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Litchi (Litchi chinensis Sonn.) Fruit : Influence of
Pre- and Post-harvest Factors on Storage Life and

Quality for Export Trade - A Critical Appraisal

J. REVATHY* AND P. NARASIMHAM

Department of Fruit and Vegetable Technology.
Central Food Technological Research Institute, Mysore-570 013, India.

One of the most crucial factors that markedly In/Iucnces the profltabl1lty tn the marketing of fruits at places
far away from the site of producllon. Is the time Interval after harvest or the post-harvest life of the commodity at
ambient condilions. lIll It reaches the consumer. Monetary benefits to the producer depend on several factors Ilke
harvcsllng. maturity at harvest. condilions of packaging. transport and storage of the fruits. Litchi (Utcht chinensls
Sonn) Is a highly priced sub-tropical fruit and Is In great demand In the European market. One of the major problems
dUring post-harvest handling. transport and/or storage, Is the browning of the rind of lilcht frull, besides curtailment
of Its storage life by agclng and decay. Lilchl fruits can be stored for about 3 days under ambient conditions (20
35'C, RH-40-90%). However. thclr storage life can be extended by various chemical and physical pre- and post
harvest treatments to control weight loss, ageing and decay. Studies carried out around the world during the last
four decades reveal that. the storage life of litchi at ambient conditions could be extended upto 2 weeks by the appllcallon
of various chemical/physical treatments. Under refrigerallon. they could be stored for about a month. There is however.
a need to further extend the shelf-life of this commodity without sacrificing quality, In order to make the export trade
more remunerative. The export trade for fresh litchi fmils Is galnJng considerable Imporlance with the ever Increasing
demand for this fruil In European and Middle east-markets. However, India's share in the export trade of this fruit
Is negligible. although India is the second majOr producer of this fruit next to China, In vtew of the imporlance of
litchi fruit In world trade, an attempt has been made In this revtew to critically appraise the current status of scientific
and technological advances made In understanding the physiology and biochemistry and the post·harvest handling.
packaging, transport and storage of the fruit. In order to plan strategies for future R&D activtties to establish a
sound base for export trade on a strong sclenllfic and technological foundatton.

Keyword.: Litchi fruit, Pre- and post-harvest treatments. Storage Ilfe. Quality. Export trade. Packaging.

The litchi frull. also spelt as lychee (Utchi
chinensis Sonn.) Syn. Nephelium litchi belonging to
the family Sapindaceae. is a popular fruit of South
East Asia and is indigenous to Southern China.
It was introduced to India by the end of 17th
century (Goto 1960: Liang 1981). The litchi fruit
has a white. juicy aril. which is surrounded by a
reddish. prickly leather-like skln and has usually
a shiny brown large seed at the centre of the juicy
arll. The fruit is a good appetizer and is useful
In dyspepsia and smalIpox (NIlJar 1972), Litchi
seeds are used In Indo-China to overcome Intestinal
troubles and In Malaysia. they are used as anodyne
and prescribed In neuralgic disorders and orchitis
(Wealth of India 1962). This exotic fruit has an
unusual warm floral and sweet citrus flavour.
Unfortunately, this delicate and pleasant flavour
begins to change as soon as the fruit is picked
from the tree. In particular. the warm sulfuraceous
taste is fleeting (Johnston et al. 1980). The fruit.
widely acclaimed for Its flavour. Is being grown as
a commercial crop In sub-tropical Asia. Hawall,
South Africa and Australia. The fruits after harvest.

• Correspondfng Autmr

are highly perishable and lose their bright red skin
colour within a few days of holding at ambient
temperatures of around 3Q°C (Macfle 1954).

India's export of fresh fruits represents only
a very smalI fraction of the total artnual production
of over 40 million tonnes. In this context, there
is considerable demand for fresh litchis In European
and Middle-East markets (Normand and Boufl1n
1995). Improved pre- and post-harvest handling
practices are essential to maintain quality of the
fruit to meet the competition in the export trade.

PRE-HARVEST MANAGEMENT PRACTICES

Overall orchard management and pre- and
post-harvest handling practices playa vital role In
determining the quality and post-harvest behaviour
of litchi fruits. Detailed studies have not been
carried out on the effect of cultivation aspects on
the post-harvest quality of litchi fruits, but a good
amount of research has been done on the effect
of pre-harvest appllcatlons of various plant growth
regulators and chemical treatments on the post
harvest quality and storage behaviour of litchi fruits
and these are enumerated as follows :
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Flowering pattern and the effect of growth
regulators on floral initiation

The time of flowering varies with genotype and
environmental conditions. In the Northern
hemisphere. flowering starts between November
and February. while In the Southern hemisphere.
it Is usually between June and September. Litchi
trees grown from air layers come to flowering stage
at the age of 3-5 years (Higgins 1971). while
seedlings take 8-12 years to flower (Loebel 1976).
However. the grafted trees were found to flower
earlier than atr-layered trees (Bolt and Joubert
1980). It was found that spraying with Naphthalene
Acetic Acid (NAA) In autumn. promotes floral
initiation In litchi trees. (Shlgeura 1948; Bonner
and Liverman 1953). Floral Initiation Is an essential
step that regulates crop yields annually.

Fruit drop and its control

The Initial fruit-set In litchi Is very high. but
a very little proportion of It Is carried until maturity.
The premature drop commences immediately after
fruit-set and continues. till fruit maturity (Anon
1967). with most of the fruits abscising in the ftrst
2-4 weeks. Misra et al (1973) stated that fruit drop
started soon after fruit set. but was heavy during
the ftrst 4 or 5 weeks and receded as the season
advanced. It was also noted that the Incidence of
fruit drop was more In the older trees than the
younger ones. They also reported that. two sprays
of NM (20 ppm). one at the time of fruit-set and
the other when the fruits were pea-sized. reduced
the fruit drop from 76.08 to 61.13%. DlfTerent
factors may contribute to fruit drop such as failure
of fertl1lzation. embryo abortion, hormonal Imbalance
and external factors like mineral nutrition, high
temperature. low humidity and strong winds.
Excessive drop curtails fruit yield. Hence. spraying
of the panicles with growth regulators like gibberellic
acid (G~) at 20-50 ppm. 2.4-dichlorophenoxy acetic
acid (2,4-0) at 10-20 ppm and NM at 20-30 ppm
were found to be effective in mintmlslng the fruit
drop (Shukla et al. 1978; Singh and Lal 1980;
Barua and Mohan 1984; Ghosh et al. 1988; Thakur
et al. 1990). Sohan Singh and Dhillon (1981) found
that fruit drop In cultivar 'Calcutta' could be
effectively controlled (92-98%) by the application of
2,4-0 at concentrations of 2 to 4 ppm. Also, foliar
application of mlcronutrients such as boron and
zinc reduced the rate of fruit absctslon (Pujari and
Syamal 1977; Verma et al. 1980). It was noticed
that spraying of GA
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or NAA or 2,4.5-T

(trichlorophenoxy acetic acid). at 5 ppm

concentration at 3 stages I.e., prebloom, just after
browning of stigma and 15 days after brOWning of
sUgma. reduced the incidence of fruit drop without
affecting fruit size (Shukla and Bajpal 1971). Xiang
et al (1994) stated that p011lnatlon and fertilization
stimulated the Increase of cytokinin. Indole acetic
acid (lAA) and gibberellin content and decreased
the absclslc acid content In the ovary after anthesis
and these changes are related to fruit-set. It was
also observed that fruit-set of culUvar "Yu Her-Pao"
was enhanced and fruit drop was reduced by flower
panicle thinning I.e.. shortening the panicle length
to 15 or 20 cm. thereby redUCing the density of
flower buds during the early stages of flowering (Lin
1994).

Developmental disorders- Fruit cracking

Considerable decreases In yields of quality
fruits occur due to pre-harvest disorders like sun
burn and skin-cracking In litchi and pose serious
problems to the development of the fruit (Kanwar
and Nljjar 1976).

Varietal variations: Studies on sun-bum and
skin-cracking of fruits In some varieties of litchi
indicate that the extent of skin cracking ranged
between 0.7 and 11.5% and sun-bum between 0.9
and 19.1% (Sanyal et al. 1990). On the other hand.
Chadha and Rajpoot (1969) observed that In litchi.
the extent of cracking was 27.4% In cultivar "Dehra
Dun". 16.8% In "Muzaffarpur", 16.7% In "Seedless
No.1". 3.4% In "Calcutta Late" and 0.3% In
"Seedless NO.2". Kanwar et al (1972) observed that
In dlfTerent cultivars of litchi at Gurdaspur In
Punjab, the extent of damage due to cracking varied
from 0.3 to 36.2%. It was also found that the early
ripening cultivars such as "Muzaffarpur" and "Dehra
Dun" were more susceptible to cracking than the
late ripening ones such as "Calcutta Late", "Seedless
Late" and "Seedless NO.2". The cultivar "Hong
Kong" was found to be resistant to cracking
(Kanwar et al. 1972; Kanwar and Nljjar 1984).
However. Sharma and Ray (1987) reported that,
practically no cultlvar was absolutely resistant or
free from cracking.

Mechanism of cracking and factors affecting
fruit cracking

Teaotia and Singh (1970) suggested that.
dUring drought period. strengthened tissues develop
In xylem and phloem. which lose their ability to
divide and enlarge. Soon after a dry spell, if water
supply ts Increased. the meristematic tissues qUickly
resume growth. but not the strengthened tissues.
Owing to the differential growth rates. harder



tissues rupture. It was also suggested by them that
some tnciplent cracks originate at hypertrophied
lentlcels. The lentlcel hypertrophy may be caused
or promoted by excessively retarded transpiration
accompanied by more water supply to the regions
of hypertrophy. During the second phase of growth.
there Is rapid flesh growth. synchronised with the
period of high temperature and low humidity.
resulting In localised light brown blotches on the
fruit skin directly facing the sun rays. The blotches
become more Intense In a few days and the area
gets dried up. Simultaneously. due to rapidly
growing flesh. a small radial rupture appears In
the dried blotchy area (Kanwar et aI. 1972).

There are various causes attributed to fruit
cracking such as environmental. hormonal.
nutritional. varietal factors. Infestation by pest and
diseases and others (Ranvlr Singh and Singh 1993).

Environmentalfa.ctors: Envlrorunental conditions
such as temperature. relative humidity and rainfall
are associated with fruit cracking. Singh and Singh
(1954) reported that hot winds might be the cause
of cracking In litchi fruits. Hayes (1960) has found
that dry heat along with dry hot winds at the time
of fruit ripening Is the main cause for fruit
cracking. Kanwar et al (1972) have reported that.
during rapid flesh growth. temperature higher than
38°C combined with humidity lower than 60%. is
most favourable for fruit cracking In Punjab. It was
also reported by Kanwar and Nljjar (1975) that
sharp fluctuation in day and night temperatures
coupled with heavy Irrigation after dry spell could
cause cracking. Lal and Mishra (1981) also reported
that high temperature and low humidity at maturity
and prolonged rains at ripening cause frull cracking
in litchi.

Hormonal factors: Bioassay of plant hormones
in various components of cracked and normal fruits
of litchi revealed that In cracked fruits. skin and
seeds had lower levels of auxin and the aril
contained higher levels of this hormone than those
in normal fruits (Sharma 1983: Sharma and Ray
1987). The gibberellins (Sharma and Dhillon 1986).
cytokinlns and absclslc acid (Sharma and Dhillon
1988) levels were more In the skin. arll and seeds
of cracked fruits than the normal ones. Application
of NAA at 20 and 40 ppm concentrations resulted
in reduced fruit cracking (Chandel and Sharma
1992).

Applications of lower concentrations (10 ppm)
of 2,4.5-T and NAA reduced the number of cracked
fruits in litchi (Prasad and Jauharl 1963).
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Suryanarayana and Das (1971) observed reduction
of cracking of litchi fruits by 4 sprays of GA (40
ppm) followed by 2.4-0 (10 ppm) and GA (20 ppm).
Fruit cracking was reduced from 12 to 6% In "Early
Large Red" cultlvar of litchi. when sprayed with
ethephon at 10 ppm at pea stage and again one
month later (Shrestha 1981). Misra and Khan
(1981) found significant reduction In fruit cracking
by spraying 2,4-0 (10 ppm) at pit hardening stage.
Sharma and Dhillon (1987) found that cracking
could be significantly reduced by the application
of NAA (25 ppm).

Nutritional factors: It was found that foliar
spray of 0.5% zinc sulphate reduced fruit cracking
and fruit drop In litchi (Awasthl et aI. 1975). while
Chandel and Sharma (1992) found that application
of ZnSO. spray at I and 2% levels reduced fruit
cracking. Misra and Khan (1981) observed maximum
reduction In cracking of litchi fruits by the applica
tion of 0.4% boric acid at pit hardening stage.

SoU moisture: Lal and Mlshra (1981) and Lal
(1984) observed that considerable loss of soil
moisture and less frequent irrigations dUring fruiting
season were associated with severe cracking In
litchi fruits. Also. Inadequate moisture dUring early
growth period of fruit development results In hard
skin and inelastic or sunburnt appearance and It
may crack. when there Is rapid aril growth after
irrigation (Menzel 1984). In general. cultlvars with
relatively thin skin. few tubercles per unit area and
round to flat shape are more prone to cracking
(Kanwar et a1. 1972). In a recent study. Chandel
and Sharma (1992) found that irrigation at 20 and
400!6 depletion of available soil moisture reduced
fruit cracking.

Effect of fruit cracldng and chemical composition
of fruits

Cracked litchi fruits were found to contain
higher nitrogen. potash and phosphorous. but lower
calcium and zinc than normal fruits. The normal
fruits had higher moisture content (Sharma 1983;
Sharma and Ray 1987; Sharma and Dhillon 1987).

GROWTH REGULATORS AND POST-HARVEST
QUALITY

Application of NAA and ethrel hastens ripening
of litchi fruits. Spraytng of litchi panicles cv "Dehra
Dun" with NAA (25 ppm) at time Intervals of 7.11
and 15 days after first spray resulted In Increased
moisture content from 68.31 to 72.800!6. total
soluble solids rrsS) from 15.20 to 16.34%. Ascorbic
acid content was Increased from 14.35 to 15.85
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mg/l00 mg. when sprayed with 10 ppm NAA
(Sharma and Dhillon 1985).

Mlshra et al (1985) reported that foliar spray
of urea at 20g/litre or G~ at 50 mg/litre three
weeks prior to harvest, delayed ripening of litchi
cv. "China" by 6 days. Krishnamoorthy (1981)
reported that~ treatment at 50 ppm also Increased
the moisture content of fruit. This may be due to
the synthesis of alpha-amylase. which converts
starch to redUCing sugars and hence the osmotic
pressure of the cell Increases. thereby attracting
more water inside. Application ofG~ also Increased
pH and reduced acid content (Srivastava and Singh
1969). Spraying of 2,4-D reduced acidity and
Increased total sugars. while application of NAA
increased reducing sugars (Srivastava and Singh
1969). Experiments carried out In cultlvar "Rose
Scented" by Misra and Khan (1981). revealed that
application of 2,4-5-T at 10 ppm Increased TSS
from 15.84 to 18.700AJ. Apart from growth regulators.
application of mineral nutrient like calcium chloride
at 0.6%, 10-20 days before harvest. Increased the
pulp percentage (Roy Choudhury et al. 1992).

MATURATION AND HARVEST MATURITY INDICES

Maturation oj Jruit: The time taken by fruits
to mature varies with genotype and environment.
In India, Gaur and Bajpai (1977) reported. 53-55
days after fruit set for optimal fruit maturity of
"Calcutta" cultivar. Optimum harvesting time of
'MuzaITarpur' litchi fruits was found to be 73-78
days after anthests (Badtyala 1993). Btswas and
Roy (I 953) suggested that the optimum time for
harvesting the litchi cultivar 'Bombai' Is between
105 and 110 days. In general. litchi fruits,
irrespective of the cultivar, come to harvest maturity
between 55-80 days after anthesis.

Hamest maturity indices: The stage at which
the fruits are harvested is one of the crucial factors
deciding the quality of the fruit (Normand and
Bouffln 1995). The dilTerent criteria recommended
for Judging litchi fruit maturity are

-Days after fruit set

-Development of fruit colour

-Flatness of tubercles and smoothness of
epicarp and

-Chemical changes In fruit.

The development of skin colour is one of the
most dependable maturity Indices. although fruit
skin colour is distinct for each cultivar. However.
in most cases. the colour of the fruit changes from
green to pink on attaining harvest maturity. It has

been reported that. fruits of litchi tum deep red,
when fully ripe and the fruits harvested at this
stage possess excellent fruit quality (Prasad and
Jha 1978). Gaur and Bajpai (1977) reported that
the bright pinkish-red colour stage as optimal for
fruit maturity of "Calcutta Late" cultlvar.

Besides colour development, the maturity of
the fruit is also determined by the shape of the
tubercles. When the fruit is mature. the tubercles
become slightly flattened and the epicarp becomes
smooth (Gaur and BaJpai 1977). Prasad and Jha
(1978) reported that the activity of acid phosphatase
In the pulp tissue Increased with the degree of
ripeness. whereas the degree of alkaline phosphatase
declines rapidly during the same period. which
could be used as a biochemical index of maturation.

Hamesting: Unlike many other fruits. the litchi
fruits are harvested In bunches along with a portion
of the branch containing a few leaves. This Is said
to prolong the storage life of fruits and at the same
time, the tree also receives mild pruning. Harvesting
is not done during or soon after rains. since wet
fruits are more susceptible to spoilage dUring
storage (Starin 1980). Also. the fruits are kept In
the shade immediately after harvest to reduce
quality deterioration due to direct exposure to sun
(Bose and Mitra 1985).

Yields: The yield of litchi fruits is a highly
fluctuating factor depending on the variety, age of
the plant, environmental factors, incidence of pests
and diseases and the overall management of the
orchard. The litchi trees begin to bear fruits from
3 to 5 years after planting in North India and 6
to 7 years In South India and the yield per tree
Increases, till they attain 20-25 years old (Singh
et al. 1963). A great variation In fruit yield among
varieties has been observed. A minimum yield of
60 kg per tree was obtained from "Early Seedless"
cultlvar. whereas "Calcutta Late" cultivar gave a
maximum yield of 130 kg (Jawanda and Singh
1977). Similarly, Badiyala and Awaslhl (1991),
reported a maximum yield of 38 kg/ tree from
"Dehra Dun" cultlvar and a minimum yield of 9.60
kg per tree from "Seedless Late" variety. In Himachal
Pradesh. the yield also varies with locality. An
average yield from a matured tree vartes between
90 and 150 kg In Hawaii (Popenoe 1920), 100 and
125 kg In South Mrica (Marloth 1947) and 90 and
135 kg in Queensland (Stephens 1955). In India,
an average yield of 80 and 150 kg has been
reported in the State of Uttar Pradesh by Vyas
(1938). A similar observation was made by NllJar
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(1972) on the average yield of litchi trees under
Indian conditions. Taking the number of trees per
hectare (with a spacing of 10 x 10 MI. as 100 and
average yield per tree as 100 kg. the yield per
hectare would be around 10 tonnes.

PHYSICO-CHEMICAL COMPOSITION OF FRUIT

Physical attributes: The weight of litchi fruit
ranges from 8.27 to 21.1 g. the edible portion i.e..
pulp weight ranging from 37.30 to 73.6%. Peel
weight and stone weight range from 11.73 to 28.7%
and 3.2 to 22.9%. respectively (Table 1).

Chemical composition: Data on the chemical
composition of different cultivars of litchi are
tabulated In Tables 2-4.

Acidity: Acidity of the fruit varies from 0.3 to
1.1% for different cultivars (Table 2). The pulp
acidity also varies from place to place. ranging from
0.26 to 0.57% in Punjab. 0.21 to 1.01% in V.P.
0.39 to 1.24% In West Bengal and 0.60 to 0.68%
In Bihar (Ghosh et aI. 1988: Chakraborthy et aI.
1980). Chan et al (1974) found the organic acid
composition of the fruit as: malic acld-4.16. citric
acld-0.52. succinic acid-0.04 and levulenic acid
0.01 meq/lOOg of the pulp of cultivar "Brewster'·.

Carbohydrates: The TSS of different cultlvars
of litchi varies from 16.8 to 20.50° Brlx (Table 2).
Glucose Is the major sugar present In litchi fruit

12.6

19.5

14.8±6.0

21.8

22.9

1O.7±7.6

3.2

7.8

17.3

20.8

12.6±9.2

6.3

15.5

8.1

13.8±1.4

13.8

17.6

14.4±1O.8

11.7

16.9

15.0

NA

26.6

18.1

24.9

19.0

21.1

19.0

28.7

17.6±1.1

73.6

62.9

6l.7±IO.7

66.5

60.2

52.9±13.8

37.3

65.6

64.6

54.3

49.6±9.6

72.6

65.5

68.2

61.2±2.0

'Bombal'

'Caleutta'

'Dehradun'

'Bedana'

TABLE 1. PHYSICAL CHARACTERISTICS OF LITCHI FRUIT

Cultlvars FruIt wt. Pulp wt. Ped wt. Stone wt.

g % % %

14.3±5.9 70.7±1.9 18.7±O.6 1O.6t2.0

19.0 62.2 17.9 19.9

16.6t2.3 53.5t8.3 12.2 14.4±11.7

19.0±2.0 52.9±12.2 13.6 12.3±8.9

16.6 65.6 13.3 21.1

2 1.1±O. 1 63.3±21.2 12.3 3.4±O.1

'Desi'

'Early large

of red'

'Elaehi' 15.7

'Kasba' 15.9

'MuzalTarpur' 19.4±1.4

'Nagarpal' 17.2

'Purbi' 18.5

'Rose scented' 20.3±1.1

'Saharanpur' 17.7

'Seedless No.1' 8.3

'Seedless No.2' 18.1

'China' 19.8

'Mclean' 17.9±2.7

'Gee Kcc' 14.6

Tal So' 18.7

Wai Chee' 17.1

SEM 17.3±O.6

NA: Not available

Sources: Chadda and RaJpoot (1969) Bose and MItra (1985), AJay
Singh et al (1987), Ghosh et al (1988), Shanna and Ray (1987),
Badlyala and Awasthl (1991). Trtpatht et a! (1987).

• Ag. without SO arc derived from stngle source

TABLE 2. CHEMICAL COMPOS11l0N OF LITCHI mUIT

TSS. AcIdIty.

Cultivars % %

'Bedana' 19.0±1.2 0.4±O.2

'Bombi' 17.7 0.41

'Caleutta' 19.7t1.9 0.4±O.3

'Dehradun' 19.6±1.8 0.3±O.1

'Desi' 17.6±O.5 0.5±O.3

'Early large red' 19.3±1.8 0.7±O.3

'Elaehi' 17.5 0.5

'Kasba' 16.8 1.1

'Muzalfarpur' 19.6±1.5 0.5±O.2

'Nagarpal' 17.6 0.8

'Purbi' 18.2±O.9 0.8±O.3

'Rose scented' 19.5±1.9 0.6±O.3

'Saharanpur' 17.3 0.5

'Seedless No, l' 18.4 0.4

'Seedless No.2' 17.2 0.5

'China' 20.5 0.6

'Mclean' 18.2±1.4 0.9±O.4

'Gee Kcc' 18.9 NA

Tal So' 17.0 NA

Wal Chee' 18.6 NA

SEM 18.4±O.2 0.6±O.2

Sourees: Same as In Table-I.

Sugars. % Ascorbic actd, TSS/aetd

Tota! Reductng mg/100g ratio

14.7t1.9 10.4t2.1 30.9±4.9 46.3

15.4 11.4 17.2 42.1

13.2t2.4 9.1±O.8 30.9±4.9 46.9

15.4 9.6 NA 57.6

13.3±O.9 9.2 24.3t5.5 35.2

15.5±O.5 1O.9±O.3 29.0±9.4 26.4

15.5 11.7 17.6 38.9

13.4 8.9 22.6 14.7

15.6±O.5 8.9±O.3 32.1±12.3 39.2

15.6 11.1 21.7 22.6

14.7 9.8 20.3 24.3

13.3±O.7 9.7±O.5 20.9±3.1 33.6

NA NA NA 37.6

15.8 3.4 32.4 52.6

12.2 10.0 43.6 35.1

NA NA NA 40.0

13.7 9.4 24.3 20.9

NA NA NA NA

NA NA NA NA

NA NA NA NA

14.5±O.3 9.6±O.4 26.3t1.7 36.1t2.6
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TABLE 3. AMINO ACIDS, PHENOLS AND PECTIN CONTENTS
OF LITCHI

Sources: Chadda and RaJpoot (1969), Bose (1985), AJay Singh et
al (19871, Ghosh et al (1987), Sharma and Ray (1987), Badlyala
and Awasthl (1991)).• Fig. without SD are derived from single
source

'Bedana' 13.0 2.8 1.4 151 0.67

'Calcutta' 14.0 2.4 1.4 116 0.65

'Dest' NA NA 1.9 NA NA

'Early large Red' 14.0 2.1 NA 127 0.55

'Muzaffarpur' 16.0 2.6 NA 143 0.71

'Rose scented' NA NA 1.1 NA NA

NA: Data not available.

with smaller amounts of fructose and sucrose
(Mathew and Pushpa 1964). The reducing sugars
In dlfTerent varieties range from 3.4 to 11.7%. while
the total sugars range from 13.2 to 15.8oola (Table
2). Carbohydrate contents of dlfTerent varieties of
litchi range from 13.6 to 17.9% (Wealth of India
1962).

Fats, proteins Wld amino acids: The fat contents
In 4 varieties of litchi were reported to vary from
0.21 to 0.35% (AJay Singh et aI. 1987). Protein
contents range from 0.33 to 1.20% in litchi varieties
"Early Large Red". "Calcutta". "Bedana".
"Muzalfarpur". "Desi" and "Rose Scented" (Ajay
Singh et aI. 1987; Tripathi et aI. 1987). The major
amino acids identified In litchi fruit are methionine
and tryptophan(Table 3). Alcoholic extracts of litchi
aril revealed the presence of other amino acids such
as glutamic acid. serine, alanine. leucine. isoleucine.
valine. lysine. threonine. tyrosine and aspartic acid
(Farooqi and Kaul 1963; Tripathl et aI. 1987; Ajay
Singh et aI. 1987).

Minerals Wld vitamins: The mineral elements

present In considerable amounts In litchi fruit are
sodium, potassium. iron, phosphorus. calcium.
copper and zinc (Table 4). Litchi fruit contains.
apart from ascorbic acid. minor quantities of other
vitamins like thiamine (25 mg). nicotinic acid (0.4
mg) and riboflavin (61 mg) per 100 g of fresh pulp
(Weallh of India 1962). Ascorbic acid content
ranges from 17.2 to 32.4 mg per 100 g. of fresh
pulp (Table "I'

Flavour components: The volatile constituents
of litchi investigated by the combined technique of
gas chromatography - mass spectrometry revealed
the presence of 48 dlfTerent volatiles. The litchi
owes Its citrus flavour to the presence of Ilmonene.
geraniol and neral, while its floral character is
mainly due to the presence ofJ3-phene ethyl alcohol
and Its derivatives. Also. certain terpenoids comprise
the major portion of the volatiles (Johnston et aI.
1980). Toulemonde and Beauverd (1984) Identified
89 volatiles from head space analysis of litchI. They
considered that methyl esters of various alcohols
as well as limonene. rose oxide. nonanal, decanal.
cltronellyl and geranyl alcohols and acetates to be
responsible for the fruity floral and citrus notes of
litchi fruits. Neutral volatiles in litchi have been
reported by Frohlich and SChreier (1986). They have
identified 14 alcohols, 4 carbonyl compounds. 4
ethers. 3 esters. 14 hydrocarbons and 1 furanone
derivative by capillary gas chromatography and
Fourier Transform Infrared Spectroscopy. Methyl
branched C4 alcohol has been found to be a major
compound among the major litchi volatiles. Among
the alcohols. a series of C

6
compounds have been

detected. which are well known as secondary
volatiles formed after cell disruption from
unsaturated fatty acids due to Iipoxigenase
hydroperoxide lyase activity. It is obvious that these
volatiles could not be detected dUring the head

Total
pectins,

%

Total
phenols,

mg/IOO g

Amino acids,mg/IOOg
Trypto- Methio- 1Yro-
phan nine sine

Cullivar

TABLE 4. MINERAL COMPOsmON (mg/IOO mil OF LITCHI CULTIVARS

Minerals 'Badana' 'Calcutta' 'Dest' 'Grolf 'Rose scented' Average

Calcium 3.8 3.4 3.1 7.16 4.50 4.39

Phosphorus NA NA NA 5.76 NA 5.76

Magnesium NA NA NA 5.08 NA 5.08

Sodium 16.90 33.30 14.40 NA 13.80 19.60

Iron 0.91 0.43 0.60 NA 0.60 0.66

Copper 0.30 0.23 0.4 NA 0.32 0.30

Zinc 0.25 0.23 0.26 NA 0.26 0.25

Manganese 0.04 0.02 0.04 NA 0.03 0.03

Potassium 16.60 19.30 17.50 37.30 12.00 20.54

Lead 0.10 0.10 0.10 NA 0.13 0.11

NA: Data not available

Sources: Tripathl et al (1987); Robert et al (1984)
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PHYSICO-CHEMICAL CHAN9ES DURING FRUIT
GROWTH, MATURATION AND DEVELOPMENT

space analysis of the whole fruit as done by
Toulemonde and Beauverd (1984).

Changes In chemical constituents

Chlorophyll: Underhill and Critchley (1992)
reported that throughout growth and development.
the green pericarp remained photosynthetic with
chloroplasts distributed In the upper mesocarp. The
chlorophyll content Increased upto 69 days after
anthesls and thereafter declined rapidly. with a
small amount of chlorophyll still being present In
the perlcarp at maturity (Jalswal et al. 1987).

Anthocyanins: Anthocyanin syntheSis coincided
with chlorophyll degradation, with the concentration
of anthocyanlns Increasing progressively as the
fruit matured (Underhill and Critchley 1992).
Chlorophyll breakdown before the synthests of
anthocyanin occurs on 50th day for "Groff' and
60th day for "Gulwei" and "Mel" cultivars. The
cultlvar "Shuldong" showed a decrease In chlorophyll
content but no marked synthests of anthocyanin
was seen due to an unbroken spell of cloudy and
rainy weather durtng Its maturation. The relationship
between skin colour and maturity was cultivar
dependent. Roberi et aI (1984) found significant
anthocyanin production. when the fruit was half
developed in 4 cultivars of China. The bright red
colour of litchi Is attributed to the presence of
various flavonoid pigments, which Include 3 major
anthocyanin pigments like cyanidln-3-glucoslde.
cyanidln-3-rutlnoslde and malvidin-3 acetylglucoslde
(Lee and Wicker 1991). Other components observed
are pelargonldln 3-glucoslde. pelargonldln 3.5
dlglucoside, quercetin-5-glucoslde. quercetin.
kaemferol, derivatives of quercetagetln pentamethyl
ether, 2,4-dlhydroxy-chalcone etc., which are
detectable at all stages of ripening and senescence
(Jatswal et al. 1987: Prasad and Jha 1978).

The anthocyanin pigments were vacuole bound,
first appearing In the upper mesocarp tissue
beneath the pericarp protuberance apex. Dtstrlbution
was progressively extended to form a continuous

1992). Weight of the fruit decreases after ripening.
mostly due to desiccation of the deteriorating fruit.
Studies carried out by the same authors on
respiration and ethylene production durtng ontogeny
of the fruit revealed that. ethylene production
rapidly decreased and became undetectable. when
litchi was about 4% of its final weight. Some
ethylene ts produced. when deterioration sets In.
Respiration rate decreased as the fruit matured
(Akamine and Theodore 1973). In cultlvars 'Deshl'
and 'Kasba'. the total chlorophyll contents declined
rapidly durtng ripening and senescence (Jalswal et
aI. 1987).

50 ~ 70 80 90'010 20 3D

"
16

DAYS - AFTER ANTHESIS

F1g. I. Fruit growth curves plotted from the data of 3 different
research reports. Sourt:es: 1 - Robert ct al (1984):
2 - AkarnJnc and Theodore (1973) and 3 - Underhill
and Critchley (1992).
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Litchi fruit called as 'summer sweet' ts a single
seeded nut and varies In size and shape according
to the cultivar. There are also seedless cultlvars
of litchI. It takes around 80 d' tl:om fruit set
to attain maturity. The growth or development of
litchi clearly Indicates that the fruit growth follows
a typical Sigmoidal pattern (Fig. 1).

Physical changes: Kanwar et al (1972) observed
In two cultivars of litchi I.e., "Calcutta Late" and
"Seedless No.1", that the fruit growth In terms of
fruit/seed length and dia had 2 distinct phases of
growth. During the first phase. the seed growth
occurs with relatively no growth of flesh and during
the second phase, the rate of flesh growth overtakes
the seed growth.

Litchi fruits consist of a tough perlcarp, a thick
edible translucent ari! and a single seed. The
thickness of the perlcarp/cuticle progressively
decreases from 8.75 ~ at 21 days after anthesls
to 1.88~ as the fruil matures. This thinning has
been attributed to the expansion of the Invaginated
pericarp during fruit development. Concurrent with
aril expansion. minor cracking of the perlcarp
surface was observed (Underhill and Critchley

J

~

:;
[ ,
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STORAGE PERIOD I DAY/DAYS I

FIg. 2. Effect of post-harvest storage at ambient H and low
(---) temperature. on the total soluble solid. (0) and
physiological los. In weight PI untreated (1&3) and
treated (2&4) Utehl. (NaOCI .. 2 min. dip) and packed
In polyethylene bag).

"Kasba". respectively. Browning of lind has been
considered as an index of senescence. signalling
increasing deterioration of fruit qualily (Jaiswal
et al. 1987).

STORAGE OF LITCm

The shelf-life of fresh litchi fruits at room
temperature is less than 72 h (Macfie 1954). It
keeps longer at low temperature (Fig. 2). but the
storage peIiod vaIies considerably. For instance.
according to Karmakar and Joshi (1940), litchi
fruits could be stored in good condition for about
three months at 0-5°C. whereas Choudhury and
Banerjee (1959) reported that 'MuzafTarpur' litchis
could be stored for 3-4 weeks only at 2-3°C.
Mukherjee (1954) could store litchi fruits for about
2-3 weeks at 7°C. after placing them in perforated
polyethylene bags. Pre-cooling helps to maintain
satisfactory quality dUling storage (Thompson 1954).
Moreuil (1973) also recommended hydrocool1ng of
litchi at 0-2°C and then packing them in non
perforated sealed polyethylene bags and a continuous
cold chain. to maintain perfect colour and odour
for about one month dUling transport. storage and
distribution.

Physiological changes during storage

The first visible effect of storage on the fruits.
is the change in the colour of skin which begins
to turn brown in 2 or 3 days at both ambient and
low temperature storage (Chen and Hong 1992). In
the case of room temperature. the fruits shrink in
size and become unmarketable and get fully spoiled

JS2821
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RIPENING AND SENESCENCE

Litchis normally ripen on the tree and unless
harvested. remain attached even in the deteIiorated
condition. The Iipening process in this fruit is not
accompanied by an upsurge of respiratory activity
of the fruit and is therefore, c1asslfled as "non
climacteIic" type. Ripening and senescence of litchi
are rapid and the fruits thus have a short life-span.
Ripening initiation starts 53 days after anthesis in
cv 'Desh!' and 39 days after anthesis in cv "Kasba",
with the first visible sign of red colour development
on green fruit rind. Fully ripe stage is characterised
by development of pinkish red colour of the whole
fruit l.e.. 67 days after anthesis in "Deshi" and 53
days in "Kasba". Over-ripe fruits are blight pinkish
red and senescent fruits turn completely brown in
88 days and 74 days after anthesis in "Deshi" and

layer throughout the mesocarp (Underhill and
CIitchley 1992).

Other constituents: Studies conducted on 4
cultivars- "Grofl". "ShuDong". "Guiwei" and "Mei
selection". indicated that the most Significant
changes dUling fruit growth are the increases in
sugar contents and decrease in organic acids. There
was decrease in sucrose content and a gradual
decrease in fructose and glucose in culUvar "Groff'.
In cultivar "Mei selection", a slow increase in all
the above 3 sugars was observed (Robert et al.
1984). The dilTerent levels of sugars observed could
be attributed partly to the dilTerence in the in vivo
activity of invertase (Chan et aI. 1975). Acidity
decreased from 65 meq/l00g to 15 meq/l00g. as
the fruit increased in weight. The major change was
in succinic acid. which declined from 350 meq/
l00g to 0.4 meq/lOOg. Chan et al (1975) have
reported low level of succinic acid in mature fruit
of "Brewster". Mallc acid. which makes up the
pIinciple acid in litchi fruit, decreased to 1/4th of
its initial value. Citric acid remained low dUling
the entire fruit development. It was also noted that
the total aIil phenols decreased dUling tnitial
growth phase and remained low dUling the rest of
the growth peIiod.

Ascorbic acid content of the peIicarp declined
during development with only very low
concentrations present at matuIity. The pH of the
pericarp homogenate gradually increased dUling
development. Iising from 3.6 tmmediately after
anthesis to 4.0 at matuIity. However. Robert et aI
(1984) found rapid increase in pH of whole fruit
during development.



In 5-6 days (Choudhury and BaneIjee 1959).
Further with 'Muzaffarpur' litchis. It was also noted
that. at room temperature. the fruits lost 9-15%
of Ihelr weight, total acid. alcohol soluble solids and
vitamin C within 5 days of storage. Durtng cold
storage. total sugars In the pulp. however. Increased
considerably (3-4 times) probably due to
Interconverslon of organic acids and Insoluble
polysaccharides. (Choudhury and BaneIjee 1959;
Verma and Roy 1953).

The work done by Gaur and Bajpal (1979) In
cultivar "Calcutta" on post-harvest physiology also
revealed that both at room and low temperatures.
moisture content. fruit weight. fruit length and dla
decreased. while specific gravity. total soluble solids.
taste. /lavour and aroma of the fruits Increased
dUJing storage.

Changes in anthocyanin during storage

Lee and Wicker (19911. found Ihat the total
anthocyanin was 1.68 mg/g fresh weight of litchi
In the cultlvar "Brewster" on the second day after
harvest. which gradually Increased to 2.06 mg/g
after 15 days of storage and thereafter decreased
gradually. There was a decrease In monomeric
anthocyanins and Increase In polymeric pigments.
More than 42% of total anthocyanin pigments were
lost aller 48 days of storage at 4°C. Among the
anthocyanins. the loss of cyanidln-3-glucoslde dUring
storage was much higher (33.3%) compared to the
loss of 22.3% or 11.1% of the other two major
anthocyantns I.e.. cyanidln-3-ruttnoslde and malvidln
3 acetyl glucoside. respectively. Conversely. the
polymeric pigments Increased from 20.9 to 35.7%
after 29 days of storage. Towards the end of the
storage period. polymeriC pigments were more
predominant suggesting that dUring storage. the
litchi anthocyanins are progressively converted or
Gxldised Into more stable polymeriC pigments.
probably resulting in the browning of the pericarp.

Factors affectlng pigment stablllty

Effect oj pH: The stability of anthocyanin Is
dependent on Its structure (Purerl and Cultrera
19741. which is a direct function of pH (Lukton et
aJ. 1956; Jurd 19721. As the pH Increases. the
anthocyanin is progressively converted by a reversible
process Into a colourless carbinol base. In weak
acid or neutral media. anthocyanlns are present
mostly in a colourless form known as pseudobases.
which are believed to have the carbinol structures.
These pseudobases are reconverted Into the highly
coloured cations under strong acidic conditions.

9

This suggests that the decolourlslng actMty is
definitely pH dependent and Is operative In the pH
range of 3-4.5 (Huang 1955). Anthocyanin stability
Is greatest below pH 3 (BrOvillard 1982). In the
carbinol form. anthocyanins appear to be more
vulnerable to enzymatic breakdown. The pH of litchi
fruit Is known to Increase dUring storage (Tongdee
et al. 1982). due to which the anthocyaninS may
undergo a change In their structure. affecting the
stability of the pigment and colour expression. The
Importance of pH has also been Indicated
(zauberman et al. 1991).

b) Ascorbic acid and pericarp browning: The
potential Importance of ascorbic acid on the perlcarp
browning. stems from the fact that ascorbic acid
facilitates anthocyanin degradation. due to hydrogen
peroxide. an oxidation product of ascorbiC acid
(Silver Blatt et al. 1943). indUCing anthocyanin
breakdown (Starr and Francis 1968). Though
polyphenol oxidase (PPO) will degrade anthocyanins.
It preferentially oxidlses other phenolic substrates
present along with anthocyantns. Purerl and Cultrera
(1974) demonstrated the selective degradation of
ascorbic aCid. leaving the anthocyaninS present In
sweet cherry. Further. the Increased ascorbic acid
oxidation In necrotic litchi pertcarp has been
reported by Joubert (1986). who postulated that the
reduction In ascorbic acid occurred concurrently
with Increased polyphenol oxidase catalyzed
degradation of anthocyanin during pericarp
browning.

Ethylene and pericarp browning: Jiang et al
(1986) suggested that ethylene may mediate
browning by acting as a polyphenoloxidase promoter.
Although ethylene production In litchi aIler harvest
Is low. subsequent post-harvest infection can
Increase the endogenous ethylene levels (Underhill
1992).

Post-harvest diseases of Dtehl

Prasad and Bilgrami (1974) reported that
Aspergillus jlavus. A. nldulans. A. niger. A.
quadrlltneatus. A. varlecolor. Botryodlplodla
theobromae. Colletotrlchum gloeosporloldes and
eylfndrocarpon toklnense are the principal pathogenic
fungi that cause spoilage of litchi at the post
harvest stage.

Greenish brown rot (Alternaria sp): This disease
has been noticed In West Bengal. The disease
appears as a light greenish brown area around
physical Injury. It Is more prevalent dUring summer.
At later stages. mycelial mass and abundant
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sporulation appear on the sunace with the inner
fleshy tissue becoming blackish and pulpy (Dasgupta
and Mandai 1989).

Black mould rot (Aspergillus niger); Black mould
rot has been recorded from Bthar and West Bengal
(Prasad and Bilgrami 1974\. The Infection develops
mostly near the distal end of the fruit or around
any slight injury. Diseased fruits exhibit water
soaked brown discoloration with mycelial and black
sprouting mass.

Pedicel end rot (Botryodlplodia theobromae):
This is one of the most important diseases of litchi
in U.P., Bihar and West Bengal (Srivastava 1964;
Prasad and Bilgrami 1974). This rot mostly starts
from the pedicel end of the fruit but occasionally
from other parts too. Diseased fruit turns brown
at the infected site, which gradually changes to
brownish black.

Fungal growth has been another factor associa
ted with the brOWning reaction in litchi fruit (Nip
1988). Enzymes derived from moulds are believed
to play an important role in anthocyanin pigment
degradation and browning reactions (Huang 1955).
Also, several experiments earned out by Huang
(1955) on decolorization of anthocyanin have revealed
that the catalyst responsible for the decolorization
process is pH-dependent, non-dialyzable. heat labile
and is consequently enzymic in nature.

Physical/physiological disorders

Physiological browning in litchi is the most
serious problem in marketing. being possibly
associated with the desiccation of fruits. In the
markets of West Bengal. this disorder is noticed
during summer. Browning starts mostly from the
distal end of the fruit. The entire pink colour of
the fruit disappears and turns brown. Such fruits
emit off-flavour. often associated with fermentation
by yeast, without producing any other external
symptom. Browning is known to occur due to
desiccation, heat injury. senescence or as a
consequence of insect or pathogen attack IDasgupta
and Mandai 1989).

Polyphenol oxidase and pericarp browning: The
anthocyanin pigments in the peel of litchi fruits,
which contribute to its bright red colour. like in
other fruits are relatively unstable and lose their
bright attractive colour dUring storage (Campbell
1959: Shu et aJ. 1990\. Browning of fruit tissue
is usually associated with enhanced enzymatic
activity. especially, peroxidase (POD) and
polyphenoloxidase (PPO) (Joslyn and Pontlng 1951;

Peng and Markakis 1965). Bagshaw et al (1991)
observed that the loss of water from the perlcarp
would be the principal factor responsible for the
browning of litchi fruits. Browning commences as
soon as the loss of water from the peel attains 200A!
and would be complete, when the loss Is 60 to 700A!.
This drying would induce cellular plasmolysis and
the liberation of polyphenol oxidase (PPO) and
peroxidase (POD\' Bruised litchi fruits showed
higher PPO and POD activities (Joubert and Lelyveld
1975). Huang et al (1990) found that decrease in
POD and increase in PPO activities coincided with
the onset of discoloration of fruit.

The correlation between PPO activity and
perlcarp browning in litchi was shown by Lin et
al (1988\. PPO activity increases rapidly after
harvest, reaching the peak activity in 48 h. However,
there was no signtflcant change in the amount of
total anthocyanin content. PPO inhibitors like S02
have been effective in reducing pericarp browning
in litchi. Goodman and Markakis (1965) observed
that in addition to enzymatic inhibition, S02
combines with anthocyanin. formtng an anthocyanin
S03H complex (Jurd 1964) and the resultant
electron withdrawing effect of this complex has
been suggested to increase pigment stability
(Markakis 1982).

Underhill (1992) gave a few more plausible
explanations for the browning of litchi fruits. He
suggested that browning may also be caused by
oxidation of phenolic compounds other than
anthocyanin. Under long-term cold storage
conditions of around 4 weeks, the litchi pericarp
turns brown even under high moisture conditions.
This is closely related to the whole fruit senescence
and PPO activity. Huang et al (1990) reported
increased PPO activity in the perlcarp (exocarp)
after 29 days of storage at 4°C.

Extension of storage Ufe of Utchl by the
control of discoloration and browning

Treatments used by dtITerent workers to extend
the storage life and also to reduce/prevent browning
and rotting of litchi fruits dUring post-harvest
storage are listed in Tables 5 and 6. It Is evident
from Table 5 that, at ambient conditions, litchi
fruits could be normally stored for about 5 days.
which could be extended to 12 days by appropriate
treatments. Sharma and Ray (1987) found that
litchi cultlvar "Shahl" treated with 100 ppm borax
and stored In penorated polyethylene bags of 100
gauge could be stored for about 12 days at ambient
conditions. Similarly. Huang and Scott (1985)



TAI3LE 5. EFFECT OF ANTI-MICROBIAL Am:NTS AND PLANT
GROWnl REGULATORS ON TIlE SHELF LIFE OF
LITCIII (l~OOM TEMPERATURE)

Treatment Storage Reference
pertod,
days

Alar + CaCI, 7.0 Nagar (1994)

Bavistin-lOOppm 10.5 Shanna and Ray (1987)

Benomyl (0.05%) hot (52°C)

for 2 min. and packed in

punnets and over wmpped 4-6 Huang and Scott (1985)

with cling PVC film

Borax- lOOppm 11.5 Shanna and Ray (1987)

CaCI,-IOOppm 8.5 -do-

CaNO, 0.5% or 1.0% 7.5 Patm and Sadhu (1992)

Copper sulphate- 25 ppm 7.5 Shanna and Ray (1987)

-do- 50 ppm 7.0 Singh (1957)
and packed in perforated
polyethylene bags
Ethylene dibromide fumigation
and stored in modified
atmosphere of
9.6% CO" 11.4% 0, 5.0 Akamine (1960)

Kinetin (5 ppm) 8.5 Sharma and Ray (I 987)

Sodium hypochlonde
(2%)-3 min. and packed In
ventilated polyethylene bags 7.0 Gaur ct al (1978)

Sodium salt of dehydroacetic
aeld- 1.5% (5 min) 10.0 Dennison and lIall (1958)

Wax emulsion 9% SOPP (0.5%) 6.0 Garg and Ram (1972)

reduced browning and rotung upto 7 days at
ambient conditions by dipping the fruits in 0.05%
hot benomyl at 52°C for 2 mln and packed In
polyvinyl bags of 0.04 mm thickness. Following the

TABLE 6. STORAGE OF LITCHI AT LOW TEMPERATURE
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same treatment, Tongdee et al (1982) and Scott et
al (1982) have found that litchi fruits could be
stored for 40 days at 0-5°C. Gaur and BaJpal (1977)
could store the cultivar "Calcutta" for 6 days at
room temperature after treating the fruits with 2%
sodium hypochlorlde for 3 min and packing In
perforated polyethylene bags.

Treatments with ascorbiC acid solution (0.6
2.4g/Il, citric acid solution (0.1-0.2 N), sulphur
dust, 1-3% 502 solution or sodium salt of
dehydroacetic acid (1.0-1.5% solution) were found
to be Ineffective In preventing browning at room
temperature (Akamine 1960).

Some of the treatments, however, improved the
fruit quality by increasing total soluble solids,
ascorbIc acId, total sugars etc. For instance, treating
fruits with 100 ppm borax, increased the total
soluble solids by 1.7% and also storage life by 11.5
days (Sharma and Ray 1987). Slml1arly, treatment
with benomyl (0.05%) at 52°C for 2 min gave
increased ascorbic acid and total soluble solids with
decrease In acidity (Huang and Scott 1985),.

It is obvious from Table 6 that lowering the
storage temperature increases the shelf life of litchi
fruits. The recommended optimum low temperature
and relative hUmldity are O°C and 90%, respectively
and the expected storage life Is around 5 weeks
(IIR 1979). Storage life can be extended further by
different phySical and chemlcal treatments (Tables
5 and 6).

Sulphur diaKide treatment: Treatment of litchi
fruits with 502 Is commercially practised by exporters

Storage
temp, ·C

2

2-3

3

0-3

0-3

0-3

0-5

4.4

4.4

5

7

7.2

8

12.7

Chemical/Packing treatment

Hydrocooled and packed In non-perforated polythene bags

Wire netUng boxes 'MuzalTarpur'

Paper boxes with PVC covers

Dip in 2% Na hypochlortde soln for 5 min. and packed

In ventilated polyethylene bags 'Calcutta'

Treatment with 125 ppm benlate (2 mIn) and stored in perforated

polybags 'Late Seedless'

Treatment with 125 ppm benlate (2 mIn) + dIp In 6% wax emulsIon (I min)

Dipping In hot (52°C) benomyl (0.05%) for 2 min. and packed In perforated

polybags

Non-perforated vessels with a gaseous atmosphere of air to CO, raUo of 3: 1

Polyethylene bags with moss or paper shavlngs

Polyethylene bags with absorbent cotton

Perforated polyethylene bags

Perforated polybags with a valve

Treated with thiourea (1:20 dll) (8 mln.dlp) and stored In plastlc bags

Polyethylene bags and stored in closed cartons

Storage Ufe, Reference
days

30 Moreull(l973)

21-30 Chaudury and
Banerjee (1959)

14 Hu et at (1979)

25 Gaur and BaJpal (1979)

35 Bhullar et al (l983)

35 -do-

40 Tongdee et al (1982)

30 Datta et al J963)

21 Mukherjee (1956J

21-31 Mukherjee (1957)

30-35 Campbell (1959)

14 Mukherjee (1956)

30 Chang (1967)

17 Akamine (1960)
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to control litchi pertcarp browning (Normand and
Bouffin 1995). Sulphur dioxide is a well known
Inhibitor of PPO. It also combines with anthocyanin
to form a stable complex (Markakls 1982).
SulphUring Is known to lower the pH of the pertcarp
of the fruit. which prevents the anthocyanin from
reversible transformation Into a non-coloured
carbinol base. To fUmigate one tonne of fruits. 625
g of sulphur is burnt and the fruits are kept In
contact with the liberated S02 for about 20 min
(Velaln 1988). Application of this technique has
been successfully undertaken by a few exporters
In the Reunion (Normand and Bouffin 1996). Since
1990. the lim1t of residue tolerated In the pulp at
the time of marketing has been fixed at 10 ppm
(Normand and Bouffln 1995).

Pericarp colour retention: Pericarp colour plays
a vital role In export trade. as export markets
demand red fruits. Fumigation of litchi fruits with
1.2% SO. has been reported to inhibit PPO activity
(Goodman and Markakis 1965). This treatment also
causes rapid bleaching of the pericarp. due to the
formation of a colourless anthocyanin - S03H
complex. Recent experiments by Fuchs et al (l993),
on litchi cultlvar "Mauritius" and "Flortdian" revealed
that treatment of SO. fumigation followed by acid
dip was effective In retaining the red colour of the
perlcarp. They suggested that SO. treatment
significantly Increased the permeability of the plasma
membrane. thus enabling penetration of the acid
to the cell vacuoles. where the anthocyanins are
located and hence leakage of the pigments of
acidified cell wall of the fruit peel mlght occur.
Dipping the fruits In acidic solution after SO.
treatment helps In rapid recoloratlon of the peel
to Its original red colour. KaJ-ser (l994) reported
that dipping litchi fruits in a "zero" pH solution
after blanching in boiling water at 98°C for 30 sec.
was most effective In retaining the red colour of
the pericarp upto 5 weeks. when stored at 1°C.
However. internal browning of the flesh was
observed. Later. Kaiser et al (l995) have come out
with a novel technique of using steam Instead of
boiling water to prevent Internal browning. The
fruits were treated with steam for 2 sec (95°C).
followed by immersion for 4 min In a "zero" pH
solution and then dipped In 1% Vapor gard
solution. The fruits remained finn with no Internal
brOWning and were In acceptable condition after 28
days of storage at 1°C. Results of experiments with
cultivar 'Tai So" fruits showed that acidification of
the fruits with IN HCl resulted In immediate
improvement of perlcarp colour of the SO. - treated

fruits. Acidification did not afTect the eating quality
of the art1 (Underhill et al. 1994).

Dipping the fruits In 4% dilute hydrochloric
acid (pH 0.5) allows to regain their initial red
colour permanently. Acidification acts at d1fTerent
levels and modifies the structure of the pigments,
thereby Inhibiting the enzymatic degradation
Indirectly (Underhill et al. 1992) . It reduces the
PPO activity at pH 6.5 and also Increases the
stability of the anthocyaninS. HydrochlOriC acid
dissociates the S03H - anthocyanin complex and
liberates SO. and hence reverses the phenomenon
of discoloration (Markakis 1982).

Packaging

Careful handling and proper packaging of
fruits play an Important role In maintaining
freshness and quality of fruits as well as preventing
damage or decay dUring transit. The leaves of
Ravenala madagascartensls were used to maintain
the freshness of fruits during transport as
cushioning material along with the packing material
(Moreui! 1973). The Chinese sometimes spr1nk1e
the fruits with salt solution and pack them In
bamboo for shipment to dtstant markets (Popenoe
1948).

The containers conventionally used In India
for packing litchi fruits are bamboo baskets of
d1fTerent shapes and wooden crates. Thompson
(1954) recommended pre-cooling of fruits with
water prior to packing. transport and storage to
maintain fruit firmness and flavour.

Marketing of Utchl in local markets in Asia
and e:EpOrt trade

Litchi fruits In local Asian markets are sold
traditionally In clusters or bunches (twigs wtth
fruits and leaves) within 1-3 days after harvest.
transported In baskets. weighing about 20-25 kg
and without any post-harvest treatments. However.
In recent years. there are a few growers. who pack
litchis In 4-5 kg cartons. either as bulk packs
without PVC wrap or In punnets with PVC wraps
and send to local markets In Thailand. Singapore
etc. This method is gradually picking up.

Export trade of Utchi
Utchi fruits are popular In most Asian countries

and significant quantities are traded In each
season. The estimated production of litchi In India
is 9 lakh tonnes and ranks second next to China
(Gerhard 1994). In India. marketing of Ittchl In
fresh form was restricted till recently mainly to the



local markets. With the development of qUick and
Improved transport network, it is now transported
to distant places. Recently. the Agricultural and
Processed Produce Export Development Authortty
(APEDA) initiated a study to be undertaken by
National Council of Applied Economics Research
(NCAER) to examine the export competitiveness of
farm produce and fruits including mango, grapes,
banana, apple, sapota, litchi and processed fruit
products. The study showed that banana, grapes,
lltchl and sapota are highly export competitive
(Ghosh 19951.

The marketing season of litchi in India is
1Jmited to late May and June and due to the short
shelf life, it requires swift and careful handling. In
1993, about 5 tonnes of litchi were exported to
Great Brttaln by air on a trtal basis by NAFED
(National Agricultural Co-operative Marketing
Federation). Because of inadequate facilities to
precool, grade and pack the fruit, the results were
not encouraging. Later, mobile precooling units
were Installed to assist the farmers. Plans have
been finalised to provide a packing, which protects
the fruit and serves as a display. Some experts In
post-harvest technology from abroad have been
invited to demonstrate and train the farmers and
exporters In the production area. The exporters are
aiming at shipping by' air between 100 and 150
tonnes of litchi to Great Brttain, France and
Germany. The APEDA Is also assisting farmers and
exporters to make the venture successful (Gerhard
1994).

In the world trade, Hong Kong and Singapore
markets are well serviced, highly competitive and
have very high standards for Imported produce.
Most of the consumers prefer large, highly coloured,
sweet litchi fruits with small seeds and firm flesh.
In 1983, Hong Kong Imported 7500 tonnes of litchiS
of which 80% came from China and the remainder
from Taiwan. Most of the fruits entered between
June and July. Singapore Imported 4400 tonnes
with 90% of the fruit from Taiwan and 10% from
Taiwan. More recently, significant quantities have
also been exported by Thailand. PrIces ranged from
I to 11 Australian dollars per kg, depending on
the cultivar, fruit quality and the time of supply.
The U.K., France and FRG Import about 10,000
to 12,000 lonnes of litchi, mainly from Madagascar
and South Afrtca, With smaller quantities from
Reunion, Maurllius and Israel. fruits are normally
available from November to early March (from July
In the case of Israel), with peak supplies during
mid December to late January. Prices ranged from
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4 to 10 Australian dollars per kg (Menzel et al.
1993).

In Australia and South Afrtca. litchis are
detached prtor to sale. A machine for destalking
litchis has been developed in Australla (Normand
and Bouffin 1995). In order to prevent the loss of
the bright red skin colour and broWning of pertcarp
and rotting, dipping the fruits in benomyl suspension
(0.5 g per litre) at 50°C for 2 min and packing in
punnet packs with PVC over wraps that allow
litchis to be displayed to the consumer, is commerci
ally practised in Australia both for internal and
export trades (Menzel et al. 1993). The punnet pack
allows the fruit to be stored for 1 week at room
temperature. Cool storage at 5°C will extend post
harvest life upto 2 weeks with minimum loss of
quality in some cultivars. but storage for longer
pertods (3-4 weeks) must be done at 7°C to avoid
skin browning. Above 7°C. disease incidence
increases.

Litchis shipped to Europe from South Afrtca
and Madagascar and more recently air-freighted
from Israel, are normally treated with sulphur to
prevent broWning. The fruit is placed in a closed
container and 50-150 g of sulphur/ cubic metre of
air is burnt in the enclosed space for 20-30 min.
S02 bleaches the fruit to pinkish cream colour.
Immediately after S02 treatment. fruits progreSSively
turn to orange red. S02 treatment besides extending
storage life, overcomes the need for specialised
packaging and handling. However, there is evidence
of sulphur residues and pulp tanning (Menzel et
al. 1993).

In the Reunion, litchi fruits are fumigated with
S02 in batches upto 1 tonne in specially designed
fumigation chambers (Normand and Bouffin 1995).
The design and the process of S02 fumigation
including concentration and duration of treatment
has been standardised after several commercial
scale trtals.

FAO/WHO quality standards for export of
litchi

The draft standards (at step 7), were revised,
based on the discussion in the fifth session of
Codex Allmentartus Commission held at Mexico
city, September 5-9. 1994 and the Revised Draft
Codex Standard for litchi at step-8 was circulated
to different Governments for its Implementaion
dUring the next meeting in February 1996. While
revising the draft at step-7, the suggestions from
ECE countrtes were incorporated to make the
Codex Standard for litchi as close as possible to
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the UN/ECE standards (FAO/WHO Standards Draft
Report 1994). The salient features of the Standards
for fresh litchis are given below:-

The revised draft c;odex Standard for Litchi (at
step-S)

Defmition oj produce: This standard applies to
commercial litchi varieties (cultivars) grown from
utchi chinensis Sonn. of the Saplndaceae family.
to be supplied fresh to the consumer after
preparation and packaging.

Minimwn requirements: In all classes. subject
to the special provision for each class and to the
tolerance allowed. the litchis must be whole. sound
excluding produce affected by rotting or detertoratlon
that renders it unfit for consumptton; clean. being
practically free from pest and damage caused by
pests: free from damage or abrasion; practically free
from brown markings; free from abnormal external
moisture except for condensation following removal
from cold storage. free of foretgn smell or taste (this
provision allows smell caused by a conservation
agent used in compliance with corresponding
regulations).

The litchis must be carefully picked and must
be sufficiently developed and mature (the total
soluble soUds to acid ratio should be not less
than 35 with the specified method of determination
of TSS and acidity). The development and state
of litchis must be such that they can withstand
transportation and handling and arrive at their
destination In satisfactory condition.

The colouring of litchi may vary from pink to
red in the case of untreated litchis and from pale
yellow to pink for litchis that have been fumigated
with sulphur dioxide.

Classification
Litchis are classified Into three classes:

Extra class: Litchis in this class must be of
superior quality. They must have the shape.
development and colOUring that are typical of the
variety or vartetal type. They must be free of
defects, with the exception of very slight superficial
defects. proVided that these do not affect the
general appearance of the produce. the quality, the
keeping quality and presentation in the package.

Class I: Litchis In thts class must be of good
quality and characterlsttc of the variety or varietal
type. However, the follOWing slight defects are
admissible. prOVided they do not affect the general
appearance of the produce. its quality, the keeping

quality or presentation in the package: Slight
misshaping; a slight colour defect; slight skin
defects. provided these do not exceed a total area
of 0.25 cmz.

Class II: This class Includes litchis. which do
not qualify for the higher classes. but satisfy the
minimum requirements listed below:-

The follOWing defects are admissible. proVided
the litchis retain their essential characteristics as
regards quality. conservation and presentation:
defects in shape; defects in colour; skin blemishes
on ,condition that their total area does not exceed
0.5 cmz.

Provisions concerning sizing
Size Is determined by the maximum equatorial

diameter, the mJnjmum size for extra class is 33
Mm. The minimum size for classes I and II Is 20
mm and a maximum size range of 10 mm
between fruit in each package Is permitted.

Provisions concerning tolerance

Quality and size tolerances are allowed in each
package for produce not satisfying the requirements
of the class indicated.

Quality tolerance
Extra class-Five percent by number or weight

of litchis not satisfying the requirements of this
class, but meeting those of class 1 or exceptionally,
coming within the tolerances of that class.

Class I: Ten percent by number or weight of
litchiS not satisfying the reqUirements of this class,
but meeting those of class II or exceptionally.
coming within the tolerance of that class.

Class II: Ten percent by number or weight of
litchis satisfying neither the requirements of this
class nor the minimum requirements. with the
exception of produce affected by rotting or any
other deterioration rendering It unfit for
consumption.

Size tolerance: In all classes. looAJ by number
of weight of litchis not conforming to the minimum
size, provided. however. that the diameter Is not
less than 111 mm In ali classes, and/or the
maximum size range of 10 mm.

Provisions concerning presentation

Uniformtty: The contents of each package must
be uniform and only contain litchis of the same
origin. variety or varietal type, quality. size and also
colour in the case of extra class. The visible part



of the contents of the package must be representative
of the entire contents.

Packaging: Litchis must be packed in such a
way that the product is protected properly. The
materials used inside the packages must be new.
clean and of a quality so as to avoid. causing any
external or internal damage to the produce. The
use of materials. pariicularly of paper or stamps
bearing trade specifications. Is allowed. provided
the printing or labelllng has been done with non
toxic ink or glue. Litchis shall be packed In each
container in compliance with the Code of Practice
for the Packaging and Transport of Tropical Fresh
Fruits and Vegetables. However. the presence of a
limited number of fresh leaves Is permitted. where
litchis are presented in bunches.

Description ojcontainers: The containers should
meet the quality. hygiene. ventuatlon and resistance
characteristics to ensure suitable handling. shipping
and preserving of the litchI. Packages (or lot if the
produce Is presented in bulk) must be free of all
foreign matter and smell.

Presentation: The litchis must be presented
either indiVidually or in bunches. In the former
case. the pedicel must be cut at the first knot and
the maximum length of the stalk must not extend
more than 2 mm beyond the top of the fruit. When
presented in bunches. each bunch must Include
more than 3 attached and well-formed litchiS. The
branch must not exceed 15 cm In length.

In the case of other requirements such as
markJng and labelling (containers desllned for the
final consumer. non-retail containers). contaminants
(heavy metals. pesticide residues) and hygiene are
followed as in the case of other fruits specified In
FAO/WHO Standards. 1994.

Summary and conclusion
Litchi (Litchi chinensis Sonn.) is a juicy fruit

relished for its sweet taste and delicate flavour. It
Is grown as a commercial crop In sub-tropical Asia.
Hawaii. South Africa and Australia. In India. their
cultivation Is restricted mainly in hilly areas.
Although litchi production is fairly large. considerable
amount goes waste dUring the post-harvest period
due to various reasons such as physiological
disorders. fruit cracking. pericarp or rind browning
and a very short life span.

Growlh regulators like NM. 1M. G~. 2,4-0
and 2.4.5-T have been found to be effective In
enhancing fruit set and redUCing fruit cracking.
Growth regulators also have a positive effect In
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Improving the post-harvest quality of litchi fruits
by increasing their total soluble solids. total sugars
and redUCing acidity. Litchi fruits are harvested.
when they are fully ripe and thetr maturity indices
vary with the cultivars. The average yield per
hectare works out to be around 10 tonnes with
the spacing of 10 x 10 m.

Litchi fruit growlh follows a typical sigmoidal
pattern. Durtng ripening. chlorophyll content of the
fruit decreases. concurrent with the Increase In the
total anthocyanlns. which contribute to the attractive
red colour of litchi fruit. Unfortunately. this bright
red colour deteriorates rapidly within few days.
when the fruits are stored at room temperature and
fruits tum brown. lowering consumer's preference.
LItchi fruits can be stored for 3 to 5 days at
ambient condition after which they rot and decay.
However. low temperature storage coupled with
various physical and chemical treatments have
been effective In extending the storage life to
around 3-4 weeks. The optimum low temperature
recommended for storage of litchi Is 0-1°C.
Commercially. the fruits are stored at 5°C which
extends the post-harvest life of litchi upto 2 weeks.
Perlcarp brOwning In litchi Is mainly attributed to
the action of polyphenol oxidase on anthocyanins.
Various factors like pH. ascorbic acid and ethylene
playa vital role In anthocyanin pigment stability.
S02 fumigation Is the treatment used on a
commercial scale to control perlcarp browning.
Although S02 leads to bleaching of the skin of litchi
fruits. they are made to regain the original red
colour by giving acid dip following S02' Rotting can
be prevented by treating the fruits with hot benomyl
at 52°C for 2 min. The tolerance limit of residual
benomyl In litchi pulp has been fixed as 10 ppm.

There Is conSiderable demand for fresh litchis
In the International trade. Work Is yet to be
undertaken extensively on barrier film packaging
of litchi to extend post-harvest shelf life and to
study the mechanism of anthocyanin breakdown
to get a clear-cut Idea of litchi perlcarp browning.

Keeping In view of the standards laid down for
the export of fresh litchis. an Integrated system
based on the comprehensive knowledge of the pre
and post-harvest handling. packaging. transport
and storage for each of the cultlvars of litchiS Is
essential. In such a system. Modified Atmosphere
Packaging (MAP) coupled with active packaging. will
enable to extend the storage life of litchis without
sacrificing their quality. to the desired extent
reqUired for the export trade.
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Effect of Fermentation on Phytic Acid Content and
In Vitro Digestibllity of Starch and Protein of Rice

Blackgram Dhal-Whey Blends
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Department of Foods and Nutrition,
Haryana Agriculturual University, Hisar - 125 004, India.

Rice and blackgram dhal were mixed In three dlJTerent proportlons I.e., 60:40, 70:30 and 80:20 (w/w). Further,
105 mI whey (a nutr1Uous by-product of cheese Induslly) was added to 100 g of rtce-blackgram dhal blends. Fcrmentatlon
of such cereal-legume-whey blends at 35°C for 18 h brought a slgnlllcant decUne In phytlc acid content. The phytlc
actd contents of various rtce-blackgram dhal blends without and with whey ranged from 205.57 to 301.96 and 172.67
to 226.82 mg/IOO g, respectively. Phytic acid content decreased to the extent of 26 to 37% over the control value.
Whey incorporation and fermentation Improved the starch dlgestiblUty and protein dlgestlbUJty of all the rtce-blackgram,
dhal mixtures. Improvement In starch and protein dlgesUblllties Is related to the reduction In phytlc actd content,
which Is known to inhibit amylolysIs and proteolysis. A significant negative correlation was observed between phytlc
actd and starch and protein dlgestlbUlties.

Keyword.: Fermentation, Cereal-legume-whey blends, Phytlc acid, Polyphenols, Starch digestibility, Protein digestibility.

Instinct for eating a variety of foods Is deep
rooted and Is still evident In present day generation.
A wide range of cereals and legumes has been
playing an important role in this diversity. as they
fonn important constituents in the diets of a
majority of world's population.

Consumption of cereals and legumes together
dUring the same meal gives a higher value to the
quality of protein Ingested than those eaten
separately. Further, when cereal-legume mixtures
are blended with milk or milk products such as
butter milk and whey, it may be highly
advantageous. Whey, a by-product of cheese
industry Is rich in lactose, vitamins, minerals and
proteinS of high biological value. Whey, which Is
produced In large amounts (85' million tonnesl
year) is disposed off to sewage system. Hence, the
use of whey has been under active consideration,
in the recent times. Incorporation of whey into
cereal-legume blends will not only further improve
thetr nutritive value but also avoid the environmental
pollution, if utilized in a proper way.

Cereal-legume-whey blend will have better
protein quality, good profile of carbohydrates and
minerals. But their utilization may be limited due
to the presence of inherent antinutritional factors
like phytic acid in considerable amoun~B in cereals
and legumes. Phytlc acid is known to inhibit
proteases and amylases (Deshpande and Cheryan
1984) and hence may result in lower digestibility
of proteins (Knuckles et al. 1985) and reduce the

• Correspooofng Author
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starch digestibility (Yoon et al. 1983). Removal of
this antinutrient by any of the processing methods
Is necessary to Improve the nutritional quality of
a blend containing cereals and legumes.

Since pre-historic times, fermentation has been
known as a method prodUCing, preserving and
improving the nutritive value of foods, which are
highly acceptable to man. In India, most of the
fermented foods are prepared from the blends
containing rice and blackgram dhal.

Therefore, in the present study, an attempt has
been made to find out the effect of natural
fermentation on phytic acid content and in vitro
dlgestibilltles of starch and protein of rice-blackgram
dhal-whey blends mixed in different proporiions.

Materials and Methods

The rice and blackgram (Vigna radtata L.
Hepber) dhal used in this study were procured from
the market in a single lot. These grains were
cleaned of dust. stones, broken and wrinkled seeds
and other foreign materials and were ground in an
electric grinder (Cemotec 1090, Mis Tecator,
Hoganas, Sweden), using 1.5 mm sieve. The milk
used for the preparation of whey was collected from
a datry In a single lot.

Development of rice-blackgram dhal blends :
Rice and blackgram dhal flours were mixed in the
follOwing three different proportions :

I) Rice + blackgram dhal (60:40-RBL I)

iI) Rice + blackgram dhal (70:30-RBL II)

iii) Rice + blackgram dhal (80:20-RBL III)



These ratios were selected on the basis of
composition of essential amino acids particularly
lySine. methionine and cystine so as to achieve
cereal-legume blends of good protein quality.

Preparation ofrtce-blackgram dhal- whey blends:
For whey making. buffalo milk was standardized
at 6% fat level. CItric acid (1%) was added to the
milk to curdle and It was filtered to procure whey.
This whey (105 mil was mixed with each rlce
blackgram dhal blend (100 g) and stirred to obtain
a homogenous mixture.

Fennentation of rice-blackgram dhal-whey
blends: All the rlce-blackgram dhal-whey blends were
allowed to ferment at 35°C for 18 h In an Incubator.

Preparation of samples for analysis : The
samples of raw. unprocessed rice. blackgram dhal
and blends of unprocessed rice and blackgram dhal
with and without whey and fermented cereal
legume-whey blends were oven-drled at 65°C to a
constant weight. Dried samples were ground
(Cemotec 1090. Mis Tecator. Hoganas. Sweden).
using 1.5 mm sieve and stored at room temperature
till further chemical analysis.

Chemical analysis : The phyUc acid content
was determined by the method of Haug and
Lanlzsch (1983). In vitro starch digestibility was
determined by employing pancreatic amylase and
then measuring maltose liberated by using
dlnltrosalicylic acid reagent (Singh et al. 1982). In
vitro protein digestibility was carried out by the
method ofAkeson and Stahmann (1964), as modified
by Singh and Jambunathan (1981). All the
estimaUons were carried out In triplicate.

Statistical analysis : The data were subjected
to analysis of variance In a completely randomlsed
deSign and correlation co-efficlents were derived
according to standard statistical methods (Panse
and Sukhatme 1961).

Results and Discussion

Phytic acid : The respective phytlc acid values
of rice and blackgram dhal were found to be 95.90
and 628.23 mg/lOO g (Table 1). The phytate
content of unprocessed blends of rice and blackgram
dhal. prepared In three dlfTerent proportions ranged
from 205.57 to 301.96 mg/lOO g. RBL I blend had
the maximum amount of phytlc acid content
followed by RBL II and RBL III. Blackgram dhal
had more concentration of tills antlnutrlent than
rice. RBL I had the highest, while RBL III had the
lowest concentration of phytate. The phytate content
of three dlfTerent rlce-blackgram dhal mixtures varied
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TABLE 1. PHYTIC ACID AND IN vrrno DlGESTIBlLITIES OF
STARCH AND PROTEIN OF THE BLENDS
CONTAINING RICE AND BLACKGRAM DHAL MIXED
IN DIFFERENT PROPORTIONS (ON DRY MATTER
BASIS)

Blends Phytlc Starch Protein
acid. digestibility. digestibility,

mg/lOOg rng maltose %
released/g

RIce 95.90±1.26 51.30i0.23 56.66±Q.5I

B1ackgram dhal 628.23t1.97 35.55±O.30 41.32±O.64

Blencl. of rice
and bJacqnm dhal
RIce+blackgram dhal
[R:BL::60:40-RBL I) 30l.96t1.5I 45.49±O.19 5O.5OiO.27

RIce+blackgram dhal
(R:BL::70:30-RBL II) 248.04±O.39 47.58±O.16 52.5OiO.15

RIce+blackgram dhal
(R:BL::80:20-RBL III) 205.57t3.34 49.20i0.09 53.54±O.OB

Pooled S.E. (m) 1.00 0.12 0.20

Pooled CD (P<0.051 2.90 0.36 0.61

Values are means t SD of three detennlnations

slgnlficantly.

The addition of whey to all the three
unprocessed raw blends of rice and blackgram dhal
reduced the phytate content significantly (P<0.05).
Due to whey Incorporation. a decrease In whey
contents to the extent of 16 to 25% over the control
value was observed In various rtce-blackgram dhal
blends (Table 2). As whey had no phytlc aCid. Its
addition In the rice-legume blends had a diluting
effect. which reduced the level of this antlnutrlent.

Fermentation of rlce-blackgram dhal-whey
blends at 35°C for 18 h further reduced the phytate
content slgnlficantly (Table 2). Fermentation could
lower the phytlc acid content of RBL I-whey blend
I.e.. from 226.82 mgll00 g In the unfermented
mixture to 190 mg/lOO g in the fermented mixture.
Simllarly. reduction In phytic acid level of RBL I
whey and RBL III-whey blends was noticed. A
decrease to the extent of 26 to 37% over the control
value In phytate level was observed In three
dlfTerent fermented cereal-legume-whey blends.

The phytase activity Is shown In various types
of mlcroflora (Lopez et al. 1983). This phytase
activity may be partly responSible for reducing the
phytic acid content In the fermented product. The
Inherent phytase activity In cereals and legumes
may also be responsible for lowering the phytate
content dUring fermentation of various cereal
legume-whey blends. Optimum temperature for
phytase activity from plants and microbial sources
has been known to range between 35 and 45°C.
This may account for the greatest reduction in
phytlC acid content at 35°C. PhyUc acid reduction
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TABLE 2. EFFECT OF FERMENTATION ON PHYTIC ACID AND
In vitro DlGESTIBILmES OF STARCH AND PROTEIN
OF lliE BLENDS CONTAINING R1CE- BLACKGRAM
DffAL AND WHEY (ON DRY MATTER BASIS)

Blends Phytic Starch Protein
acid, digestibility, digestibility,

mg/100g mg maltose %
released/g

enhancement in the in vitro starch digestibility of
various blends containing rice. blackgram dhaL and
whey. The starch digestibility of different
unfermented cereal-legume-whey blends varied from
52.82 to 58.60 mg maltose released/g meal, whereas
after fermentation, the Increment was in the range
of 45 to 50% over the control (Table 2).

Enhancement in starch dlgestiblUty dUring
fermentation may be due to partial breakdown of
starch to oligosaccharides by fermenting microflora
(Cronk et al. 1977) or enzymes inherent in rice and
blackgram dhaL. Decrease in the concentration of
phytic acid during fermentation, as noticed in this
study may account for the Improved starch
digestibility, as phytlC acid is known to inhibit
amylolysis (Thompson and Yoon 1984). Son! and
Sandhu (1990) reported a higher amylase activity
in conventional blackgram wadi after 3 days of
fermentation. Various workers have reported an
Improvement In starch dlgestlbl1lty during
fermentation in dlfTerent foods Including soybean
(Boralkar and Reddy 1985). cereal-legume blends
(Goyal 19911. wadi (Yadav 1992). pearl millet (Gupta
et al. 1993).

In vitro protein digestibUity : There were
significant (P<0.05) differences among the protein
digestibility of rice and blackgram dhal (Table 1).
The protein digestibility values of raw unprocessed
rice and blackgram dhaL were 56.66 and 41.32%.
respectively. Depending on the rice and legume
ratio In various RBL blends. RBL III had the highest
protein digestibility (53.54%) followed by RBL II
(52.50%) and RBL I (50.50%)

A significant (P<0.05) Increase in the protein
digestibility was noticed, when whey was added to
unfermented blends of rice and blackgram dhal
(Table 2). The protein digestibility of RBL I was
50.50% and was raised to 62.62% after fermentation.
Similar trend was observed In RBL II and RBL III
blends after whey incorporation. The % Increase
ranged from 24 to 30 in various RBL blends after
the incorporation of whey in the blends.

The enhancement in protein digestibility brought
about by fermentation of rice-legume-whey blends
was significant (P<0..05) (Table 2). After whey
incorporation, the protein digestibility of RBL 1, II
and III was raised to the extent of 24,27 and 30%.
respectively, which further rose to the extent of 46,
50 and 55%, respectively. in the above blends.
when these were fermented at 35°C for 18 h.
Maximum improvement was noticed in fermented
RBL III-whey blend followed by whey incorporated

73.73tO.27
(+46)

78.75±0.42
(+50)

82.98tO.27
(+55)

0.20

0.61

226.82t1.39 52.82±O.18 62.62±O.30
(-25) (+16) (+24)

198.7ot1.45 55.82±O.16 66.67tO.37
(-20) (+17) (+27)

172.67tI.24 58.6O±O.14 69.6O±O.30
(-16) (+18) (+30)

RBL 111 + whey

RBL II + whey

190.00±1.03 65.96±0.28
(-37) (+45)

168.6O±1.5O 70.41tO.21
(-32) (+48)

152.46±2.06 73.8O±O.30
(-26) (+50)

Pooled S.E. (m) 1.00 0.12

Pooled C.D. (P<O.05) 2.90 0.36

Values are means t SD of three determlnal10ns

Values In parentheses Indicate % Increase/decrease (+/ -) over
the control values

due to fermentation has been reported in various
fermented food including tempeh (Riet et al. 1987).
rabadi (Grewal 1992). blackgram sprouts (Chaudhary
1993) and wadi (Yadav and Khetarpaul 1994).

In vitro starch digestibUity : The in vitro starch
digestibility values (expressed as mg maltose
released/g) of raw rice and blackgram dhal were
51.30 and 35.55. respectively (Table II. In the raw
blends of rice and blackgram dhal, RBL III had the
highest starch digestibility followed by RBL II and
RBL 1. In this mixture. the starch digestibility
varied In the range of 45.49 to 49.20 mg maltose
released/g. The blend containing the lowest amount
of blackgram dhal (RBL III) had the maximum
starch digestibility. Lower the amount of legume
in a blend, higher was the starch digestibility.

Upon addition of whey, the starch digestibility
of the rice-blackgram dhal blends Improved
significantly. An Increase to the extent of 16 to 18%
over the control was found in various RBL blends
(Table 2).

Fermentation further brought about an

Uafermented blend.
of rice, blackgram
dhal and whey

RJce+blackgram dhal
(RBL::60:40-RBL I)
+ whey

RJce+blackgram dhal
(RBL::70:30-RBL II)
+ whey

RJce+blackgram dhal
(RBL::60:40-RBL III)
+ whey

Fermented blend. of
rice. blackgram
dhal and whey

RBL I + whey



RBL II and RBL I mixtures. respectively.

Proteolytlc enzymes produced during
fermentation may be responsible for Increased
protein digestibility (Wang and Hesseltine 1970;
Steinkraus et al. 1965). An Increase In amino
nitrogen by fermentation stgnifies partial breakdown
of proteins to peptides and amino acids. thereby
improving the protein digestibility (Kao and Robinson
1978). PhytlC acid, which is known to Inhibit the
proteolytic enzymes (Tan et al. 1984; Knuckles
et al. 1985) Is conSiderably reduced dUring natural
fermentation (Table 2) and may partly be responsible
for the Increase In protein digestibility. Enhanced
protein digestibility has been reported In various
fermented foods including tempeh and miso (Kao
and Robinson 1978), soybean (Grewal 1992), wadi
(Yadav 1992), cereaI-legume-buttermllk blends (Goyal
1991) and blackgram sprouts (Chaudhary 1993),

The results of the present studies have shown
that blackgram dhal had a high content of phytlc
acid as compared to rice. Whey Incorporation as
well as fermentation led to a decrease In the
content of phytlc acid In rice and blackgram dhal
blend. Fermentation brought about an tmprovement
in starch and protein dtgestibl)jties (in Vitro) along
with a decline in the phytate content. A significant
(P<O.OI) and negative correlation was observed
between phytlC acid and in vitro dtgestibilities of
starch and protein. Hence. consumption of products
prepared out of such fermented cereal-legume-whey
mixtures will raise the nutritional status ofvegetarian
masses. espeCially of developing countries.

References
AIIeson WE. Stahmann MA (1964) A pepsin pancreatin digest

index of protein quality evaluation. J Nutr 83:257-259

I30ralkar M, Reddy NS (1985) Efk-ct of roasting, germination
and fermentation on the dlgestlbtllty of stareh and protein
prescnt tn soybean. Nutr Reports International 3:833-836

Chaudhal)' K (1993) Nutritional evaluation and utlli7.atlon of
germinated and fermented blackgram (Phaseolus mungo). M&
Thesis, Hal)'ana Agricultural UniversIty, India

Cronk Te. Stctnkraus KH. Hackler LR, Matttck LR (1977)
Indonesian tape ketan fermentation. Appl Environ Mlcroblol
33: 1067-1073

Deshpande SS, Chel)'an M (1984) Effect of phytlc acid, divalent
cations and their Interaction on alpha amylase activity. J
Food &i 49: 516-519

Goyal R (1991) Nutritional Improvement and utilization of the
cereal·legume blends through fermentation. M& Thesis.
Haryana Agricultural UnIversity, Hisar, India

23

Grewal R (1992) Nutritional Improvement of soybean through
fermentation and Its utilization In tradlttonal foods of India.
PhD Thesis, Haryana Agricultural University, Hisar, Indta

Gupta M, Khetarpaul N, Chauhan BM (1996) Prcparatton and
nutrtttonal value of wheat rabadl - An indigenous fermented
food of India. Int J Food &1 Technol (In press)

Haug W. Lantzsch HJ (1983) Sensitive method for the rapid
determlnatton of phytate In cereals and cereal products. J
&1 Food Agric 34: 1423-1426

Kao C, RobInson RJ (1978) Nutrtttonal aspect of fermented foods
from chickpea, horsebean and soybeans. Cereal Chern
55:512-516

Knuckles BE, Kuzmlcky DD, Betschart M (1985) Effect of
phytate and partially hydrolyzed phytate on !n vitro protein
dlgesttbility. J Food &1 50:1080-1082

Lopez Y, Gordon DT, Fields ML (1983) Release of phosphorus
from phytate by natural lactic actd fermentation. J Food &1
48:953-954

Panse YG, Sukhatme PV (1961) Statistical Methods of Agricultural
Workers. 2nd edn, Indian Council of Agricultural Research,
New Delhi

Riet WI3. Wander, Wight AW, Gillters JJL, Datel JM (1987) food
chemical analysIs of tempeh prepared from South African
grown soybeans. Food Chern 25(3):176-206

Singh U, Jambunathan R (1981) Studies on 'Dest' and 'KabuU'
chIckpea cultlvars. The levels of protease inhibitors, levels
of polyphenoltc compounds and !n vitro dIgestibility. J food
&1 46: 1364-1368

Singh U, Kherdekar MS, Jambunathan R (1982) Studies on
'Desl' and 'KabuU' chtckpea cultlvars. The levels of amylase
Inhibitors, level of oUgosaccarides and !n vitro starch
dlgestibiUty. J Food &1 47:510-512

Son! SK, Sandhu DK (1990) Biochemical and nutritional
changes associated wlth Indian Punjab! warn fermentatton.
J Food Sci Technol 27:82-85

Steinkraus KH. Lee CY, Buck PA (1965) Soybean fermentatton
by On!1om and Neurospora. Food Technol 19:1302-1307

Tan N, Wong K, de Lumen BO (1984) RelationshIp of tannIn
levels and trypsin Inhibitor actlvlty wlth !n vitro protein
dlgestlbllity of raw and heat treated wlnged bean. J Agric
Food Chern 32:819-824

Thompson LV, Yoon JH (1984) Starch dlgestlbiltty as affected
by polyphenol and phytlc actd. J Food &1 49:1228-1229

Wang HL, Hesselttne CW (1970) Safu and tao-chao. J Agric Food
Chern 18:572-575

Yadav S (1992) The preparatton, acceptabllity and nutritional
evaluation of wad! -An Indigenous legume fermented product.
M& Thesis. Hal)'ana Agricultural University, Hlsar, India

Yadav S, Khetarpaul, N (1994) Indigenous fermentation of
legume: Effect of phytate and polyphenoUc content and !n

vUro digestlvlllty of starch and protein. Food Chern 50:403
406

Yoon JH. Thompson LU, Jenkins DJA (1983) The effect of phytte
acid on !n vitro starch digesttbiUty and blood glucose response.
Am J CUn Nutr 38:835-842

Received 1 May 1995: revised 8 August 1996: accepted 12 September 1996



J. Food SeL TechnoL, 1997, VoL 34, No.1, 24-27

Effect of Precooling on the Quality of Mango (cv. 'Mallika')

T.B. PUTTARAJU AND T.V. REDDY·

Division of Horticulture, University of Agricultural SCiences,
G.K.V.K. Campus. Bangalore-560 065, India.

Effect of precooltng on the storage ltfe of mango (cv. 'Malltka') was studied. Varlous precooltng methods adopted
were hydrocooltng (15 and 30 mln), runnlng·water (15 and 30 mln) room cooltng (30 and 60 min). lee cooltng (15
and 30 mln) evaporative cooltng and control (wtthout any treatment). Precooltng of mango fruits. Immediately after
harvest, delayed ripening, wtthout any deterioration In fruit quality. However, all the methods used were not equally
effective. Cooltng the fruits under running cold (4-5'C) water for 30 mln effectively lowered the frull temperature by
16'C and slgnlficantly retarded the rlpenlng, thereby extending the storage ltfe by 3 to 4 days, whtle retaining fruit
quality. Although Ice cooltng was the most effective method In reducing the physiological loss of weight. delaying ripening
and maintaining higher frull firmness. the sensory qualtty of these frulls was unacceptable. due to high spotlage.
Evaporative and room cooltng methods were not effective In enhancing the storage ltfe of mangoes.

Keyword.: Mango, 'Malllka', Precooltng, Quality, Shelf ltfe.

Mango is one of the Imporlant fruit crops
grown in the tropics (Bhatnagar and Subramanyam
1971). In recent years. mango cultivation has
greater significance in India because of Its vast
export potentialities (Mukunda and Thllak 1990).
Therefore. preservation of the fruit in the fresh state
for extended period, without loss of quality, needs
Immediate attention. Out of more than 1000 known
varieties of mango (Singh 1990). only 10 to 12 are
of commercial Imporlance. Out of these, 'Malltka'
is a new hybrid obtained by crossing 'Neelam' and
'Dasheharl' (Subbalah et al. 1990). In Kamataka.
It Is one of the most popular cultlvars among the
newly developed mango hybrids for its superior
qualities. viz., higher fruit weight, regular bearing
habit. better keeping quality. firm flesh with excellent
organoleptic qualities (Subbalah et al. 1990).

In order to reduce post-harvest losses and
meet the requirements of fresh commodity market.
its preservation in the fresh state is of commercial
Importance. During mango harvest season In India,
the atmospheric temperatures rise to as high as
42°C. Such high temperatures have a detrimental
effect on post-harvest storage life of the fruit.
Therefore, lowering the temperature of mango fruits
by precooling will help to Increase their storage life.

Precooling Involves rapid removal of heat from
freshly harvested fruits and vegetables and prior
to loading for transport to the markets and before
storage (Ryall and Lipton 1973). The present
investigation was carried out to study the effect of
different methods of precooling such as water
cooling, Ice cooling and evaporative cooling on the
quality of mango (cv. 'Malltka') fruits.

• Corresponding Author
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Materials and Methods

Fully mature mango fruits (cv. 'Mallika') (TSS
around 5.8°B) with uniform size and shape (group
B) were harvested by hand picking from the trees
in the mango orchard of the University and were
immediately carried In plasUc crates on head to
the laboratory. where the fruits were subjected to
various precooling treatments as below.

Treatment HC 15 : Fruits dipped in cold water
(4-5°C for 15 min. (Hydrocooling)

Treatment HC 30 : Fruits dipped in cold water
(4-5°C) for 30 min. (Hydrocooling)

Treatment RWC 15 : Cooling fruits under
running cold water (4-5°C) for 15 min.

Treatment RWC 30 : Cooling fruits under
running cold water (4-5°C) for 30 min.

Treatment RC 30 : Cooling fruits in cold room
(2-4°C) for 30 min.

Treatment RC 60 : Cooling fruits in cold room
(2-4°C) for 60 min.

Treatment IC 15 : Cooling fruits for 15 min.

by covering with Ice.

Treatment IC 30 : Cooling fruits for 30 min.

by covering with ice.

Treatment EC: Cooling fruits by dipping them
in cold water for about 30 min. and drying under
fan till the water on the fruit surface evaporates
completely (evaporative cooling).

Control: Fruit stored at room temperature (24
26°C) directly without any treatment except
thlobendawl treatment for 30 sec.

The total number of fruits used per treatment
was 45 with three lots (replication) of 15 fruits



FIg. 1. Effect of prL'COallng treatments on the cumulative
physiological loss of weight of 'MallIka' mangoes dUring
storage under ambient condlltans

each. All the fruits were dip-treated with 500 ppm
of thlobendazol solulion to minimise the spoilage.
The fruits were lhen dried In shade and stored In
an open shelf In single layers under ambient
conditions. DilTerent parameters such as fruit
temperature (Immediately after treatment). firmness.
days taken to attain edible ripeness. storage life
and spoilage were observed and recorded. The fruil
temperature was recorded by rupturing lhe peel
and piercing the ordinary thermometer into the
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Inner layers of the flesh (2-3 cm deep). Hand
penetrometers (13.5 and 1 kg capacity) were used
to record the fruit firmness (kg/cm2). The chemical
parameters such as 1'5S. starch. sugars. acidity
and ascorbic acid content were analyzed by the
procedures as described by Ranganna (1977).
Sensory evaluation was carried out by a panel of
10 Judges. Ten point scale (ranging from 2. very
bad and to 10. very good) was used for the sensory
analySiS of the sample.

The experimental design followed was completely
randomlsed design and the data were subjected to
analysis of variance.

Results and Discussion
Physico-chemical changes: In various precooling

treatments after harvest. the fruit temperature of
36°C was significantly reduced to 16.5 to 32°C at
the end of the treatment. Treatment IC 30 was the
most effective in reducing the fruit temperature
from 36 to 16,SOC followed by treatment RWC 30.
which reduced the fruit temperature to 20°C and
the least effective was treatment EC (32.2°C) (Fig.
1). The PLW was significantly reduced by the
treatment. The reduction in PLW In the treatment
RWC 30 ranged from 2 to 8% over control (Fig.
1). The next best treatment was RWC 15 followed
by treatments IC 30. lC 15 and the least effective
was EC treatment. The time taken by the fruit to
attain edible ripeness was the least (7 to 7.2 days)
In case of control and the fruits precooled with EC
treatment. The longest time was recorded in

TABLE 1. EFFECT OF PRECOOLING ON TSS, TOTAL ACID CONTI:NT (% MAL[C ACID). DAYS TO ATTAIN OPTIMUM RIPEN[NG. SHELF
LIFE. SPOILAGE AND SENSORY EVALUATION [N MANGOES lev. 'MALLlKA')

Days
Talal soluble Total acld taken Fruit ripening. Shelf- Spollage.%. Sensory eharaclertsltcs

Treal· solids for % life. 15th
menls apltmum days day of

90' 120 150 90 120 150 ripening 30 60 90 storage Fresh- Surface F1a- Tex- Taste
ness colour vour4'· lure

HCI5 20.8 21.9 19.7 0.6 0.3 0.1 9.6 0 0 73.3 \ \.2 4.5 7.9 7.6 8.1 7.1 8.1

HC30 20.5 2\.0 19.9 0.9 0.4 0.2 9.6 0 0 80.0 \ \.8 4.4 7.3 7.6 7.6 8.6 7.3

RWCI5 19.4 20.1 20.0 0.9 0.4 0.2 10.2 0 0 66.0 12.4 2.2 8.2 8.7 9.1 8.2 8.1

RWCW 19.3 20.\ 20.3 0.9 0.4 0.2 \0.4 0 0 66.0 \2.6 2.2 9.2 9.\ 9.1 8.9 9.8

RCW 2\.2 2\.5 19.2 0.7 0.3 0.2 7.2 0 6.6 100.0 9.2 \5.6 6.3 7.1 7.3 6.\ 6.3
RC60 2\.2 2\.4 19.3 0.6 0.3 0.1 7.8 0 13.3 93.3 9.8 15.6 6.7 6.3 6.\ 6.1 6.3
IC\5 \9.4 2\.0 \9.9 0.8 0.4 0.2 10.2 0 0 53.3 I\.2 \7.9 5.1 5.3 5.3 5.1 5.\
[C30 19.5 2 \.0 20.0 0.9 0.4 0.2 10.2 0 0 53.3 I\.2 \7.9 5.1 5.\ 5.1 5.8 5.3
EC 21.2 2\.5 19.1 0.7 0.3 0.1 8.2 0 6.6 93.3 9.2 \7.9 7.\ 5.1 6.3 5.9 6.3
Control 22.4 21.5 19.0 0.7 0.3 0.1 7.2 0 20.0 \00.0 9.2 3\.1 6.3 6.3 6.4 6.4 6.3
SEM ± 0.43 0.12 0.20 - 0.02 0.54 0.69 0.60 0.83 \.50
CO(5%) 1.25 0.34 0.60 NS NS 0.06 1.37 \.92 \.56 2.16 \.30
'0 = Days

"Flavour = Combined effect of taste and smell; NS = Non-significant



26

and Oke 1983). while delaying the decline In
firmness (Kalra and Tandon 1983).

It Is evident that the rate of physiological and
biochemical changes in fruits dUring ripening are
dependent on temperature. Hence. the lower rate
of these changes In fruits treated with IC 30. IC
15 and RWC 30 might be due to rapid removal
of field heat. During this process, the rate of water
loss due to transptration might have been reduced.
with suppression of intensity of respiration (Mitchell
1985). Activities of the enzymes. starch hydrolysis.
pectin breakdown and the rate of decline in
firmness leading to the release of calcium from the
tissue may have also been affected (Kalra and
Tandon 1983).

Ripening and storage life: Relpenlng of 'Mall!ka'
mangoes was delayed in treatments RWC 30. IC 30
and IC 15 as compared to the control and other
treatments (Table 1). This might be due to rapid
removal of field heat from the mango. The respiratory
activity In fruit. senescence and the rate of both
production as well as action of ethylene. which is
called ripening hormone. are temperature dependent.
Due to the precooling treatment of fruits. which
removed the field heat. metabolic activity and
consequently the resptration rate (Shukla and Bajpai
1979: Singh and Chauhan 1982: Thomas and Oke
1983: Mitchell 1985) might have been reduced In
addition to inhibition of ethylene production. The
maximum shelf life was observed In the fruits
precooled with the treatment RWC 30 (12.6 days)
and RWC 15 (12.4 days) followed by treatments IC
15 and IC 30 (11.2 days). The least shelf I1fe (9.2 to
9.8 days) was observed In treatments RC 30. RC 60.
EC and control (Table 1).

SpoUage : The least per cent spoilage (Diplodia
natalensts) was recorded by treatment RWC 30 and
RWC 15 at ambient condition. when compared to
EC treatment and control fruits. which were found
to have more of spoilage throughout the storage
period (Table 1). It has been reported that the
spoilage in mangoes was reduced as the storage
temperature was reduced form 30°C to 25°C (Kalra
and Tandon 1983).

These findings suggest that the temperature
and relative humidity control the spoilage. In
addition. the running water might have washed
away the microorganlsms such as Colleiot:richum
gloeosporioides and Diplodta natalensts. which cause
spoilage.

The greater loss of fruit due to spoilage in the
treatments IC 30 and IC 15 might be due to chl11ing
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~~g. 2, Effect of pre-cooling treatments on the firmness of
'Mallika' mangoes during storage under ambient condition

treatments IC15 and IC30 and treatment RWC15
and RWC30 (Table 1). The firmness was gradually
reduced as the storage period advanced. The
treatment RWC30. being the best of all, maintained
higher fruit firmness throughout the storage period
(Fig. 2). The next best treatmentss were RWCI5.
IC15 and IC30. Among the treatments. EC. RC30
and RC60 maintained higher TSS. whereas
treatments ICI5. IC30, RWC15 and RWC30
maintained lower TSS (Table 1). The total turable
acidity of fruits was reduced gradually dUring the
storage period Irrespective of precooling treatments.
On the 15th day of storage, the treatment RWC
20 was found to maintain the higher tUrable acidity
followed by treatments RWCI5. IC15 and IC30.
However, there was no significant change in ascorbic
acid content due to treatments. although the more
effective treatments tended to maintain higher
ascorbic acid content.

Mango being a climacteric fruit. ripenlng Is
accompanled with an increase in PLW. TSS. reducing
sugars and decrease in acidity. ascorbic acid.
starch and firmness. The rate of these changes Is
Influenced by storage temperature. relative humidity
and other envtronmental conditions, the prominent
among them being the storage temperature.

Low fruit temperature and low storage
temperature slowed down the rate of Increase In
PLW (Kalra and Tandon 1983: Vazquez and
Lakshminarayana 1985), TSS (Kapse et al. 1977:
Singh and Chauhan 1982). sugars (Vazquez and
Lakshminarayana 1985). starch (MukheIjee 1972)
and carotenolds (Shukla and Bajpai 1970: Thomas
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injury caused by the contact of the ice with the
fruit. The chilling injury was expressed by black
patches on the surface. internal dlscoloralion.
uneven ripening and accelerated incidence of surface
decay of the fruits (Kader 1985).

Sensory evaluation : The quality aspects such
as freshness. surface colour. flavour. texture and
taste were found to be higher in fruits precooled
by treatments RWC30 and RWC15 (Table 1). The
least. below normal (6 pOints), was scored in the
fruits precooled with IC30 and ICI5. Similar results
were also observed by several researchers in mango
varlelies 'Dashehari' and 'Alphonso' (Mann and
Singh 1976; Thomas and Oke 1983). guava
'Lucknow-49' (Singh and Chauhan 1982) and grapes
(Blrlinka and Queen of Vlne yard) (Combrtnk et al.
1981).

The higher quality of the fruits precooled with
treatments RWC 30 and RWC 15 might be due to
high TSS and sugar content and less spoilage in
ripe fruits as described earlier. The least score of
sensory evaluation observed in treatments IC 15
and IC 30 may be attributed to more spoilage and
chilling injury as well as uneven ripening.

The 'Present study revealed that precooling of
mangoes (ev. 'MallLka') immediately after harvest
delayed ripening without any deterioration in fruit
qualLty. Although ice cooling was very effective In
reducing the PLW. delaying ripening and maintaining
higher fruit firmness. the sensory quality of these
ripe fruits was unacceptable. recording below normal
score and with more spoilage. Evaporative and
room cooling were not effeclive in enhanCing the
storage life of mangoes. The best method of
precooling was found to be cooling the fruits with
running cold water for 30 min. to Internal
temperature of 20°C.

The present results may be useful in Indian
mango industry to reduce the post-harvest spoilage.
However, further work ls needed to standardise the
method and duralion of precooling so as to exploit
on a commercial scale.
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A Kinetic Study on 5-Hydroxymethylfurfural
Formation in Spanish UHT Milk Stored

at Different Temperatures

FRANCISCO J. MORALES·. CARMEN ROMERO AND SALVIO JIMENEZ·PEREZ

Unldad de Products Lacteos, Instltuto del Frio (CSICj,
Cludad UnJversltarla sin, E-28040 Madrid. Spain.

5-Hydroxymethylfurfural (HMF) fonned at dlJTerent storage temperatures (below 5O'C) In commercial ultra high
temperature (UH11 mtlk was measured both by colorimetric and RP-HPLC techniques. Lowest HMF amounts were noted
In all samples by RP·HPLC method. HMF level was found to be related to temperature and time of storage and Increased
at higher temperature. although small losses were detected at 6'C. 1Wo stages of HMF formation could be dlfferenclated.
I.e.• at an early stage t1ll first 60 days and an advanced one from 60 days unttl 90 days. Zero order klnettcs were
obtained for both stages, along with higher activatton energy values for UGT-Indlrect samples.

Keyword.: 5-Hydroxymethylfurfural. High performance liquid chromatography. Ultra high temperature. Stored milk.
Brownlng. Spanish mille

Consumption of ultra high temperature (UfIT)
milk In Spain Is on the Increase because a majority
of people are not used to buy fresh or pasteurized
milk daJly. Raw milk of poor hygienic quality Is
subjected to severe heating In the dairy Industrtes
to ensure a safe product free from harmful
microorganisms. Spain, being a warm country.
atmospheric temperatures of above 30°C are common
durtng a large part of the year (Morales and
Jimenez-Perez 1991).

UHT process applied In Spain and In other
countries. could be dlvlded In a) UHT-dlrect (direct
injection of steam) and b) UHT indirect (use of
tabular heat exchangers). The limits of these
treatments have been well defined In the Spanish
law. Sometimes, overheating cases are detected.
yielding a product of quality nearer to that from
classical sterilization than of the UfIT (Morales
1994). This Implies higher levels of non-enzymatic
browning reactions. Isomerization and degradation
of lactose. which are Induced by heat (Olano and
Martinez-Castro 1989).

The variations In milk components due to heat
treatment have been widely reported In Ilterature
and Include brown colour, defects In taste as well
as flavour and dlmlnlshed nutritional value (Burton
1984). In the study of thermal processes applied
In the dairy Industry. It is of considerable interest
to evolve a compound. which may serve as an
Indicator of the heat treatment applled. In addition.
a compound with these characteristics could be
used to discrlmlnate between different processing
types as well as their development durtng storage.

• Corresporofng Author
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Among the many compounds formed in the milk
during heat treatment. 5-hydroxymethyl-2
furfuraldehyde (HMF) has been earlier proposed as
a suitable indicator of heat Intensity applled to milk
(Fink and Kessler 1986). Traditionally. total HMF
content In milk has been determined by colorimetric
measurement at 443 nm of complex. formed with
thlobarbiturlc acid (TBA) (Keeney and Bassette
1959; Craig et aI. 1961). Presence of variable
amounts of HMF in crude milk makes the
Interpretation of the data from processed milk
somewhat difficult (Burton 1984). Moreover. these
colorimetric methods present a serious problem. as
TBA is not a spectflc reagent for HMF. TBA is a
general reactive of aldehyde groups. although TBA
method Is valid as a routine test. HMF values
reported by several workers showed significant
differences for apparently stmllar heat treatments
(zadow 1970; Klostermeyer et al. 1978; Horak and
Kessler 1980). At present. reversed-phase HPLC
techniques are also used to measure accurately
HMF In milk (van Boekel and Rehman 1987;
Morales et al. 1992; Berg 1993).

The objective of this work was to develop an
Improved assay for HMF In milk by RP-HPLC and
study the kinetic behaviour of HMF In UHT-stored
milk at controlled temperatures for comparing the
results between colorimetric and HPLC methods.

Materials and Methods

Milk samples: UfIT-treated samples that were
heated Indirectly (batch I) and directly (batch II)

were obtained from commercial Spanish dairy
companies. The samples were stored at 6. 20. 30.
40 and 50°C for 90 days and analysed after every
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Parameters

Of)' matter. %

Fat. %

Protein. %

Laetose.%

pH

HMF-C. lImol 1-1

HMF-H, lItnOl 1-'
Vtt. B., mg 1-1

Lactose, mg 100 ml'

Sterilization temp. "C

Holding time, S

F, factor, S

Fig. 1. Temperature 1°C) vs. time (s) prollles of heat treatments
of batch I (UHT-indtrect) and batch II (UHT-direct) milk.

TABLE 1. GENERAL ANALITICAL STUDY AND THERMAL
PARAMETERS OF BATCHES I AND II BEFORE
STORAGE

Results and Discussion
Milk samples were picked up from the Industrial

plant on the same day of their processing. In case
of 1 day storage. a general analysis was made on
the samples and no significant differences were
found In lactose. protein and fat contents (Table
1). With regard to differences In Initial pH values
after thermal process. these could be related to
different heating systems applied to each sample.
direct or Indirect. During heating of milk. the pH
decreased. mainly due to formation of organic acids
(e.g.. formic acid). These organic acids are formed
due to degradation of carbohydrates. Moreover.
phosphate released from casein. Its precipitation as
calcium phosphate and subsequent release of H+
are also responsible for the pH decrease (van Boekel
et al. 1989).
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~

15 days for HMF contents by colorimetric and RP
HPLC methods. All the reagents were of analytical
grade and the solutions prepared were used on the
same day.

Colorimetric analysis (TBA method) : HMF
analysis by TEA method was carried out according
to Keeney and Bassette (1959). with the modifications
of Della Monica et al (1967). Milk (10 mll was
digested with 5 rnl of 0.3 N oxalic acid solution
for 1 h at 100°C In a water bath to measure total
HMF (free-HMF + bound-HMF + precursors). After
a rapid cooling In Ice. the mixture was slowly
deprotelnized with 5 rnl of TCA solution (40%.
w/v) and filtered through Whatman No.42 filter
paper. Filtrate (4 mll was Incubated with 1 rnl of
0.05 MTEA solution at 40°C for 30 min. Absorbance
at 433 nm was measured In spectrophotometer
(Lambda 15 UV-VIS. Perkin Elmer) within 12 min.
Distilled water was used to adjust the absorbance
at zero. An average of triplicate samples was
extrapolated to a regression curve made with pure
HMF (up to 60 J.lIIloll'l) In Millipore water. (Recovery.
% = 97.4±4.53. Reproduclblllty. C.v. % = 3.75).

RP-HPLC analysis: All colorimetric steps were
followed. until filtrate was obtained. Filtrate was
stored In eppendorf tubes at -20°C. until
chromatographic analySiS. For the analysis. sample
was cooled and filtered through a 0.2 J.lIIl nylon
ruter. The HPLC conditions were according to
Morales et al (1992). Sample (20 lll) was Injected
and total run time was 14 min. Average HMF
retention time was 7.36 mtn at an Isocratic elution
(room temperature).

Chromatographic analysis: Sample was Injected
Into Rheodyne 7125 Injector and reversed-phase
column Spherlsorb C18 S5 ODS-2 (250 x 0.46 mm)
of 5 J.lIIl particle size. Flow rate was set at 1
mLmtn- l . Degassed and filtered mobile phase was
made with sodium acetate buffer (0.08 M pH 3.6.
adjusted with glaCial acetic acid). used Isocratically.
To measure HMF. a spectrophotometer UV-VIS
(Kontron Instrument.s Model 4322. Italy) at 2280
!Un with 0.1 AUFS and 0.2 s of response time was
used. The spectrophotometric signal was passed by
Interface RS-232 to personal computer (Compaq
Deskpro 286) and Integrate by means of the MT
450 software (Kontron Instruments. Italy).
Calibrations were made using an external standard
method. Standard curve of pure HMF (up to 60
IlITlOH-I In water was used to calculate the
concentration of HMF In the sample. (Recovery. %
= 99.8±1.28. Reproduclbl11ty. c.v. % = 3.81).
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Fig. 3. Evolution of HMF content in sample (II) stored at 30,
40 and 5O'C, as measured by RP-HPLC (solid line) and
colortmetric method (dotted line)

Is converted Into a coloured complex, which can
be measured by spectrophtometry at 443 nm. In
the RP-HPLC method, formation of a complex with
TBA Is not necessary and HMF can be detected
directly by Its absorption at 280 nm after separation
on a CI8 reversed-phase silica column (Morales et
al. 1992). Due to this reason. HMF detection by
HPLC produce Is more specific..

An average value of HMF In raw whole milk
was subtracted from all samples. These values were
4.59±0.59 J.UTlol·I·1 (3.62 to 6.12) by TBA method
and 1.30±0.23 J.UTlOU'1(0.92 to 1.79) by RP-HPLC
method. Durtng storage at 6 and 20°C, no significant
vartatlons In HMF content were found, although
small losses were detected at 6°C. HMF Information,
as measured by both techniques at 30, 40 and 50°C
In batches I and II, are shown In Fig. 2 and 3.

HMF levels showed a linear Increase with the
temperature and storage time, but at 50 and 40°C.
a loss linearity was observed after 60 days. HMF
Is an Intermediate product of Maillard reaction and
Its relationship with the main inducing factor, the
temperature, can be explained. At higher
temperatures of storage, higher HMF levels could
be expected In response to stortng time. Moreover.
HMF Is known to be In a state of equ!llbrtum
between Its destruction by oxidation and fonnatlon
from precursors. Thsl equllibrtum Is moved to HMF
formation at temperatures ~30°C, as Indicated by
the present results. Lineartty loss at stortng times
higher than 60 days could be due to protein
preCipitates In bollom portion and on the wall of

40,-------,-----------------,
--- 30'C

35 -"'40'C

30 ..- 50'C
....I--025 .
E
:::L20'

u:
:E 15
:I:

10 .

--0- - _a

-"

___&- _ -0

5 L-_-'-_--'-_--'-__L-_-"-_-'---'

o 15 30 45 60 75 90

Fig. 2. Evolution of HMF content in sample (I) stored at 30.
40 and 5O'C. as measured by RP-HPLC (solid line) and
colorimetrtc method (dotted line)

Fig. 1 shows the heating profiles of each
treatment applied for milk samples. To know the
severtty of heat damage, the sterilization factor (F)
Is of vital Importance, for compartng or finding out
a relationship between dilTerent Industrtal processes
(Kessler 1988). StertllzaUon factor. Fe' Is defined as
the time In sec. at 127°C, where a thermal process
Is equivalent with the z value at 30°C (Reuter 1980).
It represents the Increase In temperature that
causes a llO-fold Increase In the reaction rate.
Sterilization factor equation Is as follows :

(T-T,,)

Fe = 10 z t...

where.
T =temperature of the real process (OC)

To = temperature of the equivalent process (l27°C)

t... = time of stertllzatlon temperature(s)

z = z factor (OC), fixed at 30°C.

Based on F values, It can be stated that a
more severe heat treatment was applied In batch
I than other batches, thereby leading to higher HMF
after processtng In batch I samples (Table 1).

In the present Investigation, two dilTerent
analytical procedures were used to measure HMF
concentration In stored milk. Both methods measure
the HMF, released In boiling oxalic acid, due to
the dehydration of hexoses, free or linked to protein
(e.g., amadort products), via 1,2 enolization and
loss of three molecules of water, as well as free
HMF (Gottschalk 1952). In the TBA method, HMF
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FIg. 4. Variation of chromophore HMF-TI3A absorbance with
time at 25°C

or

K,30
0

C) Kc40
D

CJ KcsooCI E.
moH-l.s-1 moH-l.s-1 mol·l-I·s-I KJ'mol-1

x 1()2 x 1()2 x 1()2

d[HMFI
-d-t-= I\n

I-H (60 d) 2.60 1.31 3.59 107.34 7.9010"
(0.948) (0.956) (0.987) (0.987)

II-H (60 d) 0.76 3.70 8.23 97.78 5.42 10"
(0.976) (0.987) (0.984) (0.971)

I-H (90 d) 0.26 0.87 2.92 97.93 1.74 10"
(0.979) (0.845) (0.952) (0.999)

II-H (90 d) 0.59 3.30 6.92 100.73 1.42 lO'S
(0.939) (0.959) (0.964) (0.9641

I-C (60 d) 0.13 0.82 3.18 131.71 5.79 10"
(0.320) (0.992) (0.973) (0.994)

II-C (60 d) 0.92 3.72 8.32 90.27 3.25 10"
(0.967) (0.975) (0.993) (0.9821

I-C (90 d) 0.22 0.66 2.61 100.79 4.34 10"
(0.736) (0.961) (0.957) (0.993)

II-C (90 d) 0.85 3.31 7.19 87.55 1.02 10"
(0.944) (0.968) (0.978) (0.981)

H = HPLC, C = colorimetr1c analysis, Figures tn parentheses
Indicate correlation Index values.

Sample

TABLE 2. KINETIC PARAMETERS OF HMF EVOLlITlON IN
STORED SPANISH UHT MILK AT 60 AND 90 DAYS
(ZERO ORDER KINETICS)

Slopes of the lines of [HMFJ./ [HMFI, versus
storage time (days) I\n values were obtained for 30,
40 and 50°C. On the other hand, its logarithms
are plotted for each sample in the Arrhenius plot
(Log I\n versus 1/T(°K) 103), the slope being -EJ
R 2.303 (Ea activation energy of the process and
R universal constant 8.341 J mol-l.j-l). Kinetic values
obtained for HMF formation in both procedures are
given in Table 2.

where,

(HMFl
o

= Initial HMF concentration (moH-I) (t=O)

[HMFI, = HMF concentration at fixed storage time
(t=days)

I\n = reaction constant at fixed temperature (T)
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product for 60 and 90 days. At refrigeration
temperatures (5°C) and 20°C. net formation of HMF
was not detected and hence HMF formation at these
temperatures has been Ignored in the kinetic study.
In the zero order reaction, initial levels of precursors
were not Important in the reaction rate. if these
were in higher amounts than the products. Lactose
levels in milk are approximately 132.000 ~oH-I

and lysine levels are 19.500 ~OH-l (Fink 1984).
FollOWing the zero reaction, formula used was
either:

8020 40 60

Time, min.

E0.112
c
~ 0.108
V

1U 0.104

Q)

g0.100
«l
.n
~

00.096
(IJ

.n
<{ 0.092 '--_--'----_---l..~_'___~....l.__....J

o

containers. When this happens. the precursors are
separated in the reaction medium, the E-NH

2
free

residues of lysine, although samples were
homogenized prior to analysis. High precipitation
due to higher formation of HMF is most Important
at higher temperatures. On the other hand. at
higher storage time, the dillerences were higher
between HMF values in both techniques (5.24% of
coeffiCient of variation (CV) in sample I and 9.81%
(eV) In sample II at 50°C).

Values obtained from traditional colortmetric
technique are always higher than those by RP
HPLC analysis, as shown In Fig. 2 and 3. Several
authors have indicated that careful standardization
of the assay is essential for obtaining reliable
results In the colortmetric analysis with TBA. Some
disadvantages of colorimetric method are low
specifiCity, unstability of yellow complex and variable
blank value (Kahlhofer 1982: Lechner 1982). The
variation In the absorbance of HMF-TBA complex
with the time at 25°C is shown in Fig. 4. Such
problems are not encountered in the HPLC analysis,
where It is not necessary to convert it into an
Intermediary coloured compound (complex HMF
TBAl for quantification. But, HPLC method presents,
another drawback. Earlier report indicated an
occasional interference with two unknown
compounds that could get co-eluted with HMF
peak. though chromatographic conditions were not
well defined (Morales et al. 1992).

HMF formation In UHT-milk, stored at
temperatures lower than 50°C, was adjusted at a
zero order kinetic dUring the shelf-life of the
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In both samples, low HMF values were found
by HPLC analysis. with low E. values and zero order
kinetics. From 60 to 90 days. the HMF formation
was not linear. Partially, this behaviour may be
attributed to some protein precipitation found at
the bottom of the containers. Results In 60-90 days
range are not In agreement with those reported by
other authors. who found a linear response In the
HMF formation In stored UHT milk at 50°C for 160
days. based on the colorimetric analytical method
(Fink and Kessler 1986). Both treatments applied
(with characteristics Fe values) can be differentiated
also by their E. values (0-60 days), where the
indirect process had given higher values than direct
method. Independent of methodologies used for
analysis.
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Stability, Rheology and Chemical Properties of Soymilk
Concentrates Developed from Sprouted Soybeans

LESLIE M. NSOFOR AND CHIJIOD M. OSUJI

Department of Food Science and Technology.
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Sterilized (121°C. 10 min) soymllk concentrates (20 and 30 % solids) were prepared from blanched and unblanched
sprouted soybeans and their storage stability. rheologtcal behavtour and chemical properties evaluated. Concentrates
from blanched·sprouted soybeans were stable (uncoagulated) for 9 months In ambient tropical storage (26-32°C), while
those from unblanchcd-sprouted soybeans (control) coagulated within I month storage. All samples, except the 30%
solids control, were pscudoplasttc liquids with flow behavtour index of 0.68 to 0.94. Upon sterllizatlon. an average
1.I·fold Increase In vtscoslty index of the 20% solids samples was observed. Viscosity index of the 30% solids treatment
and control samples Increased by 3· and 77-folds, as a result of sterllizatton. Total carbohydrates concentratton was
83% greater In the control than treated sample. The control samples had lower pH. lower total protein concentratlon
and higher polysaccharide Index than the treated samples. Insoluble complex formatlon In sterilized stored soymllk
concentrates Is dependent on concentrate pH and polysaccharides-denatured proteins cross-links density.

Keyword.: Soymllk concentrate, Storage stability. Sprouted soybeans, Rheology. Viscosity. Flow behavtour. Proxtmate
analysis. Blanching-effect.

Storage instability of soymUk concentrate has
constrained the widespread use of the beverage.
particularly In tropical countries (Nsofor et al.
1993). SoymUk has been advocated for the sub
regions of the world, where cow's milk production
is low and animal protein is In short supply (Nelson
et al. 1976; Banigo et al. 1986; Nsofor 1996).
Soyrrt1lk concentrate may have utUity worldwide as
a low-cost, cholestrol-free and lactose-free (INTSOY
1987) alternative to concentrated cow's milk (Nsofor
1996: Nsofor and Anyanwu 1992a). Indices of
instability of stored soymilk Include Increase In
viscosity, clot formation and consequent separation
of the colloidal phase from whey. Earlier workers
who conducted studies on concentrated soymilk
emphasized the Importance of viscosity reduction
In the formulated beverage (La et al. 1968; Urbanski
et al. 1982; Wei et al. 1985; Khan et al. 1989,
1990). Nsofor and Anyanwa (1992a) subsequently
postulated that the high apparent vIscosity and
eventual coagulation of heat-processed soymilk
concentrate was a result of cross-llnklng of
denatured soybean proteins and their interactions
with soybean polysaccharides. Sprouting Induces
the hydrolysis of soybean polypeptides and
polysaccharides. limiting the cross-linking of these
macromolecules dUring and after heat treatment.
thereby delaying the coagulation of the soy extract
(Nsofor and Maduako 1992). Nsofor et al (1995)
established that the duration of sprouting and the
effect of blanching significantly Influenced soyrnilk
storage stability. Nsofor et al (1995) reported that
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48 h-sprouted and blanched soybeans yielded
soymUk of low solids, (less than 1OOAJ) , which
remained stable (uncoagulated) for about 8 months
In tropical storage conditions compared to less
stable samples, prepared from unblanched-sprouted
soybeans. Blanching of whole (unsprouted) soybeans
has been correlated with early coagulation of
soymUk concentrate dUring tropical storage (Nsofor
et al. 1993). Che Man et al (1989. 1991) indicated
that blanching Insolubillzed soy proteins and caused
the reduction of total extractable sollds from the
cotyledons (Nsofor and Maduako 1992). Blanching
is usually applied dUring soybean processing to
inactivate lipoxygenase (Nelson et al. 19761. the
enzyme that catalyzes peroxide formation from
unsaturated soybean oU, resulting In the production
of the objectionable grassy and beany odour
causing phenollc compounds (How and Morr 1982;
Huang et aL 1981). It was. therefore, Imperative
to study the sprouting/blanching-induced variations
In chemical properties and viscosity characteristics
of soyrnilk concentrates together with their stability
dUring ambient tropical stoI1lge.

Materials and Methods

Soybean sprouting and blanching: Three lkg
lots of cleaned dry whole soybeans (c.v. TOM 579',
Nigeria) were separately steeped In tapwater for 12
h, spread on jute sacs and allowed to sprout for
48 h In ambient tropical room condition (26-32°C)
with sprinkling of tapwater once a day. One lot of
sprouted bean was blanched for 10 min In 2 1
boiling 0.5% NaHC03 solution (Nelson et al. 19761.
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another In 2 I boiling tapwater for 30 min and the
third (control) steeped In 2 I hot water (600e for
30 min) (Nsofor and Maduako 1992). Each lot was
then drained. rinsed and hand-dehulled. All the
experiments In this study were repeated twice.

Processing and storage stability of
soyconcenirates : Each lot of cotyledons above was
m1lled In a kitchen blender as previously descrtbed
(Nsofor and Anyanwu 1992a). The ratio of cotyledons
to water was adjusted to yield 300m soy solids In
the final soy extract (INTSOY 1987; Nsofor and
Anyanwu 1992a). after illtertng the slurry through
gauze metal and calico cloth. Each extract was
divided Into two parts. one part was diluted by
adding 1 part by volume of tap water to 2 parts
by volume of the 300m solids soy concentrate (Nsofor
and Anyanwu 1992b). The second part of the 300m
solids soy extract was undiluted. Ten ml allquots
of the diluted (2oo/o solids) and undilued (30%
solids) soy concentrates were dispensed In test
tubes, stoppered with rubber corks.sterilized at
121°C for 10 min. cooled and stored In ambient
tropical room condition. Coagulation time (stability
Index) of the stored samples was determined by
visual observation for clots on the inside wall of
gently tilted test tube that contained the soy
concentrate sample (Nsofor et al. 1993; Nsofor and
Anyanwu 1992b; Nsofor and Maduako 1992). All
determinations were made In replicates.

Rheological measurement : Apparent viscosity
of the soy concentrates was determined with a
Brookfield Synchrolectric LVF rotational viscometer
(Brookfield EnglneeIing Laboratortes Inc.. Stoughton,
MA) In ambient room condition (29±0.5°C). using
spindle number 1 at rotational speeds (shear rates)
of 6. 12. 30 and 60 rpm. Spindle number 4 was
used for samples with apparent viscosity above the
measuring range of spindle number I.
Determinations were done on freshly prepared
unstertlized and sterilized. but cooled (29°C) samples
(80 ml) In a 100 ml beaker and acceptably stable
readings were taken after about 1 min of spindle
rotation. The apparent viscosity of a commercial
brand of canned evaporated milk (3OO/o solids) was
also determined under similar conditions and the
data served as reference. The viscometer dial
readings were converted to centipoise. that Is.
mpa.s by using Brookfield conversion charts.

Chemical analysts : The pH of fresh soy
concentrate was measured with a pH meter (Nsofor
and Anyanwu 1992a). Starch concentration Index
of the soy concentrates was rapidly determined by

the method of Nsofor and Maduako (1992), with
slight modlflcatlons as follows:- two drops of
standard Iodine solution were added to 10 rnl
soymilk sample that was prepared by diluting each
300m total solids soy concentrate 500 times with
distilled water (1 part concentrate: 499 parts water)
and the absorbance was read In spectrophotometer
at 620 nm wave length. A distilled water blank,
containing 2 drops Iodine. was adjusted to zero In
the Instrument.

Soluble protein Indices of the soy concentrates
were measured by modifying the methods of Iblama
and Griffiths (1987) and Nsofor et al (1995). One
half rnl of each soy concentrate was added to 9
ml distilled water In a test tube. followed by the
addition of 0.5 rnl 3% trtchloroacetlc acid (TCA).
The mixture was then Incubated at 37°C for 10
min. centrifuged at 3000 x g for 30 min and the
soluble fraction was decanted. One ml of the
decantate was added to 9 ml distilled water and
Ihe absorbance of the mixture was read at 280 nm
In the spectrophotometer. The blank was 9.5 rnl
dIStilled water to which was added 0.5 ml 3% TCA,
Incubated (37°C. 10 min) and centrifuged as
descrtbed above.

Total solids yield Index of the soy concentrates
was estimated as the volume of water In litres
needed to mlll sprouted soybean cotyledons derived
from 1 kg dry soybeans to produce 30% solids
extract.

Soy concentrate powder was prepared by drying
the 300m solids concentrate sample In a forced draft
oven without vacuum at 55°C for 24 h In shallow
aluminium dishes, crushing with porcelain mortar
and pestle and sieving with fine mesh. Crude
protein (N x 6.25) was estimated by KJeldahl method.
while ether extract. crude fibre. ash and moisture
were measured by AOAC (1990) methods and
carbohydrate was culculated by difference.

Data analysts: Linear regression of shear rate
- apparent viscosity data In a modlfled Power-law
equation ~app = ky(n.II was done after log
transformation as descrtbed by Sopade and Kassum
(1992) and Khan et al (1989) to obtain Dow
behaviour Index, viscosity (consistency) Index and
correlation coefTlclent.

Results and Discussion
Storage stability and chemical properties : The

blanched-sprouted soybeans yielded soy concentrates
with greater storage stability than the control
(unblanched) samples (Table 1). Whilst the control
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TABLE I. STABIUTI IN AMBIENT TROPICAL STORAGE, CHEMICAL PROPERTIES AND RHEOLOGICAL INDICES OF SOYMILK
CONCENTRATES FROM SPROtITED SOYBEANS wrrn DIFFERENT 1REATMENTS

36.5

27.2

20.1

13.7

0.05

2.1

Blanching treatment

Bolling In NaHC03 Boiling tn H.O Unblanched
Control

>36 >36 2.5

>36 >36 2.6

6.90 6.66 6.38

6.83 6.70 6.33

1.35 1.25 1.65

0.19 0.23 0.32

0.48 0.46 0.66

k n k n r k n

16.0 0.88 0.80 15.5 0.87 0.98 25.3 0.66 0.98

40.6 0.94 0.93 46.9 0.82 0.99 45.3 1.03 0.62

19.6 0.81 0.99 16.7 0.85 0.99 25.7 0.90 0.96

118.7 0.73 0.99 128.2 0.68 0.99 3462.8 0.52 0.99

(620 nm)

Soy concentrate' (20%)

stabllity (30%)

pH 20

30

Soy solids'
yield Index, I

Starch
absorbance

Soluble protein
absorbance (280 nm)

Rheolollcal IDdlce"
UnstertlJzed (20%)

soy concentrate (30%)

Sterilized 20

soy concentrate 30

Prozimate ....Iy.I.·
Crude proteIn, % 42.9 41.7

Fat, % 28.6 25.6

Carbohydrates, % 11 18.2

Crude fibre, % 15.3 12

Ash, % 0.07 0.04

MoIsture, % 2.3 2.6

, Soy concentrate (20 and 30% solids) slabtllty = coagulation time In weeks

, Yield Index (estimate) = volume IL) of water utilized to mtll sprouted soybeans from 1 kg dry soybeans to yield 30% solids
concc:ntrate

'k =consistency (vlscoslty) Index n =power law Index r =correlation coefficient; Indices for canned evaporated mllk reference
sample k =53.8 n =0.9 r = 1.0

, Proxtmate analysIs of soy concentrate powder

coagulated in less than 3 weeks ambient storage,
the treated samples remained uncoagulated beyond
9 months. No variations were observed in the
stability of the 20 and 300A> solids concentrates in
the treated group. The effect of sprouted soybean
blanching on pH of the resultant soy concentrates
is also shown in Table 1. The NaHC0

3
-blanched

and the control samples showed the highest and
the lowest pH, respectively. Early coagulation of the
unblanched samples was partly related to their low
pH. Nsofor and Maduako (1992) observed that the
pH at coagulation of sterilized (121°C, 15 min)
soyrnilk (22% solids) from unblanched-sprouted
soybeans was 5.6. Coagulation pH was not measured
in the present work, but it is known that the pH
of sterilized soyrnilk decreases durtng storage (Nsofor
et al. 1993) and llrn1ted solubility of a major
soybean protein, gIycinin, occurs at pH 6.0 (Kinsella
1985). Low pH favours soy protein precipitation
(Nsofor et al. 1993). The pH of the unblanched
samples in the present study was closer to 6.0 than
that of the blanched and likely to drtft to 6.0 in

a shorter time than the blanched samples dUring
storage. Visual perception of spoilage (storage
instability) of soymilk occurs, when there is apparent
increase in viscosity. Nsofor and Anyanwu (1992b)
noted that significant correlations existed between
viscosity, pH and coagulation time of stored soy
beverage.

Blanching reduced soy solids yield estimate of
the extracted concentrates rrable I), indicating that
blanching denatured and insolubilized soybean
proteins (Che Man et al. 1989, 1991; Kinsella
1985), thereby limiting solids extractability from the
blanched cotyledons (Nsofor and Maduako 1992).
The blanched samples contained less soluble protein
and less starch than the unblanched samples
(Table 1). This observation is in line with Nsofor
et al (1995). Slight differences in the concentration
of extracted substances occurred between the
NaHCOs • blanched and water-blanched samples.
Since blanching denatures soy proteins and in
turn, makes soy solids more inextractable, it follows
that the unblanched cotyledons (controll released
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Fig. I. Interactive effect of blanching and total solids concentration (20 and 30% 1S) on mean apparent vlscoslly of unsterillzed
and sterilized soymllk from sprouted soybeans, measured at different shear rates

more soluble (hydrolyzed) protein.

More starch also was released by the
unblanched cotyledons than the blanched ones.
Thus. the relative inStability of sterilized soy
concentrate derived from unblanched-sprouted
soybeans compared to that from the blanched ones
could be partly attributed to the higher
polysaccharide content of the former. Starch. whose
hydrolysis was rapidly measured. was used as an
index of other soybean polysaccharides. which were
expected to undergo variable levels of hydrolysis
dUring sprouUng. Since soymilk stability increased
as starch content decreased during a 0 h (control)
to 48 h-sproutlng interval. it follows that starch
and possibly other soybean polysaccharides play an
important role in storage stability of soymilk. The
degree of involvement of soluble proteins in soymilk
stability is not clear. Whilst unblanched samples
had a higher concentration of soluble protein than

the blanched. instability occurred in the unblanched
quite early in storage (Table 1).

The work of Nsofor et al(l995) showed that as
a major decline occurred in soymilk storage stability
within the 48 hand 72 h - sprouting interval. a
sharp decrease in soluble proteins occurred in the
interval, whereas starch concentration did not show
furiher decrease. Thus, relative instability of the
72 h-sprouted samples was attributed to cross
linking of the residual partially hydrolyzed soybean
macromolecules (polysaccharides and proteins) at
that sprouting time, since the growing sprouts at
that time may have absorbed most of the fully
hydrolyzed soluble components such as sugars and
amino acids. leaVing the insoluble (partially
hydrolyzed macromolecules) in the cotyledons to
cross-link themselves. following extraction and heat
sterilization. This observation agrees with L'1e present
findings. where early coagulation of the unblanched
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FIg. 2. Interactive effect of blanching and sterilization (unsterilized and sterilized on mean apparent vtscoslty of soymllk concentrates

(20 and 30% total solids) from sprouted soybeans, measured at dtfferent shear rates

samples was most likely, consequent to cross
1Jnking of higher concentration of extracted partially
hydrolyzed polysaccharides with denatured proteins
after heat processing. The contribution of low
soymJlk pH in causing insolubility of soy components
and in tum, instability (Table 1) was significant.

Rheological properties : Soymilk concentrates
from blanched-sprouted soybeans generally had
lower apparent viscosity than unblanched (control)
samples (Fig 1). Apparent viscosity of the 20%
solids samples also was lower than that of 30%
solids for each blanching treatment, whereas the
30% solids control sample exhibited the largest
apparent viscosity. Overall, increase in shear rate
caused decrease in apparent viscosity, indicating
that soy concentrates from sprouted soybeans were
non-N'ewtonian liquids, specifically, pseudoplastic
liqUids (Khan et aI. 1989, 1990). Sopade and

Kassum (1992) have noted that the inverse
relationship that extsts between viscosity and shear
rate in pseudoplastic fluids is due to the increased
alignment of the fluid molecules in the direction
of flow of the liquid. This induces shear thinning
and is characteriStic of emulsions and diSpersions
(Howard 1991). Soymilk Is a dispersion of soybean
particles In water. It appears that the higher
apparent viscosity of the unblanched samples
relative to the blanched was due to the probable
occurrence of a greater number of cross-links
between the extracted soy solids in the unblanched
samples.

Sterilization increased apparent viScosity and
larger increases were observed In the unblanched
samples, compared to the blanched ones (Fig. 21.
The unsterilized 3()OAJ solids control exhibited shear
thickening or dilatancy at low shear rates (FU(. ~l.
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FIg. 3. Apparent viscosity at different shear rates for unsterilJzed
and sterilized 30% solids soy concentrates from
unblanched-sprouted soybeans and for a commercial
brand of canned evaporated m1lk (31% solids)

by spindle number 1. The viscosity Index for
sterilized canned evaporated milk was remarkably
lower than for sterilized 30% solids soy concentrates
(Table 1). Since canned evaporated milk Is known
to be stable. even ,In ambient tropical storage. its
rheological indices could serve as reference for
sterilized soy concentrates. Khan et al (1990)
observed a 640-fold dilTerence In viscosity Index of
two soy beverage formulations that contained 10
and 20% soy solids plus varying concentrations of
sucrose. They showed that high soy solids greatly
Increased viscosity. but the incorporation of sugar
In the formulation reduced It. The present study
shows that blanching of sprouted soybeans reduced
soy beverage viscosity particularly at lower soy
solids level. Less variation occurred In the flow
behaviour Index of the sterilized- blanched and
unblanched 20% solids samples (0.81-0.901.
compared to the wider range of 0.52-0.73 observed
for the 30% solids variety.

Flow behaviour Index of 1.03 calculated for the
unsterilized-unblanched 300A! solids sample suggests
Intermediate behaviour between Newtonian and
dilatancy. For liqUids that obey the power law. the
power law Index n = 1 for Newtonian behaviour.
n<1 for pseudoplastlc and n>1 for dilatant flUids
(Lewis 1987). Shear rate-apparent viscosity data for
the unsterillzed-unblanched 30% solids sample
(Fig. 31. however, showed mixed behaviour of
dilatancy at shear rates of 6 to 30 rpm and
pseudoplastlclty at 60 rpm. The relatively low
correlation coefficient of 0.62 (Table 1) for Its
linearly regressed data indicates that the 30DA>
solids unsterilized control did not classically obey
the power law. A correlation coeffiCient approximately
equal to 1 indicates a classical power law fluid
(Khan et al. 1989. 1990). Overall. the flow behaviour
Index for the 300!o solids samples decreased after
sterilization. with the largest decrease occurring In
the unblanched samples. It should be noted that
rheological Indices of the soy concentrates obtained
before storage (Table 1) did not clearly, explain
storage instability or predict storage stability.

Thus. while stored canned evaporated milk
(30% solids and viscosity Index of 53.8) was stable.
20% solids sample from unblanched-sprouted
soybeans with lower viSCOSity Index of 25.7 obtained
before storage. was unstable. The most probable
reason for the Incongruity Is that while further
cross-linking (aggregation) of soybean
macromolecules occurs dUring storage of the soy
concentrates. minimal aggregation occurs most
likely In stored canned evaporated milk. Thus.

GO30

whiCh resulted In the concave nature of the cUive
for unsterilized-unblanched samples (Fig. 2). Dilatant
flUids usually contain high concentrations of
suspended solids and as shear rate Increases. the
dense packing of solids Is no longer sufficiently
lubricated by the liqUid phase and the solids pack
further together (Howard 1991). Sharp Increase In
apparent viscosity of 30% solids unblanched sample
after sterilization (Fig. 3) was above the measuring
range of spindle number 1 of the viscometer. which
necessitated the use of spindle number 4. Shear
rate-apparent viscosity cwve for the canned sterilized
evaporated milk Is also shown In Fig. 3. At each'
total solids level. the viscosity Index of the
unblanched samples was generally greater than for
the blanched samples (Table 1).

Sterilization also caused Increase In the viscosity
Index of blanched and unblanched samples. Whilst
the 200A! solids samples only showed an average
l.1-fold Increase. the 30% solid varieties exhibited
large Increases. about 3-fold for the blanched and
77-fold for the unblanched samples. The large
viscosity Index Increase In the sterilized 30% solids
control possibly was a result of Intense association
(aggregation) of Its high concentrations of parilally
hydrolyzed polysaccharides and denatured proteins
(soluble and Insoluble). leading to the development
of high density cross-links. which resisted shear
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viscosity index of stored soy concentrate 18 expected
to increase beyond the initial value at the beginning
of storage. thereby inducing storage coagulation.
Viscosity index of stored evaporated milk may be
an unequivocal reference for stored soy concentrates.
if the viscosity index of the soy concentrate
detemtlned dUring storage and not before storage.
is utilized for comparison.

Proximate composition oj soy concentrate
powders : The carbohydrates and proteins in soy
concentrate powders derived from blanched and
unblanched cotyledons showed wide variations in
concentration (Table 11. An apprOXimate 2-fold
(83%) dlIference in total carbohydrates of NaHC0

3

- blanched and unblanched (control) samples was
observed. The high carboyhydrate content of the
control indicates high extractabUlty of th18 substance
from unblanched cotyledons. Cross-linking of
partially hydrolyzed carbohydrates with proteins
may have Ilmlted carbohydrates extractability from
blanched cotyledons and in effect. reduced the
viscosity of their extracts. These observations partly
agree with Urbanski et al (19821. who have indicated
that cell wall materials are the single greatest
contributor of high viscOSity in soy beverages. The
major carbohydrates of soybeans are
oligosaccharldes. cellulose and hemicellulose. while
starch is present in small quantities (Hodge and
Osman 1976).

Sprouting may have caused greater hydrolysis
of starch and oligosaccharides than cel1ulose and
hemicellulose. Formation of complexes by the
partially hydrolyzed cel1ulose and hemicel1ulose
with denatured proteins afler blanching probably
reduced the extractability of carbohydrates from the
blanched cotyledons. The unblanched cotyledons.
conversely. may not have formed as much complexes
as the blanched and therefore. yielded more
carbohydrates and total solids in their extract
(Table 1). The occurrence of cellulose-protein
complexes in heat-treated soy extracts would
probably confer thixotropic properties on the
extracts. Khan et al (1989) also have noted that
soymilk 18 mildly thixotropic. Howard (19911. has
observed that cellulose derivatives are also generally
thixotropic. FlUids. which exhibit thixotropy lose
vlscosity under constant shear. but when shearing
has stopped. regain their original vlscosity by
taking little more time. Home-prepared soymilk.
after few days of refrigerated storage. usually
reqUire sharp jerks (yield stress) to break its initial
high vlscosity to enable even flow from the storage
bottle. a characteristic that is typical of tomato
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ketchup. a classical thixotropic liqUid. Thus. vlscosity
control in stored soy beverages. particularly the
concentrates. partly depends on inhibition of
extensive formation of cross-links between cellulose
derivatives. proteins and water afler heat processing.

Total protein concentration in the NaHC03 

blanched sample was greater than the unblanched
one. probably because of the expanded scales of
other components. artsing from the low carbohydrate
content of the NaHC03 - blanched sample. Total
proteins comprised soluble plus insoluble proteins.
The insoluble proteins may have contributed more
than the soluble to the formation of insoluble
polysaccharides - denatured protein complexes in
the unblanched samples after sterilization. leading
to the development of high viscosity and early
coagulation dUring storage. Crude fibre was generally
high in all samples. but the highest value was
observed in the NaHC03 - blanched sample. The
high contents may be due to the low mo18ture
content of the powders. which tilted the scales of
other components to expand.

Since crude fibre comprises mainly cellulose
and lignin (Hodge and Osman 19761. the combined
total carbohydrates in the NaHC03 - blanched. H20
- blanched and unblanched samples were 26.3.
30.2 and 33.8%. respectively. which fall within the
expected range of values for carbohydrates in
soybean flour-based products. The 'TGM 579'
soybean variety utilized in th18 study had proximate
composition {%l as follows : proteins 40.3. fat 22.
carbohydrates 26.7. minerals 4 and mo18ture 7.
respectively (Nsofor 19961. Ash content of the
soymilk concentrate powder was unexpectedly very
low. The extent of depletion of minerals from the
cotyledons by the growing sprouts was unlulOwn
and the sprouts were excluded from the milled
cotyledons. Confirmatory studies of ash content of
slmllar samples are needed in future work.

Nubitional impllcatton ojusing sprouted SO!Jbewt
Jor concentrate production : SOyrnllk concentrate
developed from sprouted soybeans would be more
digestible and nutritious than that from the
unsprouted soybeans. Germination of seeds causes
hydrolysis of macromoloecules. which facilitates
digestion. It also increases the concentration of
some vitamins lVanderstoep 1981 ; Cruz and Park
1982; Borejszo and Khan 19921. Also. since sprouted
soybean 18 tenderized faster than the unsprouted
dUring blanchttng (Nsofor unpubl18hedl. less protein
denaturation and insolubillzation are expected to
occur in sprouted soybeans blanched for a short
duration.
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Technology of Ready-to-Use Banana Mllk Shake Powder
G.S. LAXMINARAYANA, BIKASH C. GHOSH· AND S. KULKARNI

Dalry Technology Section, National Dalry Research Institute,
Adugodl, Bangalore - 560 030, India.

Banana milk shake powder was prepared from cow milk blended with 'Musa cavendlsh1l' variety of banana (5: I).
The milk was standardized to 2.0% fat and condensed to one thtrd tts origlna1 volume. Peeled bananas cut loto circular
pieces were mixed wlth water (1.0-1.5%) and heated to 85-9O"C for 5-10 mtn. Thls was added to the homogenized
(100 bar) lo batches and further homogenized at 50 bar. CaIboxymethylcellulose (CMC) was locorporated at 0.015%
to the milk before homogenization to improve the body and texture characteristics. The mix was spray-<lried wlth
an Inlet air temperature of 160-18O"C and outlet air temperature of 85-95"C. Ground sugar was blended wlth dried
mlx to obtaln final sugar content of 42.5% lo banana milk shake powder.

Keyword.: Mtlk, Banana, Stabtllzers, Homogenization. Spray dtylng.

Banana and milk are blended in many parts
of the country to produce a relishing beverage.
which is popularly called milk shake. The beverage.
apart from Its high nutritive value, Is effective In
the treatment of celiac disease. sprue and other
fOffils of carbohydrate intolerance in children (Wealth
of India 1962). The nutritive value of the product
also adds to the demand of the product. Eventhough
the milk shakes are popular and known for their
nutritive value. the beverage Is not available in
convenient-ta-use form. In order to fill thiS gap,
the present project to standardize the production
of an acceptable quality banana rn1lk shake in
convenient-ta-use dry form has been 1n1tiated. A
ready-ta-use banana milk shake powder was
prepared and evaluated organoleptically. The
physico-chemical characteriStics of the product
were also studied and the results are reported in
thiS paper.

Materials and Methods

Preparation oj banana milk shake powder ;
Ripened 'Musa cavendishll' (Pat:habale) and 'Musa
Parad1Slca' IElatchibale) varieties ofbananas obtained
from the market were peeled out manually. For
each trial, about 5.0 kg of peeled fruit was taken
and cut into circular pieces. Potable water (1.0
1.5% of peeled fruit) was added to the fruit pieces
and the same was heated to 85-90°C/5-10 min.
followed by cooling to 38-40°C. Twenty five l1tres
of pasteurized rn1lk standardized to the required
composition was used for each trial. The milk was
condensed to about one third Its volume by using
vaceum evaporator. The total solids rrs) of the
concentrated milk varied from 32-36%. Calculated
quantity (based on total soUds level) of
carboxymethylcellulose (CMC) was diSsolved in hot
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water at 60°C and mixed with the condensed rn1lk.
The condensed milk was homogenized at 38-40°C
with 100 bar pressure after the addition of CMC.
Banana pulp was added in batches to the
homogenized milk and was again passed through
the homogenizer, initially without any pressure and
finally with 50 bar pressure to get more uniform
milk shake. The homogenisation Improved the
viScosity, which in turn. helped dUring the spray
drying. The homogenized banana milk shake slurry
was spray-dried by using centrifugal sp1nn1ng disc
atomiser. The 1'8 of the shake varied from 30-32%.
An Inlet air temperature of 160-180°C and outlet
air temperature of 85-95°C were maintained dUring
drying. Moreover. to reduce heat damage during
drying and to obtain desired moisture content. an
outlet air temperature of 85-95°C was preferred.
The powder (BMSP) was blended with calculated
quantity of powdered sugar to obtain ready-ta-use
banana milk shake powder (RBMSP). The RBMSP
was evaluated organoleptically by reconstituting
with potable water (20% 1'8) at ambient temperature
of about 25-300C. The flow diagram for the
manufacture of RBMSP is shown in Fig 1.

AnalysiS; Twenty g of RBMSP was reconstituted
with 80 ml potable water. It was then evaluated
organoleptically at ambient temperature (25-30°C)
for different quality attributes I.e.. appearance.
colour. body. texture and flavour by a select panel
of trained Judges using a B-point Hedonic scale.
The same panel of trained Judges evaluated all the
samples.

The estimation of titrable acidity (% lactic acid)
moisture, fat (MoJ0nnJer method), protein. solub1l1ty
and ash content of powder were carried out as per
the methods described in lSI (1981). The bulk
density and flowabillty of powder were determined as
per the methods outlined by Hall and Hedrick (1975).
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Receiving ripe banana
.&.

Peeling
.&.

Cutting
.&.

Addition of water (1.0 - 1.5%)
.&.

Heating (85-90°C/5-1O min)
.&.

Cooling (38-40°C)

[

Temp 38-40°C ]

Pressure 100 bar.. ..-=- -.1

Mixing (bfCh-Wlser) Temp 38-40
0

C ]

Homogenization

1
Pressure 50 bar

[

Inlet temp 160-1800 C]
Spray drying1 Outlet temp 85-95°C

Blending with ground sugar (42.5%)
.&.

Packaging
.&.

Storage

1
Homogenization

I

Milk
.&.

Standardization (Fat. 1.0-3.00'{')
.&.

Condensation (TS, 32-36%)
.&.

Cooling (3~0°C)

.&.
Addition of stabilizer (CMC 0.015%)

F1g. 1. Flow diagram for the manufacture of ready-ta-use banana milk shake powder

TABLE 1. SENSORY QUALnY OF RECONsrITUTED RBMSP
MADE FROM TWO VARIETIES OF BANANA

The appearance and colour of the reconstituted
shake prepared from two varieties of banana were
almost similar (Table 11. However, the difference In
the flavour score of the RBMSP, prepared from two
banana varieties, was observed to be prominent.
The powder made from Elaichibale was criticised
as dusty, chalky and lacked typical banana flavour.

It was observed that there were no distinct
differences In the moisture contents of powders

Pachabale 6.0 6.6
("Musa cavendlshtl"J (5.0-8.0) (6.0-7.0)

Elalchlbale 5.5 5.5
("Musa paradlslca") (5.0-6.0) (5.0-6.0)

The figures In parentheses lndtcate the range
Average of three trials

Results and DIscussion
Comparison of BMSP made from 'Musa

cavendlshll' (Pachabale) and 'Musa paradlslca'
(Elaichibale) varieties ofbanana : BMSP was prepared
from two varieties of bananas. It was observed that
the ripeness of Elaichibale banana was not uniform
and stickiness was observed dUring cutting. It was
difficult to get uniformly ripened Elaichibale bananas
and for similar quantity of pulp, more quantities
of bananas were required. About 2.00'{' more water
was needed for cooking the Elaichibale banana
compared to the Pachabale. The homogenization of
the milk shake with Elaichibale was difficult
compared to the milk shake with Pachabale. The
stickiness of the Elaichibale could be ascribed to
higher starch content of banana, which mIght not
have been converted Into sugars. The proximate
composition (%) of Pachabale and Elaichibale banana
pulp was moisture 75-78 and 6~8. TS 22-25 and
32-34, fat 0.11-0.14 and 0.05-0.10, protein 1.30
1.40 and 1.25-1.30, respectively.

Banana
varieties Appearance

and colour

Sensol)' score

Flavour Body and
texture

6.2
(6.0-7.0)

5.8
(5.0-6.0)
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TABLE 2. EFFECT OF BANANA TO MILK RATIO ON S~:NSORY

QUALITY OF RECONSTITlITED RBMsr

(SMSP), made from both the varieties of banana.
The higher fat content could have contributed to
the better flavour score of BMSP prepared with
Pachabale. The protein content 08.49%) was more
in BMSP prepared from Pachabale than in BMSP
made from Elalchibale (16.11%). Lower fat and
protein contents In BMSP prepared from Elalchibale
may be due to the higher carbohydrate and TS
contents of the fruit. The total ash contents of
SMSP made from both the varieties of banana were
found to be slmllar. The lower solubility In BMSP
made from Elalchibale may be due to the higher
starch content and lower conversion of starch Into
sugar In comparison to that of Pachabale. The lower
solubility could also be ascribed to the Insoluble
starch present In Elalchibale. which did not tenderize
even by heating the pulp to 85 - 900e for 5-10
min. The average TS content ranged from 22-25%
for Pachabale and 32-35% for Elalchibale banana.
There was slight difference In the bulk density of
both the BMSP. whereas the flowabillty was adjudged
good for Pachabale and fair for Elalchibale. Hence.
in all further Investigations. Pachabale was used
for the preparation of BMSP.

Optimization oj the level ojIngredients: After the
standardization of manufacturing technique and the
comparison of two varieties of banana. a detailed
study was carried out to optimize the Ingredient
level. by using Pachabale variety of banana. This
study included the effect of ratio of banana to milk
and different levels of various Ingredients like I)
stablllzer II) milk fat and Ill) sugar.

Effect of banana to milk ratio OD the quallty
of the product

The proportions of banana required for the
manufacture of BMSP Is an important step. as It
contributes to the body. texture and flavour of the
final product. Therefore. to determine the optimum
level of banana to milk. 3 different proportions 1:6.

I : 6 7.4 5.9
(7.0-8.0) (5.0-7.0)

I : 5 6.7 6.4
(5.5-8.0) (6.0-8.0)

I : 4 5.9 6.6
(5.5-6.0) (6.0-7.0)

The figures In parentheses Indicate the range
Average of four tr1als

Attributes. % I : 6 I : 5 I :4

2.75

16.81

16.05

5.60

61.53

1.90

88.04

0.289

Fair

Moisture 3.38 3.11

Fat on OM 19.82 19.08

Protein on OM 19.60 19.19

Ash on OM 5.59 5.59

Carbohydrate on DM 54.99 56.14

Acidity 1.71 1.80

Solubility 92.00 90.00

Bulk density glce 0.318 0.290

F10wabtllty Good Good

OM - Dry Matter: Average of four tr1als

TABLE 3. EFFECT OF BANANA TO MILK RATIO BY WEIGIIT
ON PHYSICO CHEMICAL PROPERTIES OF BMSP

Banana : Milk (by weight)

1:5 and 1:4 by weight were used. Twenty five lltres
of standardized mllk with 3.0% fat was used for
each batch. Equal quantity of stabilJzer was used
In all the trials.

Sensory properties : The mean sensory score
of the reconstituted RBMSP made from 1:6. 1:5 and
1:4 ratio of banana to milk are presented In Table
2. The appearance and colour scores were best(7.4)
In the product made from 1:6 ratio and lowest (5.9)
In the RBMSP prepared from higher quantity of
banana pulp 0:4). The flavour score was maximum
(6.6) for the product with 1:4 ratio and was
moderate (6.7) with 1:6 ratio. The body and texture
were comparatively thinner In RBMSP made from
1:6. even though the TS of reconstituted products
were simllar. In all cases. 20 g was reconstituted.
This may be due to the presence of lower banana
solids. which have greater role on the viscosity of
the reconstituted product. Though. the viscosity
increased with the Increase In banana solids. there
was a decrease In the uniformity of the body and
texture of the reconstituted product. The highest
flavour score was observed In the reconstituted
RBMSP made from 1:4 ratio. which may due to
the presence of higher banana solids and the
appearance and colour scores were lowest. which
may be due to visible Insoluble banana solids
floating on the surface of the reconstituted product.
These visible Insoluble particles were due to the
presence of more crude fibre in the banana pulp.
Keeping In view the uniform scores for various
attributes. the overall acceptability of the
reconstituted RBMSP prepared In 1:5 ratio was
rated as most satisfactory. Hence. In all further
investigations this ratio of 1:5 was considered.

Physlc(}-{;hemlcal propertieS ; The BMSP was
analyzed and the results are presented In Table 3.
Eventhough. the pulp ratio was higher. moisture

6.8
(6.0-8.0)

6.6
(5.0-8.0)

6.2
(6.0-7.0)

Body and
texture

Flavour

Sensory score
Ratio of banana
to mtlk by wt Appearance

and colour
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TABLE 4. INFLUENCE OF STABILIZER LEVELS ON THE
SENSORY guAUIY OF RECONSlTfUTED RBMSP

TABLE 5. INFLUENCE OF STABILIZER LEVELS ON THE
PHYSICO - CHEMICAL PROPERTIES OF BMSP

Stabltzer levels, %

0.000 7.4 6.8 6.4
(7.0-8.0) (6.0-8.0) (5.0-8.0)

0.015 6.8 6.8 6.8
(6.0-7.0) (6.0-7.5) (6.0-7.5)

0.030 6.7 6.4 6.6
(5.5-8.0) (5.0-7.0) (5.0-8.0)

FIgures In parenth~ indicate the range ; Average of 3 trials

Optimization of fat level In mllk for the
preparation of BMSP

Milk (25 1) was standardized to the desired fat
levels (1.0. 2.0 and 3.0%). The powder obtained was
analyzed for Its sensory and physico-chemical
properties.

Sensory quality : The levels of fat in milk had
a definite Influence on flavour, body and texture
of RBMSP (Table 6). The appearance and colour

0.030

4.46

16.85

18.63

5.12

59.39

1.89

83.47

0.298

Good

Body and
texture

0.015

F1avour

Sensory score

0.000

Appearance
and colour

AUributes, %

with CMC was more viscous and uniform than the
product without CMC. Further. It was observed that
higher (0.030%) CMC did not show much difference
in the body and texture score, compared to BMSP
prepared with 0.015% CMC. Since there were not
much differences observed in the sensory attributes
except marginal Improvement of consistency, CMC
at 0.015% level was considered most suitable for
the manufacture of RBMSP. A similar
recommendation has also been made by Wheeler
and Gillies (973).

Physico-chemical properties : Moisture content
increased as the CMC level increased (Table 5). The
solubility decreased with increase In CMC level and
the bulk denSity showed a decreasing trend due
to the addition of CMC.

Moisture 2.31 2.53

Fat on DM 17.85 17.10

Protein on DM 18.33 18.28

Ash on DM 5.37 5.18

Carbohydrates on DM 58.43 59.43

Acidity 1.80 1.85

Solubtllty 87.49 84.72

Bulk density glee 0.343 0.338

FlowabUtty Good Good

DM - Dry Matter: Average of 3 trials

Stabilizer
levels, %

content was lower in BMSP made from 1:4 ratio of
banana to milk. The lowest fat (16.81%) was
observed in BMSP made from 1:4 ratio of banana
to milk. The highest fat 09.82%) was observed In
BMSP made from 1:6 ratio. which could be due to
the higher milk solids content. The protein content
was also observed to have a distinct Influence on
the BMSP prepared with three different ratios of
banana to milk. The lowest protein content in BMSP
made from 1:4 ratio was due to the proportionately
higher banana solids with lower protein content. The
higher carbohydrate (61.53%) in BMSP made from
1:4 ratio was due to the presence of higher banana
solids with higher carbohydrates. There was a slight
increase in the acidity of the product, as the quantity
of the banana solids increased. It was observed that
as the quantity of pulp increased, the solubility
decreased. This may be due to the increase In the
crude fibre content of BMSP with higher banana
solids, as observed during the organoleptic evaluation.
There were no distinct differences In bulk densities
among the three products. However, there was a
marginal difference in the flowablllty characteristics.

Influence of stabiUzer on the manufacture of
BMSP

Incorporation of stabilizer to milk normally
increases the stability, reduces the probability of
coagulation and Improves the body and texture of
the dried product. Carboxymethylcellulose (CMCI.
a common food stabilizer Is Widely used in the
preparation of various drinks and beverages.
Therefore, CMC was used at different levels (0.000.
0.015 and 0.030%) to study Its Influence on the
manufacture of BMSP. Calculated quantity of
stabilizer was dissolved in hot water 000-150 mI)
before adding to the condensed milk. The condensed
milk with stabilizer was homogenized at 38-40°C
with 100 bar pressure, followed by the addition of
banana pulp In batches. The milk shake was, then.
spray-drled and the powder was evaluated for Its
sensory quality and physico-chemical properties.

Sensory characteristics : It was observed that
the reconstituted RBMSP made without the addition
of CMC was brighter, compared to the reconstituted
RBMSP made with added CMC. There were not
much differences in flavour scores for reconstituted
RBMSP made with 0.000 and 0.015% CMC, while
lowest flavour score (6.4) was observed for the
reconstituted BMSP made with 0.030% CMC (Table
4). However, difference in score was observed in
the consistency of the reconstituted product made
with and without CMC. The reconstituted product
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TABLE 6. SENSORY QUALI1Y OF RECONSrrmITED RBMSP
MADE FROM WREE DIFFERENT LEVELS OF FAT
IN MILK

Blending of sugar with BMSP

BMSP (100 g) was blended with 20, 40, 60
and 80 g of ground sugar separately. From each
batch of ready-to-reconstitute BMSP, 20 g was
reconstituted with 80 m1 of potable water at
ambient temperature. The sugar contents of the

were not appealing In the reconstituted RBMSP
made from 3.QOAJ milk fat. The brightness of the
reconstituted product was also not good and some
visible fat gloubles were noticed. The Intensity of
banana flavour was less In the powder containing
higher m1lk fat, whIch may be due to the masking
of banana flavour by the flavour of milk fat. Body
and texture were better In the powder made from
the milk with 2.QO,u fat compared to those made
from 1.0 and 3.0% fat. Increasing the fat level
beyond 3.0% did not pose any serious problem
dUring the manufacture of the product, but It had
a lower shelf-life due to Its susceptibility for
oxidation. However, only a minimum level of fat was
maintained for drying operation so as to avoid the
burning and sticking of the particles. ThIs minimum
12.a'A» fat also contributed to the Improvement of
taste and mouthfeel of the reconstituted product.

Physico-chemical properties : The fat contents
of BMSP Increased, whlle the proteIn contents
decreased with the Increase In milk fat content
rrable 7). The total ash content was slightly more
(6.18%) In BMSP made from 1.QOAJ fat m1lk. The
average acidity ranged from 1.85 to 1.9QOAJ as lactic
acid. The higher fat In mllk resulted In the
formation of a layer on the surface of the
reconstituted product, when kept aside undisturbed,
resulting In poor solubility of the BMSP. There was
slight decrease In bulk density of the BMSP, as
the milk fat Increased. The flowabllity was rated
as good for the BMSP made from 1.0 and 2.QOAJ
milk fat.

1.0 7.2
(7.0-8.0)

2.0 7.8
(7.5-8.0)

3.0 6.5
(5.0-7.0)

Note : As In Table 4
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Attrtbutes, % 1.0 2.0 3.0

Molslure 2.61 2.95 3.11

Fat on DM 8.53 12.00 17.26

Protein on DM 20.18 18.82 18.67

Ash on DM 6.18 6.07 5.67

Carbohydrates on DM 65.11 63.11 58.41

Acidity 1.85 1.89 1.90

Solubility 93.59 88.93 84.72

Bulk density glee 0.362 0.327 0.318

Flowability Good Good Fair

DM - Dry Matter: Average of 4 tr1aIs

TABLE 7. EFFECT OF DIFFERENT FAT LEVELS IN MILK ON
PHYSlC~HEMICAL PROPEIrnES OF BMSP

Fat levels In milk, %

reconstituted milk shake were 3.0, 6.0, 7.5 and
9.0% for the BMSP (100 g), containing 20, 40, 60
and 80 g sugar, respectively. However, 3.0 and
6.0% levels of sugar In the reconstituted BMSP
were found to be lower. As It was difficult to
dIstinguish the difference between the sugar levels
of 7.5 and 9.0% In the reconstituted BMSP, an
arbitrary level of 8.5% sugar was selected and
found to be highly acceptable In the reconstituted
product. Finally, to obtain 8.5% sugar In the
reconstituted drinks. 42.5% ground sugar was
blended with banana m1lk shake powder to get
ready-to-reconstltute banana m1lk shake powder
(RBMSP).

The proxImate composItion (%) of ready-to
reconstitute BMSP made with 1.5 ratio of banana
to milk with 2.0% fat using 0.015% CMC and
blended with 42.5% ground sugar was moisture
2.60, fat 6.95, proteIn 14.08, ash 3.15 and
carbohydrate 75.86 on dry matter basis. The acIdity
was 1.05%, whlle solub1l1ty was 90.15%. The final
bulk density of RBMSP was 0.44 g/per cc. The
RBMSP was reconstituted wIth potable water (20%
1'51 and compared with the freshly prepared control,
having the stm1lar total sollds content. There was
no marked difference between the shakes.

Body and
texlure

7.5
(7.0-8.0)

7.4
(7.0-8.0)

6.6
(5.0-7.0)

Flavour

7.6
(7.0-8.5J

7.3
(7.0-8.0)

6.6
(5.0-7.0)

Sensory score

Appearance
and colour

Fat level In
mUk, %
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Optimization of Process Parameters for the Production
of Rasogolla from Cow Milk

M.N. RAVICHANDRA'. R.N. MlSHRAAND R. DAS·

Department of Agricultural and Food Engineering.
Indian Institute of Technology. Kharagpur-721 302. India.

Optimum combination of fat and solids non-fat(SNF) contents of milk, acidity of milk-acid mixture and motsturc
content of chhana for production of rasogoUa of desired hardness was studied. Hardness of rasogoUa was rnalnly
influenced by the fat content of milk, followed by acidity of milk-acid mixture, SNF of milk and moisture content
of chhana. Both fat content of the milk and acidity of milk-acid mixture should be Increased for obtalnlng low hardness
In rasogoUa. The analysis of a prediction model had shown that rosogoUa of desired hardness could be oblalned from
mllk with 3.3% fat and 8.0% SNF, coagulated at 0.40% lactic acid level of milk-acid mixture and Ihc resulling ehhana
had 58% moisture content. Material balance studies for the rasogoUa preparation at the optimized values of process
parameters showed that I kg mllk would yield 0.313 kg rasogoUa. having 0.06 kg sugar and 0.066 kg milk soUds.

Keyword.: Hardness of rasogoUa. Optimlzalton, Milk fat, Milk soUds non-fat, AcidIty of milk-acId mixture, Motsture
content of ehhana.

Cow milk chhana is preferred for rasogolla
preparation. as it produces rasogolla of good quallty
with soft, smooth and spongy characteristics. while
that from buffalo milk yields a hard. brittle, chewy
and coarse product (Bhattacharya and Des Raj
1980), The reason for the difference may be lower
hydration capacity and higher calcium content of
buffalo milk casein (Sidhu 1995), Many workers
(Bhattacharya and Des Raj 1980; Sen 1988; Tarafdar
et aI. 1988; Ten Hove and Das 1995) have described
the preparation of rasogolla. They have used milk
at different fat and saUd non-fat (SNF) levels.
ranging from 3.0-4.5% and 8.5-8.9%. respectively
in the experiments, These studies. however, did not
provide the specific amounts of fat and SNF of milk
needed for the preparation of rasogolla. Since the
cost of rasogolla is decided. based on the cost of
fat and SNF of milk. optimization of fat and SNF
levels in milk is essential for Its preparation.

The other important factors. which Influence
the mouthfeel quality of rasogolla. are the texture
of chhana. which depends upon Its moisture content
and the acidity of milk-acid mixture from which
chhana is obtained. Ten Hove and Das (1995)
reported that 0.38% acidity of milk-acid mixture
gave good textured chhana. suitable for rasogolla
preparation. At higher acidities. the chhana obtained
was granular and did not suit for rasogolla
preparation. Bhattacharya and Des Raj (1980)
reported that about 55 to 58% moisture content
in chhana was optimum for good quality rasogolla.
with round shape. soft body and spongy structure.

• Corresponding Author: IPresent address : 103, Brahmanlvas
Apt.. Andhra Bank Colony, Malakpet Hyderabad'500 036,
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However. they did not vary the moisture content
of chhana, along with the fat and SNF levels of
milk as well as the acidity of milk-acid mixture at
the time of coagulation.

The present Investigation was undertaken to
study the effect of fat and SNF levels of milk. aCidity
of milk-acid mixture at the time of milk coagulation
and moisture content of chhana. on hardness and
organoleptic quaUty of rasogolla and to find out the
optimum level of the independent variables.

Materials and Methods

Milk from one particular cow was collected In
the evening and stored overnight in a refrigerator.
The refrigerated milk was heated to 40°C and the
cream and skim milk were separated by using a
cream separator. The fat contents of milk and
cream were determined by Gerber method (lSI
1977). The titratable acidity of milk was determined
by the method recommended by AOAC (1975). The
moisture contents of milk. cream. skim milk and
chhana were determined by Mettler LP16 infrared
moisture analyzer at 105°C.

From the fat and SNF contents in the skim
milk and cream. standardization was done to obtain
desired composition of milk. by mixing required
quantities of skim milk. cream and fresh water.
Three combinations of fat (2.0. 3.25 and 4.5%) and
SNF (8.0. 8.5 and 9.0%) levels were tried.

Three levels of acidity of milk-acid mixture viz..
0.40. 0.48 and 0.56% of lactic acid were considered
durtng the experiments. The concentration (b)
required for the citric acid solution for coagulating
milk was determined using the follOWing equation
(Jonkman and Das 1993).
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A survey of local sweet shops in and around
Kharagpur revealed that 48 to 50% sugar syrup
was used for cooking chhana balls to produce good
quality rasagolla. Hence, In the present expeIiments,
the concentration of cooking sugar syrup was
maintained at 49±1%. A steel vessel was used for
cooking the chhana balls and the container was
partially closed to reduce water evaporation from
the vessel. Water was added to the vessel during
cooking in order to compensate for the water. lost
by evaporation. A 20 min cooking time was used
as reconunended by Ten Hove and Das (1995). After
cooking. the cooked chhana balls were dipped for
4 h Into a 50% sugar syrup solution at room
temperature. Cylinder (1.3 cm dta and 1 cm height!.
cut out from the rasagolla samples. was placed
under the crosshead of Stevens LFRA (Textural
Technologies Corpn.. USA). A 0.5 mm/s crosshead
speed and 2 mm compression depth were used.
The maximum force developed at the end of the
compression was taken as the hardness of rasagolla.

The values of the Independent variables. viz.•
fat content of mllk (XI)' SNF of mllk (~), acidity
of milk-acid mixture (X) and moisture content of
chhana (X4) were normalized within +1 and -1. The
relation between normalized and real values were:
X· I • (XI - 3.25)/1.25 ; X'2 = (~ - 8.5)/0.5; X'3 :::
(~ - 0.48)/0.8 and X'4 = (X'4 - 58)/3. Linear and
second order regression equations between hardness
values of rasogolla. as obtained from the textural
analyser and the normali7.-ed values of Xl' ~. X,
and X4 were developed (Myers 1971).

Results and Discussion

The fat and SNF contents of fresh milk were
4.6±O.l% and 9.3±O.l%. respectively. The acidity
of fresh raw milk was 0.16±0.01% as lactic acid.

The eITect of process valiables. viz.. fat and SNF
levels In milk. acidity of milk-acid mixture and
moisture content of chhana. on the hardness and
shape of rasogolla. is given in Table 1. Maximum
and minimum values for the hardness of rasogolla
were 48 and 16 g. respectively. The hardness of
market rasogolla was 24±1 g. The 24 g hardness
level ofmarket rasogolla was considered as the basts
for comparing the expeIimental rasogolla quality.

The linear relationship between hardness of
rasogolla (Y) and the normalized values of XI' ~.
~ and X4 was

Y = 29.461 - 10.407 X'I + 2.037 X'2 + 2.704 X'3
- 1.574 X'

4
.... (2)

Correlation coefficient R ::: 0.98

(1)

Milk,' kgCitric acid,3·44 X 16\g

b =

Kn,ad,d chhana,O·157kg
TS= 0'066kg

(Moisturt -58 r.)

I
8ALL MAKING

(15 Nos. 10·46 9 tach)

- --~-
CQOKING

--..:::.:..z.:::-.., In 2lit, 50~ sugar solution Wotf_'_
fo, 20 min 0·052 kg

I
Cook,d chhallQ ball.,O·252kg

TS· 0·109 kg
(Moisturt • 56, 6" )

-SOAKING'
SU9Qr In I lit, 50% sugar solutIon

0·016 kg for 4h at 30'C

I
RASOGOLLA.0·313kg

TS- 0·126 kg
( Suga'-0·06kg

Moisturt -60%)

F1g. 1. Process and material now chart for production of
rasogolla

(WI / M.J W.
Where. b =strength of cltlic acid solution used

for coagulation (%); C
m

=tltratable acidity of fresh
milk (% lactic acid); Wm = weighi of mllk used (kg).
MI = molecular weight of lactic acid (90 g/mole),
M. = equivalent weight of the acid used for
coagulation (64 g/mole for cltlic acid), W. =weight
of acid solution used (kg) and ~ = acidity of milk
acid mixture (% lacUc acid).

Fig. 1 shows the procedure used for the
preparallon of chhana and rasogolla under optimised
conditions. The acidity of milk-acid mixture was
varied by varying the concentration of 0.253 kg
cillic acid solution. The required expeIimental
moislure content of chhana (55. 58 and 61%) was
obtained by adding calculated amount of waier to
the gravity separated chhana.
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values of the Independent parameters for obtaining
the desirable hardness (24 g) of rasogolla.

It may be observed from Table 1. that the
hardness of rasogolla decreased with the Increase
In moisture content of chhana. When the moisture
content of chhana was 61% and fat content of
milk ranged between 2.0-3.25%. the chhana balls
became oval dUring cooking In sugar syrup. When
the fat content of milk was 4.5% and moisture
content of chhana was 61%. It was difficult to
prepare chhana balls. Also. the chhana balls broke
during cooking and there was fat loss to the sugar
syrup. Rasogolla obtained with 58% moisture content
of chhana was spherical In shape and had lesser
hardness than those prepared from chhana having
55% moisture content. Hence. the optimum moisture

,,~= ,~ ,~ 'l7TJ/ ~ <ro~

"'" ~ ~ : ~

••• ••• •••
Y 26.37 - 1O.407X·1 + 2.037X·2 + 2.704X's +

••• ••• •
1.574X·. + 3.037X'12 - 0.250X'IX·2 -

•• • •
0.389X·

I
X·

S
+ 2.778X·

I
X'. + 0.482X·2

2 +
••• •

0.926X·
3

2 + 0.204X·.2 ... (31

Correlation coeffiCient R = 0.993

•• Coefficients which were significant at 1%
level of significance: • Coefficients which were
significant at 5% level of Significance: ••• Coefficients
which were significant at less than 5% level of
significance

Higher value of correlation coeffiCient for the
eqn (31. In comparison to eqn (21. indicates that
the experimental data were well represented by the
fonner. The predicted values of hardness of rasogoUa
(Y) using eqn (31 are shown In Table 1. This
equation w~s analyzed to find out the optimum

Looking Into the coefficients of the variables
In eqn (21. It may be Inferred that Increase In fat
content ofmJlk (XII and Increase In moisture content
of c11hana (X.I would decrease the hardness of
rasogolla. The same would be effected by decreasing
the acidity of milk-acid mixture (x,,) and SNF levels
of milk (X,J It Is further evident from the values
of the coefficients of Xl' ~. x" and X. In eqn (21
that the hardness of the rasogolla was Influenced
maximum by the fat content of the mJIk. followed
by the acidity of the milk-acid mixture. SNF of milk
and the moisture content of chhana.

A second order regression equation developed
between the hardness of rasogolla and the
nonnallsed values of Xl' ~. x" and X. was :
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TABLE I. EFFECT OF MILK FAT. SOUDS NON FAT (SNF1.
AClDl1Y OF MILK-ACID MDITURE AND MOISTURE
CONTENT OF CHHANA ON HARDNESS AND SHAPE
OF RASOGOIM

Fat. SNF. Acidity of Moisture Hardness of Shape of
(X,). !X.l. millk-acld content of rasogo/la, g rasogolla

% % mixture. chhana Actual Predicted
% (XJ. % (Y)

2.0 8-9 0.4-0.56 55 38-48 37.8-48.6 Round

3.2 8-9 0.4-0.56 55 25-34 24.7-34.2 Round

4.5 8-9 0.4-0.56 55 18-26 17.7-25.9 Round

2.0 8-9 0.4-0.56 58 36-47 36.0-46.7 Round

3.2 8-9 0.4-0.56 58 22-33 23.2-32.6 Round

4.5 8-9 0.4-0.56 58 17-24 16.4-24.7 Flat

2.0 8-9 0.4-0.56 61 35-45 34.1-44.9 Oval

3.2 8-9 0.4-0.56 61 21-32 21.6-31.1 Oval

4.5 8-9 0.4-0.56 61 16-23 15.2-23.4 Flat and
broken

Four market samples 23-25 Round



TABLE 2. MINIMUM MILK FAT AND SNF CONTENTS
REQUIRED FOR TI-IE PREPARATION OF RASOGOUA
HAVING 24 g HARDNESS FROM 'CHl-lANA' wm-l 58%
MOISTURE CONTENT AT VARYING LEVELS OF
ACIDI1Y OF MILK-ACID MIXTURE

Acidity of milk-acid Mlnlmum fat MInimum SNF
mixture, 5% lactic acid content In mtlk, % content In milk, %

0.40

0.46

0.56

3.3

3.7

3.9

8.0

8.0

8.0
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optimized values of the parameters for rasogolla
preparation would be. therefore. 3,3% fat. 8% SNF.
0.4% acidity of milk-acid mixture at the time of
coagulation of mllk and 58% moisture content of
chhana at the time of ball making. The yield of
rasogolla will be 0,313 kg/kg mllk. The total solids
In rasogolla will be 40016 and the sugar required
for the preparation of 1 kg rasogolla will be 0,19
kg.

content of chhana was fixed at 58%.

Fig. 2 represents hardness contours of rasogoUa
with the variation In fat (2-4.5%) and SNF (8-9%)
levels of mJ1k at three different levels of acidity of
milk-acid mixture (0.4%. 0.48% and 0.56%) and
58% moisture content of chhana. It may be observed
that lesser hardness contours have resulted at
higher fat contents of mJ1k. Similarly. 24 g hardness
contour lies between 3.3-3.7% fat for 0,4% acidity.
whereas these are laid between 3.7-4.2% fat at
0.48% acidity and 3.95-4.40016 fat at 0.56% acidity
(Fig, 2). Therefore. as the acidity of the milk-acid
mixture Is Increased. the fat content of mJ1k should
be Increased for the same hardness of rasogolla.
Table 2 shows the minimum fat and SNF levels
of milk at different acidities of mllk-acld mixtures
to obtain 24 g hardness rasogolla.

Since a low fat and SNF level In mJ1k is
necessary from the point of view of haVing low-cost
rasogolla. the desirable hardness of rasogolla could
be obtained. when the acidity of mJ1k-acid mixture
was low (Table 2). At 0.4% acidity. the fat and SNF
contents of milk are 3,3% and 8%. respectively. The
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Effect of Processing on the Nutritional
Quality of Pearl Millet

ALKA SHARMA AND A.C. KAPOOR·
Department of Foods and NutliUon,

CCS Haryana Agriculturual University, Hisar - 125004', India.

Effect of processing treatments viz., grinding. soaking, debranning, dry heat treatment and germination was asscscd
. on the nulritlonal quality of pearl mlllet. Debranning and soaking reduced the crude protein, true protein and non

protein nitrogen. Autoclavlng Increased the oon-proteln content. thus reducing the true protein. Fat conient was I"l-aueed
on debrannlng and stareh was reduced on giving various treatments. Total soluble sugars and rL'duelng sugars Increased
on germination and autoclavtng. whereas non-reducing sugars decreased after processing. In vitro dtgeslibililles Inen:ascd
after processing treatments. of which germlnatlon proved to be the best.

Keyword.: Pearl mlllet. Processing. NulriUve value, In vitro dlgestlbllity.

In the recent years, millets are recognised as
Impoliant substitutes for major cereal crops to cope
up with worldwide food shortage and to meet the
demands of Increasing population of both develop
Ing and developed countlies (Rachle 1975). The
nutritive value of millets is comparable to other
cereals with regard to protein, fat and mineral
contents (Gopalan et a!. 1989). But their utillsation
is llmited due to the presence of various
antinutlients, poor digestibility of proteins and
carbohydrates and low palatability. However, vali
ous processing treatments are known to alIect the
chemical composition and improve nutlitive value
of foods. The present study was carned out to
Improve the nutlitional value and availabllity of
nutrients in pearl millet by giving valious process
Ing treatments.

Pearl millet grains procured from Directorate
of Farms of University, were cleaned manually of
broken seeds, dust and other extraneous matelial
and given the follOWing processing treatments.

Grinding: Grains were ground to fine and
coarse sized powder In an electlic grInder to a mesh
size of 0.5 and 1.5 mm, respectively.

Soaking: Pearl millet grains were soaked In
water for 12 h at 30"C with a grain to water ratio
of 1: lO(wIv)

Debranning: Cleaned grains were tempered to
attain 16% moisture level and hand-pounded to
separate the bran. Debranned grains and bran after
drying were separately powdered.

Dry heat treatment: Fine powder of pearl mlllet
was taken In a conical flask. properly plugged and
autoclaved at 1.05 kg/cny pressure for 10 min.

• Corresponding Author: Present Address: I.e. College oj Home
Science. CCS Haryana Agrtculturnl University. Hfsar-I25004.
India
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Gennination : Soaked seeds were kept in trays
lined with wet filter paper and allowed to germinate
at 30°C for 48 h. Ungermlnated seeds were sepa-
rated and germinated ones dried at 60'C. .

Autoc/aving : All the treated samples. except
those, with dry heat treatment were autoclaved by
adding water at 1.05 kg/cny pressure for 10 min.
The autoclaved samples were dried. ground and
stored.

Chemical analysiS : The total nitrogen and
crude fat were estimated by the standard methods
(AOAC 1980). True protein was determined by
subtracting non-protein nitrogen from total nitro
gen and then multiplying with the factor of 6.25.

Total soluble sugars other than starch were
extracted according to the procedure of Cerning
and Guilbot (1973) and estimated by the method
of Yemm and Willis (1954). Reducing sugars was
estimated by the method of Somogyi (1945). The
amount of non-redUCing sugars was calculated as
the difference between total soluble sugars and
redUCing sugars. Starch from free pellet, obtained
after centrifugation In extraction procedure for total
soluble sugars, was estimated by the method of
Clegg (19561.

In vttro digestibility of protein was carried out
by the method of Akeson and Stahmann (1964),
as modified by Singh and Jambunathan (1981) and
that of starch by the method of Singh et al (I 982)
by employing pancreatic amylase.

StatiStical analysis: Data were subjected to
analysis of valiance according to Snedecor and
Cochran (I967).

Crude protein content of the control sample
was 11.1% (Table I). Soaking. debrannlng and
germination caused a significanl reduction in the



amount of crude protein. On autoclaving. changes
were observed In debranned grains only. Reduction
In crude protein on soaking might be due to
leaching out of low molecular weight nitrogen
compounds Into water (Chavan and Kadam 1989).
Changes similar to that caused by debranning in
this study have been reported by Agarwal (1992).

On the other hand. debrannlng caused Signifi
cant reduction In the non-protein nitrogen (NPN)
content (Table 1). Bran had a higher level of NPN
(l05 mg/lOO g). Reduction in concentration of
NPN- In debranned sample Is due to removal of
NPN rich bran fraction from the sample. The
decrease In NPN on soaking and germination may
be due to leaching out of low molecular weight
nitrogen compounds during these treatments.
Autoclavlng of control (finely ground) and treated
samples resulted In a Significant increase in NPN
concentration. as compared to non-autoclaved
samples, This Increase In NPN content on auto
clavtng may be due to breakdown of protein Into
pepttdes and other lower molecular units.

Autoclavlng led to a Significant decrease In true
protein content in debranned and dry autoclaved
samples (Table 1). Reduction In true protein on
milling and soaking has also been observed in pearl
millet by earlier workers (Agarwal 1992; Chowdhury
1993).

Of all the processing treatments. only

TABLE 1. EFFECT OF PROCESSING ON CRUDE PIWTEIN,
NPN, TRUE PRO'ffiIN, FAT AND PRO'ffiIN DIGEST
I13ILl1Y OF PEARL MILLET (ON DRY MATTER BASIS)

Treatments Crude NPN, True Protein Fat,
protein, mg/ protein, dtgesU- %

% 100 g % btlity, %

F'inely ground I I.l±0.2 5I±2 IO.7±0.2 52.6±0.4 6.2±0.3

Coarsely ground IO.9±0.2 52±2 IO.6±0.1 51.7±0.7 6.2±0.I

Soaked 10.8±0.I 49±3 IO.5±0.2 59.6±1.2 5.9±0.4

Debranned IO.6±0.I 43±3 10A±0.I 63.0±0.9 4.2±0.3
Germinated 10.9±0.I 49±2 IO.6±0.I 78.1±0.B 6.3±0.1

F'ine autoclawd 11.2±0.2 57±1 IO.8±0.2 71.0±0A 6.3±0.2

Coarse II.O±O.I 56±1 IO.6±0.1 71.9±1.4 5.9±0.2
autoclavcd

Soaked 1O.7±0.1 59±4 IO.4±0.I 75.9±0.6 5.8±0.1
autoclavt'<!

Debrannt'<! IO.O±O.1 56±2 9.7±0.1 78.7±0.5 4.3±0.2
autoclaved

Dry autoclavt-d 10.9±0.I 54±2 10A±0. I 54.6±0.8 6.0±0.3

Germinated II.O±O.l 63±3 IO.5±0.1 85.9±0.7 6.1±0.0
autoclaved

Bran 14.0±0.1 105±1 13.3±0.1 30.8±0.8 12.3±0.3

SEM ± 0.06 1.5 0.1 0.4 0.1

CD(P<0.05) 0.20 5.0 0.2 1.4 0.4

Values are mean ± SO of 4 repllcaltons
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debrannlng reduced the fat content significantly
(Table 1). which might be due to removal of fat
rich germ along with bran.

In vitro protein digestibility; All the treatments
except coarse grinding Increased the protein digest
ibility significantly (Table 1). Autoclaving of the
treated sample further lmproved the protein digest
ibility and the maxlmum effect was observed on
autoclaving of germinated seeds. Bran had the
lowest value for protein digestibility (30.8±O.8%l).

Increased protein digestibility on soaking may
be due to leaching of phyUc acid and polyphenols
In water. Polyphenols can form complex with
dietary proteins. reducing their digestibility and
hence protein quality. Soaking might have led to
activation of certain enzymes. resulting in degra
dation of high molecular weight proteins to lower
units. Improved protein digestibility on debranning
may be due to removal of antinutrlents. which
hinder the protein digestibility with bran. Activation
of phytase and proteolytic enzymes dUring germi
nation may be responsible for increased protein
digestibility. The improved protein digestibility on
autoclaving may be due to breakdown/reduction of
antlnutnents. particularly phytate and slight alter
ation and degradation of high molecular weight
protein are due to activation of enzymes.

Debranning caused a Significant Increase In
starch (Table 2). On the contrary. all other treat
ments except coarse grinding led to a reduction of
starch content. Autoclaving of the treated samples
caused a further decrease In starch content and
the lowest amount (41.9%) was observed in ger
minated autoclaved samples. Autoclaved samples
also differed significantly among themselves wilh
regard to starch. The Increase in starch on debran
ning Is due to removal of bran. which had small
amount of starch (6.8%). Reduction of starch
content caused by soaking and germination may
be due to activation of amylase during these treat
ments. resulting In the hydrolysis of starch. Also.
during autoclaving. there Is starch breakdown.

Coarse grinding. soaking and debrannlng did
not affect the total soluble sugars and reducing
sugars significantly. whereas non-reduCing sugars
decreased (Table 2). On the other hand. germi
nation caused a significant elevation In these
sugars. Autoclavlng of treated samples resulted in
Improvement of total sugars and their components
with a minimum increase In dry autoclaved and
maximum In germinated autoclaved samples.
Non-reducing sugars decreased after autoclaving of
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TABLE 2. EFFECT OF PROCESSING ON STARCH. TOTAL SOLUBLE SUGARS. REDUCING SUGARS, NON-REDliCING SUGARS,
STARCH DIGESTIBILm' OF PEARL MILlET (ON DRY MATTER BASIS)

Treatments Starch. Total Reducing Non- Starch
% soluble sugars. % reducing dtgestibllity,

sugars. % sugars. % mg maltose/g

FInely ground 63.8~1.7 1.99±O.45 O.41~O.02 1.58~0.02 13.0±0.5

Coarsely ground 63.5±O.8 1.92~O.46 0.41±0.03 1.5O±0.03 12.5±0.6

Soaked 59.4~2.1 1.65±O.38 O.~O.O4 1.28±0.04 18.9±1.I

Debranned 72.9±O.4 1.9O±0.1l 0.39%0.04 1.51%0.04 18.3±1.I

Genninated 46.O±1.I 12.78±O.39 0.59~0.04 12.18%0.04 35.4%1.9

FIne aulDclaved 54.1±2.2 4.5O±0.36 1.86%0.09 2.63%0.09 24.3%1.3

Coarse aulDclaved 54.7~2.7 4.46%0.31 1.88%0.03 2.58%0.03 23.7±0.8

Soaked autoclaved 44.~1.2 5.13±O.31 2.12~0.05 3.00±0.05 31.3%1.3

Debranned aulDclaved 51.~1.6 4.92%0.15 1.87%0.01 3.05%0.01 33.7±1.2

Dry aUlDclaved 57.9~2.3 2.6O±0.42 0.72%0.07 1.88±0.07 13.7±1.5

Genninated autoclaved 41.9%1.3 15.17%0.52 8.91±0.04 6.25%0.04 53.8%1.8

Bran 6.8~1.0 2.01~0.42 0.42%0.04 1.58%0.04 2.8±0.3

SEM ~ 0.09 0.20 0.02 0.02 0.6

CD(P<O.05) 2.8 0.66 0.08 0.08 2.1

Values are mean ~ SD of 4 detenninations

genninated sample, but Increased In all the other
treatments. SIgn.tficant Increases In sugars on
gennination can be attributed to activation of
amylase enzyme, which hydrolyses the starch and
Increases the concentration of different sugars.
Further Improvement In the contents of sugars on
autoclavtng may be due to heat degradation of
starch and release of sugars. Lower values In dry
autoclaved samples may be due to lesser hydroly
sis/degradation of starch for want of water. These
findings are In conflrmlty with those of earlier
workers (Khetarpaul and Chauhan 1991: Agarwal
1992).

In vitro starch digestibility : In general, the
starch dlgestibillty was very low In all the treat
ments except coarse grinding Increased In Signifi
cantly (Table 2). Autoclavtng of the treated samples
Improved the starch digestibility stgn1flcantly. Dry
autoclaved sample had almost the same starch
digestibility as that of control, indicating that dry
heat Is not effective In increasing the starch
digestibility.

Higher values of starch digestibility on soaking
may be due to leaching of antinutrtents like phytic
acid and polyphenols, which inhibit (X-amylase
enzymas. Similarly, debrannlng removes the
antinutrlents with bran and hence Improves the
starch digestibility. Enhanced digestibility on ger
mination can be due to activation of amylase. which
accelerates the hydrolysis of starch. Boralkar and
Reddy (1985) have also reported that activation of

amylases Is responSible for improvement of starch I

digestibility durtng germination. Furlher improve
ment In starch digestibility on autoc1avlng may be
due to rupturing of starch granules. which facilitate
the amylolyUc hydrolysis and thus Increase starch
digestibility.
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Frying in Fats - Nature of Fats after Use
and Fats Absorbed
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Acid value and peroxlde value of desl ghee. 00lU1Spati, sunflower. muslard and groundnut otis before and after
making purees were determined. These values both for residual fats and extracted fats were within the acceptable
range. After frytng purees, high peroxide values were found In sunllower otl and high acid values in desi ghee and
vanaspa1L

Keyword.: Acid value. Peroxide value. Wheat flour. Dengalgram dhaI, FatS/Oils.

Fats/oils used for cooking undergo certain
undesirable changes. Sebedio and Grandiglard (1989)
reported that on cooking or frying. polyunsaturated
fatty acids underwent transformations such as
oxidation. polymerization and cycIlzation. Kotwal et
aI (1993) showed increases In acid value and
peroxide value of gt'oundnut oil on heating. Heated
oils are poorly absorbed and can produce tumours
(Artman 1969). Thus. severe decomposition of
frying oils not only adversely affects the nutritional
quality of the fried food products. but could also
pose a potential hazard to human health (Huang
et aI. 1988). It is. therefore. of interest to study
the quality of various heated fats/oils and the
products prepared after frying in oils.

In the present study. five fats/oils viz.. sun
flower all. mustard oil. groundnut oil. vanaspati
and desi ghee were procured from the local market
and used for preparing commonly consumed prod
ucts from wheat flour and Bengalgram dhal. Three
products were prepared from wheat flour namely
chapat~ puree and parantha.. Chapatis were made
from a soft dough of wheat flour 0,1 a hot iron
plate without using any fat. Puree and parantha
were prepared from wheat flour using all five fats/
oils. Purees were deep-fried In a pan after rolling
whereas paranthas were shallow-fried on a hot iron
plate. Three products were prepared from Bengal
gram dhall.e.. balled dhal. boiled and sauteed dhal
and deep-fried dhal. Balled dhal was prepared by
boiling in water till done. For sauteing. each of the
five oils/fats were used to fry finely chopped onions.
tomatoes and cumin seeds and this fried mass was
then added to the boiled dhaL For the preparation
of deep fried dhal. raw Bengalgram dhal was soaked
in water for 1 h. excess water drained off. the dhal
dried in air at room temperature for 10 min and
deep-fried in each of the oils/fats.
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The various products prepared from wheat
flour and Bengalgram dhal were dried at 60± 1°C.
finely ground and sieved through a 60 mesh. Total
lipids were extracted in chloroform: methanol: 2: 1.
(Folch et aI. 1957). Peroxide value and acid value
of extracted lipids were esttmated. follOWing AOAC
(1980) methods. Leftover oils/fats before and after
making 15 purees were also analyzed for the above
parameters. All samples were analyzed in triplicate.
The results for the two wheat products and for the
two dhal products. were statistically analyzed.
using the t-test (Walter 1955). The data on acid
value and peroxide value of various oils used before
and after cooking and of the oils extracted from
various raw and cooked foods are presented in
Table 1. The acid values of oils/fats employed
ranged between 0.28-0.95mg/g with the highest
value for groundnut oil. The acid value of all the
fats increased after frying and was maximum for
desi ghee (1.79 mg/g). followed by vanaspati (1.5
mg/g). a 3- to 5- fold Increase. In the other three
fats. the increase In acid value was less than 1.5
times. However. the acid values of all these fats
before and even after cooking were within the
acceptable range of 0.8-6.0 mg/g. as reported by
Weiss (1983). Similar findings were reported by
Kotwal et al (1993) for groundnut and mahua oils
on heating and frying.

Peroxide value of heated oils/fats Increased
significantly (P<0.05) and was maximum for sun
flower oil both before and after heating. Kotwal et
al (1993) also noted an increase in the peroxide
value of groundnut 011 after making a commercial
snack.

The fats present were extracted from raw
wheat flour. chapati and raw and boiled BengaIgram
dhal. None of these fats showed any acid value or
peroxide value. The acid value of fats extracted from
purees (1.12-1.70 mg/g) fried In different oils was
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Oils extracted from
Bengalgram dhal products

Acid value, Peroxide value,
mgtg mcq/ IOOg

Boiled and sauteed dhal

0.84 0.15

1.12 0.10
1.12 0.20
1.12 0.05
1.12 0.10

Deep-frt<.'<1 dhal
1.12 0.55

1.14 0.45
1.40 0.35
1.60 0.30

1.60 0.20

2.81' 4.61"

0.50
0.40
0.45
0.40
0.20

0.90

0.50
0.50
0.50

0.30

1.60""

Parantha

Oils extracted from
wheat flour products

1.68
1.12
1.40
1.70
1.24

2.13

1.40
1.68
2.17

1.78

2.29'

Acid value, Peroxide value,
mgtg mcq/ IOOg

Purees

Peroxide value,
mcq/IOOg

Ilcfore frytng

0.25
0.05
0.05
0.05
0.10

Mter frytng
0.42
0.10
0.18
0.15

0.25

2.40'

0.39

0.50
1.40
1.51
1.79

4.10"

0.28
0.39
0.95
0.28
0.56

Acid value,
mg/g

Sunflower oil
Mustard oil
Groundnut oil
VlIIUlSpati

/Jest ghee

t-value

Fats/oils

TABLE 1. ACID VALUE AND PEROXIDE VALUE OF DIFFERENT OILS/FATS AND PRODUCTS m' WHEAT FLOUR AND IJENGALGRAM
DHAL PREPARED IN THEM

Oils/fats employed

Sunflower oil
Mustard oil
Groundnut 011

,VlIIUlSpati

/Jest ghee

In wheat flour, raw Bengalgram dhal and boll<.'<1 Bengalgram clhal. no actd value or peroxIde value was detecled.

Each value is a mean of trtplicate analysis

'Slgnlfieant at P<0.05, "Significant at P<O.OI and NS Non-slgnlflcant differences betwccn treatments

lower than that of parantha (1.40-2.70 mg/g), while
the acid value of fats absorbed by sauteed dhal
(0,84-1.12 mg/g) was lower (P<0.051 than those
present In deep-flied dhal (1.12-1.60 mg/g). The
acid value of fats absorbed by puree. parantha.
sauteed and flied dhal was maximum, when made
In vanaspati and desi ghee. Least acid value was
observed, when made with mustard oil for the two
wheat preparations and with sunflower oil for the
two dhal products. All the values were within the
acceptable range of 0.8-6.0. as reported by Weiss
(1983). Similar results were reported by Kotwal et
aI (1993), where the acid values of raw. heated and
fried groundnut oil were 1.02. 7.04 and 5.72, and
those of mahua oil were 7.10. 15.83 and 12.0.
Thus, the acid value of an oil used for frying is
lower than that of heated 011.

The peroxide value of the fats extracted from
puree and paraniha ranged from 0.2-0.5 and 0.3
0.9 rneq/l00g. respectively. indicating higher val
ues of the fats in parantha compared to puree
prepared in the same oil. Similarly. the peroxide
value of the fats in flied dhal (0.20-0.55 meq/lOOgl
was higher than that of the sauteed dhal 10.05 
0.20 rneq/lOOg). Highest peroxide value was ob
served in sunflower oil preparations followed by
groundnut oil. Least value was observed, when
prepared in desi ghee. Kotwal et al (I993) reported
that peroxide values of raw, heated and fried
mahua oil were 0.25. 0.77 and 0.69 meq/lOO g,
indicating that peroxide value of flied oil was less

than that for heated oil.

To conclude. while the peroxide value and acid
value of the fats extracted from wheat flour and
Bengalgram dhal products had increased consid
erably, when prepared in various oils and fats, they
were still within the acceptable range. The values
for left over oil used for frying at household level
were also within the acceptable limits, but there
is a possibility of crossing these limits on prolonged
cooking.
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Genotypic Differences in Nutritional Quality of
Sprouted Sorghum (Sorghum bicolori Flour
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The effect of two var1ables viz., genotypic differences and degree of sprouting on the nutritional quality of sprouted
sorghum DOllrwas investigated. The three genotypes viz. 'CSH-S', 'SPIT-881' and 'CSV-13' reglstered significant differences
In dry matter, proximate composition, calcium, Iron, thiamine and rtboOavtn. The sprouted sorghum Dour of all three
genotypes showed slgnlftcantly (P<O.05) lower dry matter, crude protein, crude fat, crude fibre and lolal ash than
control. Changes In crude fat durtng sprouting did not exhtblt any deflnlte trend. Calcium, Iron and thiamine contents
of the genotypes decreased, while rtboOavtn and ascorbic acid Increased slgntl\cantly with the !ncrease In sproul1ng
pertod.

l[eJWOrci. : Nutrient composition, Sorghum, Sproul1ng, Genotypic differences.

Grain sorghum (Sorghwn btcolor (L.) Moench)
Is a crop with poor nutritional quality. Sprouting
of cereals and mUlets has been suggested as a way
to Improve their nutritional quality. Studies on
sprouted sorghum have shown Improvement In
protein quality owing to changes In amino acids
and decrease In tannins on sprouting (Chavan et
al. 1979, 1981; Wu and Wall 1980). Reports on
mineral and vitamin contents of sprouted sorghum
are also available. but some of them show contra
dictory findings (Aucamp et al, 1961; Malleshl and
Deslkachar 1986), The nutrient composition and
dry matter losses dUring sprouting are affected by
several factors including conditions during sprout
Ing and degree of sprouting. The present study.
therefore. was undertaken to study the effect of two
variables viz., genotypiC differences and degree of
sprouting on proximate composition, minerals and
vitamins of sprouted sorghum flour.

Three sorghum genotypes viz., 'CSH-5', 'CSV
13' and 'SPV-881, grown dUring kharlf season
under the similar agrocllmatic conditions were
obtained from the Department of Plant Breeding,
College of Agriculture of the University. The grains
after soaking In water for 20 h at 25:!:2'C were
sprouted for varying periods, viz., O. 24, 48 and
72 h, The samples were washed In running tap
water thrice a day to prevent mould growth (Taur
et al. 1984). The whole sprouted seedlings were
dried at 50" C for 16-18 h In an air oven and
brushed to remove rootlets. The seedlings were
ground to 60 mesh and stored at 4"C. Whole grain
samples ground to 60 mesh were taken as control.
The samples were analyzed for proximate compo
sition (AACC 1962), dry matter loss (Bhlse et al.
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1988). minerals viz.• calcium and Iron (AOAC 1975)
and vitamins viz., thiamine (AOAC 1976) riboflavin
and ascorbic acid (AACC 1962) In three replicates
each. The data collected were analyzed statistically
by two way ANOVA (Snedecor and Cochran 1967).

The results indicate that all three genotypes
viz,. 'CSH-5', 'SPV-881' and 'CSV-13' diJIered sig
nificantly (P<0.05) with regard to dry matter loss.
TIle dry matter loss Increased with the Increase In
sprouting pertod due to Increased metabolic activity
(Chavan and Kadam 1989). The notable findingS
of proximate composition are Significant diJIerences
In moisture content, crude protein. crude fibre.
crude fat and total ash contents between control
(raw) and sprouted sorghum flour (Table 1). The
ash contents of all three genotypes decreased
slgnlflcantly after steeping for 20 h and then
Increased significantly on sprouting for 72 h. An
Increase In ash content is considered to be appar
ently caused by the loss of starch. while a decrease
can be attributed to leaching losses durtng soaking
and rinsing (Chavan and Kadam 1989: Wu and
Wall 1980), The mean crude fibre of sprouted grain
flour of 'CSV-13' was significantly higher than
'CSH-5' and 'SPV-881,' though all three genotypes
showed significant decreases on sprouting. Simllar
results have been reported by other workers (BWse
et al. 1988; Wu and Wall 1980). Cell wall degra
dation dUring sprouting lowers crude fibre content
(Glennie 1984). The trend for change In crude fat
content of sprouted grain flour In all three geno
types diJIered significantly from each other. But,
the total crude fat In sprouted sorghum flour was
slgnlflcantly lower than control In all three geno
types. Wu and Wall (1980) could not find a definite
trend In change of lipids during sprouting of
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TABLE 1. DRY MATTER WSS AND PROXIMATE COMPOSmON OF STEEPED AND SPROUTED SORGHUM FWUR OF TIiREE
GENOTYPES

Sprouting period. h

24 48 72

6.19 8.24 13.43
6.14 7.61 13.50
4.74 7.73 13.55

5.98 6.16 7.05
5.76 6.21 7.21
5.81 6.05 6.91

1.44 1.47 1.49
1.47 1.45 1.43
1.42 1.43 1.37

1.48 1.41 1.17
1.42 1.40 1.27
1.75 1.68 1.63

3.48 2.87 3.33
3.75 3.70 3.44
3.86 3.33 3.00

10.85 10.53 10.33
10.60 10.32 10.23
10.33 10.20 10.18

5.40
5.35
5.45

1.38
1.23
1.24

1.59
1.60
1.89

2.94
3.59
3.77

10.54
10.12
9.97

CD. between treatments

.... CD. 0.04. CD. 0.05

..... CO, 0.15. CD. 0.20

...... CD. 0.08 CD. 0.11

Steeping period. h

20

10.50
10.38
10.18

2.60
2.14
2.11

1.67
1.69
1.93

4.08
4.83
4.03

11.60
11.21
10.90

ControlGenotype

'CSH-5'
'SPV-88 I'
'CSV-13'

'CSH-5'
'SPV-88\'
'CSV-13'

'CSH-5'
'SPV-88 I'
'CSV-13'

'CSH-5'
'SPV-881'
'CSV-13'

'CSH-5'
'SPV-88 I'
'CSV-13'

'CSH-5'
'SPV-88 I'
'CSV-13'

CO, between genotypes.

• CO, 0.13. CD. 0.13

.. CO, 0.17. CD. 0.22

... CD, 0.01 CD. 0.02

Moisture". %

Dry mailer loss. %

Crude fibre..... %

Crude fat·····. %

Crude protein······. %

Charactertstlc

Total ash·... %

sorghum grains. Steeping of grains for 20 h caused
significant decrease In crude protein from control
and then subsequent sprouting for 24 h caused
slgnlflcant Increase followed by decrease upto 72h
In crude protein In all three genotypes. Loss In dry
weight (carbohydrates) dUring sprouting may show
apparent Increase In protein, while loss of low
molecular weight nitrogenous compounds dUring

soaking and rinsing of grains causes decrease In
crude protein on sprouting (Chavan and Kadam
1989).

The data on minerals and vitamins presented
In Table 2 show that calcium and Iron contents
of 'CSH-5', 'SPV-881' and 'CSV-13' differed
significantly from each other Initially and on
sprouting after 24 h. The significant decrease In

TABLE 2. MINERAL AND VITAMIN CONTENTS OF STEEPED AND SPROUTED SORGHUM FWUR OF TIiREE GENOTYPES

Steeping period. h Sprouting pertod. h

Nutr1en~ mgIl00g Genotype Control 20 24 48 72

Calcium' 'CSH-5' 46.54 46.63 45.14 38.77 37.17
'SPV-88 I' 44.21 45.42 42.70 38.75 37.11
'CSV-13' 38.31 39.07 37.66 35.06 32.26

Iron" 'CSH-5' 9.25 8.29 7.72 6.55 5.29
'SPV-88 I' 8.67 7.72 5.69 4.66 3.97
'CSV-13' 8.18 5.42 4.78 4.11 3.41

Th1am1ne'" 'CSH-5' 0.59 0.58 0.56 0.50 0.46
'SPV-881' 0.45 0.37 0.32 0.28 0.25
'CSV-13' 0.37 0.26 0.18 0.16 0.14

Rlboflavtn.... ·CSH··5· 0.09 0.14 0.20 0.25 0.37
'SPV-881' 0.08 0.09 0.13 0.21 0.33
'CSV-13' 0.12 0.13 0.19 0.24 0.35

Ascorbtc actd..••• 'CSH-5' 0.00 0.80 2.13 4.20 5.20
'SPV-881' 0.00 0.80 2.46 4.20 4.60
'CSV-13' 0.00 1.60 3.53 4.00 5.00

CD, between genotypes. CD. between treatments

• CD, 1.46, CD. 1.89

•• COl 0.17• CD, 0.21
••• COl 0.01. CD. 0.02

.... COl 0.01. CD, 0.02
••••• CDI 0.36 CD. 0.47
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calcium and Iron observed with corresponding
Increase In sprouting period Is attributed to leach
ing losses (Chavan and Kadam 1989).

The notable findings regarding vitamin content
of sprouted sorghum flour are: significant decrease
In thiamine. significant Increases In riboflavin and
ascorbic acid contents. TI1iamlne contents in all
three genotypes In control as well as In sprouted
samples differed Significantly from each other. The
reason for the observed decrease appears to be the
partial destruction of thiamine on drying of the
sprouted grains at 5O"C for 18 h. Malleshl and
Desikachar (1986) have also observed lower thia
mine In germinated sorghum than ungerminated
grains. The highest Increase In riboflavin has been
observed In 'CSH-5'. Riboflavin contents of steeped
and sprouted flours of 'CSH-5' and 'CSV-13' did
not differ significantly. while 'SPV-881' differed
significantly. Increase In riboflavin of sorghum has
been observed by Aucamp et al (1961). The ascorbic
acid has been found to Increase continuously and
significantly with progressive sprouting of grains In
all three genotypes. The present study Indicates
that genotypiC differences Significantly affect the
nutritional quality of sprouted sorghum flour.
Sprouting of grains for different periods also showed
variations In nutritional quality.
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Proximate Composition of Edible Blue Crab
Callinectus sapidus

ENOMFON J. AKPAN

Department of Chemistry and Biochemistry.
University of Uyo. Uyo. Akwa Ibom State. Nigeria.

The proximate composition of edible blue crab Callinectus sopidus was evaluated. The results revealed that blue
crab was high In moisture content (78.60gI loog wet weight). Crude protein. crude tat. ash. crude fibre and earbohydmte
contents of eampacc were 54.20. 5.40, 25.06. 8.80 for edible portion and 27.82. 3.80, 50.20. 15.36 and 2.82g/ dry
matter, respccUvcly. Elemental analysis showed that blue emb was rich In calcium. phosphorus, magnesium. sodium.
potassium. manganese, zinc and iron. The potential of C. sopidus as a cheap source of animal nullients is discussed.

Keyword. : Callinectus sapidus, Proximate eomposlUon, Nullitive value. AnImal proteins, Minerals.
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TABLE I. PROXIMATE AND MINERAL COMPOSITION (g/lOOg
DM)OF C. SAPIDUS

Constituent Edible portion

Moislure (wet weight) 48.80±0.001

Crude fat 5.4O±0.05

Crude proteins 54.20±0.04

Crude fibre 8.80±0.04

Ash 25.06±0.01

Carbohydrates 6.6O±0.14

Mlnerala

Calcium

Magnesium

Sodium

potassium were determined with a flame photom
eter (Jenway PF7 flame photometer. Essex. UK),
while other mineral elements were determined
using an atomic absorption spectrophotometer (AAS)

Unicam Analytical System. model 919 Cambridge.
UK) (AGAC 1980). All analyses were done in
triplicate and the mean values are presented.

Table I shows the proximate composition of C.
sapidus. The protein content was higher in the
edible portion of C. sapidus. The crude protein
value (54.20g/loog dry matter) was comparable
with the values obtained for snail (Vivapara quadratc4
63.3g/l00g dry matter (OM). periwinkle
(Pachymelania byronensis) (55.0g/l00g OM).
crayfish (Paramonetes varians) (69.4g/loog OM).
whole smoked fish (ChrysiChthys spp) (70.4g/loog
OM), (Mba 1980). Limicolaria aurora (51.4g/loog

Seafoods are known to be potential sources
of calories. proteins. fats and olls. essential amino
acids. minerals and small amounts of carbohy
drates. Crab meat Is cIasstfied as a speciality food
that adds variety to the diets and is always very
high in proteins.

Ca!linectus sapidus (Eflk: [saba. Class:
Malacostrata. Family: Portunidae) is the common
edible blue crab of the Atlantic Coast and many
livers of the world. It Is used as food by both rural
and urban dwellers in the Atlantic Coast of West
Aflica. They are charatemed by short. flattened and
broad body covered with exoskeleton (carapace) of
about 14 em by width and 15-18 cm in length.
This communication deSCribes the nutritive value
and mineral content of edible portion and carapace
of C. sapidus.

Live samples of C sapidus were bought from
James Town beach in Mbo Local Government Area
of Akwa Ibom State. The samples were steeped in
hot distilled water at a temperature of 60' C for
5min to remove all dirt. They were dried in an air
drought oven (Gallen Kamp) at 60'C for 72 h.

The dried samples were then separated into
two portions (the edible portion and carapace) and
were ml1led separately Into homgeneous fine pow
der, passed through a 300 mesh sieve and stored
in air-tight containers in a refrigerator. until used
for analysis.

Proximate composition was determined by the
standard methods (AGAC 1980). A know amount
of the dry powdered sample was ashed at 600C
in a mume furnace for 4h. The ash was dissolved
in 6M HCI solution and used for the determlnaton
of mineral elements and toxic substances. Phos
phorus was determined by the molybdovanadate
colotimetric method of Vogel (1969). Sodium and
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OM) (Udoh et al. 1995), hen's egg (50.0g/1oog OM)
(Paul et aI. 1976), clam (Egrerla radlata) 6O.1g/
100g OM ()fon and Umoh 1987) and those of other
seafoods (Umoh and Basslr 1977). The use of blue
crab In soups and other diets may provide a
satisfactory supply of animal protein for growing
children, pregnant and lactating women. The crude
fat content (5.40g/1oog OM) was hlgher than
correpsondlng values for V quadrata (2.66g/1oog
OM), P. byronensiS (1.3g/loog OM) and P. vartans
spp (1O.1g/loog OM) and hen's egg (36,8g/1oog
OM) (Mba 1980). Olets rich In crab may be
recommended for patients with atheroslerosls,
coronary attacks, nortic artheroma disease because
of Its low fat content (Briggs and Calloway 1979).
The crude fibre content of the carapace was higher
than the edible portion. When compared with other
seafoods, It was higher than those reported for
V. quadrata (0. 14g/1oog OM), P. byronensiS (0.21g/
100g OM), P. vartan.s (4.72g/ 100g OM), Chrysichthys
spp (0.21g/loog OM), hen's egg (0.28g/ DM) (Mba
1980). Oletary fibre is protective against bowel
cancer (Robinson and Lawler 1977) and maintains
an Intestinal distension for normal peristaltic move
ment In the Intestinal tract (Davidson et aI. 1975).
High fibre contents reduce the rate of glucose and
fat absorption (Mottram 1979).

The carbohydrate content and calorie values
were generally low and comparable with the values
reported for fish (Thompson 1966). The ash content
(25.06g/1oog DM) of the edible portion was higher
than (11.8g/loo OM) for P. vartans, 17.9g/1oog
DM for Chrysichthys spp and 5.oog/1oog DM for
V. quadrata (Mba 1980). The high ash content
indicates the high mineral contents of crabs com
pared with other seafoods studied (Mba 1980: )fon
and Umoh 1987).

Mineral composition of C. saptdus Is shown In
Table 2. The levels (mg/1oog DM) of sodium (1616),

potassium (790), calcium (1500), magnesium (630)
and phosphorus (1899) present in the edible
portion of C saptdus were much higher than those
found In Uttorina littorea (Mba 1980) and Vicapara

quadrata (Umoh and Basslr 1977). It is, therefore,
concluded that C saptdus, If consumed In adequate
quantities, may help In alleviating nutrient defi
ciency prevalent In many developing countries.
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Detection of Polychlorinated Biphenyls in Fats

K.M. APPAIAH* AND M.A. SREENIVASA

Food Safety and Analytical Quality Control Laboratory,
Central Food Technological Research Institute, Mysore-570 013, India.

A thin layer chromatographic method of separation and detection of polychlorinated biphenyls (PCB) was developed.
using petroleum ether as developing solvent and 1% orthotolldlne In acetone as spray reagent. As low as 0.1 IJg of
the PCB (1254. 1242. 1260 and 1268) could be extracted by petroleum ether and cleaned up by sulphuric acid method.
DDT. alpha. gamma. beta and delta HCH did not Interfere In the 1LC separation and detection of PCBs from oils
and fats. As low as 0.4 ppm could be detected from oils and fats by using this method.

Keyword. : Fats, PolychlOrinated biphenyls. Detection.

Polychlorinated biphenyls (PCB) have emerged
as potential contamtnants In foods. as they are
present tn considerable amounts In the samples of
fish, butter, margarines, vegetable oils, eggs. beef,
lamb, chicken. bread, biscuits and baby foods.
(Westoo and Noren 1970: Westoo et al. 1971; Mes
et al. 1974). PCBs were found to migrate Into foods
from the packaging material (Westoo et al. 1971).
As a consequence of their chemical stability and
lipid solubility, PCBs are ubiquitous contaminants
which accumulate tn food chatn (Wldmark 1967).
Therefore, the detection and detennlnatlon of PCB
In food commodities have attatned Importance.

Detection of PCB by thtnlayer chromatographic
method, using Flsettn reagent and oxidative
reagents were reporled earlier (Mallet and Frel
1971: Mulhern et al. 1971). These methods were
cumbersome and the colour Is not as stable as the
orthotolidtne method described tn this communl
calion. Several GLC and HPLC methods were also
reported for the determtnation of PCBs. which were
not cost effective and time consuming and could
not be uU1lzed In the large scale. screening of food
materials for the presence of PCBs tn the regulatory
analysis (Schulte and Acker 1974: Berg et al. 1972:
Zltkov et al. 1971: HaJslova et al. 1993: Ahltng and
Jensen 1970: Brinkman et al. 1976).

Silica gel G plates of 0.25 mm thickness were
prepared, activated at l00'C for 30 min and
allowed to cool to room temperature. Stock solution
(10 ppm) of Individual PCBs (1254, 1242, 1260 and
1268) were prepared tn petroleum ether and aliquots
contatntng 0.05. 0.1, 0.5, 1.0, 2.5, 5.0, 7.5 and
10 llg were spotted on TLC plates. The plates were
developed tn petroleum ether upto 15 cm height.
air-dried and sprayed with 1% orihotolidtne tn
acetone and exposed to sunlight for 5 mtn. Another
experiment was conducted to find out the

• Corresponding Author
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tnterference of PCBs with DDT and HCH isomers.
PCBs (1254. 1242. 1260, 1268) were spotted at
O.I11g level on TLC plate along with 5 pg each of
pp DDT, op DDT, alpha. gamma, beta and delta
HCH and mixtures of PCBs with DDT and HCH.
The plate was developed and sprayed as mentioned
earlier.

Groundnut oil and ghee samples were spiked
with PCBs at 1 to 5 ppm levels (PCB 1254, 1242.
1260 and 1268). Samples (5g) of oil and ghee
contalntng 1 to 5 pg/g of PCBs were taken tn
separate beakers (representing 1 to 5 pg of PCB
tn oil and fat) and dissolved in 40 ml petroleum
ether. The petroleum either extracts of PCBs were
transferred to glass columns of 30 cm length and
2.5 cm dia and cleaned up by sulphUriC acid as
described by Kapoor et al (1981). The cleaned up
extract was concentrated in a vacuum evaporator
to 1 ml and transferred to 10 ml beakers. The
extracts were further concentrated to 20-30 pi and
spotted on TLC plates along with PCB. DDT and
HCH standards. The plate was developed in petro
leum ether and sprayed with orthotolidine.

PCBs at levels of 0.1pg and above developed
dark blue coloured spots. While DDT and HCH
isomers developed blue spots. The Rf values of
PCBs op-DDT, pp DDT. and alpha, gamma, beta,
delta isomers of HCH were 0.97, 0.92, 0.86, 0.4,
0.25, 0.18 and 0.06, respectively. PCBs at 2 pg/
5 g oil and ghee samples spiked with PCBs (2 pg/
5 g) showed blue coloured spots at 0.4 ppm level.

The TLC described above for the detection of
PCBs from oils and ghee showed that DDT and HCH
did not interfere in the separation and detection of
PCBs. All the PCBs (1254, 1242, 1260 and 1268)
moved along with the solvent front and gave a single
spot. Although this TLC method cannot be used for
the separation of individual PCBs. the method could
be tried for the rapid screentng of fat samples for the
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presence of PCBs and other organochlOrine Insecti
cIdes indIcated above (DDT, BHC). Thts method
could detect as low as O.IJ.1g of PCB In techntcal
grade matertals and 0.4 ppm resIdue In otIs and
fats. As the detection ltmtt of PCBs from thts TLC
method Is below the tolerance ltmtt of FAO/WHO
(1.5 ppm) for dairy products. the method Is useful In
rapId screentng of samples under regulatory analy
sts. The samples. whIch are posItive to thIs test.
should be subjected to quantitative determination
by the standard GLC or HPLC methods. Thts method
helps In quIckly screenIng the samples for the
presence of PCBs. .
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Development of p-carotene-rich Extruded Maize Product
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Extrusion technology was used to develop an extruded product wlth maize. ~-carolene-t1ch vegetables Uke carrot.
and curry leaves were dehydrated to powders and Incorporated at various levels In the extruded product. Red palm
oU, another rich natural ~-carotene source was also Incorporated by blendlng groundnut oil at different ratios. In
the sensory evaluation tests conducted, the products prepared wlth 30% curry leaf powder and 30% carrot powder
scored high, The extruded maize product prepared wlth 30:70 oil blend of red palm oil: and groundnut oil were better
accepled than 50:50 of the respective blend, Thc chemical analysIs of the exper1mental products at 30% lncorporallon
of curry leaf powder and 30% Incorporation of carrot powder showed energy (Kcal). proleln (Nx6.25g) fat (g),
II-carotene (mg) contents of 474. 12.7. 10.7. 5.7 and 483, 11.9. 10.2. 9.8 per 100g product, respectively. Simllary.
products prepared wlth 30:70 oU blend of red palm oil and groundnut oil wlth 30% curry leaf powder incorporation
and 30:70 oil blend of red palm oil and groundnut oil wlth 30% carrot powder Incorporallon showed energy (Kcall,
protein (Nx6.25g]. fat (g) II-carotene (mg) 469. 13. 10.9, 7.7 and 481. 11.2. 10.2, 11.0, respectively. The experimental
products were stored in hIgh dcnslty polyethylene hags for 4 weeks at a temperature of 38.2 ·C and relallve hUmidity
of 56%. The stabllity of the expet1mental products In terms of proxlmates and ~-carolene showed a decreasIng trend.
The mean % storage losses of calories. proteins, fat and II-carotene were 4.7. 17.6.4.2 and 15.6. Overall. the extruded
maize product Incorporated wlth curry leaves and carrots (30%) and red palm aU blend wlth groundnut oil (30:70)
were organoleptically acceptable and the retention of proxlmates and II-carotene was found satisfactory.

Keyword. : II-carotene, Exlruslon cookIng. Curry leaf, Carrot. Red palm oil, Supplementation.

Increasing number of studies have revealed the
protective role of p-carotene against cancers and
coronary heart diseases (Cindy et al. 1992).
p-carotene is an important precursor of vitamin A.
Low level of consumption of vitamin A has been
shown to be the primary cause of nlght blindness.
Pre-school children are more prone to Vitamin A
deficiency symptoms. as the rate of consumptlon
of vitamin A or p-carotene-r1ch foods In their diet
is low (Vitamin A report 1989). Besides. this
vitamin Is subjected to destructlon during process
ing. The processing losses of this vitamin are
estlmated to be as high as 75% (Onayaml and
Badlfu 1987). The disadvantage In processing of
carotene-rich foods can be eliminated by applica
tion of extrusion method (Ulrich 1994). Recent
studies Indicated the use of carrots (Lilian et al.
1992) and red palm oU (Manorama 1992) as a
source of p-carotene. Curry leaf is also a rich
source of carotene. but has not been explOited for
Its p-carotene content tlll now. Attempts have been
made to develop an extruded maize product. using
these p-carotene sources and evaluate Its nutrient
contents. shelf life and the sensory quality. The
results are presented In this communicatlon.

Procurement and processing of raw materials:
Samples of maize procured from local markets were
cleaned. washed and milled to semolina to pass

• Corresponding Author: I Present Address: Plot No. /76, LB.,
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through a BS 30 sieve (500 ll). Curry leaves and
carrots also purchased from local market were
washed. shade-dried for 6-7 days and powdered to
pass through a BS 60 sieve (250 ll). Crude red palm
oU was obtained from Central Plantatlon Crops
Research Instltute, Palade. Thlruvananthapuram.
Standard brands of doub1e-renned groundnut oil,
pepper and salt were procured from a local depart
mental store.

Extrusion process: The extrusion processing
was done according to standard methods (Asp and
Bjorck 1983). Maize grits were moistened. using
water at a level of 4 m1 per 100 g and mixed
homogenously. The mix was passed through a
collet extruder. having Internal temperature and
pressure of 160-180'C and 20-40 atmospheres,
respectively. The final product obtained was long
and oval-shaped. The extrudate was passed into
a mixing chamber. wherein a seasoning mix.
comprising curry leaf powder (30 g) or carrot
powder (30 g), pepper (0.05 g). salt (0.15 g) were
added per loog product. Oil spraying was done at
a rate of 8 m1 per loog of product and thoroughly
mixed to ensure proper coatlng of the seasoning
on products. The products were then passed
through a heatlng chamber. The warm temperature
(40-45°C) of the heating chamber aided In removing
the remaining moisture In the products and thus
made the product crisp. The product was then
packed In high density polyethylene bags and
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TABLE I. SCORE CARD FOR THE EXTRUDED MAIZE
PRODUCT

Score Detennlnant

Tute

5 Balanced and highly acceptable

4 Slightly pungent

3 Too spk'Y

2 Pungent

I Bland

na"our
5 Balanced and acceptable

4 Good
3 Slightly strong

2 Strong
I Bland

Tenure

5 Highly crtsP
4 Slightly crisp

3 Slightly hard

2 Slightly soft

I Hard/soft

Colour and appearance

5 AttracUve

4 Satisfactory

3 Dull/light

2 Patchy

I Dark

OYerall acceplablUty

5 Highly acceptable

4 Moderately acceptable

3 Acceptable

2 Slightly acceptable

I Not acceptable

sealed. These bags were stored at room temperature
and humidity for 4 weeks. The fresh and stored
experi-mental products were judged organolepti
cally by a panel consisting of 10 members. The

attributes were ranked on a 5-point Hedonic scale
(Table 1). The fresh products. which obtained the
highest total score. when served to panel. were
given ad libitum to children of 2 1/2-3 years age
for general acceptance of the product as a snack
item.

Chemical analysis: Fresh and stored samples
were estimated for energy. protein and fat contents
as per standard procedures (AOAC 1975). Analysis
of ~-carotene was carried out by HPLC (Shimadzu.
model 6Al on a C 15 bondapak column using UV
detector as per the methodology. described by Tan
et al (1976).

Sensory attributes such as taste. flavour.
texture. colour and appearance and overall accept
ability were tested. using analySiS of variance
between fresh and stored products.

Products with supplementation (30%) of curry
leaf powder (CLP) and carrot powder (CP) were
accepted highly by the sensory panel as well as
pre-school children. The proximate composition of
the control (no supplementation) and supplemented
products with curry leaf powder (CLP) and carrot
powder (CP) at 300!o level is given in Table 2. Data
revealed that the energy content of the products
(387-483 Kcal/ l00g) would fulfil one-third of the
recommended daily allowance (RDA) for pre-school
children of ~-carotene and can partially contribute
towards the maintenance level of protein (ICMR
1992) of the pre-school children.

Carotenoid content: Analysis of the products for
carotenoid content (Table 2) revealed that these
products would provide nearly two-thirds of the
RDA of ~-carotene for pre-school children (ICMR
1992). The average ~-carotene content in the

TABLE 2. COMPOsmON OF THE FRESH AND SfORED MAIZE PRODUCT (pER 100 g ON FRESH WEIGHT BASIS)

C C-CLP C-CP R R-CLP R-CP

Energy. Fresh 387.1 474.0 483.0 386.3 469.9 481.4

Kcal Stored 380.1 473.3 482.8 387.1 468.0 480.0

Protetn. g Fresh 9.0 12.7 11.9 9.2 13.0 11.2

Nx6.25 Stored 8.9 10.5 10.0 9.0 12.8 9.5

Fat. g Fresh 9.8 10.7 10.2 10.0 10.9 10.2

Stored 9.5 10.0 9.8 9.2 10.1 9.1

p-earotene. mg Fresh NO 5.7 9.8 2.7 7.7 11.0

Stored NO 5.5 9.0 2.0 7.0 12.1

CLP Curry leaf powder; CP- Carrot powder

C Control product (wtthout tncorporation of CLP or CP)

C-CLP Curry leaf powder Incorporated at 30% level In control

C-CP Carrot powder Incorporated at 30% level In control

R Product prepared using 30:70 011 blend of red palm 011 and groundnut 011

R-ClP 30:70 011 blend and CLP at 30% Incorporation

R-CP 30:70 011 blend and CP at 30% Incorporation
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TABLE 3. PERCENTAGE LOSSES OF PROXIMATES DURING PROCESSING AND STORAGE

Sample

Control

Control + cuny leaf supp

Control + carrot supp

Red palm 011 supp

Red palm 011 + cuny leaf supp

Red palm 011 + carrot supp

P - Processed S - Stored

Energy.

P

5.26

4.41

3.78

5.49

5.47

4.03

Kcal

S

1.81

0.15

0.41

0.21

0.40

0.29

Protein. g (Nx6.25)

P S
18.18 1.11

21.12 17.32

7.75 15.97

21.37 2.17

23.08 1.54

13.85 15.18

Fat. g

P S
3.92 3.06

3.60 6.54

4.67 3.92

1.96 0.04

3.54 7.34

7.27 10.78

~-earotene. rng
P S

9.95 3.51

15.66 8.27

10.10 25.28

17.42 8.98

24.81 7.84

TABLE 4. SENSORY QUALITY OF FRESH AND STORED PRODUCTS

Mean scores

Attrtbute Sample Control CLP CP R-CLP R-CP

Taste Fresh 4.9 4.7 4.8 3.6 4.2

Stored 4.7 4.5 4.7 3.4 4.1
F1avour Fresh 4.8 4.6 4.9 3.8 4.3

Stored 4.3' 3.2 4.1 3.4 3.2
Texture Fresh 4.8 4.7 4.9 4.4 4.4

Stored 4.7 3.6 3.7 4.2 4.1

Colour and Fresh 4.8 4.7 4.9 4.0 4.2

appearance Stored 4.7 4.6 4.8 3.9 3.9
Overall acceptability Fresh 4.9 4.5 4.9 4.4 4.3

Stored 4.6 4.3 4.7 4.1 3.5
, Significantly dtlferent (P<0.05)

CLP Cuny leaf powder Incorporated at 30% level in control

CP Carrot powder Incorporaled at 30% level In control

Control Product without Incorporation of CLP or CP

R-CLP 30:70 011 blend and CLP at 30% Incorporation

R-CP 30:70 011 blend and CP at 30% incorporation

supplemented samples ranged from 5.5 to 12.1
mg%. AnalysiS showed that products made with red
palm oll-carrot powder had higher ~-carotene. whlle
the product made with red pahn oll-cuny leaf
powder had low values. but these values were
slgnlflcantly higher than the control (products
without ingredients).

In addition to the higher p-carotene content.
the supplemented maize products had a desirable
colour. aptey flavour and taste compared to the
control. This Induced the children to accept the
product. better than the' conventional foods being
distributed under supplementary feeding
programmes.

Processing losses: Extrusion processing
resulted only sllghUy but significant losses (P<0.05%
level) of energy. protein. fat. and p-carotene (Table3).

Storage stabUity and sensory quality : Organo
leptic evaluation revealed that the products stored
for 4 weeks were not Significantly different from
freah aamples, except for flavour (Table 4). There
was no Significant change observed In prOldmates

after storage. The loss In p-carotene on storage was
10.2% rrable 3). The retention of the nutrients can
be Increased by proper packaging before storage.

The products developed are useful as good
sources of p-carotene and hence are ideal as supple
mentary foods for pre-school children. Consump
tion of 30g of product made with carrot powder
red pahn oil combination can provide one-third of
a child's RDA of vitamin A at a rate lower (Rs. 0.46)
than conventional supplementary foods supplied by
government agencies (Beaton et al. 1993).
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Antioxygenic Activity of Turmeric (Curcuma Zanga)
in Sunflower OU and Ghee

A.D. SEMWAL, G.K. SHARMA AND S.S. ARYA·

Defence Food Research Laboratory, Mysore-570 Oll, India.

1be anti-or pro-oxygenlc activity of tunnertc. Its fractions extracted ustng various solvents. volat1le oU and curcumtn
were determtned In refined sunllower oil and ghee at 37·C. 1be ground spice and water-soluble fraction of lhe spice
showed antioxygenlc actlvlty. On lhe olher hand. eurcumtn. water tnsoluble fraction. acetone soluble. elhanol soluble
and Insoluble fractions of tunnertc showed moderate pro-oxldant activity. VolatUe oU of tunnertc also exhibited sl1gbt
ant10xygentc activity. a-tocopherol exhibited marginal antioxygenlc effect In ghee. but a combination of a - tocopherol
and curcumtn. showed moderate pro-oxygenic activity.

Keyword.: 1'unnertc, Anti-or pro-oxygenlc activity. Solvent/water fractions. Curcumln, VolatUe 011, a-tocopherol.
Sunllowcr 011. Ghee. Peroxlde value. Thlobarblturtc acid value.

Rancidity resulting from I1pid autoxidation is
the major cause of spoilage dUring storage of dehy
drated convenience foods. A number of synthetic
antioxidants like butylated hydroxy anisole (BHA).
butylated hydroxy toluene, propylgallate and ter
tiary butylated hydroxy quinone are allowed in foods
for extending the shelf life of fatty products. How
ever, in recent years, thetr use in foods has come
under severe criticism. Therefore, the search is on
for natural products that can act as antioxidants
either alone or synergistically with other additives,
to limit the usage of synthetic antioxidants.

Turmeric (Curcuma Zonga) is Widely used as a
colOUring and flaVOUring material in Indian culinary
and It has been found to exert antioxygenic action
In dehydrated rice (Semwal and Arya 1992) lard
(Chtpault et al. 1956). sardine 011 (Revankar and
Sen 1975), oil-in-water emulsions (Chipault et al.
1955) and biological systems (Leela et al. 1992).
Antioxygenic activity of turmeric is generally be
lieved to be due to curcum1n, a major phenolic
constituent of turmeric. However, there is no
systematic study on the antioxygenic activity of
various fractions of turmeric or of curcumin in any
oll or food product. Also, it has been reported that
the antloxygenic activity of tUlmeric varies consid
erably on the nature of substrate and source of
spice (Chipault et al. 1956). In the present study.
the relative antioxygenic potency of various frac
tions of turmeric powder vis-a-vis curcum1n in
refined sunflower oil and ghee is reported.

Materials: Refined sunflower oU and turmeric
tubers were procured from local market. Ghee was
obtained from Mysore Milk DaiI)'. Ethyl alcohol was
d1sti11ed before use. All other chemicals used were
of analytical grade. Turmeric tubers were ground

• ecm,spondlJ1g Author
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in an ultra centrifugal mm (Model Retsch RI, Haan,
Germany), using 1 mm sieve.

Preparation of curcumin: Curcum1n was iso
lated from turmeric powder according to the method
of Janald and Bose (1967). It was further purtfied
by thin layer chromatography on s1lica gel G plate,
using 5% methanol in dichloromethane as devel
oping solvent (Ak1ko et a1. 1992). Curcumin band
was scraped and extracted with acetone. Solvent
was evaporated. using a rotary vacuum evaporator
(Model Superflt PBU-B, Continental Instrument Co.
Bombay) and the reSidue was recrystallized in hot
alcohol. The purtfied curcumin melted at IB2'C and
Its IR and NMR spectra matched with that of pure
curcumin. Commercially avaUable curcumin was
also purified by the same procedure.

Fractionation of tunneric powder: Turmeric
powder (15 g) was extracted with hot disUlled water
(1500 ml) as per the method of Leela et al (1992).
Mter centrtfugation, the aqueous extract was
decolortsed with washed and activated charcoal,
mtered and evaporated to dryness in a rotary
vacuum evaporator. The insoluble residue was
spread in a petri dish and the moisture was allowed
to evaporate at 5O'C. The dried residue was
powdered in a glass mortar and 10 g sample was
packed in a glass column (2.5 x 30 cm) and
sequentially eluted with 500 ml each of petroleum
ether (40-6O"C. boiling range), acetone and ethanol.
Each eluent fraction was separately evaporated.
using rotary vacuum evaporator and preserved at
5°C till used.

Preparation of twmertc volatUe oil: Turmeric
powder (50 g) was steam-distilled and the distillate
(1000 ml) was transferred to a separating funnel.
Aqueous layer was discarded and upper volatile oil
layer was dried over anhydrous sodium sulphate.
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30

0.44

0.35

0.36

0.46

0.45

0.45

0.54

0.45

0.46

0.45

0.49

0.47

0.41

0.40

0.32

0.24

0.26

0.33

0.31

0.32

0.39

0.32

0.33

0.32

0.35

0.34

0.29

0.28

10

TBA·· (rug malonaldehyde/kg)

after Indicated storage

pertod. days

20

0.23

0.18

0.19

0.23

0.23

0.23

.0.27

0.23

0.24

0.23

0.28

0.27

0.21

0.21

TABLE I. EFFECf OF TURMERIC (0.25%1, ns FRACTIONS·, VOLATILE OIL AND CURCUMIN ON PEROXIDE VALUE (PV) AND
1lJIOBABmJRIC ACID VALUE trBAl OF SUNFLOWER OIL SfORED AT 37:t1 'C

Spice and Its fractions pv•• (meq O./kg fat)

after Indicated storage

pertod, days

10 20 30

Control 25.2 43.1 66.8

1\mnertc 20.6 32.6 54.7

Water-soluble extract (decolortsed) 20.9 33.6 55.8

Water Insoluble residue 24.7 49.9 69.2

Petroleum ether soluble extract 24.8 42.7 65.8

Petroleum ether Insoluble extract 25.8 43.7 65.4

Acetone soluble extract 27.5 57.4 77.5

Acetone Insoluble residue 25.2 42.7 66.2

Ethanol soluble extract 26.2 44.9 68.5

Ethanol Insoluble residue 26.6 44.2 66.7

Cormnerclal curcum1n (200 ppm) 27.9 47.1 68.7

Purtfted curcumln (200 ppm) 26.9 45.1 67.4

Volatile oU (200 ppm) 22.7 39.3 59.4

Volatile oU (1000 ppm) 22.5 39.3 59.1

• Spice fractions at 0.25% ground spice equivalent

•• The values are mean of two replicate expertments

Initial peroxide and TBA values were 4.5 and 0.10, respectively

TABLE 2. ANTIOXYGENIC ACfIVITY' OF WRMERIC (0.25%)
ns FRACTIONS·, VOLATILE OIL AND CURCUMIN
IN REFINED SUNFLOWER OIL SfORED AT 37:t1 'C

antloxygenlc activity in refined sunflower oil. Sur
prisingly, acetone-soluble fraction, which contained
curcumin as major constituent as well as pure
curcumin, exhibited a slight pro-oxidant activity.
In order to confirm thiS observation, the antioxygenic
activity of recrystallised curcumin and also that
extracted from turmeric powder was evaluated in
sunflower 011 (fable 1). It Is of interest to note that

Mean:tSD

Turmeric I.25:tO.06

Water-soluble extract (decolortsedl I. 23:tO.05

Water Insoluble residue O.96:tO.08

Petroleum ether soluble extract 1.01 :to.06

Petroleum ether Insoluble residue 1.00:t0.02

Acetone soluble extract O.84:tO.09

Acetone Insoluble residue 1.00:t0.04

Ethanol soluble extract 0.97:tO.OI

Ethanol Insoluble residue 0.97:tO.03

Commercial curcum1n (200 ppm) 0.93:tO.04

Purtfied curcumln (200 ppm) 0.96:tO.03

Volatile 011 (200 ppm) 1.IO:t0.02

Volatile 011 (1000 ppm) 1.12:tO.02

+ Values >I indicate antloxygenlc activity and
< I Indicate pro-oxygenic activity

• Fractions eqUivalent to 0.25% of ground spice

Mean of 3 values after 10. 20 and 30 days

Evaluation ofantioxygenic activity:Antioxygenlc
activity of tunneric powder and its fractions were
evaluated in refined sunflower oU andghee. Samples
(100 g each) of sunflower oil and ghee with and
without 0,25 g of turmeric powder or with an
eqUivalent amount of various turmeric fractions or
200 ppm of curcumin or volatile oil (200 or 1000
ppm) were incubated in 250 ml glass beakers at
37±1°C. Samples (20gl were removed at regular
intervals of 10 or 15 days and analyzed for peroxide
value and thiobarbituric acid value, as per methods
reported earlier (Semwal and Arya 1990).

Antloxygenic activity of turmeric and its frac
tions: Effect of turmeric powder and its various
fractions on the rates of peroxide formation In
sunflower oil is given in Table 1 and the means
of the ratios of the peroxide value of the control
sample to those of treated samples (antloxygenic
activity) after 10, 20 and 30 days are given in Table
2. It is interesting to observe that both turmeric
powder and its decolorised water-soluble fraction
exhibited strong antloxygenic activity. Both perox
ide and TBA values Increased at much slower rate
in sunflower oil samples containing tunneric pow
der and Its water soluble fraction than the ones
containing other turmeric fractions (Table 1). On
the other hand, curcumin and water insoluble
fraction of turmeric as well as acetone-soluble and
insoluble fractions and ethanol-soluble and In
soluble fractions were practically devoid of

Spice and spice extractives Sunflower oU"



IDA", mg malonaldehyde/kg

after Indicated storage
pertod, days

15 30 45 60

0.36 0.38 0.41 0.45

0.30 0.33 0.35 0.38

0.43 0.47 0.51 0.72

0.32 0.35 0.39 0.41

0.50 0.58 0.65 1.30

0.31 0.35 0.36 0.41
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TABLE 3. EFFECT OF WRMERIC (0.25%). ITS EXTRACT". CURCUMIN AND lX-TOCOPHEROL ON lliE PEROXIDE VALUE (PV) AND

lliIOBARBmJRlC ACID VALUE mw IN GHEE STORED AT 37:tl'C

pV", meq O./kg fat

after Indicated storage
period. days

15 30 45 60

Control 1.6 3.2 3.6 4.3

Tunnertc l.l 2.4 2.8 3.1

Cureumln (200 ppm) 2.0 4.6 5.9 7.1

ex - Tocopherol (500 ppm) 1.2 2.9 3.2 3.4

ex - Tocopherol (500 ppm) +
curcumln (200 ppm) 2.0 4.9 7.1 11.4

Water extract 1.2 2.8 3.1 3.4

, Extractives equivalent to 0.25% ground sptce

" Values are mean of two replicate experiments

InItial peroxide values and thlobabtturic acid values were 1.0 and 0.29. respectlvely

both these components exhibited slight pro-exidant
activity in refined sunflower 011. Turmeric volaUle
oil, on the other hand, exhibited slight antioxygenlc
activity at 200 ppm and this activity remained at
same level even at 1000 ppm (Tables 1 and 2).

Because of this unexpected behaviour of
curcumIn and other turmeric fractions, their effect
was evaluated In ghee also. Similar to that observed
In sunflower oil, turmeric powder and Its water
soluble fraction exhibited antioxygenlc actlvlty,
while curcumln exhibited a sllght pro-oxidant
activity in ghee as well (Table 3). It Is interestIng
to note that though a-tocopherol exhibited slight
.antloxygenlc activity In ghee, in combination with
curcumIn, It exhibited mild pro-oxygenic activity
rrable 3). This further confirms the observed effect
of curcumln In sunflower oil. These results reveal
that curcumln does not exert any antioxygenlc
activity In sunflower 011 and ghee and antioxygenlc
activity of turmeric powder Is mainly due to Its
water-soluble fraction. This Is also substantiated
from the fact that when an eqUivalent amount of
water soluble fraction as present In 0.25 g of
turmeric powder was Incorporated In sunflower oil,
their antioxygenlc Indices were practically same
rrable 2). Leela et al (1992) have reported that
water-soluble fraction of turmeric contains maInly
polypeptide, turmerins, which exert strong antioxi
dant effect In model systems of phosphatidy1choline
vesicles, llposomes and human erythrocyte ghosts,

in comparison with BHA and curcumln. In their
study curcumln was also found to exert antioxidant
effect, but in the present study, antioxygenlc
activity of turmeric In sunflower 011 and ghee was
mainly due to water-soluble fraction only. Curcumln,
on the other hand, exerted slight pro-oxidant
activity.
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Post-harvest Loss Assessment of 'Totapurl'
and 'Alphonso' Mangoes
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Survey to assess post-harvest losses of Totapurt' fBangalora') and 'Alphonso' ('Badaml') mangoes In Kamataka
showed a total post-harvest loss of 17,9% (3.5% orchard/fteld. 4.9% transportation, 4,1% storage and 5.4% retail level)
and 14,4% (1.9% orchard/field. 3.7% transportation 3.5% storage and 5.3% retall level) and 14.4% (1.9% orchard/
fteld. 3.7% transportation 3.5% storage and 5.3% retail level), respectively. The major causes of losses In the order
of their occurrence were mechanical InJurtes, spoilage. either over mature/shrtvelllng. or Immature/unmarketable sizes.
pilferage, damage by btrds/hailstonn.

Keyword. : Loss assessment, Loss location, Mango. Harvesting, Storage. Marketing. Transportation.

Mango (Mangifera indica L.) is the most
popular tropical fruit in the world and has been
rightly described as king of fruits (Singh 1990). It
Is relished for its succulence, exotic flavour and
delicious taste (Jain 1961). It is also a good source
of pro-vitamin A and vitamin C. India is the leading
mango growing country in the world (Singh 1990),
the production being 65% of the world's production
(Anon 1992). In India. at present, mango occupies
42.6% of the total area under fruit crops.
comprising 9.4 lakh hectares with a total produc
tion of 92 lakh tonnes (Anon 1992). Mango has
considerable export potential both in its processed
and raw forms.

The post-harvest losses of fruits and vegetables
in developing countries have been reported to vary
between 15 and 50%. with an estimated minimum
of 20% at different stages of marketing
(Subramanyam 1986). Extent of losses of mangoes
durtng post-harvest handling is not known. Hence,
the present Investigation was carried out on
Totapuri' and 'Alphonso' varieties of mango.

A survey was conducted in Srtnlvasapur taluk
of Kolar district, one of the important mango
growing taluks in Karnataka State. India (Anon
1993). It Is located at a distance of 104 km from
Bangalore and 30 km North of Kolar, bordering
Andhra Pradesh on North-East. The study was
carried out at three stages, I.e.. (a) immediately
after harvest at the farm itself (b) dUring transit
to the markets both at Srinivasapur and Bangalore
and (c) at the wholesale and retail markets. The
nature and extent of loss due to damage, spoilage
and loss in value associated with these losses were

• Corresponding Author, 'Present address: 20, II Main,
V Block. Kumara Park West, Bangalore-560 020. India.
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quantified by draWing samples and also based on
perception of the marketing functionaries. Packing,
mode of transportation and type of harvesting were
also evaluated by draWing samples at each stage
to Identify poSSible reasons for the spoilage and
damage of fruits.

A multistage sampling technique was employed
and 50 mango growing farmers were interviewed.
Fifty lots (the sizes of these lots varied from 100
kg to 10,000 kg) were examined, at Srtnivasapur
and Bangalore wholesale markets individually. for
periods extending from time of loading in the
market upto 4-5 days (till it was sold). Randomly
selected 20 retailers from Bangalore were Inter
viewed. Data were collected using standard ques
tionnaire. Simple tabular analysis was employed to
quantify the extent and value of losses at these
three stages..

The assessment at all the three stages indio
cated an overall loss of 17.9% (3.5% orchard/field,
4.9% transportation. 4.1% storage and 5.4% retail
level) in Totapuri' (Table 1). On the basis of 100
tonne fruits harvested, the overall post-harvest
losses worked out to the extent of about 16,765
kg. valued at Rs. 77,337. The losses estimated are
comparative to those reported in similar studies on
fruits and vegetables. For example. Jamaludin and
Tandon (1976) reported losses to the extent of 15
to 200A> for tomatoes In Maharashtra and 4 to 10%
in Uttar Pradesh. Similarly. Harvey (1978) quoted
an estimated post-harvest loss of 11.7% for lettuce,
14.2% for tomatoes and 12.6% for peaches. In
another study, Madan (1988) reported about 9-15%
loss of banana and 20.8% of 'Banganapally' man·
goes.
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TABLE I. OVERALL LOSS AND VALUE DURING VARIOUS STAGES OF MARKETING OF '1UI'APURI' AND 'ALPHONSO' MANGOES

Stages of lass 'Tatapurt·. kg Lass. % Value. Rs ·A1phanso·. kg Lass% Value. Rs.

HU'I'Mtm,

Quantity harvested 1000ooo.00 0.00 300000.00 oo.00סס10 0.00 oo.00סס70

Mechanical damage 735.0 0.73 2205.0 779.0 0.80 5493.0

Spotlage 1414.0 1.41 4242.0 685.0 0.68 4795.0

Damage by blrds 199.0 0.20 597.0 261.0 0.26 1827.0

Over-rtpening 686.0 0.69 2058.0 133.0 0.13 931.0

PIlferage 211.0 0.21 633.0 0.0 0.00 0.0

Hatlstarrn 279.0 0.28 837.0 35.0 0.03 245.0

Total 10.. 31124.0 3.1I:l 101ln.0 1913.0 1.90 13391.0

WhoIeaJe ...rket IaclucliDC trua.portatlOD

Quantity transported 96476.00 0.00 434142.00 98087.00 0.00 980870.0

Breakage 1204.98 1.24 5422.41 1608.62 1.63 16086.2

Spotlage 744.80 0.77 3351.6 1294.74 1.31 12947.4

Over-mature 1031.32 1.07 4640.94 510.05 0.51 5100.5

Immature and 1707.62 1.77 7684.29 176.55 0.17 1765.5
unmarketable size

Total 10•• 4688.28 4.811 21099.24 31189.96 3.82 311899.8

Storage

Quantity stored 91787.28 413042.76 94497.04 944970.4

Over-mature and shrtvelUng 1540.20 1.67 6930.90 1322.95 1.39 13229.5

Spoilage 2223.08 2.43 10003.86 2003.33 2.11 20033.3

Total 10•• 3783.28 4.10 18934.78 3326.28 3.110 33262.8

Retail \eyel

Quantity purchased 88024.00 528144.00 91170.76 1185219.90

Over-mature and shrtvelling 1830.90 2.08 10985.40 3081.56 3.37 40060.28

Spoilage 2271.00 2.57 13626.00 1230.80 1.34 16000.40

Ptlferage 686.58 0.78 4119.48 537.90 0.58 6992.70

Total 10•• 4788.48 11.43 28730.88 48110.28 11.39 830113.38

OYerall 10.. 18704.48 17.92 77338.88 13879.111 14.37 1411808.78

In case of 'Alphonso' variety of mangoes, the
overall loss amounted to 14.4% (1.9% field/or
chard, 3.7% transportation, 3.5% storage and 5.3%
retail level). On the basis of 100 tonne fruits
harvested, the overall post-harvest losses worked
out to the extent of about 13.680 kg. valued at
Rs. 1,45,607. At the orchard/field, the losses were
low. when compared to other stages of marketing.
However, the retail level losses were higher. In case
of Totapuri', the losses were more, when compared
to 'Alphonso' in physical terms, but loss In mon
etary value was more in case of 'Alphonso', because
of Its high price. Duling the study period. the price
In case of Totapurl' was ruling at the rates of Rs.
3. 4.5 and 6 per kg and in case of 'Alphonso'. the
rates were Rs. 7,10 and 13 per kg at orchard,
wholesale market and retail levels, respectively.
Even the loss In quantity was also low in case of
'Alphonso', because more care was taken at the
time of harvesting and handling of the fruits, when
compared to Totapuli',

In general. the fruits were harvested mostly by
hand except the fruits at a higher level, which were
harvested with a long bamboo stick to which a cloth
bag was tied at the top end along with a knife.
Since labourers handled the fruit TOughly, there
were more chances of damage to the fruit. Most
of the farmers followed traditional methods of har
vesting. using the minimum mechanical aid. They
were also unaware of the right stage of maturity
at which the fruits were to be harvested to get good
post-harvest quality. The major loss was due to
mechanical or physical damage, spoilage, either
overmature or immature and unmarketable sizes.
The predominent spoilage diseases Identified are
Blackmold rot (AspergUlus nigerl. Anthracnose
(BolTyodiplodia theobrornad and softrot (Rhlzopus
oryzael. Usually, farmers transport their produce
either in a truck or in a tempo. If the quantity
was less than one tonne. these were transported
by bullock carts, While transporting the fruits, the
fruits were dumped into lorries without packing.
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which increased the risk of phySical damage to the
fruits.

The results of this investigation may be useful
in planning the improvements in the post-harvest
handling methods for mango to reduce thetr post
harvest losses.
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Characterisation of Chemical Constituents of
Indian Long Pepper (Piper longum L.)

N.B. SHANKARACHARYA', L. JAGANMOHAN RAO, J. PURA NAIK AND S. NAGALAKSHMI

Department of Plantation Products. Spices and Flavour Technology,
Central Food Technological Research Institute. Mysore-570 013. India.

Studies were carned out on the chemical composltton of long pepper and the results showed that long pepper
contained about 1% volat1le 011. 1.25% piperine and 40% starch. As compared to black pepper, long pepper was poor
In essenttal 011 and piperine and the volat1le 011 was dextrorotatory. whtle that of black pepper was levorotatory. The
GC-MS analysts of the essenttal 011 showed the presence of 48 components. out of which 44 were Identtlled for the
first time. The three major components of the ot!, Identified were ~~ryophynene (17%), pentadecane (17.8%) and
~-blsabolene (11.16%).

KeytrOrda : Long pepper, PIper longurn, Chemical composition, Essential oil, GC-MS analysis.

Long pepper (Piper longwn L.) is a slender
aromatic cUmber with perennial woody roots occur
ring naturally in Himalayas, Assam hllls, and
Western ghats. The dried spikes are 1-3 cm long
and 4-6 mm in dia and are greyish to dark in
colour (Wealth of India 1969). The fruits/spikes are
pungent and have pepper-Uke flavour. Although the
flavour resembles black pepper, it Is less agreeable.
Long pepper is used as a spice, and also in pickles
and preserves, Though long pepper is similar in
proximate composition to black pepper g:>tper ntgrwn
L.), it is commercially less expensive. and some
times used as an adulterant of ground black pepper
(GoVlndraJan 1977).

l\vo types of long pepper are well known, the
'Indian long pepper' (Piper longwn L) and 'Javanese
long pepper' (Piper retrofractum and Piper
o.J]U:inOl1.l1Td. The Indian long pepper contains about
1% volatile oil and it is not produced commercially.
The volatile oil was Investigated and n-octadecane.
n-nonadecane, n-elcosane, zingiberene, dlhydro
carveol and two monocycllc sesquiterpenes were
identified as the major components of the oll
(Handa et at 1963). Some work on the proximate
composition of long pepper has been reported
(Birch and Lindley 1986). However, Information is
scanty on the composition of the volatile oll of long
pepper. This communication presents the data on
proximate composition of long pepper and chemical
composition of Its volatile oil.

Sample (SOOg) was powdered in a spice mill
(Buhler-Miag) to 500 micron size, sieved and the
sample was thoroughly mixed and stored In an air
tight bottle. The moisture content was determined
by the toluene distillation method and the volatile/

- Com?sponding Author
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essential oil by both Clevenger (hydrodistlllation)
and steam-distillation methods (ASTA 1985). The
distilled oll was made moisture free by stortng over
anhydrous sodium sulphate. The total ash, acid
insoluble ash. cold alcohol. and water extracts
crude fibre and starch contents were determined
by the methods of lSI (1982). Solvent extracts were
obtained by the Soxhlet method. Nitrogen and
crude proteins were determined by the sernimicro
kjeldhal method (lSI 1980). Total reducing sugars
(before Inversion) were determined by Lane and
Eynon's method {David Pearson 1970). The muci
lage content was determined by the method given
by Datta (1961). The oleoresin content was deter
mined by removing the volatile oil by steam
distillation first and then extracting the spent
powder with acetone, using a glass column. After
desolventlzation. the resinous material obtained
was mixed with the corresponding volatile 011. The
values of proximate analysis (on moisture-free

TABLE 1. PROXIMATE COMPOsmON OF LONG PEPPER-

Charactel1stlc Value %,

Moisture 7.52

Volatile otl (Clevenger method) 0.95

Volat1le otl (steam dlstlllation) 0.40

Total ash 5.20

Acid Insoluble ash 0.85

Crude fibre 6.80

Crude starch 40.50

Crude protein 11.94

Reducing sugars 5.07

Muctlage 2.08

PIperine \. 25

Acetone extract 9.95

Non-volatile ether extract (NVEE) 6.53

Oleoresin yteld 7.84

- Values on moisture-free basis and average of dupl1cates
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TABLE 2. PHYSICO-CHEMICAL CONSTANTS OF LONG
PEPPER OIL AT 27'C

basis) are given In Table 1. The results of the
present studies agree with the literature values
(Birch and Llridley 1986) to a large extent. The
steam-distilled volatile oil was analyzed for Its
physico-chemical constants like optical rotation.
refractive lridex etc. as per the methods given by
Nigam (1966). The analytical values are given In
Table 2.

Steam-distilled volatile oil of long pepper was
analyzed. using Hewlett Packard 5995 GC-MS
(Quardrapole) Instrument. The oil sample was
diluted lO-fold with acetone and 0.5 pi was Injected
lrito the GC. The followmg two columns were used
with the conditions: Column (1) HP lOl-fused silica
caplllary column: 0.32 mm (i.d.) x 25m coated with
methyl silicone (0.3 pm fUm thickness); carrier gas
helium with a flow rate of 5 ml/mln; injection port
temperature 15O"C; ion source temperature 170'C;
temperature programme: 70(6fC-200 (6)OC at 2°C/
min; Column (2) H.P. 20 M-fused silica capl11ary
column 0.53 mm (I.d.l x 30 m coated with
carbowax-20 M (0.3 pm film thickness); carrier gas
helium with a flow rate of 5ml/min; lrijectlon port
temperature 2000C; ion source temperature 180'C.
temperature programme: 70(6)-200(6fC at 2°C/
min.

GC-MS analysis of volatile 011 of long pepper
carried out for the first time and a total of 48
constituents were identified with the help of mass
spectral analysis and Koval's indices (Table 3).
These constituents were quantified with the help
of peak areas and 44 of these were reported for
the first time. The ratio of monoterpenes to ses
qulterpenes was found to be 1: 13. Oxygenated
compounds constituted 8 to lOOk of the volatile 011.
but the straight chain hydrocarbons (i.e. alkanes
and alkenes) were present to the extent of 35-400/0.
The major constituents of the 011 were: pentadecane
(17.8%1. ~-caryophyllene (17%1. ~-blsabolene (11.2%1.

• Identified with thc help of carbowax-H.P.-20M column

TABLE 3. CHEMICAL COMPOSmON OF VOlATILE OIL BY
GC-MS ANALYSIS

Retent10n Compound Peak Area. Kovats
time. min Identified % Indtces

1508

1538

1549

1559

1610

1618

1685

1701

1874

1901

1479

1508

956

981

991

999

1011

1023

1024

1038

1045

1087

1100

1112

1149

1155

1166

1249

1260

1268

1279

1300

1317

1330

1348

1355

1370

1374

1410

1419

1426

1434

1445

1460

1465

1473

Trace

Trace

Trace

0.116

0.100

0.400

0.444

0.502

0.600

0.061

0.119

Trace

Trace

17.778

0.772

2.624

2.956

0.095

0.273

2.331

5.656

0.080

0.217

Trace

1.797

11.l58

0.069

0.066

0.072

0.504

0.539

0.918

6.780

0.103

0.076

0.125

1.575

0.377

0.536

17.044

3.682

0.779

1.946

5.014

Trace

4.933

1.829

Pentadecane

r-Elcmene

Globulol

Spathulenol

Cubenol

o-Cadlnol

Heptadecene

Heptadecane

Nonadecene

Nonadecane

Calamcnenc' Trace

a·Plnene

~-Ptnene

Myrcene

a-PheUandrene

P·Cymene

1.8·Clneole

L1monene

Acetophenone

r-Terplnene

Ltnalool

Undecane

Camphor

Naphthalene

Terplnen-4-o1

a-Terpineol

Cumin aldehyde

lsopulegyl acetate

Undecanone

Trtdecene

Trtdecane

~Elemene

a-Cubebene

a-Ylangene

a-Copaene

~·Bourbonene

Jl--Elemene

~·Cal)'ophyllene

cts-~-Famesene

a-Gurjunene

a-Humulene

a-Zlnglberene

r-Muurolene

Gennacrcne-D

Gennaerene-B

~-Seltnenc'

Pentadecene

~·Btsabolcne

41.2

42.3

43.1

43.6

46.6

47.0

50.7

52.1

60.7

62.1

38.8

40.0

5.5

6.8

7.4

7.9

8.5

9.1

9.1

9.8

10.1

12.6

13.4

14.1

16.3

16.8

17.5

23.3

24.1

24.6

25.5

27.1

28.2

29.0

30.1

30.6

31.6

31.8

34.4

34.9

35.3

35.8

36.5

37.5

37.7

38.4

Value

Colourless

Peppel)'

0.8451

1.4670

+6.90

0.975

6.967

0.763

I In 15

20.58

Properly

Colour

Odour

Specl/le gravity

Refractive Index

Opt1eal rotation [25 'C)

Acid value

Ester value

Aldehydes. as C10%

Solubility In 90 % alcohol. vols

Evaporat1on resIdue. %



trldecane (6.8%1, heptadecane (5.7%1, a-zingiberene
(5%1, gennacrene-D (4.9%1, Cis-P-farnesene (3.7%1,
spathulenol (3%1. globulol (2.6%1, and heptadecane
(2.3%). ~-caryophyllene and limonene are the major
constituents of the black pepper oil (Govindarajan
1977), whereas ~-caryophyllenes pentadecane and
~-bisabolene are the major constituents of long
pepper oil.

Long pepper powder is reported to be an
adulterant for ground black pepper due to their
similarity in colour and flavour. Therefore. these
analytical values of long pepper may help in quality
control of black pepper powder. Black pepper
contains about 3.5% volatile oil, 3% piperine and
15% starch, whereas long pepper contains about
1% volatile oil, 1.25% piperine and 40010 starch.
Also, the volatile oil of black pepper is levorotatory
(Govindarajan 1977), while the volatile oil of long
pepper is dextrorotatory (Table 21. Further, there
is considerable variation in the chemical compo
sition of volatile oils of black pepper and long
pepper. These differences may help in the detection
of long pepper powder in black pepper powder or
long pepper oil in black pepper oil.

The authors thank Dr. V. Prakash. Director.
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CFfRI and Dr. M.L. Shankaranarayana, Head.
PPSFf Department for interest and suggestions in
this work.
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Ferric Chloride Induced Degradation of
Cyanoglucosides in Fresh Cassava

R. REKHA AND ILC.M. RAJA-

Biochemical Processing and Waste Water Technology,
Regional Research Laboratory, TIliruvananthapuram-695 019, India.

Levels of reduction attatned In total and free cyanides consequent to enzyme catalyzed degradation of cyanoglucoslde
In fresh cassava roots were examined In water and O.IM phosphate buffer of pH 6.0. Presence of feme chlorlde In
the reaction medtum augmented cyanide reduction. The effect of feme chloride tn degrading total cyanide was more
pronounced In phosphate buffer than In water. when used as the soluUon phase.

Keywords : Cassava, Llnamartn, Cyanide, Cyanoglucoside. Detox1flcation, Feme chloride.
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devoid of ferric chloride were also kept simulta
neously. After adding 0.1 ml of enzyme, the flask
was stoppered and the reaction was allowed to
proceed for 22 h with shaking at 28-30'C for 22h.
After completion of the stipulated reaction time, the
solution was filtered and the residue left behind
was partially dried under the folds of mter paper.
Moisture content In the sample was determined by
standard air-oven method (AOAC 1984). while total
and free cyanides In the residue were assayed
spectrophotometrically (Obrien et aI. 19911, using
chloramine T and barbituric acid-pyridine reagents,

0.6,..-----------------.,

Attempts to detOXify fresh cassava lMani1:wt
esculenta. Crantz) have been made, using various
techniques. Among the traditional techniques,
soaldng In water, sun-drying, soak-dIy-soak method,
boiling. steaming etc., are qUite popular (Conrsey
1973; Cooke and Maduagur 1978: Jansz et aI.
1974). The above techniques. however. enable
greater reduction of free cyanides than bound ones.
Fennentatlon of cassava In presence of exogenously
added Itnamarase Is reported to be very effective
for detoxification by virtue of degradation of fairly
hlgh percentage of total cyanides (Ikedlobl and
Onyke 1982). In the present study, Influence of an
inorganic salt such as ferric chloride. which can
behave as Lewis acid In indUCing enzyme-catalyzed
degradation of cyanoglucoslde at ambient tempera
ture, has been examined.

Freshly harvested cassava roots of cv '~65'

having a moisture level of 60-63% and total cyanide
content In the range of 668-700 ppm were sampled
to pieces of 1.5 cmS size and used for the
experiments. Llnamarase enzyme was extracted
from the rind of fresh cassava of cv 'M4' and
purified. using 5()OAJ cold acetone essentially based
on the method of Wood (1966). The enzyme was
finally taken In a.lm phosphate buffer of pH 6.0
and the activity was determined spectrophotometri
cally. using standard Itnamarin (Sigma Chemicals,
USA) and appropriately modifying the procedure of
Cooke and Cruz (1982). The unit activity Is ex
pressed as }1g HCN released per min per ml enzyme.

For detoxification studies, samples weighing In
the range of 14.15-14.72 g. at 60-63% moisture
level. were transferred to 250 ml conical flasks.
containing 100 ml of water or O.IM sodium
phosphate buffer of pH 6.0. having 0.25. 0.50 and
1.0% (w Iv) of ferric chloride. Control samples

• Corresponding Author
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Cyanide content, g/g dry tissue

TABLE 1. RESIDUAL CYANIDE" IN CASSAVA SAMPLE AFTER
REACTION AT 28-30'C FOR 22 h

instead of chloramine T-pyridine/pyazolone
reagents. From the absorbance measured at 570
nm, HeN content was quantified with the help of
a standard graph calibrated for potassium cyanide.

Linamarase enzyme extracted and partially
purified showed an activity of 2.41 units. The pH
versus enzyme activity poille (Fig. 1) reflected that
enzyme had optimal pH of 7.0 and to a minor
extent pH 5.5. possibly suggesting the presence of
two enzymes. linamarase A and B. Pieris and Jansz
(1976) have reported existence of both linamarase
A and B, both of which are capable of hydrolyzing
linarnarin.

Results of the present series of experiments
are given in Table 1. The study suggested that
presence of ferric chlOride in the medium positively
influences reduction in total and free cyanides.
Compared to control samples, the effect was more
pronounced in phosphate buffer than in distilled
water. At 1.0% (wIv) level. % reduction in total and
free cyanides observed in samples in phosphate
buffer were 92 and 67%. respectively. Samples
placed in water showed a corresponding reduction
of 88 and 65% in total and free cyanides. The above
values were appreciably hlgher than the corre
sponding % reduction obtained in the control
samples deVOid of ferric chloride. Cooke and Cruz
(1982) have reported that rate of loss of cyanide
is Influenced by the proportion of total and
nongiycosidic cyanide viz., cyanohydrin present in
the medium. As ferric chloride can ionise to Fe'+>
Ions and it behaves as a Lewis aCid. it could form

Fresh sample

Control In 100 mI water

100 mI water + 0.5% FeCI,

100 ml water + 0.50% FeCI,

100 mI water + 1.00% FeCI,

0.1 II phoaphate buffer pH 8.0

Control In 100 mI buffer

100 mI buffer + 0.25% FeCI,

100 mI buffer + 0.50% FeCI,

100 mI buffer + 1.00% FeCI,

Total
700.0 ppm

157.1

99.6

99.6

85.4

185.6

83.9

67.9

50.7

Free
137.0

93.3

76.0

57.1

47.6

102.9

87.2

63.5

45.2

77
a hlghly unstable complex of [Fe (cN~I. having an
instability constant of IxlO-'1 (Alexeyev 1969). ThIs
possibly explains relatively higher reduction of
cyanide observed in phosphate buffer than in water
as in the latter. Fe++> ions can form a stable (Fe
(OH)3 and this, in turn. restricts complexation with
cyanide ions.

Studies are being pursued to optimise the
reaction system in order to maximise the cyanide
reduction from fresh samples of cassava without
subjecting the material to drastic thermal process-
ing.

Authors are grateful to State Committee for
Science. Technology and Environment. Government
of Kerala for partially funding the project. They also
thank Dr. A.D. Damodaran. Director, Regional
Research Laboratory. Thiruvananthapuram for
encouragement and support.
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Physico-chemical Characteristics of Twelve Plum
Cultivars of Himachal Pradesh
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A study on the physlco-chemlcal charactertstlcs of 12 plum cultlvars and accessions showed marked vartatlons.
The variety "Frontier" was found to have fruits wtth maximum fruit weight. length, breadth and comparatively smaller
stone size. The pulp/stone ratio was also maximum wtth destrable chemlcal charactertstics found to this cultivar.

Ke,.,..,rd. : Plum, Cultlvars. Physlco-chemlcal charactertstics. Vartatlon.

Plum Is a Widely cultivated and best known
stone fruit of the temperate region. The areas
ranging from 900 to 1600 m above mean sea level
are Ideally suited for growing plums. Himachal
Pradesh. thus provides excellent and congenial
conditions for plum cultivation. In this State. Santa
Rosa Is the lone commercial cultlvar of plum, but
it has a major drawback of being sour around the
stone. Moreover. monoculture Is not always a
desirable proposition for sustained productMty.
Because of this. a large collection of the plum genn
plasm was made in the experimental orchard of
the Fruit Breedtng Department. The present studies
were planned to select a suitable cultivar. having
desirable quality parameters so that the same could
be recommended for cultivation In the State.

Twelve cultlvars were selected for the study
from the plum block of the Department of Fruit
Breedtng. Solan, located at a height of about 1225

meters above mean sea level. haVing a mild
temperate climate. Three replications. comprising
25 randomly selected fruits from all directions of
the trees In each were taken up In each cultlvar
to record data on physico-chemical characters.
Tltratable acidity was detennined In tenns of malic
acid. The sugars were estimated by Lane and
Eynon's volumetric method (AOAC 1970).

PhySical characters oj the .fruit: The fruit weight
ranged from 17.61 to 61.62 g: length from 2.97
to 4.55 cm and breadth from 3.10 to 4.48 cm In
the dlfTerent cultlvars (Table 1). These variations
among cultlvars may be attributed to varietal
dlfTerences, since the environmental and manage
ment conditions are the same. although they also
have an important role. Monln (1988) reported
similar variations tn fruit characters of European
plum cultlvars.

TABLE 1. PHYSICAL CHARACTERISTICS OF FRUIT AND sroNE OF SOME PLUM CULTIVARS

Cultlvar Fruit Fruit size. cm Stone size. cm Stone Stone Pulp
weight. Length Breadth Length Breadth Thickness weight. weight stone

g g as% age ratio
of fruit
wctght

"A1u Bokhara" 20.12 2.97 3.22 1.76 1.24 0.83 0.86 4.27 22.40

"Beauty" 39.00 3.99 4.02 2.12 1.61 0.82 1.85 4.74 20.08

"Black Chamba" 53.38 3.90 4.36 2.20 1.75 0.92 1.52 1.87 34.12

"Fazlt Mananl" 48.24 3.72 3.83 1.97 1.23 0.80 1.34 2.78 35.00

"Frontier" 61.62 4.55 4.48 1.73 1.35 0.79 1.10 1.76 55.02

"Santa Rosa" 50.42 3.97 4.05 2.09 1.56 0.82 1.15 2.28 42.84

"Starldng Deltclous" 41.22 4.03 4.05 2.02 1.63 0.81 1.29 3.13 30.95
"Accession No.1" 21.27 3.04 3.10 1.69 1.21 0.78 0.60 2.82 34.45

"Accession No.2" 32.01 3.46 3.32 1.83 1.17 0.80 0.95 3.12 32.69

"Accession No.3" 51.15 4.02 4.34 2.15 1.82 0.88 1.38 2.70 36.07

"Accession No.4" 43.40 4.02 4.03 2.08 1.52 0.79 0.98 2.26 43.29

"Myrobalan" 17.61 3.07 3.19 1.68 1.29 0.80 0.67 3.80 21.01

C.D. at 5% 2.96 0.13 0.11 0.15 0.05 0.03 1.15 0.05 12.77

• Corresponding Author
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TABLE 2. CHEMICAL CHARJ\CTI:RlSTICS OF SOME PWM CULTIVARS

Cultivar Acidity. TSS. Sugars. % Sugar/ TSS/Acld
% 'Brtx Reducing Non-reducing Total acid ratio ratio

"Alu Bokhara" 2.90 12.0 5.44 1.10 6.60 2.28 4.14

"Beauty" 2.15 12.5 5.28 1.41 6.76 3.14 5.81

"Black Chamba" 1.94 14.3 6.48 1.67 8.24 4.25 7.37

"FazU Mananl" 1.78 15.2 5.35 1.88 7.33 4.12 8.54

"Frontier" 1.41 14.2 6.68 2.17 8.96 6.35 10.07

"Santa Rosa" 1.53 14.2 5.68 1.48 7.24 4.73 9.28

"Starklng DeUctous" 1.74 12.5 4.24 1.73 6.16 3.54 7.18

"Accession No. I" 1.51 14.2 6.75 1.42 8.24 5.46. 9.40

"Accession No.2" 2.52 13.0 5.96 1.71 7.76 3.08 5.16

"Accession No.3" 1.61 13.2 5.30 1.43 6.80 4.22 8.20

"Accession No.4" 1.88 13.9 5.32 1.44 6.84 3.64 7.39

"Myrobalan" 2.51 14.1 4.96 1.44 6.48 2.58 5.62

C.D. at 5% 0.19 0.77 0.06 0.06 0.02 0.10 0.11

Stone charQ£ters: The stone length varied from
1.76 to 2.20 em; breadth from 1.17 to 1.82 cm
and thickness from 0.78 to 0.92 cm In these
cultivars. while the stone weight varied from 0.67
to 1.85g (Table 1). Earlier workers also have
obtained varlatlons In stone characters and con
sidered It as a parameter for describing the variety
(Beyer and Hubner 1988: Norton et al. 1990:
Tehrani and Lay 1992; Ramming and Tanner
1993).

Pulp/stone ratlo: The pulp/stone ratio has a
great sign1f1cance In determining the quality of the
fruit. The high pulp/stone ratio Is preferred. In the
present studies. maximum pulp/stone ratio (55.02)
was found In "Frontler" followed by "Santa Rosa".
which had 42.84. The fruits with m1n1mum (20.08)
pulp/stone ratio were obtained In cv. "Beauty"
O'able 1). Vasllev et al (1973) obtained variations
In pulp/stone ratio In different cultlvars of plums
and found that stone accounted .for 2.36 to 3.85%
of the total weight of fruit In Pnmus cerasifera and
5.79% In P. domesttca cultlvars.

Chemical charQ£tertsttcs: The data presented In
Table 2 on the acidity, total soluble solids and
sugars contents of the fruits indicate that the acid
content of the fruits varied from 1.41 and 2.90%:
total soluble solids from 12.0 to 15.2°Bnx; reducing
sugars from 4.24 and 6.75% and total sugars from
6.16 and 8.96%. The variation In sugar/acid ratio

was between 2.28 and 6.35 and In TSS/acld ratio
between 4.14 and 10.07 In the present cultlvars.
The wide variation between cultlvars In respect of
these chemical constituents may be due to differ
ences In genotype. Polovyanov (1985) reported Wide
variations In the biochemical constituents within
and between species.

These studies, indicate that "Frontier" may be
a promising cultlvar to replace "Santa Rosa" for
cultivation In Himachal Pradesh.
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BOOK REVIEWS

FUMONISINS IN FOOD., Edited by L.S. Jackson,
J.W. DeVriel and L.B. Bullerman. Advances
III Experimental Medlcllle and Biology. Vol
392, Plenum Prell, New York and London
pp 399, 1996, Price. uS$ 110/-

Ever since the resurgence of interest in my
cotoxins with the discovery of aflatoxins. almost
half a century ago. several secondary metabolites
of fungi have been reCOgnized as a pOSSible source
of hazard to animal and human health. Among
these. fumonlsins. the water-soluble heat-stable.
non-genotoxic carcinogenlc mycotoxins capable of
producing different tOxic effects in different species
of anlmals are the most Important. Although the
claim that the "concern which exceeds even that
which occurred with the discovery of the afiatoxins
in the 1960's" Is exaggerated. It Is undoubtedly next
in Importance to afiatoxtns. The interest of the
scientific conununlty and regulatory authorities.
beSides food and feed companies in fumonlslns.
had grown in response to the reports of the
incidence of disease in farm animals and increased
awareness of potential human risk including that
of carcinogenesis.

Maize Is one of the most Important agricultural
conunodltles in the world. In the developing coun
tries of the world including India. certain popula
tion groups depend on maize as a staple. Even in
developed countries. It Is revealing to know from
the book that maize forms an Important component
of human food. being used for making bread.
flakes. chips. meal. pops. pasta. maze. masa (tortlla
flour). bran. chips. grits. semolina. polenta. muf
fins. hominy and beer. canned sweet corns. frozen
corns. com puff. blue com pancake and com
sugar. Maize. of course. forms an Important Item
of animal feed. consumed dally throughout the life
tlme of dairy cattle. pigs. poultry and horses.
Because of the effect of fumonlsins on the anlmal
health as well as Its possible residue in meat. milk.
eggs. used as food by humans. besides the possible
consumption of fumonlsin through the various
maize products by humans. It Is not surprising that
considerable interest has been generated on the
problem of fumonlsins. specially in the developed
countries of the world.

The book 'Fumonlsin in Food' Is a fulfilment
of expectation of the mycotoxin workers In the field.
It contains 33 articles. most of them contributed
by leading scientists mostly from North America.
It Includes current information on occurrence.
analysis. microbiology. metabolism and tOxicity.
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effect of processing and regulatory aspects of
fumonlslns. Almost all the articles except two
contain references of the South African group,
which pioneered the work on fumonlsin and it Is
a tribute to vision and persistent effort of the
multlsubject team of Dr. Wally Marasas of Tygerberg.
The book also contains Ilttle known facts like the
simultaneous discovery of fumonlsin by the French
group led by Laurent in 1988, as macrofusine.
Discussion on a chemically related mycotoxin AAL
toxin produced by Alternaria alternata f.sp.
Iycopersclcl. which has similar tOXicological mecha
nism of action on inhibition of ceramide synthase
in anlmal cells as well as inducing cell death in
tomato tissues and protoplast has been Included.

Fumonisin Is reported to occur wordwide in
only maize and now In India In both sorghum and
maize. However. the fungus Fusarium monUiforme.
the predominant fumonisln producing fungus has
been Isolated from sorghum. wheat, rice. oats.
bean. cotton. groundnut. pecan. banana. sugar
beet, green pepper. cotton flex. soya. fig. stone fruit.
sugarcane. besides maize. Why then fumonlslns
have not been reported In these foods? Why
sorghum Isolates produce less FBI' If they are put
back to maize? Pigs on the fumonlsln diet upto
24 days consume 25% more diet than control pigs,
but after 6 th week show dramatic drop in perfor
mance in relation to control. What is the reason
for such rapid malnfestatlon of toxicity?

The reader of the book encounters these types
of provocative questions. while going through the
book. which is a stimulation for further work. The
book also provides candid admissions like "It Is
such risk assessments. coupled with economic and
political realities. which form the basis for the
setting of regulatory levels" and "If tolerance levels
are too low. the economic consequences may be
disastrous e.g.. levels <1000 ng/g may result In
34.5% conunercial com products for human con
sumption in the USA being declared lIIega]". Al
though some articles in the volume like 'Regulatory
aspects of Fumonlsins' in the Unlted States do not
provide much information pertainlng to fumonislns,
they reflect fully the lack of data and compulsions
of uncertainltles in the risk analySiS process.

Some articles in the volume are reviews on
fumonlslns. while others are communications of
Orlginal research. Being a symposium volume. such
a mlx was perhaps unavoidable. but they do.
nevetheless. provide the latest up-to-date informa
tion on the subject.
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The book is singularly free of editorial errors
and include almost all the references on 'Fumonisins'
published till 1995. The highly specialized book is
more useful to workers interested in the field of
mycotoxtns.

RAllESH V. BRAT
NATIONAL INSTITUTE Oll' NUTRITION.

HYDERABAD-IIOO 007

MICROBIAL FOOD POISONING (2nd Editlon)
Edited by Adrian R. Eley, PubUshed by
Chapman and Hall, 2-6, Boundary Row,
London SEI 8 lIN, U.K, 1996, pp 211, Price
UK £ 21.99/-

Food poisoning due to microbial sources is a
problem of universal concern. This is particularly
true in tropical countries where the favourable
climatic conditions for microbial proliferation and
poor hygiene compound the problem. Any case of
food poisoning first appears at the doctor's clinic
or In emergency rooms of the hospitals. It is
amazing how little ready Information is available
to help doctors read up on the subject. Ready and
concise Information on food poisoning due to
microorganisms Is reqUired by both students and
teachers alike In the subject of food science and
food microbiology. Moreover. the subject of the
recently emerging pathogens and foodborne viruses
Is still shrouded In vagueness as far as the class
rooms are concerned.

This small book of about 200 pages by Dr.
A.R Eley has a wealth of distilled Information
condensed Into 11 chapters. They cover a wide
variety of topics. which include food poisoning due
to bacterial. fungal. viral and protozoan origin and
epidemiological aspects. General aspects of control.
food hygiene and legislation In UK are deSCribed.
The brief chapter on laboratory diagnosis Is sig
nificant In that though no procedural details are
gtven (they are not necessary in this type of bookl,
enough gUidance Is available to proceed with the
analysis of any suspect sample from a food
poisoning case. Newer methods of analysis are
mentioned for those, who are Interested suffiCiently
to do any follow up studies. Under each chapter,
the Information Is presented In an organised
manner. Recommendations for further reading are
indicated In the end.

As public awareness slowly develops, the
demand for microbiologically safe food Is expected
to Increase. From food caterers to food manufac
turers and from medical personnel to regulatory
agencies will need to become more knowledgeable
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about control and safety measures. diagnosis and
Identification. and about analysis and legislation.

I believe this book prOvides sufficient informa
tion to work with and the Indian readers will find
a very useful addition to their current range of
specific literature on food poisoning. I can strongly
recommend Ihls book by Dr. Eley to public health
people. food scientists. food and medical microbi
ologists and those involved in food catering. The
language Is simple and the style of writing Is easy
to read. The book makes good reading and some
of us will surely reach for it more frequently than
for other such books.

D. VLJAYA RAO
DEFENCE roOD RESEARCH LABORATORY

MYSORE-570 011

USING THE BIOLOGICAL UTERATURE-A PRAC
TICAL GUIDE - Edited by EUsabeth B. Davis
and Diane Schmidt, PubUshed by Marcel
Dekker Inc., 270 Madison Avenue, New Yort
10016, 1995; pp 422; Price not mentioned.

This Is the second revised and expanded
edition of the earlier publication with the same title.
The a1m of this publication, as mentioned in the
Preface Is to acquaint the undergraduates and
graduate biology students with the biology litera
ture covering Important prtmary and secondary
sources of the field. The publication covers all main
fields of the biological sciences except applied areas
such as medicine. clinical psychology. veterinary
medicine. agnculture. horticulture. nutrition and
teaching of biology.

The gUidebook is arranged by broad subject
chapters. which are sub-divided by form of mate
nals. The 13 chapters covered in the publication.
Include: an introduction to biolOgical' literature;
subject access to biolOgical information; general
sources: abstracts and indices: biochemistry and
biophySics; molecular and cellular biology; genetics;
microbiology and immunology; ecology: evolution
and animal behaviour; plant biology; anatomy and
physiology: entomology and zoology. The first four
chapters deal with general sources of information.
which Is followed by specific subject areas. Under
each chapter. the source matenals are sub-divided
into abstracts and indices; databases: dictionaries
and encyclopaedias; directones; guides to internet
resources; gUides to the literature; handbooks;
hlstones of the literature: societies; textbooks and
bibliography. thus coveting all types of source
matenals in biology. The bibliographical details of
each publication are appended with a small an
notation. indicating the nature and usefulness of
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each publication. This Is very helpful to the
students In biology In decision making.

This updated guide provides a comprehensive
and exhaustive survey of printed and computerized
reference sources, useful for biologists and biology
students with an emphasize on current materials
avaJIable In English language. Another feature
observed In this second edltlon Is the addlUon of
lnformaUon on the greatly expanded universe of
electrOniC resources for the biological sciences.
which Include on-line databases, CD-ROMs. and
most notably Internet accessible resources.

This publication will be of great use to all the
academic libraries, where biology forms one of the
subjects and to some extent to research libraries
as well.

K.A. RA1'fGAKAni
CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE,

1IYSORE-1I70 013

CSIR RURAL TECHNOLOGIES - A COMPENDIUM
Published by Information Directorate.
Dr. KoS. Krishnan Marg, New Delhl·nO 012,
1995. pp 164. PrIce not mentioned.
This book Is an excellent compendium of 350

rural technologies developed at various laboratOries
affiliated to CSIR lbrough the knowledge of these
technologies, material resources available In the
rural area can be explOited and processed In small
units right there to generate Income and provide
employment, especially In non-farm sub-sector. It
has rightly pOinted out that non-farm sub-sector
of rural sector has not been benefitted much by
the Green Revolution, the poorest of the rural poor
continues to be there In this sub-sector. Dissemi
nation of these appropriate rural technolOgies shall
bring rural industrialIZation, which will help the
non-farm sub-sector as well as the entrepreneurs
through value addition and better use of rural
resources.

The technologies have been documented under
9 heads and each chapter has been further
deSCribed under various sub-heads. The first chap
ter on food and agro-based technologies summa
rizes the technologies related to cereals and pulses,
fruits and vegetables, beverages, spices and plan
tation crops, ollseeds, additives and Improvers,
poultry, fish and meat, Infestation control and
farmlng. Simple technologies have been deSCribed,
which are easy and convenient to use, not very
expensive and can be utllised to set up small scale
cottage Industrls In rural sector near the source
of materials such as cereals, pulses, fruits, veg-

etables, oilseeds, spices, fish, meat, poultry etc.
Technologies mentioned In this chapter also provide
adequate Information regarding know-how of the
storage and preservation of food resources and
their processing to develop nutritious as well as
value-added products such as fruit bars, jams and
jel1les, tutti fruity, jams, squashes osmo-alr dried
fruits, Improved methods for rlpenlng of fruits,
dehydrated vegetables, anardana, Instant pickles,
tomato products, ready-to-serve fruit beverages,
lactic beverages, supplementary foods for toddlers,
multipurpose food, paushttk atta. ready mixes for
sweets and savourles, jowar flakes, rice flakes,
production of splrultna as food etc.

The advantages of using Improved huller
systems for rice milling. manual/power operated
thresher, paddy thresher cum winnower, their
schematic diagram along with coloured illustra
tions, their cost, capacity, flow diagram for their
operation have been Incorporated In the first
chapter In a very systematic manner. Information
regarding the mechanism of action, various com
ponents, output, cost etc. with respect to mini rice
mill, simple wheat mill, mini maize mm, grain mill,
mini dhal mill, homescale oll expeller cum paddy
dehusker, most of them developed at CFTRI, can
be obtained after going through this chapter. The
knowledge regarding the appropriate processing
method I.e., improvised dry heat and hot soak
method of parboiling the paddy to overcome pro
duction of foul smell due to fermentation and loss
of dry matter, an accelerated process for curing the
fresh paddy to Improve Its cooking quality and
make stable lipase-free bran can be of great use
to the students of food science and technology and
entrepreneurs In non-farm sector. Technology pack
age has also been developed for the production of
rhtzobtwn for mass propagation of nitrogen fixing
bacteria, which can be taken up at a small scale
level.

Our country Is the largest producer of crops
like ginger and turmeric. accounting for 60 and
76%. respecUvely of the global production. Simple
cost-effective technologies related to preparation of
dehydrated ginger, bleached dry ginger, ginger
candy and preserve, garlic powder, saffron pro
cessing. dehydrated green pepper etc. have been
h1ghlighted along with coloured pictures of the
products.

An Integrated cost-effective process to obtain
superior quality oll as well as meal has been
developed for various ollseeds at CFTRI. A special
fiter pad, which can be manufactured at cottage



scale In rural areas, has been developed to remove
aflatoxin and hence,detoxify the groundnut 011.
Quick detection of butter yellow In mustard 011 can
be done by following a simple inexpensive method.
uSing a spot colour detection strip.

Poultry farming Is becoming an increasing
popular venture, Small scale poultry processing
plants can be established for hygienic dressings.
packing and distribution of poultry meat. Gut of
meat animals can be used as sausage casings and
Its processing can be made on cottage scale In rural
areas. There Is a great scope to develop a number
of small units In the villages for the preparation
of convenience meat and fish products, fish meal,
cattle and poultry feeds etc., the standardIZed
composition of which can be obtained from the
concerned CSIR laboratory.

This chapter also consolidates the simple and
safe methods such as use of mini fume tables. pest
proofing ofJute bags etc.. of household disinfection
of cereals and pulses to prevent nutritional and
economic loss.

There Is a great demand for natural plant
materials for use In the manufacture of drugs.
cosmetics, food flavours, perfumes and other in
dustrial products. This requires systematic culti
vation of these special crops. The cultivation cum
processing of these agro crops can result In higher
returns from the land. CSIR laboratOries have
developed high yielding strains, agro-technologles
and post-harvest processing techniques for aro
matic, medicinal and other econom1c plants. Infor
mation on planting material, agrotechnolOgies,
supervision and gUidance on post-harvest handling.
processing, packaging etc., has been Incorporated
In chapter 2 of this compendium.

In chapter 3, the appropriate technologies
developed by the Central Leather Institute, Madras,
for tanning, curing, preservation of hides and skins,
carcass ut1lization. enzymatic deha1r1ng etc.. of
skin, special leathers, preparation of value-added
products from animal residues and Improved tools
for artisans etc., have been outllned In brief. along
with lllustrations.

Under "Building materials, components and
systems" In chapter 4, a brief description has been
given, regarding the development of Innovation
construction materials such as production of vari
ous types of briCks. cement. cementitious binders,
tlles, compOSite/particle boards, lime etc.. building
components and systems, low cost shelters etc..
which are not only cost-effective and acceptable,
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but also are appropriate to the climate of the
region. The main focus of these technologies Is to
develop material of superior quality. replace the
scarce material and ut1llZe waste. There is no doubt
that fabrication of such materials In rural areas
has a vast potential to promote local enterprise,
ut1ltzing available skills and raw materials.

Chapter 5 details the appropriate technology
to economically construct a large number of rural
roads. Models have been developed for rural roads
network to cotUlect villages to market centres or
to the existing main roads. Tractor-bound technol
ogy for road construction and low cost culverts for
rural roads have been discussed to obtain quality
as well economy.

There are stll1 so many vUlages In our country,
which do not get sufficient supply of potable water.
For better quality and supply of water, some of the
salient technologies related to water exploration,
purification. quality assessment and storage have
been highlighted along with sketches and photo
graphs In chapter 6.

One of the main reasons for unhygienic and
unsanitary conditions In rural areas Is the waste
water flowing In the rural streets. Hence, waste
water disposal Is very Important. After going through
chapter 7, one can get the know-how of various
technologies, pertalnlng to waste water disposal
using brick system, soakplt system etc., disposal
of human waste by constructing low cost latrines,
hand flush water seal pit latrines. rotating biologi
cal rope contractor plants to treat biodegradable
liquid wastes, septic tanks and manufactUring of
vitreous sanitary ware.

Chapter 8 details some good technologies,
which the rural artisans can foloow to upgrade
their skills In floral crafts, brass metal crafts,
pottery craft. terracota figurine. etc. and produce
new crafts to generate more Income.

The last and the 9th chapter Incorporates
technologies, related to mechanIZed making of leaf
cups and plates. manufacturing of crystal glass
articles by use of indigenous raw material and
equipment at small scale bone china porcelain,
decorated black and stoneware crockery. black
board synthetic kiln. low dust chalk, wind pumps.
liquid deodorant cleaner, multifuel cook stoves.
electronic display boards etc.

All the technologies have been outlined and
mentioned In brief, as It was difficult to deSCribe
each and technology at great length. The purpose
of this compendium Is to bring Information
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regarding various technologies developed at CSIR
laboratories at one place and create awareness and
Interest among the readers to utJIlze these to
develop small scale Industries. depending upon
their potential. Interest. sldll. resources available
and suitability. A list of CSIR establishments has
been given In the Appendix for further detailed
Information.

The compendium has been nicely prepared.
well printed and it fulfils the objective of introduc
ing new technologies In different fields developed

at various CSIR establishments to all those who
are Interested to get self employment or generate
more Income or to the extension workers. who can
transfer these technologies to the rural areas. All
the chapters are adequately Illustrated. It will
certainly be a useful and an Important book to all
concerned with processing and packaging of food
products. food scientists and technologists. engi
neers. artisans and rural non a farm sub-sector.

NEELAM KHETARPAUL
HARTANA AGRICULTIlRAL UNIVERSI1T.

HISAR-125 004
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