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Collapse and Arom a Retention During Storage of Freeze-Dried Products
M .K . R ifa

Lebanese University. Faculty of Science. Department of Chemistry, Beirut-Lebanon
AND A . VOILLEY

University of Dijon. ENSBANA. Department de BPC, CUM; 21000 Dijon-France
Received 9 April 1990; revised JO November 1990.

The effect of heating, humidity and composition of some sugars and lactosérums on the collapse and the retention of aroma is 
studied. Collapse favours the loss of aroma. The retention of aroma decreases after heating the freeze-dried products at temperatures 
higher than their collapse temperatures. The diffusion of the volatile compounds and the chemical composition of the substrate 
both influence the retention.

Changes in the rigidity of the porous structure of freeze- 
dried products may occur during storage. The experiment 
showed a decrease in volume of the product and an increase, 
in its hardness due to the destruction of its porous structure. 
Factors that govern this phenomena are the temperature, 
humidity and chemical composition of the substrate. Each 
product has a fixed collapse temperature (Tc) for a given 
residual humidity (RH). It has been shown that an increase 
in the RH of freeze-dried products brings a decrease in their 
collapse temperature''. Tc is linearly related to moisture 
content, approximately up to the BET monolayer which is 
where a break in the curve occurs'. Tc decreases when the 
number of dextrose equivalents (DE) increases1'. If the 
tempeVature and moisture are too high during storage of 
freeze-dried products, the destruction of the structure and loss 
of volatile compounds may result. This loss is greater in the 
case of collapse obtained by sorption of water rather than by 
heating. Collapse also takes place during the change from 
the amorphous state to crystalline state.

The loss of volatile compounds during this transformation 
is significant. The retention of aromas depends on residual 
humidity (RH). If RH is lower than 30 per cent, retention 
remains high, but above 70 per cent, the aroma is completely 
lost after few hours. At mid-way RH. aroma retention is not 
very low J . The effect of heating of freeze-dried products 
on retention was studied by Chirife4 5 and To”: a linear 
relation between loss of aroma and degree of collapse in 
lactose-hexanol system has been shown.
M a ter ia ls  an d  M eth od s

Mono, oligo and polysaccharides and lactoserums (LS) 
were used as substrates. Polysaccharides are hydrolysed 
starch, characterized by their DE (per cent of dextrose 
equivalent). Lactoserum LS, contains (in per cent) 12.5 
nitrogen and 72 lactose and LS, contains 36.5 nitrogen and 
48 lactose. The volatiles: acetone. 2-propanol, n-hexanol.

ethylacetate, benzaldehyde and diacetyl were used at a 
concentration of 1 per cent (W/W). The concentrations of 
substrate were 15 and 50 per cent (W/W). Two model 
solutions (water-substrate-volatile) placed in separate flasks 
were freeze-dried using SMJ-USIFROID freeze-dryer. 
Quantitative analysis of the volatile substances were carried 
out by GC before and after drying and collapse. The freeze- 
dried products were rehydrated before analysis. The gas- 
chromatograph apparatus used was a Hewlett-Packard, serie 
5710A equipped with a flame ionisation double detector. The 
collapse temperature was measured under microscope as 
follows: particular flasks were heated at the rate of 5°C/min 
and photographed under microscope at various stages of 
heating; The heating continued until the flask area became 
round and constant in size. The degree of collapse Dc is 
defined by the following formula:

Dc = Ai-At 
Ai

where Ai is initial area of the flask and At is final area of
the flask.

The normalized collapse curve represents the degree of 
collapse versus temperature. The collapse temperature Tc is 
the intersection of the rapid increase in the normalized 
collapse curve with the temperature axis. The hardness of 
freeze-dried products caused by collapse is measured by a 
penetrometer and expressed in grams.
R esu lts and  D iscu ssio n

Fig. I shows a linear correlation between DE and Tc of 
some malto-dextrins at 0 per cent RH. The effect of moisture 
on Tc of the freeze-dried malto-dextrin DE 32 is shown in 
Table 1. The Tc decreased rapidly when the RH increased. 
This is due to the fact that hydrogen bonds which are 
responsible for the main structural force in freeze-dried 
products' arc weakened as the moisture content rises.
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FIG. 1. Collapse temperature versus DE

T a b l e  1. C o l l a p s e  t e m p e r a t u r e  a t )  o f  m a l t o d e x t r in
AT DIFFERENT RESIDUAL HUMIDITY (RH)

RH % 0 2.3 6.4 8.4
Tc (°C) 139 96 66 37
Each value is the average of Five determinations

The effect on heating on retention of freeze-dried maltose 
at 0 and 7 per cent RH is shown in Table 2. The heating at 
T < Tc did not show any notable loss of volatile compound 
whereas the heating at T > Tc showed a greater loss 
especially for maltose at 7 per cent RH. In order to study 
the nature of substrate on retention, a large variety of products 
were used. These freeze-dried products were heated until the 
temperature reached their Tc. The resistance to penetration 
and the retention of volatile compound are shown in Table
3. From this Table, it is observed that, in the case of malto- 
dextrins, the resistance to penetration and the retention of 
aroma decreased when their DE decreased. In the case of 
lactoserum, the retention of aroma in LS, was much higher 
than that of LS . This high per cent of retention in LS, may 
be due to the presence of much lactose which retains a large 
quantity of aroma. Recrystallisation of lactose was found to 
be a major cause for loss of aroma in the dry state. The 
retention of volatile compound during the collapse caused by 
heating could be explained as follows'1: the amorphous 
structure holding the volatile compounds shrinks slightly and

T a b l e  2. R e t e n t io n  o f  v o l a t il e  s u b s t a n c e s  (%) in  f r e e z e -d r ie d  m a l t o s e  at d if f e r e n t  r e s id u a l  h u m id it y  <r h )

AT 0% RH
Temp (°C) Acetone Ethyl Diacetyl 2-prcpanol n-hexanol Benz-

acetate aldehyde
70 90 85 91 95 80 84
89 89 85 63 39 77 79
104 (Tc) 86 85 49 34 75 75
130 58 54 27 75 75 52
140 18 18 4 31 70 66

AT 7% RH
45 100 100 100 100 100 100
52 93 96 98 95 97 93
72 90 89 82 94 89 95
101 (Tc) 82 74 35 39 84 78
124 29 22 14 49 62 50

Each value is the average of five determinations

T a b l e  3. P e n e t r a t io n  r e s is t a n c e  a n d RETENTION OF VOLATILE COMPOUNDS AFTER HEATING THE FREEZE-DRIED
COMPOUNDS

Substrate Tc (°C) Volatile retention (%) Appearance
0% RH Acetone Ethyl- Diacetyl 2-Pro- n-hexanol Benzal- tration

acetate pa noi dehyde (g)
DE 61. 5 56 91,8 100,0 71.2 75,7 74,6 74,2 412 collapsed
DE 32 139 26.2 84.3 6.4 44.4 130 40.4 268 collapsed
DE 28. 5 155 167 64.0 5.6 29.7 69.1 30.7 259 collapsed
DE 19 184 22.0 75.0 5.4 29.7 59.8 40.2 - non collapsed
Maltose 102 100 100 30.0 97.0 130 100 — collapsed
L S , 34 90.0 100 14.7 92.0 130 86.0 27 slight collapsed
LS, 34 45.5 30 16 12 97 81 - slight collapsed
Each value is the average of five determinations
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T a b l e  4 . C o l l a p s e  t e m p e r a t u r e  <°C)

Substrate — 0.1% acetone 1% acetone

Maltose 104 82 79
Malto-dextrin (DE 61,5) 56 49 28
Each value is the average of four determinations

WITH AND WITHOUT VOLATILE COMPOUND
0% RH 1.5% RH 7% RH
1.1% ethyl- 6 volatile 0.1% acetone 6 volatile
acetate compounds compounds

84 86 75 31
_____ — — —

a large retraction in volume occurs. This may be accompanied 
by a notable loss of volatile compounds. Finally the product 
becomes liquid retaining what remains as a volatile 
compound. The variation in aroma retention can be explained 
by the destruction of micro-regions immobilising the 
volatiles54 and by a development of the diffusion of aromas4.

Furthermore, the interaction between the volatile 
compounds and substrates appeared as one of the main causes 
of retention.

The effect of aroma on Tc is shown in Table 4. The presence 
of aroma in freeze-dried products, even in small quantities, 
decreased the Tc. This change of Tc may be due to the 
weakness of hydrogen bond which maintains the amorphous 
and porous structure of the freeze-dried product.
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Studies on the Preparation and Evaluation of Vermouth from Plum
V.K. J o s h i . B.L. A t t r i . a n d  B.V.C. M a h a ja n  

Department of Post-harvest Technology,
Dr. Y. S. Parmar University of Horticulture and Forestry 

Nauni, Solan-173230 (HP), India.
Received 6 March 1990; revised 16 August 1990

Vermouth of commercial acceptability could be prepared from plum. In the vermou-.h with increased levels of alcohol, TSS, pH, 
aldehyde, esters, phenols and per cent sediment invariably increased, while titratable acidity and vitamin C declined. However, volatile 
acidities, sugar contents and colour values remained unaffected. The herb/spices extract addition increased the total phenols, aldehyde 
and ester contents of vermouth. The physico-chemical characteristics of plum vermo jth compared well with those of mango and 
grape vermouths. The sensory evaluation of the products showed the sweet products to be superior to the dry ones. Vermouth with 
15% alcohol and sweet taste was the best product. The names, parts of the herbs/spices, their individual quantities used and the 
method of preparation of vermouth have been described.

Himachal Pradesh produces about 16.000 tons of Plum 
(Primus salicina L.) annually1. Being a highly perishable 
crop, it cannot be easily transported to far off places nor can 
it be cold stored for long periods. Though, the fruit could 
be utilized for the preparation of jams, jellies etc., to 
accommodate the large quantities of the fruit produced during 
the glut periods it becomes necessary to explore alternate 
methods for its utilization on commercial scale. Preparation 
of alcoholic beverages is one of the options for this purpose 
and methods for preparation of plum wine of good quality 
are available in the literature'. The use of delightfully 
smelling and tasting herbs and spices are made in various 
food preparations to increase palatability. To satisfy this taste 
preference, wine was made for the first time by Antonio in 
1786 in Italy by using wormwood and the wine was called 
‘Vermouth''.Aperitif wines known as vermouths compounded from 
grape wine by adding herbs and spices mixture or their extract 
are popular in European countries and in U.S.A. Aromatised 
fruit wines are also produced commercially in U.S.S.R. and 
Poland4. Extensive studies on the recipes of the spices and 
herbs are reported in the literature.4 5 Recently, Onkarayya6 
prepared commercially acceptable mango vermouth but 
whether plum could be used for the production of vermouth, 
needs investigation. Therefore, studies were carried out with 
the object of preparation of plum vermouth and this paper 
describes the results obtained.
Materials and Methods

The plum pulp was prepared by mashing the fruits of ‘Santa 
Rosa' variety procured from University Orchard at Nauni. 
The must was prepared as per the method reported". The 
culture of Sacchanmtyces cerevisiae var. elUpsoideus (5

per cent) was prepared in the sterilized plum pulp and was 
added to the must to initiate the fermentation which was 
carried out at a temperature of 22+ 1°C, till the total soluble 
solids (T.S.S) became stable (8.0°B). It was siphoned, racked 
and filtered followed by maturation for a period of 6 months 
and was used as a base wine (PLW). A part of this base wine 
was distilled as aer the standard methods to produce plum 
brandy5.

Extract preparation: Sixteen commonly available spices
and herbs (Table 1) were powdered after drying. The mixture 
was added to the base wine (containing plum brandy) to 
solubilise the active ingredients in alcohol by heating to 60°C 
for 5-7 min. everyday in a closed container for 10 days. It 
was then filtered using a muslin cloth and the residues were 
again extracted by using a small quantity of brandy and the 
filtrate was added to the original bulk. The extract was kept 
in refrigerator at 2 to 3°C for 24 hr followed by filtration.

Vermouth preparation: Vermouths with three alcoholic 
levels viz. PLV, original (12.2 per cent), PLV, (15 per cent) 
and PLV, (19 per cent) were made with plum brandy by 
calculating alcohol content using the formula reported7.

After fortification and addition of spices extract, the TSS 
in case of sweet vermouth(S) were raised by 6 per cent with 
addition of sugar syrup (70°B). No additional sugar was added 
in the preparaticn of dry vermouth (D). The extract (10 
per cent) and SC, (50 ppm) were added and products were 
kept for maturation for a period of 3 months.

The plum vermouths of various treatments were analysed 
for different physico-chemical, microbiological and sensory 
characteristics. T S.S. were measured by hand refractometer, 
while colour was compared by Lovibond tintometer as per 
the standard methods' and expressed as red (R), yellow (Y) 
and blue (B) units. The pH was measured with the digital
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TABLE 1. SPICES/HERBS ADDED TO THE BASE WINE FOR 
VERMOUTH PREPARATION

Common name Botanical name Parts Quantity/I 
used (gl

Black pepper Piper nigrum L. Fruit 0.75
Coriander Coriander salivian L. Seeds 0.70
Cumin Cuminnm cyminum L. Seeds 0.50
Clove Syzygium aromaticum L. Fruit 0.25
Large cardamom A mom urn subulatum Roxb. Seeds 0.50
Saffron Crocus sativus L. Flower 0.01
Fenugreek Trigonella foenumgraecum L. Seeds 0.50
Nutmeg Myristica fragrans Houtt. Seed 0.25
Cinnamon Cinnamomum zeylanicum Beryn. Bark 0.50
Poppy seed Papaver somniferum L. Seeds 1.00
Ginger Zingiber officinale Rose. Dried root 1.00
Wood ford ia Woodford ia floribunda Flower 0.25
Asparagus Asparagus sp. Leaves 0.10
Withania Withania somnifera Roots 0.20
Adhatoda Adhatoda sp. Leaves 0.25
Rosemary Rosmarinus officinalis Flowering

plant
0.10

PH meter while titratable acidity was determined using 
standardized alkali. Volatile acidity, alcohol, esters, aldehydes, 
total phenols, sugars and vitamin C were measured as per 
the methods described914. The vermouth was analysed for 
standard plate count as per the routine method described15. 
Sensory analysis was carried out by getting scores for 
individual attributes on a prescribed proforma. Maximum 
score for each attribute was 20. The samples were given in 
the coded form to the trained panel of 10 judges in random 
order. The judges were allowed to rinse their mouth with

water while tasting the samples. The samples were presented 
in separate rooms or on tables in a room.

The data on physico-chemical parameters were statistically 
analysed by completely randomised design and those of 
sensory evaluation by randomised block design as per the 
recommended methods"'17.
R esu lts  a n d  D iscu ssio n

The composition of the plum base wine used for vermouth 
preparation (Tabic 2) shows that the various characteristics 
arc quite comparable and matched with the essential 
requirements of a base wine to be made into vermouth as 
has been reported15. Further, the data show that there are 
significant differences in total soluble solids of the wine and 
different vermouths. These differences are expected because 
of addition of sugar to make the product sweet and addition 
of brandy which also contributes towards the total soluble 
solids by effecting the refractive index. The sweet vermouths 
showed a slight decrease in their alcohol contents than the 
initial values i.e. 12.2, 15.00 and 19.00 per cent respectively. 
No such change in the dry products was observed.

Compared to the plum base wine, the titratable acidity 
registered a significant decrease with increase in the alcohol 
contents. As the neutral brandy was used to fortify the base 
wine, it might have diluted the acid contents in the respective 
vermouths. Titratable acidity in our products is slightly more 
than those reported19 which is due to the inherent character 
of plum fruit. The pH values of the products were 
corroborating with the respective acidity values. There was 
no significant difference in colour values of the vermouths 
of various treatments and is desirable.

t a b l e  2. P h y s ic o -c h e m ic a l  c h a r a c t e r is t ic s  o f  p l u m  b a se  w in e  a n d  v e r m o u t h s  o f  v a r io u s  t r e a t m e n t s

Treatments TSS Alcohol Titra- Volatile: pH Colour Sugars Vitamin Sedi- Total Aide- Ester
(°B) (%v/v) table acidity R Y B RS TS C(mg/ ment phenols hyde (mg/1)

acidity (% A A) (%) (%) 100 ml) (%) (mg/1) (mg/1)
(% MA)

Plum Vermouth (original alcohol, PLVj)
PLV,(D) 8.1 12.3 0.86 0.02 3.35 9.0 10.6 0.1 ND ND 4.5 0.2 429 104 189
PLV,(S) 11.5 11.5 0.78 0.03 3.33 10.0 10.6 0.1 4.7 5.0 4.1 0.3 399 106 212

Plum Vermouth (15% alcohol, PLV2)
PLV,(D) 9.2 15.0 0.81 0.03 3.38 10.0 tO.i 0.1 ND ND 3.5 0.4 417 111 204
PLVj(S) 15.0 14.5 0.79 0.04 3.34 10.0 10.1 0.1 4.6 4.8 3.2 0.5 390 112 219

Plum Vermouth (19% alcohol, PLV,)
PLV,(D) 10.7 19.0 0.77 0.03 3.44 10.0 9.1 0.1 ND ND 3.1 0.8 414 121 211
PLV,(S) 14.1 18.5 0.72 0.03 3.52 10.1 9.0 0.1 4.7 5.0 2.7 0.9 383 123 225

Plum Base Wine (original alcohol, PLW)
PLW 8.2 12.2 0.85 0.02 3.28 9.0 11.6 0.1 ND ND 4.6 ND 396 87 171
CD (P=0.05) 0.25 0.22 0.02 0.05 0.06 NS NS 0.95 0.01 10.8 1.3 3.0
MA = Malic acid, AA = Acetic acid, R = Red, Y = Yellow. B = Blue, Units of respective colour. D = Dry. S =  Sweet. RS = Reducing sugars, 
TS = Total sugars, ND = Non-detectable, NS = Non-significant.______________ _______________________________________________________
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Neither the plum base wine nor dry products contained any 
reducing or total sugars. No significant differences between 
total sugar contents of the sweet products are observed. All 
of them are having volatile acidities less than the legal limit 
prescribed for the wine5, and are lower than in mango 
vermouth5.

Ascorbic acid in the base wine and the different vermouths 
indicates a decrease as the alcohol content increases. But 
sweet and dry vermouths of various treatments did not show 
any difference. Vitamin-C contents of wines are normally 
negligible2' though appreciable amounts of it are present in 
plum base wine or vermouths. Increasing alcohol levels 
increased the sedimentation. Further, the sweet vermouth had 
more sedimentation than dry in the respective treatment. Dry 
vermouth contained significantly more phenolic content than 
the respective sweet-vermouths or the base w ine possibly due 
to the contribution made by the extract of spices and herbs 
used to flavour it5. But overall results arc similar to those 
reported''. Comparatively, lower phenolic contents in 
sweeter vermouths than the dry vermouths may have 
been the result of precipitation during maturation as indicated 
by more sedimentation in the former than in the latter 
(Table 2).

The results indicate a significant increase in aldehyde and 
ester contents over that of base wine and invariably sweeter 
product contained more aldehydes. The increase in these 
components* is the effect of addition of herbal extract which 
is known to contribute various compounds including esters. 
Increase in aldehyde content of mango vermouth has also been 
reported'. The aldehyde content of grape wine has been 
found to range between 100 and 125 mg/1, but data on 
aldehyde contents of grape vermouth are lacking5. The effect 
of maturation could be another factor for such levels of ester

contents which normally range from 200 to 400 mg/1 as ethyl 
acetate in wines .

The plum wine and vermouths of various treatments were 
found to be free from any microbial contamination indicating 
soundness of the products.

Sensory analyses of the vermouths (Table 3) show that there 
were significant differences in all the parameters except the 
body. PLV, (S) obtained the highest score in colour and 
appearance, astringency and aroma. With respect to the taste, 
the data showed the sweet products in all the treatments were 
preferred to dry, possibly due to the balancing of the bitterness 
and strong aroma in the vermouths contributed by the addition 
of herbal extract. In the overall quality, PLV, (S) product 
scored significantly higher than the other products. PLV, (S) 
could be designated as of commercially acceptable quality 
as has been proposed by Ough and Baker'1.

It can be concluded from this study that the sweet vermouth 
with 15 per cent alcohol of commercial acceptability could 
be prepared by the proposed method.
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Acceptable dry table wines were prepared from the three cultivars viz., ‘Pharenda’. ‘Jamun’ and ‘Kathjamun’ but, wine prepared 
from ‘Jamun’ was adjudged the best followed by ‘Kathjamun’. In the preparation of must, dilution of whole fruit in the ratio of 
1:1 with water was found suitable. Use of pectic enzyme was found to be more beneficial in getting a clear product.

The Jambal fruit (Syzygium  cum ini Linn) is liked for its 
refreshing pink to greyish juicy flesh, having a very balanced 
sugar, acid and tannin blend. It is generally consumed fresh 
and is known to have therapeutic value. It is considered useful 
in preventing diabetes1 \  Information regarding the area and 
total production of this fruit is not available because it is 
seldom planted in the form of orchard. It is widely grown 
in larger parts of India from the Indo-Gangetic plains in the 
north to Tamil Nadu in the South, scattered in fruit 
plantations, in parks, on road sides, avenues and as wind 
break. The average yield of fruit from full grown seedling 
Jamun tree is about 80-100 kg and from a grafted one 60-70 
kg per year4. Very little information is available on 
processing of this fruit except its use in making vinegar and 
spicy, ready-to-serve beverages'7. The attractive colour due 
to anthocyanin pigment is a major quality attribute in Jamun 
beverages58 and this with other characters can be used in 
making various products. Wine is one such product. Though 
there are no named or standard varieties of this fruit under 
cultivation, the three cultivars of Jambal available in Uttar 
Pradesh were tested for their suitability and devising a 
methodology for making quality red wine.
Materials and Methods

Mature fruits of three cultivars, viz, ‘Pharenda’, ‘Jamun’ 
and ‘Kathjamun’ were collected from the avenue trees of 
Kalidas Marg, Lucknow and used in the present study. Ten 
Kg fruits of each cultivar were washed in water, crushed with 
hand without damaging the seeds and divided into two lots. 
Boiling water in the ratio of 1:1 and 1:2 was poured over the 
1st and 2nd lot respectively to kill naturally occurring strains 
of yeasts and bacteria on the fruits and also to reduce the high 
acid and tannin contents of the fruits (by dilution effect), in 
order to produce a palatable wine, as in a preliminary 
experiment wine produced by undiluted jamun must was 
found too acidic and astringent. The hot must was quickly 
cooled and mashed again. Sufficient sugar (2 kg in 1st and
3.10 kg in 2nd lot) was then added to raise the total soluble

solids to 23° Brix. Yeast nutrient in the form of diammonium 
phosphate (0.2 per cent) and sulphur dioxide (150 p.p.m.) 
in the form of potassium metabisulphite (2.35 g in 1st and 
3.655 g in 2nc lot) were added. Starter was prepared by 
making a malt solution by adding (in per cent) 20 sugar, 0.03 
tartaric acid, 2.0 malt extract, 2.0 yeast extract, 0.2 citric acid 
0.2 ammonium phosphate in distilled water. The medium was 
brought to boiling, cooled and inoculated with seven days old 
culture of Saccharom yces cerev isiae  variety e llip so ideu s  
Burgandy (No. 3281) collected from National Chemical 
Laboratory, Poona and maintained on M.G.Y.P. medium. A 
24 hr old starter was inoculated to the must at 2 per cent level 
and allowed to ferment at room temperature (33-35°C). When 
vigorous fermentation had set in, both the lots were divided 
into two sub-lo:s. In one sub-lot of each lot was added 0.25 
per cent pectic enzyme, prepared from A sp erg illu s w en tii9 
and other sub-lot was left as such without adding pectic 
enzyme. After four days of fermentation, all the lots were 
pressed through muslin cloth and the seeds and pomace were 
discarded. All the four sub-lots of each cultivar were 
fermented till almost all the sugar was consumed (to dryness). 
After settling, the wines were racked into clean glass bottles 
of 2.5 and 1.0 L capacity and filled upto the brim. Sulphur 
dioxide in bott’es was maintained at 150 p.p.m. level. The 
air-tight sealec bottles were stored at room temperature 
(20-35°C) for maturation. The wine samples were racked at 
intervals of two months for a period of six months.

Fruits, musts and wine samples were analysed for chemical 
composition. Total soluble solids (TSS) were determined with 
a hand refractometer and pH using a pH meter. Total acidity 
(as citric acid), total sugars (as invert sugar) and tannins (as 
tannic acid) were estimated by AOAC methods10. Sulphur 
dioxide, volatile acidity (as acetic acid), ester (as ethyl 
acetate), ethyl a cohol and extract (alcohol-free soluble solids) 
were analysed as described by Amerine and Cruess". The 
total anthocyan n pigment was measured by the method of 
Fuleki and Frarcis1' with slight modification as suggested by 
Khurdiya and Roy1'5. Measurement was taken at 515 nm and
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results expressed as mg eynanin per 100 g/ml must or wine. 
Pectin was estimated as calcium pectate by the method of 
Carre Haynes' . The rate of fermentation was compared by 
the weight loss of the musts in flasks, i.e. by the amount of 
CO, formed and released during the fermentation14. Sensory 
evaluation was done by a panel of seven judges as 
recommended by Amerine and Cruess".
R esults an d  D iscu ssion

The composition of fresh fruits varied with the variety 
(Table 1). Seed to pulp ratio was highest (1:10.2) in ‘Pharenda’ 
and lowest (1:1.8) in ‘Kathjamun’. Total sugars ranged from 
8.55 to 9.22 per cent and acidity from 1.06 to 1.30 per cent. 
Anthocyanin pigments ranged from 157 to 182 mg/100g. 
tannins from 302 to 345 mg/100 g and pectin from 0.48 to 
0.63 per cent. As the acidity and tannin contents were high, 
water was added in 1:1 and 1:2 ratio into the crushed fruits 
to get a palatable wine and the diluted musts were ameliorated 
with cane sugar to 23° Brix before setting for fermentation 
in order to get the desired level of alcohol. Schanderl and

Koch'\ also recommended the amelioration of berries and 
plum with water and cane sugar to produce a palatable wine. 
Dilution and addition of cane sugar resulted in decrease of 
all the constituents in the musts to an appreciable level (Table 
1), except the pH which increased from 3.02-3.15 to 3.40-3.56. 
The acidity decreased to 0.30-0.49 per cent, tannins 93-162 
mg/100 g, anthocyanins 51-82 mg/lOOg and pectin 0.13-0.22 
per cent.

The yield, composition and organoleptic evaluation of the 
aged wines are presented in Table 2. Having very little sugar 
(traces to 0.40 per cent), the alcoholic contents ranged 
between 10.26 and 11.61 per cent and hence these wines could 
be classified as dry wines. Alcohol yield in 1:1 dilution of 
all the three cultivars was little higher than that of wines made 
from 1:2 dilution as the dilution may affect the conversion 
of sugar into alcohol. This aspect was investigated by 
comparing, the weight loss of the musts of 1:1 and 1:2 
dilutions of ‘Jamun' cultivar in flasks, i.e. by the amount of 
CO, formed and released during the fermentation. The 
average per cent weight loss for 24 hr in 1:1 dilution was found

T a b l e  1. C o m p o s it io n * o f  f r e s h  f r u it s  a n d  m u s t s  o f  d if f e r e n t  c u lt iv a r s  o f  ja m b a l

Pharenda Jamun Kathjamun
Test conducted Fruit Must Fruit Must Fruit Must
Dilution — 1:1 1:2 — 1:1 1:2 — 1:1 1:2
Seed to pulp ratio 1:10.2 — — 1:3.9 — — 1:1.8 — —

TSS (°Brix) 11 23 23 12 23 23 It 23 23
PH 3.08 3.40 3.52 3.15 3.46 3.56 3.02 3.40 3.48
Acidity (as citric acid %) 1.23 0.46 0.38 1.06 0.38 0.30 1.30 0.49 0.40
Reducing sugars (%) 8.32 — — 8.82 — — 8.05 — —

Total sugars (%) 8.74 — . — 9.22 — — 8.55 — —

Pectin (as calcium pectate %) 0.63 0.22 0.16 0.55 0.20 0.14 0.48 0.18 0.13
Tannins (as tannic acid mg/lOOg) 320 150 108 302 142 93 345 162 113
Ai ’hocyanins (ml/lOOg) 168 74 58 157 64 51 182 82 61
— Not analysed.
* Each value is an average of 4 replicates.

T a b l e  2. Y ie l d , c h e m ic a l  c o m p o s it io n  a n d  s e n s o r y  e v a l u a tio n  o f  ja m b a l  w in e s  a f t e r  6 m o n t h s  m a t u r a t io n *
Pharenda Jamun Kathjamun

Test conducted Without With Without With Without With
PE PE PE PE PE PE

Yield (1/2.5 kg fruits) 3.80 3.92 3.62 3.70 3.52 3.62
Alcohol (%) by vol 10.93 11.16 11.23 11.61 10.71 10.86
Total acidity (as citric acid g/100 ml) 0.44 0.46 0.37 0.38 0.45 0.48
Volatile acidity (as acetic acid g/100 ml) 0.033 0.036 0.036 0.032 0.042 0.033
PH 3.40 3.40 3.50 3.48 3.42 3.40
Residual sugar (g/100 ml) 0.32 0.18 Tr Tr 0.32 Tr
Esters (as ethyl acetate mg/100 ml) 18.48 16.22 16.12 14.24 16.46 20.48
Tannins (as tannic acid mg/100 ml) 118 104 105 94 125 115
Total anthocyanins (mg/100 ml) 46 45 44 42 48 45
Extract (g/100 ml) 3.7 3.0 3.33 2.9 3.1 2.7
Pectin (as calcium pectate g/100 ml) 0.032 Nil 0.021 Nil 0.026 Nil
‘Average organoleptic score 71.0 75.0 78.5 83.0 74.3 75.4
PE = Pectic enzyme. * = significant at 5% level (ANOVA in RBD); Tr = Traces
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higher (2.145) than per cent weight loss in 1:2 dilution (1.795). 
Total acidity in matured wines ranged from 0.29 to 0.48 g/100 
ml which is slightly less than the acidity of the musts. Volatile 
acidity (as acetic acid) ranged from 0.032 to 0.040 g/100 ml 
and ester contents (as ethyl acetate) ranged from 14.23 to
20.48 mg/100 ml. An appreciable decrease was found in tannin 
and anthocyanin contents which ranged from 70 to 125 mg/100 
ml and 29 to 48 mg/100 ml, respectively. The possible reason 
of decrease of these polyphenolic compounds may be due to 
their combination with aldehydes, to precipitate with added 
or natural proteins and to other reactions". The pectin 
contents were found very much decreased and varied from 
nil in lots treated with pectic enzyme to traces - 0.032 g/100 
ml in lots not treated with pectic enzyme. The decrease in 
pectin in lots not treated with pectic enzyme was due to the 
precipitation of pectin with alcohol produced". Pectic 
enzyme treated lots were found slightly higher in total acidity 
as these enzymes raise the galacturonic acid content which 
is the ultimate compound produced due to the hydrolysis of 
pectic substances.

Clarity, colour, bouquet and taste are the characters 
responsible for acceptance or rejection of any wine. In sensory 
evaluation, the wines secured 70.3 to 83.0 per cent marks and 
all the 3 cultivars were found suitable for making wines. 
Among three cultivars, ‘Jamun’ was found the best followed 
by ‘Kathjamun’. Between 1:1 and 1:2 dilution, 1:1 was 
adjudged superior as it secured more marks than 1:2 dilution 
in all the three cultivars. It gave wines of more balanced acid, 
tannin and colour contents and also produced higher alcohol 
yield. Though lots not treated with pectic enzyme also 
produced clear wines, the enzyme treated lots were found 
more clear and secured more marks than untreated ones.

Thus, pectic enzyme treatment was found beneficial in making 
jambal wine.
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Short duration (1-3 days) experiments were carried out on evaporative cooling (EC) of potatoes using metallic EC chambers covering 
the outer walls with wet cloth, with a view to finalise design details for scaling upto 10-ton capacity. The results showed that the 
rate of cooling during 24 hr period increased in proportion to the increase in the surface area of evaporation upto 80%, but further 
increase in the surface area of evaporation to 100% did not show any additional cooling due to direct solar radiation. At the end 
of 24 hr cooling, the temperature dropped to 22.1°C from 38.0°C (with a drop of 15.9° C) and the amount of heat removed was 
2658 kj as against wet bulb temperature of 21.1°C. Air circulation inside the EC chamber increased the cooling rate to 3.0 kj/kg/hr 
as compared to 1.65 kj/kg/hr in non-circulating chamber. The cooling efficiency in terms of heat removed (kj/kg/hr) increased 
with the increase in load (1/3, 2/3 and full capacity).

Cold storage of potatoes, besides having other limitations, 
is capita, intensive and therefore, can not be expanded rapidly 
to meet the need of the farmer. Hence, a farm level storage 
system, which is less capital intensive and extends the storage 
life suff.cient to realise better prices is very much needed. 
In this context, evaporative cooling storage of potatoes is 
considered to meet the much desired need and hence work 
has been initiated in the early eighties'. At about the same 
time, work on evaporative cooling storage of fruits and 
vegetables was also carried out in R&D institutes of Indian 
Council of Agricultural Research. A zero-energy evaporative 
cooling double walled chamber, filling in between the two 
brick walls with wet sand was successfully employed for small 
scale domestic level storage of fruits and vegetables'. A 
potato store run on passive evaporative cooling, employing 
evaporative cooling pads, having a 20 ton capacity has been 
reported by the Central Potato Research Institute’. The 
system studied in this laboratory for storage of apples, oranges 
and potatoes4 5, is based on the proportion of evaporative 
surface to the volume of the chamber, in which the metallic 
walls of the chamber cooled evaporatively, serve as heat 
exchangers. However, for the evaporative cooling and storage 
of fresh fruits and vegetables, the efficacy of the system in 
terms of quick removal of field heat from the produce thus 
cooled is very essential, as in tropical countries, the field heat 
of fruits and vegetables is high (>30°C) and unless it is 
removed quickly, there will not be sufficient extension of their 
storage life. Hence, keeping rapid cooling of the commodity 
as the principal objective of this study, the effects of 
(i) variation in the surface area of evaporation, (ii) forced 
circula.ion of air inside the EC chamber, and (iii) the extent 
of loading on the cooling of commodity were studied, to fix

parameters for designing a 10 ton evaporative cooling storage 
structure.
Materials and Methods

Potatoes (cv 'Kufri Jyoti') weighing between 80 and 120 g 
(medium size), without any visible damages were used in 
these studies. The experiments were carried out in 
October/November months when the ambient dry bulb 
temperature ranged between 20 and 32 °C and the wet bulb 
temperature between 17 and 22°C. Ambient conditions, 
actually recorded for each of the short duration experiment 
were used for the calculation of cooling and heat removed.

Description of the evaporative cooling chamber: The 
evaporative cooling chamber used in this study was similar 
to that reported in earlier studies4, but differs in dimensions 
(100 x 25 X 50 cm). The EC chamber was made of 28 gauge 
aluminium sheet covered with tray as lid of size 100 X 20 
x 7.5 cm made of Galvonized iron sheet. The chamber was 
placed in a tray of size 105 x 30 x 7.5 cm. A wire mesh 
(2.5 cm weld mesh) basket of 85 x 20 x 45 cm was used 
to load potatoes, leaving an air gap of 2.5 cm between the 
basket and the chamber.

Loading and operation of the chamber: Potatoes were
filled in the wiremesh basket and kept inside the chamber 
from the top. The chamber was closed with the tray filled 
with water to serve as a reservoir. The evaporative surfaces 
of the chamber were covered with cotton cloth and kept always 
wet. The chambers were kept in shade allowing free wind 
movement. About 45 kg potatoes were stored in the chambers. 
In some experiments, the commodity was allowed to heat 
overnight (in Gallon Kamp humidity oven maintained at 40°C) 
to raise the temperature to near 40°C in order to facilitate
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cooling studies. The chambers, with the narrow sides (ends) 
facing east-west direction were insulated (from out side) with 
10 cm thick polystyrene sheet ('U' value: 682 J/m\°C hr/cm 
thickness).

Temperature, humidity and evaporation recording: The
air temperatures at different points and core temperature of 
potato placed at the centre of the chamber were recorded with 
a six channel digital temperature indicator fitted with probes 
(PT-100) having an accuracy of 0.1°C. Ambient temperatures 
were recorded with a wet and dry bulb thermometer. The 
evaporation rate of water was measured by exposing cured 
clay bricks saturated with water, to the same experimental 
conditions and recording the weight loss at hourly intervals. 
The relative humidity inside the EC chamber was recorded 
by attaching a wick (suspended in water) to the tip of the probe 
placed in the chamber.

Determination of quantity of heat removed and cooling 
efficiency: The heat removed (Q) from the commodity 
during evaporative cooling was determined using the equation 
given by Rastovski\

Q = m T C
where m is the mass of potatoes loaded, C is the specific 
heat of potatoes (3.6 kJ/kg/°C) and T is the change in 
temperature. The per cent cooling efficiency (CE), which 
indicates the extent of cooling of commodity achieved in 
relation to ambient wet bulb, was calculated using the formula

T -  T,
C.E. (%) = ------- — x 100.

T, -  T
where T and Tf are the initial and final temperatures of 
commodity and Tw is wet bulb temperature.

Effect of circulating air inside the evaporative cooling 
chamber: Two chambers with 80 per cent surface area of 
evaporation were used one with and the other without a 
battery operated fan (wing span 7.5 cm) placed at the centre 
of the potato heap. The velocity of air at a distance of 15 cm 
in front of the fan was 0.01 m/sec.
Results and Discussion

The dry buib temperature fluctuated between 21.0 and 
30.5°C, and the wet bulb temperature between 17 and 21°C. 
Under these conditions, the evaporation occurred for over 
18 hr in a day but maximum evaporation rate of about 
0.2/m7hr was observed between 12 noon and 5.00 p.m., 
when the wet bulb depression was highest.

Relationship between surface area of evaporation and 
evaporative cooling: An increase in surface area of 
evaporation from 0 to 80 per cent resulted in a faster and 
greater fall in the core temperature, attaining 22.1°C in the 
chamber with 80 per cent surface area of evaporation. The 
quantity of heat removed was also correspondingly higher 
(Table 1). The cooling efficiency increased from 58 per cent 
for the chamber with 0 per cent evaporative area, probably

T a b l e  I. E f f e c t  o f  e v a p o r a t iv e  s u r fa c e  a r e a  o n
COOLING OF POTATOES IN MODEL EVAPORATIVE COOL 

CHAMBERS AND HEAT REMOVED DURING COOLING (24 hr)
Evaporative area (%) of the container

Data particulars 0 20 40 60 80 100
Load (kg) 43.89 47.00 44.70 46.44 46.44 44.77
Initial core potato :emp (°C) 38.1 37.9 37.7 39.0 38.0 38.4
Core potato temp after 24 hr 

of evaporative cooling (°C)
28.2 27.5 25.5 25.3 22.1 22.6

Cooling efficiency (%) 58 62 73 76 93 91
Heat removed from potatoes 

in 24 hr (KJ)
1564 1760 1963 2290 2658 2547

due to sensible teat loss to 93 per cent for the chamber with 
80 per cent evaporative area. Further increase in the 
evaporative surface area to 100 per cent did not increase the 
quantity of heat removed from the commodity or the cooling 
efficiency, probably because of the simultaneous effects of 
solar radiation during day time. It was not possible to protect 
the chamber with shade from sun rays in the morning and 
evening without hindering free wind movement. The actual 
fall in tempera:ure and the cumulative removal of heat 
(Fig. 1) also show that 80 per cent evaporative area is 
optimum.

Effect of load on evaporative cooling: The temperature
fall was found tc reduce with the increase in the quantity of 
potatoes loaded from one third (15 kg), two-thirds (30 kg) 
and full capacity (45 kg) due to high specific heat and mass 
effect of the commodity (Fig. 2). But the quantity of heat 
removed was progressively higher with increase in load.

Fig. 1. Effect of variation in the area of evaporative surface on the fall in 
temperatures '.full lines) of potato and the heat removed (broken 
lines). Evaporative cooling chamber with C, — 0%; C, — 20%; 
C, — 40%; C4 — 60%; C5 — 80% and — 100% surface area 
of evaporatior calculated on the total surface area of the 4 sides 
of EC chamber.
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Fig. 2. Effect of loading the evaporative coding chamber on the extent 
of cooling of potatoes and total heat removed (cumulative). 0, •  
15 kg; G . I  30 kg and V , ▼  45 kg (full capacity) of potatoes. 
Open symbols temperature of potato and closed symbols heat 
removed from potatoes.

Effect of circulating air inside the chamber on 
cooling: The fall in air temperature at the centre of the EC 
chamber with and without air circulation was 3.2°C and 2.1°C 
respectively (Fig.3). The air temperature near internal surface 
of evaporative wall with air circulation was initially 27°C, 
rose markedly then fell by 4°C in 3 hr as against 1°C in the 
chamber without air circulation. Thus, air circulation resulted 
in a 3°C drop in the core temperature as compared to 1.3°C 
in the chamber without air cirulation (Fig. 3 a,b). Further, 
the heat removed was 251.5 kJ (at the rate of 3.0 kJ/kg/m) 
with air circulation as against 149.0XJ (at the rate of 1.65 
kJ/kg/hr) without air circulation.

Mechanism of heat transfer from commodity to evaporative 
cooling surface: The temperatures near the evaporative wall 
inside the EC chamber at top and bottom (peripheral region), 
and also at the top and bottom at the centre of the potato heap 
(central region), the core of potato at the centre of heap and 
the ambient wet bulb were recorded during the evaporative 
cooling and storage in the EC chamber (with full load and 
without internal forced air circulation). Fig. 4, shows that 
there was a temperature gradient between top and bottom 
layers which caused convective movement of air from 
commodity to evaporative surface and thereby cooling.

The study revealed that the efficiency of the system can 
be improved by orienting the insulated sides of the chamber 
to East-West direction, with evaporative surface area optimum 
(80 per cent in this study) and maintaining air circulation 
within the chamber, during cooling, while the depth of loading

Fig. 3. Effect of forced air circulation inside the evaporative cooling chamber 
(45 kg load of potatoes) on the evaporative cooling, (a) Changes 
in temperatures of air; near the wall of the evaporative surface 
(0. -0-) and at the centre of the evaporative cooling chamber (I I. 
-[G-). (b) Changes in temperature of core of potato placed at the 
centre of the chamber (V . -V-). Full lines with and broken lines 
without forced air circulation.

does not alter it. Further, the temperature of potatoes 
remained equal to or less than that of the ambient wet bulb 
temperature5 which is a significant advantage. Moreover, 
fluctuations in ambient wet bulb temperature are not rapidly 
reflected in the commodity temperature because of differences 
in specific heats of air and commodity. The water 
consumption in the system (0.2 l/m2/hr) developed by us1'5 
is lesser than in pad systems (6.5 l/m7hr) used by 
Thompson and Kasmire'8 under Californian conditions.

This system which can cool potatoes rapidly to temperatures 
nearer to wet bulb with an RH of 90-95 per cent offers great 
fccope for the storage at farm level upto about 4 months during 
summer. These results are useful in scaling up of evaporative 
cooling chambers.
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Fig. 4. Air temperatures in the different regions of the evaporative cooling 
chamber (with full load and without forced air circulation inside 
the chamber) during evaporative cooling and 2 days of storage of 
potatoes. 0 top peripheral region; •  bottom peripheral region; O  
top central region; ■  bottom central region; X potato core; •  
ambient wet bulb.
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Studies were carried out on the standardisation of method for preparation of invert syrup for use in biscuits. Inversion carried 
out at 100°C for 30 min. using 1:3 water to sugar ratio with different acids showed maximum inversion of 97.”% with 10% hydrochloric 
acid followed by tartaric acid (84.8%) and citric acid (74.1%). Increasing the temperature from 80°C to 110°C increased the degree 
of inversion from 50.2 to 97.7%, while increasing the period of inversion from 15 to 30 min. and acid level from 0.1 to 0.3% the 
inversion increased from 79.7 to 97.7% and 124 to 97% respectively. The degree of inversion decreased from 84.8 to 70.7% as the 
water to sugar ratio increased from 33:100 to 60:100. The maximum inversion of 97.8% was obtained at 0.5% of 10% hydrochloric 
acid when the inversion method was followed as done in a commercial way. The optimum level of invert syrup to be used to obtain 
desired biscuit colour was 2% as compared to 4% for liquid glucose.

Liquid glucose produced from corn starch is one of the 
ingredients used for obtaining the desired golden brown crust 
colour in short dough biscuits'. However, several small scale 
biscuit manufacturing units in the country use invert syrup 
obtained by hydrolysing sucrose instead of liquid glucose, as 
it works out cheaper and convenient. The inversion of sucrose 
to invert sugar is required as only reducing sugars in the 
presence of amino acids, peptides and proteins, on heating 
produced dark brown melanoidins due to Maillard reaction. 
This reaction is most important for the production of brown 
hues on the surface of baked biscuits2.

Generally in bakery units, invert syrup is prepared by 
boiling the sugar solution with small quantity of citric or 
tartaric acid to bring about the inversion and allowed to cool 
before it is used in the biscuit formulation. The method of 
preparation varies among different bakery units with respect 
to type of acids and their levels used, temperature of inversion, 
ratio of sugar to water, etc., thereby changing the degree of 
inversion which would naturally lead to variation in the colour 
of biscuits.

Hence, the studies were undertaken to standardise the 
method of preparation of invert syrup under the conditions 
prevailing in the industry and study the influence of various 
factors like pH and degree of inversion on the colour of 
biscuits. The results of these studies are presented in this 
paper.
Materials and Methods

Refined wheat flour (maida) was procured from the local 
market for use in the preparation of biscuits. Commercially 
available liquid glucose was used in biscuits for comparison 
with invert sugar syrup.

Inversion of sugar: Inversion was carried out using 100 g 
sugar and dispersing it in the prescribed volume of water and 
holding it in a glycerol bath maintained at a desired 
temperature for a particular period. Variables tried were the 
ratio of water to sugar (33:100, 40:100, 50:100 and 60:100) 
type of acid used (10 per cent hydrochloric acid, tartaric acid 
and citric acid) and their level (0.1 to 0.5 per cent), inversion 
period (15 to 90 min) and inversion temperature (80 to 110°C). 
The invert sugar in the resultant mixture was determined after 
appropriate dilution using Lane and Eynon method3.

Inversion of sugar by commercially used method: Saturated 
sugar solution made by mixing 5 kg sugar was heated by 
boiling and then added half a teaspoon (2.5 g) of citric acid. 
Boiling was continued for 3 min. and the syrup was allowed 
to cool. The degree of inversion was determined3. 
Determination of moisture and pH: Moisture in the invert 
syrup and commercial liquid glucose was determined using 
the method of Standard Analytical Methods of Member 
Companies of the Corn Refiners Association4, pH of the 
syrup was determined using the pH meter (Model: Digital 
pH meter APX 175). pH of the biscuit dough was determined 
in 10 per cent dough suspension in water.

Preparation of biscuits: Short dough biscuits were pre­
pared using invert syrup of varying inversion and pH, as per 
the recipe and method described by Haridas Rao et al.5 pH 
of the syrup was varied (1.14 to 11.00) by adding either dilute 
hydrochloric acid or sodium hydroxide. The visual colour was 
evaluated by a panel of ten semi-trained judges.

Determination of colour: The colour of biscuits was 
determined after powdering biscuits in a pestle and mortar 
to a particle size of about 170 microns. The colour was 
measured in a photovolt reflectance meter using an amber
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filter. The colour was also measured by extracting the colour 
with 50 per cent alcohol and measuring the percentage 
transmittance in Bausch and Lomb spectrophotometer at a 
wave length of 440 nm'.

Storage of biscuits: The biscuits were stored at room 
temperature (27°C + 2°C and 60-65 per cent RH) after 
wrapping it in wax coated papers (23 gsm) and polypropylene 
pouch (37 y  ) and the colour was measured at regular 
intervals. All the above experiments were carried out in 
triplicates.

Statistical analysis: Statistical analysis of the data was 
carried out using Duncan’s New Multiple Range Test7.
Results and Discussion

Effect of sugar to water ratio: The degree of inversion 
decreased from 84.8 to 70.7 per cent as the water used to 
prepare the sugar solution increased from 33 to 60 ml for 
100 g sugar (Fig. 1). This may be possibly due to increase 
in the pH (from 2.09 to 2.2) of the sugar solution due to 
increased dilution.

Effect of using different acids: The inversion of sucrose 
carried out by using varying levels of different types of acids 
(Table 1) indicated that at lower levels (less than 0.2 per cent) 
the inversion was more with tartaric acid (70.0 per cent) and 
citric acid (52.6 per cent) than hydrochloric acid (51.0 
per cent). However, at 0.3 per cent, level maximum inversion 
of 97.7 per cent was observed with hydrochloric acid as 
compared to other weak acids used. With further increase 
in the level of acids, inversion increased in case of tartaric 
acid and citric acid.

The study indicated that maximum inversion of about 95 
to 98 per cent was obtained with only 0.3 of 10 per cent 
hydrochloric acid or 0.03 ml of concentrated hydrochloric

Fig. 1. Effect of water to sugar ratio on the inversion of sucrose

T a b l e  1. E f f  ect o f  d if f e r e n t  a c id s  o n  t h e  in v e r s io n *
OF SUGAR

Inversion (%)

(g/100 g 10% HCI Tartaric Citric
sugar) acid acid

0.0 0.8 0.8 0.8
0.1 12.4 52.6 31.3
0.2 51.0 70.0 52.6
0.3 97.7 84.8 74.1
0.4 97.8 95.0 86.2
0.5 97.8 96.5 95.2

Commercial Method**
0.3 75.8 70.4 64.1
0.4 91.7 82.6 74.6
0.5 97.8 87.0 —
0.6 — 90.1 78.1
0.7 — 95.1 —
0.8 — — 90.1
0.9 — — 95.3

♦ Carried out at 1C0°C for 30 min;
♦ ♦ Carried out by boiling sugar solution for 3 min;
+ ml in case of HC1 acid.
acid, whereas i: required 0.4 and 0.5 per cent of tartaric acid 
and citric acid respectively. However, degree of inversion was 
negligible ( < 1 per cent) when inversion was carried out 
without using any acid. pH of the invert syrup prepared by 
using the above 3 acids at different levels, ranged from 1.91 
to 2.38.

Effect of inversion period: The extent of inversion of 
sucrose at 100°C for different periods (Fig. 2) indicated more 
rapid inversion >vith hydrochloric acid as compared to tartaric 
or citric acid. Maximum inversion of 97.7 per cent was 
obtained withir 30 min in case of hydrochloric acid while 
it required over 60 min in case of citric acid or tartaric acid. 
This again indicates that hydrochloric acid is a better acid 
for inversion of sucrose.

Effect of temperature: The percentage inversion evidently 
increased with increase in the temperature of inversion 
(Table 2). At any temperature of heating, higher inversion 
was found in the hydrochloric acid followed by tartaric and 
citric acids. Maximum inversion of 97.7 per cent was observed 
at a holding temperature of 100°C with hydrochloric acid, 
while in tartaric and citric acids the inversion was only 84.8 
and 74.1 per cent respectively. Even at 110°C, the inversion 
was only 85-93 per cent in citric acid or tartaric acid.

Sucrose inversion by commercial method: The percentage 
inversion obtained when inversion was carried out using 
different acids by normally used method in the industry again 
confirmed (Tab e 1) higher inversion with hydrochloric acid 
as compared to citric or tartaric acid. The maximum inversion 
of 97.8 per cert was obtained at 0.5 ml/lOOg sugar of 10 
per cent hydrochloric acid while the level of other acids
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T a b l e  2. E f f e c t  o f TEMPERATURE ON PER CENT
INVERSION OF SUGAR

Temp
% inversion*

(°C) 10% HC1 Tarta-ic Citric
acid acid

80 50.2 22.3 20.3
90 64.9 57.1 29.0

100 97.7 84.8 74.1
110 — 93.4 85.4

♦ Using 0.3% of acid (on sugar basis) for 30 min.
required to invert sucrose to the same extent was higher. For 
obtaining 95 per cent inversion, the levels of tartaric and citric 
acids required were 0.7 and 0.9 per cent respectively. The 
pH values of the resultant syrup containing hydrochloric, 
tartaric and citric acids were 1.70. 1.88 and 1.88 respectively, 
indicating that a lower pH may be responsible for the observed 
higher inversion with HC1.

Effect of invert syrup and corn syrup on the colour of 
biscuits: The colour of biscuits evidently became darker 
with increase in the level of invert syrup or corn syrup as 
indicated by both visual observations and instrumental 
methods (Table 3). The surface colour changed gradually 
from cream to brown in com syrup and :o dark brown in invert 
syrup when used at 5 per cent level. The intensity of colour 
of biscuits was higher with invert syrup than with corn syrup 
at equal levels of incorporation possibly due to higher amounts 
of reducing sugars present in the invert syrupK. The

T a b l e  3. E f f e c t  o f  d if f e r e n t  l e v e l s  o f  in v e r t  s y r u p
AND CORN SYRUP ON THE COLOUR OF BISCUITS

Level
<%■ )

Invert syrup Corn syrup
% R1 % T: % R' % r

0 50.57 86.33 50.57ns 86.00ns
1 37.80 73.67 47.67*** 84.00*
2 36.87 69.00 46.50*** 83.00***
3 32.00 65.33 43.53*** 80.00***
4 30.17 59.67 40.33*** 76.00***
5 28.47 54.33 37.03*** 68.67***

+ 0.13 
(12 df)

+ 0.30 
(12 df)

+ 0.26 
(12 df)

+ 0.27 
(12 df)

Each value is mean of three observations. Significant differences were 
observed between the different levels of invert and corn syrup for both % 
reflectance and transmittance.
a:NS, *, *** indicates non significance, significance at 5% and significance 
at 0.1% level from their respective invert syrup levels.
1. % Reflectance of biscuit powder measured in photovolt reflectance meter.
2. % Transmittance of the alcoholic extracts measured in spectrophotometer

at 440 nm.
reflectance as well as transmittance values decreased gradually 
with increase in the level and at equal levels, the values for 
biscuits containing invert syrup remained always higher. 
Significant relationship was also found between colour 
measured visually and by instrumental methods.

The level of invert syrup required to obtain biscuits of 
desired colour was 2 per cent, while 4 per cent corn syrup 
was required to obtain similar colour.

Effect of pH: In normal practice, the invert syrup made 
by mixing acid is directly used without neutralisation in 
biscuits. This is likely to affect the colour of biscuits. Studies 
carried out using invert syrup of pH ranging from 1.14 to 11.00, 
indicated slight increase in pH from 6.56 to 7.00 of dough 
possibly due to its reaction with sodium bicarbonate and other 
chemicals. This was substantiated by the fact that pH of biscuit 
dough made without these chemicals was 5.41 instead of 7.28 
as observed in normal dough. The pH of biscuits ranged from 
6.26 to 6.70. This indicated that the variation in pH of the 
invert syrup did not affect the pH of biscuits much, possibly 
because of the small quantity used.

The colour of biscuits changed only slightly, with increase 
in the pH. Use of invert syrup of pH above 11.0 imparted 
slightly darker shades in biscuits (Table 4).

Changes in biscuit colour during storage: Storage studies
on biscuits carried out indicated that colour of biscuits 
gradually faded with increase in the storage period (Table 5). 
The decrease in the colour intensity as indicated by per cent 
reflectance was more in biscuits wrapped in polypropylene 
pouches (36.6 to 47.1) than that wrapped in wax coated paper 
(36.6 to 42.1). This could be attributed to the transparent 
nature of polypropylene pouches enabling bleaching of colour



152 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 28, MAY/JUNE 1991

T a b l e  4 . E f f e c t  o f  pH o f  in v e r t  su g a r  sy r u p  o n  b isc u it
COLOUR

pH of invert Reflectance Trans­
sugar syrup (%) mittance (%)

1.14 35.1“ 63.0“
3.10 35.0“ 64.3“
7.40 35.3“ 64.1“
9.30 35.5“ 64.0“
11.00 32.7h 57.0b
SEm + 0.47 + 0.24

(10 df) (10 df)
Values followed by different superscripts in the same column differ 
significantly at 5% level.

T a b l e  5. C h a n g e s  in  t h e  c o l o u r  o f  b is c u it s** d u r in g
STORAGE*

Reflectance (%) Transmittance (%)
Storage
period
(days)

Wax
coated

Polypro­
pylene

film

Wax
coated

Polypro­
pylene

film
Initial 36.6 36.6 64.5 64.5

15 38.8 38.7 65.0 70.0
30 38.4 39.6 67.0 75.0
45 40.0 40.7 68.0 76.0
60 40.0 41.8 68.0 76.0
75 41.5 44.5 68.0 76.4
90 42.7 47.1 68.7 77.5

*At room temperature; **2% invert syrup is used in biscuit preparation

due to diffused sunlight with some possible oxidative 
changes'.

The studies indicated that maximum inversion of surcrose 
could be obtained by using HC1 instead of tartaric acid or 
citric acid. The level of invert syrup required to get the desired 
colour of biscuit was only 2 per cent as compared to 4 
per cent of liquid glucose.
References

1. Smith W H, Biscuit, Crackers and Cookies, Vol. I, Applied Science
Publishers Ltd.. London, 1972, 93.

2. Duncan J R M. Technology o f Biscuits, Crackers and Cookies, Ellis
Horwood Ltd.. Chickhester. 1983. p 59.

3. Official Methods o f Analysis, Association of Official Agricultural
Chemists, Washington, D.C, 1984, 14th Edn 579.

4. Junk W R and Pancoast H M, Handbook of Sugars, Standard Analytical
Methods o f the Members Companies of the Com Refiners Association 
Inc., for Corn Syrup Analysis (E-44). The AVI Publishing Company, 
Inc., New York 1973, 279.

5. Haridas Rao P and Shurpalekar S R, Use of milo in bakery products,
J Fd Sci Technol, 1976, 13, 293.

6. Ranganna S. Hand book o f Analysis and Quality Control for Fruits and
Vegetable Products, Tata McGraw-Hill Publishing Company Ltd., 
New Delhi 1986. 2nd Edn, p 981.

7. Duncan D B. Multiple range and multiple ‘F’ test. Biometrics, 1955.
11. 1

8. Kearsley N W and Birch G G. The chemistry and metabolism of the
starch based sweeteners. Fd Chem, 1986, 16, 201.



J. Fd. Sci. Technol., 1991, Vol. 28, N o. 3, 1 5 3 -1 5 6

Changes in the Pasting, R heological and Baking Q ualities o f  
Flour During Short Term Storage

A.K. S rivastava a n d  P. H a r id a s  r a o  
Baking Technology Discipline 

Central Food Technological Research Institute, 
Mysore - 570 013, India.

Received 8 March 1990; revised 24 January 1991.

Changes in the chemical pasting, rheological and baking quality during storage of flour for 4 months at 4, 27 and 37°C indicated 
deterioration in flour, particularly at 37°C as indicated by decrease in gluten content from 1(M)2 to 7.6%, sedimentation value from 
21 to 17 ml, and dough raising capacity from 140 to 77%. However, no change »as observed in the amylolytic activity of flour. 
The farinograph i.e. water absorption decreased from 58 to 56.0%, while stability increased gradually during storage. The above 
changes were negligible at 27° and 4°C Fasting characteristics indicated increase in peak viscosity at all temperatures of storage, 
which was higher in flour stored at 37°C (580 AU) as compared to 27°C (390 AU) and 4°C (200 AU). The breakdown values also 
increased from 640 to 820, 860 and 990 AU for flour stored at 4,27 and 37°C, respectively. The set back values considerably decreased
in all the flour samples.

Wheat flour has been reported to undergo several functional 
changes during storage depending on the duration1', 
moisture content3 and the packaging material used4. The 
changes reported are with respect to physico-chemical 
characteristics'56, farinographic characteristics27 and bread 
making quality1 Those studies indicated, deterioration in 
gluten quality, decrease in the extractable lipids and increase 
in the acidity and maltose value over a long storage period.

Larmour et al.1 observed reduction in the farinographic 
water absorption, while Bell et al.1 reported no change. 
Arya et al.*, on the other hand, observed slight increase in 
water absorption in stored whole wheat meal. Fisher et al. 1 
observed initial improvement in baking quality of stored flour 
but the bread volume decreased later as reported by Bell 
et al.1 and Cuendet et al.3. No information is available on 
the pasting characteristics of stored wheat flour and the effect 
of storage temperature on various quality characteristics.

This study reports the changes in the pasting, rheological 
and bread making qualities of flour during storage at different 
temperatures.
Materials and Methods

Freshly milled refined wheat flour (maida) was procured 
from the International School of Milling Technology Mill of 
20 M. ton capacity, located at the premises of the Institute.

Storage studies: Five kg lots of flour after fumigation 
were packed in airtight tin containers and stored at 4 
(refrigerated) 27 and 37°C. Tin container was selected as the 
moisture changes during storage of flour were reported to 
be minimum4. The samples were drawn at monthly intervals 
and analysed for various quality characteristics.

Analytical methods: Estimation of moisture, gluten, 
colour, alcoholic acidity, diastatic activity, falling number and 
farinographic characteristics were carried out, as per the 
standard AACC methods9. Pasting characteristics of flour 
were determined using Brabender Amylograph as per the 
method of AACC9 using 75 g flour. Amylograms were 
evaluated for gélatinisation temperature, peak viscosity (P), 
viscosity at 95°C and after holding time of 30 min at 95°C 
(H), viscosity after cooling to 50°C (C), breakdown (P-H) 
and setback values (C-P) as per the method of Bhattacharya 
and Sowbhagya10. Dough raising capacity of flours was 
determined as per the ISI methods".

Baking characteristics: Bread making quality of stored 
flours was assessed by using remix baking test12 with the 
inclusion of 2 per cent fat and 0.5 per cent malt in the recipe. 
Sensory evaluation of breads was carried out by a panel of 
semi-trained judges for various crust and crumb 
characteristics. Loaf volume was measured in loaf volume 
meter using rapeseed displacement method. All the tests were 
carried out in triplicate and the average values are reported.
Results and Discussion

The flour used for the study had the following quality 
characteristics (expressed on 14 per cent moisture basis) 
moisture 12.80, dry gluten 10.02 per cent, sedimentation value 
21 ml, colour grade value 3.1. The reasonably high value of 
gluten as well as sedimentation value indicated its suitability 
for breadmaking.

Physico-chemical characteristics: Physico-chemical 
characteristics of flour as affected by storage temperature over 
a period of 4 months are given in Table 1. The results
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T a b l e  1. E f f e c t  o f  s t o r a g e  at d if f e r e n t  t e m p e r a t u r e s  f o r  f o u r  v o n t h s  o n  p h y s ic o -c h e m ic a l  p r o p e r t ie s
OF FLOUR

Storage at 4°C Storage at 27°C Storage at 37°C
Flour characteristics 0 1 2 3 4 1 2 3 4 1 2 3 4
Moisture (%) 12.80 12.76 12.74 12.70 12.59 12.70 12.54 11.86 11.78 12.66 12.21 11.77 11.36
Dry gluten (%) 10.02 10.02 10.01 10.00 9.92 9.80 9.70 9.40 9.00 9.50 9.30 8.50 7.60
Colour grade value 3.10 3.10 3.20 3.10 3.10 3.40 3.80 3.90 3.90 3.60 4.10 4.30 4.40
Sedimentation value (ml) 21 21 20 20 19 19 19 18 18 19 18 17 17
Dough raising capacity (%) 140 — 140 - 130 130 125 — 115 120 120 — 77
Alcoholic acidity (% H.SO^) 0.06 — — 0.06 0.06 — 0.07 0.09 0.12 0.08 — 0.10 0.15
Diastatic activity 250 — 245 — 247 245 — 243 240 240 — 245 245

(mg maltose/10 g flour)
Falling no. 407 — — — 413 — — — 405 — — — 412
*AI1 Values are expressed on 14% moisture basis

indicated a slight but gradual decrease in the moisture content 
on storage at 27° and 37°C but the extent was higher at 37°C. 
Arya et al.4 in their studies on storage of Atta in tin 
containers observed negligible changes in moisture. Colour 
of flour as measured with Kent-Jones flour colour grader 
darkened with time and temperature of storage. Increase in 
colour value from 3.0 to 3.9 and 4.4 was observed after 4 
months of storage at 27 and 37°C, respectively. This increase 
in colour grade value could be attributed to non-enzymatic 
browning, which depends on storage temperature and 
duration. However, no change in colour was oDserved when 
flour was stored at 4°C.

The gluten content and sedimentation value, remained 
unchanged upto 2 months at 27°C but thereafter sl:ght 
deterioration was observed in gluten quality as well as 
quantity. The gluten content decreased from 10.0 to 7.6 
per cent and sedimentation value from 21.0 to 17.0 ml. at the 
end of 4 months storage at 37°C. Similar decrease in gluten 
content, during storage of flour, was also observed by 
Fisher1, Barton-WrighL and Yoneyama(\  The deteriorative 
changes in flour stored at 37°C with respect to gluten are 
in line with the decrease in dough raising capacity from 140 
to 77 per cent.

No change in the amylase activity was observed in the 
stored flour as indicated by insignificant change in Falling 
Number values and diastatic activity. However. Arya et al.4 
observed slight change in diastatic activity during storage of 
atta. for 1 year at 37°C.

Alcoholic ac dity increased with increasing storage time 
and temperature. It increased 2 fold and approximately 3 fold 
after 4 months of storage at 27 and 37°C respectively. 
However, the values were below the maximum limit of 0.1 
per cent specified under the Prevention of Food Adulteration 
Act. The merer se in acidity during storage of flour was also 
reported by Larmour et al. who observed a 3 fold increase 
in the fat acidi:y after 3 months of storage at 75°F.

Farinograplrc characteristics: Farinographic water 
absorption gradually decreased with storage period (Table 2). 
The decrease a the end of 4 months was 0, 1 and 2 per cent 
in flour stored at 4, 27 and 37°C respectively. Larmour 
et al. also observed reduction in the farinograph water 
absorption for flour stored at 75°F for 5 years. On the 
contrary. Bell et al.' reported insignificant change during 
prolonged stonge of 5 years at 12 and 25°C.

Stored flour 'ecorded a gradual increase in dough stability 
and decrease in mixing tolerance index similar to the 
observations made by Bell et al.2. After 4 months of storage 
at 27 and 37°C the dough stability improved from 6 to 7 and 
9 min, respectb'ely. Storage at 4°C had no effect on the dough 
stability. Flour stored at 4 and 27°C nearly maintained its 
dough development time, while it decreased from 2.5 to 1.5 
min at higher temperature of storage. Larmour et al.1 also 
noticed decrease in dough development time, as storage 
progressed, while Bell et al.' observed changes in dough 
development tine in an apparently random manner.

T a b l e  2. E f f e c t  o f  st o r a g e  at  d if f e r e n t  t e m p e r a t u r e s  o n  t h e  f a r in o g r a p h ic  c h a r a c t e r is t ic s  o f  f l o u r
Storage at 4°C

Farinograph characteristics 0 1 2 3 4
Water absorption (%) 58 58 58 58 58
Stability (min) 6 6 6 6 6
Dough development time (min) 2.5 2.5 2.5 2.5 2.0
Mixing tolerance index (BU) 40 40 50 40 40

Storage at 27°C Storage at 37°C
1 2 3 4 1 2 3 4
58 57.4 57.4 57.0 57.4 57.2 56.8 56.0

6 6 6.5 7.0 6.5 7 9 9
2.5 2.0 2.5 2.0 2.5 2 1.5 1.5
54 40 20 20 40 40 20 10
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Pasting characteristics: Gelatinization temperature of 
flour during 4 months of storage at different temperatures 
varied from 58.5 to 60°C in a random manner. Peak viscosity 
increased with temperature and duration of storage (Fig. 1) 
in accordance with the observations made by Yoneyama 
et a!.b and Bell et al.~. It increased from 1780 to 1980. 
2170 and 2360 AU after 4 months at 4, 27 and 37°C, 
respectively. Considering the insignificant change in a - 
amylase activity, the viscosity changes could be attributed 
to changes in starch during storage as earlier reported in case 
of rice flour"’. Breakdown value increased with the increase 
in period and temperature of storage. (Fig. 2). Initial 
breakdown value of 640 AU increased to 820, 860 and 990 
AU respectively for flours stored at 4, 27 and 37°C. This 
indicated that starch became more fragile during storage. 
Setback values followed a reverse trend. As the storage period 
progressed, the flour paste recorded gradual decrease in 
setback value (Fig. 3). The flour stored at 27°C had setback 
values of 580. 500. 390 and 300 AU after 1st. 2nd, 3rd and 
4th month of storage, while paste from flour stored at 37°C

—o—  4 *c S torage

S to r a g e  p e r io d  (m o n th s )
Fig. 1. Effect of storage on the peak viscosity ot flour.

«----- o 4 C S to ra g e

Fig. 2. Effect of storage on the Amylograph breakdown values of flour.
O— o  4 *C S to r a g e

2 7 'C Storage  
37*C S torage

S to r a g e  p e r io d  ( m o n t h s )
Fig. 3. Effect of storage on the Amylograph setback values of Hour.
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recorded still lower setback values of 250, 200, 210 and 120 
AU respectively. This indicated lower rétrogradation of starch 
in stored flours. Thus bread made from such flours is likely 
to stale at a slower rate, as it has been reported to be associated 
with rétrogradation of starch1'.

Baking quality: Flour stored at 4°C recorded a gradual 
increase in specific volume, throughout the storage period, 
while improvement was observed only upto third month in 
flour stored at 27°C (Fig. 4). However, in flour, stored at 
37°C, gradual reduction in specific volume was observed, 
with increase in storage time, McCalla et al.* also observed 
initial improvement in baking quality which maintained upto 
22 months in flour stored in sealers at 2°C, while it 
deteriorated significantly within 3 months at room 
temperature. Fisher et al.', reported that the improvement 
in baking quality of flour during storage reaches the maximum 
after which progressive deterioration sets in. Cuendet et al. ' 
have reported sharp decrease in loaf volume after 10 weeks 
storage of flour at 37.8°C. Deteriorative changes in baking 
quality at higher temperature of storage were reported by 
Larmour et al. to be dependent on initial flour moisture.

The crust colour, symmetry and smoothness of loaf did not 
change during storage of flour except in the sample stored 
for 3 months at 37°C which produced pale brown crust colour 
and rough surface. Bread made from flour stored at 4 and 
27°C maintained whitish crumb colour, soft texture with fine 
and uniform grain during the entire storage period while 
darker and harder crumb with denser and open grains was 
observed when bread was made from flour stored for more

—O— u  t  S to r a g e  
—x— 27*C S to r a g e

S to ra g e  duration  (m o n th s )

than 3 months at 37°C. Very little change was observed in 
the taste of bread.

In conclusion, the study indicated changes in flour quality 
stored at all temperatures of storage. Flour quality at 37°C 
deteriorated after 2 months of storage. This is relevant to the 
hot climate in many parts of our country. Results also 
indicated changes in wheat starch, during storage of flour and 
higher setback values observed indicate likely delay in staling 
of bread made from stored flours.
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Effects of buffalo fat, soybean oil and polyphosphate blend (PB) on quality of raw (emulsion) and precooked buffalo meat patties 
during refrigerated storage (2-3°C) were evaluated. The PB significantly increased emulsification of fat globules, emulsion stability, 
yield, moisture retention and sensory attributes of cooked patties. Soy bean oil was found to disperse in fine droplets whereas buffalo 
fat in relatively larger globules and encircled by thick protein matrix. The PB significantly stabilised the flavour of precooked patties 
for 18 days and for about a week in case of raw (emulsion) patties by inhibiting oxidative rancidity as indicated by lower TBA 
values. PB did not inhibit growth of bacteria during refrigerated storage of the products.

A major cause of deterioration in the quality of stored 
muscle foods is oxidative rancidity. Warmed over flavour in 
refrigerated cooked meat is attributed to lipid oxidation1. 
Polyphosphates decrease the rate of discolouration in fresh 
and processed meat products" and markedly reduce the rate 
of lipid oxidation in many cooked and frozen meat 
products' J. Pre-blending of ground buffalo meat with salt 
and phosphate extended the functionality of meat and reduced 
the lipid oxidation during refrigerated storage5. Phosvitin 
content of egg yolk is reported to contain anti-oxidant activity 
in food systems'1.

Most of the buffalo meat is consumed in fresh form. In 
addition to the processed meat products, sale of preformed 
emulsion mix offers a great convenience to the meat 
consumers to prepare variety of products such as patties, meat 
balls, kababs. croquettes, etc. There is a paucity of information 
on the quality and storage stability of buffalo meat products. 
In the present study, effect of incorporation of soybean oil 
(control), soybean oil + phosphate blend, buffalo fat -1- whole 
egg liquid + phosphate blend on the qjality of buffalo meat 
patties was compared and evaluated.
Materials and Methods

About 12 kg of lean meat from the round portion and 1.0 
kg of pelvic and kidney fat of adult female buffalo carcasses 
of good finish were procured within 5 hr of slaughter. After 
chilling, the meat and fat at 2±1°C for 20 hr. they were 
passed through 8 mm plate ot meat grinder. Similar meat 
sample was used in each of the four trials of the experiment. 
Refined soybean oil as fat source and whole egg liquid (WEL) 
from fresh eggs were used. Laboratory grade sodium chloride 
(salt) and a polyphosphate blend (PB; consisting of 65 per

cent sodium pyrophosphate (SPP). anhydrous 17.5 per cent 
sodium tripolyphosphate and 17.5 per cent sodium acid 
pyrophosphate were used . The combinations (in per cent) 
used were; (1) Soybean oil (control); (2) Meat 85 and soybean 
oil 15 and (3) Meat 82. buffalo fat 15 and WEL 3. To the 
above combinations, are added (in per cent) salt 2. phosphate 
blend 0.5 (formulations 2 & 3 only), ice cold water 10, onions
3.5. garlic 0.5 and dry spice mix 1 while making the emulsion 
on the weight basis of meat and fat.

Processing: For each formulation, 4.2 kg emulsion was 
prepared in Hobart bowl chopper and 30 patties each 
weighing 80 g were hand moulded using petri dish (75 x 17 
mm) and placed on perforated oven trays. They were cooked 
for 20 min in a preheated oven at 180°C to obtain an internal 
temperature of about 75qC. The patties were turned over after 
10 min cooking. The internal temperature was recorded from 
atleast 3 patties using Wahl probe thermometer. The cooked 
patties were weighed individually and yield was expressed 
in percentage.

Three cooked patties were packed in a low density 
polyethylene (LDPE) bag and 7 such packages from each 
formulation were kept in a refrigerator (2-3°C). For raw 
patties, aliquots of 5 x 300 g emulsion from all the 
formulations packed in LDPE bags were stored in a 
refrigerator to make patties periodically for evaluation.

Composition of raw (emulsion) and cooked patties, 
emulsion stability (ES); sensory attributes and yield of cooked 
patties were determined. Further, they were evaluated for pH, 
2-thiobarbituric acid values, aerobic plate count and sensory 
attributes at 3 days interval upto 18th day.

pH values of the emulsion and patties were measured 
(ELICO pH meter Model- Ll-120) by homogenizing 10 g
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sample with 50 ml distilled water. Moisture, protein and fat 
contents". 2-thiobarbituric acid (TBA value)’ and aerobic 
plate count'" at 30°C for 48 hr were determined. Emulsion 
stability was estimated by cooking emulsion samples (25 g) 
in LDPE bags at 8()°C in a water bath for 20 min.-After 
draining out the exudate, cooled samples were weighed and 
loss in weight was expressed as percentage. Stability of the 
emulsion was inversely related to its cooking loss. Samples 
of emulsion and cooked patties were evaluated histologically.

Patties made from the refrigerated stored emulsion and 
precooked were warmed in a preheated oven (80°C) prior 
to evaluation of their sensory attributes. They were tested by 
experienced panelists using 8-point structured scale wherein 
8 = extremely desirable in appearance, flavour, juiciness, 
texture and overall palatability and devoid of mouth coating;
1 = extremely undesirable appearance, dry, crumbly texture 
and unpalatable with abundant mouth coating respectively. 
Warm patties were cut across their centres to obtain 8 similar 
size and shape (triangular) pieces from each patty and served 
to the taste panelists for evaluation. Although 4 trials were 
conducted, the storage stability of the products was evaluated 
in 3 trials. The data were subjected to analysis of variance 
and critical difference (CD) was calculated".
R esu lts an d  D iscu ssio n

Addition of phosphate blend (PB) resulted in significant 
increase in ES as indicated by lower cooking loss, yield and 
moisture retention in cooked patties (Table 1) due to 
significant improvement in functional properties of meat by 
phosphate as found by other workers'121'. Even though raw 
emulsion composition was not different significantly, cooked 
patties containing soybean oil (SO) alone had significantly 
lower moisture and markedly lesser fat due to poor ES which 
has resulted in separation of moisture and fat during cooking. 
Raw emulsion containing PB had significantly greater pH 
(0.3). This is in accordance with the results of other

researchers L. The increase in pH of cooked patties was 
about 0.25 in control and about 0.15 in phosphate containing 
products which is in agreement with the findings of Trout 
and Schmidt". The pH of the raw and precooked patties 
increased from 5.83 to 6.02 and 6.02 to 6.13, respectively 
during refrigerated storage.

The shrivelled appearance and crumbly texture of control 
patties were due to poor emulsion stability and higher cooking 
loss. Histological studies of raw and cooked control patties 
also revealed the fat coalescence by continuous phase of fat 
with more aggregation of protein matrix. When soybean oil 
was incorporated along with phosphate, oil was dispersed in 
fine droplets in emulsion. However, buffalo fat was distributed 
in a relatively larger globules and encircled by thick protein 
matrix, and chances of emulsion breakdown and coalescence 
appeared to be relatively less. Addition of polyphosphate 
increased the solubility of protein to form fine protein matrix, 
fine fat dispersion and greater emulsification of fat globules 
thus contributing better appearance and smooth cohesive- 
texture to the product. These findings are in agreement with 
other workers141'.

TBA numbers were significantly lower in raw patties 
(emulsion) containing buffalo fat (BF), whole egg liquid 
(WEL) and PB followed by control than in patties containing 
SO and PB (Table 2). TBA numbers increased significantly 
with period of storage. Similar findings have been reported 
in beef, pork, and processed products ". However, changes 
in TBA numbers were non significant during entire period 
of storage in the raw patties (emulsion) containing BF, WEL 
and PB. It might be due to highly saturated BF which is less 
prone to oxidation compared to soybean oil and antioxidant 
effects of added phosphate and phosvitin from egg yolk'’.

Precooked patties containing SO with PB had markedly 
lower TBA numbers (0.29 + 0.05) than patties with SO alone 
(0.35+0.06) but the differences were non-significant. The 
former had significantly (P < 0.01) better sensory scores for

T a b l e  1. E f f e c t  o f  fat t y p e  a n d  p h o s p h a t e  o n  y ie l d  a n d  c o m p o s it io n  o f  b u f f a l o  m e a t  pa tties
EmulsionTreatment pH Yield stability Moisture Protein Fat

m (%) (7c) <%> (%)
Raw emulsion

No. of samples 3 — 18 4 4 4
Soybean oil 5.63 + 0.0+ — 27.20 + 0.27 68.04 + 0.27 15.46 + 0.19 11.56 + 0.22
Soybean oil +PB 5.92 + 0.06” — 8.70 + 0.39” 67.57 + 0.36 15.55 + 0.06 11.88 + 0.47
Buffalo fat +WEL +PB 5.94 + 0.071' — 9.70 + 0.34h 68.08 + 0.55 15.61 + 0 19 11.11 + 0.47

Cooked patties
No. of observations 3 40 — 4 4 4
Soybean oil 5.88 + 0.0IJ 74.80 + 0.76" — 58.17 + 1.5P 19.25 + 1.14 12.68 + 0.14
Soybean oil +PB 6.07 + 0.04h 91.50 + 0.33h — 63.51 + 0.43h 17.05 + 0.56 13.24 +1.17
Buffalo fat +WEL +PB 6.10 + 0.03b 91.60 + 0.28” — 64.42 + 0.74h 16.66 + 0.33 14.04 + 0.76
PB = Polyphosphates blend: WEL = Whole egg liquid.
Means with same superscript under each column do not differ significantly (P <  0.01).



ANJANEYULU AND SHARMA : FAT AND PHOSPHATE EFFECT ON MEAT PATTIES 159

T a b l e  2. E ffec t  o f  fat t y p e  a n d  p h o s p h a t e  o n  q u a l it y  o f  raw  (e m u l s io n ) a n d  p r e c o o k e d  b u f fa l o  m e a t  patties
DURING REFRIGERATED STORAGE

Storage period (days)
0 3 6 9 12 15 18 Average

TBA*
Soybean oil 0.29-' 0.26“ 0.29“ 0.37“ 0.99h — 0.37 + 0.091
Soybean oil + PB 0.32" 0.25“ 0.58“h 1.05b 2.46' 0.94 + 0.24"’
Buffalo fal + WEL + PB 0.19 0.10 0.07 0.19 0.26 0.16 + 0.031
Mean 0.27“ + 0.06 0.20“ = 0.06 0.31“ + 0.12 0.53“ + 0.11 I.16b + 0.38

Aerobic plate counts**
Soybean oil 3.28 3.05 2.90 2.71 2.49 3.08 2.84 2.92 + 0.07
Soybean oil + PB 3.16 2.85 2.76 2.73 2.59 2.96 2.79 2.84 + 0.05
Buffalo fat + WEL + PB 3.09 2.89 2.71 2.66 2.60 3.05 2.64 2.81 + 0.06
Mean 3.18“ + 0.06 2.93'1 + 0.06 2.79h + 0.08 2.73” + 0.08 2.56' + 0.06 3.03“J + 0.05 2.76b + 0.11
PB = Polyphosphate blend; WEL = Whole egg liquid.
Means with the same superscript in each row (alphabets) in each column (numericals) do not differ significantly (P <  0.05). 
* mg malonaldehyde/kg raw emulsion/patties ** log/g precooked patty.

flavour which decreased from 6.89 to 6.06 out of 8 point scale 
over a period of 18 days refrigerated t 2-3°C) storage whereas 
the latter had acceptable sensory scores (5.64) only upto 9th 
day of storage. This has clearly shown that PB had retarded 
the rate of lipid oxidation and consequent development of 
warmed over flavour in precooked patties during refrigerated 
storage. Similar observations have been reported14'. 
Precooked patties containing BF, WEL and PB had 
significantly lower TBA numbers (0.14 + 0.02) compared to 
other treatments and the trend was similar to that of raw 
patties (emulsion) during storage.

Irrespective of the storage period, the average aerobic plate 
counts (APC) were log 5.34+0.15, 5.46+0.18 and 5.50+0.18

for raw patties (emulsion) made with soybean oil (control), 
soybean oil + PB; and buffalo fat + whole egg liquid + 
PB respectively. There was marked increase of APC during 
refrigerated storage of raw emulsion. However, the growth 
of APC of precooked patties during storage was not 
consistent. Phosphate blend did not significantly retard the 
growth of bacteria during refrigerated storage of precooked 
patties (Table 2) which is in accordance with the findings of 
others17'1*.

Phosphate has significantly improved the sensory attributes 
of patties (Table 3) which is in accordance with the results 
of others' ". In general, patties containing SO and PB were 
rated significantly better for sensory attributes than patties

T a b l e  3. E f f e c t  o f  fat t y p e  a n d  p h o s p h a t e  b l e n d  o n  s e n s o r y  a t t r ib u t e s  o f  raw  a n d  p r e c o o k e d  b u f fa l o  m ea t
PATTIES DURING REFRIGERATED STORAGE

Formulations
Sensory attributes* Patties Soybean oil Soybean oil Buffalo fat

(Control) + PB + WEL + PB
Appearance Raw** 5.52 + 0.09“ 6.99 + 0.07b 6.91 + 0.06b

Precooked*** 5.14 + 0.08“ 6.91 + 0.05” 6.75 + 0.06b
Flavour Raw 5.59 + 0.13“ 6.29 + 0.15b 6.20 + 0.11b

Precooked. 5 29 + 0.11“ 6.49 + 0.06b 6.17 + 0.08'
Juiciness Raw 5.20 + 0.09“ 6.67 + 0.12h 6.49 + 0.08”

Precooked 4.90 + 0.41“ 6.54 + 0.06b 6.28 + 0.07'
Texture Raw 4.88 + 0.10“ 6.84 + 0.09b 6.64 + 0.07h

Precooked 4.68 + 0.08“ 6.79 + 0.06" 6.49 + 0.07 '
Overall acceptability Raw 5.43 + 0.13“ 6.48 + 0.15b 6.15 + 0.11'

Procooked 4.99 + 0.10“ 6.72 + 0.07b 6.13 + 0.07'
»Sensory scores; 8 = extremely desirable and 1 = extremely undesirable.

**Mean of 71 sensory scores of 3 trials and 4 periods of storage (0, 3, 6 and 9th day). 
«»Mean of 112 sensory scores of 3 trials and 7 periods of storage (0,3,6,9,12,15 & 18th day) 

Means with the same superscript in each row do not differ significantly (P < 0.05).
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containing BF. Sensory scores for flavour and overall 
palatability decreased significantly from 6.4 to 4.8; 6.3 to 4.8 
based on 8 point scale respectively on 9th day of refrigerated 
storage of raw emulsion. Flavour scores for pre-cooked patties 
containing soybean oil alone decreased on 12th day of 
refrigerated storage with corresponding increase in TBA 
number. The flavour changes in precooked patties containing 
phosphate were non-significant during 18 days storage as 
reflected by small changes in TBA numbers. Tarladgis 
et al.q reported that TBA numbers were highly correlated 
with sensory scores of trained panelists for rancid odour in 
pork and found the threshold range of TBA numbers for 
detecting off-odour in pork as approximately 0.5 - 1.0.

This study indicated that PB has significantly improved the 
ES, yield, moisture retention and sensor)’ attributes of cooked 
patties and inhibited the rate of oxidative deterioration in raw 
and precooked patties. The raw patties (emulsion) should be 
cooked preferably within 3-6 days of refrigerated (2-3°C) 
storage, whereas precooked patties containing PB were well 
acceptable upto 18 days of refrigerated storage.
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Toxicity o f Peroxidized Oil and Role o f Vitamins: Effect on Osmotic 
Fragility o f Erythrocyte M em branes and M em brane Bound Enzymes
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Feeding of peroxidized oil (s9 0  raeq/kg) at 10% level has been found to suppress the growth, protein efficiency ratio and food 
efficiency ratio. It also increased osmotic fragility of erythrocytes leading to decreased haemoglobin. The activities of membrane 
bound enzymes like NafK* ATPase, and acetylcholine esterase were also altered. Supplementation of diets with extra doses of 
vitamin A (2500 IU), vitamin C (500 mg) or vitamin E (25 mg) per 100 g of the diet prevented the effects of peroxidized oil to 
a great extent. Vitamin A and vitamin E were more effective in this regard than vitamin C.

Oils and fats constitute one of the most important 
components of the diet. In addition to high calorific value, 
they supply essential fatty acids, carry fat soluble vitamins, 
and add flavour and texture to the food articles. Most food 
articles are consumed after cooking or frying in oil. Because 
of the high temperature used during frying or processing, the 
oils may undergo a number of undesirable chemical changes. 
The main adverse effects are denaruration of nutrients and 
development of lipid peroxides'. When such food articles 
are consumed, they may initiate the lipid peroxidation of 
membranes and finally alter the membrane function. Vitamins 
A, E or C have been reported to have protective role against 
lipid peroxidation2̂  but their protective role as antioxidants 
has also been disputed in certain studies56.

Thus, keeping in view the damaging role of peroxidized 
oils and the protective role of vitamins, the present study is 
made to compare the role of these vitamins in preventing the 
damaging effects of peroxidized oil.
Materials and Methods

Male albino rats (Wistar strain, 4 week old weighing about 
35-42 g) were procured from the Small Animal Colony, 
Punjab Agricultural University. Ludhiana. The rats were 
housed individually and diet and water were given ad libitum. 
Groundnut oil was purchased from the local market and 
oxidized by irradiating with UV radiations for about 96 hr 
to achieve peroxide value of approximately 90 meq/kg using 
UV tube emitting light of 240-260 nm, the normal oil had 
peroxide value of approximately 8 meq/kg.

Rats were divided into 5 groups (A to E) of 5 animals each 
and were given the respective diets and water ad libitum. The 
basal diet consisted of starch (65 per cent, normal or 
peroxidized oil (10 per cent), casein (15 per cent), salt 
mixture7 (4 per cent) and vitamin mixture* (1 per cent).

Animals of group A received the basal diet containing normal 
oil and served as control. Animals of group B were given 
the diet containing peroxidized oil containing diets 
supplemented with vitamin A (2500 IU/lOOg), vitamin C (0.5 
per cent), or vitamin E (0.025 per cent), respectively. The 
animals were sacrificed after 4 weeks of feeding. Their blood 
and tissue were removed for analysis.

The haemoglobin content and membrane fragility were 
determined by the method of Dacie and Lewis’. The 
erythrocyte membranes were prepared10 and the activities of 
Na+—K4 ATPase" and acetylcholinesterase'" were assayed. 
The results were compared statistically using student’s *f 
test.-
Results and Discussion

The toxic effects of peroxidized oil are evident from the 
significantly lower growth of rats inspite of almost equal food, 
intake and initial weights (Table 1). This decreased growth 
matches well with the reports of Yagi'. This could be due 
to the greater requirement of fats soluble vitamins'3 as 
feeding of peroxidized oil is reported to lower the absorption 
of vitamin A and also its storage in liver'4. This is well 
supported by the observed lower degree of growth depressing 
effect of peroxidized oil on vitamin A or E supplementation. 
Even vitamin C prevented this effect to a considerable extent. 
Moreover, protein efficiency ratio (PER) and the food 
efficiency ratio (FER) significantly decreased with 
peroxidized oil feeding and vitamin fortification rectified the 
effect of peroxidized oil to a great extent. Peroxidized oil 
feeding also resulted in increased relative weight of liver 
(p< 0.05), heart (p <0.01) and brain (p<0.05). The weights 
of other organs were not affected significantly (Table 2). 
Supplementation of diets with vitamins prevented the increase 
in relative organ weights to a considerable extent. Increase
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T able  1. G ain in body w eight , per  a n d  fer  values in  rats fed  on  diets containing  peroxidized  o il  and  effec t
OF VITAMIN SUPPLEMENTATION

Group Initial wt(g)37.25 + 1.88
Gain in body wt 

(g)43.36 + 3.55
PER* FER

Normal oil 2.50 + 0.13 0.214 + 0.021
Peroxidized oil 42.00 + 1.74 29.81 + 1.57b 1.85 + 0.07b 0.168 + 0.019
Peroxidized oil + Vit.A 38.33 + 1.89 51.04 + 4.05“ 2.82 + 0.12“ 0.250 + 0.008“
Peroxidized oil + Vit.C 40.25 + 2.62 39.86 + 2.28c 2.28 + 0.25 0.204 + 0.016
Peroxidized oil + Vit.E 41.00 + 2.87 49.56 + 5.06c 2.70 + 0.33be 0.237 + 0.013e
Mean + SEM
♦ Corrected to standard PER value of 2.5 for casein
Significantly different from normal oil group b p < 0.01 
Significantly different from peroxidized oil group c p <  0.05 d p <  0.01
T able  2. R elative  organ w eights o f rats fed ON DIETS CONTAINING PEROXIDIZED GROUNDNUT OIL AND 1

SUPPLEMENTED WITH VITAMINS
Group Liver Heart Brain Kidney Spleen
Normal oil 3.35 + 0.17 0.36 + 0.01 1.38 + 0.13 0.79 + 0.05 0.24 + 0.02
Peroxidized oil 4.47 + 0.29“ 0.49 + 0.03b 1.77 + 0.02“ 0.91 + 0.05 0.30 + 0.02
Peroxidized oil + Vit.A 3.58 + 0.19 0.45 + 0.02* 1.48 + 0.05“ 0.91 + 0.06 0.29 ± 0.02
Peroxidized oil + Vit.C 4.44 + 0.23* 0.45 + 0.02“ 1.63 + 0.23 0.89 + 0.04 0.28 + 0.02
Peroxidized oil + Vit.E 3.83 + 0.28 0.42 + 0.02 1.48 + 0.03“ 0.82 + 0.06 0.25 + 0.02
Mean + SEM
♦ Significantly different from the normal oil group a p < 0.05 b o < 0.01
Significantly different from the peroxidized oil group c p < 0.05 d p < 0.01
in relative organ weights especially  o f  liver and heart could  
be due to the accum ulation o f  lip id s1415. As brain is a stable 
organ least affected by extraneous agents, slightly higher 
relative brain weight observed could be the result o f  decreased 
body w eight o f  rats receiving peroxidized o il.

Feeding o f  peroxidized oil increased the osm otic fragility 
o f  erythrocyte m em branes resulting in the decreased  
haem oglobin content o f  blood (Table 3). T his effect was 
marginal or prevented altogether when the diets were 
supplem ented with vitam in A , C or E (Table 3). The 
peroxidized oil feeding has been reported to result in the loss  
o f  phospholipids from  erythrocytes '6 w hich can lead to the

T a b le  3. H a e m o g l o b in  c o n t e n t  a n d  o s m o t ic
FRAGILITY OF ERYTHROCYTE MEMBRANES IN RATS FED ON 
DIETS CONTAINING PEROXIDISED OIL AND EFFECT OF 

SUPPLEMENTATION OF VITAMINS IN THE DIET

reduced mem brane fluidity. This reduced fluidity m ight 
contribute to the peroxidative haem olysis o f  the erythrocyte. 
Protective role o f  vitamin E in erythrocyte haem olysis caused  
by peroxidation has also been reported by other w orkers17 8 

Furthermore, the peroxidized oil feeding affected the 
a c tiv it ie s  o f  eryth rocyte m em brane boun d  en zy m e  
acetylcholinesterase and N a +— K + ATPase differentially. 
The activity o f  acetylcholinesterase decreased and that o f  
N a +—K + ATPase increased (Table 4 ). M em brane bound  
enzym es must p ossess the correct conform ation and norm al 
distribution in the mem brane to perform  its enzym atic  
function. The acetylcholinesterase is a peripheral protein19 
with its active site exposed to the outside^0. The inhibition  
o f  acetylcholinesterase can be explained by considering the 
fact that it is a peripheral enzym e and is accessib le  to the 
lipid peroxides present in the plasm a. N a +— K + ATPase is

Group

Normal oil 
Peroxidized oil 
Peroxidized oil + Vit.A 
Peroxidized oil + Vit.C 
Peroxidized oil + Vit.E

Haemoglobin 
content 
(g %)

13.45 + 0.67 
8.41 + 0.63b 

10.22 + 0.67“ 
10.31 + 0.38Ke 
11.01 + 0.26b'“

Osmotic
fragility

{ %  haemolysis)
68.75 + 2.72
87.59 + 2A5h 
65.37 + 2.79“ 
70.84 + 3.08c
60.60 + 1.43““

Significantly different from normal oil group a p<0.05
b p<0.01 
c p<0.05 
d p<0.01

Significantly different from the peroxidized oil group

T able 4. Activities o f erythrocyte m em brane  bound
ENZYME (mU/mg PROTEIN) IN RATS FED DIETS CONTAINING 
PEROXIDIZED OIL AND DIETS SUPPLEMENTED WITH VITAMINS
Group Acetylcholin- Na*-K-ATPase 

esterase
Normal oil 
Peroxidized oil 
Peroxidized oil + Vit.A 
Peroxidized oil + Vit.C 
Peroxidized oil + Vit.E

498.40 + 4.05 
438.80 + 12.20“ 
453.58 + 12.30 
449.61 + 19.50 
487.52 + 22.25

24.43 + 1.07 
31.16 + 1.26“ 

26.03 + 1.80 
25.36 + 0.61e 
24.94 + 1.00e

Significantly different from normal oil group a p<0.05
Significantly different from peroxidized oil group c p<0.05
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an integral protein1' with its active site exposed to the 5 
cytoplasm ic side21. The enhanced activity o f  N a +—K + 
ATPase could be due to the lipid m odification in the 
environm ent o f  the enzym e. T hese effects o f  peroxidized o il 6 
were o f  considerably lower degree when the diets were 
supplem ented with vitam ins. 7

Thus, it can be concluded from the present study that 
peroxidized oil feeding causes growth depression, tissue  
enlargement and-oxidativc damage o f  erythrocyte membranes 8' 
leading to the increased osm otic fragility and altered activities 9 
o f  e r y th r o c y te  m em b ra n e  b ou n d  e n z y m e s . T h e  
supplem entation o f vitam in A , C or E in the diet prevented 10. 
the effect o f peroxidized oil and vitam ins A  and E are m ore 
effective in preventing the dam ages caused by peroxidized 11 
o il, as com pared to vitam in C.
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Successive Complexometric Estimation of Iron and Copper in Milk
by Constant Potential Amperometry
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A rapid and sensitive procedure has been developed for the successive determination of micro quantities of iron and copper by 
directly titrating against (ethylenedinitrilo) tetracetic acid (EDTA) and by employing the technique of constant potential amperometry. 
The difference between the stability constants of the EDTA complexes of iron and copper at pH 2.0 is taken advantage of in this 
method and the first end point as shown by a steep and sudden fall in the meter reading is for iron and a second similar end point 
indicates copper. Estimations are carried out on trichloroacetic acid (TCA) serum of milk and the results of the recovery tests on
the serum agree closely with the theoretical amounts added.

Many sp ecific  analytical techniques have been developed  
for use in the analysis o f  trace elem ents in m ilk and other 
foods, and o f  these, the two m ethods w hich have been  
extensively utilised and reported in recent tim es are atom ic 
absorption spectrometry (A A S) as a single-elem ent technique 
and neutron activation analyses (N A A ) as a m ulti-elem ent 
technique. Apart from these m ethods, the well established  
x-ray techniques and electrochem ical techniques as well as 
chemical methods based on spectrophotometric determination 
o f metal com plex in solution are still used as standard methods 
for determ ination o f trace elem ents in many laboratories'.

The spectrophotom etric method o f  Sw eetser and Bricker2 
for the determ ination o f  iron and copper with EDTA was 
further m odified  by U nderw ood2 for the sim ultaneous 
estim ation o f  iron and copper with EDTA at a single pH 2.0. 
and wavelength 745 nm, taking advantage o f  the different 
stability constants o f the metal EDTA com plexes and their 
absorption coeffecients. S ince biological m aterials like m ilk  
contain m etals only in m icro amounts, and o f  these, iron and 
copper are o f  considerable im portance in dairy industry, it 
was felt desirable to evolve a rapid and sensitive method which 
would avoid the tedious dry ashing or wet ashing procedure 
requiring large am ounts o f m ixtures o f  acids. Follow ing  
Underwood’s m odified procedure2, a method was developed  
where iron and copper were determ ined successively  at pH
2.0  by directly titrating against EDTA by constant potential 
am perom etry4 5 using a transistorised titrim eter56 and the 
results o f  the sam e are presented in this paper.

Materials and Methods
A  transistorized titrimeter56 was used. An a/c operated 

electronically stabilized "polarizer" source was used to apply

the required constant potential across the platinum and silver  
amalgam electrodes7. The pH was m easured using a Poly- 
metron pH meter, type 42 B- D isodium  salt o f  (ethylene  
dinitrilo) tetracetic acid, dihydrate, (EDTA) 0.001 N  solution. 
This solution was prepared from  a 0.1 N  stock solution. 
M ercuric nitrate solution 0.004 M  1.38 g  o f  analytical reagent 
m ercuric nitrate monohydrate was d isso lved  in deionized  
water containing sufficient nitric acid to g ive a clear solution  
and diluted to 1 litre*. Trichloroacetic acid  (TCA) 20  
per cent, 200  g o f  analytical reagent TCA was d isso lved  in 
deionized water and made upto 1 litre.

Standard mixture solution of iron (III) and copper (II): A  
stock solution containing iron (0 .2N ) and copper (0.1N) 
prepared by d isso lv in g  9.64 g o f  “Analar F e(N H 4) ( S 0 4)2 
12HzO and 2 .5 0  g o f  “Analar” C u S 0 4 5 H ,0 , in 100 ml o f  
deionised water. Other concentrations were prepared from  
the stock solution by appropriate dilution and a standard curve 
for the ml o f  EDTA against the am ounts o f  the Fe (III) and 
Cu(II) was obtained.

TCA — milk serum: O ne hundred ml o f  w h ole  m ilk  
previously heated to 50°C  was taken in a stoppered conical 
flask, 50  ml o f TCA (20  per cent) were added and boiled  
in a water bath with constant swirling for about 10 m in. After 
cooling in ice water, the contents were filtered to remove fat 
and proteins and the first 10 ml portion o f  the filtrate was 
discarded12

Seventy five ml o f  the standard solution or the TCA serum  
obtained from m ilk , containing about 3.75 p  g  o f  copper and 
15 p  g  o f iron were taken in a 150 ml beaker and the initial
1.2 pH was adjusted to 2.0 by adding su fficient am ount o f  
6 N N aO H . The beaker was placed on a m agnetic stirrer 0 .2  
ml o f 0.004 M mercuric nitrate solution was added to increase

♦ Emeritus Scientist, U.A.S., Hebbal, Bangalore - 560 024.
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the sensitiv ity o f  the end point8 and the platinum and silver  
amalgam electrodes were dipped into the solution. The silver 
amalgam electrode was connected to the positive terminal and 
the platinum  electrode to the negative term inal on the 
transistorized titrimeter and constant potential o f  100 mv was 
applied to the electrodes from  the “polarizer” unit. The 
solution was titrated against 0.001 N  EDTA from  a m icro  
burette. At the first end point, w hen all the iron had been  
chelated, there' was a sudden and steep fall in the m eter 
reading. The titration was continued and again there was a 
similar sharp fall in the meter reading, at the second end point 
w hen all the copper had been chelated.

Results and Discussion
Twenty one sam ples obtained from  Institute’s D airy Farm  

were analysed for iron and copper and the results are 
presented in Table 1. Recovery tests were perform ed on the 
m ilk sam ples, the results o f  w hich are presented in Table 2. 
Fig. 1 shows a typical curve for the titration o f  a ferric cupric 
m ixture with EDTA. T here was quite a large drop in the 
am ount at each end point and the curve conform ed to the 
theoretical considerations5".

T he first end point was for Fe (III) and the d ifference  
betw een the first and the second end points was for Cu (II). 
In each case, the volum e o f the titrant (EDTA) was multiplied 
by two to obtain the am ount o f  the metal contained in 100 
ml o f  the original sam ple.

Each ml o f  0.001 N  EDTA was equivalent to 27.93 p  g  Fe
(III) or 31.77 p  g  Cu. (II).

T a ble  1. Su c c e ssiv e  c o m pl ex o m et r ic  estim a tio n  of
IRON AND COPPER IN COW AND BUFFALO MILK

Cow Buffalo
Iron Copper Iron Copper

g/1) ( A g/1) ( M g/1) (f*g/l)
113.1 58.3 129.9 22.3
146.7 30.0 146.7 82.9
150.9 39.6 140.5 128.6
134.1 79.4 176.C 124.0
175.9 120.8 162.0 88.9
170.4 117.5 198.3 82.6
173.2 45.6 170.3 50.8
159.2 50.8 178.7 66.7
159.6 88.9 173.1 63.5
181.5 73.1 257.0 66.7
184.4 34.9 162.0 57.1
195.5 41.3 251.3 84.4
164.8 50.8 242.9 123.7
189.8 80.5 209.4 79.3
206.7 93.8 255.7 71.1
169.7 95.2 179.2 45.2
206.2 84.3 170.7 84.4
194.4 49.9 160.: 123.7
244.5 76.8 209.4 33.8
217.1 45.9 255.7 51.4
171.5 49.9 181.4 67.4

T a b l e  2. R ecovery  tests
Iron (Mg/I)_______  Copper (p g/1)

Added Found Error Added Found Error
100 93.6 6.4 8.58 8.47 1.98100 96.2 3.8 6.70 6.40 4.48104 104.5 0.48 6.50 6.40 1.5425 25.4 1.60 6.52 6.36 2.4625 25.3 1.20 1.90 2.10 10.5025 24.9 0.40 1.63 1.43 10.5025 24.0 4.00 1.63 1.70 4.29

Mean diff 1.4429 0.0857
Std. Dev. + 2.6563 ± 0.1687
“t" value 1.4367 1.3426

VOLUME OF EDTA AGAINST CURRENT.
Fig. 1. A typical curve for the titration of ferric cupric mixture with EDTA.

Usually wet ashing procedure with sulphuric and perchloric 
acids is follow ed for the determ ination o f  iron and copper 
present in biological materials. S ince this m ethod has certain 
drawbacks and is beset with practical hazards, a clarification  
m ethod using 20  per cent TCA for the removal o f  fat and 
proteins in m ilk has been proposed9'10 and this m ethod has 
been used in the present study with advantage.

T he tech n iq u e o f  con stan t p oten tia l am p erom etry4 
em ployed in the su ccessive estim ation o f  calcium  and 
m agnesium  in a single sam ple5 was successfu lly  adopted in 
the present m ethod (Tables 1 and 2). Previous values 
reported1' for these m etals in m ilk were copper 30-170 p g/1, 
Iron about 300 p g/1 and the present values copper 30-95 p g/1 
Iron 113 to 257  p  g/1 agreed c lo se ly  with the reported values. 
T hese estim ations were compared with standard colorim etric 
m ethods for iron and copper and the values are reported in 
Table 3. The values obtained by the standard colorim etric  
m ethods are generally higher because o f  the inherent 
drawbacks m entioned earlier.

The fixing o f  the pH at 2.0 was quite satisfactory for the 
su ccessive determ ination o f  copper and iron because the
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T a ble  3. C o m pariso n  o f  electrotitrim etric  m eth o d
AND PHOTO COLORIMETRIC METHODS OF ANALYSIS FOR IRON 

AND COPPER IN M ILK

Iron Copper
(Pg in 1000 ml milk ashing) (f*g in 1000 ml milk ashing)

Electro Photo- Error Electro- Photo Error
titri- colori- (%) titri- colori- (%)

metric metric metric metric

281.6 280.0 0.57 106.9 110.0 2.81
250.2 280.0 10.64 133.8 140.0 4.42
265.3 280.0 5.25 104.6 108.0 3.15
248.0 253.8 2.16 78.8 80.0 3.15
241.5 280.0 13.75 89.4 93.7 cn 00
103.5 109.3 5.30 117.7 130.0 9.46
224.8 280.0 19.71 66.9 67.5 0.89
286.2 306.2 7.18 161.6 163.0 0.86
290.1 350.0 16.88 139.0 141.0 1.42
271.1 280.0 2.46 164.0 168.0 2.36
245.3 280.0 12.39 99.7 111.0 10.78

Mean diff 24.7 4.54
Std. Dev. + 20.65 + 3.93

“ t” 3.9674 3.8244

difference in the stability constants o f  these two metal — 
EDTA com plexes are quite large for convenient and sensitive 
detection o f the respective end points. The applied constant 
potential o f  100 mV was also sufficient for obtaining sharp 
deflections. The use o f the combination o f platinum electrode 
and silver amalgam electrode helped in getting sharp, stable 
and sensitive end points45. Though m ost o f the EDTA 
titrations are accurate only for m illigram  am ounts o f the 
m eta ls" , the a p p lica tion  o f  the con stan t p oten tia l 
am perom etric technique enabled the determ ination o f  the 
m etals Fe(III) and Cu(II) present in m icro-quantities. The 
stability constants o f EDTA - com plexes o f iron, copper and 
manganese differ sufficiently and so it is possible to determine 
these m etals in presence o f  each other at different pHs. For 
exam ple, iron has log K 25.1 at pH 2-3, copper has log K 18.4 
at pH 5 and m anganese has log K 13.5 at pH 10. The

determinations o f these trace elem ents are done both by EDTA 
- indicator and EDTA - amperometric method and comparable 
results have been obtained by both these m ethods.
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Method for the manufacture of lactose was evaluated using fresh paneer whey and deproteinized paneer whey. Deproteinized whey 
afforded higher recovery and purity of lactose. Deproteinized whey was concentrated to 65% total solids to obtain maximum yield. 
Intermediate cooling temperature of 60°C with a final cooling temperature of 30°C over a 12 hr period was necessary during 
crystallization. The product had a lactose content of 97%.

W hey represents approximately 80-85 per cent o f the initial 
milk volum e used for cheese, casein and paneer manufacture. 
It poses an effluent disposal problem  as its biological oxygen  
demand (BO D ) value ranges from  32,000 to 60,000 p.p .m . 
It contains approximately 6 per cent total solids o f  which more 
than 70 per cent is lactose and about 0.7 per cent are whey  
proteins. Thus, whey problem  to a large extent, is a lactose  
problem . M anufacture o f  lactose from whey solves both the 
problem s o f  improving econ om ics o f  whey utilization and o f  
pollution as lactose itse lf can reduce B O D  o f  whey by about 
70-80  per cent as com pared to 20  per cent reduction by 
manufacture o f  whey protein concentrate a lon e1.

Lactose has various applications in food and pharmaceutical 
industries due to its m ultiple functional properties'. The 
manufacture o f  lactose is basically  a four-step process, i.e. 
deproteinization o f  whey, concentration, crystallization and 
recovery o f  crystals. M any problem s have been encountered  
during concentration o f  w hey in conventional evaporators. 
In order to overcom e all these problem s, an application o f  
thin film  scraped surface heat exchanger was suggested which  
is having unique perform ance characteristics'.

The purity o f  recovered lactose depends on the degree to 
w hich proteins and salts are separated from  whey. However, 
on the other hand, adding processing m aterials to clarify the 
w hey may result in loss o f  lactose through occlusion  with 
the extraneous matter being rem oved and added to the cost. 
Subsequently, it y ie ld s a less useful mother liquor for feed 
use4. H ence, a com prom ise has to be m ade betw een yield  
and purity o f  lactose w h ile  manufacturing.

T his paper presents the effect o f  various parameters in the 
m anufacture o f  lactose.

Materials and Methods
Fresh paneer whey was obtained from Experimental Dairy, 

N D R I, Karnal. It was separated to rem ove the residual fat 
and suspended particles using a cream separator. It was then

deproteinized^. Forty kg o f whey was taken for each trial. 
To standardize the method for the preparation o f crude lactose, 
a basic general procedure as outlined in Fig. 1 was follow ed. 
W hey (fresh and deproteinized) was concentrated to 55, 65  
and 75 per cent TS in thin film scraped surface heat exchanger 
(SSH E ) em ploying the com bination o f  various process 
variables.

Crystallization was done in a fabricated crystallizer o f  
capacity 10 kg. The lactose in concentrated whey was allowed  
to crystallize at two cooling rates: (1) 4°C /h r and (2)  
interm ediate coolin g  tem perature o f  60°C  and final 
temperature o f  30°C  over a 12 hr period. T he concentrated

200 mesh 
seed lactose

@ 0.1V.

Wash w a t e r___ „
1.5 K3/K9

CRUDE LACTOSE

167

Fi g. 1 Flow D iagram  For Crude L a c to s e  M anufacture
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whey was introduced in an insulated jacketted crystallizing  
tank to provide cooling rate o f 4°C /hr. The temperature o f  
whey was measured at 1 hr interval using sensors o f  digital 
temperature m easuring device. W hen a temperature o f 60°C  
was attained the seed lactose o f  200  mesh size was added 
at the rate o f  0.1 per cent o f  whey concentrate. The seed  
lactose was thoroughly mixed with the concentrate with the 
help o f  agitator provided with the crystallizing tank. The 
agitator was run at 10 r.p.m . for 5 min to ensure proper 
m ixing. Crystallization was allow ed to continue until a final 
temperature o f  30°C  was attained.

The m ass o f crystallized lactose was harvested at 4 ,000  
r.p.m. for 15 min in a basket centrifuge with a ch eese cloth  
lining. The harvested crystals were washed with 1.5 kg o f  
water per kg o f  crystallized m ass. Then, they were further 
subjected to centrifugation in the basket centrifuge at 4 ,000  
r.p.m . for 10 min to drain o ff  the washed water.

The washed lactose crystals were tray-dried at 70°C  for 
4 hr. They were then ground to 200  m esh and further 
subjected to tray-drying at 70°C  for 2 hr to obtain the final 
crude lactose with less than 2  per cent moisture.

Analytical grade reagents w'ere used for chem ical analysis, 
unless stated otherw ise. A ll determ inations were made in 
duplicate. A standard solution o f  0.1 N  NaOH was used for 
titration with phenolphthalein indicator to determ ine  
acidity6. pH was determ ined at 20°C  using M etroohm  pH  
meter (ELTO P-3030) with com bined electrode. Total solids 
were determ ined gravim etrically by drying at 100 +  1°C for 
3 hr6. Fat in whey was determ ined by G erber m ethod using 
skim m ilk butyrometer. Fat in crude lactose was determ ined  
by M ojonnier m ethod6. Protein in whey was determ ined  
using the colorim etric method given by Lowry e t  a l1. 
Lactose in whey was determ ined using the colorim etric  
m ethod given by Ibrahim H. Abu Lehiail. Ash determination 
was done according to the method suggested by M cK enzie9. 
The data on yield  and quality o f crude lactose were analysed  
using m ixed factorial experimental design for each treatment 
com bination with three replicates.

Results and Discussion
The mean com position o f paneer whey (fresh, separated 

and deproteinized) used for the manufacture o f crude lactose 
is presented in Table 1.

E ffec t o f  ty p e  o f  w h e y  o n  y ie ld  a n d  c o m p o s it io n  o f  c r u d e  
la c to s e :  The data pertaining to the effect o f  whey on the 
yield  and com position o f crude lactose are presented in Table
2. It is evident from Table 2 that the type o f  whey had a highly 
significant (P <  0.01) effect on the mean per cent recovery 
o f  lactose and mean per cent loss o f  lactose in mother liquor. 
It also had a highly significant (P <  0.01) effect on the protein, 
ash. lactose and acidity (per cent lactic acid) o f the recovered 
lactose. However, it had no significant effect on the fat per 
cent o f  the recovered lactose.

T able 1 G ross com position  o f paneer w hey
Type of
paneer
whey

Total
solids
(%)

Fat
(%)

Protein
(%)

Lactose
(%)

Ash
(%)

Fresh 6.75 0.25 0.45 5.42
(80.30)

0.63

Fresh separated 6.34 0.05 0.39 5.38
(84.86)

0.52

Deproteinized 6.00 0.05 0.09 5.39
(89.83)

0.47

*Average of 36 samples; ** 
on dry basis.

Values in parentheses indicate per cent lactose

The highe 
com parison

• lactose yield  from deproteinized whey in 
to fresh was also reported by Haken and

H artm an10. T his may be attributed to higher level o f  
supersaturatijn  o f  lactose in deprotein ized  w hey in 
com parison to that in the fresh whey at the sam e level o f  
concen tratior". The extent to w hich protein and salts are 
removed from whey prior to concentration and crystallization  
largely determ ines the purity o f  lactose. Protein and salts 
result in contam ination o f  the crystals during crystallization  
and cause additional d ifficu lties. They greatly increase the 
viscosity  o f  concentrated whey and this m akes separation o f  
the crystallization o f lactose exceedingly d ifficu lt in extrem e 
instances even preventing its crystallization412. T he high 
mean protein content (on dry basis) o f  crude lactose obtained  
using fresh whey (2 .57 per cent) in com parison to that 
obtained using deproteinized whey (0.92 per cent) may be 
attributed to :he removal o f  proteins from  w hey by heat 
coagulation ir deproteinized whey. The removal o f  certain  
degree o f  ash along with the protein in deproteinized whey  
might have resulted in a lower ash and higher lactose contents 
o f  crude lactose obtained from  deproteinized w hey (1.77 and 
97.12 per cent respectively) in com parison  to that obtained  
from fresh whey (2.33 and 94.91 per cent, respectively). Since 
separated whey was em ployed for lactose manufacture, the 
type o f  whey I ad no significant effect on average fat content 
(0.19 per cent) af crude lactose. The lower protein and mineral 
content o f  deproteinized whey in com parison to fresh whey  
might have resulted in corresponding lower protein and 
mineral contents in crude lactose and therby resulted in low  
acidity.

The analysis and foregoing discussions on the effect o f  type 
o f  whey on yield  and purity o f  recovered lactose lead to the 
conclusion  that deproteinized w hey resulted in a greater 
recovery o f  crude lactose as well as higher purity in 
com parison to fresh whey.

E ffec t o f  le v e l  o f  c o n c e n tr a tio n  on  y ie ld  a n d  c o m p o s it io n  
o f  c r u d e  la c to s e :  The data pertaining to the effect o f  level 
o f concentration on the yield and com position o f  crude lactose 
are presented in Table 3. It is evident that the level o f
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T a bl e  2. E ffec t  o f  t y pe  o f  w h e y  o n  y iel d  a n d  c o m po sit io n  o f  r ec o v er ed  lactose

Type of whey Yield
Lactose loss 
in mother 

liquor Fat
(%) (* ) (%)

Fresh 58.97 41.03 0.19
Deproteinized 63.85 36.15 0.19
F-value 129.53» 129.66» 0.28
»  F value highly significant at 1 per cent level of significance. 
Results are on % dry basis except yield and loss of lactose.

Protein Ash Lactose
Acidity 

( %  lactic
(%) (%) (%) acid)
2.57 2.33 94.91 0.86
0.92 1.77 97.12 0.71

8509.75» 503.63* 3889.05» 84.98»

T a b l e  3. Effec t  o f  l e v e l  o f  c o n c e n t r a tio n  o n  y ie l d  a n d  c o m po sitio n  o f  recovered  lactose

Lactose loss 
in mother

Concn. level Yield liquor Fat
(%) (%) ( % ) ( %  d.b)
55 55.53 44.47 0.23
65 69.97 30.33 0.18
75 59.03 40.97 0.16
F-value 392.53* 392.60» 48.64**

Protein Ash Lactose
Acidity 

( %  lactic-
(% d.b) ( %  d.b) ( %  d.b) acid d.b)

2.12 3.08 94.58 1.15
1.65 1.72 96.45 0.65
1.47 1.35 97.02 0.56

466.53» 1811.09» 1748.63** 514.47**
* F value significant at 5 per cent level of significance.
»  F value highly significant at 1 per cent level of significance.
concentration had a highly significant (P <  0.01) effect on the 
yield and com position o f  lactose. The mean per cent recovery 
o f  lactose crystals increased with increase in concentration  
from 55.53 per cent at 55  per cent total so lids to 69.67 per 
cent at 65 per cent total solids. Increase in the concentration  
o f  total solids from 65 to 75 per cent resulted in a drop in 
the mean lactose y ie ld  to 59.03 per cent. T his may be 
attributed to the decrease in mean crystal size with increase 
in total solid content, resulting in greater losses in the mother 
liquor during harvesting o f  lactose crystals . The decreasing  
trend observed in fat, protein, ash and acidity, and an 
increasing trend in the lactose with increasing concentration  
might be the result o f formation o f  agglomerates o f  the lactose 
crystals at 55 per cent level o f  concentration. T hese  
agglom erates entrapped impurities during crystallization and 
thus were difficult to wash and the wash water used could  
not rem ove the im purities to the desired extent .

The above study on the effect o f  level o f  concentration on 
the yield  arid com position o f  recovered lactose leads to the 
conclusion that concentrating whey to 65 per cent total solids 
(TS) gave a higher yield  whereas a higher degree o f  purity 
o f crude lactose was obtained when it was concentrated to 
75 per cent TS.

E ffect o f  c o o lin g  ra te  on  y ie ld  a n d  c o m p o s itio n  o f  r e c o v e re d  
la c to s e :  The data pertaining to the effect o f  cooling rate on  
the yield  and com position o f  crude lactose are given in Table
4 . It is evident that the coolin g  rate em ployed had a highly 
significant (P <  0.01) effect on protein and lactose and a 
significant (P <  0.05) effect on ash and acidity o f the recovered 
lactose. However, it had no significant effect on the fat o f  
recovered crude lactose. Em ploying cooling rate o f 40°C /hr  
gave a lower mean lactose recovery o f  58 .58 per cent in 
comparison to 6 4 .2 4  per cent recovery obtained on employing 
intermediate cooling temperature o f  60°C  and final cooling

T a bl e  4 . E ffec t  o f  c o o lin g  rate o n  t h e  y iel d  a n d  c o m po sitio n  o f  rec o v er ed  lactose

Concn. level Yield
Lactose loss 
in mother 
liquor Fat

( % ) (%) (%) (% d.b)
4°C/hr 58.58 41.42 0.19
Intermediate 64.24 35.76 0.19
F-vaiue 173.52» 173.55» 0.77
* F value significant at 5 per cent level of significance;
** F value highly significant at I per cent level of significance.

Protein Ash Lactose
Acidity 

(% lactic
(% d.b) ( %  d.b) (% d.b) acid d.b)

1.71 2.02 96.08 0.77
1.78 2.08 95.95 0.81

15.40» 5.95* 14.75** 7.07*
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T a b l e  5. A nova table  for  y ie l d  a n d  c o m po sit io n  of c r u d e  lactose
%  loss of 
lactose in

mother Acidity
Source of variation d.f. Yield liquor Fat Protein Ash Lactose (as %  lactic PH

(%) (%) (%) (%) (%) acid)
Replicates 2 2.69 2.69 0.001 0.009 0.001 0.0106 0.004 0.000
Type of whey (A) 1 214.76** 214.77** 0.000 24.371** 2.745** 43.604** 0.198 0.027**
Level of concn (B) 2 650.83 650.84** 0.017** 1.336** 9.870** 19.606** 1.199* 0.014**
Cooling rate (C) 
Interactions:

1 280.70** 287.69** 0.000 0.044** 0.032* 0.1654** 0.016 0.007**
A x B 2 33.22** 33.21** 0.000 0.729** 0.418* 2.222** 0.014** 0.002*
A x C 1 5.18 5.17 0.000 0.019* 0.037* 0.113** 0.001 0.003*
B x C 2 19.86** 19.86** 0.001 0.016* 0.081** 0.072* 0.001 0.002*
A x B x C 2 10.15** 10.15** 0.001 0.009 0.060** 0.085** 0.000 0.001
Error 22 1.66 1.66 0.000 0.003 0.005 0.0112 0.002 0.000
*F value significant at 5% level of significance; ** F value highly significant at 1%  level of significance.

temperature o f 30°C  over a 12 hr period (intermediate cooling  
rate). This may be attributed to increase in the growth rate 
o f  the crysta ls  on  in crea sin g  the tem p era tu re '4 and  
production o f large lactose crystals on em ploying gradual 
temperature reduction, which arc easy to separate by 
centrifugation15.

Thus, it can be inferred that the effect o f  cooling rate on 
yield  and com position o f recovered lactose, em ploying  
intermediate cooling rate, resulted in higher recovery o f crude 
lactose. W hereas on em ploying 4°C /hr cooling rate, a high 
degree o f  purity o f  crude lactose should be obtained. The 
sam ples o f  crude lactose prepared using a com bination o f  
different treatments had a mean m oisture content o f 0.98  
per cent (range 0.79 to 1.23 per cent). The sam ples o f mother 
liquor obtained by using a combination o f different treatments 
had a mean pH o f 5.47 (range 5.4 to 5.59) which is well above 
the standard pH o f  m ore than 5 .4 . The statistical analysis o f  
all variables is shown in Table 5.

The foregoing d iscussions lead to the conclusion  that in 
order to obtain maximum yield o f lactose, deproteinized whey 
having a concentration o f  65 per cent total solids and 
intermediate cooling rate should be used for lactose 
manufacture.
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Oleic acid, palmitic acid and linoleic acid were the major fatty 
acids in the oil of all the olive cultivars. The content of oleic acid 
ranged from 68.6 - 75.5, palmitic acid, 10.2 -18.5 and linoleic acid,
3.9 - 13.2%.
O live oil is used for edib le purposes and application on 

human skin. It is also known to have som e m edicinal 
properties'. O live oil is characterized by the presence o f  
high percentage o f o leic acid (upto 93 per cent) in the natural 
lipid fraction". Som e Spanish and Italian cultivars o f  o live  
have been introduced in Himachal Pradesh during 1976. Since 
not much inform ation is available on fatty acid com position  
o f  o lives grown in India, an attempt has, therefore, been made 
to study the fatty acid com position o f  o live oil from seven 
cultivars o f  o live grown in Himachal Pradesh.

Seven cultivars o f  o live ( O le a  e u r o p a e a  cv. ‘Cornicobra'. 
‘Ascoitrena’, 'Pendulino', ‘Frantoio’, ‘Corotina’, ‘L eccino’ and 
‘A lagandeu’), growing in the orchards o f the Departm ent o f  
Fruit Culture and Orchard M anagement, Solan were selected  
based on their yield  potentiality and perform ance under the 
agro-clim atic conditions o f  Him achal Pradesh. Fruits were 
harvested at fully ripe stage. Horticultural practices like 
pruning and m anuring were done at regular intervals.

One hundred g. fruits o f  each variety were dried in an air 
oven at 70°C  and the m oisture-free oil was extracted in 
Soxhlet apparatus using petroleum ether (40-60°C ). Fatty acid 
methyl esters were prepared by the method o f Luddy e t  a l . '

liquid chromatography using an A1MIL 5700 Series gas 
chromatograph with flam e ionization detector having 6  mm  
x  2 m colum n packed with 15% (W /W ) diethylene glycol 

succinate (D E G S) on 80 to 100 m esh chrom osorb W. The 
instrument was operated at 190°C with a N , flow o f  60  
m l/m in and H, flow o f  30  rnl/min. The peak area and the 
relative percentage o f each fatty acid were calculated with data 
processor Chrom atopac M odel EIA. Determ inations were 
carried out in triplicate and the data were analysed statistically.

Table 1 shows the fatty acid com p osition  o f  o live oil o f  
different cultivars on percentage relative weight basis. Data 
show that all the cultivars contained only palm itic, stearic, 
palmitoleic, oleic and linoleic acids. Am ong the saturated fatty 
acids, highest proportion was that o f  palm itic acid followed  
by stearic acid. O live oil showed varietal d ifferences with 
respect to palm itic acid and stearic acid. E ckey' has 
reported 1.5 - 3.3 per cent stearic acid in the o live oil. 
Gracian" reported that oil obtained from Tunisia and Spain 
had relatively higher palm itic acid than stearic acid.

O leic acid was the major fatty acid followed by linoleic and 
palm itoleic acids, among unsaturated fatty acids. All samples 
contained a small percentage o f  higher fatty acids.

O leic acid range in different oil sam ples from Italy, Greece, 
Spain. Argentina. Tunisia, and California was 63-80 , 57-93, 
65-79. 54-79, 55-70 and 62-83  per cent, respectively2. The 
range o f  o le ic  acid in Him achal o live oil was relatively  
narrower. However. Raina e t  a l."  have reported o le ic  acid  
ranging from 10.19 - 39 .30  per cent in Him achal o live o il. 
The C odex7 lim its for principal fatty acids in o live o il are 
oleic 56-83  per cent, palmitic 7-20 per cent and linoleic 3-20  
per cent.

The results presented in this paper indicate that the o live  
oil obtained from Him achal o lives had low linole ic and 
palm itic acids and high o le ic  acid content. Therefore, 
elaborate plans can be made for com m ercial exploitation o f

a n d  a n a ly s e d  fo llo w in g  th e  m e th o d  o f  A h u ja  e t  a l. 4 by  g a s - th is  c ro p .

T a b l e  1. F a t t y  a c id  c o m p o s i t i o n OF OLIVE OIL
Cultivar < 16 carbon Palmitic Palmitoleic Stearic Oleic Linoleic >  20 carbon

(16:0)' (16:1) (18:0) (18:1) (18:2)
Cornicobra 0.2 15.8 3.0 1.5 71.5 5.2 1.6
Ascoitrena 0.1 14.4 2.3 1.7 75.5 3.9 1.9
Pendulino 0.1 18.5 0.8 1.0 72.1 4.6 1.7
Frantoio 0.1 12.9 1.9 1.1 68.6 13.2 2.2
Corotina 0.1 14.2 0.6 1.5 72.6 10.1 1.5
Leccino 0.1 10.2 1.3 1.3 73.3 12.5 1.2
Alagandeu 0.2 15.9 — 1.1 75.1 6.6 1.1
CD at p = 0.05 0.227 0.325 0.197 1.225 0.762 0.548

♦ Dept, of Post-harvest Technology
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Physico-chemical composition and nutritional quality of six 
promising varieties of pigeon pea were investigated. The ranges 
of values were : test weight 66.10-73.50g, dhal in grain 
66.45-68.50%, yield 13.95 - 2185 q/ha, moisture 10.00-11.00%, 
protein 18.20-1980%, protein yield 2.54-4.33 q/ha, digestibility 
of proteins .32.10-38.10%, fat 1.19-1.37%, total carbohydrates 
65.88-67.32%, energy 312.30-326.75 kcal, tryptophan
0.37-0.46g/16g N, tryptophan yield 0.94-1.99 kg/ha, methionine
0.98-1.10g/16gN, methionine yield 2.49-4.63 kg/ha, chemical score, 
29.17-32.74%, biological value 57.28-59.38, total minerals 
2.30-2.95%, calcium 115.05-122.30 mg/lOOg, iron 8.00-9.20 mg/ 
lOOg, available iron 1.90-3.41 mg/lOOg, ascorbic acid 2.35-3.40 
mg/lOOg, vitamin A 108.00-118.701.U., thiamine 0.40-0.47 mg/lOOg 
and riboflavin 0.09-0.12 mg/lOOg. ‘Type-21’ was found to be 
superior over other varieties analysed.

Pulses are known to form the important sources o f protein 
and other dietary constituents in Indian diet. Information  
regarding the quality constituent o f  the pulses is o f  great 
importance to breeders, agronom ists, nutritionists and 
consum ers. Literature evidence indicates varietal variations 
in nutrient com position o f  foodstuffs'. Pigeon pea is one o f  
the important pulse crops o f  India. However, detailed  
systematic information on biochem ical constituents and b io­
logical value o f pigeon pea varieties is still scanty. The present 
com m unication describes the variations in nutritional attri­
butes o f prom ising pigeon pea varieties o f  the State.

Seeds o f  six pigeon pea varieties, namely, ‘Type-21’, ‘Pusa 
A geti’. ‘Prabhat’, ‘Type-17’, ‘Type-7’ and ‘UPAS-120’, were 
obtained, from G.P.B. Farm. Four replicate sam ples were 
selected from each variety and all the determ inations were 
carried out in duplicate. After observing their colour, size, 
test weight and m oisture, they were cleaned and dehusked  
and ground to powder to pass through 40  mesh sieve. Dhal 
in grain was found out in relation to the total weight o f grains.

M oisture content was calculated by subtracting dry weight 
from fresh weight and expressed as per cent o f fresh weight. 
The m ethods as described in A.O.A.C." were used to 
analyse protein, fat, ascorbic acid, total minerals, vitamin 
A and thiamine contents. D igestibility o f  proteins was 
determined by the method o f Akeson and Stachman1. Total

carbohydrates were obtained by d ifference4. Riboflavin \^as 
estim ated according to D e Ritter5. Iron and calcium  were 
analysed as described by Ranganna6. The in  v itro  method o f  
Narasinga Rao and Prabhavathi7 was followed to assess the 
available iron. The m ethod o f  Spies and Cham bers8 was 
followed for tryptophan whereas m ethionine was estim ated  
by follow ing the procedure o f  Horn e t  a l , 9 Chem ical score 
and biological value o f  m ethionine were com puted by the 
method o f  B lock and M itchell"1 and Rao and Subramanian", 
respectively. Yield data were recorded for calculating protein, 
tryptophan and m ethionine yield .

Data presented in Table 1 show slight variations in colour  
and size o f  grains (seed s). There was a significant difference 
in test weight and yield  o f these varieties. However, there was 
no significant variation in percentage o f  dhal in grain. Test 
weight, yield  and percentage o f  dhal in grain were found to 
be the highest with ‘Type-21’ and lowest with ‘Prabhat’ 
variety.

Considerable differences were observed in all the 
constituents except moisture, thiamine and riboflavin. Protein 
and protein yield  were significantly high in ‘Type-21’. The 
per cent digestibility o f  proteins exhibited appreciable 
variations ranging from 32.10 to 38.10 am ong the six varieties. 
The digestibility o f proteins was found to be significantly low  
(32.10 per cent) in variety ‘Type-7’. The highest values for 
fat (1.37 per cent) and energy (326.75 K cal.) were observed  
in variety ‘Type-21’ having less (65.88 per cent) carbohydrate.

A m ino acids like tryptophan and m ethionine were also  
analysed because the quality o f protein depends on adequate 
am ino acid make upL. Tryptophan and m ethionine contents 
were highest in ‘Type-21’ and ‘UPAS-120’, respectively, while  
yield o f these am ino acids was m aximum in ‘Type-21’ variety. 
Both chem ical score and biological value were found highest 
in ‘UPAS-120’ follow ed by ‘Type-21’.

Total mineral contents o f  varieties varied from 2 .3 0  to 2.95  
per cent. Significant variations in calcium , iron and available 
iron were recorded in pigeon pea varieties and their highest 
value was observed in ‘Type-21’. The total iron content o f any 
food is relatively o f  little im portance in nutrition as it does 
not reflect the actual amount o f  physiologically available iron. 
Therefore, rating the food as a source o f  iron, on the basis 
o f  available iron is considered as better index” and our 
findings are expressed in the light o f  this fact.

Variety ‘UPAS-120' showed maximum ascorbic acid content 
(3 .40 mg/lOOg), w hile vitam in A was found to be highest 
(118.70 I.U .) in ‘Type-21’.

It is clear from these observations as a w h ole that w ide  
(varietal variations exist in physico-chem ical com position and 
quality o f  the six tested varieties o f  pigeon pea and variety 
‘Type-21’ em erged nutritionally excelling over others.

*Present address: Dept, of Food Science & Nutrition, College of Home Science, H.P. Agril. University, Palampur - 176062. (H.P). India.
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T a b l e  1. P h y s i c o -c h e m i c a l  c o m p o s i t i o n  a n d  q u a l i t y  o f  p r o m i s i n g  p i g e o n  p e a  v a r ie t ie s

Traits Type-21 Pusa Ageti Prabhat Type-17 Type-7 UPAS-120 C.D. at 5%
1 2 3 4 5 6 7 8

Seed colour Light Dark Light Light Brown Light —
brown brown brown brown brown

Seed size Medium Medium Small Medium Medium Medium —
bold bold bold bold

Test wt (g) 73.50 71.60 66.10 70.50 72.10 68.70 1.05
Yield (q/ha) 21.85 19.25 13.95 16.99 15.50 18.10 1.03
Dhal in grain (%) 68.50 66.70 66.45 67.20 67.50 67.90 N.S.
Moisture (%) 10.00 10.60 11.00 10.40 10.20 10.20 N.S.
Protein (%) 19.80 18.40 18.20 18.80 19.10 19.50 0.05
Protein yield (q/ha) 4.33 3.54 2.54 3.19 2.96 3.53 0.08
Protein digestibility (%) 38.10 33.70 37.25 36.90 32.10 37.60 1.60
Fat (%) 1.37 1.23 1.19 1.26 1.30 1.34 0.02
Total carbohydrates (%) 65.88 67.32 67.31 66.91 66.70 66.06 0.30
Energy (%) (Kcal.) 326.75 314.74 312.30 317.48 319.91 323.16 0.91
Tryptophan (g/16gN) 0.46 0.38 0.37 0.43 0.39 0.43 0.01
Tryptophan yield (kg/ha) 1.99 1.35 0.94 1.37 1.16 1.52 0.03
Methionine (g/16g N) 1.07 1.01 0.98 1.03 0.99 1.10 0.01
Methionine yield (kg/ha) 4.63 3.58 2.49 3.29 2.93 3.88 0.07
Chemical score (%) 31.85 30.06 29.17 30.65 29.46 32.74 -
Biological value 58.79 57.66 57.09 58.03 57.28 59.38 -
Total minerals (%) 2.95 2.45 2.30 2.63 2.70 2.90 0.03
Calcium (mg/100 g) 122.30 116.10 115.05 117.30 118.60 120.20 0.64
Iron (mg/100 g) 9.20 8.00 8.25 8.40 8.60 8.95 0.08
Available iron (mg/100g) 3.41 2.50 3.17 2.95 1.90 3.29 0.05
Ascorbic acid (mg(100g) 3.10 2.41 2.35 2.70 2.94 3.40 0.04
Vitamin A (I.U.) 118.70 110.40 108.00 111.80 115.80 117.40 1.01
Thiamine (mg/100g) 0.47 0.40 0.42 0.43 0.42 0.44 N.S.
Riboflavin (mg/100g) 0.12 0.09 0.10 0.09 0.10 0.11 N.S.
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Four edible fleshy fungi namely Pleurotus djamor, P. platypus 
Lentinus sajor-caju and L. connatus were studied for their 
utilization of nitrogen compounds. Among the inorganic nitrogen 
sources, Pleurotus and Lentinus spp. preferred tri-ammonium 
citrate and ammonium tartrate respectively whereas urea and 
peptone supported the maximum mycelial production among the 
organic sources.

Edible species o f  P le u ro tu s  and L e n tin u s  occur quite 
com m only in the forests o f  North Eastern Hill States o f  India 
and very much preferred by local people. In an attempt to 
standardize their artificial cultivation, their physiological and 
nutritional requirements were studied. In the present 
com m unication, requirement and utilization o f nitrogen 
sources by two sp ecies each o f  P le u ro tu s  and L e n tin u s  viz  
P le u ro tu s  d ja m o r  (Fr.) B oedjin, P. p la ty p u s  (C ooke & 
M assee) Sacc, L en tin u s sa jo r -c a ju  (Fr.) and L. co n n a tu s  Berk 
are being reported.

Twenty three nitrogen sources (16 organic and 7 inorganic) 
were tested singly for their effect on the m ycelial growth o f  
the test fungi using m odified H um feld and Sugihara1 
m edium . The pH o f  the m edium  was adjusted to 6.0 and 5.5 
for P le u ro tu s  and L e n tin u s  spp. respectively. A series with 
no nitrogen source served as control. All the N -sources were 
sterilized by steaming for 30  min for 3 consecutive days. The 
culture flasks inoculated with 3m m  diam eter m ycelial d iscs  
were incubated for 15 days as still cultures at 2 5 ± 1 ° C  for 
P le u ro tu s  spp. and 3 0 + l° C  for L e n tin u s  spp. before the 
m ycelial mats were harvested, dried and final pH o f the 
culture filtrates were recorded.

The data in Table 1 indicate that the test fungi preferred 
different nitrogen sources for their m axim um  biom ass 
production. Am ong inorganic nitrogen sources both P leu ro tu s  
and L en tin u s  spp. attained m axim um  growth on am m oniacal 
nitrogen. Tri-ammonium citrate was the best for the P leu ro tu s  
spp. and am m onium  tartrate for L en tin u s  spp. This is in 
conform ity with the findings o f  several earlier workers on 
other m ushroom  sp ecies2 \  Am m onium  chloride supported

only poor growth o f  all the test fungi. Sim ilar findings have 
also been reported for P. f l a b e l la tu s * and P  s a jo r - c a ju ' . 
Nitrates o f  calcium  and m agnesium  supported moderate 
growth o f all the test fungi, the least in ca se o f  L. co n n a tu s . 
Nitrate nitrogen utilization by different edib le fungi has been  
reported by earlier workers also* . However, sodium  nitrite 
was better N source than nitrate for M o r c h e lla  esculenta6. 
In the present study, three test fungi failed to grow on nitrites, 
and L. c o n n a tu s  could make only feeble growth on sodium  
nitrite which is in agreem ent with earlier reports on 
M a c r o le p io ta  p r o c e r c t . The growth inhibition o f  the test 
fungi may be attributed to the toxic effect o f  nitrite at acidic  
p W \

Am ong the various organic sources o f  nitrogen tried, urea 
was the m ost preferred source for P le u r o tu s  p a ty p u s  and

L. s a jo r -c a ju  w h ile peptone was the best for P. d ja m o r  and 
L  . :>nnatus. Peptone was the second best source for the other 
two fungi v iz . P. p la ty p u s  and L. s a jo r -c a ju .  T hese findings 
are in general agreem ent with the earlier reports on certain 
other ed ib le m ushroom s'*"'. A m ong the am ino acids,
L. asparagin supported good to moderate m ycelial growth o f  
all the test fungi w hile in other am ino acids different test 
species perform ed differently. Sim ilar utilization o f  organic 
nitrogen sources have also been reported in case o f
P. o s tr e a tu s "  and P. s a jo r -c a ju  and other m ushroom  
sp ecies'. Tryptophan was unable to support good mycelial 
gr >wth o f  P  d ja m o r , P. p la ty p u s  and L. s a jo r -c a ju  although  
it supported good growth o f  L. co n n a tu s. Similar good growth 
with tryptophan was a lso  reported for species o f  L e p is ta ,  
C a n th a r e llu s , P le u ro tu s , and V o lv a r ie l la ' . N one o f  the test 
fungi could make any growth in nitrogen free m edium  which 
confirm ed that the test fungi lack the activity to fix  the 
atm ospheric nitrogen. T his is contrary to various earlier 
reports' 14. The final pH after incubation indicated that there 
was a general lowering o f  pH by all the test fungi with
L. s a jo r -c a ju  making the maximum shift. O nly in a few cases 
like utilization o f  urea by P. d ja m o r  and calcium  nitrate by
P. p la ty p u s ,  the pH was changed to alkaline side. Different 
growth response o f  the mushroom species to different organic 
and inorganic nitrogen sources may be attributed to factors 
like hydrogen ion concentration, presence o f  trace elem ents 
and aeration besides appropriate enzym e system  which  
together determ ine whether a particular nitrogen com pound  
can be utilized or not.
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T a b l e  1. E f f e c t  o f  d i f f e r e n t  s o u r c e s  o f  n i t r o g e n  o n  t h e  m y c e l i a l  g r o w t h  o f  p l e u r o tu s  a n d  l e n t in u s  s p e c i e s .
P. djamor P platypus L. sqjor-caju ______L. connams

Source Mycelial Final Mycelial Final \iycelial Final Mycelial Final
dry wt. PH dry wt. pH dry wt. PH dry wt. pH

(mg) (mg) (mg) (mg)
L. asparagine 44.5 5.1 37.8 4.1 48.3 5.9 55.3 4.5
Leucine 17.3 4.8 12.0 4.4 49.8 3.3 25.3 4.5
Glutamine 21.3 4.9 13.8 4.3 KJ.5 4.1 24.3 4.6
Alanine 27.0 4.8 11.3 4.5 55.3 3.5 14.3 4.3
Aspartic acid 24.8 5.8 33.3 5.2 X 4.7 31.0 5.3
Methionine 25.5 5.1 4.5 5.1 13.3 3.4 16.3 4.2
Cystine 23.5 4.4 13.3 4.1 27.8 2.8 23.0 3.7
Tryptophan X 5.8 X 4.9 X 4.2 33.0 6.1
Lysine 29.0 4.8 28.0 4.4 12,3 2.3 16.0 3.6
Serine 11.5 4.9 7.8 3.9 13.3 3.5 11.8 4.4
Casein 15.8 4.2 42.8 4.7 14.3 3.1 24.5 4.2
Phenylalanine 26.3 5.1 34.3 5.1 50.8 3.3 16.0 4.2
Valine 4.8 62.2 4.2 27.0 3.2 21.03 4.2
Histidine 21.8 4.1 32.3 5.1 24.3 4.4 33.80 4.1
Urea 61.5 7.5 134.8 4.9 134.5 5.3 38.00 5.0
Peptone 67.3 4.4 85.0 4.1 114.3 3.4 83.00 3.9
Tri. ammonium citrate 77.0 4.4 115.3 4.1 56.0 5.2 42.50 5.1
Ammonium tartrate 52.3 4.6 71.5 4.2 147.8 4.9 76.80 5.7
Ammoniuip chloride 14.0 3.5 13.0 3.1 8.8 2.9 16.00 3.6
k n o 3 38.0 5.1 X 5.1 19.8 4.1 51.00 5.0
Ca (N03)2 45.5 5.2 96.3 7.3 112.0 6.1 22.30 4.8
Mg (N03)2 28.5 4.3 76.3 5.1 116.3 4.2 23.50 4.3
NaN02 X 6.1 X 6.1 X 6.0 8.00 7.3
Control (no. N) X X 4.6 4.6 X 4.4 X 5.7
S.E. 1.26 1.39 1.59 1.48
C.D. at 5% 2.49 2.75 3.15 2.94
X — trace growth
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The extent of browning in khoa was determined by estimation 
of 5-hydroxymethyl -2-furfural (HMF) during preparation of 
khoa. The contents of both free as well as potential HMF increased 
correspondingly with total tolids. The rate of increase in HMF 
content was higher in Karahi khoa than in steam pan khoa.

Browning is a com m on phenom en noticed in foods during 
processing and storage. M aillard type o f  browning and 
caram elization are the two important types o f  browning 
reactions encountered in dairy products such as milk powder, 
evaporated m ilks and indigenous m ilk products like K ulfi, 
Khoa, etc., Khoa being the most conspicuously browned milk  
product "amongst all. The extent o f  browning can be estimated  
by stable intermediate compound 5-hydroxymethyl-2- furfural 
(H M F ). Several workers consider estim ation o f  H M F as a 
m easure o f  browning in heat treated m ilk products14. A  
study on production o f  H M F during preparation o f  khoa is 
reported in this paper.

C ow ’s m ilk obtained from  the co llege  herd was used to 
prepare khoa, M ilk (2L ) was desiccated with constant stirring 
over a Karahi or steam  pan by controlling the heat source5. 
Sam ples were drawn at equal intervals from positive pat stage 
and analysed for free and potential H M F content. The method 
o f  K eeney and Bassette6 for estim ating H M F in m ilk was 
m odified to suit for Khoa. Sam ple corresponding to one g 
dry matter w eight was taken for analysis and the values were 
expressed as m icrom oles per 100 g dry matter weight o f khoa. 
Total solids in the sam ples were estim ated by IS1 m ethod7.

Considerable amount o f  H M F was produced during 
preparation o f khoa. The production o f  both free and potential 
H M F increased proportionately with the increase in total 
solids in both karahi and steam  pan m ade khoa (Table 1). 
rate o f  increase in free and potential H M F with respect to 
total so lids was m axim um  in khoa sam ples taken out just 
before partially dried khoa like material (Pat) formation. The 
rate o f  increase in H M F content was higher in karahi made 
khoa than in that o f steam pan made khoa for the same amount 
o f  total so lids content. The increase in potential H M F was 
higher than that o f  free H M F at all stages. The proportion  
o f  free H M F to potential H M F increased with increase in 
total solids, particularly above 6 0  per cent.

T a bl e  1. In c r ea se  in  th e  h m f  c o n t e n t  d u r in g
PREPARATION OF KHOA

Free HMF
Total Potential ( fim/100 g) Potential
solids HMF HMF
(%) ( (i/IOOg)

Steam pan made khoa
(%)

11.25 9.50 2.21 22.30
30.50 11.50 2.60 22.60
37.00 12.41 2.85 22.96
44.90 14.09 2.98 21.14
49.63 15.35 3.27 21.30
53.09 16.67 3.71 22.25
59.32 18.46 4.56 24.70
65.51 21.25 6.17 29.03
70.14 24.16 7.82 32.36
70.80 26.69 9.55 36.78
74.85 29.22 11.39 38.98
78.92 32.20

---------- r = 0.86*-
11.70 36.33

r -  0.93* 

Karahi made khoa
11.25 9.50 2.12 22.31
31.56 15.35 2.32 15.11
36.52 16.89 2.69 15.92
46.72 18.76 3.23 17.21
47.16 19.93 3.75 18.81
51.33 21.38 5.26 24.60
57.15 23.35 6.53 27.96
62.00 26.25 8.26 31.46
65.76 28.62 9.19 32.11
69.78 32.89 11.37 34.56
74.15 35.92 12.52 34.85
79.00 39.12 13.69 35.35

---------- r = 0.91*-
--------------------- r = 0.96*-

—

♦ Significant at \% level.

A linear relationship Y=0.21 x  + 5 .5 8 5  for steam pan and 
Y = 0.33x  + 4 .9 9 0  for karahi, where Y = H M F  content, x=total 
so lid s was derived. However, beyond 6 0  per cent o f  total 
so lid s, the increase in H M F was rapid. The H M F  estim ated  
in khoa was very much higher when com pared to that 
estim ated in any other dairy products, such as U H T  m ilk4 
(23.5 MM/1) and dried skim  m ilk powder4 (8.74 M M /m ) .

The potential H M F is the am ount o f  intermediary  
com pound w hich can give rise to H M F during browning 
reaction. Hence, both potential as well as free HM F increased
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during the preparation o f  khoa. H igher H M F content in khoa 
as com pared to other dairy products could be attributed to 
the higher heat treatment and processing conditions such as 
open pan heating and continuous stirring w hich together 
reduce the inhibitory effect o f  free sulphydryls on browning 
as incorporation o f  oxygen during stirring ox id ises free 
sulphydryls. The H M F at a given percentage o f total solids  
was less in steam pan made khoa as compared to karahi made 
khoa. This can be attributed to higher heat treatment and 
longer tim e in karahi because the heat source in karahi is 
lim ited to the bottom  o f  the pan, w hereas in case o f steam  
pan, heat is provided along the com plete surface o f  the 
jacketted pan. This provides higher activation energy for 
H M F accum ulation in karahi89. M oreover, direct contact o f  
super saturated solution o f  lactose with hot surface o f  karahi 
could enhance lactose caram elization resulting in the 
form ation o f  H M F 10.

It was also observed that the H M F increased in skim  m ilk  
powder and sterilized m ilk with added iron5. Incorporation  
o f  as much as 103 p .p .m . iron was noticed during stirring 
and scrapping in the preparation o f  khoa6.

R eferen ces
1. Prakash S and Sharnia R S. Heat induced changes in the protein of

milk durinj the preparation of khoa fr.om lactose unhydrolysed and 
lactose hydrolysed buffalo milk, J Fd Sci'Techno!, 1984. 21, 377.

2. Gunjeet G and Deodhar A D, Nutritional evaluation of proteins in heat
treated low lactose milk. Indian J Dairy Sci, 1985, 38. 185.

3. Konietz Ko M and Reuter H. Rapid method for detection of milk changes
during UHT treatment. Dtsch Mul Z, 1982, 103, 308.

4. Carie M. Gavaric G and Milanonic S, Determination of intensity of
Maillard reaction in dairy products. Special Publication Royal Society 
of Chemist y), 1984. 49, 303.

5. De S and Ray S C. Studies on the indigenous method of khoa making,
Indian J Dairy Sci, 1952, 5, 147.

6. Keeney M ard Bassette R. Detection of intermediate compounds in
the early stages of browning reaction in milk products. J Dairy Sci, 
1959, 42, 945.

7. Specification of Khoa IS: 2785-1964, Indian Standards Institution, New
Delhi.

8. Golubonic Z Nenie M and Karabasenics. Possibility of assessing optimal
concentration of evaporation for spray drying, the study of maillard 
type browring Mljekarstvo 1983, 33, 231.

9. Berk Z. Braverman’s Introduction to the Biochemistry of Foods Elsevier
Scientific Publishing Co, Amsterdam, 1976, 11lh ed, 149-167.

10. Dc S. Outlines o f Dairy Technology. Oxford University Press. Delhi, 
1980. 385.



J. Fd. Sci. Technol., 1991, V ol. 28, N o. 3, 1 7 9 -1 8 0

E F F E C T  O F  R E H E A T IN G  A N D  ST O R A G E  O N  
P H Y S IC O -C H E M IC A L  C O N S T IT U E N T S  O F  

P A L M O L E IN  O IL

G. SUBBULAKSHMI*, G. SAILEELA AND G. AZEEMODDIN** 
Sri Sathya Sai Institute of Higher Learning.

Anantapur 515 001, A.P., India.

Received II October 1989; revised 29 May 1990

The effect of household method of discontinuing batch type 
operations involving heating-storing-reheating process on the 
physico-chemical characteristics of palmolein oil and the 
organoleptic acceptability of the food products with initial low 
and high moisture contents were determined. There was a slight 
increase in FFA, refractive index, and specific gravr.y but no 
change in Lovibond colour units and iodine value. The products 
fried in heated-stored-reheated oil were highly acceptable even 
after third frying.

The changes occurring in o ils  on the physico-chem ical 
constituents due to reheating the sam e sam ple either 
continuously or intermittently, singly or in com bination with 
o n e  or m ore o ils  have b een  stu d ied  e x te n s iv e ly 11. 
Continuous replenishment o f  absorbed oil to attain steady state 
during frying at the rate o f  8 per cent per hr has been  
expressed  in m athem atical term s4. But none o f  these  
experim ents has taken into consideration the dilution effect 
com bined with short term storage adopted by Indian h ouse­
w ives on the extent o f  chem ical changes in frying o ils , 
especially so  on palm olein oil which is com m only consum ed  
at present. The present study, therefore, was attempted to 
simulate the hom e conditions that prevail in Indian households 
with, regard to reheating and storing o f  palm olein oil and 
determ ine the:
1. changes in the physico-chem ical characteris:ics,
2 . differences in these changes, if  any, when food material 

with low and high m oisture contents were fried and
3 . organoleptic acceptability o f  the food products fried  

in reheated-stored o il.
The refined bleached and deodourised  (R B D ) palm olein  

oil used in the present study was procured from one o f  the 
ration shops in Anantapur. The quantity o f  oil used was 500  
ml o f  fresh oil for frying a known quantity o f  “ Vadiams” 
(V ) and “ C h ips” (P) the low  and high m oisture foods, 
resp ectively . “ Vadiam s” are steam ed , extruded and 
dehydrated cereal foods that are preserved for m ore than a

year and deep-fried in o il as and w hen required. “ Chips" 
are freshly sliced  potatoes deep-fried  in o il. T his process o f  
frying was repeated three tim es using the left over oil with  
a gap of three days during which tim e the used oils  was stored 
in plastic containers separately (V  and P). Every tim e the 
quantity o f  oil in the frying pan was kept constant (500  ml) 
by replenishing with fresh oil. Care was taken to use the same 
pan (thoroughly cleaned and dried after use) for frying in 
order to keep the size, shape and the m etallic base constant 
throughout the experim ent.

Palm olein oil sam ples were analysed after each frying for 
sp ecific gravity, refractive index, Lovibond colour units, free 
fatty acids and peroxide value1. V iscosity  was m easured by 
the m ethod o f  L ew kow itsch6, and m oisture content and 
iodine value by AO CS7.

Sensory evaluation o f  the fried products was done on a 
score card developed on the basis o f  a 5 point H edonic rating 
scale by a panel o f  trained judges to assess the organoleptic  
acceptability o f  the products. The sam e panelists aged 20 to 
35 years participated in testing the fried products V  and P 
throughout the study. The scores assigned represented: 
E xcellent-5, G oo d -4 , Fair-3, Poor-2 and Unacceptable-1.

All the analyses were done in duplicate and the average 
values have been reported.

Table 1 g ives the com bined effect o f  heating and storing 
on the physical constituents o f  palm olein  o il. The specific  
gravity o f  o il showed slight increase from 0 .909  to 0,913 at 
the end o f  third frying. But there was no d ifference betw een  
the o ils  used for frying V and P. T here was a sim ultaneous 
increase in the refractive index and v iscosity  regardless o f  
the m oisture content in the food material fried. V iscosity  and 
refractive index increase with an increase in the average chain 
length o f  fatty acids in triglycerides.

The Lovibond colour units increased after the third frying 
from 12.6 to 15.0 and 13.0 to 15.5 units in oil o f V and P, 
respectively. Though change in colour depends on the nature 
o f the pigments present or formed, plain heating o f groundnut 
oil and ghee with no food being fried showed a gradual 
discolouration or browning o f  o il8.

The m oisture content o f  o il V  (low  m oisture p ro d u ct as 
expected, was found to decrease on repeated heating w hile  
that o f  P (high m oisture product) showed an increase  
especially  after the third frying.

Free fatty acid contents increased sign ificantly  w ith the 
progressive stages as in Table 2. But the absolute values o f  
0.193/0.194 per cent were still m uch lower than that o f  the 
ghee. Further, there was no difference in o ils  used for frying

P r e s e n t  a d d r e s s :  *  Dept, of Food Science and Nutrition, S.N.D.T. Women’s University, JuhU Road, Bombay-400 049.
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T a bl e  1. Eff e c t  o f  heating  a n d  storing  o n  ph ysic al  c o n st itu en ts  o f  palm o lein  oil

No. of Sp. gr. at 30°C Ref. index at 40°C Lovibond colour* Viscosity 
(Redwood sec)

Moisture (%)
fryings V P V P V P V P V P

i 0.909 0.090 1.460 1.450 12.900 12.900 230 230 0.100 0.100
ii 0.908 0.911 1.462 1.460 12.900 12.400 220 248 0.090 0.100
in 0.911 0.911 1.468 1.472 12.600 13.000 258 250 0.080 0.120
IV 0.913 0.912 1.473 1.477 15.000 15.500 258 260 0.060 0.250

*1" cell Y+5R, V=Vadiams; P = Chips.
The values are the means of three replicates
Maximum variation among replicates was <5% of the mean value

T a bl e  2. Co m b in e d  e ffect  o f  h ea tin g  a n d  storing  o n  ch em ic  ̂l c o n st itu en ts  o f  pa lm o lein  oil

Frying
stages

FFA (as % oleic acid) Iodine value (Wijs) PV (meq O,/100g of sample)
Vadiams Chips Vadiams Chios Vadiams Chips

I 0.104 + 0.002 0.104 + 0.002 56.92 + 1.08 56.92 + 1.08 10.40 + 0.05 10.45 + 0.02n 0.187 + 0.004 0.183 + 0.017 55.68 + 0.94 55.38 + 0.96 6.80 + 0.62 3.55 + 0.02in 0.193 + 0.001 0.194 + 0.004 55.18 + 0.28 55.15 -  2.15 2.40 + 0.20 1.17 + 0.04
IV — — 55.16 + 0.54 55.15 + 1.00 2.05 + 0.07 2.20 + 0.04

V and P. M oham m ed e t  a l 9 who studied the chem ical 
changes in m ixtures o f palm and soybean oils  during deep-, 
fiat-frying found an increase in free fatty acids due to 
hydrolysis.

A  very slight decrease in iodine value was observed in oils  
o f V  and P indicating that the degree o f change in unsaturation 
o f  fatty acids is quite sm all even after the third heating.

Peroxide value that m easures the amount o f peroxides and t 
volatile hydroperoxides present in the sam ples, was found to 
be 10.4 meq 0 2/1000g o f fresh palm olein oil and contrary to 
the expectations, lowered due to heating and storing. Such 
a decrease in peroxide value o f  Sunflower seed oil has been 
reported by Sulthana and S en 11'. Khan e t  a l . 11 reported a 
w idely different peroxide values for refined groundnut o il. 
G om athyi: has also found a gradual decrease after an initial 
increase in the peroxide value o f  palm olein o il heated for 
8-24  hr.

Sensory evaluation scores o f  the products fried in reheated- 
stored-palm olein oil showed that the products are highly 
acceptable even after the third frying. The mean scores 
ascribed for each o f the characteristics by the panel o f judges 
were between 4  and 5 indicating that the products were rated 

-as ‘good'. But interestingly, the scores obtained for products 
fried in fresh palm olein oil were also in the range o f  3.6 to
4.7 for different sensory attributes. There was no difference 
between the products (low moisture and high moisture foods) 
with regard to the sensory evaluation scores ascribed by the 
panelists.

Thus, the present study indicated that the m ethod o f  
diluting-reheating-storing palm olein oil em ployed in Indian

households does not cause any change in the physico-chemical 
characteristics i f  oil or organoleptic acceptability o f  the 
products fried in it even after third reuse.
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The viscosity, gel-filtration and L'V difference spectra studies 
showed that the 7S fraction of soybean dissociates or unfolds at 
5M urea concentration. Further dissociation of 7S protein was 
observed at 8M urea concentration by gel-filtration and viscosity 
studies and even at this urea concentration, the protein is still 
not found to be in completely random-coil conformation.

Soybean consists o f about 40 per cent protein and the major 
storage proteins o f soybean are 7S ( (3-conglycinin) and 11S 
(glvcinin) globulins. As the data on the effect o f dénaturants 
on purified 7S fraction are meagre, this study was undertaken 
to find out the effect o f urea on gel-filtration pattern, ultra­
violet difference spectra and reduced viscosity o f soybean 7S 
protein ( (3 -conglycinin).

The seeds o f  soybean ( G ly c in e  m a x  cv. Bragg) were 
procured from Department o f  Plant Breeding o f  this 
University. The crude extract o f  7S fraction from defatted 
soybean meal was prepared by the m ethod o f  Thanh and 
Shibasaki' based on differential solubilities o f  the 7S and 11S 
globulins in dilute Tris buffer at pH 6 .6 . Since the preparation 
was not com pletely free o f  11S fraction, the purification o f  
this crude extract was carried out by differential am m onium  
sulphate fractionation, adopting the method o f  Roberts and 
Briggs: as most o f  the soybean 1 IS com ponent is removed 
by fractionation with 55 per cent am m onium  sulphate 
saturation. The 55-100 per cent am m onium  sulphate 
precipitated I S  fraction was dispersed in standard buffer 
(32.5  mM K ,H P 0 4, 2.6 mM K H ,P O ,. 0.4M  N aC l. pH 7.6. 
10 mM 2-m ercaptoethanol) and purified by gel-filtration  
technique on a 2 x 5 0  cm colum n o f Sepharose-6 B. A single 
peak was obtained by repeating gel filtration with 
Sepharose-6 B. The purified sam ple was then com pletely  
desalted by dialysis against distilled water. This 7S fraction 
was equivalent to |3-conglycin in . Protein concentration was 
measured by m easuring the absorbance at 280  nm on 
Beckm an DU-7 spectrophotom eter. The purified 7S fraction 
was found to De hom ogeneous by polyacrylam ide gel 
electrophoresis'* ' and was used for these studies. The effect 
o f  urea was studied using the follow ing techniques.

G e l f i l t r a t io n :  Sepharose-6 B (A garose gel) which had 
been equilibrated with 0.1M phosphate buffer (pH 7.6)

containing 0.4M  NaCl was packed into a colum n ( 2 x 5 0  cm ). 
The protein (100 mg) solution was loaded to the colum n. 
W hen the experim ent was perform ed in the presence o f  urea, 
the colum n was equilibrated with buffer containing the 
appropriate concentration o f  urea and eluting buffer also  
contained urea. Fractions (5 m l) were co llected  and 
absorbance was m easured at 2 8 0  nm.

V isc o s ity :  The v iscosity  m easurem ents were carried out 
in a Ubbelohde viscom eter having a flow time o f  288 sec with 
the phosphate buffer. The flow tim e o f  7S fraction was 
measured in the presence o f  different concentrations o f urea.

U V  d ifferen ce  sp e c tra :  Difference spectra produced by the 
addition o f different am ounts o f urea to 7S fraction against 
identical protein concentration were recorded in the range 
o f  270 to 310 nm on a Beckm an D U -7 spectrophotom eter.

E ffec t o f  u rea :  Reduced v iscosity  o f  the protein solution  
(1.5 per cent) remained alm ost unaltered upto 2M  urea 
concentration (Table 1). T hen, a steady increase in reduced  
viscosity observed between 2M  and 4M  urea was followed by 
a sharp increase for 5M  urea concentration. The m axim um  
value (15.08 m l/g) was observed in the presence o f  8 M urea. 
Tanford*’ has reported a reduced v iscosity  o f  23 m l/g for 
various proteins in com pletely random coil conform ation. In 
the present results, a plateau was not observed for reduced  
viscosity  even at 8 M urea concentration, suggesting thereby 
a partial random coil conform ation at this concentration.

On the basis o f  sedim entation analysis o f  acid precipitated  
(pH 4.8) I S  fraction o f  soybean. Roberts and Briggs' 
reported that this component dissociates to slower sedimenting 
forms, probably 1S-3S, in the presence o f urea concentration  
greater than 4M . Thus, it appears that the sharp increase in 
reduced viscosity in the presence o f  5M  urea may arise from  
dissociation o f 7S.

A positive difference spectra with minor troughs at 278 nm, 
285 nm and 296 nm were observed in the presence o f  1M

T able 1. E ffect  o f urea on red u ced  viscosity  and
GEL-FILTRATION PATTERN OF 7S FRACTION

Ve/Vo peak Reduced
Urea concn 

(M) Major Minor
viscosity at 
25°C (ml/g)

0 1.47 — 5.23
1 1.47 — 5.36

1.47 0.93 5.40
3 1 47 0.X0. 2.0 6.21
4 1.47 I.X0 6.67
5 1.47 0.87. 1.60 10.77
6 1.47 0.80. 1.60 11.63
7 1.47 1.66. 1.80 11.89
X 1.27 1.60. 1.73. 2.13 15.08

*Depl. of Chemistry.
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to 4M  urea. Com pared to 1M urea, the difference spectrum  
was less positive in the presence o f  2M  urea. The difference 
spectrum  sh ifts from  p ositive  to negative at urea 
concentrations greater or equal to 5M . with a predominant 
trough at 293 nm in addition to minor trough at 278 nm and 
285 nm. This suggests that 7S fraction is highly dissociated  
in the presence o f 5M  urea. With further increase in urea 
concentration to 8 M , the intensity o f trough at 293 nm 
increased, indicating further unfolding or dissociation  o f 7S 
fraction. The trough at 279 nm originates m ainly from the 
exposure o f tyrosine residue where the trough at 2 9 3  nm is 
due to the exposure o f tryptophan residue and one at 285 nm 
originates from both tyrosine and tryptophan residues'. In 
the present study, the predom inant trough at 293 nm in the 
presence o f  5M  to 8 M urea indicates the perturbation o f  
tryptophan residue in the 7S protein. C atsim poolas e t  a!.*  
have reported on the basis o f  ultraviolet difference spectrum  
that both tyrosine and tryptophan residues are exposed by 
treatment o f  soybean 11S protein with different concentrations 
o f  urea and 6 M urea caused irreversible and com plete 
dissociation  o f  the 1 IS protein into subunits.

Ve/Vo (elution volum e/void volum e) value was 1.47 for 
native protein in the absence o f urea (Table 1). In the presence 
o f 2M  urea, the position o f  the major peak at 1.47 remained  
unaltered while a minor peak appeared at Ve/Vo o f 0.93 which 
suggests initiation o f  aggregation o f  7S fraction. Two m inor  
peaks at Ve/Vo o f 0.8 and 2.0 were observed in addition to 
major peak at 3M  urea concentration. In the presence o f  4M  
urea, the peak with Ve/Vo =  0.8 disappeared whereas the 
additional peak at Ve/Vo =  1.8 indicated dissociation  o f  
aggregated fraction. Again at 6 M urea concentration, minor 
peaks at Ve/Vo =  0.8 and 1.6 were observed along with major 
peak, suggesting partial aggregation o f  protein species. At

8 M urea concentration, the major peak shifted to Ve/Vo o f  
1.27 and three other minor peaks were observed at Ve/Vo 1.60, 
1.73 and 2.13 which suggest the dissociation o f 7S fraction.

In conclusion , the concerted use o f techniques like 
viscosity, gel-filtration and d ifference spectra suggest 
dissociation o f 7S fraction o f soybean at urea concentration  
greater than 5M .

The authors are thankful to Dr. Sudarshan Singh, o f  
Department o f Biochemistry, Punjab Agricultural University, 
Ludhiana, for encouragem ent and facilities. The financial 
assistan ce hrough the Punjab G overnm ent sch em e  
“ Biochem ical evaluation o f pulses and their products" is 
gratefully acknow ledged. V.S. is also thankful to PAU for 
providing the stipend during the post-graduate studies.
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Launaea cornuta, a wild leafy vegetable is widely eaten by people 
on coastal Tanzania. Chemical analyses of Launaea leaves 
indicated high levels of protein, crude fibre, vitamin C, Na, K,
Ca and Fe. The vegetable was devoid of phy tic acid. In general, 
young and mature leaves did not differ much in their chemical 
constituents. Cooking the leaves (steaming or boiling) results in 
the loss of some minerals and vitamin C. During storage, the 
content of vitamin C decreased along with the loss in moisture. 
Phvtochemical screening indicated that most of the 
phytoconstituents are water soluble.

G reeri'leafy vegetables in general, form rich sources o f  
vitam in C , 14 m inerals,1'1' and protein46. L a u n a e a  c o rn u ta  
Oliv. & Hiern C. Jeffrey (A steraceae) is a w id ely  used wild  
leafy vegetable by people on the coast o f  Tanzania. W hen  
used for culinary purpose, the leaves o f  L. c o rn u ta  are boiled  
and the water discarded and the procedure is repeated atleast 
two tim es m ainly to reduce its bitter taste. The vegetable is 
then mixed with other ingredients for serving. Even when  
it is not required for im m ediate use. it is boiled and the water 
discarded and then sundried for future use.

Although leafy vegetables are w idely eaten in Tanzania, 
relatively little inform ation is available on the chem ical 
com position o f  w ild leafy vegetables .4 7 The present work is 
aim ed at determ ining the chem ical com position o f L a u n a e a  
leaves and the effect o f cooking. Phytochemical screening was 
carried out so as to get som e idea o f  the chem ical nature o f  
the bitter principles present in L a u n a e a .

Plant material for analyses was co llected  in the field 1 
norm ally betw een 9.00 and 10.00 a .m . and brought to the 
laboratory in poythene bags. Young (third fully formed lea f  
from apex) and mature (leaves lower than the third lea f from  
apex but not including old leaves) leaves were used for 
analyses.

Cooking was done either by boiling the leaves with excess  
water (and the cooked water discarded) or by m eans o f  
im provised steaming m ethod till the leaves are cooked.

Im p r o v is e d  s te a m in g  m e th o d  f o r  c o o k in g :  A liberal 
amount o f  water was heated in an alum inium  pot to boiling. 
T hen, a wire m esh o f  a slightly bigger diam eter than the rim 
o f  the pot was put in place and plant material placed on top 
o f  the first one. mouth to m outh. A small weight was placed  
on top o f  the pots so that the system was alm ost steam -tight.

Moisture was determined by drying a known weight o f fresh 
leaves at 102°C for 24 hr in an oven. The oven dried material 
was ashed in a porcelain crucible in m uffle furnace at 
500 °-6 0 0°C  for 16-20 hr. Total N was determ ined by the 
m acrokjeldahl’s m ethod. The crude protein was calculated  
using the factor 6.25. Crude fat was determ ined by the NCFA  
m ethod1. Carbohydrate content was calculated by difference. 
Iron content was estim ated using m ethod number 40-41 by 
AACC . The contents o f  Na, K and Ca were estim ated  
using EEL flam e photometer.

The phosphorus and phytic acid contents were determined  
by the NCFA m ethod1". Vitamin C was determ ined by the 
AOAC m ethod" . The m ethod d escr ib ed  by D as and 
Bhattacharjee1" was used for phytochem ical screening. All 
the analyses were done in triplicate and the average values 
along with standard errors are reported in the text.

From the results given in Table 1, it is clear that both young 
and mature leaves o f  L a u n a e a  have sim ilar com position . 
However, potassium  content was lower w h ile that o f  vitamin  
C was higher in the mature leaves than in the young ones. 
The ash contents o f young and mature leaves were quite high 
suggesting that both are rich sources o f minerals. T his is

T able 1. C hem ical  c onstituents (per  ioo g -edible
PORTION) OF YOUNG AND MATURE LEAVES OF 

L A U N A E A  C O R N U T A

Young* Malure**
Moisture (g) 86.8 + 2.30 85.7 + 2.20
Ash (gl 2.5 + 0.03 2.6 + 0.07
Crude proteins (g) 3.9 + 0.00 3.8 + 0.03
Crude fat (g) 0.9 + 0.00 1.1 + 0.07
Carbohydrates (g) 4.5 + 0.09 5.1 + 0.04
Fe (mg) 7.2 + 0.12 6.8 + 0.03
Na (mg) 57.9 + 3.30 57.5 + 2.20
K (mg) 869.0 + 1.10 550.0 + 9.60
Ca (mg) 214.0 + 0.00 215.0 + 2.30
P (mg) 13.2 + 0.03 12.7 + 0.09
Phylin - P (mg) tr. tr.
Vitamin C (mg) 18.7 + 0.02 24.4 + 1.20
Mean + S.Em
♦ Young leal : Third fully formed leaf from apex

**Mature leaf: leaves lower than the third leaf from apex but not including
old leaves.

* This work is part of a thesis submitted to the University of Dar-es-Salaam by the senior author in partial fulfilment for the degree of Master of Science.
* *  P r e s e n t  a d d r e s s :  Regional College of Education (NCERT). Mysore 570006, India.
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reflected in the contents o f  individual minerals like N a, K, 
Ca, P and Fe (Table 1). L ikew ise, the content o f  protein was 
high for both young and mature leaves o f L a u n a ea . The crude 
fat contents o f  leafy vegetables were reported to be generally  
low ranging from trace am ounts to 1 g  per 100 g edible  
portion15. Our results on young and mature leaves o f  
L a u n a e a  (0.9 and 1.1 g respectively) generally agree with 
these findings.

The vegetable was devoid o f phytic acid. This agrees with 
the findings o f  Taha14 w ho concluded that many vegetables 
are devoid o f phytic acid but rich in m inerals. Phytic acid 
when present in the diet form s com plexes with mineral 
nutrients like iron, thereby rendering them unavailable to the 
body. Thus, the absence o f phytic acid in the vegetable is o f  
som e nutritional im portance in so far as mineral absorption  
is concerned.

C ooking markedly decreased the contents o f  total ash, Na, 
K and Ca (Table 2). Previous reports1516 also indicate the 
loss o f  m inerals in cooked vegetables. In general, out o f the 
two m ethods o f  cooking em ployed in the present study, the 
loss was greater when the leaves were boiled  than when they 
were steam cooked. C ooking seem s to have no effect on iron 
content. There was a remarkable loss in vitamin C in the 
leaves cooked by boiling or steam ing (Table 2). Previous 
reports also indicate that cooking affects the water soluble

7.15.17vitam ins
The freshly co llected  leaves were stored for 36 hr under 

two conditions, v iz ., leaves kept open on the table and leaves 
covered with wet cloth. In the leaves kept open, decrease o f  
m oisture from  86.8 to 58.5 per cent and vitam in C from 2 4 .4  
to 10.5 mg/100 g were noticed whereas in the leaves covered  
with wet cloth there was only a slight decrease. The results 
suggest that it is advisable to cover the leafy vegetables with 
wet cloth (in the absence o f  a refrigerator) if  they are not 
im m ediately used.

M ajority o f  the phytoconstituents present in L a u n a e a  are 
hot water soluble anthocyanidin g lycosid es, polyronides,

T a ble  2. E ffect  of coo k ing  o n  m in e r a l  a n d  vitam in
CONTENTS OF THE MATURE LEAVES OF L A U N A E A  

(PER 100 G EDIBLE PORTION)
Fresh Boiled Steamed

Ash (g) 2.6 + 0.07 1.5 + 0.08 1.8 + 0.01
Fe (mg) 6.8 + 0.03 6.7 + o.:o 6.8 + 0.09
Na (mg) 57.5 + 2.20 33.0 + 1.80 38.8 + 1.72
K (mg) 550.0 + 9.60 294.0 + 8.30 433.3 + 11.60Ca (mg) 215.0 + 2.30 144.0 + 470 165.1 + 3.80
P (mg) 12.7 + 0.09 12.5 + 0.08 10.4 + 0.30
Vitamin C (mg) 
Mean + S.Eni

24.4 + 1.20 1.3 + 0.04 1.6 + 0.06

polyose, catecf o lic tannins and anthracene glycosides. It has 
already been -eported that som e o f these substances are 
associated with bitter tasteIK. During the peculiar m ode o f  
cooking (see introduction), there would be substantial 
leaching o f  these substances accounting for the reduced bitter 
taste in the cooked L a u n a e a  leaves. In addition, methanol 
soluble steroidal glycosides and coum arin glycosid es and 
ether soluble sterols and carotenoides were detected in 
L a u n a e a  leaves.

The senior author is thankful to N O R A D  for financial 
support during the course o f  this study and to the H ead, 
Botany D epartm ent, University o f  D ar-es-Salaam  for 
providing research facilities.
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In unleavend bread 55 and 45% of trypsin and chymotrypsin 
inhibitory activities were lost respectively. The corresponding 
losses in Kichadi were 45 and 54% respectively. However, there 
was much decrease in chymotrypsin inhibitory activity in 
Thalipeeth. In Idli, there were decreases of 55 and 75% of trypsin 
and chymotrypsin inhibitory activities, respectively. Effect of 
different types of grinding was also studied.

Sorghum and m illets have gained importance in many parts 
o f the world and their potentialities o f  use as a superior food  
by blending them with wheat flour have been exp lored1"1. 
With a w ide diversity in food habits in various regions, there 
exists a number o f  recipes that could be made from  
sorghum 5. Sorghum is consum ed as unleavened bread, 
dumpling and boiled rice like products6. The most com m on  
product prepared out o f  sorghum is unleavened bread. The 
trypsin and chym otrypsin inhibitors in the sorghum  were 
isolated, purified and characterized by Harishkumar e t  a f  *. 
In the present paper, the results o f  studies on trypsin and 
chym otrypsin inhibitory activities in various sorghum  
products are reported.

Sorghum grains were procured from the local market. 
Trypsin and chym otrypsin from bovine pancreas were 
purchased from Sigma Chemical Company, USA. Casein was 
purchased from W ilson Laboratory, Bombay. Products like 
unleavened bread, kichadi and idli were prepared only from  
sorghum , but in thalipeeth along with sorghum , rice, pearl 
m illet and Bengal gram were used. They were all prepared 
according to conventional m ethod9.

Inhibitor extract was prepared by hom ogenizing 2 g o f  
sam ple in 30 ml o f  0.1 M sodium  phosphate buffer o f  pH
7.6. Then, it was centrifuged at 3360  X g for 20  m in. The 
supernatant obtained was dialysed against 0.05 M sodium  
phosphate buffer o f pH 7.6 for 6 hr. This dialysed extract was 
used for assay o f  trypsin and chym otrypsin inhibitors.

The assay o f trypsin and chym otrypsin inhibitor activities 
in sorghum products were carried out by casein  digestion  
method"’. This consists o f taking enzym e (10 n  g) and 
inhibitor (0.8 m l) extract and 0.1 ml o f  0.1 M sodium  
phosphate buffer o f  pH 7.6, and this m ixture was set aside 
for 10 min at 37°C. The reaction was initiated by adding

1 ml o f  1 per cent casein . The reaction was stopped after 
20 min by adding 5 per cent TCA. The solution was 
centrifuged at 840 x  g for 10 min; 0.5 ml o f  clear supernatant 
was analysed for residual trypsin and chym otrypsin activities 
by the method o f  Lowry e t  a l . 11 using bovine serum albumin 
as standard protein. One unit o f inhibitory activity is the 
amount o f inhibitor that suppressed one unit o f  proteolytic 
activity. It was found that the original trypsin inhibitory 
activity values were 24.8  and 70.5 respectively w hile the 
corresponding chym otrypsin inhabitory activity values were
111.38 and 120.00 respectively.

From our data presented in Table 1. it is observed that there 
were decreases in the trypsin and chym otrypsin inhibitory 
activities in the sorghum  products, w hen they were heat 
processed. It is observed that, unleavened bread, kichadi and 
Idli had low trypsin and chym otrypsin inhibitory activities, 
whereas thalipeeth had high trypsin and chym otrypsin  
inhibitory activities. It is observed that 55 per cent o f trypsin 
and 45 per cent o f chym otrypsin inhibitory activities are lost 
in the preparation o f  unleavened bread, w h ile in kichadi 45  
per cent o f trypsin and 54 per cent o f chym otrypsin inhibitory 
activity are lost. In Idli, 55 and 75 per cent o f  trypsin and 
chym otrypsin inhibitory activities, respectively were lost. 
High trypsin and chym otrypsin inhibitory activities in 
thalipeeth may be due to the presence o f  other constituents 
like rice, wheat, pearl millet and Bengal gram. Heat treatment 
is known to improve the nutritional quality o f plant proteins 
which also  causes partial inactivation o f  proteinase 
inhibitors1215. Yasmin and Pattabiraman16 observed reduction 
in trypsin and chym otrypsin  inhibitory activ ities in 
preparation o f  gruels, unleavened bread and roasted m illets. 
D ecrease in trypsin inhibitory activity in soybean meal is 
accom pained by a concom itant increase in the nutritive value 
o f  the protein17.

From the data in Table 2 it is observed that there are 
decreases in the trypsin and chymotrypsin inhibitory activities 
by grinding sorghum  in chakki and flour m ill, the latter gave 
better reduction than the former. The losses o f  trypsin and 
chym otrypsin inhibitory activities are due to the heat 
generated w hile grinding.

T able 1. P ercent losses o f trypsin and  chymotrypsin
INHIBITORY ACTIVITIES IN DIFFERENT SORGHUM PRODUCTS

Loss of Loss of
SI. Sorghum produci trypsin chymotrypsin
No. inhibitory inhibitory

activity ( % ) activity ( % )

1. Unleavened bread 55.0 45.00
2. Kichadi 45.0 54.00
3. Idli 55.0 75.00
4. Thalipeeth 10.1 22.20
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T a ble  2. T rypsin  a n d  c h y m o tr ypsin  inhibitory
ACTIVITIES IN SORGHUM FLOUR GROUND IN DIFFERENT

GRINDERS
Trypsin Chymotrypsin

Type of grinding inhibitor inhibitor
units units

Mean + SD Mean + SD
Pestle morter 38.25 + 0.20 137.25 + 0.80
Chakki 33.80 + 0.65 128.25 + 1.64
Flour mill 24.80 + 0.65 111.38 + 0.31

This work is supported by a grant from the Indian Council 
o f M edical Research. S.V. is thankful to ICM R for the award 
o f  the fellowship.
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Pathogenicity test of six bacterial isolates from oyster mushroom 
substrate materials indicated that one was from ‘Brown Spot’ 
infected substrate (BSI4) and another from Paddy straw (PSI,) 
caused ‘Brown Spot' disease. Based on their morphological and 
biochemical properties these two bacterial isolates which caused 
‘Brown Spot’ of oyster mushroom substrate were identified as 
Pseudomonas stutzeri.

The microbial associates namely fungi, bacteria and viruses 
cause econom ic losses due to low m ushroom  y ie ld , as 
pathogens and as associative com petitors1. Bacterial disease  
o f  m ushroom  v iz , mummy disease (P se u d o m o n a s  sp) and 
bacterial pit (P se u d o m o n a s  to la a s i) o f  button m ushroom  and 
‘Yellow blotch’ d isease (P se u d o m o n a s  a g r i ic i) o f  oyster 
mushroom are m ainly caused by pseudom onads'. The 
present study was undertaken to characterise the bacterial 
isolates causing ‘Brown Spot' d isease o f  oyster m ushroom .

B a c te r ia l  c u ltu re s :  Six bacterial isolates nam ely BSI,, 
BSIj, BSIh (brown spot isolates). PSI,. PSI, (paddy straw 
isolates) and RBI, (rice bran isolate) which decreased  
mushroom yield considerably by inoculating them to substrate 
were used in the pathogenecity test.

P a th o g en ec ity  te s t o f  b a c te r ia l  iso la te s :  In this experiment 
pure culture o f  the above six bacterial isolates which reduced 
oyster m ushroom  yield  considerably in earlier studies were 
grown on nutrient agar m edium . After 24 hr. ce lls  were 
harvested in a sterile buffer solution separately and optical 
density was adjusted to 0.4 at 620 nm (10s cells/m l)'. Ten ml 
o f  each bacterial suspensions were uniform ly inoculated by 
spraying on sterilized substrate contained in each mushroom  
bag aseptically with a sterile automizer. Sterile distilled water 
was used as control. There were four repj¡cations for each 
treatment. Brown Spot appearance was recorded 12-15 days 
after spawn running. The mushroom yield was recorded after 
usual incubation period o f  26 days.

C h a r a c te r is a tio n  o f  ‘B row n  S p o t ' c a u s in g  b a c te r ia l  
iso la te s :  Characterisation o f two bacterial isolates BSI4 and 
PSI, which were found to cause ‘Brown Spot’ d isease  
(Table 1) during oyster mushroom production on paddy straw 
was done as per the m ethods described by Schroth e t  a t

T able !. Pathogenecity  o f bacterial ISOLATES
Bacterial Mushroom Brown spotisolate yield/bag Bioefficiency* appearance

(g)
Control 431.40 107.85 Nil
BSI, 381.52 96.88 Nil
BSI, 198.80 49.70 Brown spot
BSI 422.50 105.62 NilPSI, 184.20 46.05 Brown spelt
PSf 361.60 90.48 Nil
RBI 392.80 98.20 Nil
C D at 5 %  for mushroom yield is 6.6..

Total yield of fresh mushrooms 
Bioefficiency = Dry weight of substrate used
Sport staining, oxygen requirement and m otility tests were 
carried out using the m ethods described by Carbtree and 
H in sd ilf . For testing accum ulation o f  poly (3 - hydroxy- 
butyrate (PH B), the isolates were grown in PHB medium and 
they were tested for PHB granules1’. F luorescent pigm ent 
production was tested on King's A and K ing’s B m edia . 
D enitrification, starch hydrolysis and growth at 4  and 41°C 
o f these two isolates were carried out by the m ethods o f  Stolp 
and Godkaris . Gelatin hydrolysis test was carried out by 
streaking the isolates on nutrient agar supplem ented with 1 
per cent gelatin . After the growth o f  the bacteria, the plates 
were flooded with saturated solution o f am m onium  in IN 
sulphuric acid and observed for gelatin hydrolysis.

It was observed that inoculation o f all the six bacterial 
isolates (B S I,. BSI4, BSI(i. PSI,, PSI5 and RBI,) decreased  
mushroom yield considerably compared to control which was 
431.40 g per bag. It is evident from Table 1 that two isolates 
BSI4 and PSI, reduced m ushroom  yield  drastically. Further, 
these two isolates produced typical ‘Brown Spot' symptom  
(Fig 1) on all replications. Other four isolates v iz .. BSI,.

|- ,o | Brown -.pot disease symplom caused by P s e u d o m o n a s  s t u t z e r i  
A: Control - uninoculated
B: Inoculated with P s e u d o m o n a s  s t u t z e r i
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BSI6, PSI5 and RB^ eventhough reduced m ushroom  yie ld , 
did not cause ‘Brown Spot’ sym ptom . D ecrease in the 
m ushroom  yield  may be due to com petitive or antagonistic 
activity o f  these associates . The isolate BS14 was isolated  
from brown spot infected substrate and isolate PST from  
paddy straw w hich suggests the source o f  infection.

I d e n tif ic a tio n  o f  b ro w n  s p o t  d is e a s e  c a u s in g  b a c te r ia l  
is o la te s  B S I4 a n d  P S I2: The two bacterial isolates which  
caused ‘Brown Spot’ o f paddy substrate were highly aerobic, 
Gram negative rods, m otile and did not produce spores 
(Table 2). T hese confirm  to the genus P se u d o m o n a s  o f the 
fam ily pseudom onadaceae8.

T hese isolates (BSI4 and PSI2) were further characterised  
and the results are given in the Table 2. T hese isolates did

T a bl e  2. C haracterisatio n  o f  brow n  spot d ise a se
CAUSING BACTERIAL ISOLATES BSI4 AND PSI,.

Tests conducted Bacterial isolates 
BSI, PSI,4

Gram reaction — ve — ve
Shape short rod short roc
Spore — —
Motility + +
Oxygen requirement Aerobic Aerobic
Accumulation of PHB — —
Fluorescent pigment production - —
Growth on minimal media + +

Denitrification + +

Hydrolysis of gelatin — —

Hydrolysis of starch + +

Growth at 4°C — —

Growth at 41°C + +

not require grcwth factors, both the isolates did not produce 
PH B and fluorescent pigm ent. They also denitrified nitrate, 
gelatin was net hydrolysed but both hydrolysed starch, no  
growth at 4°C  and considerable growth at 4P C .

The above characters o f  the isolates BSI4 and PSI, were 
com pared w in  the d ichotom ous key8. T hese characters 
confirm  that these isolates belong to P se u d o m o n a s  genus and 
the species P se u d o m o n a s  s tu tze ri;  which caused ‘Brown Spot' 
disease o f oyster m ushroom  substrate. Further work on  
effective control m easures o f  this d isease would greatly help  
the oyster m ushroom  farmers.
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Effect of different coloured light on aflatoxin biosynthesis in liquid 
culture (SMKY) and solid substrates (ragi and rice grains) was 
studied. Maximum inhibition of biosynthesis was recorded under 
green light on rice, and by blue light on ragi and liquid broth. 
Emperical relationship was also established between the different 
wavelength of light and inhibition of aflatoxin biosynthesis using 
simple polynomial equation.

Light has been shown to inhibit m ycotoxin production in 
A s p e r g il lu s  j l a v u s  and a mutant strain o f  A . p a r a s i t i c u s ' . 
D eto x ifica tio n  o f  a fla tox in  through light has been  
reported2 '. The aim  o f  the present work was to investigate, 
whether light colour has any effect in inhibiting aflatoxin  
biosynthesis in liquid culture and on solid  substrates.

Com parative effect o f  four coloured light v iz .,  blue, green  
yellow  and red was conducted in SM K Y  liquid culture4 and 
two substrates v iz ., ragi (E le u s in e  c o ra c a n a )  and rice (O ry za  
s a t iv a  v a r  'Basm ati'). Fifty ml culture m edium  in 2 50  ml 
Erlenm eyer flask was autoclaved. Ragi and rice grains, 50  
g each were surface sterilized with 2 per cent sodium  
hypochlorite solution and kept in 250  ml flask. Each flask  
was wrapped in polythene sheet transparent to different 
coloured lights. Control experim ents were done under the 
normal light. The colour o f the medium or substrate changed, 
due to transmitted light. The changes observed are presented 
in Table 1.

The m edium /substrates was inoculated with 0.5 ml spore 
suspension (1x 10* spores/m l) o f a known aflatoxigenic strain 
o f A sp e rg il lu s  J la v u s  N R R L -3557. The flasks were incubated 
at 28 ±  1°C for 7 days. At the end o f  the incubation period, 
aflatoxins were extracted and analysed57.

The results presented in Table 2 show  that m axim um  
inhibition took place in the green light on rice, and by blue 
light in SM K Y medium and ragi. From Table 1, it is apparent 
that under blue light, the substrate ragi as well as the liquid 
culture showed green colouration. Thus, the green light 
appears to be the m ost effective light in controlling the 
aflatoxin synthesis. Sim ilarly, other coloured lights also  
produced different degrees o f inhibition. The degree and 
pattern o f  inhibition are Blue >  G reen >  Yellow >  Red 
respectively in SM K Y  and ragi, and green > yellow  > b lu e  
in rice. The observations given in fourth colum n o f  Table 2 
indicate that the dry weight o f  the fungus in SM K Y  liquid 
m edium  shows alm ost neglig ib le changes under different 
coloured lights over the control. It indicates that the coloured  
light inhibits the aflatoxin b iosynthesis without affecting the 
fungal growth. Green light has potentiality to inhibit aflatoxin 
biosynthesis. It was reported that blue co lour inhibits 
A lte r n a r ia  toxin production8.

We have tried to establish an em perical relationship using 
a sim ple polynom ial equation.

Y =  a +  bx +  cx" .........
where Y is per cent inhibition; x is wavelength o f  light 

in n m x l 0 \  T he th eoretica l va lu es ob ta in ed  by the  
em perical relationship presented in Table 3 show per cent 
inhibition. The theoretical values generally are in conform ity 
to the experim ental findings.

It can be concluded that green light is in general, the most 
effective and plays a role in the photocontrol o f  aflatoxin B, 
biosynthesis upto 50  per cent. The photochem ical effect can

T able  1. C olo u r  c h a n g es  in t h e  m e d iu m /substrates a fter  t h e  application  o f  d iffer e n t  co lo u red  light
Type of light SMKY medium Rice Ragi

Original Final colour of Original Final colour of Original Final colour of
colour medium (nm) colour substrates (nm) colour substrates (nm)

Normal light 
(Control)

Deep yellow Deep yellow White White Deep yellow Deep yellow

Blue ” Grass green 
(525-550) - Blue

(450-475) ” Grass green 
(525-550)

Green ” Light green 
(475-500) ” Green

(525-550 •> Light green 
(475-500)

Yellow ” Light orange 
(625-650) ” Yellow

(575-600) ” Light orange 
(625-650)

Red •• Deep orange 
(675-700) ” Red

(700-725) ” Deep orange 
(675-700)
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T a b l e  2. E ffec t  o f  ligh t  o n  a fla to x in  in h ibitio n  in  l iq u id  ism k y ) a n d  so l id  (ragi a n d  r ice> substra tes“
Type of light SMKY Ragi Rice

Aflatoxin Dry wt. Aflatoxin Aflatoxin
B( elaborated Inhibition of fungus B[ elaborated Inhibition B, elaborated Inhibition

(Pg/1) (%) (g) (Pg/kg) (%) ( Pg/kg) (%)
White
(Control)

508.86 Nil 2.237 2.48 Nil 926.42 Nil
Blue 251.68 50.54 2.015

(-10)
1.49 39.92 784.68 15.30

Green 316.85 37.73 2.11
(-6 )

1.91 22.98 387.58 58.16
Yellow 366.31 28.01 2.24

(0.0)
2.48 0.00 784.62 15.31

Red 385.20 24.30 2.42
(+8)

2.16 12.90 954.78 ( - )  3.06

“The experiment was carried out thrice with three replicates. 
Figures in parentheses indicate % gain or loss over control

T a b l e  3. T h eo r e tic a l  per  c e n t  in h ib it io n * o f  a fla to x in  in  l iq u id  a n d  in  su b st r a te s  u n d e r  ligh ts  o f  d iff e r e n t

Wave length**
WAVE LENGTHS

%  inhibition of aflatoxin synthesis (Y)
(ran) x I0 2 SMKY Rice Ragi
4.25 14.14 15.30 ( - )  6.93
4.75 37.73 42.85 22.985.25 50.54 58.16 39.92
5.75 52.57 61.22 43.88
6.25 43.83 52.04 34.88
6.75 24.30 30.61 12.907.25 ( - )  5.98 ( - )  3.0( ( - )  22.05
* a,b,c values in SMKY — a = —621.4504 

b = 241.153 
c = -21.5533,

** The value of x was taken after multiplying the wave length by 10 2

Rice -  a = —713.2881 
b = 275.515 
c = -24.49,

Ragi -  a = -  784.9934 
b = 293.346 
c = -  25.9466

be exploited  for control o f  aflatoxin elaboration in storage.
Authors are thankful to Prof. K .S. B ilgram i for laboratory 

facilities and U.G.C. for financial assistance.
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E v a lu a tio n  o f  P ro g ra m m e s  to  E n su re  F o o d  S a fe ty  — G u id in g
P r in c ip le s  : World Health O rganization, G eneva, Price :
Sw. Fr.9, pp: 47; 1989.

This publication deals m ainly with guiding principles on 
how to monitor and evaluate programmes to ensure food safety 
in different countries w hich have different priorities for 
ensuring control and safety o f  food. Provision o f  safe food, 
free from harmful ingredients is an essential com ponent o f  
primary health care. O ne o f  the m ost important health 
problems in the world currently is illness resulting from eating 
contam inated food. T his publication suggests gu idelines for 
measuring progress on the work o f national authorities in their 
food safety and related program m es.

The subject matter is discussed in three chapters. In Chapter 
I, the nature and extent o f  the problem  o f  food contam ination  
are considered. It has been estim ated that foodborne d iseases  
may be the second largest cause o f  morbidity in Europe during 
the period 1986-89, next on ly  to respiratory tract infections, 
due to various factors like m ass rearing o f  food anim als and 
their centralized processing, resulting in greater spread o f  
various enteric pathogens in both raw and processed foods  
and in creasing environm ental p o llu tion  resulting in 
contam ination o f  a high percentage o f  food and feed lots. In 
developing countries, contam inated food is responsible for 
a high incidence o f  infantile diarrhoea. Even if  diarrhoeal 
disease is not fatal, the associated effects such as withdrawal 
o f  food, reduced intake, nutrient losses and m alabsorption  
may severely accentuate the effects o f poor diet, thus initiating 
or aggravating malnutrition. Som e o f the most important food- 
borne pathogens are - S a lm o n e U a e  in poultry and m eat. 
C a m p h y lo b a c te r  in m ilk and m eat. S ta p h y lo c o c c u s  a u r e u s  in 
foods o f  high salt or sugar content, C lo s tr id iu m  p e r fr in g e n s ,  
Vibrio spp, E. c o l i  and H is te r ia  m o n o c y to g e n e s  in foods o f  
animal origin and B a c il lu s  c e re u s  in rice and meat products. 
Apart from  these pathogens, over 100 parasitic sp ecies may 
be transmitted to man by infected food.

The desirability is stressed o f  preparing a country profile/ 
data base that w ill provide inform ation on factors that may 
influence food safety, in order to facilitate the planning, 
im plem entation and evaluation o f  po lic ies and program m es 
to ensure food safety. An annex is a lso  provided containing  
questions to facilitate preparation o f  such a data base which  
can serve as a basis for evaluation o f food safety programmes.

In the II Chapter, the various factors faced by National 
authorities throughout the world are listed, that render it 
difficu lt to achieve, the developm ent, im plem entation and 
m aintenance o f effective and efficient food safety and food 
control program m es. The m ethodologies that can be 
em ployed for evaluation o f  food safety program m es are also  
discussed in depth. The need for selecting ideal indicators

;or the conduct o f evaluations to obtain valid data is stressed. 
Som e questions that could be useful in developing suitable 
indicators are listed in Annex 2. Annex 3 provides exam ples 
o f  possib le indicators that m ight be used.

Chapter III covers aspects o f  the evaluation process such  
as management o f  the evaluation, interpretation o f  evaluation  
results and use o f  evaluation results. In order to ensure 
effective m anagem ent, several steps are listed that should be 
considered  by persons charged with conducting the 
evaluation. As any erroneous interpretation o f  evaluation  
results could do more harm than good, it calls for appropriate 
care and objectiv ity in interpretation o f  evaluation data. If  
program m e managers have been adequately consulted prior 
to the start o f  the evaluation, as well as during its execution, 
it can be reasonably expected that the evaluation results w ill 
contribute to positive developments in the fields o f food safety, 
food control or com m unity action program m es.

T his publication w ill be m ost useful to officia ls in charge 
o f food safety in developing countries in evaluating the 
progress o f their program m es from  tim e to time.

S. VENKAT RAO
C.F.T.R.I.. MYSORE

A d v a n c e s  in  N u tr i t io n a l R e s e a r c h , Vol. 8 :  Edited by Harold
H. Draper, Plenum  Publishing C orporation, N ew  York,
U .S .A .; 1990; pp: 149; Price: U S $ 55.

This book is Volume 8 in the series ‘Advances in Nutritional 
Research’ and covers many topics o f  prim e im portance in 
nutrition. The volum e is presented into six chapters.

First chapter deals with the nutrients transfer across the 
perfused human placenta. The author has d iscussed  the use 
o f  the technique o f  in  v itro  perfusion o f  human placenta to 
study foetal nutrition. He has chosen  two nutrients namely, 
glutam ic acid and riboflavin to illustrate experimental designs 
and type o f  inform ation obtained about nutrient m etabolism  
by placenta, transfer o f  substrates to the foetus as well as the 
rate o f  elim ination o f  material from  the foetal b lood. 
Advantages as well as lim itations o f  the technique have also  
been appropriately highlighted. Chapter 2 addresses the issue 
o f  impaired im m une function associated with severe form of 
protein-energy m alnutrition (PE M ). Authors have surveyed  
ava ilab le ev id en ce  w ith  regard to in vo lvem en t o f  
m icronutrients such as zinc, copper, certain essential am ino  
acids in immune function, replenishment with im munological 
co m p on en ts as m ean s o f  ad op tive  im m unotherapy, 
m anipulation o f blood levels o f  im m unologically  active 
horm ones such as thyroid horm ones, g luco-corticoids and 
im m unostim ulatory drugs. On the basis o f lim ited direct 
intervention studies with tri-iodothyronine, authors contend
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that im m unoenhancem ent therapy in PEM  should be based  
on re-establishing m etabolic priority to im m une functions, 
by way o f  adm inistration o f  horm ones, their agonists or 
inhibitors. There is lack o f  convincing ev idence supporting 
probable im provem ent o f im m une function in seovere PEM  
by supplem entation with critical m icronutrients.

Chapter 3 provides a com prehensive review o f the role 
o f several nutritional non-pharm acological factors in the 
control o f  blood pressure. T h ese include obesity, alcohol 
consum ption , sodium , potassium , calcium  and m agnesium  
intakes, dietary fat and further cover population studies, 
their m ode o f  action on blood pressure. Authors provide 
com m ents at the end o f each section .

Chapter 4  reviews various aspects o f  energy m etabolism  
o f  the foetus and newborn infants, including energy intake, its 
utilization and storage together with various influencing  
factors. Authors rightly point out the need o f long term studies 
in v iew  o f a p ossib le relationship betw een nutrient density  
(expressed on the basis o f  energy content) and quantitative 
aspect o f  tissue growth in pre-term and low birth weight 
infants.

Chapter 5 d iscu sses various m ethods used to assess  
nutritional status o f  hospitalized patients and includes a 
number o f  anthropom etric and clinical ones. The approach  
o f using prognostic nutritional index based on the combination  
o f  different types o f  m easurem ents to classify  patients in 
respect o f the degree o f post-operative com plications, appears 
much prom ising since no sim ple accurate single m ethod is 
available for nutritional assessm ent to day.

Chapter 6  con cern s w ith new em erging area o f  
pathogenicity o f oxygen radicals in the tissues. Different types 
o f oxygen radicals and lipoxy radicals arise during cellular 
reactions and food particularly edib le oil processing and 
cooking. If not suitably eliminated, they may prove to be toxic. 
The author has review ed the influence o f  micronutrients 
including vitam in C, vitam in E, niacin, beta-carotene, trace 
elem ents such as selen ium , copper, zinc, m anganese, sulphur 
am ino acids on the generation and scavenging o f  these 
radicals. The author has discussed about the prophylactic role 
o f these nutrietns in m odulating d iseases o f  oxygen radical 
pathology, besides their known nutritional role and suggested  
that in the event o f  use o f  any nutrient for its prophylactic 
activity toward any sp ecific  d isease, it should be used as a 
supplem ent to the diet, rather than food fortification in terms 
o f  the com pliance o f  the dietary recom m endation for the 
prevention o f the nutrient deficiency.

A special feature o f  this com pilation is that there is a fair 
coverage o f  the large body o f  carefully chosen research  
literature at the end o f the every chapter. In addition, a 
conclusive overview  at the end o f  each chapter gives not only  
present status but also suggests future line o f  research. The 
editor should be com plim ented for this excellent com pilation  
o f  research work in different areas o f nutrition. The volum e  
w ill serve as a valuable reference book for researchers and

academ icians in the field o f  nutrition, dietetics and m edical 
sc ien ces, desirous to have an overview  in different areas.

A.D DEODHAR.
N.D.R.I.. KARNAL.

F o o d  T o x ico lo g y  — A P e r s p e c tiv e  on  th e  R e la tiv e  R isk s:  Ed. 
by Steven L. Taylor and Richard A . Scanlan; Published  
by M arcel Dekker Inc. 270, M adison Avenue, N ew  York,
N.Y. 10016, pp: 464; 1989; Price: U S $ 59.75 (U S and 
Canada), $71.50 (A ll other countries).

The book contains the papers presented at the 12th Basic 
Sym posium  in Food T oxicology held in N ew  O rleans 
sponsored by Institute o f  Food T echnologists and the 
International L nion  o f Food Science and Technology. M uch  
of the attention has been focussed on the chem ical carcinogens 
such as ch em icals in processed food, m ycotoxins and N- 
nitroso com p ojn d s that find their way into our food. It is 
needless to say that not all food toxicological problem s relate 
to risks o f  cancer. The book contains 15 articles contributed  
by different authors. They are 1. A perspective on D iet and 
Cancer, 2. Carcinogenic Potential o f  M ycotoxins in Food,
3. H eterocyclic A m ines in C ooked Foods, 4 . Relative 
Exposure to Nitrite, Nitrate and N- N itroso Com pounds from  
Endogenous and Exogenous Sources, 5. Anti-carcinogens and 
Tumour Prom oters in Foods, 6. A case study: The Safety 
Evaluation o f  Artificial Sw eeteners, 7. G lutathione and 
Vitamin E in P otection against M utagens and C arcinogens,
8. Com parisor o f the C arcinogenic R isks o f Naturally 
O ccu rr in g  a rd  A d v en tit io u s  S u b sta n ce s  in F o o d ,
9. Behavioural Disorders Associated with Food Com ponents,
10. Food A lle -g ies  and Sen sitiv ities, 11. Role o f Lipid 
O xidation Products in A therosclerosis, 12. Regulatory  
D istinctions B etween Naturally Occurring and Added  
Substances in Food. 13. T oxicological and Pharm acological 
Interactions as Influenced by Diet and Nutrition, 14. Strengths 
and Limitations o f  Toxicological Testing Procedures, and 15. 
Pros and Cons o f Quantitative R isk A nalysis.

The potential sources o f  harm associated with foods, the 
largest by far s m icrobiological contam ination, followed  
clo se ly  by nutritional im balance including the excessive  
consum ption o f  food as well as nutritional defiencies. Cancer 
is a very much com plex disease, the origion  o f w hich are 
only dim ly understood. D iet and nutrition may affect it. The  
factor m ost c lo se ly  linked to enhancem ent o f  carcinogensis  
is dietary fat, but How? Is a big question. T here is a lim ited  
ep id cm iolog ica  ev idence that anti-carcinogens in food may 
provide human with som e protection against cancer. 
Unfortunately studies todate o f specific anti-carcinogens, such 
as beta carotene have been disappointing. Potential cancer  
inhibitors from foods o f plant orig in , such as plant phenols 
and calcium  frem  foods o f  anim al origin have been m uch  
talked off.
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It has been generally accented that initiation o f  the 

developm ent o f  Cancer involves D N A  m odification and 
therefore a num ber o f  short-term  in  v itro  tests for D N A  
m odification have been used to predict the cancer-initiating  
activity o f  many fungal m etabolites - Aflatoxin B p C r  M r  
Patulin, Penicillic A cid , Ochractoxin A , (S) — Zearalenone  
and N ivalenol have been found to possess such activity in 
one test or the another. But can this carcinogenicity data 
obtained from the rat be directly extrapolated to humans? The 
idea that life sty le has an important influence on the 
developm ent o f  cancer in human is generally accepted. 
A m ong the factors in life sty le, apart from tobacco and 
alcohol, now recognised to influence cancer developm ent are 
diet and nutrition. B asic fractions o f  the sm oke condensate  
from  charred surfaces o f  boiled fish  and m eat were found 
to be mutagenic; charred am ino acids, proteins and proteinous 
foods all contained m utagenic substances. Som e heterocyclic 
am ines isolated from pyrolysates o f Proteins and am ino acids 
were found to be m utagenic. The role o f  nitrite, nitrate and 
N -nitroso com pounds m ight play in aetio logy o f  cancer  
remains unclear.

Food allergies and sensitiv ities have been the subject ot 
con fu sion  and controversy. N um erous Physiological and 
sensitiv ities. The term food allergy should only be used to 
identify true im m unologically  based adverse reactions, 
although many o f  the individualistic adverse reactions do not 
involve im m une system . Som e extrem ely interesting new  
findings in the areas o f  hypercholesterolem ia and throm bosis- 
vascular spasm  have been thoroughly review ed, with a 
primary focus on exposing the hypothesized link between lipid 
oxidation products and atherosclerosis.

L ik ew ise  m any to x ico log ica l and p h erm aco logica l 
im plications or interactions as influenced by the D iet and 
Nutrition have been well presented. The book is a worth 
p ossessing asset for those directly or indirectly involved in 
Food T oxicology; and on the sh e lf o f  the library in 
organisations dealing with Food and Nutrition.

J.R. RANGASWAMY, 

C.F.T.R.I., MYSORE.

I P C S  : E n v iro n m e n ta l H e a lth  C r ite r ia .  104  : P r in c ip le s  f o r  
th e  to x ic o lo g ic a l  a s s e s s m e n t  o f  p e s t i c id e  r e s id u e s  in  
F o o d :  W H O. U .N . 1990; pp: 117, Price; Sw. fr. 15.

T his m onograph is published under the joint sponsorship  
o f  the United N ations Environm ental Program m e, the 
International Labour Organisation and the World Health  
Organisation.

JM PR m eetings w hich are jo in t efforts o f  FAO/W HO on  
pesticide residues, have evaluated a large number o f  
pesticides. The W H O  expert group on pesticide residues in 
these m eetings largely relied upon procedures developed by 
other expert groups such as Joint FAO/W HO expert 
com m ittee on food additives (JECFA) and developed specific

principles for evaluating various classes o f  pesticides that are 
used on food crops and w hich may leave residues on them. 
The publication o f  W H O  Environm ental Health Criteria 70  
principles for the safety assessm ent o f  food addtives and 
contaminants in food sum m arised the assessm ent procedures 
used by JECFA. T hese procedures are used by the W H O  
expert groups on pesticide since its publication.

F ollow ing inter-country m eetings held in 1985 in Canada, 
an IPS planning m eeting was held in M arch 1987 at 
Carshalton, Surrey, UK  when a first draft was prepared to 
consider the toxicological basis and data requirements for the 
estim ation o f  an A D I or temporary A D I and to provide 
general guidance on relevant toxicological m ethodology. The 
final draft was considered by the W H O  expert group in 1984 
JM PR and the present publication, under review, therefore, 
reflects the view s o f  a large number o f  international experts 
who are involved in the toxicological assessm ent o f pesticides. 
It is expected that the present publication w ill be useful to 
ensure consistent decision making using up-to-date principles. 
It is hoped a publication o f  this nature involving test 
m ethodologies, ch o ice species, strains, group size, selection  
o f  d ose levels, test duration, pathological procedures on  
carcinogenesis, reproduction studies, neurotoxicity and 
genotoxicity will be o f great use to the government regulatory 
bodies responsible for establishing safe levels o f  pesticide  
residues on food com m odities and com panies producing  
safety data on pesticides.

The m ore recent additions to the battery o f  toxicity tests 
available for use in safety assessm ent are discussed  in this 
m onograph. Som e o f  these tests esp ecia lly  in the field o f  
imm unotoxicity and behavioural toxicity are not yet at a stage 
o f  developm ent where results are consistently reproducible 
and therefore readily utilizable in safety assessm ent. It may 
be observed that criteria for interpretation o f  such studies have 
not yet been sufficiently developed to be o f  value in routine 
safety assessm ent. Therefore, on ly the potential o f  these 
studies is d iscussed  in this docum ent.

The developm ents in the field o f  toxico logy in recent years 
have been remarkable. D ecision  taken by JM PR are always 
provisional and A D Is are subject to re-evaluation as new, 
significant data b ecom e available.

With m icrobial pest control aspects, the group suggests that 
two factors o f primary im portance to human health, v i z . , the 
infectivity o f  the residual organism  and the ability o f  the 
organism  to produce toxins which occur as residues should  
be considered. In the ca se o f  tissues, their ability to incorpo­
rate into the cell genom e should also  be considered .

There are areas o f  special consideration for individual 
classes o f  pesticides. For exam ple, opthalm ological effects 
and a lie s t e r a s e  ( c a r b o x y l- e s te r a s e )  in h ib it io n  in 
organophosphates. In 1980 JM PR , it was noted that OP  
com pounds tend not to show genotoxicity in  v iv o  or to induce 
carcinogenic responses in laboratory anim als. It was 
recom m ended that careful evaluation o f  all available data
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should be performed to determine whether carcinogenicity 
tests are required for individual organophosphate pesticides. 
It is also recorded that the possible structure-activity 
relationship of the non-phosphatic ester moiety of the 
pesticides should be considered. The monograph discusses 
ocular toxicity of bipyridilium compounds and there is a note 
on goitrogenic carcinogensis.

This is a valuable publication for environmentalists and 
toxicologists.

v. agnihothrudu
COIMBATORE

M u l t i l i n g u a l  D i c t i o n a r y  o f  F is h  a n d  F is h  P r o d u c t s :  3rd ed. 
Prepared by the Organisation for Economic Co-operation 
and Development. Fishing News Books, A Division of 
Blackwell Scientific Publications Ltd., U.K; 1990; 
pp: 442; Price; £29.50.

The stated objective of the compilation is to promote and 
facilitate international trade in fish and fish products that are 
in commercial use internationally. The Fisheries Division of 
the Organisation for Economic Co-operation and

Development, U.K. has compiled this thoroughly revised 3rd 
edition.

There are 1117 items in the dictionary. The nomenclatures 
cover product designations, definitions and names of fish 
species. Each item is numbered with descriptions in English 
and French as also equivalents for the main heading in 
fourteen other languages (viz. Danish, Dutch, Finnish, 
German, Greek, Icelandic, Italian, Japanese, Norwegian, 
Portuguese, Serbo-Croat, Spanish, Swedish, Turkish), 
besides scientific names for species of fish, shell fish, etc. 
This is the main part of the dictionary. The other part 
comprises separate indices for each of the sixteen languages 
in addition to one of scientific names. The user has to find 
the known name in the index of the relevant language, turn 
to the item number indicated in the index and obtain 
description in English or French.

The compilation is extremely useful and handy to anyone 
interested in international trade in fish and fish products, as 
a ready reference book.

N.V. SRIPATHY
C.F.T.R.I., REGIONAL CENTRE. MANGALORE.

AFST (I) NEWS
B a n g a lo re  C h a p ter

The Annual General Body Meeting was held on 6th April
1991. The following office bearers were elected:

President 
Vice-President 
Hony. Secretary 
Hony. Treasurer

Mr. Srikanth Chatrapathy 
Dr. Satish Kulkarni 
Mrs. B.M. Leelavathi 
Dr. R.R. Mohite

D elh i C h ap ter
The Annual General Body Meeting was held on 12th April 

1991, the following persons have been elected as office bearers 
for the year 1991-92.

President : Mr. D.S. Chadha
Vice-President : Dr. S.M. Ilyas

Dr. D.S. Khurdiya 
Mr. Y.K. Kapoor 
Mr. V.B. Oberoi 

Hony. Secretary : Mr. B.L. Kapoor

Hony. Jt. Secretary Mr. S.K. Checkei
Hony. Treasurer Mr. P.N. Narang

On this occasion, Mr. Laljit Singh was felicitated by the 
members for receiving the Kashlakar Memorial Award 
conferred on him by the All India Food Preservers’ 
Association.
M a d ra s C h a p ter

The Annual General Body Meeting was held on 9th May 
1991. The following are the office bearers for the year 1991-92.

President 
Vice-Prei ident 
Hony. Secretary 
Hony. Jt. Secretary 
Hony. Treasurer

Dr. P.G. Adsule 
Mr. N. Ibrahim 
Mr. K. Manohar 
Dr. S. Gopalan 
Mr. K.H. Krishnan

On this occasion. Dr. Sailesh Patel, Director (Foods) Auro 
Foods, Pondicherry delivered the Guest lecture on “Food 
Technology for Housewives’’.
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