81 2.50 3.30 3.20 3.90 3.10

1.65 2.70 3.30 3.10 3.80 3.30

1.85 2.30 3.25 2.90 3.10 2.70
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Table 4.

Qils Storage temp.
(°C) 0 4
Groundnut 20-27 0.153 0221
30 0.153 0221
3t 0.153 0.227
Mustard 20-27 0.200 0.200
30 0.200 0.258
37 0.200 0.258
Sesame 20-27 0.210 0.210
30 0.210 0.210
Ry 0.210 0.210
Safflower 20-27 0.350 0.550
30 0.350 0.580
37 0.350 0.458

Values for coconut oil were very low.

edible oils, used in different regions of the country.
These oils have widgly varying Unsaturation which IS
useful to test the reli ||_|(tjy of anK particular chemical
method to_ monjtor rancidiity in the range of tempera-
ture prevalllr&/ln our country. - GroundnUt oil seems to
respond to PV, AV, KV and DV over the period of
storage and. in'the temperatures tested. There was a
proqresswe increase for all these values with the time
0f § oraPe. The influence of temperature of stora?e Was
also reffected in-the values suggesting that any of these
chemical parameters could beUsed tQ indicate rancidity
of grounanut oil; AV being more reliable for its sensiti-
vity and reproducibility..~ However, the rancidity of
any oil indicated by chemical methods must ke corrobo-
rated b _or?anoleptlc evaluation before 1t Is adopted
for_praCtical” purposes. . _

The results’ inglicate that sesame oil is very resistant
to oxidation as there was Very little change 1n PV, AV,
KV and. DV over the time and temperatures of storage.
It Is difficult, therefore, to state the stage of rancidity of
5ﬁsame oll ase(il on these values. Mustard qil also
showed more or less similar trend except that the rate
of increase was higher. Amang the parameters, only
AV showed linear Increase with the period of Storage
with minimum of influence b}/ temperature jn mustard
oil. Therefore, this appears to be' of practical suhqnlfl-
cance to indicate rancidity in mustard oil. Though the
values, In safflower ol récorded a progressive ingrease
with time of storage, the rate of incréase was highest
at ambient followed by at 3) and 3/°C in that Orcer
Indicating a negative correlation with the temperature

journal of pood science and technology,vol.2l, nov./dec. 1984

diene values (%) of oils on storage

Storage period in weeks

8 12 16 20
0.231 0.243 0.278 0.3%
0.240 0.256 0.279 0.603
0.263 0.255 0.443 0.739
0.235 0.250 0.270 0.276
0.268 0.270 0.273 0283
0.268 0.275 0.286 0.307
0210 0.255 0217 0.320
0.250 0.268 0311 0.355
0.262 0.29% 0.353 0.359
0.764 0.850 1.070 1.450
0.790 1.210 1.450 1.490
0.588 0.855 0.949 1.230

of storage. Therefore, the rancidity of safflower oil
cannot e established because of the’interaction of the
temperature. The fact that coconut oil didl not respond
to the methods usedl here shows the limitations of chemi-
cal parameters to indicate rancidity of oils with widely
varying chemical characteristics, = _
. Chemical characteristics_ of the oils_used for this
investigation are presented in Table 5. The. incompati-
ble behaviour of the chemical parameters in different
oilacould_be explained by the chemical composition of
the oils. The analytical methods used here are hased on
certain chemical changes brought about_during primary
and secondary stages of the oxidation. PV indicates the
amount of peroxides, formed by the reaction between
atmospheric oxygen and unsaturated fatty acid during

Table 5. fatty ACCS (FA) CONTENT COF QILS

) Total Total  Monoene Diene Polyene
Qii satufrgted unsa}uarated fa. fa. A
% ) e ) o)
Groundnut 20.0 80.0 53.0 210 —
Mustard 5.0 95.0 73.0 150 70
Sesame 140 86.0 45.0 40 —
Safflower 100 90.0 14.0 750 10
Coconut 91.0 9.0 7.0 20
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the primary stage of oxidation. DV is the amount of
conjugated” fatty acids formed by the isomerization of
unsatlirated peroxides. AV and KV measure secondary
breakdown products like unsaturated . carbonyl com-
pouncs derived from fatty acids contal_nmr%; two or more
double bonds. It can, therefore, be said that the rate of
oxidation is the function of unsaturation, particularly
the diene and polyene fatty acids, ~ Failure of coconuit
oil to respond to the chemical methds can be attributed
to very little unsaturation of the oil. On t e,contra_rg,
safflovier oil contains ver%/_ hIFh amount of diene acids
(75 per cent) and hence highly vulnerable to oxidation

onl
me

composition. Coupled with the storage Conditions are
major limiting_factors of the methods..
emiphasises thé inadequacy of a single limit value hased
08' k?l particular method &S the indeX of rancidity for al
edli
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groundnut oil responged favourably to the chemica
ds . suggests that the widely varying . chemical

It further

e oils. This Is more relevant in India wheré several

olls with varied chemical characteristics and with extreme

storage histories are used as cooking medium.
research supporte
necessary 10

Further
anole?_tlc evaluation data are

d bty or _
substantiate ‘these findings.

especially in_the_absence Of natural inhibitors. Veriyr References

high valuies for PV, AV, KV and DV for safflower o
could, therefore, be correlated with the high diene
content. At higher temperature, the peroxides and
unsaturated_carbonyls further breakdown to other end
?roducts_. This wodld explain the lower values for saf-
lower oil stored at 37°C compared to ambient and 30°C.
Sesame and mustard oils, though, very unsaturated
with 41 and 15 per cent diene fatty acids (18:2) respecti-
vely, in addition to_ 7 per cent triene fatty acid @8_:3
in the latter, are resistant to oxidaion; sesame oil bein
more resistant. Resistance to oxidation is reflected in
the low values for PV, AV, KV and DV. Sesame oil
contains sesamine and sesamol, that are well known
natural antioxidants. ~ Similarly, mustard oil contains
appreciable amount of sulphur ‘compounds that inhibit
oxidation markedly. Lower values for the chemical
parameters for sesame and mustard oils, therefore,
could. be attributed to the presence of natural inhibitors
of oxidation, Groundnut oil IS a medium unsaturated
oil with very little natural inhibitors. The fact that
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During intermittent puree frying, butyrorefractometer reading (BR) of buffalo ghee increased, while iodine value (IV)
decreased, and Reichert Meissl and Polenske values remained unaffected.  The changes in BR and IV were more in
refined groundnut oil than in buffalo ghee, and these changes were more when the frying was done in iron than in
aluminium or stainless steel containers.  Absorption of fat by puree’ was more when fried in ghee than in  refined
groundnut oil; the absorption increased with progressive frying.

The effects of f md of foods on some of the physico- alurgjnlum and iron containers under identical
chemical constants. of fats and_oils have been”studied  conditions
exten3|vel 18 Similar Informations.on ghee (butter oi) _ The samples of fats drawn at different intervals of
are |imited%-10. In the present Investigation, a systematic  time from different_containers and trials, and the fat
stud}/ of Intermittent Bureef ing without replenishing  samples extracted from. the purees with etg ether-
p fat was carried out in difterént metalllc containerS  petroleum ether (1:1) mixture were analysed for iodine
usmo ghee and a standard vegetable oil to have com- Value, ~saponification value, Reichert-Meissl value,
parative data on the changes taking place in their physico  Polenske value and BR readings at 40 by the methods
chemical constants and also to provide standardS for mentioned In ISI1L

heated ghee. Results and Discussion

Materials and Methods Samples of fats drawn from three different trials in
(hee was prepared by creamery butter method from  different metallic pans were analysed and the average
buffalo milk.” A"commercial braid of refined groundnut  values are Rresentd In Tables 1and 2. From Table™1
oil_was used. It IS seen that buffalo ghee used for intermittent uree
The fry|ngs were done as follows: About2k? of ghee  frying for 12 hr had no 5|gn|f|caat chanqe In R
was taken separately In circular stainless steef, alimi-  Poleriske vaIues Irrespective of the metallic contalners
nium and ron karahis (ciameter 355 cm and depth used for frying.  This indlicates that intermyttent fry|ng
102 cm& and brought to the, frying temperature of ofourees for hrd|d not bring any predabec ange
about 20 C contmuous heating"on'a heater. Dough  In the amount of lower chain tg%ad of butfalo ghee.
(e from 3 Peat our witht 19 ml of water was  These resultsa ree wltht ose of Mitrad, and Bec or and
ed into 24 ba s of ap rﬁ)rommately the same size.  Narayanan12 Vermal3 have rep orte light
These balls were flattened In a puree making machine mcrease In RM an Polenske values dunng heating”of
get the sha ofpuree and fried one by one at re ular ghee at various temperatures.
|nt ﬁ revegl min one 8uree Was rcl)pé) From TabIe 2|t |s seen that there was an mcrease
te (9 ee ma|nta|ne at about

in BR read mg d. decrease in |od|ne value
sec. After the completion. of f ng (3 ) buffalo ghee and refined groundnut oIl throug out
te ghee was  left overnldht undisturbed in the res- the period of intermittent frying in all the. métallic
gectlve containers.  The Trying was repeated on 2nd pans.  The total increase jn’ BR reading. of butfalo
rd and 4th day with. overnight storage after each  ghee at the end of 12 hr of frying In st |nIess stee,
rying without rg en|sh|n he fat, Similar trial 0ffr¥n aluminjum and iron pans were 45, 50 and 6.0 units

mgp ree In refined grou nut oll were carried out I respectively. The correponding increases in BR readlings

*resent address:  Dairy Chemistry Section, Southern Regional Station, National Daily Research Institute. Adugodi,
Bangalore-560 030, India.
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Table 1. effect of intermittent puree frimi/m different metallic frying pans on reichert meissl and

BUFFALO GHE
Day of frying Frying period Stainless steel pan Aluminium pan Iron pan
((Jhr RM Polenske RM Polenske RM Polenske
value value value value value value
First Control 35 15 35 15 35 15
i 336 16 334 14 329 16
1 34.0 15 3.0 14 3.0 16
3 34.0 15 334 1A 329 15
Second 0 37 16 330 14 3.0 15
3 335 15 3.0 15 328 16
Third 0 3.7 15 332 16 31 16
3 334 16 332 14 2.7 16
Fourth 0 338 16 336 15 3.0 15
3 336 15 37 15 327 .6

The values are averages of 3 trials.

of refined qroundnut oil under identical conditions of ~ units respectively. The decreases in the correspondmg
frying in aumlnlum and iron pans were 55 and 80 samples of refired groundnut ol from aIumlnlum an
UNits” respectivel f/z Iron pans were 1267and 14.6 units respectivel ly It was
At the énd of hr oflntermlttent frymg, the decreases  further observed that the flavour of hoth the frying fats
in |od|ne value of gbg ee from Stainless steel, deteriorated, colour became darker and the Toaming
aluminium and iron pans observed were 4.0, 4.0 and 6.2 tendencies increased as the period of frying progressed.

Table 2. fffect of intermittent puree fr n dlfferent metallic frying pans on br, iv and sv of
BURFAL G-éEEI\D GROUNDNUT CTL

Buffalo ghee Refined groundnut oil
Stainless steel pan  Aluminium pan Iron pan Aluminium pan Iron pan
(hr) BR Iv. SV BR IV S BR IV S BR IV SV BR IV S

Buffalo ghee

Lst Control 410 304 2321 410 304 2352 410 304 2352 560 %01 1876 560 90.I 1876
415 302 2308 415 301 2378 415 294 2386 565 883 1906 565 879 1854
420 301 2218 420 300 2346 425 284 2383 575 877 1888 575 871 1852
425 208 2328 430 294 2405 435 275 2403 580 864 1909 580 862 1886

430 293 2301 430 201 2398 440 271 2402 585 856 1950 59.0 850 1871
435 287 2325 435 287 2392 445 263 2402 590 830 1949 595 820 1887

440 277 2345 440 282 2410 455 259 2388 590 814 1946 600 808 1912
40 211 2333 445 214 2411 460 253 2406 595 798 1954 615 782 1867

45 210 2326 455 210 2429 465 250 2410 605 789 1868 625 772 197
3 455 265 2337 460 264 2423 470 242 2413 615 715 1940 640 755 1905

The values are averages of three trials
BR=Butyro refractometer reading;  1V=lodine value; SV =Saponification value

Fryin
Day of frying -

2nd

3rd

O WO WO W

4th
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At the end of frying, these changes were observed to he
more in groundnut™oil than in ghee, and also more in
iron thari ajuminium or stainless steel pans,_

Decrease In lodine values and increase In BR readings
were also reported by other workers during heating of
gheel>13 and vegetable 0ils58 1416 iy

From Table 21t 1s evident that there was no definite
trend In the changes in saponification values of both
the _frylnth fats in any of the metallic pans.

Fiom the ahove studies, it Is evident that stainless
%ﬁeel or alufmlnlum frying pans would be more desirable

an iron frying pan. ,

There Wasrynoq R]ugh difference in the amount of fat
absorbed during frying of purees, in stainless steel,
aluminium angIror pans ETabIe Pg |rrespective of the
metallic containers used, it was observed that on the
first day of 3 r of trying the avera[qe amount of absorhed
hee and refined grotndnut oil" were 14.4-148 and
34135 per cent,” respectively.  The corresponding

Table 3. FEglfl\fEGISt of inta{lﬂiTtt&nLt Eﬂlrle:,&T réinﬁ in ghee and

Refined groundnut
oil absorbed (%)

Aluminium  Iron
pan pan

Buffalo ghee
absorbed (%)

Stainless  Aluminium
steel pan  pan

Day of

frying Iron

pan

First 145 148 14.4
Fourth 181 17.9 13.2

The values are the average of three trials.

13.4
16.0

135
15.8

Table 4, EFECT OF INTERMTTENT puree FRYING IN DI
VETALLIC FRYING PANS ON THE PHYSICO-CHEMICAL QONSTA
ABORBED FAT

HRENT
o

Physico-chemical ~ Stainless steel ~ Aluminium
constants pan pan

Istday 4th day Istday 4thday Istday 4th day
Buffalo ghee

lron pan

Reichert Meissl

value BT B3 32T B4 3BO 330
Polenske value 15 16 15 15 15 15
BR readings 425 450 430 455 435 470
lodine value 01 266 299 266 286 242
Sapon. value 2340 2342 2378 2423 2412 2393

Refined groundnut oil
BR readings — — 515 615 575 635
lodine value —  — 862 786 811 755
Sapon. value - - 1869 1944 1870 1903

The values are the average of 3 trails.

journal of food science and technology, vol. 21, nov./dec. 1984

amounts on the fourth day of intermittent frying were
179-182 and 15.8-16.0 ger cent res;f)ect,lvel . “From
this it appears that the absorption of Tat Is nore durlnP
frying of purees In ghee than In refined groundnut oIl
Thesg results further” indicate that there was an Increase
in the fat absorption as the frying progressed.  Sen
ct al[L have reported that oil absorption” was more or
less the same (14-16 per cent), irrespective of the com-
ponent fatty acids of lifferent oils.

The physico-chemical constants of the absorbed/
extracted fat are presented in Table 4, which show that
there was no appreciable difference In the physico-
chemical constants, between the extracted fat arid the
corresponding frying fat (Tables 1 and 2)
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Triticale flour can be blended with Bengal gram (Cicer arietinum L. green gram (Phaseohis radiatus L.,) and soybean
(Glycine max (L) Mer.) flours (10 to 30% levels) for improving its products.  Blends with all the three pulses were
acceptable for preparing paratha, porridge, phulka and dosai.  Blending improved the nutritional quality of protein
without significant changes in colour, flavour, texture or aroma.

WhProteir; qua_litﬁ/ of tr|1ehcerea| _produ_cdts 5 enh%ncfed Fble 1 analvis of variance for. .
enpu Ses ricn In su ur am|n0 aC| S are Usea 1or e L analysls _Or varlance Tor e SCOres Of Senso
blendingL Eventhou hPﬂtI_C&le_IS rich in lysine, suiphur  EVALLATION CF TRITICALE. AND PLLSE COMBINATION RS

containing amino acicls are limiting as in wheat and other Mean sum of squares (MSS)
cereals23” It has been reported” that acceptability of  Source  df Appears Texture Aroma Flavour Overall
triticale 15 enhanced when it 1s. blended with wneat ance quality

between 25 and 50 per cent level, in baked and unbaked

oodsd. In_this “study, triticale was blended with Paraiha
8ulses like' Bengal grar% green gren and soybean or L0 A A P N
With wheat and their effect on sensory characters and  Conen 223 03 003 02 03
acceptability of some. Indian dishes “were evaluated. TreatXconen 8 10 08  09¢ 07  10*
Blending with pulses improves the nutritional quality ~Error 04 05 03 04 08
and quantity of protein in the dishes. Total 1 i
_ orridge
Materials and Methods o Judges 715 23 30 14 1L
Wheat was used as control (T-II). Treatments consisted ~ [rédl. P e WO o
of triticale and wheat in the rafio of 1.1 (T-2), triticale Treatxconen 8 03* 05  03* 06 05
blenced with Bengal gram tlour at 10 per. cent T-3ag, Error 05 05 03 04 03
20 per cent (T-3b) and"30 per cent (7-3c), triticale blend-  Total 119
ed with greén gram flour at 10 per cent ,Q_T-4a), 20 per Dosai P
cent (T-4p), and 30 per cent (T-4¢), and tritical€ blended  yygges 7 34 50 27 34 38
with soyflour at 10"per cent’ (T-5a), 20 per cent (T-50) Treat §16+ 09 15 10 1
and 30 per.cent (T-5c). These composite flours or quts Conen 2 30* 0§ 03 0l 0L
were_(ljjs d (ljn the preparlat|on of diferent dishes-parana, ~ Treatx concn 4 BB U oM
orridgg, dosai or phulka. | | | | |
P rathe Asoft%ug was mage out of flour (100 q), ot H
salt (1 g) and water (67 ml). The dough was divioed into Phulka
four"parts, each part rolled to 0.3 ¢m thickness, folded Judges Z gg %% gg 39* 312*
twice to a triangle form with 1¢ of fat smeared petween  Lreat o M g
the folds of h h h lled and Concn 2 21 11 18 1.97 18
e folds of eachparatha. The parathas were rolled and  Freaixconen 8 09* 07+ 0+ 156 12
toasted with a ljttle fat Error 0.4 04 05 05

0.3

| =

Porridge: = Grits, (50 %) was roasted in 10 (Iq of qhee Total 119
(butter fat) for 2 min. This mixture was added to boiling  «significant at 5%
milk (50 ml) and water (150 ml). Tt was cooked for

403



404

min, then sugar (25 8) and cardamom powder (L g)
were added and mixed., _

Dosal: A free flowing batter was made with flour
(100 g), salt (1 g) and water. One laddie of the batter
was poured ona preheated oil smeared griddle. The
dosai was toasted on pan till both sides tlirmed brown.

Il (10 mi) was used while preparing dosai.

Phulka: * A soft dough was made using flour (100 g)
and salt g ?) with 65 ml of water. The_dough was
divided into four parts and each part rolled into Circular
discs, roasted for 3 min, exposed to open flame till
prfllkr;g then ghee (12 q) was smeared on each
phulka:

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV./DEC. 1984

Se_nsor[y evaluation: The_panel of judges consisted
of eight trained personnel. Each person was served with
five Samples having two control and three experimental
samples.  The P_ro_cess was repeated and the average
values were statisticall analﬁ/sed. A T-point hedoniic
rating was used to evaltiate the product for apf)earance,
aroma, flavour, texture/consistency and overall accepta-
hility5.  Analysis of variance was done on the scores of
the judges for each of the characterst.’.

Results and Discussion

Results of analysis of variance are given in Table 1
Characteristics of each dish are discussed here.

Table 2. mean scores of sensory evaluation for paratna

Treatments

Appearance Texture Aroma Flavour Overall quality Remarks
Wheat
Wheat 100% 55 45 51 51 51 C for b
T-1 59 49 5.2 51 53 C for b
T-1 54 43 44 43 45 C forc
T-l 56 47 4, 48 50 PMS
Triticale 50%+Wheat 40%
T-2 47 45 47 48 4.6 C fora
T-2 54 48 45 44 4.6 Cforb
T-2 50 4,0 41 43 43 C forc
T-2 50 44 44 46 45 PMS
Triticale + Bengal gram
T-3a 46 48 41 40 41
T-3b 49 46 42 43 42
T-3¢ 45 47 43 41 43
T-3a, b, ¢ 46 47 42 41 42 PMS
Triticale+ Green gram
T-4a 44 39 38 38 38
T-4b 48 43 41 41 41
T-4¢ b4 42 45 43 44
TMa, b, ¢ 5.0 41 41 41 41 PMS
Triticale + Soybean
T-5a 44 46 42 41 41
T-5b 46 44 41 40 41
T-5¢ 54 51 46 42 47 PMS
T-5a, b, ¢ 48 47 43 41 43 PMS
T-345 a* 47 44 44 44 44 PMS
T-3.4 5b* 51 46 44 44 45 PMS
T-3,45¢c* 51 45 44 42 45 PMS
Significance

CD/LSD (Tr)+ 0.36 0.39 0.29 0.32 0.35
CDILSD (C)+ 0.28 0.30 0.23 0.29 0.26
CD/LSD (Tr Vs C)+ 061 0.67 051 0.65 057

a, b and c represent 10, 20 and 30% of pulse in the reciPe respectively

Score system: L Dislike extremely, 2. Dislike moderate
1. Like extreme

y, 3. Dislike slightly, 4. Acceptable, 5. Like slightly, 6. Like moderately,

|
*all pulses; C %r a, C for band C for ¢ represent control fora, band ¢ respectively. PMS: Pooled mean score. + at 5% level of significance.
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Parathas from all the treatments were either acceptable
or only liked slightly (Table 2). Triticale blended with 3)

r cent soy flolr |gave the best texture. Al the control
arathas riad_higher aroma and flavour scores. T-la,
T-Ib, T-Ic, T-5¢'and T-2a, T-2b_T-2C were good In
that order for overall acceptance. Triticale blended with
pulse combinations were Detter and almost like, wheat
parathas.  Bengal gram with triticale showed uniform
good scores at all [&vels of blending,but with gireen %r ,
coreswere higher with the increase In the pulse content.
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Soy bean at 30 per cent level (T-5¢) also scored higher than
107and 20 per cent levels. Thus, for appearance T-| was
highly acceptable (5.6) followed by T-2 and T-4; for
texture T-3 and , T-5 score smﬁr to T-I; for aroma T-I
glcr%r"egr highest followed by others which were almost

Data with regard to porridge are presented in
Table 3. ControlS were the best for aroma, flavour and
overall eating quality. Among the _treatments, T-|
received the Highest score followed by T-2. Among the

Table 3 mean scores of sensory evaluation for porridge

Treatments Appearance Texture Aroma Flavour Overall quality Remarks
Wheat
Wheat 100% 58 53 55 5.6 56 C fora
T-l 54 4.6 51 51 51 C for b
T-l 5.6 49 52 50 50 C for ¢
T-l 56 40 53 52 53 PMS
Triticale 50% +Wheat 50%
T-2 48 49 48 51 51 C for t
T-2 47 41 41 43 44 C for t
T-2 47 49 49 49 49 C forc
T-2 47 46 46 48 48 PMS
Triticale+Bengal gram
T-3a 4.6 44 46 43 44
T-3b 46 43 41 41 44
T-3¢ 47 50 48 46 48
T-33, b, ¢ 46 4.6 45 44 45 PMS
Triticale +Green gram
T-4a 47 49 43 41 43
T-4b 43 43 41 43 42
T-4e 49 48 44 43 44
T-4a, b, ¢ 46 45 43 42 43 PMS
Triticale+Soybean
T-5a 44 46 42 43 45
T-5b 43 44 41 43 43
T-5¢ 48 49 47 47 48
T-53, b, ¢ A5 46 43 44 45 PMS
T-3, 4, 5 49 47 47 47 48 PMS
T-3, 4, 5b 47 43 43 44 45 PMS
T-3, 4, 5% 50 49 48 48 48 PMS
Significance

CD/LSD (Tr) 042 0.39 0.33 0.38 0.34
CDILSD (C) 0.33 0.30 0.26 0.29 0.26
CDILSD (TrxCj 0.73 0.67 057 0.68 0.59

Legend same as under Table 2



406

three Joul_ses, Bengal gram plus triticale (T-3) porridge
scored slightly higher” than other two_pulses.

Dosai Obtained with triticale with 30 per cent soy
meal had the best_appearance (Table 4) followed b()r
T-2c. For texture, T-I'was the best. Controls T- an
T-2 scored higher for_aroma and flavour.  For overall
eating qualltx\S -2, T-5¢ and T-Ic were found acceptable,

Phillka: ~ As seen from Table 5, flour from T-| andT-2
gave good phulkas followed by T-3b and T4b In the
Order ‘0f preference for the appearance. The same ordler

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, voL. 21, Nov./DEC. 1984

held for texture, and T-2 control had better aroma and
flavour scores for phulkas. T-5c scqred hlgherglj) than
its control T-Ic (4.6). All the triticale “combinations
at 20 per cent pulse addition and T-2, scored higher for
overall eating ‘quality. _

T has been' repOrted that chapaties made from
triticale and wheat flour (2:3 ratio) and chapaties
reé)ared with wheat, triticale and Bengal gram flour
EZ: 1 ratio) gave.a protein efficiency rafio of 172 and
12 compared with 185 for wheat flour and 191 for

Table 4. mean sccres of sensory evaluation for dosai

Treatments Appearance Texture Aroma Flavour Overall quality Remarks
Wheat
Wheat 100% 50 45 4.6 4.6 47 C for a
T-l 49 43 41 37 43 C for b
T-l 5.2 48 48 4.4 48 C forc
T-l 5.0 45 45 42 4.6 PMS
Triticale 50%+Wheat 50%
T-2 45 44 43 4.4 42 C for a
T-2 4.6 4.4 4.4 4.3 44 C for b
T-2 49 43 42 41 43 C for ¢
T-2 4.6 4.2 43 4.2 43 PMS
Tr:ticale+Bengal gram
T-3a 39 38 38 38 36
T-3b 48 4.2 39 4.0 41
T-3¢ 48 41 39 37 39
T-33, b, ¢ 45 4.0 39 38 39 PMS
Triticale+ Green gram
T-"ta 45 4.2 42 41 4.4
T-4b 41 4.0 4.0 4.0 4.0
T-4¢ 47 41 38 34 37
T-4a, b, ¢ 44 41 4.0 39 40 PMS
Triticale-t- Soybean
T-5a 39 39 41 35 39
T-5h 44 4.4 37 4.0 39
T-5¢ 50 45 41 42 4.6
T-5a, b, ¢ 4.4 43 40 39 41 PMS
T-3,4,5 44 41 4.2 41 4.2 PMS
T-3,4,5 4.6 43 4.0 4.0 4.2 PMS
T-3,4,5 49 44 4.2 40 4.2 PMS
Significance

CDI/LSD (Tr) 0.37 0.34 0.31 0.48 0.37
CDILSD (C) 0.29 0.26 0.30 0.37 0.29
CDILSD (Tr Vs C) 0.65 0.59 0.67 0.83 0.64

Legend as in Table 2
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Table 5 MEAN SCORES OF SENSORY EVALUATION FOR PHULKA

Treatments Appearance Texture Aroma Flavour Overall quality Remarks
Wheat
Wheat 100% 5.6 4.6 4.4 45 48 C fora
T-l 5.4 49 4.4 45 47 C for b
T-l 55 48 48 4.6 48 C forc
T-l 55 48 45 45 48 PMS
Triticale 50% +Wheat 50%
T-2 51 45 42 43 43 C for a
T-2 5.1 4.6 4.2 41 44 C for b
T-2 5.6 49 4.7 49 5.0 Cforc
T-2 5.2 4.7 44 44 4.6 PMS
Triticale +Bengal gram
T-3a 41 44 36 35 41
T-3b 5.1 44 43 43 45
T-3¢ 42 36 33 34 34
T-3a, b ¢ 45 41 38 37 40 PMS
Triticale+Green gram
T-4a 43 44 35 34 39
T-4h 5.0 4.6 43 45 45
T-4¢ 48 39 35 32 34
T-4a, b, ¢ 47 43 38 37 39 PMS
Triticale+ Soyhean
T-5a 39 41 41 39 41
T-5b 4.1 41 41 4.2 44
T-5¢ 44 38 38 47 38
T-5a, b, ¢ 43 4.0 4.0 39 41 PMS
T-3, 4, 5a 4.6 44 4.0 39 41
T-3, 4,50 51 45 4.2 43 45 PMS
T-3, 4,5 49 42 4.0 4.0 41 PMS
Significance

CDILSD (Tr) 0.36 0.33 0.38 0.39 0.40
CSILSD (c) 0.28 0.25 0.29 0.30 0.30
CD/LSD (Tr Vs C) 0.62 0.57 0.65 0.68 0.69

Legend as in Table 2

triticale. Chapaties prepared from wheat and triticale
at 1:1 ratio also showed hlgher_ rotein effl(:lenc;{ ratio
and better acceﬁtablllt}% than triticale alonel2 In this
studY too, control and T-2 treatment gave similar
results. The protein content of bread has béen increased

65 to 78 per cent b;{ the addition_ of  winged

béan flour to wheat or triticale upto 20 per centd

Sekhon et al. have used wheat and Winged hean

flours in the ratio of 3:
and chpaties, and foun

1 and 1:3 for bread, cookies
_ hat bread obtained with 1:1
flour ratio gave good crumb texture and loaf volume
which improved with increased wheat flour9. Our results
also Eré(%ltlcate that the texture of the product of wheat
Was better.
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It is evident from;the results that certain pulses can
be used to fortify triticale at 20-30 per cent level. For
parathds and dosai, triticale with soy and Bengal gram
flour can be used while for phulkas and porriage, green
gram and soybean can be utilized.
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Bruising in apples was reduced from 36% in conventional
pack in wooden boxes to 5% in tray packs in wooden or
corrugated fibre board carton. Tray packed apples
fetched higher over the conventional packed fruits. Tray
packing is better as it avoids wrapping of individual fruits,
provides cushioning material, prevents sufffocation of
fruits due to proper circulation of air among the
fruits and dispenses with the services of trained packers
to repack these boxes for marketing. These trays can he
recycled.

In India, apple is mostly grown in the hilly areas of
Jammu and Kashmir, Himachal Pradesh and Uttar
Pracesh and proguction of this commodity Is steadily
mcr_easmq touching 7.6 lakh tonnes in 19791  This
additional production has created a problem of pack-
|n% fransport and sto_ratge L

election of appropriate packaging is crucial for safe
transit and subsequent storage of apples. At present
wooden boxes made of sprucé or. fir wood are used for
this purpose. In Simla packs, individual fruits are wrap-
ped in paper and arranged Inside the box tightly

In the present study, the effect of packln? aP les in
moulded” paper trays having cavities to hold the fruit
were fried to fing ot the extent of bruising losses during
transit and quallg during storage. .

Trials were conducted i standard size (30 x30 x45 cm
wooden hoxes of 18 kg capacity usmgglarge size ‘Roya
Delicious’ variety of apples packing 96 apples in_jour
layers.  Conventional wooden boxes, known. as, Simla
?ac_k were used as control. Before packing, individual
ruits were wrapped in_paper. In Simla ack, paper
trays were also tried beside the paper wrap. Corrugated
fibre board box with traYs viere also tried. The trayswere
supplied by Mis. G, Claridge & Co. Ltd,, of Bombay
and are prepared from pager p_ulg. Five trays are
re%wred or a hox to pack large size apples and ¢ost of
each tray Is one Rupee. The boxes were packed at
Government  Progeny  Orchards, Khadrala (H.P.),

EE.

Table 1. bruising damage in apples during packing and
TRANSIT

Type of hox/packing m’;:]”igs(o/é’)
Simla pack with paper wrap 36.015.47
Simla pack with trays 8.0£2.17
Corrugated fibre board box with trays 5.0£1.87

Each value is the average of 5 replicates

brought to road by mules and further transported
b% road in trucks to"Delhi covering a total distance of
about 500 km. The hoxes were stored at a temperature
of 12-24°C ang relative humldltg of 40-70 per cent,
Damages were like bruising recorded by checking thirty
fruits ‘at random from each box.  Data are reported
as the average of five boxes. Ohservations on ph¥3|o-
logical loss"of weight (PLW), firmness of the Truit
(in.1os), specific gravity and “Brix of apple juice were
estimated after a stora?e B_erlod of 20 days.” . .

Data on the extent of friit damage by brmsmg durin
packaging and transportation IS presented in Table 1
maximum bruising damage of 30 per cent was observed
when the fryits were packed in Simla pack with 'paper
wraps.  Bruising dama?e was reduced to 8.0 per_cent
when trays weré substituted for paper wraps in Simla
Back and to 5 per cent when corrugated fibre board
ox with trays were used. It clearly indicates the superio-
Irlty of packing apples with trajs to reduce bruising
0SS,

Table 2. changes in quality parameters during storage of

APPLES UNDER AMBIENT CONDITIONS

Quality parameters Si'r‘Tyka b%)?rtrrggat%%k

I MegniS.E. Meanx_rg.E.
Physiological loss of wt. (%) 8.0 £0.03 7.00.02
Total soluble solids (°Brix) 110 +0.07  1250.09
Fruit pressure (Ib) 95 £1.03  12540.08
Specific gravity 0.80£0.01  0.82£0.01

Each value is the mean of 5 replicates
Storage condition: 12-24°C, 40-70 per cent R.H., period 21 days.

409
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USE OF HIGH MOLECULAR WEIGHT HIGH
Table 3. economics of packing in wooden and DENSlTY (HMHD) F”—M POUCHES FOR PRO'
CORRUGATED FIBRE BOARD (CFB) CARTON CESSING AND STORAGE OF MANGO AND
Wo%den pack CIEB pack TOMATO PULPS
> S. B. MAINI, BRIJESH DIWAN AND J. C. ANAND
Cost of packing case 8 15 Division of Fruits and Horticultural Tephnolo%, Indian
_ , Agricultural Research Institute, New Delhi-110 012, India
Cost of paper wrapping and nails 3 6
Total 1 21 Manuscript received 30 June 1982; revised 9 April 1984
Cost realised (18 ka pack 60 80 Both mango and tomato pulps were heated to 80°C, packed
( .g peck in high molecular weight high density (HMHD) pouches
Extra amount realised — 10 (200g) and processed at 100°C for 20 minutes. Losses

. A comparison of the quality constituents of apples
in the two types of boxes with two gyges of packing
when stored at ambient condition (12-24°C 40-70 per
cent RH.) for 21 days are given (Table 2). it can
be seen that all qualléy paranieters were retained much
better in tray packed corrugated fibre board box as
comBared with conventional “Simla _pack.  The reason
for better performance may be ascribed to better agra-
tion which removes the heat produced by respiration,
thus keeping the fruits at a lower temperature &
compared with tightly packed conventional packing.

Data, presented”in "Table 3 indicate, that packing o
apples in corrugated fibre board box with trays Is bétter
than packing In wooden box with conventiorial packing
ag(gkinhe cost is reduced by ten rupees in the former
g Trafpacki ng has gther adv_antages like less time taken
to pack the box, sufficient iesilance and cushioning effect
of trays fo minimize bruising damage
tion of fruit during sale; less_ ester formatio
Pro_per aeration among the fruit, There is no need for
rained acke&s to arrange the fruits as needed in con-
ventional packs. . .

From the above discussion, it is quite clear that tray
packing .of apples 15 superior to conventional packing
In reducing bruising losses, retention of better quality
8gcr Tﬁg storage and a simple and easy method of

This research has been financed by a grant made by
U.S.D.A. Agricultural Research Service authorised by
Public Law 480. Thanks are due to Director of Horti-
culéure, Simla and HPMC, Simla, for providing apples
and transportation facilities.
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of carotene in mango and lycopene in tomato were measured
during storage at 0 and 40°C. These losses and nonenzy-
matic browning (NEB) were higher at 40°C. Addition
0f SOj to mango pulp upto 150 ppm helped to retain its quality
during storage. Light adversely affected the quality.
The pulps in this film can be stored upto two months
at ambient condition (24-28°C).

Fruitg’luices and pulps are generally preserved in cans
and hottles after heat processing or by addition of chem-
cal _Breservatlves._ In recent years many food grade
flexible package films have been developed which can
withstand a témperature, of 100 and have been tried

These films are cheaPer
as compared to cans and pottles. In the present stuclies
manﬁo and tomato pulps were packed in HMHD
(High Molecylar we|g|ht High Density) film and the
storage behaviours evaluated. _ _

HMHD film was purchased from Bitto Plastics Works,
New Delhi. This film has aavantages like high melting
oint, freedom from cracking “and burstlngB low
ermeability to watel vapour and gzases_etc. efore
packing froit 8ulps, permeability of the film to water
vapour” and S02 was tested using pouches with surface
area of 2X9.5 x 135 cm and filled with 100 ml solution
containing 2 per cent salt, 0.5 per cent citric acid and
1728 ppm S02. The filled pouches were processed in
hoiling water for 90 minutes to find out escape of S02
durin heatlng. These pouches  were stored at
%p&%nt (24-28°C) and a a higher temperature
Mahgo and tomato pulps were obtained from NAFED
food processing factory, New Delhi. Mango pulp was

rTserved with r\5100 aEpm and without KMS.” Tomato

ulp was preserved as such. ,
ulps were heated to 80aC and 200g portions of each
alul were transterred Into 200 gadge HMHD bags

jnich were then heat sealed after sgueezmg out as mu
air: as possible and taking care that the surface was not
soiled with the pulp at the point of sealing. Pouches were
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processed in boiling water for 20 min which was found
SUﬁ|C|ent for the OUCh centre to attain a temperature TABLE 3. LOSS OF S02 FROM THE HMHD FILM DURING PROCESSING

of 85°C. Thereafter pouches were cooled immediately IN BOILING WATER
In_\water. Period 502
The heat treated pouches were stored at 0, 24-28 and (min) (ppm)
40°C. At ambient temperature (24-28°(E‘}, _samples 0 -
were kept both in light and dark. Dark conditions were
obtained by keeping the pouches In kraft paper bags, : 1344
The stored” samples™ were” analysed upto 3 months “at 10 1294
one month interval. _ _ _ 20 1216
The total soluble solids ((Brle was estimated with a %0 15
hand refractometer. Residual SO2content was determin- 0 1067

ed by modified Monier-William method2. Carotene in
mango pulp was estimated according to the method
described by Roy3 and Iggopene N tomato pulp bN the
method describéd by Beerh and Slddappa4. ON:  Tapie 4. toss of water from THE HUKD FILN I SIGLE AND
enzymatic browning (NEB) was recorced at 400 am of bouBLE POUCH

an ‘alcgholic extratth of mango (10 ml pulp+20 ml _ Wi s i
alcohol) and tomato (2ml pulp+10 | alcoholz. Storge o Vit (mg) loss in
Organoleptic evalyation was made on the basis of colour, tays) Single Double
flavour and overall acceptability by a panel of fivejudges. P P

90 960

From the data presented in Table 1 and 2, itcan be 5 100 nil
seen that the film 1s permeable both to water and gas 10 70 60
vapours and the losses were greater at h%]her tempera- 2 120 00
tures. There was a continuous loss of S0Zfrom the film

during its exposure to heating (Table 3). Loss of water

from the pouch could be reduged by putting it in anather  \When mantqopulpisstored in HMHD film for 3months
pouch of slightly larger size (Tablé 4). Erom the above  at”different temperatures, the changes in quality para-
discussion it'is quite Clear that to mifimise these l05Ses,  meters viz. carofene, Brix, non-enzymatic browning
the pouches need to be stored at low temperature. (NEBg:and 502 revealed that these chianges were faster
at 40 than at 0°C (Table 5and 6?1. Changes in carotene
and NEB were much less in dark than in light. Addition

Table 1. loss of water from the hmhd film at
different tfmperatures of storage

Table 5. changes in °brix and so2 content d

Storage temp. Water loss (mg) at diff days of storage  OF MANGO PULP IN s FILM AT ‘DIFFERENT  TEVPERATURES
°C 15 30 45
') UBrix at indicated  SO2 (Ppm) at indi-

40 300 800 1600 Storage  KMS period (months) cated period
24-28 200 600 1300 temp.  added (months)

(¢)  (pm) 1 2 3 1 2 3
Table 2. loss of SO2 (ppm) from the hmhd film (200g) at 24-28 - 125 125 125 - - -
different temperatures of storagf 100 110 110 110 69 42 30
Storagze period S02 Ioss0 at  diff. 0temp Mg — 5 125 10 — — —
days) %48°C  AC 0 10 10 o ™o %N R
0 1728 1728 0 — 10 120 120 — — —
3 1216 1088 M 10 U0 us 8 16
jg iggi ﬁg 0 _ 05 w5 10— — —
50 %0 0 00 15 u5 U5 32 B8

55 864 256 “Stored in dark
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acceptable even upto three months of storage, the flavour
Tante 6. changes in carotens ana non-enzymacic vrowning  WAS SIIONEY affected after two months of storage. Hence
(neb) auring storage or mango purp i (ana) e awrerenc LIS TIIM MY e more useful for mass distribution which
does nottrequwe very long shelf life e.g. ready-to-serve

Storage  KMS  Carotene (mg/l00g) at NEB (0.D. at 400  JUICES, ELC. .
terr&pq added indicate(d gperiog(? nnt)_gt indicated Tne performance of the flexible pouches may not
(°C)  (ppm) period (months)  match that of can or a glass boftle with respect to
1 2 3 1 2 3 shelf lift of the product™as it has certain draw-
backs like permeability to moisture and gases and
248 — 0494 0439 0274 022 023 025 fransparency. However, in recent years cevelopments
100 0823 0768 0439 015 018 020  have been made in the production 0f co-extension film
W8 — 059 0494 0439 018 022 023  Inwhich the outer film was made opague or a coloured
SO ST 1o reduce the effect of light and also” to give benefit
100 0823 083 0713 016 018 020  of double layer to take care of the permeability effects.
0 — 083 078 0768 017 017 018  As these pouc?es are chezlip (Rs. 30'4%@' %mg pre-
cessing 1S easy, It may go a long way In the tlistribution
1000823 0823 0768 017 017 017 ofquug;ksale tems i %everageg_, with the added adyan-
10 — 0384 0329 0165 026 028 030 tagl(_es_llke light weight, non, fragility and easy handling.
100 0658 0384 0219 017 021 023 his resedrch haS been financed by a grant made by
USDA, Agré%ultural Research Service, “authorised by

“Stored in dark Public Law 480.
References
of|802_ Rroved benre]flcaal ISlurmg storage. I(Stor,mg_the L Gh}gsh.C K.a r?d’V§qug?:§t$:Va}§'(P;"KSrivellﬁta;\)laac’kAbryc"esEs?r?gendf
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rature colld be attributed to thie concéntration of pulp withstanding_the processing temperatures. J. Fd Sci.
due to moisture loss through the film, Technol., 1979, 10, 196,

There was_a slight incréase In Brix in tomato pulp 2. Pearson, D., Laboralory Techigues i Food Anclyss Butter-
when stored in HMHD FZOOg) film at different tempera- worth, London, 1973, 79,
tures. Maximum loss of [ycopene occurred in the sample 3. Roy, S. K., A simple and rapid method for estimation of
stored at 40°C followed 'y those at_room temperature Eogt?s' Cla(gotggmd pigments in mango. J. Fd Sci. Technol,

824—28°Cg when kept In Iilght. Storing the samples in

0 4. Beerh, 0. P. and Siddappa, G. S., A rapid spectrophotometric
-ark’ even at room temperature as at C-encounter-ed method for the dete%?ion and estimpatiorF]) of aﬁultrants in

little loss in lycopene g able 72 For retaining quality :
: ; tomato ketchup. Fd Technol. Chicago., 1959, 13, 414,
of fomato pUIp In thes pOUCh S, they should 89 stored 5. Ranganna, S., Manual of Analysis of Fruit and Vegetable

at |ow temperature and in the dark, Products, Tata McGraw-Hill Publishing Co. Ltd., New
Although the colour of mango and tomato pulps was Delhi, 1977, 634,

Table 7. changes in brix, nonenztmatic browning (nsb) and lycopene content during storage of tomato
PULP IN HMHD FILM (2009) AT DIFFERENT TEMPERATURES

Storage °Brix at indicated periods NEB (OD at 400nm) months at ~ Lycopene (mg/I0Qg) at
teomcp. (months) indicated periods indicated period* (months)
(°C) 1 2 3 1 2 3 1 2 3

-10 8.0 8.0 8.0 0.46 0.46 0.46 3.74 3.74 374
24-28 8.0 9.0 9.0 0.52 0.68 0.72 2.65 2.03 1.5
24-28* 8.0 9.0 9.0 0.50 0.58 0.62 2.96 2.34 1.56
0 8.0 8.0 8.5 0.50 0.52 0.54 312 2.50 187

40 8.5 9.0 9.5 0.6 0.70 0.7% 2.34 1n 125

‘Stored in dark
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ENERGY REQUIREMENTS DURING PROCESSING  required. It has been observed3 that flaking of legumes

AND COOKING OF RICE results in reducing cooking time. Flaking Of precooked
r|o%<,0r paddy |?< ractised"in the customary method of
H. V.NARASIMHA, R. SHANKARA, T. K. ANANTHACHAR Mmaking'rice flakes.
AND H. S. R. DESIKACHAR The “present study is.an assessment of energy Spent
Central Food Technological Research Institute, Mysore-570 013,  during parb0|||ng,_mllllng, flaking, cooking and other
India allied"aspects 0f rice processing and consumption.
‘Gowrisanna’ variety of paday was milled and the rice

Manuscript received 27 August 1983; revised 5 April 1984  freed _from brokens. ‘The same Vanety O_f padd Was

. N . Parboned in the Iaborato%b_ the hot soakin me¥hod4.

The energy requirement for parboiling, pressure parboiling, n some experiments, parboiled paday Elg-l er cent

milling and flaking of paddy lias been computed. The ) wag sﬁelled, while hot, using a centrifugal shellers
drying of parboiled paddy with hot air is a highly energy to retain its thermoplastic nature.

consuming step in parboiling. Drying with _hot sand as in Paddywas converted i[]tO rice flakes _by the continu_ous

the poha process consumes less energy.  Besides theenergy — method” developed at this Institute using a mechanised

needed for boiling water prior to cooking, the cooking sand roaster. - Shelling was done in a cetrifugal sheller

time largely determines the energy requirements. ~Flaking and polishing in a corie mill followed by flaking hetween

of rice considerably reduces time and energy needed for two Iron r0|?55 Samples with differerit flake thickness,

cooking. varying from 05 to 1.2 mm were prepared.

o _ nergy. required for each operation was measured by

Paddy is milled either raw or parboiled. Although an electrical energy meter attached to the main drive

parboiled rice has many nutritional, and technological in_the respective Processes.  Energy requirements for

advantages, the dense texture it acquires during parboil- - milling of raw and parboiled paddy Wwere measured in a

ing and drying impairs water permeability during cook- local mill of 1 t/hr capacity for 30 min by the energy
Ing12 causing Increase in cooking time and thus energy  meter attached to the maii motor.

Table 1. energy (watt—hr) required in processing and cooking of one kilogram of milled rice

Processing

Sl. Sample description Wet-heat ~ Milling ~ Flattening/  Cooking* Total
No. treatment flaking
L Raw rice 0 Al 0 650 (25) 671
2. Parboiled rice (sun-dried) 186 32 0 873 (45) 1091
3. Parboiled rice (mechanically dried in oil fired LSU drier) 1042 2 0 873 (45) 1947
4, Pressure parboiled rice (mechanically dried in oil hied LSU drier) 463 32 0 1090 (60) 1595
5. Soaked paddy roasted in sand at 180CC for 40 sec in oil-fired

gram-roaster and milled 273 28 0 803 (37) 1104
6. Asin (2) and flattened to 1.1 mm 186 2 16 574 (21) 808
7. Asin (3) and flattened to 11 mm 1042 32 16 574 (21) 1664
8. As in (4) and flattened to 11 mm 463 32 16 664 (27) 1175
9. Asin (5) and flattened to 11 mm 213 28 16 556 (20) 873
10. Asin (5) and flaked to 0.5 mm 273 28 k¢ 418 (3) 752

‘Energy values include energy needed for heating water and to completion of cooking. 400 watt-hr are required to raise water from
room temp, to boiling point in” 13 min. Figures in parenthesis indicate cooking time In min.

Al rice samfles were polished to about 4% and cooked to same degree of softness. The requirement of manual energy for SI. No. 2, 3,
4and 5are 7,15, 5and 15 watt-hr/kg respectively (Ref. 7, 13). Capacity of production for SI. No. 2, 3, 4 and 5are 1, 2§ Land i tonne

per hour respectively.
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Energy required for parboiling as well as for pressure
parboiling of paddy_was computed from the data
provided oy Shivanria78, One kilogram samples of rice
were cooked in 2.5 kg of water and the energly and time
needed for soft cooklng of rice were meastited for the
raw, parbolled and flattened rice samples on an
electrical hot plate of 2" KW capacity coupled with an
energ% meter., o o

Parboiled rice, pressure parboiled riceg or milled rice
obtained from the cone polisher .in the rice flaking stu-
dies> was flaked to different thickness by passing the
rice grain between two rollers by suitably ad{ustln the
clearance between the rolls. The'moisturé coritent of the
rice for. flaklngfwas adjusted to about 18 per cent (W._ba
at the time of laking. " All flaked samples were air drie
to_14 per cent moisture. _ -

The data on energy consumption for par_bmlmg and
drymi; of rice. by various methods and for milling of the
samples are givén in Table 1 Parboiled pagdy required
about 65 per"cent higher energy for milling than raw rice.
The major energy Tequirements for par 0|I|n([1 are for
soakln?, steaming and dgln% Parbailing (ho soakmg
and. steaming) “followe sun-drying ~ require
minimum energy (186 watt-hr/kg). It mechanically
dried, energy™ consumption IS 1042  watt-hr/kg.
Maximum _energy was reguired for mechnical drying
with hot air rﬁ; watt-hr/kg}. Pressure parboiled ricé
wherein the moisture content of the paday to be dried
15 low (about 25 per cent w.b.) required 463 watt-hr/kg
mdlcatlrg] its potential for large energy saving during
the production of the parboiled rice.” Wnen_cookln%
and drying of soaked paddy were carried out in a ho
sand, medium instead of drying with hot air. the ener
required was only 2/3 watt-nr/kg indicating a consicer-
able saving. THis process is similar to the tradiitional
Process 0 _makln? rice flakes, Rice obtained by this
method is similar fo rice made by conventional parboil-

Ing9 10 L —
%Iattened farboned rice samples_having thickness of
05, 085 11 and 12 mm were found to cook In 3,
18 21 and 22 min respectively, while control sample
with thickness of 14" mm_took 45 min. Cooked
parboiled rice flakes of 0.85 mm_thickness appeared
somewhat flat after cooking. Optimum thickness was
found to be L1 mm. This t¥pe of flattening did not affect
the visual appearance ofthe cooked Tice and also
reduced the cooking time and energy requirement con-
siderablylL This i)erha 5 is not only dug to decrease In
thickness but also prevention of retrogradationl2
Hlattening required considerably less energy than par-
ﬁ?llkng 05 cooking (16 to 33 watt-hr/kg depending upon
Ickress).

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV./IDEC.
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.Energy requirement for cooking different types of
rice was also worked out (Table I). About 400 watt-
hrlkg were needed to make the water boil, Between raw
and “parbailed rice, the latter required more energy
because of longer cooking. time, . This was even more
with pressure parboiled Fice which needed nearly. 60
min for cooking. - Flattening of the rice. reduce the time
and energy needed for cooking.  Thinner the flake,
shorter was the cooking time”and hence lower the
energy consumption for ‘cooking, ,

. Authors thank Mr. P. K Ramanathan, for his keen
interest In this study and also wish to thank Mr. M.
Jagadeswara tor aSsistance in energy measurement
and Mr. R Gururaja for assistance il production of
HTST treated paddy.
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BACTERIOLOGICAL QUALITY OF DRIED WHOLE MILK

STUDIES ON BACTERIOLOGICAL QUALITY OF
DRIED WHOLE MILK IN RELATION TO THE
INITIAL QUALITY OF RAW MILK
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Thirty samples each of raw whole and dried whole milk
made from same raw milk samples were assessed for
standard plate counts (SPC), thermoduric counts, coliform
counts, spore counts and titratable acidity. The study
revealed that (t) the poor quality raw milk will yield
a powder with high bacterial count, (ii) there is a positive
correlation (r =0.97) between thermoduric count of raw milk
and SPC of dried whole milk, (Hi) there is no correlation
between coliform counts of raw milk and dried whole milk
(jv) the spore count of raw milk has some influence on the
spore counts of dried milk, (v) titratable acidity of raw milk
can be taken as a good index of titratable acidity of resultant
dried milk.

The ability of some bacteria and spores to resist the
lethal action. of high temperatures of drying milk,
presents a serious problem to Dairy and Food Processing
Industries, . Crossley’ reported that the P_owder from
good quality milk Contained fewer bacteria than that
rom the poor quality milk. - However, contrary to the
earlier statement of “Crossley, Crossley and Johnson2
stated that there was no (lirect relation_ between the
bacterial quality of raw milk and bacterial quality of
milk_powder produced from |t
positive correlation between direct microscopic clump
count of raw milk and direct microscopic clump
count of dried milk made from it.  Wallgrend obtained
a reasonably good relationship between the thermoduric
count In raw milk and bacterial count In resulting dried

milk. . . _ .

The information available on bacterloloqlcal_ quality
of dried milk in relation to the raw milk qua l% 15 Inage-
quate in India. In this study, an attempt has been mage
t0 Investigate the bactenolo%lcal quall(ty of dried milk in
relation t0 total plate court, thermoduric count, spore
count and coliform count in the raw milk supply. The
stud(y was_undertaken under field conditions' at Milk
Products Factory, Andhra Pradesh Dairy Development
Corporation ngtQ1 Limjted, Vijayawada.

Receipt and standardization of milk: The, factory
receives mixed milk from Vijayawada milk shed

t Central Dairy, A.P.D.D.C.F., Hyderabad, A.P.

Burdet3 obtaingd a 0

415

villages. The milk received wag stored in raw milk storage

tanks at 5to 7°C. The rawmilk intended for whole mi
owder was standardized to contain 3.2 to 3.3 per cent

at and 9 ger cent SNF; pasteurised and stored for
to20hrat5to 7°C

. Preheating:  Chilled pasteurized milk was %eheated
in vertical tubular heat exchanger to 90 to 95aC.

Preconcentration: The preheated milk was evaporat-
ed under vacuum to contain 45 to 48 per cent total Soligs.
A vacuum of 27 to 28 in Hy was maintained during
evaporation, _ _

. Spray ,drym%: The preconcentrated milk was dried
in a drying chamber whose_inlet air temPerature Was
maintained” at 1/0 to 175°C and the outlet air tem-
perature at % to 100°C. _ ,

Thirty samples each of rawwhole milk and dried whole
milk méde from the same raw milk samples were collect-
ed In sterile containers taking all possible precautigns.
The following tests were condicted to assess the gw]all_ .

Standard §Iate count_agarb was used for estimating
standard plate counts (SPC). Violet red bile agarb was
used for estimation of coliforms, Aliquots of |aborato
pasteurised (630.2 C for 30 min) samples of raw ml
and reconstituted dried whole milke were plated with
standard plate count %%ar for estimation of thermoduric
bacterjal counts gT_d 3 Indian Standards Institution
P_rocedure? for estimation of spores was used.. Total
itratable aC|d|g of raw and dried whole milk was
estimated and éxpressed as per-cent titratable acidity6
in terms of lactic acid. IS procedure6was used for
reconsfituting the dried whole milk for estimation of
bacterial numbers, _ _

The standard plate count.in raw milk ranged from
17 t0 29.40 million/ml and i the resulting dried whole
milk from 0.004 to 0.2 million/g. 1t I1s qbserved that the
higher stancard plate counts 1N raw milk contribute to
higher stancard plate counts in dried whole milk (Table
1), The correlation between these cqunts in raw mifk and
dried whole milk was 0.74 Indicating the necessity for

ood quality rawmilk to obtain a Po_wder of high quallty.

he hlgrg correlatmrl obtam?d In this stud%ecoméjared 0
the coafficient correlation of 0.53 to 0.66 between DMC
of raw milk and DMC of skim milk powder obtained. by
Burdet3 may be due to the différence in counting
methods, :

The  results E)re_sented in Table 2_reveal that
,thermodurrllclbac_ﬁ(rlgle counlts in Ir:%,v\/ rﬂllk and %PC
In dried whole milk bear a close relationship as repo
ear(flrer Wa?lgren4. TLe average t%ermodﬂr?g Ba%ter?g
count of raw milk samBIes was 33,600/l and SPC of
dried whole milk was 30,300/g. It s evident that most

t 4 Department of Dairy Technology, College of Veterinary Science, Tirupati.
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relationship between standard plate counts in

RAW MILK AND DRIED WHOUE MILK

Raw Milk Driged whole

-------- mrIk mean
Range of SPC/mI Distribution Mean* SPC/ g*
(x iofi (%) mix 103 X IOfr

< 1X103 333 710

1X103 2 x 103 333 1440 4,00
2x103 3 X103 20.00 2700 12.00
13 4 X103 1333 3650 13.66
4x103 5 X103 1666 4460 22.75
5103 6 x 103  6.66 5500 29.00
6x103 7 x)3  6.66 6900 65.00
7x103 8 X103 333 7760 15.00
SX103 9 X103 333 8900 16.00
9x103  10x103 333 9200 56.00
10x103  11X103 333 10000 22.00
11x103  12x103 333 11000 1.60
>12x103 13.33 21500 89.00
Mean + _ 7099 30.30

Mverage counts of No. of samples in each distribution range.

**Mean of counts of dried whole milk samples made from same
raw milk samples from each distribution range.

+Mean of counts of 30 samples (each sample was p ated in
duplicate).

Coefficient of correlation between SPC of raw whcle milk
and of dried whole milk=0.740.

oftthe therrn%dunc bactterra survrvedt the drying temp e
ratures and the correlatio en ther urrc counts
|n raw m|?< lk and SPC In gnedwhgle mrm 1nh
thermod urrc bacterral counts |n raw milk spore
counts |n dried milk are inde en dent of each o‘ er with
a corre lation of 0.52 (a ot sign frcant at 0.01 level). How-
ever, thermoduric counts |n raw milk and dried whole
grlnlnkm}gg\r/]et a correlation of 0.656 and 15 highly
he coliform counts (data not Presentedr) in raw milk
ranged from 4280 to 132000/ml with an ave ?e of 28660/
In dried mrkthe coHnts ranged from 0 ([; The
per cent _samples of aried oe mrIk con a|n|n
coliforms is 16. 66 and they may be of thermoduric t¥]
as reported by Crossleyland Hallg, 1t was observed fhat
colrf rm counts In raw and dried whole milk are inde-
qeﬂt of each other (coefficient of correlation Is
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Table 2. relations
(tdbc) counts in

hip between thermoduric
d SPC, tdbc and spore count
IN DRIED WHOLE MILK

Raw Milk Dried Whole Milk

Range of Distribution TdBC/mI* Mean ~ Mean  Spore**
TdBC/ml (%) o 103) %;%%)Jr TdBClg count/g

raw milk an

(X103)

<10 16,66 T8 10 TR M0
1020 3333 158 1385 2576 35
2030 20,00 2666 2650 2025 200
M0 1333 100 BB U0 365
40-50 333 4800 4600 2800 440
5060 333 540 800 2000 -3
6070 333 6500 8800 1800 340
>70 666 17500 14700 31500 405
Mean*  — 360 3030 5030 31410

*Average thermoduric bacterial count in each distribution
range.

+Average standard plate count of dried whole milk made from
same raw whole milk sample from each distribution range.

**Average spore count of dried whole milk made from same raw
milk samples from each distribution range.

JAverage counts of 30 samples, (each sample was plated in
duplicate).

Coefficient of correlation between
(a) T_%Bé:mof raw whole milk and SPC of dried whole milk

(b) TABC of raw whole milk and of dried whole milk=0.656
(c) nggoof raw whole milk and spore count of dried milk

The data in Table 3 show that the spore count in raw

milk ranged from 6 6o with an avera?e of 193/m
and in powder 35 to 500 with an avera%eo 314y, It s
also observed that as the spore counts In raw milk

Increased, the_spore cqunt jn dried whole milk also cor-
respondingly increased, The correlation between spore
counts in raw milk and in dned whole milk (0. 81352 indli-
cate that raw mrIk with high 1Qore counts resu Sina
powder with a high spore count he relationship between
ﬂoore ounts in rawmrkan dried Whoemrllﬁ] JJ ears to
e end on the Pe of spores ratner than on the humoer
Pores present In raw milk
| the samples of dried whole milk prepared from the
raw milk used in this stucly showed Iess than 1.2 per cent
titratable acidity gdata not loresente ) which IS an ac-
ceptable levels,"the titratable acidity” of raw milk was
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Table 3. relationship between spore counts in raw milk

AND DRIED WHOLE MILK

Raw Milk Dried whole

Range of seore Distribution  Spore . milk spore

count/m (%) count/ml count/g**
<100 10.00 76.00 191.66
100-120 133 107.33 29750
120-140 16.66 131.00 252.00
140-160 6.66 155.00 172.00
160-180 3.33 165.00 300.00
180-200 10.00 196.00 403.00
200-220 6.66 216.00 340.00
220-240 333 240.00 415.00
240-260 1333 252.00 340.00
260-280 333 275.00 420.00
>280 133 365.00 440.00
Mean+ _ 193.00 314.00

#Average spore count of raw whole milk sample in each distri-
bution range

bt Averagesf)ore count of dried whole milk made from same raw
whole milk samples from each distribution range.

+Average count of 30 samples.

Coefficient of correlation between spore count of raw whole
milk and dried whole milk=0.813.3

positively related to the titratable acidity of dried whole
milk. “The average titratable acidity of raw milk
and dried whole milk was 0,137 and” 0.87 per cent,
respectively. The titratable acidity of raw milk can be
taléergJI asda gQﬂg Index of the titratable acidity of result-
ant dried milk.

Authors are thankful to Dr. C. V. ReddY, Dean,
Faculty of Veterinary cience A.P./é.U.anéi faso to the
Mana !n? Director, AP.D.D.C., Hyderabad for provid-
ing faCilities to carry out this investigation.
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Studies on the varietal characteristics, storage and drying
behaviour of four commercial varieties of onion viz.
‘Mahua’, Ropali’, ‘Nasik’ and ‘Rangda’ revealed that
var. ‘Ropali’ is better suited both for storage and dehy-
dration. Its dry matter, alcohol insoluble solids and
pyruvic acid contents could perhaps explain better perfor-
mance of this variety over others.

India is the largest producer of onion in the world
after China, with. a ‘total production of 245 lakh
tonnes™-, ~ Onion 15 grown, throughout the country.
Price of onion varies” considerably” depending on the
production and demand. Harvested crop is, generally
stored uncler ambient conditions on_improvised racks
under a thatched roof with a freg flow of ar, The
losses due_to desication and rotting Is around 40-60
Per cent. To stabilize the price of onion, It IS necessary
0 reduce these losses and dev_eIoR proper storage facilf-
ties, e have to select varieties having longer Shelf life
and b_ette[_ sun$d for dehydratgog, _

VarlabnttTy of storage life of different cultivars has
been reported by several workers2.  Poor kee mg
cultivars have a low dry matter content’, a low refractiv
Index6.7 high rate of water Jossh and are generally less
?un%ent& imilarly, the desirable traits neéded in Onign
or

ehydration include; (a) white coloured flesh; (b)
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solid content around 15 per cent but preferably as high
as 20 Per cent; (c) high degree of pungency; (d) storage
life of 2-3 months; .and. (e). free from joints-f. ~ °

Keeping these points_in' view, four. commercial culti-
vars of rabi onion available in Delhi were studied for
\k/)aﬂetal characteristics, storage properties and drying

ehaviour, :

Four commercial, varieties of onion popularly known
as ‘Mahua’, ‘Ropali’, ‘Nasik and ‘Rangda’ were obtain-
ed from New Azadpur Market, DelhiIn the month of
April (cropping season Oct-Nov. to April-May), ‘Nasik
and ‘Rangda ‘varieties are g&own In Maharashtra and
have a red or purple colour, Skin. ‘Mahua’ and ‘Ropalj’
varieties are groan in Gujarat and have a light Bmk
colour skg.w. . : : .

For studies gn optimum keeping quality, 5 kg material
from each variety was kept in triplicate in plastic trays
under ambient condition (28-33°C, 40-60 per cent RH{
and the physiological loss of weight was recorded a
monthly intervals. o

For dehydration, 5 mm thick slices were spread on an

aluminium tray at 4 kg/sq m. and three trays were kept
for each cultivar, Tray load was_fixed on’the basis of
trial runs for optimunt load carried out earlier on the
solar dryer. - .
. The solar dryer used in this study was a “Forced
indirect solar air dryer” developed by National Physical
Laboratory, New Delhi. It had'a soldr energty) cachiment
area of 650, m. painted with an ordinary black paint,
Drying chamber measuring 2 mx1.5 mx1.5 m could
acconimadate 45 trays._About 40 kg material could thus
be dried in one batch. The blower used could blow 2000
cu_ft of hot air/min. . _

Specific gravity, °Brix, dry matter, alcohol insoluble
solids, reducn}g and. total sugars were estimated accord-
ing to AO.A.C.IL in three Samples from gach, cultivar.
PUngency in onion was measured as pyruvic acid by the
metfiod (%Sc ergmer_and Guadaagln Colour estimate
In. the dehydrated onion was made by drenching the
allguots n 10 r%e[ cent NaCl solution” and measurin
OD. at 420 nm in a Klett-Symmerson colorimeter.

From the results on h¥s!ca| progertles of four
varieties of onion (Table 1) it is seen that_ ‘Nasik’ and
rrF%) ear||’ possessed” higher “percentage of TSS and dry

igh degree of pungency is considered essential to
retgr%J hette ﬁavou an(giee)f)ing queﬁll_tyjn the dehydrat-
ed product. Among the present varieties, ‘Nasik’ was
found to passess the least amount of pungent principles
8 against ‘Ro al%’ which contained twice as much of
pungency as the former variety. _

Lower" ratios between, redicing and non-reducmg
sugars Is essential to minimize browning of dehydrate
material. In this regard ‘Mahua’ variety was found to
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Table 1. physico-chemical characteristics of four commercial
VARIETIES OF ONION
Estimates Mahua  Ropali Nasik  Rangda
Colour Violet  Light  Violet Light
red pink red pink
Sp. gr. 0.92 1.08 1.24 0.93
°Brix 103 12.0 14.0 120
Dry wt. (%) 134 158 141 129
Alcohol insoluble
solids (%) 2.30 358 2.56 2.63
Pyruvic acid/
(jamoles/l0Qg) 495 510 260 325
Reducing sugars (%) 2.07 2.35 244 240
Total sugars (%) 7.00 6.90 6.30 1.20

be superior while the other three varieties were found
to be at Par WHW each other. _

High Insoluble solid content (about 1 per cent) is
consiclered desirable_ to impart good consistency and
rehydration properties o the “dehydrated product.
Varlety ‘Ropali, was found to Rossesst ¢ highest alcohol
insoluble solids of 358 per cent. It varied Trom 2.30 to
2,63 per cent in the_ other three varieties.

On the basis of light colour, higher contents of dry
matter, alcohol inspltble solids and pyruvic acid, the
most desirable traits for dehydration, was found in
variety ‘Ropali. _ _

From the data presented in Table 2. it can be seen
that ‘Ropall’ has a better storage capability as comﬁ)ared
to other varieties, it showed' least physiological logs
of weight during the entire (Perlod of storage.” Next. in
order Of storage were ‘Ran? a’ and ‘Mahua’, Sprouting
was not observed in any of the varieties during storage.
PLW varied from 28 to 40 per cent from 5 kg onions’in

Table 2. storage behaviour of four commercial varieties

Physiological loss of wt (%) after indicated

, months
Variety
1 2 3 4
Mahua 15 130 263 320
Ropali 7.00 125 192 28.0
Nasik 112 182 347 40.0
Rangda 8.0 140 245 30.0
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Table 3. dehydration details of four commercial varieties
OF ONION

. . ~ Pyruvic acid  Colour
Variety ~ Wt. of Dry_mg Reconsti {pm/'lOOg) (0.D.
slices(g) ~ ratio tution |pitial Final Loss @t 420

Fresh Dry o 9 m)

Mahua 1000 150 671  1:48 495 683 794 105
Ropali 1000 170 591 148 510 653 782 97
Nasik 1000 150 6.7:1 147 260 510 702 110
Rangda 1000 155 64:1 148 325 397 809 93

a four month storage period at 28-33%C. Loss of 60 20
P_er cent In pyruvic acid was observed in different varie-
ies with the Teast loss in ‘Ropali” and the maximum in
‘Mahua’ after a period of thrée months storage. Higher
matter .and B)e/ruwc acid content are “consigéred
valuable traits for petter storage life and these were found
at a higher level in ‘Ropali” cultivar, o
Data”on the dehydration of four commercial varieties
along with Aoyruwc acid and final colour of the material
IS presented 1n Table 3 It can be seen that in a solar
dr_¥er, varleg Ropali’ has gsven the highest final yield
with a dehydration ratio of 5,9:1.  RecOnstitution ratio

|
(1:4.8) was found to be the highest In ‘Ropali’. . Loss of

pl%ruwc acid was the least in ‘Ropali’ and the highest in
Viahua™ after cehydration. Loss of pyruvic acid in
different varjeties varied from 70 to 8L per cent.

Colour of the final product after dehydration_ was
found to be the best in ‘R_an(t;da_’ and ‘Ropalr’. These
two varieties have also got light, pink colour as compared
to violet red of ‘Mahua' and” ‘Nasik’.

From the ahove findings, it I quite clear that the
variety ‘Ropali’ had hettér quality characteristics and
storage life as compared to the Other varieties. It.is
more’ suited for drymg also, as can be seen from its
dehydration characteritics,

15 research has been financed by a grant made b
SD.A. Agricultural Research Service, authorised b
Public Law 480.

References

1. Fruit and Vegetable Processing Industry in India, Commodit
Notes, Indian Institute of Foreign Trade, New Delhi, 132

2. Magruder, R., Webster, R. E., Jones, H. A., Randall, T.E.,
Snyder, G. B., Brown, H. D. and Hawthorne, L. R,
Storage Qualities of Principal Varieties of American onions,
U.S. Dept. Agric. Circ. 618, 1941, 48.

3. Marlatt, R. B. and Mckittrick, R. T., Pink rot resistant onions
for Arizona. PL. Dis. Reptr., 1958, 42, 1310.

419

4, Whuler, G.F.C. and Finch, C. G., Variety trials with main
crop onions. Expt. Hort, 1962, 7, 33.

5 Woodman, R. M. and Bamell, H. R., The connection bet-
ween the keeping quality of commercial varieties of onion
and _the rate of water loss during storage. Ann. appl. Biol.,
1937, 24, 219,

Foskeh, R. L. and Peterson, C. E., Relation of dry matter
content to storage quality in some onion varieties and
hybrids. Proc. Am. Soc. hort. Sci., 1950, 55, 314,

7. Hanoaka, T. and Ito, K., Studies on the keeping quality of
onions. 1 Relation between characters of bulbs and their
sprouting during storage. J. hort. Ass. Japan., 1957, 26, 129.

8. KampengJ. Van., The im?rovement of available onion Varie-
ties. Zaadbelangen, 1970, 24, 135,

9. Jones, H.A. and Mann, L.K. Onions and Their Allies, Leonard
Hill Book Ltd., London, 1963

10. Fairbrother, J. G., Onion varieties suitable for dehydration.
Tasm. J. Agric., 1968, 39, 149,

11 Official Methods of Analysis, Association of the Official
Analytical Chemists, Washington D. C., 11th Edn., 1970.

12, Schwimmer, S. and Guada(‘lin,, D. G., Relation between
olfactory threshold concentration and pyruvic acid content
of onion juice. J. Fd Sci., 1962, 27, 94.

13, Hart, F. L. and Fisher, H.J., Modern Food Analysis, Sprmger-
Verlag, Berlin, 1971,

o

STUDIES ON QUALITY AND NUTRITIONAL
ASPECTS OF TOMATO

THEYMOLI BALASUBRAMANIAN

Depaitment of BiochemistrY, Tamil Nadu Agricultural University,
Coimbatore-641 003, India

Manuscript received 16 November 1983; revised 22 May 1984

Components responsible for the taste and flavour of tomato
fruits were estimated in seven tomato cultivars. ‘Pant
T-3" was found to have relatively high amounts of as-
corbic acid and /3-carotene. ‘Karnataka Hybrid" had very
high lycopene content. 1t also has desirable characteristics
like high titratable acidity, low sugar/acid ratio and high as-
corbic acid. ‘Punjab Chhuhara” was found to contain more
dry matter than other cultivars.

Tomato is one of the important fruits which is consum-
ed as such or canned or processed info products like
ketchup, sauce, chutney, paste. Quality and flavour
of the processed produicts depend on chemical com-
nonents like reducing sugar, acidity, Iycopene, /8-carotene
dry matter, total solUbl& solids, efc. ~The composition of
tomato has been reported to vay greatly with varigty,
soil condiition and environmentt3 Breeding for specifiic

components suitable for processing is common in deve-
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|oped countries45. In India, a number of varieties giving
higher yields have been evolved and little attention hes
been Pald to their quality, especially carotenoid
content.  Lycopene Is the predominant Carotenoid of
tomato responsible for its colourb. Besides this, 3-caro-
tene 15 also present in tomato to a certain extent. Dis-
tribution of carotenoid comﬂounds 15 also one of the
factors contributing to the flavour of tomatgo.
Therefore, a study Was undertaken to determine the
variaoility in chemical composition including the_carg-
tenoids Of some promising cultivats grown in Tamil
Nadu Agricultural University, Coimbatore, and the
results are presented In this P,aper. o

Tomafo fruits of seven cultivars as given in Table 1
were collected trom the Faculty of Horticulture, Tamil
Nadu Agricultural University, Coimbatore. ~ Firm
uniform and ripe fruits from third _pICkInﬁS were washed
with water and wiped with a muslin cloth. Three to five
fruits In each variety were cut into small pieces and
pooled together. Duplicate samples were weighed and
blended wiith a mixture of me ar%ho_s horic_acid, and
acetic acid for ascorbic acid estimation/, Remaining
pooled sample was pulped info @ smooth consmtenc;i
and was Used for  analysis.  Lycopene and totd
carotenoids were extracted in acetone§ and taken up in
light petroleum for spectrophotometric analysis. Fruit
pllp was extracted with ethanol-hexane mixture. for
estimation of 3-carotene/. Dry matter was determined

drying ahout 100 g of fresh’tomato fruit tissue n an
oven at 80° for 2-3 days9. Reducing sugar and total free
amino acids were estimated in 80 per “cent alcohol ex-
tracts as per Somogyil0 and Lee and Takahashill res-
pectively. Estimation of titratable acidity was carried
out as per A.O.AC. methodl2

Table 1. carotenoid CONTENTS |IN TOMATO CULTIVARS

Cultivars Lycopene 3-carotene
(mg/l00g) (mg/l0Qg)

Karnataka Hybrid 7.8 (88.0) 0.28 (3.2
Mangala 3.6 (87.0) 0.27 ( 6.5)
Punjab Chhuhara 33 (832 0.27 ( 69)
AC 238 2.6 (79.0) 0.22 ( 6.8)
Pant T-3 2.3 (15.2) 0.36 (11.6)
Sweet 72 33 (85.8) 0.30 (7.8)
Siaux 41 (872) 0.25 (53)

Figures in paranthesis indicate the percentage with respect to
total” carotenoids.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, voL. 21, Nov.DEC. 1984

Carotenoid contents of tomato cultivars are given in
Table 1 Amount of I){cop_ene varied from 75 t0 83 per
cent of the fotal carotenoids; maximum amount being
present in ‘Karnataka Hybrid' (7.75 mylOQg).  This
may he used for crossing With high carotene containing
varieties like ‘Pusa Ruby’, red” fruited variety, wes
utllized by Premchandrd el &/.,13 for producing red
coloured, ° higher ~ 3-carotene containing  cultivars.
Amount of 3-Carotene, varied from 0.22 mtg j%er 100q in
‘AC 238" 10 0.36 mg ;l)er 100 g in Pant’ T-3', which
corresponds to 3.2 to 116 per cent of total carotenoids.
Changes in carotenoid contents of tomato results in
changes in the concentration of certain volatile com-
pounds_ responsible for the tomato-like flavour and the
Proportlon of lycopene and 3-carotene is important for
he_flavour of“fresh tomato6. = o
_Table? fr_es_ents data on ascorbic au(?, sugaracid ratio,
titratable acidity, reducing sugar and dry matter contents
In the seven cultivars analysed. Variability in ascorbic
acid concentration was observed among these cultivars;
the range being 25.7-16.27 rqg fer 100 g with coefficient
of varidtion of 194. Pant T-3 ‘Mangala’ and ‘Karna-
taka Hybrid' had ascorbic acid contént of 25.7, 24.4
and 216 mg per 100 g, respectively. Generally, h|%her
ascorbic acid containing cultivars were found™ to have
high titratable audgg also.. This may be due to the fact
that presence of acids by virtue of their chelating power
reduces catalytic actm? %f_ metals like coé)per and iron
thereby increasing the stability of ascorbic acids.

Thereducing sugar content of the culfivars ranged from
271810 154 [Z)er cent; “Siaux’ having_the highest amount
and “Sweet-72" having the lowest. “The soluble. carbo-
hg/dra_te of tomato ffuit 1s mace up almost entlreI}/ of
1£I ducing sugars and are an Important constituent of

avours,

The titratable acidity of the varieties also varied
markedly from 81 meequiv. per 100 g in ‘Pungab,
Chhuhara’ to 134 m.equiv, per 100 g in ‘Karnataka
Hybrid”. Higher the titratable acidity of the fruits higher
the flavour2and lower its pH. Since varieties havmg ow
EIH are desirable for canning gurposes, ‘Karnataka

yorid’, “Sweet 72" and Pant”T3" may be chosen for
canning. Overall flavour intensity was fargely determin-
ed bX an interaction between sugar and aids6/. Suctlﬁr
t0 acid ratio should be narrow, Tor better flavour of the
fruits.  The cultivar “‘Sweet 72" hesides having high
acidity, has low  reducing sugarfacid ratig of 0.120.
Among the cultivars havm% hlgh, reducing sugars,
‘Karnataka Hybrid" has low Sugarfacid ratio and hence
will be superior in flavour than the other_ cultivars,
Another comﬁ)onent contributing to the flavour of
tomato is total free amino acias and variability among
cultivars in Its concentration IS also observed. D
matter content of the fruits was found to vary from 7.
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Table 2. chemical components of tomato cultivars

_ Dry matter ~ Reducing sugar Titratable acidity ~Ascorbic acid Total free  Reducing sugar/
Cultivars (%) (%g) (m.eq/I00g) (mg/100g) amgrr;]%/g)mds acid
Karnataka Hybrid 4.40 250 13.38 168 141 0.19
Mangala 6.69 1.90 10.02 163 6.84 0.19
Punjab Chhuhara 7.08 2.70 8.10 244 111 0.33
AC 238 6.28 2.60 10.87 21 13.00 0.24
Pant T-3 5.74 170 1170 25.7 741 0.14
Sweet 72 4.80 1.50 12.84 216 8.66 0.12
Siaux 6.72 2.80 9.42 164 .79 0.30
Mean 5.96 2.23 10.90 23 8.32 0.22
SE 0.39 0.20 0.7 15 081 0.06
c.v. 17.18 2354 17.34 194 25.78 71.10

to 4.4 per cent. Varieties havm% high amounts of d
matter” are preferred for tomato paste productiont.
Hence ‘Punjab Chhuhara’ and ‘Mangala’ by having
comparatively higher dry matter are suitable for tomat0
paste manufacture. ‘Punjab Chhuhara’ may also be
utilized for manufacture ofketchup and puree.” Cultivars
having high dry matter were found to contain low titra-
table cidlity with a hlﬁh|y significant correlation coeffici-
ent of -0.9066**.  This may be due tq the presence of
less dry matter in high locule containing varieties and
locules' were found to”have higher acidlity than the fruit
walls and r{olacentaG. _ _ _
Nutritig _allf)]/, Pant T-3" is superior to other cultivars
because of its %h_ascorblc acid and A=-caroteng contents.,
‘Karnataka Hybrig® has high titratable acidity, low
%ugtasr/aad ratio, high ascorbic acid and lycopene con-
nts.
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CHANGES IN THE CHEMICAL COMPOSITION

AND ORGANOLEPTIC QUALITY OF CITRUS

PEEL CANDY DURING PREPARATION AND
STORAGE

URMIL MEHTA AND SATINDER BAJAJ

Department of Food and Nutrition, College of Home Science,
unjab Agricultural University, Ludhiana, Punjab, India
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There was total loss of ascorbic acid during curing of
candied peel prepared from all the three kinds of citrus
fruits. Losses in sugars, acids, carotenoids, flavonoids
and phenols were higher during curing than during prepa-
ration and storage. ‘Kinnow’ peel candy was the best
organoleptically soon after preparation as well as after
storage when compared with ‘Bood-red” and ‘Villafranca’.

_ Citrus peel, which is generally considered a waste
is more nutritious than Juice and pulp and can be
processed Into candlies.” Although preparation  of

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV./DEC. 1984

candy, has been reported %’ many workers36.78 no
systematic_work has been done on its chemical and
organoleptic quality.  The present investigation was
cairied out to evaluate the utility of peels for the
prelparatmn of candy. _

hree citrus varieties, namely the loose jacketted
mandarin (Citrus reticulata) Variety  ‘Kinnow’, the
sweet orange (Citrus sinensis) variety ‘Blood-red’
and the leron * (Citrus Union) variety ‘Villafranca’
were su%zlle_d by the Department of Horticulture,
Punjab, "Agricultural University, Ludhiana, ~ After
extraction of Humes the residue was utilized for the
preparation of candy. _

Preparation of candied iJeeI: After separation of
rags and seeds, the peels were ?Iaced in 2.0 per
cent common salt_solution, the srength of which
was increased by 2.0 per cent every 24 hr till 80
per cent. On the fifth day, the peels were washed
and placed in a freshly prepared 8.0 per cent common
salt solution containing 0.2 per cent potassium meta-
bisulphite and 1.0 per Cent calcium chloride and stored

for one month.

Table 1. EFFECT OF PREPARATION AND STORAGE ON CHEMICAL CONSTITUENTS OF PEEL CANDY

colour Asco_ré)ic Acidi Sugars Caégtenoids F(Iavon(tdes ohenol
u aci cidity*  Reducin Non- Total -Car as rutin enols
(mg/l00g) — (g) : reducing (mg/lO(}g) (mg/lOOg} Total
Kinnow
Fresh Orange  26A 92.30 0.38 9.80 211 12.66 760 337 225.00
Cured Orange 26D 0.00 0.02 2.02 Traces 453 4.54 122 192.00
Candied peel  Gray
Sored %r?%?e 168B 0.00 0.11 25.00 2898 5500 413 0.56 135.00
ored**
Candied peel  orange  166B 0.00 0.108 26.82 2852 56.85 3.10 0.25 92.50
Blood-red
Fresh Yellow
orange  22B 82.45 0.45 10.99 191 13.00 6.05 59.50 362,50
Cured 22D 0.00 0.02 241 Traces 512 4.06 29.60 190.20
Candied peel  Gray
Stored* orange  168B 0.00 0.09 21.70 4028 6410 2.50 1448 96.00
Candled peel v 164A 0.00 0.08 23.12 40.28 66.20 1.90 5.00 70.00
Villafranca
Fresh Gray
yellow  162A 36.35 0.80 6.25 1.06 1.37 0.30 1170 451,00
Cured » 162D 0.00 0.20 1.02 Traces 319 0.22 510 223.00
g%r}ceiae*d* peel y 1638 0.00 0.29 20.00 4000 6210 0.12 2.00 102,50
Candled peel  Gray
orange  165B 0.00 0.27 22 3965 6395 Traces 050 45.00

*as anhydrous citric acid;  **after 8 months of storage
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Table 2. effect of storage on organol

_ _ Flavour Colour
Citrus variety - .
Initial Stored Initial Stored
Kinnow 16* 15* 5 14
(32) G0 @0 (28
Blood-red il 8 il 8
) e @2 (6
Villafranca il 10 10 8
(22) (20) (20) (L6)

423

eptic characteristics of citrus peel candy

Bitterness Texture Overall acceptability
Initial ~ Stored  Initial ~ Stored Initial  Stored
16* 3 1 16* 16* 15

(32) (26 (34) 32 (G2 (30
3 il u 8 12

5 @) @) w8 @4 (9
3 8 12 10 12 9

(26) (Lo @4 @0 24 (L9

Rank sums by 5 Audges maximum 4 marks each for flavour, colour, bitterness, texture and overall acceptability.

Figures in parent

These peels were washed several times in water,
and hoiled for softening.  The_peels were then
covered Wrth a cod S Ogar syrup of 3 Brix in a, vessel
and left for 48 day, the °Brix wes
raised by 10° and the eeIs were bcrIed with the 5y “é%
for abolt 5 min, process was repeated until
*Brix was reached. At this stage citric acrd (0.15 per cent
oft e Werght of the peel) was added The strength of the

rup Was then rarsed to 75 Brix (5" on eich day).

pees were left in the syrup for three weeks.
Finally, they were drained and ‘dried on trays at room
temperature for eight days and then dried &t 50"C for

2 hr ina through flow drier till stlckrness Was Iost The
prepared candiéd peels were put in Royt ene hags and
stored in dlass {ars for eroh mont

Chemical analysis: Peel was analysed for colourb,
ascorbic aciod, sugarsé fotal carotenoidisé, total flavo-
noicls2 and total phengls7at four stages, 1.¢., fresh, after
cunn% after preparation and after” storage for  eight
months.

Organoleptrc evaluanon edganoleptrc evaluation of
the prepared cang ¥]was carriedout soon after pre(para
tion and after eignt months of storage. A
judges was selected for the evaluatlon of the cand

fect of processrng on Chemical composrtron
There was changg In colour urrn ur|n pre aratron
and stora?e of the candied p corbic
acid was fotally destroyed. dunn cunng Acr Ity was
also  negligible” after currng he prepared candy,
regainedagidity hecause of addition of c|tr|c acid. Later,
slight loss in aCidity was qbserved durrng storage. A [oss
of6 (-65 per cent 0f total, sugars and
red ucrn%sugars occurred in thepeel during curing. Dried
candy owed an increase in total as well as reducing

eses indicate mean scores given by SJudges

90 per cent_of

*srgnrflcant at 5 per cent level.

sugars. Losses of carotenoids, flavonoids and phenols
Wwere maximun) during currnP ‘of peels and preparation
and storage of candied

Organoleptic quality: “Kinnow’ peel candy ranked
supenor to that of ‘Blood-red” and *Villafranca candrded
peels (Table 2). A slight change in colour and taste of
Kinnow’ peel’ candy Was noticed after storage but was
acceptable eventhouigh it was little stic here was
significant change In flavour, colour, taste, texture and
overall quality “of. candied ‘peels of ‘Blood-red” an
‘Vrllafranca Varieties dunng storage. ‘Blood-red’ peeI
can dywas not accepte after storaﬁe because it deterio-
rate as seen by its sensory characters (Table

Kinnow’ and ||Iafranca peel candies were found
acceptable even after storag

Tne candied citrus peel can be used in the bakin
industry in the preparation of cakes, cookies, steame
puddings and sweet breads and can be marketed as
rnrdxedbcandred fruits. These can also be used as marma-
ade bases
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STUDY ON THE EFFECT OF FORMALIN AS A
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Effect of formalin at 0.4 and 0.6% levels during storage
on milk constituents like fat, solids not fat, lactose and
titrable acidity was studied for one year. Study has
shown that formalin at a concentration of 0.4% is suitable
for the effective preservation of milk samples and there is
no significant change in the fat content of milk when stored
in glass hottles for one year.

Formalin is used as a preservative for milk, chhanna,
cream, dah, }:aggery é)ur and ce-cream, under the Pre-
vention of Food ‘Adulteration Act 1954 and Rules
theregf, of India. Itinhibits enzyme activity and prevents
grovvth of microorganisms. It'is reporfed that addition

f formalin to milk gives lower values for fat content in

milk samples cue t0 hardening of caseinl2. Bakalor3

suggests use of a higher concentration of sulphuric acid
to Overcome this. In view of these.reports, a study was
undertaken for assessing the suitability of formalin as a
preservative on different constituents of milk during
st_orage, within the frame work of samRImg procedurg
laid down under the Provisions of PFA Act, |

_Fresh_cow_milk procured from a local dairy wes
divided into 30 units of 225 g_each and stored In riarrow
mouth glass bottles after ad |n(11 formalin. Bottles were
closed with cork, tops were sealed with wax and stored
In dark at 37aC for one year, _

Formalin (BDH 40 per ent aqueous solytion of for-
mal_dehyde&was used at two levels to qlve a final concen-
tration 0f 0.4 and 0.6 per cent in milk.
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Fat content was estimated by Gerber Method4 and
Rose Gottleib Method5, solids-riot-fat BSNF) content of
milk was,estimated by deducting fat content from total
solids, Titrable acidity and lactose contents were deter-
mined as ﬁer the I'S1 methodsb

During tne stora%e of samples at 37°C in dark, cream
plu% appeared within 24 hr. A white sedimentation
probably due to casein, globulin and albumin appeared
at the hottom after one month. It continued to Increase
In volume with passage of time. At the end of one_year
there were three distinct layers in the samples. They
were () top layer of cream plug, (it) middle layer of
liquid, ‘and " (HI) bottom layer of semi-solid matefial.

On blending, these layers mixed readily and the resul-
tant sample Was stablé. In this stud% samples were
blended using “Braun” blender, The blended samples
were warmed to 40°C on a water bath, and cooled to
ambient temperature before analysis,

There was no S|Pn|f|cant change in the constituents
of milk immediately after adding. formalin except for
increase. In_ titrable” acidity. ~ Milk solids dissolved
readmr, in 91 per cent sulpnuric acid after addition of
formdlin on first day and upto one month, thereafter the
protein did not dissolve completely. However, it was
possible to_dissolve milk proteins by heating the butyro-
m?t Is at 60‘?8 for sometime or by using™94 per Cent
sulphuric acid3

. From the data lglven in Table 1it is clear that there
is no perceptible. ¢ ange In the average fat value of milk
when' treated with 0.4 per cent formalin, even upto a
storage period of 12 months when tested either by Gerber
method or by Rose Gottleib method. In the lafter case,
a small increase of 0.04 per cent was observed: however,
at 0.6 per cent level of formalin, a slight decrease in
average fat value of milk in samples stored for 2, 4, 6
and 9'months was observed In both the methods,

No cha_nﬁe occurred in the SNF value of milk samples
treated witf 0.4 and 0.6 per cent‘orm lin. No SIan ant
change occurred In the lactose value of the samples, treat-
ed with 04 and 0.6 per cent formalin. On addition of
formalin_there was immediate Increase In titrable
acidity of milk, which continued to Increase with passage
of time, It may be due to the liberation of carboxyl
roups from proteins and not due to lactic fermentation
_eca?_se Ia]ctose content of the sample did not change
significant

The stud%/ has shown that formalin at a concentration
0f 0.4 per cent as recommended in the Prevention of Food
Adulteration Act 19546 Is suitable for the effective, pre-
servation of milk samples and there is no sqmﬁcant
change In the fat and solids-not-fat content of milk when
?g%?e in glass bottles for 12 months at ambient tempe-
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Table |. values of different constituents of milk preserved

WTH FORVALIN FOR DIFFERENT PERIODS OF ST(

Fat (%) acidity Lactose
Period Formalin S.N.F.  Gerber  Rose  (lactic by wt.
(month) (%) (%) method Gottelib acid) Z’/O)
method (%)

0 04 82 40 405 017 298
06 - — — — —

0 04 820 40 408 022 301
06 820 40 405 023 29

04 815 406 407 025 301

06 816 400 410 026 298

1 04 818 405 409 026 2%
06 829 400 402 026 302

2 04 82 39 404 021 29
06 823 39 404 021 301

4 04 823 40 400 028 29
06 823 39 402 028 299

6 04 824 39 400 028 299
06 828 39 402 028 294

9 04 824 40 406 032 298
06 830 39 400 030 2%

2 04 819 41 409 037 300
06 816 40 405 032 309

*Determined immediately after adding preservative.

Authors are grateful to Dr. B, L Amla, Director,
CFTRI, for hiS keen interest in this investigation.
Authors are also thankful to Dr, V. Sreenivasamurthy
and Mrs Indira A. S, Murthy, Scientists, CFTRI, for
their valuable suggestions.
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PROTEIN SESAME SEED
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The principle of the method is to press sesame for partial
recovery of oil, then reshape the pressed seed by immersion
in boiling water, and finally dry the reconstituted wet seed
in the sun. The oil content in the reconstituted seed was
26-33% and protein content was 31-36%.

_In an earlier paper], the preparation of a low-fat,
high-protein grouncnut was described. - Subsequently
Bongirwar, Padawl-Desai and Srinivasan described
reparation of low-fat, high-protein r(%roundnut and soy-
ean.. Sesame seed 15 ndt only rich in oil but also it
contain essential amino acids like lysine and methionine.
If the fat content Is reduced without altering its shape,
the high-protein seed could be used In protein foods
snacks andl other preparations, and can be an article of
popular demand. ,

tuclies were carried out on the preparation of a low-
fat, high-protein sesame seed and the results are present-
ed. BOth brown and white varigties, as well as decuticled
seeds of brown varjety were utilized in the experiments.

The rPr nciple of the [PetPOd IS £0 ress sesame see
for partial recovery ot oil, then reshape the pressed see
by Immersion in boiling water, and finally dry the re-
constituted wet seed in the sun. _

A Carver laboratory model hydraulic press was used
for partial recovery qf sesame Oil from Cleaned sesame
see 8100 under the experimental conditjons _gwen
In Table L "The pressed seed was removed and subjécted
to a process of reconstitution which involved dipping
the pressed seegl held in a perforated cylinder in bmh_ng
water for a few minutes. The wet’ seed was drie

In the sunor in a hot air oven. A bench-scale hand

screw press was used for partial recovery of sesame
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Table 1. composition of low-fat, high-protein (reconstituted)
EAVE SEEB

Seed pressin Oil (% Protein (%
p (%3 (%) (%)

yleld

variety Oil Reconst. Original Reconst. Oiiginal Reconst.
seed seed seed seed seed

Laboratory Carver hydraulic press
Brown | 30 60 48 25 22 3
Brown II 34 54 50 Al 2 3

.do-
decuticled 43 49 60 3 24 36
White H» 5% 50 29 22 3$

Bench-scale hand screw press
Brown Il 25 65 50 k¢ 2 kil

Conditions in Carver pressing: Pressure 1000 kg/cm2, temp.
75°C, time 30 min.

Conditions in hand screw pressing: Manual pressure, temp.
75°C, time 60 min.

0il where_the batch size was 35 kg seeds. Results are
given In Table 1 _ _

The oil yield was 30 to 43 cPer cent in hydraulic
press_and 25 per cent in hand screw press’ (Table
1). The oil contents in the reconstituted seed Varied
between 26 and. 33 per cent as against 48-60 per
cent in the original Seed. A loss of about 10 {;)er
cent was recorded in the reconstitution process, The
protein contgwts, Increased from 22-24 Rer cent In thg
original seed to 31-3b per cent In the reconstitute

seedl

Thanks are due t%_th? Inpian Council of Agericultural
Research, New Delhi for man_cmg a scheme or. post
harvest technology of major oilsegds.
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EFFECT OF SUB LETHAL CONCENTRATION OF
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Sub lethal concentrations of Bacillus thuringiensis in the
diet of Corcyra cephalonica larvae at 20 mg/kg level
retarded the pupation and prolonged the larval period
beyond 95 days. In addition, the larval weight was re-
duced by more than 40 % after an exposure of 15 days in the
treated diet.

Corcyra cephalonica éStamt?} 15 a serious pest of stored
grains and gral_n products In India.  This Insect can
attack stored rice, wheat, groundnut, cocoa, nutmeg,
linseed, Bengal gram, red gram, green gram as well &
animal feeds Tike wheat pran, rice bran and cotton seed?
The repeated applications of Insecticides to control
storage Insects have caused development of nsect
resistance to .malathion and syn_er(]]lsed pyrethrin in
moth Eop_ulanonz._ Hence, biological control measures
using Bacillus thu”'ragmws Berlinér is being adapted for
the Control of lepidopterous. insects in storages
When the B. thuringiensis formulations are applied to
the crop in the field it'is observed that sometimes, due to
feeding habits of the Insects, adequate dose of toxn is
not consumed by the pest to cause death, The effect
of sub lethal concentrations of the S-endotoxin of B.
thuringinesis on the larval development and mortality
of fobacco budworm, Heliothis virescens has been
studied by Dulmage and Martinez4. - Yamvariash has
r(FPorted Feduction“in oviposition cf Ana%asta kulmiella
after exposure to B. thuringiensis formulation, There is
no information on the effect of sub lethal dose of B.
thuringiensis formulation on the breeding of lepido-
pterous storage pests. Hence, the present work was
carried out to Studly the effect of B. thuringiensis formula-
tion on the rice moth, Corcyra cephalonica.
A. culture of Baillus thuringiensis Var, thuringiensis
orlglnally Isolated by Majumder et al6. from cliSeased
Hellothes obsoleta larvae and cultured in the laborato
fermentor on a medium containing silkworm guga med
+sugarcane molasses was used n this study7. The
freeze dried product had a spore count of 35 X 108l
E%gs of Corcyra cephalonica, were collected_from the
stock culture maintained In this laboratory. The stock
diet consisted of whole wheat flour having 12 per cent
moisture. For mass culture, 1000 eggs were released in a
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Table 1 eeeect of sub lethal concentration of b.

a1

thuringiensis (sporet toxin) on the development of

C. CEPHALONICA LARVAE

After 15 days

Diet exposure*
Bt Bt Other Wt of Wt of larva
8pores bacteria  larva  gained after
(mgkg) 002/g)  (1021g)  (mg) (mg) 22 days
20 5300 0 8.09 542 152
10 3120 0 8.05 5.80 7
5 630 3 996 751 6
25 g5 170 9.49 1.36 14
1.25 210 30 9.76 147 16
0 0 10 145 1229 0

B.tspores Av. wt. Days for % moth
in the gut of adult 1st moth emerged Av.wtof % larva Av.wtofmoth, 16

After 95 days
exposure

moth emergence upto 75 surviving surviving days after transfer

(mg) days larva to control diet
exposure  (mg) (mg)
25 63 6 2941 210 16.29
(18) (25) (10)
23 58 9 3050 125 23.88
() (20 (7)
30 5 24 3145 25 -
oD )
25 58 16 210 25 116
() 0) @
30 60 16 - - -
(7)
23 56 9 — - -
@)

*Average of 4 replicated experiments, each replicate consisting of 40 larvag.
tMoth emergence in control was low due to visible fungal growth (Aspergillus glaucus) in the diet.
Figures in parentheses indicate the number of larva/moth from which the average weight was derived.

of stock

gl_ass trough.of 22 cm diameter filled with 250 g
15 per cent

let and maintained In a humid chamber at
RH in the laboratory (26+1°C). ,
Known quantity of B, thuringiensis spore formulation
was suspended in2 ml of sterile distilled water and mixed
with 2 g of stock diet. From this a series of experimental
diets were prepared by diluting with stock diet so as to
yield a final B. thurlngilen3|s spore+toxin concentrations
0f 20, 10, 5, 25 and 1.25 mglkg of diet. _
“Tofind out the viable spore. count in the experimental
diet and also to check the uniform mixing of B. thurin-
(t]Ien_SIS spores, one gram of the diet fromeach concen-
ration was plated on nutrient agar medium.  Bacterial
counts were also mage from the control samples.
From the mass culture, 40 prevymghed, 15 day old
larvae were released into each replicate having %of
the experimental diet. Each treatment including control
had four regllcates. All the petri dishes were incubated in
%he 5%051 (26+1°C) In a cessicator at /7 per cent RH
or % days. o
. The spore count of B. thuringiensis at various dilutions
in the feed and Insect qut, presence of other bacterial
colonies In the diet, weight of larvae after 15 and %
days of exposure to the tréated diet, first adult emergence
and per cent emergence are recorced in Table 1.
It is observed that Corcyra larvae after feeding for
15 days on the B. thuringiensis incorporated flour & 20

mg/kg level gained ong/ 44 per cent Welg_ht as compared
to'control arid took 7 days more for the Tirst adult emer-
qence. In this treatment, upto 75 days of exposure only

6 per cent of the moths emerged whereas after 95 days
of Incubation still 21 per cent”of the larvae were alive.
These larvae were small in size, each weighing 30 mg
whereas fully grown larva in the control group Weighed
around 60 mg.” After a continuous exPosure of % Tays
In the B. thuringiensis treated flour the larvae were trans-
ferred to untreated flour for further observation. These
larvae pupated and adult emergence occurred after an
incubation of 16 days.  Howgver, the moths emerg-
ed were small_in sizg, each weighing only 16.29 mg &
compared to 23 m% In the contiol group.”

The first_batch of moths which emerged in all the
treatments inclyding control upto /5 days of exposure
revealed no differerice in the we|rght of emerged acult
moths. The reason for some of the larvae emerging
as adults ,dunng the first phase of 75 days and somé re-
maining in a rétarded condlition beyond % days could
be that” either the toxin was not uniformly got mixed
up dug to the micro level incorporation of due to the
non-migratory nature and feeding habits of the larvee.
There vias no‘dlifference in the various parameters observ-
ed, when the Incorporated B. thuringiensis level In the

diet was lower than 10 mg/_kg. _
Dulmage and Martingz4 in” their study on the sub
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lethal effect of B. thuringiensis on tobacco bud worm
larvae gHe!IOIhIS vwescens% had used 80 1U of B. thurin-
giensis_toxin per ml as the highest concentration |n the
iet. The LCh dose rﬁﬁ)orted for H. virescens IS 313
IUml of dieg. At 80 IU/ml level they observed mortality
of larvae before pupation, They also correlated the iri-
crease in clevelopment time and reduction in pupal
welght fo the toxin content In the diet .
In this experiment, the highest level of B. thuringi-
ensis formulation incorporated in the diet is 20 ng/
which congisted of 5.3 x 105 spores/g. The LC5 of this
B. thuringiensis formulation to C.. cephalonica larvag
(fourth Instar having an average weight of 26, mg/larva)
Was rePorted to bé 51xI09 sporesly of dietd The
retardation of growth without” causing the mortahtg
of the Corcyra larvae observed in the Pre_sent study coul
be attributed to the very low level of toxin incorporation
as compared to the LCo dose to this pest. _
Another interesting observation is that other bacterjal
flora and fungi were nat detected in flour treated with
B. thuringiensis at 10.and 20 ma/kg level, whereas control
?roup had visible Infection b;? AsPerglllus glaucus. ThIS
ungal infection has also dffectedthe normal adult
emeérgence In the control group. Kreig9 has reported the
presence of antagonistic substance thuricin against gram
positive bacteria’by B. thuringiensis. This could bé one
of the reasons forthe asence of other bacteria in the
B._thuringiensis treated flour. o
. This study has revealed that B. thuringiensis formula-
tions, as a biological control agent, can also prevent the
completion of ljre c;rcle of C. cephalonica larvae, when
present In sub lethal concentrations in the dliet.

The authors are thankful to Mr. S. K. Majumder,
and Dr. B. L Amla, of the Institute, for providing neces-
sary facilities to carry out this investigation, They are
als thankful to Dr” N. G. K. Karanth for critical
evaluation of the manuscript.
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BOOK REVIEWS

Leaf Protein Concentrates; by Lehel Telek and Horace
D. Graham, AVI Technical Books, Inc, West Port,
Connecticut, U.S.A., 1983; pp 844; Price $ 9350.

“The book has been dedicated to Dr. N, W, Pirie, the
Pmneer of leaf protein. It |sat|mel¥ publication puﬁlng
ogether the different aspects of ledf protein research,

The work on leaf protein concentrate (LPC) has come
a long way and has got over its initial teething troubles,
With“the world population growing unabated, we shall
have to look to leaf proteins as the renewable source to
meet the prime nutrient demand of the underfed of
world population.

The authors have_divided the material into_ 4 parts.
Part | is a compilation of leaf protein extraction from
grasslands, plant sources of femperate and troE)waI
Climate -and tobacco leaf with " reference to_ their

production  potential and chemical and nutritional
characteristics.

Part 11 deals with the proximate composition and the
proteins and amino acid content of LPC and nutrition
studies on the availability of amino acids. The gas liquid
chromatographic and el chromatographic téchnicues

Hydrogi_enation offats and oils; by HB.W. Patterson,
A&? led Science Publishers, BarKing, Essex, England;
1983; pp. xv+310; Price: £ 38.00

This compact book discusses important aspects of
hydroqenau n from a practical stand point and Is a
valyable source of reference to_ research scientists,
engineers and technologists in the field. The text covers
various aspects, of hydrogenation technology of oils and
fats in ning chapters; The Hydrogenation Reaction,
H[ydro enation Process Techniques, Hydrogenation
Plant, Hydrogen, Catalysts, Hydrogenation Methads,
Safety, Quality and_Coritrol, and Glossary of Hydroge-
nation and Related Technical Terms. Written in"a lutid
style, each chapter covers the essentials that are necessary
for r_unnln? ahé/drogenatlon lant,_in an unique manner
that is not found in Gther books,  The clear definition of
the m_eanl%of selectivity in hydrogenation in theory and
Rractlce( . 1), unusual coverage of the purchese of
ydroqen (Ch. ’4), hydrogen receipt by road/rail and
general precautions covering static charges and electrical
equipment (Ch. 7) are justa few examples which show
that the author has given enough thought to blend_the
theoretical and practical aspécts judiciously.  The

have also’been detailed.  There are chapters on carbo-  pogk h

hydrates in LPC, the pigments and phenolic compounds
i leaf and their interaction with' LPC. ~ Information
on lipids of LPC has also been presented.

Part [1l enumerates the different techniques of LPC
production and economics of their production.

Part IV is quite an exhaustive, compilation of LPC
research all over the world including those, from Brazil,
Egth, India, Newzealand, Japan,” Nigeria, Pakistan,
Pofand and USSR.

L PC has a great potential if production costs could be
recuced. Thou%h the product Is of a dee_P green colour,
this should not e a serious handicap in its Utilization as
civilization have been consuming leafy material in their

food.

All in all, the authors have done a very creditable job
of compiling the leaf protein research all over the world.
Thus the baok perforce is a hook of reference on funda-
mental and applied  aspects of leaf protein resear
It will be worthwhile for the libraries and the
protein workers to possess this bock.

D
—

eaf

D. S Wagle
Haryana Agricultural University, Hissar

ook has a major section on the hydrogenatiori methods
for various oils and fats that include oils of groundnut,
coconut, rapeseed, safflower, sesame, cottonseed, soya-
bean, sunflower, castor and rice bran which are of irite-
rest to our country and in vanaspati manufacture. The
section also covers the problems that restrict the use of
palm oil in vanaspati manufacture. _ _
In a book of this type, one does expect information
on newer and related” aspects [ike biohydrogenation
nutritional aspects of h)fdrogenated fafs and 5o on, but
the author has made it clear n the preface to the hook—
It (the book) is adaressed in the first place to production
staff who expect quick access to advice on specific
problems and then t0 development personnel who If they
do not find a ready-made answer to their Iproblem, may
at least obtain usefUl directions.... and for the beginner
an attempt |s madke to describe the ‘why’ and ‘how’ of
hydrogenation.... the information has been. arranged
a5 a direct practical advice and as explanations as to
thy changes occur as they do...........
he book has 296 useful references. It is an welcome
addition to any library and an useful reference for the
vanaspati manufacturers.
J. V. Prabhakar
CFTRL, wyeore
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ASSOCIATION NEWS

Bangalore Chapter 1982-83 and to Miss Dazy Sagar, S, V. T. College of

T Chapter rrage follwing letures_ (1) Prire Home: Scence. (Rs. 4001} for”standing firt in M.Sc
nelth G o0 echnology By DT, V. Ran)rakrrshr% (Food and hutritio in 198783,

and Dr. C. Achuthan, on 4th Setember 1984: (i) Appli-

The Secretary anriounced the names of the office

by Mr. Kiran Majumdar on Ist October 1984 and (Hi)

1984. They are; President:—Dr (Mrs) S. R, Modambi,

od flavour by Dr. K. W, Gopinath on Bth November ~ ice-Presidents: —Dr S G Bhat and Mr. V. C. Sare

Hon-Secretary:— enon Hon. Jt. Secretary:

I\\//Is KLzﬁlrttrr]a thattac[r)ta ) RH§n TreasureDr —ADrS

oshi, Members:—Dr ongirwar, Dr. A, S,

Bombay Chapter Gholap, Dr. R R Ma ya, Dr. D P erkar, Dr. S. V.
The Annual General Body Meeting wes held on 28t Padgaonkar, R Padwal-Desai, Mr. M.

April 194 at the Department of Chémical Technology, Ven ataraman and Dr GM Tewan Co-opted members:

University of Bombay, Matunga. Dr. A. S Ayar,

M. Agashe, and Dr. M. R.'Vora. After a vote

President of the Chapter welcored the members to the of nanks, the” AGM was adjourmed,

meeting. An account of the activities during 1983 was . There was also a talk by Mr. N.S. Pochkhanawala,
dhyDr.CP.S Menon Hon, Secretary The food consultant of Bombay.

reasurer’s report was read by Or. V. K Joshi. ‘The  Bombay Chapter has Started publishing a News
Students awaras were then presentedecbﬁ/nthe Presrdent L etter for"effective communication among thé members,

Miss. Kalpana Bhavsar, P. V. P Fyt
for standing frrst in Diploma in

Ic (Rs. 250/-) Members are reguested to contribute their views and
od Technology i |n news items.

OBITUARY

The sudden and unfortunate demise of Prof. D. V.
Tamhane, on Monday the 10th September 1984, has been
a great shock to food scientists and technologists. Dr.
D ttatraya V. Tamhane had a brilliant academic record,
taking_his B.Sc. (Tech.) with honours In.19%0 and Ph.D.
IE? 1b at the Department of Chemical Technology,

ombay.

_ After servrn for ashort errod as Research Chemrst
in D & P Products (N (n¥ borne aS lecturer
at UD |n

9’.@

oflndra and O|I Technologlsts Assocratlon oP Indlia, one the architects o
Tamhane. "He was the President of AFST(l

share tLe sorrow of

in Food Technoo%/ / was the
Professor of Fermentation Technology since January 19
and was headlng the Food and Ferientation Technolo
Section. He had guided more than 25 students for Ph.D,
degree.. Most of Tis students hold reputed positions in
industries, He had professional connection with several
national laboratories and universities in the country. As

a consultant to food industry, Prof. Tamhane was well-
known for his innovative and "humane approach.

Prof. Tamhane_nurtured and took keen interest in the
actrvrtres of professional bodlies like AFST Indran Institute
emic En Ingering, Ass cratron PB(MmIgaO l(% EE%sts

of AFSJ(l) and the present eve pmentaga%gt&tbegyoéﬁg&gh%}t%r,v (l)syrggesto the untiring efforts of Prof

tis indeed agmgttl)g?g at\dedFoadn %c/rence community which will be felt for a very long time. W all




SUBJECT INDEX

Acacia auriculaeformis seed protein, nutritional value
Activated clay as seed protectant

Amino acids absorption, influence of capsaicin
Amylose, cassava flour, effect of roasting

Anacardium occidental See Cashew apple
Anardana, packaging & storage studies

Antifungal compounds and citrinin production by P. citrinum

Apples packaging

Argemone oil detection in edible oils

Aroma concentrate of cashew apple

Artocarpus hirsutus See Jack fruit
Aspergillus sp. pigment production

Atta, stored, physico-chemical changes

Bacillus thuringiensis, effect on rice moth
‘Balahar' maize based, keeping quality
Banana, phosphoenolpyruvate carboxylase
Beef patties with vegetable protein mixtures
Bengal gram, hacteriological quality
Biogas effluent cultured fishes, microbiological quality
Biscuits
jowar, soyabean and skim milk based
potato and cassava flour hased
Bitter gourd, pesticide residues
Black gram
bacteriological quality
infested by Callosobruchus maculatus, nutritional quality
Blue VRS, effect on bone marrow

Brassica campestris See Rapeseed
Bread, potato hased, quality

Breadfruit supplementing Dendeng giling
Buffalo calves, weasands processing

Buffalo milk
hased infant food
butter powder
icecream mix, stabiliser for

Butter powder from milk
Butter, rheological characteristics
Butter milk, preservation by solid CO2C02gas

Cajanus cajan See Pigeon pea
Calcium carbide effect on mango ripening
Calcium lactate as coagulant in chhana
Callosobruchus maculatus

effect on black gram

effect of plant extracts and oils
Candy, citrus peel based
Canning, French bean varieties
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143
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250
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422
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Capsaicin

effect on bile secretion

effect on amino acid and fat absorption
Caramel from organic amino compounds
Cashew apple based aroma concentrate
Cassava flour biscuits
Cassava flour roasted, quality
Catering establishments, bacteriological survey
Cereal products, water absorption and cooking quality
Chakka from cow milk
Cheese-like product from soyabean
Chhana

bacterial toxins and enzymes

calcium lactate as coagulant
Chickens for tandoori
Chick pea husk, inhibition of gas production
Cicer arietinum See Chick pea

Citrinin production by P. citrinum, effect of antifungal
compounds

Citrus
fun?icide for green mold rot
peel candy, quality
waste for single cell protein
Citrus latifolia See Lime
Citrus reticulata See Mandarin
Clay for control of infestation in wheat
Clove lipids
Coccinia indica see Ivy gourd
Coffee curing, use of pectic enzyme

Cooking o ,
method and vitamin retention

quality pigeon pea

Soyabean .

rice, energy requirements
Copper, effect on nitrate induced tinplate corrosion
Corcyra cephalonica see Rice moth
Corn grits, supplementing Dendeng Giling
Corrosion_

nitrate induced, effect of copper

of tinplate by ivy gourd
Cow milk for chakka
Cow pea husk, gas production inhibition
Cracking properties of rice
Curcumin and bile secretion
Cylas formicarius control in sweet potato

Dahi microbiological quality
Date for Tamar Eddin
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205
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213
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Dendeng giling, supplementation with breadfruit and corn
rits

Dhgal recovery from stored pulses

Dietary fibre in foods

Dolichos biflorus See Horse gram

Dosai from triticale and pulses

Dried date product, Tamar Eddin

Drying of onions

Drying of tomatoes

Dulcin determination

Eleusing coracana see Finger millet
Energy
needs for rice processing and cooking
savings in spray dryer exhaust
Ephestia cautella control in wheat by clay
Ethrel and mango ripening
Eucalyptus kirtoniana seed meal nutritional value

Finger millet, glyceroglycolipids and g ycerophosphotides
Fish
cultured in biogas effluents
dry, Vibrio parahaemolyticus survival
lipids and fatty acids
salt soluble protein
Foods
cooked, acceptability and vitamin retention
dietary fibre
protein determination by biuret colorimetry
Formalin, effect on milk
Fractionation of green vegetation by screw press
Freezing preservation of mango pulp
French bean for canning
Fruit ripening, biochemical changes
Frying
ghee, effect on physico-chemical properties
refined groundnut oil, changes

Gelatin in icecream mix

Ghee, pesticide residues

Ghee, effect of frying

Glass hottles for milk
Glucosinolate in rapeseed meal
Glycine max see Soyabean

Goats carcass and meat quality
Grapes transportation

Groundnut oil, effect of frying
Guar meal chemoprotein toxin, micro-assay
Guava, pectin extraction

Gum biodegradation by Pénicillium

Horse gram husk and gas production
Hypocholestérolémie effect of oil, test period

[cecream mix, stabilisers for
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139
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8
417
312
148

413
232
150
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235
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290

221
95
9

424

282
203
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132
400
234
173
198

259
329

32

Idli batter, changes during fermentation
infant food from buffalo milk

Ipomea batatas See Sweet potato
Ivy gourd and tinplate corrosion

Jack fruit seed fat, composition
Jowar for biscuits

Khoa
composition and storage
effect of heat on fate of St. aureus
heat induced changes
rheolo?ical characteristics
staphylococci in

Legumes, mineral composition

Lime, green mold rot control

Lindane, haematological changes in fish
Liligo duvauceli see Squid

Lycopersicon esculentum see Tomato

Mace fat, lipid and fatty acids
Maize
based ‘Balahar’, keeping quality
products, protein quality
Mandarin, green mold rot control
Mango
calcium carbide effect
ethrel and hot water treatment
processing
pulp
packaging in polyethylene pouches
preservation
processing in HMHD pouches
Manihot esculenta see Cassava

Meat quality of Bengal goat

Melon seed, chemistty and technology (Review)
Metanil yellow and bone marrow chromosome

Milk _
bacteriological quality
bottling _
formalin as preservative
0Xygen composition
pa.cka%mg

in glass bottles

in polyethylene pouches
Millini
breakage of rice

effect on rice bran tocopherol composition

triticale and wheat blends
Monocrotophos in bitter gourd
Musa sapientum see Banana
Mutton, pathogenic bacteria
Mycotoxins in wheat and wheat products
Myristica fragrans see Mace

9
143

157

40
236

18
84
3
31
241

145



Qils
edible, detection of argemone oil in
effect on Callosobruchus maculatus
oxidative deterioration, measurement
Onion drying and storage

Oranges S
‘Kinnow’ and ‘Malta’ varieties utilization

Packaging
Amrdana
mango pulp in polypropylene pouches
milk in polyethylene pouches
sohart halwa quality
tray and conventional packing of apples
Paddy water absorption
Papads, physico-chemical characteristics
Paratha, use of triticale and pulses
Pearl millet lipids
Pectic enzyme, coffee curing
Pectin extraction from guava
Pesticide residues in ghee
Phaseolus mungo see Black gram
Phaseolus vulgaris see French bean
Phulka, use of triticale and pulses
Pigeon pea, composition and cooking quality
Pigment production by Aspergillus sp.
Polyethylene pouches, packaging of milk
Polypropylene pouches for mango pulp packaging
Pomegranate seed, dried, packaging and storage studies
Popcorn, popping quality of varieties
Poik, growth of pathogenic bacteria
Pork rind snacks
Porridge, use of triticale and pulses
Potato based bread, quality
Potato flour for biscuits
Potato stored, soft rot
Pressure cooked food, acceptability and vitamin retention
Proteolytic inhibitor in Indian wheat

Pulses
stored, dhal recovery _
with triticale for Indian recipes

Quinatphos residues in bitter gourd
Quinine determination in soft drinks

Rapeseed meal glucosinolate
Rasogolla, staphylococcal enterotoxins and TDNase in
Red gram see Pigeon pea
Rice
bran tocopherol, milling effect
classification
cooking, energy requirements
cracking properties
flake production, process for
milled, silicophosphate as insecticide
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milling, breakage of
processing, energy requirements

Sarotherodon mossambicus, effect of lindane
Sal fat, epoxystearic acid

Sauce pan-cooked food acceptability
Screw press for green vegetation fractionation

Sesame seed with low-fat, high protein
Shellfish, lipid and fatty acids
Shorea robusta see Sal
Shrikhand, stored, quality
Silicophosphate as insecticide formilled rice
Single cell protein production from citruswaste
Skim milk protein rich biscuits
Snacks from pork rind
Soft drinks, quinine estimation
Soft rot in stored potato
Sohan halwa quality, packaging effect
Solar cooked food, acceptability and vitamin retention
Sorghum flour

particle size and endosperm texture

semolina, water absorption and cooking quality
Sog_abe@n

iscuits

cooking quality

flour, production in rural area

quality

yoghurt-like product
Soycheese spread
Soy-whey beverage manufacture (Review)
Spray dryer, energy savings by scrubber
Squids ice storage, nitrogen loss
Stabilisers for icecream mix
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Staphylococcus enterotoxigenicity and biochemical characteristics 1

Storage
Anardana
Khoa
onion
tomato
Stored pulses, dhal recovery
Sweet potato N
cultivars, composition
Cylas formicarius control

Tandoori from crosshred chickens
Tea quality, effect of phosphorus

Tinplate corrosion
by ivy gourd constituents
nitrate Induced, effect of copper

Tocopherol of rice bran, milling effect

Tomato . _
composition and nutritional quality
dryin

pulp, HMHD film pouches for processing and storage
varieties screening for storage
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Transportation of Anab-E-Shahi grapes
Trigonella corniculata seed oil fatty acids
Triticale-wheat blends, baking characteristics
Triticale and pulses for recipes

Vegetable protein mixtures for beef patties
Vigna sinensis see Cow pea

Weasands from buffalo calves

Wheat

flour
stored changes
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132

42
364
403

108

water absorption and cooking characteristics
products, mycotoxins
proteolytic inhibitor
semolina, water absorption and cooking
storage, clay treatment
triticale blends, baking quality
Whey-soy beverage manufacture (Review)
Wine preservation, heat penetration studies

Yoghurt from whey based milk

12
312
1
2
150
364
340
355

48



AUTHOR INDEX
Vol. 21, 1934
Adsule, P.G. 203 Chikkappaji, K. C. 123 Joshi, M. C. 92
Aﬁrawala S.P. 232 Chikkaramu 248 Joshi, N. 246
Afmed, S. Y. 97 Chopra, C. 8l Joshi, N. C, 246
Ajit Smgh 261 Chugh, R. K. 232 Kadam, S. J. 180
Akobundu, E. N. T. 108 Das, K. P. 290 Kadan, P. S. 353
Ali, N. 219 Dave, J. M. 208 Kalra, C. L. 299
Al-Nakhal, H. 8 De, S, 243 Kalra, M. S. 261
Amba Dan 203 Deo, P.G. 252 Kalra, S. K. 317
Anand, J. C. 409, 410, 417 Desikachar, H.S.R. 12, 121, 199, 259, 413 Kapur, O. P. 148, 266, 424
Anandaswamy, B. 167 Devchoudhury, M. N. 392 ?Karan Singh 150, 302
Ananthachar, T. K. 121, 413 Devroy, A. K. 245 Karunakar, S. 46
Ananthakrishna, S. M. 167, 2718  Dhanaraj, S. 167 Karunasagar, |. 235
Anjali Jain 227 Dhingra, M. K. 173 Kasturi Bai, R. i
Anjana Grover 99 Dholakia, J. N, 198 Kesava Rao, V. 183, 184
Anjaneyulu, A. S. R. 183 Dwarakanath, C. T. 159 Keshri, R. C. 25
Anwar Fathima 9 Edwards, R. A. 326 Kherdekar, M. S. 367
Aravinda Prasad, B. 218, 282  Eipeson, W. E. 123, 157, 164, 248 Kh_oh)kar, P. P 234
Arumu?han, C. 305 El'Faki, H. A. 259 Krishnamacharyulu, A. G. 266
Atchyuta Ramayya. D. 425 Emilia Abraham, 76 Krishnamacharyulu, A. G. 266
Augustine, B. 312 Gandhi, A. P. 219 Krishna Murthy, G. V. 21, 132
Awasthi, M. D. 113 Ganesh Bhat, B. 225 Krishna Murthy, H. Vil
Azeemoddin, G. 425 Gangi Reddy, N. C. 425 Krishnan, K. R. 49
Azujae, T. J. 63 Garg, S K. 320 Kulkarni, S. D. 318
Bahar, S. 63 George, G. 329 Kumar, B. 232
Bains, G. S. 32, 71 Ghanekar, A. S. 127 Lakshmanan, V. 18
Ba{aj, K. L 392 Giri, A. K. 36 Lai, B. B. 409
Bal, S. 318  Giridhar, N. 21, 132 Lalitha Anand 113
Banerjee, B. D. 9 Gopakumar, K. 389 Lalitha Subramanyan 278
Banerjee, T. S. 36 Gopala Krishna, A. G. 222 Laxminarayana, H. 45
Basu, S, 290  Gopala Krishna, G. 48 Leelavathi, K. 68
Beerh, 0. P. 132 Gopalakrishnan, M. 52 Lodha, M. L. 17
Bhanumurthi, J. L. 353 Govindarajan, V. S. 167 Madhu, Ch. 53
Bhashyam, M. K. 272 Gupta, H. 171 Madhyastha, M. S. 20
Bhat, C. M. 227 Gupta, E. K 261 Mahadevappa, V. G. 268
Bhat, G. S. 328 Gupta, 0. P 173 Mahadeviah, B. 167
Bhat, K. K. 3% Gupta, R. G 3712 Mahadeviah, M. 167
Bhat, R. V. 20 Gupta, S. 250 Maini, S B. 409, 410, 417
Bhattacharya, K. R. 8, 15 Gupta, S. K. 143, 211, 340 Maity, C. R. 07
Bhattacharya, M. 38 Harendranath, R. 97 Majumdar, S. G. 307
Bhavanishankar, T. N. 259 Haridas Rao, P. 68 Majumder, S. K. 38, 150, 252, 302
Bhavnagag, H. M. 302 Hasan, S. B. 252 Mallikarjunaradhya, S. 278
Bhosale, D. N. 180 Hemalatha, S. G. 426 Manan, J. K. 123, 299
Bikram Kumar, 38l House, L. R. 39 Mandal, B. 307
Brijesh Diwan 409, 410. 417 Hussain, Q. Z. 99 Manjunath, M. N. 266
Buckle, K. A. 326 Indira Kalyanasundaram 312 Manonmani, H. K. 1%
Chadha, K. A, 317 Indrani, D. 68 Mathew, A. G. 52, 76
Chakraborty, M. K. 105 Indiani Karunasagar 235 McWhirter, K. S. 286
Chandrasekhara, N. 155, 225 Indudhara Swamy, Y. M. 8 Meena Kumari, S. 231, 403
Chandrasekharapﬁa, G. 40 Jadhav, K. B. 110 Mehta, N. 198
Chandrashekar, A. 12 Jadhav, L. D. 110 Minhas, K. S. 32
Chandra Shekara, S. 239, 324 Jarantha Rao, K. 53 Mital, B, K. 8l
Chattoraj, D. K. 290 Jaleel, S. A. 5 Mittal, S. K. 20
Chavar, |. G, 180 Jaswanta Rao, V. 415 Modi, R. P, 201
Chesterman, C. 286 Joginder Singh 171 Mohanan, K. R. 45
Chhatpar, H. S. 198 Joshi, H. C. 246 Murty, D. S, 359



Vi JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, NOV./dEC. 1984

Mwandemele, 0. D. 286
Nadkami, G. B. 127
Nagaraja, K. V. 266
Nagi, H. P. S. 364
Nagin Chand Rajpoot 278
Naidu, B. S. 272
Nambhudripad, V. K. N. 84, 100, 241
Narasimha, H. V. 121, 413
Narayanan, C. S. 5
Narayanan, K. M. 400
Narayanasw_am%, M. 424
Narendra Sing 97
Nasir, N. 424
Ndupuh, E. C. 108
Neelgund, Y. F. 231
Neena Joshi 403
Nenwani, M. M. 219
Nirankar Nath 31
Qdili, C. M. 355
Okaka, J. C. 355
Okechukwu, P. E. 355
Padda, G. 3. 184
Padmakumari, K. P. 52
Padmini Nagaraj 278
Padwal-Desal, S. R. 127
Pai, J. S. 102
Pal Singh, R. 71, 1CF, 364
Pant, P, C. 246
Parvathi, M. 312
Patel, A. A. 340
Patii, G. R. 236, 340
Patii, H. D. 359
Patwardhan, M. V. 135175,248,273,282
Prabhakar, J. V. 199, 222
Prakasa Sastry, C. S. 148
Prakashchandra, K. S. 40
Pramila Pant, 36
Prasad, S. 21
Prema Kumary, M. N. 95
Pruthi, J. S. 123, 296, 299
Pumomo, H. = 326
Pushp Lata Bishnoi 145
Pushpamma, P. 139
Radhakrishna Setty, G. 123
Radha Pant, 145
Radhavendra Rao, N. N. 25
Radhavendra Rao, S. N. 199
Raghunath, M. R. 90
Raghunathan, A. N. 426
Raghuramaiah, B. 21, 12
Ral, T. 400

Raina, B. L. 299

Raina, P. L. 268 Sharma, R. P. 245
Raja, K. C. M. 76 Sharma, R. S. 18, 317
Rajamma, P. 185 Shekar, S. 328
Rajendran, R. 203 Shurpalekar, S. R. 68, 239, 324
Rajor, R. B. 236, 340  Shyamsunder, G. 245
Raju, G. N. 272 Siddiqui, M. K. J. 94
Ram, H. B. 92 Singh, B. P. 245
Ram, P. C. 171 Singh, N. S, 248
Ramachandran, M. 99 Singh, R. V. 92
Ramakrishna, P. 332 Singh, S. 205
Rama Murthy, M. K. 386 Singh, S. K 92
Ramana, K. V. R. 218, 282 Singh, U. 367
Ramana Rao, K. V. 53 Singh, Y. 31
Ramanna, B. R. 322 Sln%hal, S. K 250
Ramaswamy, H. S. 282 Sinha, S. P. 245
Ramesh, B. S. 15 Sood, A. R. 42
Ramteke, R. S. 248 Sowbha?ya, C. M. 15
Ranganathan, B. 28 Sreekantiah, K. R. 5 1%
Ranganna S. 282 Sreenivasa Murthy, V. 1 59
Rao, B. R. 236 Sridharamurthy, S. 199
Rao, B. V. R. 46, 48  Srinivas, T. 212
Rao, T. J. 46, 48 Srinivasan, M. R. 185, 225
Rao, Y. V. 143 Srivatsava, J. L. 250
Rathor, R. C. 42 Sukhija, P. S. 392
Reddy, N. S. 415 Sumainah, G. M. 88
Rege, D.V, 234 Surendranath, M. R. 425
Sadhana Srivastava 36 Surjan Singh 8l
Sai Prakash, 18, 377 Swarn Lata 94
Sambaiah, K. 155 Teotia, M. S. 123, 332
Sandhu, J. S. 424 Tharanathan, R. N. 259
Sannabhadti, S. S. 208 Theymoli Balasubramanian 419
Saramandal, C. V. 322 Thifumal Rao, S. D. 425
Saraswathi, G. 95 Thirumala Thangam, R, 17
Saroja, S. 123 Thompson, D. P. 43
Sastry, L. V. L. 157, 164  Upadhyay, S. M. 208
Satinder Bajaj . 422 Uppal, J. S. 320
Satish Kulkarni 386 Urmil Mehta 422
Sattigeri, V. D. 266 Vaidehi, M. P. 403
Satyan, S. H. 135, 175 Vakharia, D. N, 105
Satyanarayana, A. 203 Varadargj, M. C. 28, 84, 100, 241
Satynarayana, M. N. 15 Veenu, S. K. 320
Sawhney, . K. 381 Veerabhadra Ra , M. 148, 266
Saxena, A. K. 104, 296  Venkataraman, L. V. 259
Saxena, K. B. 367  Venkatasubbaiah, P. 59
Seh%al, K. L. 104, 364  Venkatesh, K. V. L. 167, 199
Sekhon, K. S. 364  Veiikayya, D. 415
Sen, D. C. 243 Venugopal, M. N. 23
Sen, D. P. 167, 199, 222,.322, 329, 3% Verma, S. S.. 245
Seth, T. D. 94 Vijayalakshmi, G. S. 177
Shankar, P. A, 45 Vimala, V. 137
Shankara, R. 121, 413 Viswanathan Nair, P. G. 389
Sharma, D. 367



3 INSTRUCTIONS TO AUTHORS

Manuscripts of papers (in triplicate) should be typewritten in double space gn one side of bond
paper. The manuscripts should be complete and in final form, since only minor corrections are
allowed at the proof stage. The paper submitted should not have been published or data com-
municated for publication anywhere else. Invited review papers will only be published.

Short communications in the nature of Research Notes should clearly indicate the scope of the
Investigation and the salient features of the results.

® 3. Names of chemical compounds and not thejr formulae should be used in the text.  Superscripts
and subscripts should ke legibly and carefully placed. Foot notes especially for text should be
%4av0|ded as far as possible.

Abstract:  The abstract should indicate the principal findings of the paper. It should be about
200 words. 1t should be in such a form that abstracting periodicals can readily use it

5. Tables: Tables as well as graphs, both representing the same set of data, should be avoided.
Tables and f|%ures should b& numbered consecutively in Arabic numerals and should have brief
titles. They should be typed on seﬁarate paper. Nil results should e indicated and distinguished
%early_from Iabsence of data, wnich is indicated by “—'sign. Tables should not have more

an Tine columns,

6. Illustrations: Graphs and other line drawings should be drawn in Indian ink on traing Pap_er or
white drawing paper preferably art. paper. The lettering should be in double the size 0t printed
letters.  For Satisfactory reproduction, graphs and liné drawings should be at least twice the
ernted size 16 cm (ox ‘axis) x 20cms éoy axis); photographs must be on glossy paper and must

ave good contrast; three copies should be sent.

7. Abbreviations of the titles of all scientific Bperiodicals should strictly conform to those cited in
the World List of Scientific Periodicals, Butterworths Scientific Publication, London, 1962

8. References: Names ofall the authors along with title of the paper should be cited completely in
each reference. Abbreviations such as et™al., ibid, idem, should be avoided.

The list of references should be included at the end of the article in serial order and the respec-
tive serial number should be indicated in the text as superscript.

Citation of references in the list should be in the following manner:

(@) Research Paper: Jadhav, S. S and Kulkarni, P. R, Presser amines in foods. J. Fd Sci.
Technol., 1931, 18, 15.

(b) Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New
( York, 192, Vol. 11, 96,

¢) References to article inabook: _Joshi, S. V., in The ChemistrY of Sgnthetic Dyes, by
Venkataraman, K., Academic Press, Inc., New York, 1952, Vol. 11, 966

(d) Proceedings, Conferences.and SYmposia Papers:  Nambudiri, E. S. and Lewis, Y. S., Cocoa
In confectionery, Proceedings ofthe Sgymgosmm on the Status and Prospects ofthe Confectionery
Industry in India, Mysore, May 1979, 27.

() Thesis: Sath¥ana_rayan, Y, rc}/tosociplogical Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. Thesis,” Bombay

niversity.
(f) Unpublished Work:  Rao, G., unpublist%ed, Central Food Technological Research Institute,
Mysore, India.

9 Consult the latest copy of the Journal for guidance.

00 OTOT 0 W00 W W

CCWWWWOOOOWWWWIS OO0 W ww



REG. NO. 24918 64

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY
Vol. 22. No. 1 Contents of forthcoming issue Jan./Feb. 1985

Research Papers
A GEL TEST TO PARBOILED RICE USING DIMETHYL SULPHOXIDE by P. Pillaiyar

A RAPID AND EFFICIENT EXTRACTION—CLEANUP METHOD FOR GLC DETERMINATION OF SYNTHETIC
PYRETHROID RESIDUES IN FRUITS AND VEGETABLES by M. D. Awasthi

INFLUENCE OF TEMOE LAWAK (A CURCUMA PRODUCT) ON LACTOBACILLUS ACIDOPHILUS AND
CLOSTRIDIUM PARAPUTRIFICUM AND BOWEL MICRO-FLORA OF RATS by J. Bol, M. Minekus, E. J.
Sinkeldam and A. Van Faassen

UTILISATION OF SOLID COFFEE WASTE AS A SUBSTRATE FOR MICROBIAL PROTEIN PRODUCTION by
Catherine Orue and Susan Bahar.

MISCFll_looGRgbAI\IISMS ISOLATED FROM SPOILED MANGO PICKLES by Laiita Pradhan, Pradnya Kanekar and
. H. Godbole

EFFECT OF MICROORGANISMS ON SOME FOOD DYES by T.S. Bandyopadhyay., A. K. Guha, R. Roy and B. R. Roy

SIMULATION OF GHEE FLAVOUR IN BUTTER OIL WITH SYNTHETIC FLAVOURING COMPOUNDS by
B. K. Wadhwa and M. K. Jain

PRSOCESS=<NGR OF ROSE APPLE (JAMUN) FRUIT INTO A READY TO SERVE BEVERAGE by D. S. Khurdiya and
usanta K. Roy

RHEOLOGICAL PROPERTIES OF MANGO PULP AND CONCENTRATES by K. Lakshminarayana Rao, \V. E.
Eipeson, M. V. Patwardhan, P. N. Srinivasa Rao and P. K. Ramanathan

STORAGE BEHAVIOUR AND SENSORY QUALITY OF RED DELICIOUS APPLES OF HIMACHAL PRADESH
HARVESTED AT DIFFERENT MATURITY STAGES by M. S. Krishna Prakash, Hahibunnisa, B. Aravinda Prasad,
P. Narasimham, S. M. Ananthakrishna, S. Dhanaraj and V. S. Govindarajan.

EFFECT OF MILLING METHODS AND EXTRACTION RATES ON THE CHEMICAL, RHEOLOGICAL AND
SBhREAI|JkMAKING CHARACTERISTICS OF WHEAT FLOURS by G. Venkiteswara Rao, D. Indrani and S. R.
vrpalekar

INFLUENCES OF DIFFERENT MILK CLOTTING ENZYMES ON GROWTH AND ACTIVITY OF STREPTO-
COCCUS LACTIS Cjo AND LACTOBACILLUS CASEI-300 by J.S. Yadav, S.S. Sannabhadti and R. A. Srinivasan.

EVALUATION OF COMPRESSED BAKER'S YEAST AS A SUBSTITUTE FOR GLUCOSE OXIDASE FOR
DESUGARING EGG MELANGE By T. S. Satyanarayana Rao and H. S. Murali

AFL\IOSN-#((?NVENTIONAL BEVERAGE BASED ON TEA AND MALT by T. K Varadharajan, S. Nagalakshmi and
. Seshadri

EFFECT OF BENGAL GRAM (CICER ARIETINUM) PROTEINS AND LIPIDS ON SERUM AND LIVER
CHOLESTEROL LEVELS IN RATS by Kowsalya S. Murthy and M. Kantharaj Urs

CHLORINATED PESTICIDES IN DIFFERENT BRANDS OF BUTTER by Renu Takroo, B. S. Kaplmlia and T. D. Seth

Research Notes

A MECHANICAL DEVICE FOR FLATTENING OF DOUGH FOR MAKING CHAPATIES by S. B. Kannur,
K. Prahlad, V. Subramanian and T. R. Sharma

STUDIES ON VARIATIONS IN CHARACTERISTICS OF STAPHYLOCOCCUS AUREUS by B. S. Mahadev,
V. K. N. Nambudripad and B. Ranganathan

INFLUENCE OF SEASON ON ROTI MAKING AND POPPING QUALITIES OF HIGH YIELDING SORGHUM
VARIETIES by A. Savithri and Meera Rao

CHANGES IN THE SHAPE AND SIZE OF DEHUSKED, SPLIT LEGUMINOUS SEEDS (DHALS) DURING SOAK-
ING IN WATER by S. N. Raghavendra Rao, K. Nandini, M. S. Gopai and H. S. R. Desikachar

PRE-CHILL PROCESSING OF BACON by A. S. R. Anjaneyulu, V. Kesava Rao, V Lakshmanan and N. Sharma

FRACTIONATION OF LEAF PROTEINS OF LUCERNE (MEDICAGO SATIVA) USING ORGANIC SOLVENTS
by Gurumukli Singh and Narendra Singh

EFFECT OF LIGHT ON STORAGE STABILITY OF PROTE-SNACKS by Saroj Saxena and G. S. Chauhan

ENOdL%)GéCA.L QUALITIES OF SOME ORANGE CULTIVARS GROWN IN GARHWAL HILLS by K. G. Shukla
and B. Revis

MINOR SEED OILS. XV. PHYSICO CHEMICAL CHARACTERISTICS AND FATTY ACID COMPOSITION OF FOUR
SEED OILS by R. C. Badaini, K. B. Patil, K. Gayathri and K. R. Alagawadi.

Printed and Published by Dr. M. Mahadeviah. Secretary, AFST (India), CFTRI, Mysore-570013, at Sharada Press, Mangalore-575001.



	JOURNAL OF FOOD SCIENCE AND TECHNOLOGY 1984 VOLUME 21 NO.6
	Cotents
	Comparative Studies on the Packaging of Milk in Glass Bottles and Polyethylene Pouches
	Heat Penetration Studies in Palm Wine Preservation
	Heat Penetration Studies in Palm Wine Preservation
	Studies on Flour Particle Size and Endosperm Texture in Sorghum
	Cooking Quality and Chemical Composition of Some Early, Medium and Late Maturing Cultivars of Pigeon Pea(Cajcinus cajan (L.) Mill)
	Drying of Tomatoes
	Heat Induced Changes in the Proteins of Milk During Preparation of Khoa from Lactose Unhydrolysed and Lactose Hydrolysed Buffalo Milk
	Flow Characteristics of Khoa at Different Stages of Processing
	Rheological Characteristics of Spreadable Butter from Buftalo Cream
	Lipid and Fatty Acid Composition of Fish and Shell Fish*
	Effect of Phosphorus on Fatty Acids of Tea Leaves and on theQuality of Teas
	Evaluation of Some Chemical Methods for the Measurement of the Progress of Oxidative Deterioration in Edible Oils
	Evaluation of Some Chemical Methods for the Measurement of the Progress of Oxidative Deterioration in Edible Oils
	Eftect of Intermittent Frying on the Physico-chemical Constants of Ghee and Refined Groundnut Oil
	Eftect of Fortification of Triticale with Pulses on the Preparation of Some Common Indian Recipes
	Research Notes
	Book Reviews
	Association News
	Subject Index Vol. 21, 1984
	Author Index Vol. 21, 1984
	Instructions to Authors

