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RESEARCH PAPERS

Comparative Studies on Volatile Com ponents o f  
Scented and Non-Scented Rice

N. R amararathnam
Food and Fermentation Technology Division, Department of Chemical Technology, 

University of Bombay, Matunga, Bombay-400 019, India
C. Bandyopadhyay

Biochemistry and Food Technology Division, Bhabha Atomic Research Centre,
Trombay, Bombay-400085, India

and

P. R. K u lk a r n i
Food and Fermentation Technology Division, Department of Chemical Technology, 

University of Bombay, Matunga, Bombay 400-019, India
Manuscript received 16 November 1981; revised 4 August 1982

These preliminary observations are concerned with the extraction, concentration and characterization of volatiles responsible 
for the unique flavor possessed by the highly priced ‘Basmati’ (scented) as well as ‘Common’ (non-scented) rice variety 
of Indian origin. Rice volatiles were isolated by distillation-extraction technique and analyzed by thin-Layer chromato
graphy and gas-liquid chromatography techniques. Considerable similarities were noticed in the qualitative composition 
of volatiles of both the rice varieties. The aroma component(s) having characteristic ‘Basmati’ odour in scented rice 
appeared to be polar in nature and present in minute amounts.

Rice ( O r y z a  s a t iv a  Linn) is a major cereal crop of 
India available in over 5,000 varieties which differ with 
respect to the size, texture, glutinous nature, aroma and 
cooking quality1. The different varieties are priced ac
cording to their qualities and are suited for various 
culinary purposes.

In India, there are two major scented rice varieties 
i.e. ‘Basmati’ cultivated in North India and Andhra 
Pradesh and “Ambemohor’ cultivated in Maharashtra, 
which are highly priced for their characteristic flavour 
and cooking quality. Though the cooking qualities of 
common Indian rice varieties have been exhaustively 
studied2,3, no attempt has so far been made to charac
terise the volatiles of these scented rice varieties. Studies 
on the volatiles of cooked rice4.3, rice bran^-8, unproces
sed rice9,10, polisehd rice11 and stale flavour of cooked 
rice12 of different origin have, however, been reported. 
In the present work, an attempt has been made to charac
terise the volatiles of‘Basmati’ (scented) and a ‘Common’ 
(non-scented) rice of Indian origin.
M aterials and Methods

Samples of polished ‘Basmati’ (scented) rice and

‘Common’ (non-scented) variety were procured from 
Delhi market.

E x tr a c t io n :  Distillation-extraction technique as des
cribed by Likens and Nickerson13 was adopted for the 
isolation of volatile flavour components of rice. Iso
pentane (A.R.,) was used as the extracting solvent. 
Three Kilogram rice in twelve batches, each of 250 g 
was used, Prior to extraction, each batch was washed 
with water, transferred to a two-necked 2 L distillation 
flask connected to Nickerson-Likens’s apparatus. Rice 
and distilled water in the ratio of 1:1.6 was added to the 
flask heated at 70°Cfor 10 min and steam was introduced 
to cook the mass. The flow of steam was continued for 
40 min to drive off the volatiles. The extract thus 
obtained was concentrated under a slow stream of 
nitrogen gas and the yield was determined.

T h in - la y e r  c h r o m a to g r a p h y :  Preparative silica gel G 
plates (20 cm x20 cm) were prepared according to the 
method described elsewhere14. The aroma extracts, 30 
to 35 mg in diethyl ether (5 per cent solution) were 
applied as a band, each 6 cm long, on the same plates 
which were allowed to develop at 23°C in a chamber 
containing petroleum ether (b.p. 40°-60°C : diethyl
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ether :: 90:10 (v/v) as solvent. After the development and 
subsequent removal of solvent from the plates at room 
temperature, odour test of the separated components 
was done on the plate by a panel of four members, 
according to the method described by Bandyopadhyay 
e t  a/.15 The separated bands were then located successi
vely by viewing under ultra violet lamp (254 nm), 
exposing to iodine vapours and finally by spraying with
0.2 per cent alcoholic solution of phosphomolybdic 
acid (PMA), followed by heating at 110°C for 10 min.

G a s  l iq u id  c h r o m a to g r a p h y :  The aroma concentrates 
of ‘Basmati’ and ‘Common’ rice were analysed by 
g.l.c. using BARC model gas chromatogiaph equipped 
with a flame ionisation detector and a glass column 
(0.625 cm o.d. Xl80 cm) packed with 10 per cent carbo- 
wax 20 M supported on acid washed chromosorb W 
(60-80 mesh); the carrier gas was nitrogen with a flow 
rate of 40 ml/min., the temperature of the column and 
that of injection port was maintained at 150°Cand 170°C 
respectively. Authentic samples of methanol, ethanol,

acetaldehyde, propionaldehyde, butanol, pentanal, hex- 
anal and hexanol were used for tentative identification. 
The aroma concentrates were also analysed by g.l.c. 
using Shimadzu GC 4A gas chromatograph equipped 
with a thermal conductivity detector and a dual column 
of stainless steel (3 mm o.d. x3 m) packed with 20 per 
cent diethylene glycol succinate supported on acid- 
washed chromoscorb P (80-100 mesh); the flow rate of 
the carrier gas, helium, was maintained at 30 ml/min; 
the temperature of the column, the injection port and 
the detector oven was maintained at 160, 200 and 200°C, 
respectively. The filament current was 200 mA, at an 
attenuation of 1. The charateristic odour notes of the 
eluted fraction were subjectively evaluated by sniffing 
test at the column exit by a panel of four expert judges.
Results and Discussion

The yield of total volatiles of the flavourful ‘Basmati' 
and ‘Common’ rice varieties was found to be 28 to 30 
ppm and 24 to 26 ppm respectively. It is interesting to

T a b l e  1. d e s c r ip t io n  o p  o d o u r  n o t e s  a n d  o b s e r v a t io n  o f  c h a n g e s  i n  c o l o u r  o f  t l c  s e p  a r a t e d  c o m p o n e n t s  o f  b a s m a t i  ( a )  a n d

COMMON (b )  R ICE  VO LATILES  ON EXPOSURE TO U .V . LAM P, IO D INE  VAPO UR A N D  ON S P R A Y IN G  W IT H  0 . 2 %  PM A SOLUTION

Band R/
Odour notes Under U.V. lamp Iodine vapour Spray with 2% 

solution
PMA

No. Value Odour Intensity Colour* Intensity Colour Intensity Colour Intensity
(A) (B) (A) (B) (A) (B) (A) (B)

1 0.93 Sulphury 4-4-4- + + + Strong 4  4 4 + + + Dark + + + + + + Blue 4-4-4- 4-4-4-
blue brown

2 0.87 Sulphury + + + + + + Strong + + + + + + — — — Blue 4-4-4- 4-4-4-
green

3 0.67 Sulphury + 4 + + Weak light + + — — — — — —
green

4 0.57 Sulphury 4 + — — — Brown f Pink 4- +
5 0.50 Weak light + + Faint + + Light -t- 4-

blue grey grey
6 0.47 Weak light + 4 — — — — — —

green
7 0.43 Cooked rice + 4 + + Strong + + + 4 Brownish 4  4  4 + + -t Green 4- 4- 4-4-

blue
8 0.40 Cooked rice + + + + Strong + + + i Brownish + + + + 4  + Faint red 4- 4-

blue black
9 0.37 Weak light + 4 Faint + 4- Blue 4- +

green yellow
10 0.27 — — — — — — Faint 4- 4-

brown
11 0.13 Sulphury + + Weak light + + Brown “h + Dark 4- 4- * 4-

green blue
12 0.067 Basmati + + + — Strong * + + + + + — — — Light 4- 4-

green brown
13 0.033 Weak light 4 + Brown + « 4- 4- Dark 4-4- 4- 4-

blue blue
*Represents fluorescent nature

Odour and colour intensity: 4-4-4-, very strong; + + , strong; + , mild.
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note that, although the difference between the yields for 
the two varieties was insignifican:, the levels in both the 
cases were six times higher than those reported for 
Japanese rice varieties5. This, could possibly be attri
buted to the varietal differences, as well as to the effect 
of other factors like soil, climate, etc. which are known 
to influence the composition of a crop.

The thin layer chromatograms of the aroma concent
rates are shown in Fig. 1. The Ry values of the t.l.c. 
separated constituents, their odcur notes and response 
to different detecting agents such as U.V. light, iodine 
vapours and PMA reagent are summarised in Table 1. 
It can be seen that both the aroma concentrates of 
‘Basmati’ and ‘Common’ rice varieties show somewhat 
similar pattern with respect to the qualitative composi
tion, with minor difference in the intensity of the fluores
cence associated with band No. 12. Further, a new band 
No. 4 responded to iodine vapours by forming a brown 
coloured band which could not be located when viewed 
under U.V. lamp. The strong fluorescent bands—No. 2 
and No. 12, in both cases, were not affected by exposing 
to iodine vapour. On spraying with PMA solution 
followed by heating for 10 min at 110°C, different colour-

SOLVENT FRONT

A SAMPLE 8
Fig. 1. TLC separation of aroma concentrates of ‘Basmati’ 

(A) and ‘Common’ (B) rice on a silica gel plate using petroleum 
ether-diethyl ether (90:10) as developing solvent.

RETENTION TIME (Minute*)
Fig. 2. Gas chromatogram of volatile components of ‘Basmati’

(-------- ) and ‘Common’ ( ..........) rice.
Peak No. (1) Solvent tether); (2) Acetaldehyde; (3) Metha- 

nol/ethanol; (4) Propionaldéhyde; (5) Pentanal; 
(6) Hexanal and (7) Hexanol.

ed bands were observed (Table 1). It is interesting to 
note that the aroma components of the respective rice 
volatiles have similar odour notes except in the case of 
scented rice which had the characteristic ‘Basmati’ 
odour associated with the band having Ry value 0.067 
(Table 1). The relatively low Ry value of this 
compound(s) indicates that the compound(s) respon
sible for ‘Basmati’ odour may be polar in nature.

The gas chromatographic separation of ‘Basmati’ and 
‘Common’ rice volatiles is shown in Fig. 2. It appears 
that the ‘Basmati’ rice Volatiles are richer in hexanol, 
propionaldéhyde and acetaldehyde as compared to the 
‘Common’ rice volatiles. The above compounds have 
also been reported in other varieties of rice'o. Both 
the aroma concentrates resolved into 21 components 
which appeared to be similar in nature, but varied to 
some extent in their quantitative composition. Fig. 3 
(A and B) represents the aromagram of the scented and 
non-scented rice volatiles. In both the aroma con
centrates the separated components gave rise to similar 
odour notes, except in the case of scented rice, where the 
characteristic ‘Basmati’ odour was detected in the minor 
component(s) having retention time c a  2.5 min. The 
present g.l.c. studies using packed columns reveal that 
the “character impact” compound(s) of the scented 
rice having ‘Basmati’ odour are present in very minute 
concentrations, which, though sufficient enough for
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Fig. 3. Gas chromatogram of aroma concentrate of ‘Basmati’ (A) and ‘Common’ (B) rice and details of the odour notes of the
components eluted from the column of Shimadzu gas chromatograph.

subjective evaluation, are not distinctly identificable. 
Perhaps, it/they may belong to those class of volatile 
polar compounds having very low odour threshold 
values.
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Studies on Lysine Enriched Plasteins from Oilseed Proteins
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Lysine enriched pla teins have been prepared from groundnut and sesame protein using N- G -cbz-lysine methyl ester 
and also enzymatic hydrolyzates of casein or soybean protein as a source of lysine peptide. Plasteins obtained with 
N- £  -cbz-lysine methyl ester had yields of around 40% for sesame and 70% for groundnut. Lysine content was 
11-13% for groundnut and 16-19% for sesame plasteins. Those obtained with lysine peptides as a source of this 
amino acid had high yields (75-85%) and moderate lysine content (6-6.5% for groundnut and 7-9% for sesame
plasteins.)

Groundnut (Arachis hypogaea) and sesame (Sesamum  
indicum) are valuable oilseeds containing about 50 per 
cent fat and nutritional studies on defatted meals have 
shown them to be good sources of protein, but for some 
limiting essential amino acids. Sesame protein is low 
in lysine1-5 while groundnut protein is low in lysine 
and also methionine^-11. The problems encountered12 
during direct addition of limiting amino acids to achieve 
nutritional adequacy are overcome by covalent attach
ment and the application of plastein reaction for this 
purpose is well known13. Soy plasteins have been en
riched with methionine 14-16 and microbial plasteins 
with lysine, methionine and tryptophan17. Preparation 
of lysine enriched plasteins from groundnut and sesame 
using lysine ester and also lysine peptides have been 
studied and the results are reported in this paper.
Materials and Methods

Lysine monohydrochloride, N-e-cbz-lysine methyl 
ester, trinitro benzene sulfonic acid and the enzymes 
used in these studies were obtained from Sigma Chemical 
Co. Other chemicals and reagents used were of analytical 
grade. The oil seeds were purchased from the local 
market.

Preparation o f  defatted  flours: Groundnut seeds 
were dried at 35-40°C for 2 hr, decuticled, flaked and 
solvent extracted in a soxhlet apparatus with petroleum 
ether (B.P. 40-60°C) to remove the fat. The residue was 
air dried and powdered in an Apex grinder to get ground
nut flour. Sesame seeds were soaked in water for 10-12

hr at room temperature (22-25°C), drained and dehusked 
by rubbing over a gunny bag. Seeds were air dried and 
winnowed/aspirated to remove the husk, flaked, defatted 
and powdered to get the flour. Soybean seeds were 
dehusked, split and flaked after adjusting the moisture 
to 10-12 per cent, then defatted and powdered to get the 
flour.

Preparation o f  proteins: Groundnut, seasme or soy
bean flour was extracted with 0.01 N NaOH (pH of the 
dispersion was around 9.5) with a meal to solvent ratio 
of 1:10 for 4 hr at 5-7°C and centrifuged at 10,000 xG 
for 15 min. The extraction was repeated again with a 
contact time of 2 hr. The combined supernatant was 
adjusted to pH 4.6 and the precipitated protein centri
fuged at 3000 xG for 15 min. It was then dispersed in 
water and adjusted to the desired pH with dilute acid 
or alkali. Amul casein was powdered (to about 80 
mesh), washed with water and dispersed.

Preparation o f  hydrolyzate: Aqueous dispersions of 
proteins (1-1.5 per cent) were adjusted to pH 1 to 1.5 
for peptic hydrolysis and to pH around 8.0 for tryptic 
and chymotryptic hydrolysis. Hydrolysis was carried 
out at 37°C, for 24 hr with an enzyme to protein ratio 
of 1:100, then they were neutralized and concentrated 
by flash evaporation (40°C).

Preparation o f  plasteins: They were prepared from 
different protein hydrolyzates, hydrolyzates of ground
nut and sesame along with N-e-cbz-lysine methyl ester 
at three levels (100, 150 and 250 mg/400 mg of hydroly
zate) and also from combinations (1:1 w/w mixtures)
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of groundnut or sesame protein hydrolyzates along with 
those of casein or soy protein. Hydrolyzates concentrat
ed to 25-30 per cent solids content were reincubated at 
pH 5.0 (Enzyme to protein ratio is 1:100) for 24 hr 
at I T ’C . (a drop of chloroform or toluene was added 
as a preservative). Then they were diluted to three times 
their original volume with water and precipitated with 
ethanol at 70 per cent concentration, centrifuged at 
3000 xG for 10 min washed with ethanol and dried.

The total and TCA (trichloracetic acid) precipitable 
nitrogen of proteins and plasteins was determined ac
cording to the microkjeldahl procedure18, and lysine 
according to Hall e t  a l . 19 using trinitrobenzene sulfonic 
acid (TNBS). In the samples containing N-S-cbz-lysine, 
the carbobenzoxy group was removed according to 
Merrifield and Wooley20 and lysine estimated using 
TNBS.
Results and Discussion

The plastein reaction has usually been described as a 
reversal of normal proteolysis and insolubility of the 
product in TCA or 70 per cent ethanol21.22, has been 
considered to be an index of the formation of plastein. 
As peptic hydrolyzates are commonly used for this 
reaction, initial experiments were carried out with peptic 
hydrolyzates of groundnut protein. Reincubation with 
pepsin, chymotrypsin and papain were carried out 
under similar conditions. The yield of 70per cent ethanol 
precipitable material was more with pepsin-pepsin 
plastein (40 per cent) than with other plasteins which 
varied between 25 and 30 per cent.

Since trypsin has been reported to be poor in produc
ing plastein at any pH value23, whether there would be 
any difference between tryptic and peptic hydrolyzate 
when used in the preparation of plastein was determined. 
Trypsin-pepsin (trypsin for hydrolysis and pepsin for

plastein formation) and pepsin-pepsin plasteins were 
prepared separately from groundnut protein and casein 
under similar conditions. Results shown in Table 1 
indicate that the yield of trypsin-pepsin plastein was 
higher in groundnut protein while that of pepsin-pepsin 
plastein was better in casein. The total nitrogen remain
ed the same after 24 and 48 hr of reincubation, but the 
TCA precipitable nitrogen decreased after 48 hr of 
reincubation as compared to that at 24 hr. Reincubation 
for 24 hr was found satisfactory for both the protein 
hydrolyzates.

Whether hydrolysis with specific enzymes or at 
different pH values would have any effect on the yield 
of plastein was also tested. Chymotryptic, tryptic or 
peptic hydrolyzates was reincubated with pepsin under 
similar conditions. The yield of plasteins and their 
lysine contents are shown in Fig. 1. The yield of chymo- 
trypsin-pepsin and trypsin-pepsin plastein was lowest 
(25-26 per cent) in the case of casein, moderate in the 
case of soybean protein (50 per cent) and high with 
groundnut protein (80 per cent). Trypsin-pepsin plastein 
from sesame was about 26 per cent. The lysine content 
of plastein was greater than that of protein in casein and 
soybean protein. The increase in lysine was marginal 
with groundnut and sesame plasteins. The yield of plas
teins and the lysine contents were comparable with 
pepsin-pepsin plastein from all these proteins.

Experiments were also carried out to test the possiblity 
of using enzymatic hydrolyzates of casein or soybean as 
a source of lysine peptide (as they are rich sources of 
lysine), along with groundnut or sesame protein hydroly
zate, to obtain lysine enriched plasteins. The results 
shown in Fig. 2.1 indicate that plasteins containing the 
tryptic hydrolyzate of casein gave lower yields but their 
lysine content was high. Peptic hydrolyzates of ground
nut protein showed a similar trend. Both the yield and

T a DIE 1. EFFECT OF REINCUBATION TIME ON PLASTEINS

Trypsin-pepsin plastein Pepsin-pepsin plastein
Reincubation -  

time Yield Total N TCA Yield Total N TCA
(hr) (%) (%)

Precipitable N
(%) (%) (%)

Precipitable N 
(%)

Groundnut protein 24 45 16 13 40 14 11
hydrolyzate 48 50 14 18 45 15 8
Casein 24 28 15 5 33 16 14
hydrolyzate 48 35 14 7 45 16 12

Proteins (0.5 g) hydrolyzed with trypsin or pepsin for 24 hr were neutralized, concentrated and reincubated with pepsin around pH 5 
for 24 and 48 hr at 37°C. 70% ethanol precipitable plasteins from these were analysed. Values represent averages of three independent 
experiments.
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Fig. 1. Y ield and lysine contents o f  plasteins from proteins

Proteins (0.5 g) were hydrolysed with different enzymes (Enzyme 
to protein ratio is 1-100) at 37°C  for 74 hr, neutralized, concentrat
ed and reincubated with pepsin at pH 5 for 24 hr. Proteins and 
70% ethanol precipitable plasteins were analysed for lysine. Values 
represent averages for three independent experiments.

1.1 Groundnut protein, 1.2 Casein, 1.3 Soybean protein,
1.4 Sesame protein.

a) Chymotryptic hydrolyzate, b) Tryptic hydrolyzate, 
c) Peptic hydrolyzate.

lysine content were high with chymotryptic hydrolyzate 
of groundnut protein along with peptic hydrolyzate of 
casein followed by plastein formation with pepsin. 
When soybean hydrolyzates (Fig. 2.2) were used along 
with groundnut protein hydrolyzate, the yield of plastein 
was greater than 60 per cent in all the samples and rela
tive increase in lysine varied between 1.5 and 2.1 (range 
being comparable to that obtained with groundnut 
protein and casein). Tryptic hydrolyzate of groundnut 
protein along with peptic hydrolyzate of soybean gave 
rise to plasteins with high yield and also lysine content.

Sesame protein hydrolyzates along with casein 
hydrolyzate (Fig. 2.3) gave rise to plasteins in about 40-50

□
cwIfto
CL
O
2w>

Fig. 2. Plasteins from mixtures o f  hydrolyzates.

Proteins (0.3 g) were hydrolysed with different enzymes (Enzyme 
to protein ratio is 1 :100) at 37°C  for 24 hr, neutralized and con
centrated. Mixtures o f  different hydrolyzates were reincubated with  
pepsin at pH  5 for 24 hr. 70% ethanol precipitable plasteins were 
analysed for lysine. Values are averages o f  three experiments.

a, a \  A , A' represent chymotryptic hydrolyzates o f  groundnut, 
sesam e, casein and soybean protein respectively.

b, b \  B, B ’ represent tryptic hydrolyzates o f groundnut, 
sesame, casein, and soybean proteins respectively.

c, c', C, C ’ represent peptic hydrolyzates o f groundnut, sesame, 
casein and soybean protein respectively.

per cent yield but the lysine content was greater (8-10 
per cent) than that obtained with a mixture of groundnut 
protein and casein hydrolyzate. Chymotryptic hydroly
zate of casein and peptic hydrolyzate of sesame gave 
rise to plasteins with good yield and also lysine content. 
When soybean protein hydrolyzate was used in place 
of casein hydrolyzate (Fig. 2.4), the yield of plastein was 
slightly higher (50-65) per cent instead of 40-50 per cent), 
but the lysine content was slightly less. The relative 
increase in lysine varied between 2.1 and 2.3, Chymo- 
triptic hydrolyzate of sesame with tryptic hydrolyzate 
of soybean gave rise to plasteins with higher yield and 
also lysine content.

The trypsin-pepsin plasteins were chosen from 
groundnut and sesame (due to their high lysine content) 
for further studies with lysine ester. At the three levels 
tested, the yield and lysine contents were higher with 
150 mg of the ester (Table 2). The yield was more in 
case of groundnut plastein (70 per cent) but less with 
sesame plastein (40 per cent), while the lysine content 
was higher in sesame plasteins (17-19 per cent) than
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T a b l e  2. p r e p a r a t io n  o f  p l a s t e in s  w it h  N -E -c b z  l y s in e  m e t h y l
ESTER

Amount 
o f  ester

Yield Lysine Relative
increase

(mg) (%) (%) in Lysine
Groundnut protein tryptic hydrolyzate

100 75 10.6 3.53
150 70 13.6 4.53
250 65 12.2 4.06

Sesame protein tryptic hydrolyzate
100 32 16.0 5.33
150 40 19.2 6.40
250 40 17.2 5.73

25-30%  tryptic hydrolyzate o f  groundnut or sesame protein  
(400 mg) was mixed with 100, 150, and 250 mg o f  N - 6  -cbz-Lysine 
methyl ester and reincubated with pepsin at 37°C  for 24 hr at 
pH 5.0. Lysine content o f  70% ethanol précipitable plasteins was 
determ ined and relative increase in lysine expressed as the ratio 
o f  lysine in plastein to that o f  protein. Values represent averages 
o f three independent experiments.

that o f  groundnut plasteins which was around 11-13 
per cent.

The lysine content of sesame plasteins enriched with 
either lysine peptides or with N -s -substituted lysine 
ester was higher than those obtained with groundnut 
plasteins under similar conditions, but the yield was 
lower. Groundnut plasteins enriched with lysine had 
comparable values for relative increase in lysine using 
hydrolyzates of either casein or soybean protein as a 
source o f lysine peptide. Lysine enriched sesame 
plasteins had higher lysine with casein hydrolyzates 
than with soybean protein hydrloyzates. For both 
these proteins (groundnut and sesame), the lysine con
tents o f plasteins with N-6-cbz-lysine esters were 
nearly twice that of plasteins obtained with lysine 
peptides as a source o f this amino acid.

These studies indicate that plasteins enriched with 
lysine could be prepared using either esters of lysine or 
lysine peptides (as a source o f this amino acid) from 
proteins o f vegetable or animal origin. The relative 
increase in lysine o f the plasteins is comparable to or 
slightly greater than that obtained with proteins of 
photosynthetic microorganisms1?. Fortification o f pro
teins or peptides with essential amino acids through the 
application of plastein reaction has the dual advantage 
o f  removing unwanted colouring or flavouring materials 
associated with the protein and eliminating the necessity 
for safety evaluation or acceptability of the final product, 
when obtained through modification with enzymes

whose properties have been well studied. This type of 
plastein production may be economically feasible only 
on a small scale, but still they may find use as therapeutic 
foods when used with other proteins or protein hydroly
zates. Factors which influence the yield and relative 
increase in lysine of plasteins are not fully known. 
Probably among others, the amino acid composition of 
the proteins may play an important role and thus 
conditions best suited may have to be determined with 
each protein individually.
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‘Dwarf Cavendish’ Bananas exhibited a concave growth curve and took 130 days to reach full maturity after the in
florescence emergence. Pulp to skin ratio increased from an initial value of 0.25: 1.0 to 1.9 : 1.0 at full maturity. 
Fruit weight increase was maximum during the final 4 weeks of growth. Dry matter and starch content in the pulp 
Increased consistently upto 100 rays of growth after which there was negligible change in starch whereas dry matter 
decreased. Skin tissues showed less marked changes in dry matter and starch. Soluble sugars in pulp and skin 
remained at low level during growth. Titratable acids, ascorbic acid and nitrogen in the pulp tended to increase
from 43 day onwards, while in the skin no perceptible changes were noticed throughout the growth period. Total 
phenols, flavonols and leucoanthocyanidin content showed a continuous fall as the fruit matured. Fruit respiration was 
maximum at the early stages of development, fell rapidly thereafter and remained steady during the later stages of 
maturation. Results indicate “hat the biochemical status of bananas does not change appreciably during the final 
stages of maturation and, therefore, a combination of chronological age and pulp to skin ratio could be used as an 
index of maturity at harvest.

Although a considerable amount of work has been 
done on the physiological and biochemical changes 
occurring in harvested bananas, report on such changes 
during growth and maturation while the banana bunch 
is attached to the plant is rathei scanty. Barnell1 has 
described changes in carbohydrates in the pulp and peel 
o f‘Gros Michel’ bananas during growth, while Steward

e t  a l .2, have reported the changes in the alcohol solube 
nitrogen. Buckley3 studied the synthesis and accumu
lation of dopamine in the peel of developing banana 
fruits. Lodh e t  a l . ,4 reported changes occurring in some 
of the chemical constituents in pulp tissues during growth 
of ‘Dwarf Cavendish’ bananas.

The present studies were undertaken with the objective
*Present address: Biochemistry & Food Technology Division, Bhabha Atomic Research Centre, Bombay-400085, India.
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of defining the maturity standards for the ‘Dwarf Caven
dish’ bananas, the principal cultivar grown in India for 
export as well as for internal trade, and to correlate the 
biochemical status of the fruit with the developmental 
stages or harvest maturity.
M aterials and Methods

About fifty banana plants were tagged at the time of 
inflorescence emergence or ‘Shooting’ in a plantation 
near Mysore to ensure selection of fruits with uniform 
chronological age. All observations were made on 
detached banana fingers harvested at weekly intervals 
from the time of shooting. Pulp and skin tissues were 
macerated in a waring blendor and freeze dried. The 
freeze dried samples were used for the estimation of 
starch and phenolic constituents. All other chemical 
analyses were carried out on fresh samples. Two 
fingers from each of the five bunches were removed at a 
time, and the values reported are the mean of ten 
fingers.

L in ea r  measurement a n d  fru it volume: Fruit length was 
measured to the nearest millimeter by means of callipers 
and the circumference measured at the middle portion 
of the fruit. Fruit volume was determined by displace
ment of water in a measuring cylinder.

Pu lp  to sk in  ratio: Pulp and skin tissues were sepa
rated and the ratio was calculated by dividing the fresh 
weight of the pulp by fresh weight of the skin of indivi
dual fruits.

Fruit respiration: Respiration of individual detached 
fingers was determined according to the procedure of 
Loomis and Shull*. The cut surface of the finger stalks 
were smeared with vaseline before placing them in the 
respiration chamber. C02-free air was passed through 
the chamber at a rate of 50-60 ml per minute and the 
C02 evolved by the fruit during the two hour experi
mental set up, was trapped in Petten Koffer tubes con
taining 0.1 M barium hydroxide. The C02 evolved was 
calculated by titration of the excess alkali against 0.1 N 
HC1, and values expressed as mg/C02/per kg fresh 
weight per hour.

Chem ica l constituents: Starch was determined by
diastase method with subsequent acid hydrolysis as 
outlined in AOAOh Reducing and non-reducing sugars 
were determined using modified Somogyi’s method as 
described by Hodge and Davis7. Ascorbic acid was 
estimated by the visual titrimetric method using 2,4- 
dichlorophenol indophenol dye6. For titratable acids 
and pH, fresh tissue was homogenized in waring blender 
with distilled water and the pH of the slurry was deter
mined. An aliquot of the clear supernatant was titrated 
against 0.1 N NaOH to pH 8.0 and acidity expressed 
as per cent malic acid. Moisture was determined by 
drying the finely divided fresh tissues at 75°Cto constant

weight. Total nitrogen was estimated by the Kjeldal 
method6.

Total phenol content was estimated colorimetrically 
by the Folin-Denis method8. The vanillin-H2S04 
method for total flavonols and n-butanol-HCl method 
for total leucoanthocyanins were adopted as described 
by Swain and Hills8. Areca catechin was used as the 
standard for total phenols and total flavonols, while 
arecanut monomeric leuoccyanidin served as the stan
dard for total leucoanthocyanin estimations.9 For 
chlorophyll, peel tissue was repeatedly extracted with 
cold acetone and the amount calculated according to 
Maclachlan and Zalik10 based on the specific absorption 
coefficients for chlorophyll a and b.
Results

Changes in fruit weight, and the ratio between pulp 
to skin from the time of inflorescence emergence upto 
130 days of growth are shown in Fig. 1. The fruits 
exhibited a concave growth curve in terms of whole 
fruit weight increments and fruit volume. The weight 
of whole fruit, pulp and skin increased for the entire 
period over which the bunch remained attached to the 
plant. A week after inflorescence emergence, the rela
tive proportion of pulp and skin in a single fruit was 21 
and 79 per cent respectively which changed to 65 and 35 
per cent respectively on the 130th day. The pulp to skin 
ratio increased from an initial value of 0.25: 1.0 to 1.9 :
1.0 when fruits reached maximum size. The angularities

Fig. 1. Changes in fruit weight, and pulp to skin ratio o f  
‘D w arf Cavendish’ bañar.?. fruit during growth and maturation.
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'9  DAYS 7 8 DAYS 8 5 DAYS 99 DAYS

Fig. 2. Cross sectional view of ‘Dwarf Cavendish’ banana 
fruits at different stages of growth from the time of inflorescence 

emergence.

of the fruit, which were very prominent in the early stages 
of development, gradually disappeared as the fruit 
advanced in maturity. After 108 days of growth, angu
larities disappeared more markedly and the fruit showed 
almost a smooth cross sectional view (Fig. 2).

D r y  matter and  carbohydrates: The dry matter 
content in the pulp increased consistently from an initial

DAYS AFTER INFLORESCENCE EMERGENCE

Fig. 3. Changes in total dry matter, and starch in ‘Dwarf 
Cavendish’ banana fruits during growth.

value of 7.4 per cent, a week after inflorescence emer
gence, to a maximum of 28.6 per cent at 85 days, after 
which there was no appreciable change until 100 days 
(Fig. 3). A consistent fall in dry matter level was observ
ed from 100th day till the fruits reached full maturity 
when it was 22.7 per cent. A somewhat similar trend but 
of a lesser magnitude was observed in the skin.

Evidence of starch accumulation in the pulp was 
noticed 8 days after the inflorescence emergence. Starch 
accumulation occurred in two stages, the first stage of 
rapid increase from 15 to 50 days and the second stage 
of less rapid increase from 50 to 100 days after which 
starch content showed a slight fall until the 130th day 
(Fig. 3.).

Total soluble sugars remained consistently low in the 
pulp during the entire growth period, attaining maxi
mal value of 0.3 per cent at full maturity (Table 1). Re
ducing sugars were present in higher proportions at the 
initial stages of growth but fell rapidly thereafter and 
remained at that level while sucrose content increased 
gradually as the fruit advanced in maturity. A similar 
pattern in starch and sugar levels was observed in the 
skin during growth (Table 2).

Titratable acids a n d  p H :  Acidity in the pulp remained 
relatively constant during the first six weeks and there
after increased gradually as the fruit matured (Table 1). 
Acid content in the skin remained relatively low and 
constant throughout the fruit development (Table 2). 
pH of the pulp which ranged from 6.0—6.1 in the early 
stages of growth, decreased to 5.6 at full maturity.

Total nitrogen: Nitrogen content of the pulp was 
low in the early stages of fruit development, ranging from
0.15 to 0.18 per cent (Table 1) which increased to 0.23 
per cent at 43 days and remained at that level until about 
100 days. A gradual decrease was noticed during the 
final stages of fruit maturation. The skin had relatively 
lower amounts of nitrogenous substances and showed 
a gradual decrease in nitrogen level as the fruit advanced 
in maturity (Table 2).

Ascorb ic  acid: The ascorbic acid level in fruit pulp 
remained low until 36 days from inflorescence emergence 
(Table 1). Increased accumulation was observed during 
the next 2 to 3 weeks and remained somewhat constant 
until fruits attained full size. Skin contained very low 
levels and did not show any appreciable changes during 
maturation (Table 2).

Phenolic constituents: Changes in the phenolic con
stituents in the developing banana fruit are shown in 
Fig. 4 and 5. On fresh weight basis, immature fruits 
showed a very high concentration of total phenols 
which decreased as the fruit advanced in maturity. Pulp 
contained higher amounts during the first three weeks 
after the inflorescence emergence, but thereafter the 
values fell below that of the skin. Both total flavonols
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T a BLF. 1 . CHAN G ES IN  SOME C H E M IC A L  CONST ITUENTS IN  ‘D W A R F  C A V EN D ISH ’ BA N A N A  PU LP  D U R IN G  G RO W TH  A N D  M ATURAT IO N

Days from inflorescence 
emergence

Moisture
( % )

Sugars (% nig/100 g) Ascorbic
acid

(mg/100 g)
1 ¡tratable 

acids. (%) 
as malic 

acid)
1 H Total N

(mg/100 g)Reducing Non
reducing

Total

8 92.62 0.178 0.020 0.198 4.0 0.19 6 . 0 180
15 89.76 0.093 0.029 0.132 4.0 0.18 6 . 0 153
22 87.58 0.054 0.066 0.120 6 . 1 0.19 Í.0 160
29 84.06 0.050 0.060 0.110 5.6 0.17 6 . 0 168
36 80.01 0.054 0.054 0.108 6 . 8 0.18 6.1 168
43 — 0.049 0.082 0.131 8.7 0.18 6 . 1 231
50 75.25 0.040 0.067 0.107 9.5 0.21 6 . 1 209
57 74.20 0.040 0.075 0.115 10.1 0.20 6 . 1 203
64 73.60 0.049 0.060 0.109 9.9 0.21 6 . 1 239
71 73.02 0.040 0.064 0.104 10.7 0.22 6 . 1 215
78 72.52 0.040 0.060 0.100 9.8 0.21 6.1 209
85 71.41 0.049 0.062 0 . 1 1 1 10.1 0.25 6 . 1 233
92 72.52 0.068 0.036 0.104 9.3 0.24 6.1 227
99 72.83 0.056 0.050 0.106 10.2 0.25 5.8 245

107 74.50 0.050 0.066 0.116 10.4 0.25 5.7 185
114 76.40 0.048 0.078 0.126 10.7 0.29 5.8 181
123 78.04 0.051 0.089 0.140 10.1 0.29 5.6 176
130 77.30 0.059 0.246 0.305 10.2 0.25 5.6 160

On fresh wt. basis.

T a b l e  2. C H AN G ES IN  SOME C H E M IC A L  CONST ITUENTS IN  ‘D W A R F  C A V EN D ISH ’ B A N A N A  S K IN  D U R IN G  G RO W TH  A N D  M ATU RAT IO N

Days from 
inflorescence 
emergence

Moisture
(%)

Sugars ( % mg/100 g) Ascorbic Titratable 
acids (% as 
malic acid)

pH
Total N 

(mg/100 g)
Total

chlorophyll 
(mg/100 g)Reducing Non- Total 

reducing
(mg 100 g)

8 92.00 0.210 0.062 0.272 1.4 0.13 5.4 194 37
15 91.65 0.090 0.0 0 0.150 1.7 0.09 5.4 131 51
22 90.97 0.054 0.142 0.196 1.2 0.09 5.4 124 53
29 91.09 0.050 0.147 0.197 1.5 0.09 5.6 100 55
36 90.01 0.070 0.135 0.205 0.8 0.09 5.6 94 54
43 90.00 0.067 0.122 0.189 1.0 0.11 <.6 118 57
50 91.70 0.062 0.147 0.209 1.4 0.13 5.6 106 54
57 89.20 0.055 0.206 0.261 0.9 0.08 5.6 112 51
64 90.42 0.061 0.199 0.260 0.9 0.09 5.6 86 53
71 90.75 0.049 0.209 0.258 0.83 0.09 5.7 99 57
78 91.01 0.078 0.211 0.289 0.82 0.10 5.9 105 55
85 91.40 0.054 0.230 0.284 1.0 0.11 5.9 100 51
92 91.65 0.052 0.206 0.258 1.9 0.08 6.0 105 49
99 91.77 0.049 0.135 0.184 1.4 0,11 5.5 111 50

107 92.49 0.0r7 0.187 0.244 1.2 0.14 5.6 94 51
114 91.42 0.071 0.167 0.238 1.2 0.0? 5.6 111 47
123 92.07 0.057 0.151 0.208 1.6 0.11 5.6 85 43
130 93.07 0.053 0.144 0.197 1.6 0.16 5.7 86 45

On fresh wt. basis
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DAYS AFTER INFLORESCENCE EMERGENCE

Fig. 4. Changes in total polyphenols in ‘Dwarf Cavendish' 
banana fruits during growth.

Fig. 5. The total flavonol and Ieucoanthocyanidin content 
of ‘Dwarf Cavendish’ banana fruits during growth.

Fig. 6. Respiratory rate of ‘Dwarf Cavendish’ banana fruits 
during growth and maturation.

and total leucoanthocyanidins in pulp decreased in 
concentration as the fruit advanced in maturity.

C h lo r o p h y l l :  Total chlorophyll content of the skin 
was rather low immediately after inflorescence emergence 
but increased as the fruit matured until about 29 days 
and remained constant till 107 days (Table 2). However, 
as the fruit volume increased with advancing maturity, 
the amount of chlorophyll showed a slight decreasing 
trend towards the final stages of maturation.

F ru it  r e s p ir a t io n :  A very high C02 output was 
observed in immature fruit which fell rapidly until the 
50th day and thereafter remained somewhat constant 
upto 130 days, when the fruits reached full maturity 
(Fig. 6).
Discussion

The ‘Dwarf Cavendish’ banana fruit exhibited a 
concave growth curve in terms of volume and fruit 
weight, which agrees with the observation of Simmonds11 
made for several edible banana varieties. The increase 
in fruit weight was maximum during the last four weeks 
of the growth, as much as 35 to 40 per cent increase in 
weight occurring during this period. This shows that as 
the fruit harvest is delayed, greater will be the weight of 
whole bunch, and proportion of edible pulp. However, 
this will greatly influence the post harvest pre-climacetric 
life of the fruits. Wardlaw e t  a l . , 11 reported that ‘Gros 
Michel’ bananas attained a pulp to skin ratio of 1.4:1.0 
after 80 days of inflorescence emergence. While our 
results show that the ‘Dwarf Cavendish’ fruits took 
nearly 100 days or more to reach the same ratio. These
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differences may be attributed to cultivars and variability 
in agro-climatic conditions.

Present studies however, indicate that the composition 
of the fruit of different maturities, harvested during the 
final 8 weeks of maturation, did not show a correlation 
to their maturity. The content of starch, the major 
constituent in the pulp, remained rather constant towards 
the later half of maturation whereas the dry matter 
showed a gradual decline from 100 days onward. Bar- 
nell1 reported a considerable fall in dry matter and 
starch content of ‘Gros Michel’ bananas with concomi
tant increase in soluble sugars, while Lodh e t  a l . ,4 
observed a sudden and drastic decrease in the starch 
content of ‘Dwarf Cavendish’ bananas after 70 days of 
fruit growth until fruit maturity, without any increases 
in sugars. They suggested that the differences in the 
amount of starch hydrolysed and sugars formed could 
be due to a high rate of carbon loss in respiration. How
ever, no respiration data were provided to support this. 
In the developing fruit, the intensity of respiration gives 
a general indication of the magnitude of metabolism. 
The low respiration rates observed in our studies even 
during the final stages of maturation indicate that 
changes akin to ripening had not taken place while the 
fruits were still attacked to the plant.

It is concluded that for bananas, harvest maturity 
must be defined by quantitative and qualitative means 
other than their chemical composition. Moreover, the 
tests must be simple and rapid. A number of physical 
methods like the number of days after inflorescence 
emergence, pulp to skin ratio, hardness, colour and 
odour of the pulp are employed by the banana industry 
as criteria to determine maturity of the fruit at harvest13,14 
Our results show that a combination of the chronological 
age of the fruit, i.e. the number of days elapsed from 
inflorescence emergence and determination of the physio
logical age by tests of dimensional development of the 
fruits like the pulp to skin ratio and angularities would

give a reasonable index o f the maturity o f the fruit at 
harvest, when uniform agronomic practices arc followed.
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Instrumental Quality Measures: D evelopm ent, Standardization 
and Their Correlation to the Sensory Attributes in Apple*

S. M. A nanthakrishna , S. D hanaraj, M. G . R amakrishnarajan** and  V. S. G ovindarajan  
Sensory Evaluation Discipline, Central Food Technological Research Institute, Mysore-570 013, India

Manuscript received 24 December 1981; revised 9 July 1982;

Instrumental measures to assess ‘Red Delicious’ apple quality have been developed and standardized using Ottawa 
Texture Measuring System (OTMS). The OTMS yield point reflecting texture and OTMS juice-volume area re
flecting juiciness could be obtained simultaneously in one operation and were well defined to assess quality of apples 
at different stages of ripening during storage and could be used as indices of apple quality. Any abnormal vari
ations in ripening could be detected if both these instrumental parameters are used. A correlation matrix is worked 
out between all combinations of instrumental and sensory quality factors studied and their significance discussed. The 
OTMS yield point and juice-volume area showed highly significant correlation with sensory texture and juiciness res
pectively.

Quality of apples is influenced by harvesting maturity, 
transportation and storage conditions. Attempts have 
been made by earlier workers to develop instrumental 
methods for apple quality assessment. Hand operated 
puncture tests have been widely used for measuring apple 
firmness1. This was developed into a mechanical thumb 
which does not damage the fruit2. Bourne3 studied the 
puncture test on apples by mounting Magness-Taylor 
(MT) punches in an Instron and has reported that this 
test is frequently used as apple quality index, but is not 
as positive as would be desirable.

A non-destructive method for apple firmness has been 
suggested by Finney4 but he used a small number of five 
untrained panelists to make separate judgements on 
texture, firmness and toughness. Brennan e t  a l .5 com
pared puncture tests on whole apples with compression 
test on cylinders of apple tissue and found that the two 
techniques gave almost equally high correlation with 
sensory data on firmness, crispness, coarseness and juici
ness using an untrained and uninstructed assessors. 
Bowman e t  a l.6 reported significant correlation between 
shear force to tenderness and crispness and between 
total moisture content to juiciness. Zaehringer and 
Hard? confirmed the finding of Bowman e t  a l 6 that shear 
force values correlated to crispness and tenderness and 
also to juiciness. Both these workers have used small 
number of trained panelists but not given any detail 
of panel training and performance. Against these,

Eccher Zerbini8 in his very recent paper on compression 
tests of whole ‘Golden Delicious’ apples in an Instron 
testing machine has reported that compression para
meters are significantly correlated to sensory sweetness 
and sourness but not with sensory firmness.

Dhanaraj e t  a l.9 have developed and reported recently 
an objective sensory evaluation procedure by a descrip
tive quality profile (DQP) method to assess individual 
quality attributes in apple. Panel participation in the 
development of proforma, magnitude of difference 
discernible and the selection of descriptors for each 
attribute to clearly define different points on the scale 
and the training of panelists and their performance for 
objective and uniform evaluations have been stressed 
in this paper which are generally not given by other 
workers mentioned earlier.

Texture profile analysis by Bourne10,11 using General 
Foods Texturometer and Instron only define various 
parameters such as hardness, cohesiveness, adhesiveness, 
springiness, gumminess, chewiness from force-distance 
curves showing the complexity of texture property and 
stresses that these are extremely useful in evaluating the 
textural quality if correlated with sensory assessments. 
The paper by Tijskens12 on texture of ‘Golden Deli
cious’ apples using Instron reports that plate compres
sion follows most ideally the textural changes during 
storage without giving the sensory texture data.

All these instrumental methods have not been com
* Presented in part at the Second Indian Convention of Food Scientists and Technologists, Central Food Technological Research 
Institute, Mysore-570 013, India (1981).

**Present address: Radiation Medicine Centre, Tata Memorial Centre, Parel, Bombay-400 012, India.
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prehensively validated by the sensory evaluation study 
at the same time. Instrumental measurements of these 
parameters refleeting sensory qualities which have 
greatest relevance to consumer acceptance is useful and 
become meaningful when correlated to sensory evalua
tion data. With this objective, a study was undertaken 
to develop the instrumental methods which will define 
the sensorily perceived quality changes in apples for 
determining its quality and shelf-life during cold storage. 
The details of the development and standardization of 
the instrumental methodology, their correlation with 
sensory data and the range of instrumental values defin
ing quality of apples as objective indices are reported 
in this paper.
Materials and Methods

Fresh and cold stored (32±1°F and 85-90 per cent 
RH) ‘Red Delicious’ apples of three different maturity 
harvests for four seasons from Himachal Pradesh and 
Jammu and Kashmir regions, were used.

P h y s ic o - c h e m ic a l  m e th o d s :  Each sample for instru
mental analysis consisted of five representative fruits 
from each treatment lot. Seven millimeter diameter 
probe MT puncture tester values were recorded for the 
sample (two readings per fruit) after peeling at either 
end of the lateral side on the equatorial region. The 
fruit was cut into two halves at the plane connecting 
central core and MT tested punctured areas on the fruit. 
Using a sampling devise (Fig. 1) consisting of a corer 
and sheer designed for this investigation, standard size 
apple discs, 2.5 cm diameter x 1 cm thick, were obtained 
with both the halves. The disc was placed i n between two 
filter sheets (Whatman No. 4, 15 sq.cm.) which was in 
turn placed between the flat plates of the compression 
assembly in Ottav/a Texture Measuring System 
(OTMS)13. The apple disc was compressed at a constant 
rate to a preadjusted clearance between the plates to get 
the force-distance curve. Fig. 2 gives the operating

Fig. 1. Sampling Devise: Disc size 2.5 cm diam/1 cm thick

Fig. 2. Ottawa Texture Measuring System (OTMS)
Full scale deflection 40 kg.
Crosshead speed 50 mm/min 
Chart paper speed 240 mm/min 
Plate and plunger clearance 2 mm

conditions of OTMS and sample disc being pressed 
between the flat plates. The OTMS yield point and 
maximum force at the first significant break in curve, 
was computed from force-distance curves. The expressed 
juice from the apple disc during the deformation in 
OTMS was absorbed on both the filter paper sheets and 
the area of spread, OTMS juice-volume area, was im
mediately marked after the compression cycle. The 
total area from both the sheets was subsequently measur
ed using Planimeter. Thus OTMS yield point and juice- 
volume area reflecting texture and juiciness respectively, 
were obtained simultaneously for the sample (two 
readings for each fruit). The remaining pieces of each 
fruit in the sample was pressed out for juice and analysed 
for brix and titratable acidity (one reading for each fruit). 
In all, five instrumental measures viz. MT value, OTMS 
yield point, OTMS juice-volume area, brix and acidity 
were taken for each sample under each treatment.

S e n s o r y  e v a lu a tio n  m e th o d :  Sensory evaluation of 
apples under each treatment was carried out by a trained 
panel of 20 staff members following the DQP procedure.9

S ta t i s t i c a l  a n a ly s is : The instrumental and sensory



ANANTHAKRISHNA e l  a h  INSTRUMENTAL QUALITY OF APPLES 59

evaluation data were analysed by analysis of variance 
followed by Duncan’s new multiple range test1'*. Linear 
correlation coefficients were worked out between the 
instrumental measures and the sensory evaluation data.
Results and Discussion

P h y s ic o -c h e m ic a l  p a r a m e te r s :  Samples were prelimi
narily tested by MT puncture tester and a small panel to 
determine the stage of ripeness—fruits with MT values 
of 9 lb and above were unripe, <9-7 lb semiripe, <7-6 
lb ripe, <6->4 lb slightly overripe and^4 lb overripe.

Clearly unripe, ripe and overripe samples were selected 
to standardize instrumental quality measures. Fig. 3 
gives typical force-distance curves when these samples 
were deformed in OTMS. The shape and characteristics 
of these curves are clearly different for these three stages 
of ripeness indicating differences in textural characteris
tics. It may be seen from the curve that in unripe sample, 
there is an initial high increase in force with steeper 
slope till yield point, indicating high resistance of the 
sample to the force applied with very little compression. 
Afterwards a sudden sharp break in the curve due to a 
few fractures in the sample and a rise again and a broad 
plateau reflecting high resistance to disintegration were

observed. Further, a sharp and high increase in force due 
to resistance for packing the turgid structure of the 
sample is observed in the curve till the end of the com
pression cycle. In the curve for ripe sample, the initial 
increase in force and slope are less compared to the unripe 
sample. Then a gradual decrease of force is seen reflecting 
possibly multiple fractures of the less firmer tissues of the 
sample, followed by a gradual rise till theend of the com
pression cycle which was lesser than the maximum for 
unripe sample. In overripe sample curve, the force and 
slope till the yield point are very much less compared to 
the other two samples. The force dropped suddenly 
forming a broad ‘U’ shaped trough indicating a collpase 
o t  the structure of the sample and the maximum force 
at the end of the compression cycle was also very less 
with little resistance for packing, indicating softness of 
the tissues. Thus, the shape of the force distance curves 
clearly showed a distinguishing pattern of plateau, ‘V5 
shaped trough and broad ‘U’ shaped trough after first 
significant break for unripe, ripe and overripe samples 
respectively. OTMS yield point computed from force- 
distance curves showed a high value around 23 kg for 
unripe, 14 kg for ripe and 6 kg for overripe samples 
respectively.

The OTMS juice-volume area values obtained simul
taneously during force-distance curve development for 
these samples clearly showed a decreasing trend like 
OTMS yield point, the values being around 170 sq.cm, 
for unripe, 110 sq.cm, for ripe and 45 sq.cm, for overripe 
samples. Acidity values also followed a similar pattern, 
but brix showed a reverse pattern for these three quality 
stages-values being around 0.45, 0.35 and 0.30 for 
acidity and 10, 13.5 and 15 for brix respectively.

S e n s o r y  s c o r e s  vs. in s t r u m e n ta l  v a lu e s  f o r  q u a l i t y  
d e f in i t io n :  A number of samples ranging from unripe 
to overripe were analysed by instrumental and sensory 
methods. When the values of the instrumental measure
ments vs. sensory data were plotted, it was observed that 
as the instrumental values, except °brix, progressively 
decreased from unripe to overripe stages the correspond
ing sensory scores increased. The middle values of the 
instrumental measures corresponded with the optimal 
quality description assigned in the descriptive sensory 
scale. In the physiological changes during ripening, the 
apple from the initial harvest (unripe) stage has undesi
rable sensory qualities; and progressively changes during 
storage to optimal ripe stage perceived as having desi
rable sensory qualities and finally reaches the overripe 
stage perceived as having again undesirable sensory 
qualities. Hence for purpose of graphical representation, 
unripe (scores 1, 2 and 3) and overripe (scores 7, 6 and 5) 
qualities were plotted as overlapping points with the 
optimally ripe quality (score 4) as the turning point. 
Fig. 4a  and 4b  show typical curves of OTMS yield point

2
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E xc e l l a n t

Fig. 4a. Comparison of OTMS Yield point and sensory Fig. 4b. Comparison of OTMS Juice volume area and Sensory 
Texture score Juiciness Score.

a) Optimal quality; b) Limits for most desirable quality; c) Limit for cold storage life

vs. sensory texture and OTMS juice-volume area vs. 
sensory juiciness. The sensory texture evaluated as very 
good with mean score 3.5-4.5 corresponded to the OTMS 
yield point range 16-12 kg which defines the most 
desirable quality in texture. Similarly the OTMS 
juice-volume area range 125-95 sq.cm, defines the most 
desirable sensory juiciness. The sensory texture and

juiciness mean score of 5.5 reflecting the limit for cold 
storage life corresponded to the OTMS yield point 8 kg 
and juice-volume area 65 sq.cm, respectively.

The results obtained by instrumental measurements 
and sensory evaluation on representative set of samples 
from the same lot at five stages of ripeness are given in 
Table 1. It maybe seen that OTMS yield point and juice-

T A B L E  1. SENSORY Q U A L IT Y  ATTRIBUTES A N D  PH Y S IC O -C H EM IC AL  PARAM ETERS-M EAN  SCORES FOR D IFFEREN T  STAGES OF RIPENESS

Unripe Semi ripe Optimum Slight Overripe SE,„
ripe overripe

Sensory quality attributes
Texture 1.8“ 3.2* 4.4“ 5.6d 6.5“ ¿0.13 (76)
Juiciness 1.8“ 3.3* 4.5“ 5.4d 6.5“ ¿0 .13 (76)
Aroma 1.5“ 3.2* 4.1“ 5.3d 6.1“ ¿0.11 (76)
Taste 1.4“ 3.3* 4.3“ 5.2d 6.2“ ¿0 .12 (76)
Overall quality 1.2“ 2.6 * 4.2“ 2.5* 1.3“ ¿0.15 (76)

Physico-chemical parameters
OTMS yield point (kg) 24.2“ 18.0* 13.4“ 8.1* 5.2“ ¿0.79 (36)
MT value (lb) 9.3d 7.6“ 6.2* 5.6* 4.0“ ¿0 .16 (36)
OTMS juice-volume (sq. cm.) 174* 128d 102“ 68* 40“ ¿3.21 (36)
°Brix 9.8“ 11.8* 13.4“ 14.0“ 15.0d ¿0 .19 (16)
Acidity (% malic acid w/v) 0.45d 0.41“ 0.36* 0.34* 0.30“ ¿0.007 (16)

SEm—Standard error of means; figures in parenthesis indicate degrees of freedom.
Figures with different superscripts (a to e) in the same row are significantly different (P<0.05)
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TAELE 2. CORRELATION COEFFICIENT BETWEEN PHYSICO-CHEMICAL AND SENSORY QUALITY FACTORS, 18 DF
Quality MT value OTMS °Brix Acidity Texture Juiciness Aroma Taste Overall
factors juice-volume quality

OTMS yield point +0.66** + 0.82** -0.71** +0.65** -0.82** -0.82** -0.66** -0.78** -0.79**
MT value + 0.54* -0.52* +0.49* -0.56* -0A3ns -0.52* -0.45* -OA2NS
OTMS juice-volume -0.74** + 0.67** -0.82** -0.82** -0.63** -0.76** -0.77**
°Brix -0.72** + 0.47* + 0.67** + 0A2NS + 0.75** + 0.41*5
Acidity -0.45* -0.56* -0.41VS -0.53* -0.39**
Texture + 0.92** + 0.87** + 0.92** + 0.92**
Juiciness + 0.87** + 0.91** + 0.89**
Aroma + 0.92** + 0.92**
Taste + 0.89**

DF—Degrees of freedom NS—Not significant
*P<0.05 ** P<0.01

volume area show significant differences between all the 
five stages, whereas MT puncture tester, brix and acidity 
values do not show differences significantly between ripe 
and slightly overripe stages. In our experience, MT 
puncture tester values are also subject to high variation 
as it is manually operated.

C o r r e la tio n s :  Correlation coefficients between phy
sico-chemical and sensory quality parameters were 
worked out. Since both unripe and overripe fruits scored 
lower than the optimally ripe fruits for overall quality, 
the overall quality mean scores on the 5-point scale were 
unfolded as 9-point scale for correlation purpose. The 
points 1 to 5 overall quality mean scores reflecting unripe 
to optimally ripe stages were kept unaltered when the 
individual quality mean scores were less than or equal 
to 4. When the individual quality mean scores were 
above 4 (indicating overripe quality), the corresponding 
overall quality mean scores were converted to 5 to 9 
instead of 5 to 1.

Linear correlation coefficients between the physico
chemical and sensory quality parameters are given in 
Table 2. Sensory quality attributes and overall quality 
showed highly significant positive correlation between 
one another, while each one of them showed highly 
significant negative correlation to OTMS yield point 
and juice-volume area. MT values also showed negative 
correlation with sensory attributes. The negative cor
relations of MT values to sensory juiciness and overall 
quality were not significant. OTMS yield point and MT 
values showed significant positive correlation with 
OTMS juice-volume area. °Brix showed negative corre
lation with instrumental texture measures and OTMS 
juice-volume area but positive correlation with each of 
sensory attributes. The positive correlations of °brix 
with aroma and overall quality were not significant. 
Acidity showed positive correlation with instrumental

texture measures and OTMS juice-volume area, but 
negative correlation with each of sensory attributes. 
The negative correlations of acidity with aroma and over
all quality did not attain significance. °Brix and acidity 
showed significant negative correlations. Since MT 
puncture tester is manually operated, it is less sensitive 
and its correlation coefficients with OTMS yield point 
and texture are low, though significant. In general, high 
correlations, either positive or negative, have been esta
blished between all the quality parameters as measured 
by both physico-chemical and sensory methods indicat
ing that these quality parameters change together.

c o n c lu s io n :  Based on this study, OTMS yield point 
ranging from 25 to 5 kg clearly brought out the textural 
changes and OTMS juice-volume area ranging from 175 
to 35 sq.cm juiciness changes in apple during cold 
storage. There is no adequate knowledge about the 
aroma components to assess the aroma changes reliably. 
°Brix and acidity reflecting taste ranged too narrowly 
to show clear differences in quality of apples. 
OTMS yield point in the range of 18-10 kg and OTMS 
juice-volume area 140-80 sq.cms corresponding to the 
sensory score 3-5 could define fruits with good to accep
table range in texture and juiciness attributes. The 
overall quality of the fruits in this range of instrumental 
values was also found to score between excellent to good. 
Therefore, the OTMS yield point and OTMS juice- 
volume area which showed highly significant correlations 
to individual quality attributes and overall quality were 
found to be very good indices of apple quality as vali
dated by the sensory quality and sensitive to assess the 
effect of treatments clearly.
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Lipid composition of two commercial samples of salted sun-dried Indian mackerel (Rastrelliger kanagurta) has been in
vestigated. As compared to fresh mackerel there was considerable reduction in glyceride content and iodine value with 
concomitant increase in free fatty acid content and peroxide value of muscle lipids. Tl.e fatty acid composition of 
fish lipid as determined by gas liquid chromatography indicated that salting and sun-drying of mackerel caused consi
derable loss in higher polyunsaturated fatty acids attributable

Indian mackerel ( R a s tr e l l ig e r  k a n a g u r ta ) , a fatty fish 
is normally consumed as fresh by coastal inhabitants. 
However, during seasonal glut, a substantial quantity 
of mackerel is cured by salting and drying. Sun-drying 
is usually employed to obtain a product for internal 
consumption as well as for export1, for which specifi
cations have been laid down2. However, precise control 
of final moisture content becomes difficult resulting in 
variability in the keeping quality of the final products. 
In mackerel, the depot fats stored in muscle are reported 
to be rich in polyunsaturated fatty acids3, which are 
likely to undergo oxidation during prolonged exposure

to lipid oxidation.

to air and sunlight. Reports on the lipid composition 
of salt-cured, sun-dried Indian mackerel are scanty. 
Sodium chloride in salted, dried fish such as tuna, is 
reported to possess pro-oxidant effect on lipids ,̂ whereas 
Nambudiry3 had observed that higher levels of sodium 
chloride in sardine meat inhibited lipid hydrolysis. The 
present paper relates to the lipid composition of com
mercial samples of salted sun-dried mackerel.
M aterials and Methods

Two different batches, designated as I and II of freshly 
processed, salted sun-dred mackerel (average lengthi
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Table 1. physico-chemical characterisrics* of muscle lipids of fresh and two batches of commercial, salted
SUN-DRIED INDIAN MACKEREL

Moisture content (% wt.)
Total lipid (g/100 g flesh)
Iodine value (IV) (Wij’s method)
Glyceride content (g/100 g lipid)
Free fatty acid (FFA) content ( u mole of oleic acid/g lipid) 
Peroxide value (PV) (meq/kg lipid)
Thiobarbituric acid (TBA) value (mg of malonaldehyde/kg flesh)

‘Average of three determ ¡nations ¿standard  deviation.
“ See ref. 14.

Fresh** Batch I Batch II
68.5 ±1 .5 35.2 ±  1.4 21.6 ±  2.1

8.6 ± 2 .0 5.4 ±  0.4 9.5 ±  1.5
173.4 ± 1 .9 133.0 ±  2.0 128.5 ±  2.0
86.4 ± 1 .9 70.0 ±  2.0 68.8 ±  1.8
40.0 ±2.16 500.0 ±20.4 475.6 ±35.5
14.1 ± 2 .2 184.6 ±14.4 112.6 ±  9.5
0.73 ±0.03 0.73 ±  0.07 0.93 ±  0.66

20 cm) were procured from a local market. Each batch 
of fish was evaluated by a panel of three judges with 
reference to appearance, texture, colour and odour6. The 
fish was beheaded after removing the central bone and 
chopped into small pieces. The moisture content was 
determined by a Sauter apparatus equipped with an 
infrared heating arrangement. The fish muscle (10 g) 
Was dried to a constant weight and the moisture content 
in percentage was read directly on the scale.

L i p i d  a n a ly s is :  Lipid was extracted from the chooped 
fish muscle (100 g) of the respective batches with a 
mixture of chloroform, methanol and water according 
to the method described by Bligh and Dyer7, and the 
lipid content of each batch was derermined after removal 
of the solvent in a flash evaporator at room temperature.

Iodine value (IV) and peroxide value (PV) of each 
lipid extract was determined according to standard 
procedures8. Thiobarbituric acid (TBA) value was 
measured according to the method of Sinhuber and Yu9 
using 1:5 aqueous extract of fish muscle centrifuged at 
3000 x g for 10 min. Glycerides and free fatty acid (FFA) 
content of each lipid extract was estimated according to 
the method described by Van Handel and Zilbersmit1® 
and Duncombe11 respectively.

G a s  l iq u id  c h r o m a to g r a p h y  (G L C '); The methyl esters 
of fatty acids prepared according to the method des
cribed earlier12 were analysed in a BARC model gas 
chromatograph equipped with a flame ionisation detec
tor. A stainless steel column (0.625 cm O.Dx 180 cm) 
packed with 20 per cent ethylene glycol succinate on 
60/80 mesh Chromosorb W was used. The column and 
detector temperature was maintained at 192°C with a 
carrier gas, N2 flow of 30 ml/min. The fatty acids were 
identified by comparing the retention time of authentic 
reference samples as well as by equivalent chain length 
determination. Gas chromatographic peak areas were

calculated by multiplying peak height by peak width 
at half height.
Results and Discussion

A difference in the organoleptic attributes between the 
two commercial samples was observed. The batch I was

Table 2. fatty acid composition* of muscle lipids of fresh
AND TWO BATCHES OF COMMERCIAL, SALTED SUN-DRIED INDIAN 

MACKEREL
Relative %

Fatty acid Fresh** Batch I Batch II
12:0 0.25 ±0.02 — —
14:0 6.35±0.75 13.5±  1.5 12.5± 1.1
15:0 1.50±0.20 1.5 ±0.1 1.0±0.1
16:0 13.10 ±  1.20 32.0±3.5 30.0±1.5
16:1 10.80± 1.32 21.5±1.0 21.5 ±0.3
17:1 3.80±0.25 — —
18:0 9.65 ±1.55 14.0±2.2 14.0±1.7
18:1 10.65 ±2.56 14.0±0.5 16.5±1.0
18:2 4.45 ±0.74 2.0 ±0.3 3.0±0.2
18:3 5.50±0.50 1.5 ±  0.2 1.5±0.4
20:1 4.60 ±0.35 — —
18:4 3.50±0.40 — —
20:3 3.80±0.15 — —
22:1 (?) 3.55 ±0.80 — —
20:4 4.30±0.57 — —
22:2 (?) 5.30±0.50 — —
22:3 0.50±0.03 — —
22:4 (?) 4.00 ±0.75 — —
22:5 1.55 ±0.05 — —
22:6 2.75 ±0.04 — —

* Average of 
“ See ref. No.

three determinations ¿standard 
14.

deviation
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yellowish in colour and slightly soft in texture, whereas 
batch II was pale brown in colour and had relatively 
harder texture. Besides cooked odour, both the samples 
did not exhibit any unusual off-odour. The average 
moisture content of the former was found to be around 
35 per cent, while that of the latter was 21 per cent. 
The physico-chemical characteristics of muscle lipids 
of the two commercial samples are shown in Table 1. 
The variation observed in the lipid content between the 
two samples in the present case could be due to the dif
ference in moisture content13,M. As compared to fresh 
fish, both the commercial samples exhibited a decrease 
in glyceride content concomitant with the increase in 
FFA content indicating hydrolytic cleavage of the gly
cerides. Table 2 gives the fatty acid composition of fish 
samples. In both the samples, the polyunsturated fatty 
acids (PUFA) higher than C18- 3, which are characteris
tics of marine fish3, were absent indicating their break
down. The oxidative breakdown of lipids is also evidenc
ed by the incidence of low IV, high PV and TBA values 
in the respective samples (Table 1). The foregoing results 
suggest that salting and sun-drying of mackerel causes 
considerable loss in higher polyunsaturated fatty acids 
attributable to lipid oxidation.
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Studies were carried out on the extraction of caffeine from coffee beans using dichloromethane on a pilot soxhlet 
extraction unit of capacity 10 kg per batch. Coffee beans were conditioned to moisture content of 40 per cent and 
extracted till 97 per cent of the initial caffeine was removed. Apparent coefficient of diffusion was calculated using 
Fick’s Law of Diffusion.

There has been a steady increase in the demand of per cent of the coffee consumed in U.S.A. is reported 
decaffinated coffee in U.S.A. and Europe due to growing to be decaffinated.
consumer awareness to personal health care. About 10 Extraction of caffeine from coffee beans using a solvent
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is a diffusion controlled rate process. Solutions for liquid 
diffusion equations for several systems have been 
published1-3. A knowledge of diffusion coefficient will 
be useful in the design of caffeine extraction plants and 
such data currently are not available. The present study 
was undertaken to apply the unidirectional diffusion 
equation to caffeine extraction systems and calculate the 
diffusion coefficient using the pilot plant data of the 
present work along with published data on laboratory 
scale4 and industrial5 extraction units.
M aterials and Methods

Coffee beans were moistened by soaking in water and 
autoclaving with atmospheric steam. The beans were 
extracted in a pilot plant soxhlet extraction unit of 
capacity 10 kg beans per batch. A solvent to material 
ratio of 1:4 was found optimum. The solvent was 
evaporated in a kettle and the vapours were condensed 
at a temperature of 5°C. The cycle time of 20-30 min. 
was maintained. The beans were analysed for solvent 
content, moisture content and caffeine content by AO AC6 
methods at regular intervals. The extraction was stopped 
after 97 per cent of the initial caffeine present in the beans 
were removed. The caffeine content is expressed as a 
percentage on dry weight solvent free basis. The average 
radius of the beans was determined by volumetric 
measurements.

In the solvent extraction of caffeine from the coffee 
beans, the rate of extraction depends on the rate of 
caffeine movement from the centre of the coffee beans. 
Diffusion is the primary mechanism involved in the 
movement of caffeine to the surface of the beans.

The governing equation that expresses liquid diffusion 
in a solid can be written for spherical geometry as

ôc _  [ ° 2c^ 2 ®C 1
ôt ~  U r 2 + r d 7 j - d )

This equation can be solved for the present case with the 
following boundary conditions and initial conditions.

fie— = 0 r=0 t^O 8r
G = C f  r = r 0 , t -> *
C = Cf O <  r <  r0, t = 0

The first boundary condition specifies a finite concen
tration at the centre of the sphere. The second boundary 
condition means that the surface is at the final concen
tration. According to the initial condition, the intial 
concentration is uniform throughout the object.

Using separation of variables equation, (1) can be 
solved to obtain the following relationship for caffeine 
extraction rate as a function of time.

G-C/ = _6”= "
c r c f Tf2n= l exp ( ~ )

When diffusion of caffeine has been taken over a long 
period of time, the second and higher terms of the series 
can be neglected, thus

C-Cr 6 /
c v V  *  “ p I

-D2n2n2t'̂
/ ..(3)

Equation 3 can be solved for time of extraction

Where 7

C —C j
C l i c-f

----- 1 /  -y

ro2
n2D

..(4)

From a plot of equation 4 which gives a straight line, the 
diffusion coefficient can be evaluated.
Results and Discussion

Fig. 1, 2, and 3, represent the caffeine content of beans 
at different time intervals for the laboratory (0.45 kg), 
pilot plant (10 kg), and industrial decaffination plant 
(20t/day) using dichloromethane as solvent. It can be 
seen from the figures that there is a steady rate of extrac
tion of caffeine till it reduces to 0.4 per cent. The rate 
becomes too low on further removal of caffeine. Fig.

, n 2/C -C A4, 5 and 6 represent the plot of In — 1 ——— I as a6 \C f—C f !
function of time for the pilot plant, industrial unit and

Fig. 1. Caffeine content of beans Vs. time (Pilot Plant 10kg unit.)
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Fig. 2. Caffeine content of beans vs. time (20t/day) ,

laboratory data. The regression equation for the straight
7T2 / C - C f \line in Fig. 4 & 5 is found to be In — l —----—) =6 \ C , - C f l

-0.187t.
Based on the measured equivalent radius of 3.91 mm, 

the apparent diffusion coefficient was found to be 
0.81 x 10-6 cm2/sec. Bichsell e t  a lA  estimated the diffu
sion coefficients of caffeine from coffee beans under 
similar conditions on a laboratory scale and have re
ported the apparent diffusion coefficients to be in the

Fig. 3. Caffeine content of beans vs time (0.5 kg)
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T able 1. diffusion coefficient of caffeine in water and
dichloromethane

Type of caffeine Solvent D. 106 cm2/sec'
Pure caffeine Water 5.3
Pure caffeine Dichloromethane 13.7
Caffeine from beans Dichloromethane 

(reported data3)
0.2-1.1

Caffeine from beans Dichloromethane 
(present work)

0.81

range of 0.2-1.10-6 cn^/sec-1. Table 1 shows the diffusion 
coefficients of pure caffeine and the data reported in 
literature in comparison with the present value. It can 
be seen that there is good agreement between them.
Nomenclature

C=caffeine content of beans at time t hr; C(=initial 
caffeine content of beans; Cy= final caffeine content of

beans; D=diffusion coefficient cm2/sec; r<> radius of 
the beans in cm.
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Khoa of good quality with proper consistency could be prepared when steam was used to concentrate milk instead of 
coal or gas fired hearths and stainless steel jacketted open kettle was used in place of traditional hearths. In large 
scale (50 litres), Khoa was prepared with preliminary concentration (30-40° Brix) in vacuum (620mm Hg) and 0.2-0.3 
kg/cm3 steam pressure) in forced circulation evaporator with further final concentration being achieved ia open kettle. 
Burfi was prepared by adding sugar to khoa in 1:2 proportion and 0.15% sorbic acid and replacing 25% of sugar 
by adding liquid glucose. They were packed in different packaging materials. Adding sorbic acid and packing in 
an inner polycel and outer polythene pouch kept the Burfi for 90 days instead of 6-8 days as in traditional methods. 
Addition of liquid glucose is not necessary for this packaging material.

B u r f i is the most popular sweet dish prepared from 
K h o a . K h o a  is a milk concentrate with about 28-30 per 
cent moisture. Preparation and storage of K h o a  have 
been extensively studied1' 4. In the conventional method, 
K h o a  is prepared by concentrating milk in open k a r a h is  
(pans) over coal fired ovens with continuous stirring for 
preventing charring. The product is ready when it forms 
into one lump and does not stick to the sides. This

K h o a  is used as a base for the preparation of B u r f i and 
other sweet meats.

A continuous K h o a  making machine has been deve
loped at NDRI in which milk is first concentrated in a 
roller drier and further processed in open keettles fitted 
with spring loaded, reciproacting typescrapers2.

The conventional method of preparing B u r f i is to mix 
K h o a  and sugar in the proportion of 2:1 and concentrate
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in the open K a ra h is  as in the case of K h o a  preparation. 
Heating is stopped when it forms into a butter-like mass 
and it is afterwards spread to a thickness of 1.25 cm in a 
stainless steel plate and is allowed to cool overnight 
before being cut into pieces. Data on Proximate compo
sition5 and microbiological quality6' 9 of the market 
samples of Burfi have been reported.

The present study deals with the large-scale prepara
tion of K h o a  for the manufacture of Burfi by using a 
vacuum evaporator for pre-concentration and also to 
standardise processing conditions. Different preserva
tives and packagings have also been tried to increase the 
storage life of Burfi.

M aterials and Methods
Preparation  o f  burfi: Five to ten litres of cow’s milk 

were concentrated in a stainless steel steam jacketted 
open kettle. Steam was used for heating instead of coal 
fired ovens as in the traditional practice. Continuous 
stirring and scraping of the sides of the kettle was done 
to prevent scale formation and subsequent charring. 
Sugar was added when the °brix was between 66 and 68° 
and concentration continued. Maximum temperature 
of Burfi attained during processing was 90-95°C. The 
processing was monitored by the use of hand refracto- 
meter. At the optimum concentration, Burfi was removed 
from the Kettle and spread evenly on a stainless steel 
plate, cooled overnight and cut into bits.

Large -sca le  preparation: Fifty litres of cow’s milk
was concentrated to a brix of 40° in a forced circulation 
evaporator under a 620 mg Hg vacuum. Steam pressure 
was maintained at 0.2-0.3 kg/cm2. Different levels of 
vacuum and different levels of concentration were tried 
to standardize the conditions for pre-concentration. 
Final concentration was effected in open steam jacketted 
kettles with continuous stirring and scraping. Burfi was 
also prepared from this Khoa.

Addition  o f  preservative: Sorbic acid was added at
0.15 per cent level just before the product is being re
moved from the kettle.

Addition  o f  liqu id glucose: Liquid glucose was used
to replace 25 per cent of the sugar added to overcome 
surface hardening of Burfi on storage.

Sen so ry  evaluation: Sensory quality assessment of 
fresh and stored products were carried out by ranking 
method for individual quality attributes and by a 5-point 
aptitude rating for overall quality by a 20-discriminative 
communicative panel. During a few panel orientation 
sessions, a quality description describing desirable 
and undesirable aspects was finalised (Table 1), and used 
in further regular evaluations. The samples evaluated 
comprised an experimental sample with 0.15 per cent 
sorbic acid which was compared with two fresh market 
samples. The stored samples evaluated comprised

Table 1. description of quality attributes—milk b u r f i

Quality Desirable Undesirable
attributes

Colour 
(Natural)

Shades of pale brown/ Dark shades; spotty, not 
yellowish brown /creamy/ uniform; dull appearance 
tan uniform; fresh ap
pearance

Appearance Regular, uniform shape Irregular, not uniform 
(Structure) Soft / smooth surface surface crusty/dry/oily/ 

Broken surface, partially spots of extraneous mat- 
parliculate inside ter, grossly granular due

to drying
Texture
(Mouthfeel)

Moist/soft/granuiar easi
ly melting, little residual 
particles

Dry / sticky / gritty, not 
easily melting residual/ 
oily/fatty particles

Flavour Aroma: characteristic, Bland/too caramalised/
heated milk, slightly burnt, stale / oxidised / 
caramalised, creamy, no rancid, not fresh 
off aroma; fresh
Taste: moderately sweet Slight acidity / slight 
slightly fatty; fresh bitterness, foreign taste,

not fresh.

sample with 0.15 per cent sorbic acid and stored at -20°C 
(control) (A), sample with 0.15 per cent sorbic acid+ 
25 per cent liquid glucose and stored at 27°C (B) and 
sample with 0.15 per cent sorbic acid and stored at 
27°C (C). These were compared with fresh market 
sample.

The ranks for individual quality attributes were analys
ed by Kramer’s rank sum method10 for difference bet
ween any two treatments by re-ranking. The overall 
quality scores were analysed by analysis of variance 
followed by Duncan's new multiple range test11.

P a cka g in g  studies: Flexible packaging materials such 
as (i) MSAT cellophane, (ii) Low Density Polyethylene 
(LDPE) (400 g), (zzz) High Density Polyethylene (HDPE) 
(300 g), (zv) MSAT+HDPE, (v) Glassine/PE (150 g) 
laminate, (vz) Saran/Cello saran/PE laminate, (vz'z) 
Paper/Al. foil (150 gauge), and (vz'z'z) Polycel inside and 
Polythene pouch outside, were used for packing Burfi 

and their efficiency in preserving the product was studied.
M icrob io log ica l ana lysis: Samples of Burfi were 

taken for standard plate counts and total yeast and 
mould counts following the methods of APHA12. 
Sample was prepared as follows-Fifty grams of sample 
were blended for 2 min. in a sterile buffered phosphate 
buffer dilutentto obtain 1/10 dilution. Decimal solutions 
were prepared upto 1/1000. Appropriate aliquots of 
dilutions were plated with Tryptone Glucose Yeast
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Extract Agar for standard plate count, and Acidified 
Potato Dextrose Agar for yeast, and mould counts.

C h e m ic a l  a n a ly s is :  During the concentration of 
milk on the open kettle, samples were taken out at 
regular intervals and were analysed for moisture, lactose, 
-amino nitrogen, soluble protein and pH13.14
Results and Discussion

B u r f i was prepared in the conventional way except by 
changing the heating method. Steam was used to con
centrate milk instead of coal or gas fired hearths and 
stainless steel, jacketted open kettle was used in place of 
iron K a r a h i . The optimum processing was arrived at 
by noting the °Brix. It was observed that when 
the product attained 66-68 °Brix, K h o a  of proper con
sistency was obtained. Further processing of K h o a  
was continued by adding the required quantity of sugar 
to prepare B u r f i .  B u r f i of desirable texture and taste 
was obtained when the refractometer reading was 
between 75 and 80 °Brix (Table 2). In large scale pre
paration of K h o a , preliminary concentration was done 
under vacuum in a forced circulation evaporator by 
continuous feeding. After concentrating upto a Brix 
of 35-40°, further concentration was achieved in stainless 
steel jacketted open kettle. It was found that the concen
tration at 620 mm Hg and 0.2-0.3 kg/cm2 steam pressure 
was the most suitable. The resultant product had raw 
milk taste. To overcome this raw milk taste, milk was 
boiled for a few minutes and cooled before feeding into 
the evaporator. Preboiled milk removed the raw taste 
in B u r fi . Use of the evaporator for preliminary concen
tration reduces the time needed for open pan concen
tration followed in the traditional method.

B u r f i has a very short storage life of 6-8 days, because 
of mould infection and drying of the surface. To over

come this problem, 0.15 per cent sorbic acid was incor
porated as a preservative. In the fresh sample evaluation, 
the addition of preservative did not affect texture, flavour 
and overall quality and at the same time gave significant
ly better colour and appearance (Table 3 a ). Humectants

Table 2. relationship between hand refractometer reading
(°BRIX) AND MOISTURE CONTENT IN BURFI

Moisture (%)
Brix

Batch I Batch II
Texture*

70 18.5 18.1 Very soft
75 16.6 16.1 Soft
80 12.9 12.8 Firm
85 9.4 9.2 Hard

‘Applies to both the batches

Table 3a. sensory quality evaluation of fresh samples of
BURFI by RANK SUM ANALYSIS

Type of sample 

Sample with sorbic

Colour Appea
rance

Texture Flavour Overall
quality*

acid 23“ 23.5“ 36“ 41“ 3.5“
Market I 50* 47* 42.5“ 38“ 3.3“
Market II 

S.Em
47* 49.5* 41.5“ 41“ 3.8“

±0.24 
(40 df)

Figures carrying different superscripts for 
each attribute along the column are significantly different (P i-0.05)

S.Em—Standard error of mean df-Degrees of freedom 
‘Mean score=(maximum 5).

Table 3h . sensory quality evaluation cf 50 days stored samples of burfi by rank sum analysis

Type of sample Storage 
temp. (°C)

Colour

Fresh market sample - 39“*
0.15% sorbic acid -20 29.5“
0.15% sorbic acid+ 25% liq. glucose 27 43.5*
0.15% sorbic acid 27 60“

S.Em

Appearance Texture Flavour Overall*
quality

42.5“* 37“* 37“ 3.7“*
29“ 27.5“ 33“ 4.0“
51.5* 58.5* 56* 2.9*
77* 77“ 76“ 1.6“

±0.30 
(57 df)

Figures carrying different superscripts in the same column differ significantly ( P i t0.05) from each other 
S.Em—Standard error of mean df—Degrees of freedom
‘ Mean score—maximum 5.
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T a b l e  4 . m ic r o b io l o g ic a l  a n a l y s is  o f  s t o r e d  s a m p l e s  of T a b l e  5. c h a n g e s  i n  t h = c h e m ic a i  c o m p o s it io n  of m i l k  d u r in g

BURFI KHOA AND BURFf PREPARATION
Storage
period

Standard plate 
count/g

Total yeast 
count/g

Total mould 
count/g

(days) Control Burfi +- 
liq.gl.

Control Burfi+ 
liq.gl.

Control Burfi + 
liq.gl.

Initial 1500 — 650 — 10 —
30 4200 1100 230 100 10 10
60 2500 2200 220 20 40 50
90 500 30 70 Nil 50 80

All samples contained 0.15 per cent sorbic acid

like liquid glucose was added to overcome surface 
hardening of B u r f i on storage. In the stored sample eva
luation, the sample with 0.15 per cent sorbic acid, stored 
at -20°C (control) and the sample with 0.15 per cent 
sorbic acid+25 per cent liquid glucose, stored at 27°C 
showed quality comparable to fresh market sample 
even after 50 days of storage. The sample with 0.15 
per cent sorbic acid, stored at 27°C showed significantly 
poor quality after 50 days of storage. With the addition 
of sorbic acid and liquid glucose, B u r f i could be stored 
upto 50 days without surface hardening even when kept 
in carbdoard cartons without any wrappings (Table 36).

Of the different packaging materials tried, only the 
product containing sorbic acid and packed with inside 
polycel and outside polythene pouch, did not show mould 
growth and surface hardening. This was acceptable 
even when stored for 90 days.

The results of microbiological analysis of B u r f i stored 
at room temperature are shown in Table 4. Standard 
plate counts of the control sample where no liquid 
glucose was added was gradually reduced as the period 
of storage increased. This might be due to the loss of 
moisture resulting in reduced water activity during the 
storage period. Heavier load of aerobic mesophiles is 
suggestive of contamination in the manufacturing 
premises. Control sample shows higher yeast count. 
The increase in mould counts during storage period 
(Table 4) may be partly due to contamination from 
packaging materials.

Changes in chemical composition of milk during open 
pan concentration are presented in Table 5. There was 
considerable decrease in soluble protein and «; -amino 
nitrogen and lactose content during heating. It could be 
concluded that refractometer reading could be an useful 
indicator to monitor the optimum processing in the pre
paration of B u r fi . Sorbic acid at 0.15 per cent level is effect
ive in extending the storage life of milk B u r f i to 90 days 
when packed in polycell and then sealed in polythene

’Brix Moisture
(%)

Lactose
(%)

=< -Amino 
N (mg %)

Soluble
protein

(% '
pH

Fresh Milk
10 85.7 30.0 294.0 23.2 6.90

Boiled Milk
10 85.6 28.7 260.4 23.8 6.85
15 82.5 29.4 252.0 22.9 6.70
20 74.2 28.1 250.9 21.1 6.70
25 68.4 25.5 250.0 17.7 6.50
30 61.5 25.5 220.0 16.4 6.40
35 54.6 25.5 184.8 15.9 6.35
40 49.4 25.5 184.0 15.6 6.25
45 44.1 25.2 184.0 14.9 6.25
50 37.4 25.2 184.0 13.1 1.20
55 33.9 24.9 176.0 12.7 6.20
60 28.2 24.9 169.0 10.5 —
65 24.8 24.6 168.0 9.8 —

Burfi
70 16.8 15.9 109.0 3.7 —
75 13.6 15.9 109.0 3.5 —
80 11.5 15.9 109.0 3.4 —

pouch. The addition of liquid glucose to overcome sur
face hardening may not be a necessity as the packaging 
itself keeps the product soft.
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RESEARCH NOTES

SO LV EN T EXTRACTION OF W H O LE G R O U N D 
N U TS

Oil was extracted from whole groundnuts using petroleum 
ether. Roasting for a short time at temp, between 160 and 
250°C facilitated skin removal and also aided in extraction. 
Variors extraction methods were tested. A combination of 
overnight soaking and a short extraction of 2 hr by refluxing 
was found to be ideal for maximum oil removal without 
cracking of the seeds. Solvent was removed from seeds by 
heating at 70-90°C for a few hr. Such grourdnuts were 
whole, without cracks and possessed good colour, odour 
and texture.

Groundnuts have been used mainly as source of 
groundnut oil. The oil content of the kernels range 
from 35 to 55 per cent1. The traditional methods include 
mechanical expression and solvent extraction of the 
press cake. These yield a groundnut cake which has 
been mainly used as live stock feed. For preparing flour 
or protein isolates, cake from pre-selected groundnuts 
is used because of the risk of mycotoxins in commercial 
cake. The commercial value of the deoiled groundnuts, 
however, will be fairly high if the oil could be removed 
from the kernels without their breakage. Willich and 
Feuge2 used solvent extraction for deoiling whole 
groundnuts. They soaked dry blanched and water 
blanched groundnuts in various solvents like petroleum 
ether, hexane, trichlorofluoromethane, acetone and iso
pentane. About 70 to 80per cent oil was extracted when 
soaked for 50 to 120 hr. in hexane or petroleum ether. 
Bhuchar et a ll have developed a modified version of 
soxhlet extractor which removes about 70 per cent oil 
from roasted whole groundnuts in 6-7 hr. Pressing was 
used by a number of workers to get oil without apprecia
bly damaging the shape of the groundnuts4-*1. In the 
present study, attempts have been made for solvent ex
traction using petroleum ether.

Spanish variety ot groundnut was procured from the 
local market. Petroleum ether tried was of two grades: 
one having boiling point between 40 and 60 and the 
second between 60 and 80. For extraction, refluxing 
apparatus with water condenser was used. Moisture, 
fat, etc. were determined as per the standard AOCS 
methods.7

Pretreatment: Groundnut kernels may contain mois
ture as high as 13 per cent. This interferes with the 
solvent extraction of whole kernels. To overcome this, 
roasting was carried out at different temperatures to

reduce the moisture to about 2 per cent. The tempera
tures between 130 and 250aC were used. Roasting also 
facilitates easy removal of skin manually.

Extraction: Extraction of each batch of 25 g was 
done with 200 ml portions of petroleum ether. In case 
of multiple extractions, each extraction was done with 
fresh 200 ml solvent. Extraction times ranged from 4 to 
26 hr. Both soaking as well as refluxing were studied.

Solvent removal: After extraction, groundnuts were 
removed from the solvent and kept in open atmosphere 
for 10-15 min and then dried in oven for 4-5 hr at, 
70-90 °C.

Oil was recovered by distilling off the solvent.
Table 1 gives the various treatments and conditions 

that were used. Table 2 gives the results obtained in 
each case.

From the results, it is clear that only refluxing does 
not remove sufficient oil from the groundnuts. Longer 
refluxing gives more oil as is shown by treatments A 
and B. However, the longer refluxing develops cracks 
and shorter time leaves oil in the centre. The removal 
of oil was found to be greatly improved by repeated 
extractions using fresh solvent. This was shown by 
treatment C. Higher temperatures during roasting faci
litate extraction giving better removal of oil. This was 
seen in treatments D. E and F. In these treatments,

T able 1. ° r [.treatments and conditions of extractions used 
Treatment Pretreatment Extraction

A
Temp°C

160
Timemin

30 8 hr refluxB 160 25 4 hr refluxC 160 25 2 hr reflux

D + 210 13

(a) 2 hr reflux 
(a) 2 hr reflux 
(a) 2  hr reflux Same as in CE + 250 6 Same as in CF 210 13 Same as in CG 130 30 Same as in C

H 160 25 (a) 2 hr reflux 24 hr soak
I 160 25 2 hr reflux 20 hr soak
J 160 25 (c) 2 hr reflux 20 hr soak

+Petroleum ether of 60-80 fraction was
(a) 2  hr reflux
(b) 2  hr reflux

used.

72
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Table 2. yield of oil and the appearance or defatted,
GROUNDNUTS

Treatment
Moisture after Pre- treatment 

(%)

Oilcontent
(%)

Oilremoved 
(% of total oil)

Appearance of the product+

A 2.60 47.7 59.3 Extensive cracking
B 2.45 49.4 40.0 No cracks, central portion oily.
C 2.45 49.4 70 0 Cracks developed, good in colour
D 2.10 4;.6 76.0 Many cracks
E 1.56 49.9 70.0 Extensive cracking
F 2.10 49.6 79.2 Some cracking
G 3.20 49.0 73.2 Some cracking
H 2.45 49.4 57.0 No cracks. Oi i spots at centre
I 2.45 49.4 87.2 Extensive cracking; chalky and brittle
J 2.45 49.4 74.1 No cracks; excellentproduct.

+ All the treatments yielded whole groundnuts without splitting.

higher the temperature, shorter is the time needed for 
roasting; longer duration caused discolouration of the 
product. The temperature of 210°C gave the best 
removal of oil. However, in these experiments, oil oozes 
out before the skin was removed and the oil is lost along 
with the skin. The high temperature also causes darken
ing of the kernels if time is not short enough. Cracking 
was also observed in these kernels. In treatments D and 
E, since higher boiling solvent was used, its removal 
from seeds was found to be difficult.

Refluxing alone causes cracking problems. Hence, 
combination of soaking and refluxing was tried; soaking 
alone takes very long time. In treatment H, soaking 
for 24 hr after 2 hr refluxing was done. This removed 
only 57 per cent oil and still some oil spots were notice
able in the centre. There was no cracking of kernels. In 
treatment I, after refluxing and soaking additional reflux
ing was done to extract the residual oil from the central 
portions. As the results show, this gave the best removal 
of oil i.e. 87.2 per cent. However, extensive cracking 
developed and the groundnuts were chalky and very 
brittle. They did not have any natural flavour. Finally, 
soaking followed by short refluxing in treatment J, 
gave good removal of oil i.e. 74.1 per cent. There were 
also no cracks. The product was excellent with adequate 
colour, flavour and taste. This showed that soaking 
with refluxing gave good product with high commercial

value in a reasonable time of 26 hr instead of 50-120 hr 
extraction done by earlier workers2. Such deoiled 
groundnuts may not find difficulties for acceptance by 
the Indian population in their normal dietaries and 
particularly in snacks.
Dept of Chemical Technology, R. C. B e l a n i*University of Bombay, Matunga J. S. P aiBombay-400 019, India 
R e c e iv e d  3 D ecem b er 1981 
R e v ise d  5 J u ly  1982.
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BULK D EN SIT IE S OF O IL SE E D S
Data on bulk densities of different oilseeds and their products 
are given. Wide variations observed in the values are due 
to varietal and structural Characteristics.

A knowledge of bulk densities of oilseeds is useful 
in storage and transport.

In the course of work at the institute over years, 
data on the bulk densities of several oilseeds and their 
products have been accumulated.

The method used for determining bulk densities is as 
follows:

A representative bulk sample of the material is packed 
in a natural condition in a tare metallic container (one 
foot cube) specially constructed for the purpose and
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T able 1. bulk densities of oilseeds

Bulk density
Common Scientific name Part used kg/'cubic
name metre)
Ambadi H ib iscu s  sab da riffa Seed 645
Babul A ca c ia  a rab ica seed 864
Castor R ic in u s  c o m m u n is seed 605
(Arun var)Chilli C a p sicu m  a nn um Seed 512
Coffee C o ffea  rob usta Cake 515

Coarse particles 305
Flakes 66

Copra C ocos n u c ife ra Cup 375
Ball 329

Cotton J.S. G o ssyp iu m  h irsu tu m Wholeseed 337
34 var Delinted seed 478
(Medium- kernel 627
lintered) Hulls (delinted) 245
Cotton -do- Wholeseed 305
Varalakshmi Delinted seed 420
var (High-lintered)Deodar C edrus deodara Seed 328
Gokru X a n th iu m  s tru m a r iu m  Seed fruit 72

Kernel 580
Hulls 264

Groundnut A ra ch is  h yp og ea Pods (Peanut) 255
Pods (Coromandal) 330
Kernel 640
Shells ,, 110
Cake ,, 455

Kapok C eib a  p en ta nd ra Seed 509
Mango M a n g ife ra  ind ica Stones 250

Kernel 625
Mustard B ra ss ica  ju n cea Seed 685
Oil palm E la e is  q u ineensis Nuts 522

Kernel 586
Rice bran O ry za  sa tira Sheller bran 424

Huiler bran 402
Deoiled bran 216(Sheller)
Hulls (Fine powder) 417Safflower C a rth a m u s  tin c to r iu s Seed 564Salseed S h o rea  ro b u sta Kernel 760
Hulls 250Sesame S e sa m u m  in d ia m i Seed 630(Brown var)

Soybean G lyc in e  m a x Seed 760(Indigenous, Hulls 230black seedcoat)Sunflower H elia n th u s  ann us Seed 415Hulls 145Tapioca M a n ih o t e scu len ta Seed 545Teak T ec to n a  g ra n d is Seed 200Tobacco N ic o tin a  ta b a cu m Seed 540Tamarind T a m a rin d u s ind ica Kernel 793

weighed at ambient room temperature. An average of 
replicate values is taken and the values are metricised.

The data are summarized in Table 1 so as to form a 
ready reference. The authors thank Mr. R. Prasada Rao 
Junior Scientific Assistant of the Institute for his assis
tance and Indian Council of Agricultural Research, 
New Delhi for financing shcemes on post-harvest techno
logy of oilseeds.
Oil Technological Research Institute, Anantapur-515 001, India.
R e c e iv e d  5 O cto b er  1981 
R ev ise d  2 J u n e  1982
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P O S T  H ARVEST CO NTRO L OF SPO ILAG E IN  
M A N G O  ( M A N G I F E R A  I N D I C A  L.) W ITH H O T  

W ATER A N D  FU N G IC IDE S

Four fungicides, (Benlate, Thiabendazole, Captan and 
Rovral) each at 500 ppm concentration in cold or hot 
water were used singly to control fungal spoilage. Post 
harvest dip treatment of Aiphonso mango with Benlate 
(500 ppm) in cold water (28°C) reduced the fungal 
spoilage significantly during storage for 12 days. It also 
retarded the ripening of fruits. Benlate combined with hot 
water dip treatment did not show further reduction in 
spoilage. Captan (500 ppm) and Thiabendazole (500 ppm) 
were found to be the next best fungicides for controlling 
spoilage in Aiphonso mango. In ‘Totapuri’ cuitivar, no 
fungicide was effective in controlling fungal spoilage. The 
edible quality of the fruit was not altered due to these 
treatments.

During ripening and storage, mangoes become sus
ceptible to microbial spoilage1 like soft rot, anthracnose2 
and stem-end rot2. Hot water dip treatment2, use of 
Benomyl3,4 and fumigants5 are reported to control some 
of the spoilages in mango.

Stem-end rot and anthracnose are the most important 
post harvest diseases of 2 commercial cultivars of mango 
namely, ‘Aiphonso’ and ‘Totapuri’ in South India. It is 
essential to reduce this spoilage for better utilization of 
the fruit. In this report, an attempt has been made to 
examine the efficacy of four fungicides individually/ 
along with hot water treatment, in controlling the fungal 
spoilage in ‘Aiphonso’ and ‘Totapuri’ mangoes.

Mature mango fruits of ‘Aiphonso’ and ‘Totapuri’ 
grown in our experimental farm at Hessaraghatta were 
used. One thousand ‘Aiphonso’ fruits were divided into 
lots of 25 fruits each. Four lots were used for each
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treatment. Four hundred fruits of ‘Totapuri’ were 
divided into lots of 25 fruits each. Triplicates lots were 
used for each treatment.

The fungicides used were Benlate (500 ppm), Thia
bendazole (500 ppm) Captan (500 ppm) and Rovral 
(500 ppm) (obtained from May and Baker India Ltd). 
Solutions of the fungicides were made in water contain
ing 0.1% Tween 80. Fruits were dipped in individual 
fungicide solutions for 5 min, air dried and stored in 
ventilated wooden boxes for ripening at ambient con
ditions (28°C, 40-60 per cent RH). In case of hot water 
dip treatment, the temperature of the bath was maintain
ed at 52°C. Fruits were treated within 24 hr after 
harvest.

Ripening and fungal spoilage of fruits were assessed 
on the 8th and 12th days after treatment. Ripening was 
judged by changes in colour, texture (softening) and 
flavour development. Fungal spoilage was detected 
by the development of external symptoms of the disease 
and further confirmed by microscopic examination. 
Chemical analyses for acidity and sugar content were 
made by following established procedures reported 
earlier2, using flesh homogenate of 4 fruits in duplicate 
samples. Vitamin C was estimated titrimetrically using
2-6, dichlorophenol indophenol dye. Experiments were 
carried out during 2 seasons and the results are presented 
here.

Ripening and spoilage: In ‘Alphonso’ mango, appli
cation of cold aqueous Benlate solution retarded ripen

ing and reduced spoilage significantly (at 1 per cent level) 
as seen on the 8th and 12th days of storage (Table 1). 
Thiabendazole and Captan treatments had no effect on 
ripening, but reduced the spoilage (at 5 per cent level). 
Rovral was not useful in controlling the fungal spoilage. 
Hot water dip treatment at 52°C for 5 min enhanced 
ripening as seen on the 8th day of storage and reduced 
the fungal spoilage (at 1 per cent level). Combination 
of Benlate and hot water was not advantageous in further 
control of spoilage. However, the enhanced ripening 
due to hot water treatment was counteracted by Benlate. 
The extent of control of spoilage in cold water+ Benlate, 
was on par with hot water treatment.

In ‘Totapuri’ mango, where the fungicide treatments 
were used only in cold water, there was neither change in 
rate of ripening nor reduction in spoilage (Table 2).

Chemical composition with respect to acidity, vitamin 
C and sugar content did not alter due to the fungicide 
treatments, except in Benlate where the total sugars/ 
acidity ratio was less in ‘Alphonso’ mango (Table 3 & 4). 
Firmness of the ripe fruit measured as pressure in kgs 
was around 2.6-3.2 in ‘Alphonso’ and 4.0-4.8 in 
‘Totapuri’.

Study on the effect of fungicides in cold and hot water 
in ‘Alphonso’ and ‘Totapuri’ mangoes has shown that 
Benlate (500 ppm) in cold water is effective in controlling 
the fungal spoilage in ‘Alphonso’ mango but not in 
‘Totapuri’. This difference could be attributed to struc
tural differences, like the thickness of the peel in

Table 1. effect of fungicides on ripening behaviour and fungal spoilage in ‘alphonso’ mango held
a I 28 °c RH 40-60%

After 8 days After 12 days
Type of water Fungicides Ripe

(%)
Fungal spoilage 

(%)
Ripe
(%)

Fungal spoilage
(%)

Cold Nil 48 (44) 23 (30) 97 (83) 34 (36)
Cold Benlate 18 (25) 5 (15) 62 (52) 13 (21)
Cold Thiabenoazole 40 (39) 12 (22) 100 (90) 20 (26)
Cold Captan 47 (43) 11 (21) 94 (78) 20 (26)
Cold Rovral 48 (44) 25 (31) 96 (85) 28 (32)
Hot Nil 59 (50) 2 (11) 99 (87) 13 (21)
Hot Benlate 43 (41) 6 (16) 100 (90) 10 (16)
Hot Thiabendazole 55 (48) 7 (16) 94 (78) 10 (18)
Hot Captan 62 (52) 4 (13) 94 (78) 16 (23)
Hot Rovral 64 (53) 2 ( 8) 93 (79) 10 (18)
C.D. at 5% 5.7 8.0 12.7 9.2
C.D. at 1% 7.7 14.3 19.9 12.4

Tween 80 is used in all treatments including control.
All fungicides were used at 500 ppm level.
Transformed figure in parenthesis are used for comparison (note in the text).

3
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T able  2 . t h e  effect  o f  po st  h a r v e st  t r e a t m e n t  w it h  f u n g ic id e s  o n  r ip e n in g  b e h a v io u r  a n d  f u n g a l
SPOILAGE IN ‘TOTAPUrT MANGO

After 6 days After 9 daysType of water F u n g i c i d e ----------------------------------------------------------------Ripe Spoilage Ripe Spoilage
Cold Nil 25 (33) 4 ( 9) 83 (66) 8 (16)
Cold Benlate 41 (40) 4 ( S) 77 (62) 5 (13)
Cold Thiabendazole 47 (43) 8 (15) 89 (72) 12 (20)
Cold Captan 41(40) 9 (15) 88( 70) 16 (24)

Tween 80 is used in all treatments including control.
All fungicides were used at 500 ppm level.
Transformed figure in parenthesis is used for comparison. 
None of the treatments showed significant difference.

Table 3. effect of POST harvest 
‘alphonso

TREATMENT of 
' MANGO HELD

FUNGICIDES ON CHEMICAL COMPOSITION OF RIPE
AT ? 8°C  (40-60%RH)

Typie of water Fungicides used Acidity (as citric) Vitamin C Reducingsugars Totalreducing sugars Sugar acid ratio Pressure(kg)
Cold Nil 0.47 23 4.25 7.5 37.2 3.2
Cold Benlate 0.59 25 4.00 13.4 22.7 3.0
Cold Thiabendazole 0.46 23 3.25 16.0 28.6 2.9
Cold Captan 0.44 19 4.25 14.0 31.8 2.6
Cold Rovral 0.27 20 4.00 17.0 37.0 2.9
Hot Nil 0.51 28 4.75 17.0 33.0 3.1
Hot Benlate 0.71 23 5.00 16.0 22.5 2.9
Hot Thiabendazole 0.42 22 4.20 14.5 34.8 2.9
Hot Captan 0.40 18 3.00 14.0 35.0 2.7
Hot Rovral 0.42 20 3.75 14.0 33.3 2.7
Initial (at harvest) 2.3 98 2.7 5.2 — 12

Tween 80 was used in all treatments including control.
All fungicides were used at 500 ppm level 
Values are on % fresh weight basis.
Data are the average of 2 replicates each one respresenting 4 fruits.

Table 4. effect of post harvest treatment with fungicides on chemical composition of ripe 
‘totapurT mango held at 28°c (40-60% rh)

Type of water Fungicides used Acidity (as citric) Vitamin C 
(mg)

Reducingsugars Totalreducing sugars Pressure
(kg)

Cold Nil 0.16 20.2 4.5 11.0 4.0
Cold Benlate 0.15 14.8 3.8 11.0 4.7
Cold Thiabandazole 0.12 16.7 4.0 11.5 4.4
Cold Captan 0.12 20.0 3.2 11.2 4.8
Initial (at harvest) 1.43 30.0 3.0 5.6 12

Tween 80 was used in all treatments.
All fungicides were used at 500 ppm level 
Values are on % fresh weight basis.
Data are the average of 2 replicates each of 4 fruits.
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‘Totapuri’ resulting in noil penetration of the fungicide 
in cold water. Similar cases of ineffectiveness ot Benomyl 
in cold water are reported by Spalding and Reeder3, 
and Muirhead3 in mangoes o f‘Miami’ and ‘Queensland’ 
respectively.

Retardation of ripening by Benlate as seen in 
‘Alphonso’ mango could be attributed to its growth 
regulatory effect6. This retardation was counteracted 
when Benlate was used in hot water and it is known that 
hot water treatment enhances ripening2. Similar retarda
tion of ripening has been recorded7 when Zineb was 
used to control spoilage in ‘Alphonso’ mango. Efficacy 
of the fungicides in controlling fungal spoilage was not 
enhanced when they were used in hot water. There were 
no differences in consumer’s acceptance of the fruit in 
different treatments.

Authors thank Dr. G. S. Randhawa and Dr. K. L. 
Chadha, Directors of the Institute for the encouragement 
during this investigation and United States Department 
of Agriculture for providing PL-480 funds for this work. 
Authors also thank Mr. G. S. Karibasappa, Technician 
for the chemical analysis and Mr. V. R. Srinivasan, 
Junior Statistician for the statistical analysis of the data.
Indian Institute of S h a n t h a  K r is h n a  M u r t h yHorticultural Research K. P. G o p a l a k r is h n a  R a o(ICAR) 255,Upper Palace Orchards,Bangalore-560 080 (India).
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STEEPING  PRESERVATIO N OF FRUITS
Fruits like, peach, plum, nectrine, grape, guava, banana, 
pear and pineapple were preserved in steeping solution; 
having 30 per cent sugar, 0.4 per cent acidity and 400 ppm 
of S 0 3, in glass jars. All the fruits except plum and nec
trine were found acceptable after four months steeping.

Fruit production in Punjab State has increased during 
the past few years1. During the seasonal glut, prices are 
fairly low, but in the off season, there is a great increase 
in the prices. Canned fruits are very costly, and some of 
their desirable qualities like texture and flavour are lost. 
It is, therefore, important to develop simpler techniques 
of preservation, which can be used by the house-wives 
in the urban as well as in the rural areas. The preserva
tion of fruits by steeping, does not require costly equip 
ment or packaging materials. It is of practical interest 
to the fruit industry, by way of extending the seasons’s 
availability of the fruits.

Varieties of Peach, plum, nectrine (Nectrine is a type 
of peach, which is fuzzless. The cultivar used is 
‘Sun Red’ introduced from Florida, U.S.A.), grape, 
guava, banana, pear and pineapple were procured from 
the orchard of Punjab Agricultural University or from 
the local market (Table 1). After washing thoroughly 
in tap water, pineapple and pear were cut into slices 
and halves respectively. Banana was peeled, while other 
fruits were kept as such. Except grape and banana all 
the fruits were blanched for 4 min in boiling water. They 
were filled in glass jars and covered with 30 per cent 
sugar syrup having 0.4 per cent acidity and 400 ppm. of 
S02. The ratio of fruit to steeping solution was 1:1. 
The jars were kept at room temperature from June to 
November.

The fruits were analysed for total soluble solids (TSS), 
acidity, ascorbic acid when fresh, as well as after four 
months steeping preservation (Table 1). The syrup also 
was tested for TSS., acidity, ascorbic acid and S02 con
tent and change in colour after storage. (Table 2). The 
organoleptic evaluation was carried out by ten semi- 
trained panelists, by a 7-point scale with extremely 
desirable =  7, very desirable=6, slightly desirable=5, 
neither desirable nor undesirable=4, slightly undesirable 
=  3, very undesirable=2 and extremely undesirable=l. 
Average scores of these attributes are given in Table 3. 
The TSS was determined by hand refractometer and 
acidity by titration method2. Ascorbic acid was deter
mined using 2,6 dichlorophenol indophenol dye for 
titration2. The residual S02was determined by Monior 
Williams method2.

It is evident from Table 1, that the increase in TSS of 
fruits is related to the texture of the fruit, the relation is 
more in peach (var. Flordasun) and less in pineapple^
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T able 1. chemical composition of the FRESH AND DRAINED FRUITS

Fresh fruit Drained fruitFruit TSS Acidity (% Ascorbic acid TSS Acidity (% Ascorbic acid S02(°Brix) citric acid) (mg/100 g) (° Bri x) citric acid) (mg/100 g) (ppm)
Plum Alucha Black 9.0 1.92 1.0 25.0 1.80 0.0 35
Nectrine Sun Red 8.0 0.82 5.1 23.0 0.80 3.2 40
Peach Shan-e-Punjab 7.0 0.96 6.0 25.0 0.92 3.5 52
Grape Perlette 23.0 0.57 1.5 26.0 0.56 1.0 40
Grape Anab-e-Shahi 15.0 0.43 2.0 24.0 0.43 1.5 40
Grape Beauty Seedless 19.0 0.45 1.0 25.0 0.45 0.0 40
Peach Flordasun 7.0 1.00 6.0 25.0 0.95 3.5 52
Guava Allahabad Safeda 11.0 0.44 186.0 17.8 0.43 56.0 60
Pear Patharnakh 8.5 0.42 2.0 21.0 0.42 0.0 60
Banana — 28.4 0.14 5.1 29.0 0.36 2.1 60
Pineapple — 11.5 0.87 8.0 18.0 0.62 40 65

T able 2. COMPOSITION OF SYRUP AFTER FOUR MONTHS

Fruit Variety so2 Acidity TSS Syrup colour(ppm) (% citric acid) (°Brix)
Plum Alucha Black 210 0.45 28.5 Light red
Nectrine Sun red 220 0.43 29.0 Slight red
Peach Shan-e-Punjab 220 0.43 29.0 No change
Peach Flordasun 220 0.44 28.8 No change
Grape Perlette 200 0.42 28.0 Light pale green
Grape Anab-e-shahi 200 0.41 28.5 Slight green
Grape Beauty Seedless 180 0.40 28.0 Light reddish
Guava Allahabad Safeda 220 0.40 29.0 No change
Pear Patharnakh 240 0.42 28.5 No change
Banana — 210 0.35 29.8 Slight whitish
Pineapple — 220 0.43 28.5 No change

Original TSS of syrup was 30°Brix; acidity was 0.4% citric acid and; SO2 content was 400 ppm.

Table 3. organoleptic score of DRAINED FRUITS AFTER FOUR MONTHS OF STEFPING

Fruit Variety Colour and Texture Flavourappearance
Plum Alucha Black 3.5 3.5 3.0
Nectrine Sun red 3.0 3.6 3.2
Peach Shan-e-Punjab 6.6 6.2 6.5
Peach Flordasun 6.0 5.0 6.6Grape Perlette 6.5 6.1 6.3Grape Anab-e-Shahi 6.3 6.3 6.5Grape Beauty Seedless 6.4 6.0 6.0Guava Allahabad Safeda 6.2 5.5 6.8Pear Patharnakh 6.5 6.0 5.9
Banana — 6.4 5.5 6.1Pineapple — 6.8 6.0 6.4
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guava and pear. The acidity decreased in all those fruits 
which had acidity higher than that of syrup, but in 
banana, it increased to the level of acidity of the syrup. 
Ascorbic acid decreased in all the fruits. Fresh guava 
had 186 mg/100 g of ascorbic acid, which decreased to 
56 mg/100 g after storage. The residual SO2 in the fruits 
ranged from 35 to 65 ppm.

There was slight change in the composition of the 
steeping syrup (Table 2). A slight decrease in TSS was 
noticed in all the solutions. In banana, acidity decreased, 
whereas it increased slightly in other fruits. The S02 
content decreased n all the solutions and it ranged from 
180 to 200 ppm

The red colour of plum, nectrine and grapes (Beauty 
Seedlus var.) was reduced appreciably (Table 3). There 
was slight leaching of the green pigment in grapes (var. 
‘Perlette’ and ‘Anab-e-Shahi). There was no marked 
change in the colour of peach, guava, pear and pine
apple. The skin of plum, nectrine and peach (var. 
Flordasun) loosened slightly, resulting in soft texture 
of the fruit. Plum and nectrine lost their natural flavour 
and white film was found on the surface of the solution. 
These two fruits were found unacceptable organolepti
cally, while other fruits like peach, guava, grape, banana, 
pineapple and pear, which had their normal texture and 
flavour were acceptable.
Department of Food Sci. & Tech., G. S. M u d a h a rPunjab Agricultural University, B . S. B h a t iaLudhiana-141 004, India.
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U SE OF TO M ATO  SEED PO W D ER  A S A N  AN TI
O XIDANT IN  BUTTER A N D  GHEE

Tomato seed ponder at 5% level added to fats, inhi
bits rancidity and ensures their stability practically to 
the same extent as 0.01% of Butylated hydroxytoluene 
(BHT) or Butylated hydroxyanisole (BHA).

In the processing of tomatoes for different products 
such as juice, puree, sauce, ketchup, etc. the wastes 
which include skin, core, trimmings, culls and seeds, 
comprise nearly 20 per cent of the tomatoes. These 
wastes can be utilized for the preparation of several

useful products1. The seeds have been reported to posses 
antioxidant property2, and as such, it was of interest to 
study its effectiveness as an antioxidant in butter and 
ghee.

Different methods have been reported for the separa
tion of seeds from tomato pomace, namely, gravity 
separation3, water or dilute hydrochloric acid or washing 
soda treatment prior to drying of pomace4 in the sun 
or rotary drying of press cake5 etc. In the present studies, 
sun drying of the cannery waste obtained from NAFED 
factory, followed by separation of the seeds using 50

Fig. 1. Oxidation experiments on white butter
A. Control sample of white butter; B. White butter+1% tomato seed; C. White butter+3 „ tomato seed; D. White buttei v 5% tomato seel; E. White butter 4-0.01 % BHT; F. White butter+0.01 % BHA; G. Ghee from white butter + 
5% tomato seed;
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Fig. 2. Oxidation experiments of U.P. ghee
H: Control sample of U.P. ghee; I: U.P. ghee+1% tomato seed powder; J: U.P. ghee+3% tomato seed powder; K: U.P. ghee+5% tomato seed powder; L: U.P. ghee+0.01% BHT; M: U.P. ghee+0.01% BHA:

per cent hydrochloric acid was found satisfactory and 
also economical.

The separated seeds were powdered in a small grinder 
and mixed with white butter and ghee at 1, 3 and 5 g 
per cent levels. BHT and BHA at 0.01 per cent concen
tration were used for comparison. The treated samples 
were dried in an oven at 100°C (373K) and the peroxide 
values determined by standard ISI methods The 
analytical data are shown graphically in Fig. 1 & 2, 
for butter and ghee respectively.

The peroxide values were reproducible within 5 per 
cent variation. It will be seen that with increasing level 
of tomato seed powder, the peroxide value and hence 
the degree of oxidation decreases in a given interval of 
time. Addition of powder at 5 per cent had practically 
the same effect as 0.01 per cent BHT or BHA. These 
results arc in agreement with those reported in the case 
of sun flower and rapeseed oils2. The tomato seeds 
are non-toxic and also rich in essential amino acids 
and oil can serve as a useful natural antioxidant instead 
of BHT or BHA. Work is in progress to identify the 
component or components in the seeds which are 
responsible for the antioxidant property.

Thanks are due to NAFED for providing the fruit 
waste.
Centre for R.D. and A.T. S. P. S. GuleriaI.I.T., Delhi P. V a s u d e v a n

K . L. M a d h o k
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R ev ise d  30 A u g u s t 1982
References
1. Guleria, S. P. S., Vasudevan, P. and Patwardhan, S. V.,Utilization of Tomato Seeds and Waste, (Communicated).
2. Szanto-Nemeth, E., Inhibition of rancidity of fats by paprikaand tomato seeds. A c ta  A lim e n ta r ia , 1980, 9, 173.
3. Eggers, L. K. and Geisman, J. R., Studies concerning theprotein of tomato seed recovered from tomato cannery waste. O hio  A g r ic . R es . a n d  D ev . C en tre  R e s . C ir . W o oster , Ohio, 1980, 213, 18.
4. Brodowskii, D. and Geisman, J. R., Protein content andamino-acid composition of protein of seeds from tomatoes at various stages of ripening. J . F d  S c i . , 1980, 45, 228.
5. Edwards, E. W., Eskew, R. K., Hoersch, A. N., Aceto,N. C. and Redfield, C. S., Recovery of tomato processing wastes. F d  T ech n o l., 1952, 6, 383.
6. In d ia n  S ta n d a r d  M e th o d s  o f  S a m p lin g  a n d  T es t f o r  G hee IS :3508-1966, Indian Standards Institution, New Delhi.

IS  P O T A SSIU M  SO RBATE N ECESSARY FO R  
PRESERVING  C A N N ED  BUTTER?

Four types of canned butter, namely, (a) normal butter,
(b ) normal butter+0.1%  potassium sorbatr, (c) normal 
butter+10% whole milk powder and (d )  normal butter 
+ 0.1% potassium sorbate+10% whole milk powder were 
studied for their microbiological keeping quality over a 
period of 3 months stored at-10°C, 1 T C  and 37°C. Addi
tion of whole milk powder prolonged the stability of butter 
raider higher ambient storage temperatures. The presence 
of air prolongs the survival of moulds in butter. Although 
potassium sorbate effects a reduction in the microbial 
status, its addition appears to be unnecessary and may 
lead to substandard materials being marketed.

Butter (canned) normally requires low temperature 
storage for protection from curdling, deemulsification 
and mould growth1. However, due to limited refrige
ration facilities in the field areas, butter is stored at 
ambient temperatures only by the defence personnel. 
Under high temperature conditions prevalent in many 
parts of India during summer, the butter gets separated 
into fat and curd with the product no longer looking 
smelling or tasting like butter, making it unacceptable. 
A process using 10 per cent whole milk powder was
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found highly successful to counteract this2. However, 
since the addition of milk powder increases the micro
flora and nutrient content, the manufacturers made a 
plea for the addition of potassium sorbate. It was there
fore, investigated whether the incorporation of potassium 
sorbate in normal or modified canned butter is necessary.

Four types of treatments were given namely,
(a) normal butter;
(b) butter containing 0.1 per cent potassium sorbate,
(c) butter containing 10 per cent whole milk powder,
(d) butter containing 0.1 per cent potassium sorbate 

and 10 per cent whole milk powder.
These were manufactured by one of the Defence sup

pliers as per ASC Specifications3. Tt contained milk solids 
1 per cent, milk fat 80 per cent and sodium chloride 3 
per cent. Initial analysis was carried out for moisture, 
total viable count, proteolytic and lipolytic organisms, 
coliforms, yeasts and moulds as per standard methods'*^. 
There was a time lapse of nearly one month between 
the manufacture of canned butter and their receipt at 
the laboratory. Each treatment was divided into 3 lots 
and were stored at -10aC, 27°C and 37°C. and periodi
cally analysed upto a period of 3 months. Butter of a 
commercial brand was procured, from local market, 
mixed with 10 per cent whole milk powder and inoculated 
with spores of a mould earlier isolated from butter and 
similar studies were carried out. Butter without milk 
powder served as control. These were studied under two

different conditions. One was kept in a flask with cotton 
plug to give aerobic condition and the other set was 
canned.

The initial viable count ranged from 3.5 to 5 logs 
(Table 1). Coliforms were present in negligible numbers 
(less than 10/g) in the initial samples. None of these 
were found to be of the faecal type. Staphylococci were 
present in substantial numbers, many of which were 
positive for coagulase, D Nase and phosphatase. A 
few of them were found to be enterotoxigenic producing 
enterotoxins A, B, C and E. Caseolytic and lipolytic 
organisms were present in large numbers. As butter is 
chiefly composed of butter fat and milk casein, they are 
important in bringing about spoilage.

The control sample (normal butter) showed the highest 
bacterial load. Addition of potassium sorbate reduced 
the total microflora (Table 1). This could be expected, 
as potassium sorbate is bacteriostatic against catalase 
positive bacteria6. However, its addition does not seem 
to be necessary, as there is no increase in any of the 
microbial groups throughout the storage period in 
samples not containing potassium sorbate. The increase 
in coliforms and mould count observed by Kaul et alJfi 
in control samples may be due to higher moisture 
content and lack of NaCl in butter.

In the samples containing milk powder, the bacterial 
population is lower than that of control. Since addition 
of milk powder increases the milk solids content, it was

T able 1. changes in microflora in the various types of butter at different temperatures

Storage period (days) Moisture Total viable count Staphylococci Caseolytic Lipolytic
-10°C 27°C 37°C -10°C 27°C 37°C ■-10°C 27°C 37°C -10°C 27 °C 37°C -10°C 27 °C 37°(

Normal butter (Control)
Initial 16.1 16.1 16.1 5.2 5.2 5.2 3.8 3.8 3.8 4.2 4.2 4.2 3.3 3.3 3.3

45 15.6 16.0 16.4 — 3.8 3.6 — 2.6 1.6 — — 2.6 — 2.8 1.8
90 15.5 14.4 — 5.3 1.8 2.2 3.5 1.8 ail 4.5 2.1 1.6 3.9 1.6 1.6

Butter + 0.1 % Pot. sorbate
Initial 16.3 16.3 16.3 3.7 3.7 3.7 2.5 2.5 2.5 2.7 2.7 2.7 2.6 2.6 2.6

45 16.8 16.9 16.8 — 3.5 2.3 — 3.3 3.9 — 3.5 3.8 — 2.9 3.8
90 16.1 15.2 — 3.5 3.3 1.6 2.1 2.1 1.5 2.4 2.9 2.5 2.4 1.3 2.5

Butter+10% whole milk powder
Initial 14.7 14.7 14.7 4.6 4.6 4.6 3.7 3.7 3.7 3.6 3.6 3.6 3.6 3.6 3.6

45 15.0 14.9 15.0 — 3.7 4.8 — 3.2 3.3 — 3.4 3.2 — 2.9 2.1
90 15.0 14.7 — 3.6 3.1 2.3 3.0 2.2 1.3 3.5 2.2 2.0 2.6 2.3 2.0

Butter + 0.1% Pot sorbate+10% whole milk powder
Initial 15.0 15.0 15.0 4.3 4.3 4.3 3.1 3.1 3.1 3.8 3.8 3.8 3.7 3.7 3.7

45 15.0 15.0 15.0 — 3.4 4.3 — 3.1 4.1 — 3.4 4.0 — 3.3 3.8
90 15.0 14.9 — 4.2 3.3 2.9 3.1 1.8 — 3.4 2.6 2.6 3.2 2.7 1.8



82 JOURNAL Or FOOD SCIENCE AND TECHNOLOGY, VOL. 20, MARCH/APRIL 1983

reasonable to expect a higher load. Perhaps the intrinsic 
nature of butter might have restricted the survival of 
many of the micro-organisms present in the milk powder. 
Besides, the addition of milk powder, lowers the water 
activity (a w) of the modified butter and might have 
reduced the microbial flora. Model experiments carried 
out by introducing mould spores in all the four types 
of butter and studying the mould count on storage 
showed drastic reduction in their survival.

On storage, there was a gradual reduction in all the 
groups of microflora. Presence of potassium sorbate 
showed higher reduction as this is active against catalase 
positive bacteria also. Samples stored at -10°C showed 
very slow decrease in the microbial profile even at the 
end of 3 months due to the low biological and chemical 
activity at this temperature. However, in the study on 
the use of potassium sorbate for improving the quality 
of butter, Kaul e t  a lP P  observed an increase in the coli- 
form count of control at -18 °C during the early part 
of storage. This is rather unusual as the minimum 
temperature of growth of all bacteria and particularly 
the coliforms fall much above this. The coliforms will 
decrease in number drastically on shifting to -18 °C as 
they are among the most sensitive to freezing and frozen 
storage. They further reported that the mould count and 
colilorm count of initial butter as O.lxKP/g and 
1.6xlOs/g respectively. It could be presumed that in 
this case the original butter samples themselves might 
have been heavily contaminated and unacceptable. 
Since the purpose is not to make unacceptable butter 
sample acceptable, the incorporation of potassium 
sorbate is not only unnecessary, but may lead to substan
dard material being marketed.

Inoculation studies showed that the mould spores 
introduced were unable to grow and in course of time 
died off (Fig. 1.). Moulds being aerophilic require 
oxygen for their growth and hence in the hermetically 
sealed atmosphere, death was faster. In flasks with 
cotton plugs they survived longer. However, surviving 
numbers slowly reduced on longer storage due to the 
very intrinsic nature of the substrate. It is therefore, 
concluded that addition of potassium sorbate is unneces
sary in canned butter and maintaining the moisture 
content within specifications and addition of 2 per cent 
sodium chloride are sufficient for its preservation.

As the present day trend is to reduce the use of 
additives and preservatives as far as possible1*) and to use 
them only when absolutely essential, we suggest that 
the use of sorbic acid and its salts in butter need not be 
encouraged.

We are deeply indebted to Dr P.K. Vijayaraghavan,

Fig. 1. Effect of air on the survival of inoculated mould spores.
1. Butter + milk powder (cotton plug); 2. Butter+Milk powder (sealed); 3. Butter (cotton plug); 4. Butter (sealed).

Director, Defence Food Research Laboratory, Mysore 
for his interest in the work and encouragement.
Defence Food Research Laboratory R. San k a ra nMysore-570 011. India, M. S. Mohan
R e c e iv e d  7 A p r i l 1981 R. K. Leela
R e v is e d  6 M a y  1982
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AEROBIC MESOPHILIC COUNT OF FRESH AND 
REFRIGERATED GROUND MUTTON: EFFECT 
OF PLATING AND INCUBATION TEMPERATURE

Pour and spread plate methods were compared at incuba
tion temperature of 30 and 37°C for enumeration of aerobic 
mesophiles in fresh and refrigerated ground mutton. 
Spread plating resulted in significantly higher recovery of 
microbial contamination than pour plating in both fresh 
and refrigerated meats. Incubation temperature of 30 or 
37°C may be used for screening retail market meats and 
30°C for refrigerated meats.

Aerobic mesophilic count has been one of the most 
useful indicators of the microbiological status of foods1. 
The three commonly used procedures for enumerating 
aerobic mesophilic microorganisms are pour plate2,3 
spread plate* and drop plate5 methods. Pour plate or 
Standard Plate Count (SPC) is the most widely used 
method in India2, North America6,2 and is recommended 
by International Standard Organisation (’ISO)3. Spread 
plate method is used in Europe8 and is recommended 
by British Standards Institution9. The International 
Commission on Microbiological Specifications for 
Foods (ICMSF), however, recommended retention of 
pour plate method, inspite of its limitations, since alter
nate methods are not studied extensively111.

Microorganisms have diverse temperature limits 
for their growth. Incubation temperature between 30 
and 37°C is used in different laboratories1. Indian 
Standards Institution (ISI)2 and ISO3 recommended 
incubation temperature is 30°C.

The purpose of the present study was to compare 
pour plate and spread plate methods at incubation 
temperature of 30 and 370C for the enumeration of 
aerobic mesophiles in fresh and refrigerated ground 
mutton.

Fourteen samples of retail ground mutton and sixteen 
samples of refrigerated ground mutton were used in the 
present study. Twenty-five gram sample of meat was 
blended in 225 ml of 0.1 per cent peptone-water for 1 
min in a pre-sterilized blendor. Serial decimal dilutions 
were prepared in 9 ml volumes of 0.1 per cent peptone- 
water. All dilutions were plated in Standard Plate Count 
Agar2,3. For each dilution, pour plates2,3 and spread 
plates* were prepared in duplicate for each incubation 
temperature of 30 and 37°C. Pour plates were incubated 
at 30°C for 72 hr and at 37°C for 48 hr. Spread plates 
were incubated at 30°C and 37°C for 48 hr.

Spread plating resulted in significantly higher 
recovery of microbial contamination than pour plating 
at the same incubation temperature of 37 or 30°C from 
both fresh and refrigerated ground mutton (Table 1). 
A highly significant difference (P<0.01) was observed

T a b l e  1. m e a n  a e r o b ic  m e s o p h il i c  c o u n t  (LO G io/g) OF f r e s h

A N D  REFR IG ERATED  G R O U N D  MUTTON BV TW O  PLAT IN G  M ETH OLS 

AT T W O  IN C U BA T IO N  TEM PERATURES

Incubation Ground muttonPlating temp(°C) Fresh Refrigerated
Pour 37 0.13° 6.09°

(It.25) (8.99)
30 fi.24flc 6.44*

01.24) (7.28)
Spread 37 6.30*v 6.28V

(H.25) (8.08)
30 6.41* 6.64*

(8.92) (7.38)
Figures with the same superscript in a column do not differ significantly.

+Period of storage 4+ 1 days.
'r+Figures in parenthes indicate coefficient- of variation.

between the colony counts obtained by the two plating 
methods at 30°C incubation for fresh meat and at 37°C 
for refrigerated meat. Higher estimates of bacterial 
populations by spread plating was reported by Clark11 
in processed poultry and also in ISO studies on meat1. 
The 95 per cent confidence limits of the mean differences 
between the two plating methods at the same incubation 
temperatures was less than 0.35 logi0 cycles in fresh 
and refrigerated samples. Krammer and Gilbert12 
showed variation in counts of less than 0.5 logjo cycles in 
98 per cent of the samples with no significant difference 
between the plating methods from a wide range of foods. 
The differences in the colony counts may be due to 
oxygen requirements of the bacteria predominating in 
the food1 and the heat sensitivity of the organisms parti
cularly, psychrotrophs, to molten agar medium in pour 
plating13.

Plate incubation temperature differs depending upon 
the nature of the food and the type of microflora to 
be enumerated. In microbial evaluation of fresh ground 
mutton, no significant difference was found in the meso
philic counts between the incubation temperatures by 
using pour or spread plating (Table 1) probably due to 
higher proportion of mesophiles in retail market meat. 
Gill and Newton14 showed that the microflora was 
predominantly mesophilic during early stages of holding 
meat at 30°C, although the final aerobic spoilage flora 
was composed of approximately equal numbers of psy- 
chrotrophic and mesophilic bacteria. A highly signifi
cant difference (P<0.01) was found in the colony counts 
of refrigerated samples between the incubation tempera
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tures since many psychrotrophic organisms in food 
have maximal growth temperatures between 30 and 
32C’C.15,16. The 95 per cent confidence limits of the mean 
difference was 0.8 logi0 Cycles between pour plate 
method at 37°C and spread plating at 30°C.

The present study suggests the use of spread plating 
in the microbial evaluation of fresh and refrigerated 
ground mutton. Spread plating requires less medium, 
fewer petri dishes, less expensive pipettes and the pre
poured plates can be moved from laboratory to the 
field*o. Plate incubation temperature of 30 or 37°C
may be used for screening retail market meats and 30°C 
for refrigerated meats. The main disadvantage of spread 
plates when compared with pour plates is their inade
quacy when bacterial populations are very low (less than 
100/g) as 0.1 ml, is usually the maximum inoculum that 
can be applied per plate1«). However, microbiological 
criteria for mesophiles in foods are likely to be well 
above this figure.

Thanks are due to Director, I.V.R.I. for providing 
facilities.
Division of Livestock T. R. K. MurthyProducts TechnologyIndian Veterinary Research Institute,I/atnagar-243 122. India.
Received 12 October 1981 
Revised 1 July 1982
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MICROBIAL DEGRADATION OF CELLULOSIC 
MATERIALS: SCREENING OF FUNGAL 

ISOLATES
Several fungal isolates obtained from air, decaying plant 
debris and other sources were screened for their ability to 
produce cellulases both in liquid cultures and by solid state 
fermentations. Of the the twenty three isolates which 
showed significant activity, only Pencicillium sp. and 
Aspergillus oryzae gave consistently high enzyme titres.
A strain of Sporotricihum pulverulentum degraded cellulose 
and released large quantity (1720/g/mI) of reducing sugars 
into the medium.

Interest in the hydrolysis of cellulose has increased in 
recent years for its conversion to glucose. Studies were 
undertaken to identify and isolate cellulolytic fungi 
which arc capable of secreting significant quantity of 
cellulolytic enzymes. It was observed that some fungal 
strains secrete cellulolytic enzymes into the medium, 
while few other strains attack cellulosic substrates and 
release significant quantities of reducing sugars. The 
results are presented in this communication.

M ic r o o r g a n is m s :  Strains of fungi, isolated from air, 
decaying plant debris and other sources, along with a 
few selected strains being maintained at the Microbio
logy and Fermentation Technology Discipline of the 
Central Food Technological Research Institute, Mysore, 
were used in these studies. Purification was done by 
hyphal-tip method. All the cultures were maintained 
on potato-dextrose-agar slants.
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Liquid medium: The mineral solution of Reese and 

Mandels1 containing 1 per cent alkali treated rice straw 
(ATS) as the carbon source, was used in the experi
ments. Erlenmeyer flasks (250 ml) containing 50 ml 
medium were autoclaved at 1.1 kg/cm2 for 20 min. 
cooled to room temperature and inoculated with fungal 
spore suspension. The flasks were incubated at ambient 
temperature (25-3CFC) on a rotary shaker having a 
stroke of 5 cm and revolving at 230 r.p.m.

Delignification of rice straw was carried out by auto
claving lOOg air-dried straw in 1.8 litre of 1 per cent 
NaOH solution fcr 1 hr at 120°C followed by thorough 
washing in tap water till free of alkali, followed by 
drying.

Solid medium: Wheat bran was mixed with the mine
ral solution1 in the ratio of 1:1 and 4 g of this medium 
was dispensed into 50 ml Erlenmeyer flasks, autoclaved 
at 1.1 kg/cm2 for 45 min and cooled to ambient tempe
rature. The medium was inoculated with fungal spore 
suspension and incubated at ambient temperature 
(25-30T).

Cellulose activity: Filter paper degrading activity 
(FPD) which gives an overall assessment of cellulose 
attack by the fungus, was determined by the procedure 
described by Mandels etal.2. This assay was carried out 
with the culture filtrate and aqueous extract of the solid 
medium. From each gram of air dried mouldy bran, 
10 ml water extract was obtained.

FPD activity was determined by adding 0.5 ml enzyme 
solution to 1 ml 0.05 M citrate buffer (pH 4.8) with a 
strip of filter paper (Whatman No. 1) measuring 1 
cm x 6 cm weighing 50 mg. The reaction was carried out 
in 1.5x 15 cm test tubes at SO^Cfor 60 min. After com
pletion of the reaction, 3 ml of dinitrosalicylic acid 
(DNS) reagent was added and the amount of reducing 
sugar released was measured. One micromole of glucose 
(0.18 mg) released per minute was taken as a unit of 
activity. Cellulase activity was calculated by making 
use of the formula:

mg glucose released 
assay time in m inx0.18

Screening trials: Out of the 108 fungal strains tested
for cellulase activity and cellulose hydrolysis, only 23 
showed a fair amount of activity. The cellulase activity 
and the reducing sugars accumulated in the cuture 
filtrate, after 96 hr of growth of selected fungal strains, 
are presented in Table 1.

The results indicate that 23 strains of fungi secrete 
significant quantities of cellulase. The culture broth of 
Sporotrichum pulverulentum contained maximum quan
tity of reducing sugars. One strain of Penicillium sp. 
gave the highest enzyme activity.

T a b l e  1. c e l l u l a s e  a c t i v i t i e s  a n d  r e d u c i n g  s u g a r  p r o d u c e d

BY A  FEW  SELECTED FU N G AL STRA IN S IN  L IQ U IL  SH AKE  CULTURE 

U SIN G  ATS AS SUBSTRATE AFTER 96 HR

Strain Reducing sugar in the filtrate (mg/1000ml)
FPD activity in the filtrate I.U./mlx 103)

A sp erg illu s  n iger (1)* 60 53
A . n ig er (16) 32 39
A . n ig er (17) 41 45
A . n ig er (18) 22 46
A . n ig er (35) 30 56
A . o ry za e  (55) 56 57
A . o ry a ze  (61) 10 39
A . O 'ya ze  163) 27 32
A . o ry a ze  (64) 80 57
A . w en tii (52) 27 48
A . w en tii (59) 253 —
A . ca rbonarius (60) 92 51
A . ca rbonarius (67) 40 42
A . carbonarius (68) 30 58
A . te rreu s (23) 113 31
A . fla v u s  (24) — 24
A . ja p a n ic u s (66) 42 65
A sp erg illu s  sp . (2) 106 46
A sp erg illu s  sp . (36) 65 35
A sp erg illu s  (7) 46 24
P en ic illiu m  sp . (6) 66 86
P en ic illiu m  sp. (32) 20 52
S p o ro tr ic h u m  p u lveru len tu m  (39) 1720 40

‘Figures in parenthesis indicate the seriJ number of fungal strains used in the trial.

Cultivation on solid substrates: It is the common
experience that, fungi produce large quantities of 
cellulase when grown on solid substrates. Toyama and 
Ogawa3 found that strains of Trichoderma viride pro
duce more FPD. cell separating enzyme activity, 
avicellase, carboxymethyl cellulase, 3, glucosidase, 
chitinase and cellobiase activity in solid state fermenta
tion than in liquid cultures. Fifteen strains of fungi, 
which had given high enzyme titres on liquid shake 
cultures were selected and grown on wheat bran solid 
medium. The cellulase activities of the mouldy bran 
were determined. The results are presented in Table 2.

The mouldy bran obtained from Aspergillus strains 
contained large amounts of reducing sugars. Cellulase 
production after 96 hr of growth was the highest in
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T a b l e  2. c e l l u l a s e  a c t i v i t i e s  a n d  r e d u c i n g  s u g a r  p r o d u c e d

BY A FEW SELECTED FUNGAL SPECIES ON SOLID CULTURE USING 
W HEAT BRAN AS SUBSTRATE AFTER 96 HR

A NOTE ON ANTIBIOTICS SENSITIVITY OF
E. COLI ISOLATED FROM MARKET MILK OF 

LUDHIANA CITY

Strain

A sp erg illu s  n iger (1)*
A . n ig er (16)
A . n ig er (18)
A . n ig er (35)
A . o ry za e  (55)
A . o ry za e  (61)
A . carbo na riu s (60)
A . carbo na riu s (67)
A . carbonarius (68)
A . ja p a n ic u s  (66)
A sp erg illu s  sp . (2)
A sp erg illu s  sp. (36)

P én ic illiu m  sp. (6)
P én ic ill iu m  sp. (32 )

S p o ro lr ic h u m  p u lve ru len tu m  (39)

Reducing sugar FPD activity inin the fill rate (mg/1000 ml) the filtrate 
I.U./mlx 103)

1650 12
1240 120
860 87
780 124

1950 397
860 —

1175 115
1175 130
300 490

2700 259
2620 98
2580 40
— 240
690 137

1000 314
‘Numerals in parenthesis indicate the serial number of fungal strains used in the trial.

Aspergillus carbonarius followed by Pénicillium sp. which 
gave higher activity in liquid medium also.

This preliminary study shows that several strains of 
Aspergillus, Pénicillium and Sportotrichum can break 
down modified cellulose material or utilize wheat bran, 
both in broth or solid cultures. The application of select
ed organisms in degrading various modified, cellulosic 
waste materials for practical utilization is, therefore, 
under study.
Central Food Technological Research Institute Mysore-570 013, India. 
R ece ived  20 A p r il 1982 
R ev ise d  6 J u ly  1982

K. T h e ja  
T .  R .  S h a m  a l  a  K. R. S r e e k a n t ia h  

V . S r e e n i v a s a  M u r t h y
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Sensitivity to antibiotics of E . c o li isolated from market 
milk of Ludhiana city was studied. The results showed 
that the isolates were most sensitive to kanamycin and 
least sensitive to oxytetracyclia. Sensitivity to antibiotics 
like erythromycin, Kanamycin, Oxytetracyclin, strepto
mycin, iedramydn, cloxaciilin, ampiciilin, polymyxin-B 
and chloramphenicol was shown by 39.62, 84.90, 30.16, 
73.58, 43.58, 52.83, 40.14, 79.24 and 62.81 per cent of 
the isolates respectively. Isolates from raw milk were highly 
sensitive to kanamycin and polymyxin-B while those 
from pasteurized milk were sensitive to kanamyci l  and 
streptomycin. Isolates from water and hands were highly 
sensitive to kanamycin, polymyxin-B and chloramphenicol. 
However, the enteropathogenic strains showed a variable 
response to these antibiotics.

Many food poisoning outbreaks have been reported1' 5 
incriminating E. coli from many countries, due to con
sumption of contaminated foods including dairy pro
ducts. The enteropathogenic strains of this organism 
have also been responsible for idipoathic, acute and 
infantile diarrhoea in Bangla Desh6, India3 and United 
Kingdom,1 while a study of Boston City Hospital7 has 
revealed bacteramic infection attributed to E. coli. 
In view of the prevalence of enteropathogenic strains in 
foods and in hospitals, the role of sensitivity testing of 
the antibiotics employed for treatment against it, be
comes very important. A study was undertaken to 
investigate the antibiotics sensitivity of E. coli isolated 
from market milk, water and swabs from hands. The 
results are reported in this communication.

Samples of raw and pasteruized milk, water and swabs 
from hands were collected from Ludhiana City according 
to recommended methods8,9. These were analysed for 
total viable bacterial and E. coli counts as per the Stan
dard methods6,9. The incidence and distribution of
E. coli in various samples is given in Table 1. Out of a 
total of 55 samples analysed, 39 (70.91 per cent) were 
found contaminated with E. coli (Table 1). The average
E. coli content of raw milk from different sources ranged 
from 1, 285 to 11,040/ml, while in pasteruized milk E. 
coli was 32/ml. Water and swabs from the hands gave 
a count of 18,425 and 4,655/ml. and square cm. respecti
vely. For further investigation, cultures were isolated 
from the E. coli positive samples. These cultures were 
characteriszed morphologically and biochemically ac
cording to Bergey’s Mannual19. The biochemical tests 
were carried out according to standard methods11. 
Enteropathogenicity of 30 isolates was studied by the
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Table 1. DISTRIBUTION OF E. C O U  ANC TOTAL VIABLE BACTERIAL COUNTS IN VARIOUS SAMPLES
Type/source No. of samples collected

E . co li contaminated samples Av. E . co li  counts/ml Av. total bacterial counts/mlRaw milk No. (%)
Milk vendors 5 5 100.00 11,040 1,88/40
Shops 8 7 87.50 13.900 1,06,063
Dairies 11 8 72.72 7,141 85,556
Canteens 2 2 100.00 1,285 1.56,000

Pasteurised milk 22 10 45.45 32 15,991
Dairy 3 3 100.00 18,425 59,772
Swabs* from hands 4 4 100.00 4,665 22,685

•Counts of swabs are expressed as count/sq. cm

rabbit ileal loop method12 and only 4 of these isolates 
were found enteropathogenic.

The antibiotics sensitivity of these isolates was deter
mined by dry disc diffusion technique13. The antibio
tics in the form of paper discs were obtained from Desai 
Laboratories, Surat. The concentration of the antibio
tics and the symbols used for them is as follows:

0 , , Concn.SymbolsAntibiotics meg! disc

Criterion for testing the sensitivity of an isolate was 
the presence or absence of Zone of inhibition formed 
around the antibiotics disc.

The results of antibiotics sensitivity presented in 
Table 2 showed that kanamycin, polymxin-B, strepto
mycin and chloramphenicol are the effective antibiotics 
since approximately 70 per cent or more of the 
total isolates were sensitive to these antibiotics, 
while cloxacillin and ledramycin inhibited the growth

Erythromycin (E) 10 of 52.16 and 43.38 per cent of the isolates respectively.
Kanamycin (K) 30 Garanin14 reported the antibiotics sensitivity of chloram-
Oxytetracyclin (O) 10 phenicol, erythromycin and oxytetracyclin to be 72.00,
Streptomycin (S) 25 21.40 and 31.00 per cent respectively against E. coli.
Ledramycin (L) 10 Ampicillin and erythromycin inhibited the growth of
Cloxacillin (V) 10 approximately 40 per cent of the isolates, while oxy-
Ampicillin (I) 10 tetracyclin gave very low sensitivity of 30.16 per cent
Polymyxin-B (X) 250 towards these isolates. Polakava et al.15 has reported
Chloramphenicol (Ç) 50 v-bithat 61.20 per cent of E. coli isolates are resistant to

Table 2. SENSITIVITY OF E. COL1 ISOLATES FROM RAW AND PASTEURIZED MILK, WATER AND HANDS TO
DIFFERENT ANTIBIOTICS

Total Number of sensitive isolates to indicated antibiolsesSource,type isolates-------------------------- -—----------------------------------------------------------E K O S L V I X C
Raw milk 32 12

(37.50)
26

(81.25)
10

(31.25)
22

(68.75)
12

(37.50)
15

(46.75)
14

(43.75)
27

(84.36)
21

(65.62)
Pasteurized milk 9 5

(55.56)
9

(100.00)
4

(44.45)
7

(77.78)
4

(44.45)
5

(55.56)
4

(44.44)
5

(55.56)
6

(66.67)
Water and hands 12 4

(83.33)
10

(83.33)
2

(16.66)
10

(83.33)
7

(58.33)
8

(66.63)
4

(33.33)
10

(83.33)
10

(83.33)
Figures in parentheses indicate percentages.
F, K, O, S, L, V, I, X, C, are antibiotics (See text)
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Table 3. antibiotics SENsmvrrv of entropathogenic e . c o l i

Isolate No. 
3 SHI 
7 SH2 

19 D1 
29 D2

Antibiotics to which sensitive 
K, I 
K, S, V, I, X 
K, S, I, C 
K, S, L, X
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ampicillin while the findings of Milch et al.16 indicated 
26.41, 30.16, 69.81 and 59.84 per cent of the isolates 
resistant to streptomycin, chloramphenicol oxytetra- 
cyclin and ampicillin, respectively.

The isolates from raw milk, pasteurized milk, water 
and hands differed in sensitivity to different antibiotics 
(Table 2). The results showed that more than 16 per 
cent of the isolates from all the sources were sensitive 
to all the antibiotics tried, while more than 33 per cent 
of the isolates were sensitive to all the antibiotics except 
erythrimycin and oxvtetracyclin. Further, it was observ
ed that more than 60 per cent of the total isolates were 
sensitive to kanamycin, streptomycin and chlorampheni
col. Kanamycin was effective against 80 per cent of the 
isolates from raw milk, water and hands while 100 
per cent of the isolates from pasteurized milk were 
sensitive to this antibiotic. Other antibiotics tested 
exhibited intermediate sensitivity to these isolates. 
Isolates from water and hands were found to be more 
sensitive to kanamycin, streptomycin, polymyxin-B 
and chloramphenicol. The enteropathogenic strains 
(Table 3) indicate a variable sensitivity to different 
antibiotics tested.

It is clear from this study that although the antibiotics 
like kanamycin, polymyxin-B, streptomycin, and chlo
ramphenicol are effective against this organism, yet there 
is need for carrying out the antibiotics sensitivity testing 
before starting antibiotic therapy for treatment against 
this organism.
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BOOK REVIEWS

Advances in Nutritional Research, Vol. 4: (Edited by
Harold H. Draper)—A Review, 1982, pp. 344,
Price: $ 39.50
The fourth volume in this series is devoted to reviews 

of recent advances in nutritional research related to both 
human beings and animals. The present volume covers 
the following chapters: vitamin responsive genetic 
abnormalities; vitamin D binding proteins; vitamin D 
compounds in human and bovine milk; dietary protein, 
metabolic acidosis and calcium balance; the nutritional 
significance, metabolism and function of myo-inositol 
and phosphatidyl inositol in health and disease; neuro
logy of pyridoxine; carnitine biosynthesis: nutritional
implications; insect nutrition: a comparative perspec
tive ; the nutrient requirements of cultured mammalian 
cells; and fatty acid metabolism in the neonatal 
ruminant.

The first chapter focusses attention on certain aspects 
of vitamin responsive genetic disorders. Such conditions 
have recently attracted much attention from human 
genetecists and those concerned with inborn error 
metabolism. The significance of research in this area 
is, that it can provide a tool for elucidating the normal 
metabolic pathways.

The second chapter describes the vitamin D binding 
protein (DBP) and their role in transport of active forms 
of vitamin D sterols in blood and their binding in 
tissues. Not much is known about the metabolism of 
DBP. Its possible role in the development of vitamin D 
deficiency needs to be studied. The third chapter 
describes the vitamin D compounds in human and bovine 
milk and their origin. The mode of transfer of the vita
min from plasma to milk and the transfer of the vitamin 
from plasma and the relevance of the milk levels of the 
vitamin in the intestinal transport of calcium in neonates 
are discussed.

In chapter-4, dietary protein, metabolic acidosis and 
calcium balance are discussed. Recent observations 
on the effect of high protein diets on Ca excretion are 
discussed in terms of acidosis produced by high protein 
diets. Acidosis appear to be an important cause of 
osteoporosis and represents an attempt on the part of 
the body to use of the buffer capacity of the bone to 
maintain ph homeostasis.

In chapter-5, the nutritional significance, metabolism 
and function of myo-inositol and phosphatidyl inositol 
in health and disease are discussed. This chapter brings 
into focus recent studies on inositol as an essential

factor in human nutrition. It is now recognised that 
many of the functions of inositol can be attributed to 
cellular level of inositol containing phospholipids and 
though present in small amounts they may have an 
important role in membrane function.

The role of pyridoxine in neurobiology is discussed in 
chapter-6, in terms of the role of vitamin B2 dependent 
enzymes in the metabolism of amino acids leading to 
the formation of biogenic amines.

Chapter-7 describes carnitine biosynthesis and its 
nutritional implications. There has been increasing 
interest in the carnitine which plays an important role 
in the transport of fatty acid in muscle. This chapter 
describes the current studies on the biosynthesis of 
carnitine and discusses the nutritional situations under 
which carnitine levels may alter and their possible 
biological implications.

In chapter-8, insect nutrition and its possible similari
ties with mammalian nutrition are discussed. There 
appear to be sufficient similarities between the two, that 
data obtained with the insects may be applied to mam
mals. The need for further research in insect nutrition 
to evolve a suitable model to study the nutrition and 
metabolism of mammals is emphasized.

Chapter-9 describes the research developments on the 
nutritient needs of cultured mammalian cells. There has 
been considerable interest in the use of cultured cells for 
experimental purposes, particularly in the studies related 
to human nutrition and precise information on the 
nutritional requirement of these cells are important in 
such studies.

Fatty acid metabolism in the neonates is still a con
troversial subject and the last chapter describes the 
metabolism and transport of fat across placenta, diges
tion, transport of fat in a neonate and metabolism of 
lipid in foetus of newborn. This chapter also discusses 
some aspects of brown adipose metabolism in the new
born.

This volume, like its predecessors presents timely 
review and recent developments on the important aspects 
of nutrition, placing emphasis on the newer developments 
like nutrition of cell in culture which has the potential 
to become an important tool in the future nutrition 
research. This volume will be of special interest to clini
cal nutritionists and researchers engaged in experimental 
nutrition and metabolic studies.

B. S. Narasinga Rao
N a t io n a l  I n s t i t u t e  o f  N u t r i t i o n , H y d e r a b a d .
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An introduction to fish handling and processing by I. J. 
Clucas and P. J. Sutcliffe, Report No. G. 143. Tropi
cal Products Institute, London, 1981, pp. /v+86; 
Price: £ 2.60

Fish handling, preservation and processing in the tropics: 
Part 2. I. J. Clucas (Compiler). Report No. G 145. 
Tropical Products Institute, London, 1982, pp. 
viY+144; Price £ 4.05.
The first of the above two reports, as its summary states, 

“presents notes on twelve lectures, which in conjunction 
with practical demonstrations and audio visual aids 
provide the basis for a one-week training course suited 
to middle-level administrators and managers. These 
notes range broadly all over post-harvest aspects of 
handling, preservation, processing and storage of fish. 
Chilling, freezing, salting, drying and smoking are 
described in detail with illustrations of the different 
processing equipment available. The various instru
ments used in the fish processing industry are also 
described.”

The second report, also presenting notes on lectures 
to be given to the same type of personnel, covers: 
detailed discussion of the methods in traditional fish 
preservation by salting, drying, smoking, fermentation, 
marination and boiling, description of the processes 
of canning, freeze-drying and irradiation, description 
of fisheries products and by-products, and discussion 
of subjects such as quality assessment, microbiology 
relating to spoilage and public health, landing and retail 
facilities, extension services and training.

These two reports should serve as very useful guides 
for all those engaged in teaching the principles of fish 
preservation and imparting practical training in the 
field. Training personnel and trainees will find the 
reports extremely valuable.

N. V. Sripathy 
C . F . T . R . I .  F is h  T e c h n o l o g y  E x p e r i m e n t  S t a t i o n ,

M an g alo re .

Economic aspects of small-scale fish canning: by
D. Edwards, R Street and I. Clucas Report G 151, 
Tropical Products Institute, London i'v+36, pp. 
Price: £ 1.40.
The Indian fish canning industry comprises of about 

70 canneries, but possibly only a fifth of this number 
are now operating. As a means of conserving fish for 
human consumption, their role unfortunately is not of 
any significance. Canned fish products are too expensive 
for the average consumer. The few fish canning units

which are still surviving marginally, draw sustenance 
from limited urban markets, some demand during recent 
years in the N-E region of India and army purchases. 
The capital blocked up in unused and underutilised fish 
canneries perhaps has to attract some remedial 
action, but then in the overall industrial scene, the fish 
canneries form a drop in the ocean, too small to elicit 
attention. Lest we forget, it is the little drops of water 
that make a mighty ocean.

Occasionally, nowadays, we do hear of priorities 
given to revival of sick industrial units. Perhaps, it would 
be worthwhile to give it a try whether some unconven
tional approach might overcome this sickness. For 
instance, if all the components of direct and indirect 
duties and taxes that add up to the final consumer price 
of canned fish products are withdrawn by the magic 
wand of a policy decision, it is possible, hopefully, 
that the lowered cost to the consumer would trigger a 
chain reaction of expanded market, increased output, 
put idle installed capacity into harness and lead on to the 
revival of the health of the fish canning industry. The 
overall revitalisation of the economy of this sector of 
small scale industry might well result in significant 
quantities of marine fish being canned, first foi the dome
stic market and later for export as well. On the other 
hand, by a hide-bound approach, canned fish products 
wh'ch have become so dear with direct and indirect 
duties and taxes, and due to the high cost of containers, 
could be dubbed luxury items and taxed further, leading 
to the extinction of the industry. Technological exercises 
like introduction of aluminium cans in place of tin cans 
or the eventual commercialisation of packing in flexible 
pouches would remain curiosities in the Indian context.

All this points to the pressing need for an economic 
re-appraisal of the state of Indian fish canning units. The 
report entitled “Economic aspects of small-scale fish 
canning” brought out by the Tropical Products Insti
tute, London, purports “to indicate to administrators, 
planners and potential investors, the technical and econo
mic factors essential to evaluate the establishment and 
successful operation of a small fish canning enterprise in 
tropical countries”. Three basic cost models based on 
canning of sardines have been used for the financial analy
sis. On the basis of 250 day 8-hr shifts worked annually, 
the models are of production capacity per shift of:
10,000 cans, 20,000 cans and 10,000 cans substituting 
labour for machinery for beheading and gutting of fish 
and labelling of cans. The last model is nearest to the 
Indian situation. The discounted cash flow method has 
been used to analyse the cost models. A project life of 
10 years has been assumed. Sensitivity analysis to a 
marked seasonality of fish resulting in reducing of shifts 
worked to 150 per year shows an adverse effect on 
profitability. Difficulty and expense of obtaining cans
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and other inputs tend to shift the project towards becom
ing nonviable. These indeed seem to be the very con
straints under which the Indian fish canneries are now 
operating.

This report by the Tropical Products Institute should 
serve as the basis, for all those with real concern, for a 
study of the present malaise and the bleak future of the 
Indian fish canning industry.

N. V. Sripathy 
C.F.T.R.I. F is h  T e c h n o l o g y  E x p e r i m e n t  S t a t io n

M a n g a l o r e .

Psychrotrophic micro-organisms in spoilage and patho- 
gencity. (Ed. by J. H. Roberts, G. Hobbs, J.G.B. 
Christian and N. Skovgaaed) Academic Press, London 
New York, Toronto, Sydney, 1981, pp. 526, £ 24.00
This book is based on the proceedings of the XI 

International Symposium on food microbiology orga
nised by the Committee on Food Microbiology and 
Hygiene of the International Union of Microbiological 
Societies held at Aalbory, Denmark on 6-11 July 1980. 
The papers presented at the Symposia are grouped into 
three parts. The first part includes papers dealing with 
the fundamentals of microbial activity at low tempera
ture. Subjects covered in this part refer to a compara
tive study of the physiology of psychrotrophic and 
psychrophilic bacteria, the properties by gelfiltration of 
extra cellular lipase enzymes of psychrotrophic bacteria, 
growth potential of most common salmonellae and 
arrhizona between 3-17°C and phenetic affiliation of 
psychrotrophilic bacillus. The last paper in this part 
tries to show that dissemination of R-plasmids by 
conjugation in food stuff during normal storage conti
nues particularly at high temperatures.

The second part referring to low temperature spoilage 
of foods, includes a larger number of papers which are 
sub-divided again into 5 subsidiary groups based on the 
type of food material examined. In the first subgroup— 
A the papers deal with some enzyme systems in milk 
stored at low temperature, taxonomy of psychrophiles 
and on evaluation of different methods of analysis. In 
the 2nd subgroup—B, papers deal with the organisms 
involved in the spoilage of meat at low temperature 
with particular reference to Microbacterium thermos- 
phactum. The subgroup C and D deal with the psy
chrotrophic bacterial flora of fish and those of agricul
tural products respectively. The fifth subgroup in this 
part is mainly concerned with the influence of the micro
climate on psychrotrophic microbial activity in food.

The third part includes papers dealing with the ecology 
of psychrotrophic pathogens. Under two subgroups

in this part, Yersinia enterocolitic, Clostridium botulimum 
and Leptospires are examined with respect to their 
taxonomy, ecology and pathogeniocity.

This is indeed a very valuable compilation of papers 
written by competent people. At a time when refrigera
tion storage is becoming the choice for storage, these 
papers vividly present the advantages and disadvantages 
of cold storage. For any research on psychrophiles or 
psychrotrophies, this book provides the required guide
lines for future work. Hence, this will be a very valuable 
addition to the library used by research workers on 
psychrophiles.

V. Sreenivasa Murthy 
C.F.T.R.I., M y s o r e .

Food Carbohydrates: (edited by David R. Lineback 
and George E. Inglett), IFT Basic symposium series; 
AVI Publishing Company, U.S.A. 1982, pp. 494, 
Price: £ 49.50.
This book represents the proceedings of a symposium 

held on June 5-6 1981, by the Institute of Food Techno
logists and the International Union of Food Science and 
Technology, U.S.A. The 23 papers presented at the 
symposium deal with (z) simple sugars-fructose, polyols, 
sucrose and lactose (z'z) honey, corn and maple syrups 
(z'z'z') food polysaccharides (z'v) dietary fiber (v) Maillard 
reaction (vz) lectins and covered aspects of chemistry, 
structure, analysis, metabolism, food applications of 
derived and new carbohydrates, taste, consumption 
patterns, health implications and regulatory status. 
Each author reviewed his area of work and emphasized 
the future course of research.

The progress in the field of analysis related to the on
line application of modern analytical methods have been 
reviewed using micro processor-aided digital read out re- 
fractometers, densitometers, HPLC and atomic adsorpt
ion spectrophotometers in the determination of carbo
hydrates and ash content and development of analytical 
schemes for detailed fiber analysis.

The need to understand (z) the structure of native and 
modified starches, (z'z) the interaction of starch with 
hydrocolloids and proteins, (z'z'z) the processes of gelatini- 
zation and rétrogradation of starch and (z'v) the confor
mation of polysaccharides in pure and combined systems 
of solutions and gels was pointed out, in order to con
struct models for interpreting structures in the natural 
context and for guiding fabrication of new foods.

The food application of lactose and its derived pro
ducts, polyols, high fructose corn syrups in bakery, 
beverages, canned fruits and vegetables, confectionery, 
dairy products and dietetic foods have been described.
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The health implication ot carbohydrates has received 
due attention. The reported adverse effects of excessive 
sucrose consumption in causing dental caries, elevation 
of serum triglycerides and impairment of the insulin- 
producing system depend on a number of factors, 
necessitating caution in drawing conclusions. More 
knowledge about the physiological effects of fiber in the 
human diet was felt necessary for evaluating its role. 
The advocacy of special dietic foods, promotion of new

foods and labelling of marketed foods require restraint 
and care.

The book with its good coverage of the subject, 
useful bibliography and index is a valuable addition 
to the libraries of research and teaching institutions 
devoted to nutrition, food science and technology.

M. N. Satyanarayana
C.F.T.R.I., M y s o r e .

N A T IO N A L  SY M PO SIU M  O N  SURFACTANTS, 
E M U L SIO N S A N D  BIO C O L LO ID S

(Fundamental and Industrial Aspects)

October 27-29, 1983

Department of Chemistry and Department of Food Technology and Biochemical Engineering 
Jadhavpur University is holding the above Symposium from October 27-29, 1983 at Calcutta.

The technical sessions are intended to comprise of invited lectures, presentation of papers and recom
mendation for future work through panel discussion on the following areas:

1. Fundamental and applied aspects of surfactants, micells, emulsions and microemulsions.
2. Physical chemistry of biopolymers, oiosurfactants, biogels and interaction of biopolymers.
Interested persons may contact the Conveners, Prof. S. K. Aditya and Prof. D. K. Chattoraj,

National Symposium on Surfactants, Emulsions and Biocolloids, Jadhavpur University, Calcutta-700 032 
for further details.



ASSOCIATION NEWS

Delhi Chapter
The Annual General Body Meeting was held on 1st 

February 1983 and the following Office bearers were 
elected: President—Mr. Laljeet Singh, Vice-President —• 
Dr. J. S. Pruthi, Dr. (Mrs) K. K. Sharma, Secretary— 
Mr. O. P. Grover, Jt. Secretary—Mr. N. K. Dadlani, 
Treasurer—Mr. Y. K. Kapoor and Editor—Dr. Susanta 
K. Roy.

Hyderabad Chapter
The Annual General Body Meeting was held on 19th 

March, 1983 and the following Office bearers were elect
ed: President—Mr. P. V. Surya Prakasa Rao, Vice-

President—Mrs. Yamuna Ranga Rao, Secretary— 
Mr. Surendra Kumar Sood, Jt. Secretary—Mr. V. V. L. 
Narasimham, Treasurer—Mr. B. D. Tripathi.

Trivandrum Chapter
A seminar on “Utilization of cassava for production 

of alcohol” was jointly sponsored by the Trivandrum 
chapter of AFST(I), State Committee on Science & 
Technology, Govt, of Kerala and RRL, Trivandrum on 
2nd December 1982. The seminar was inaugurated by 
Dr. K. Gopalan, Vice-Chancellor, Cochin University 
and Presided by Dr. Vasudev, Chairman, Kerala State 
Committee on Science and Technology.

N A TIO NA L S Y M P O S IU M  O N  Q UICK  FR O Z E N  FO O D S  
(Present Status and Prospects)

November 12-13, 1983
The Delhi Chapter of the Association of Food Scientists and Technologists (India) is conducting 

the above Symposium from November 12-13, 1983 at New Delhi.
The main object of the Symposium is to assess the present status, recent trends and future scope for 

development and manufacture of frozen foods in India. The subject areas proposed to be covered in the 
Symposium are:

1. Frozen Meat and Poultry Products
2. Frozen Fish and Crustaceans
3. Frozen Dairy and Bakery Products
4. Frozen Fruits, Vegetables and Products
5. Food Machinery for Freezing of Foods
6. Quality Control and Standardization of Frozen Foods
7. Packaging, Storage. Transportation & Distribution of Frozen Foods.
For further information regarding Symposium, interested persons may please contact:
M r. O. T. Grover
Hony. Secretary 
AFST(I) Delhi Chapter 
C/o Gardners’ Corporation 
6, Doctor’s Lane 
New Delhi-110 001
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Manuscripts of papers (in triplicate) should be typewritten in double space on 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. Review papers are also accepted.
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Tables: Tables as well as graphs, both representing the same set of data, should be avoided. 
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(b) Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New 

York, 1952, Vol. II, 966.
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