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RESEARCH PAPERS

Studies on Swelling and Hydration of Paddy by Hot Soaking

S Bandyopadhyay and N. C. R oy

Dept, of Chemical Engineering, Indian Institute of Technology, Kharagpur-721 302

Manuscript received 3 August 1976; revised 17 March 1977

Swelling and hydration of
rature ofsoaking with four

rains during hot soakin
igh-yielding varieties o

h ?

of paddy (or rough rice) have been studied as a function of time and tem pe-
[ndian paddy. Temperature range covered was 50°-80°C and time was varied

upto 12 hr. Swelling of grains is limited to a maximum of about 0.09 part per part initial volume of raw padd upto moisture

absor

ptrons in the range of 0.425-0.500 g/g dry basis on soaking below galatinization temperature (around 65°
sharply with rapid hydration and bursting of grains on soaking at hi

) but increases
her temperatures. The apparent degree of parboiling during

soaking hasbeenmeasuredbyvrsualobservatronof white core” rnt%esoakedgrarnsafterdryrng It was observed that hot soak-

ing of padd
the range o

f
Although sufficient work on hydratron characteristics
of paddy” has been reported in” the |terature proper
attention has not been given to stud ){ the op |mum
processing factors for parboiling by ho soakrng alone
which is still practiced in home scale in Indid. The
studres reported so far are by Bhattacharya et aid and
Accordr og 0 Bhattacharya etal.x Rarborled rice
can o tarne ot soaking alone with milling qua-
ity and cooking quarty of the rice approaching”those
of normal steam -parboiled rice, although appreciable
?elatrnrzatron cannot be achieved wifhout’ extensive
eaching and deformity of the grain.  Ali2 studied some
of the qualities of hot-spaked” parboiled rice and cor-
roborated the results of Bhattacharya et aid S0 it
a ears th at t ere |s further Scope to studt( parboiling
(pa dg ¥ hot soakin on;f and the extent of swel Irn
and hydra o  graifis will be the mador rocessrn
arameter Wh |c need {0 be investigated for thrsp -
pose Some studiesZ 5 have been reported on swellin
during hot soaking, which, however, did not put forwar
any rélation of the swelling of graing wrth the extent of
ydration. (present Investigation, has  therefore,
been undertakent study swelling'and hydration during
soaking of some vanetres of Indran paddy in water as a
function of time and temperature of Soaking.  The
objective was to study, further the possibility ofparboil-
md by mere hot soaking and to optimise i
ceSs Variables in hot soaking method.

Materials and Methods

Paady: . All the varjeties selected for the present
investigation are hi hyreldrng types and locally grown,
These are Jaya, Padmg, Bala andl Pankaj. ~ The samples
for study were taken from stocks stored for six months

ffergnt pro-
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at a temperature around 65°C gives considerable “degree of parboiling” of about 90% with a moisture content in
0.50-0.55 g/g dry basis and without excessive swelling of grains.

or more to avoid variation in hydration characteristics
due to physico-chemical changes that take place In
freshly harvested padd f¥ durrn% storage The samples
Wwere, Cleaned from chaff, dust, Stones and other impuri-
ties in a paddy cleaner and, 1f necessary, with water,
Methods:  The nitial moistyre content was, deter-
mrned n duplrcate from the loss In weight of about
whoep dy grain at 130£2°C in anair oven for
l hr6 All the” moisture contents are expressed as /g

dr
%oakrng of paddy samples (20 g eachg confained in
wire-gauze baskets, was ‘done in 2, constant (+0.5°C
temperature water bath. Affer soaking for a %rven time,
the samples were. quickly withdrawn from water, super-
ficially ‘dried with blotting paper and  immediately
weighied to determine the maisture content of the soaked
grains by calculation.
For determination of swelling, the true volume of
soaked paddy samples was méasured by the liquid
displacement ‘method according to Ghose et al45. The
soaked sample immediately after weighing (for evalu-
atjon of moisture gain) was quickly transferred into a 50
ml burette containing water upto the 25 ml mark, The
drsplaced volume o water mdrcated by a rise in the
water level, read uick| was ta enastetrue volume
f the sample. ~ The initial volume of the raw paddy
20 q) was also etermrned by the same method. The
volume gain of soaked paddy was calculated from the
above and expressed as swelfing in part per part initial
volume of raw paddy. Experiments were carried out at
temperatures 0 0° 65, 10° and 80°C and time
mtervas rangrng from 10 minto 12
The exten parborlrn% of soaked grains during hot
soaking was measured indirectly by visual observtion
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of “white core” or “opaque spot” present in the central
region of the endosperm.. For this a definite number of
soaked paddy grains, after drying in_shade, was cut
into two_halves and each half was examined for “opaque
spot”. The ercentage of 8ra|ns without opaque, spots
was calculated and reported as “depree of par mlmgi”.
However, whether the translucent” kernels are fully
parboiled or not is a matter to be studied by other
properties of rice such as alkali degradaﬂon, water up-
take, etc.78 Therefore the degree of parboiling reported
here may be called the “apparent degree of parboiling”.

Results and Discussion

Swelling of grains: Fig. 1 shows the swelling of
paddy grains as"a function” of time and temperature of
soaking for the variety Padma. Two distinct trends are
noted:™ (/) the rate of swelling of grain increases with
Increase of temperature, but at_temperatures of 65°C
and below, the rate decreases with time and ultimately
becomes almost constant after prolonged soakmg.
(ir) at temperatures 70°C and above, the Tate becomés
mich faster and goes on increasing sharply after a cer-
tain interval of time. Similar obsérvation ‘was noted in
the other three varieties of paddy, which is also in
agreement with that of Ghose et al45.. .

The curves ofs_wellmg are very mych similar in nature
with those of moisture Content & a function of time and
temperature of soaking presented by us in the earlier
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studies on soaka characteristics of paddg_ 0 as well
8 seen n the earlier literatureZ4. This indicates that a
direct relation exists between swelling and moisture
content of paddy. Fig. 2 shows such a’relation for the
variety Padma. ~The moisture content data have been
taken“from the previous reE)ort9. The straight line plot
embracing the data at all temperatures shows a sharp
chanqe I slope after a break at a moisttre content of
about 0.50 g/q dry basis. The break was observed as a
common pherioménon in all the varieties or'paddy in the
moisture content range of 0.425-0,500, g/ dgy basis
with corresponding . values of swelling in the anqe of
0.08-0.11 part/part initial volume.  Similar correlations
were reported b% Ghose et al.45 and Ali23 but their
observations of the break In the_swellmq line were not
elucidated in the light of hydration of Starch granules.
. The present study indicdtes that swelling Of grains
is not very much perceptible upto a grain moisture
content in”the above range corresponding to soaklng
temﬂeratures of 60°-65°Cand below, but I very rapi

as the moisture level increased when soaking Is done
at higher temperatures,  The maximum Swelling of
paday observed.in the lower range, viz. abcut 0.09, is
In agreement with the value obtdined by Bhattacharya
et alllin their stydies on changes. in physical properties
of rice and paddy with changing “mioisture content.
These  authors _explained . the”™ phenomenon in  the
paddy of increasing

light of paradoxical behaviour o
In" density with increase In moisture Content,  This,
they explained, is due to the air space inside the husk
0.32 —
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which gnables the kernel to hydrate and exPand without
aﬁgrecmble chanﬁ_e in the extérnal grain volume, Hence
the very low swefling of the grain on soaking. However,
further”increase in moisture”content above .50 g/g dry
hasis, obtained on soaking at a temperature higher than
60°-65°C, rendered the s_well_mg e_rceguble aS reflected
in the break in the swelling fin FI%. ). This Was evid-
ently related to the sphttmg of husk that occurred in all
the Varietles at temperaturgs cf 65°C and above and In
the moisture content range 0.50-0.60 Iglg dr}/ basis, as
observed by us9"0as well'as earlier Evidently once the
exPandmg intenal kernel fills the husk container, any
further expansion caused by further hydration forces
the husk to_split, and thereafter swellmg proceeds un-
hindered.  So'the splitting of husk is the crucial point
of departure, and thereby correlates the break with
swelling and moisture content of paddy,

A further corroboration of this resulf is obtained from
the earlier analysis of soaking data
The analysis was hased on the diffusion equation Rro-
posed by Ghose et a//45 viz. v- x0= kmVIT>where

= A2 “5- w)A-§/bVDAis a temperature de-

Fendent function. The break in the Arrhenius plot of
0g kms the reciprocal of absolute temperature, around
62°-69°C, took place in the vicinity of gelatinization
temPerature of starch and indicated the predominant
existence of rapid hydration process due to gelatinizat-
lon with hlghe_r activation energ$v (25.0-3L.7 Kcal/mole),
A(tjypu:alpot Is shown in Fig."3, 'S0 the onset of rapid
hydration due to splitting “which takes place above
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?el_atln_lzatlon temperature thereby correlates the gela-
Inizatign temperature, swelling, Splitting and moisture
absorption. 3

Degree of parboiling:  The apparent degree of par-
oiling measured as” percentage of grains without
Opaque spot is folotte_d in Fig. 4 a5 a function of time and
temperature of soaking for the variety Padma, in the
temperature range 50°-80°C. Here also two distinct
trends similar in‘mature to the swelling curves are noteg.
(/) The apparent degree of parboiling increases with
Increase in temperature, but upto 70°C rate of increase
1S comparatlveIY slow, and it reaches a constant value
and does not attain 100 per cent. (») Above 70°C the
rate i very much rapid. This is almast true for the other
varieties. ~ However, at 75°C the apRarent degree of
parboiling becomes 100 per cent within a very short
duration ‘0f soaking in Ja%a and Padma, but not'in Bala
and Pankaj, where'it reaches 80-90 per cent. At 80°C a
00 per cent value Is obtained within a very short
duration of soaking for all the varieties.
Flg. 5 shows liner correlation between the apparent
degrée of arbmlmg and moisture content for the two
Varigties Padma and Pankal. The data of the Padma
variety in the range 50°-70°C are f|tt|n%to_one straight
line, Whereas the “data at 75° and 80°C yield different

4
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lines.  Similar is;the case with the varigty Jaya, but in

Bala and Pankaj varieties, ll the data in the ranrh;

°C, yield one ling only, There are some sig ficant
devratrons in the correldtions. The data on dpparent
egree of garborlmg which reach a constant value at

C and below in Case of Padma as shown in Frg 4
have deviated from the_line. It means that in this fem-
perature region the 8rams have attained aImost a finite
amount_ of moisture9'1) which, as well as the tem era-
ture, might have been msuffrcrent for C0 nlete 0e atmr
zation OF starch granules. The data at
each showing separate linear Rlots may also consrder
ed as deviations in the sense that these data were collect-
ed during the stages of “rapid hydration” at a tempera-
ture much hgher than the ?elatmrzatron temperature,
In case of Bala and Pankaj data collected at 75°and 80°C
Indicated “rapid hydration” at much later stages of
soaking, showing_déviations in the linear plot.

The importantfinding of the relation between swelling
apparent degree of Pa oiling and morsture content 15
that a moisure content of 0.50-0.95 g /(1 Iy, basis, can
effect a consrderable degree of paroi mg of about
0 per cent which ma%/ be adequate for”the soaked
gram to be rocessed info fmrshed rice. provided break-
age IS mmrmum during milling. - This is achreved with-
out undesirable swelling and hydration ofgrams leading
to bursting and aroun a temperature of 65°C which s
In the ran e of gelatinization temperature of rice starch,
The resu evrdent Indicates the possrbrr of ado tmlg
mere not spaking (w ( Ithout Steaming) asameanso pa
boiling and thereby corroborates thie findings of Bhatta-
charyd et aP. and ‘Ali2
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Nomenclature
Dm diffusion coefficient, cm2/sec

S

V
X0
XS

X
0

exposed surface area of a solid (paddy grain), cm2
volume of a solid (paddy grain), om
initial, uniform moisture content, g/g dry basis

mojsture content at the boundmg surface, g/g
dry basis.

average moisture content, g/g dry basis
time, Sec.
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Factors Influencing the Malting Quality of Indian Barley
Tejindhr Singh and G. S. Bains
Dept, of Food Science and Technology. Punjab Agricultural University, Ludhiana, Punjab, India

Manuscript received 14 Fes. 1977; revised 18Apri| 1977

Two commercial varieties of Indian barley, ‘C138’and “C 164" were investigated for malting as influenced by germination at 20°C
for 3,5, 7 and 9,da¥swith and without the application of gibberellic acid. The diastatic power, alphg-amylase and proteolytic

activities of the ma

ts of both the varieties increased markedly by gibberellic acid. The effect on C 138’ variety was more

pronounced in case of 3-day germinated malts. The enzyme activity more or less levelled off in 7-and 9-day germinated malts.

The Institute of Brewing, London, conducted in-
vestigations into the malting quality of Indian barley
for brewmq during 1936-38 Under a_prO{ect of the Impé-
rial (now “Indian)” Council of AngCU| ural Researchl
Very little work has been reporte
the potential of Indian barley for maltmgh In the Inter-
vening years, the technology’ of maltmg as. made con-
siderable advances leading ‘to several effective malting
systems2 ~ As information on factors such as variety,
environment, duration. of qer_mmatlon, and response. {0
gibberellic acid (GA) in rélation to the overall malting
quality of indigenous 6-rowed barley was Iackm_%, this
investigation was carried qut. The Tesults describe the
beneficlal effect of using gibberellic acid for producing
malt of improved quality.

Materials and Methods

Two commercial_varieties of barley ‘C 138 and
C 164, crop, of 1972 were obtained from local sources,
The variety “C 138 is grown commercially in the Punjab
state and “C 164" variety in the Haryana state. The
samples were cleaned and stored in air tight containers
and withdrawn for various tests, _
Hectoliter weight:  This was determined on  the
Griener's balance™and eeressed as kq/100 litres,
\000-kernei we|%ht: The kernels (1000) were counted
and weighed on an analytical balance. _
Germination capacity: ™ This was determined according
to the method described by Cook3. Kernels (200) were
steened In hydrogen peroxide solution 80.7 per cént) at
20°C-~ At 24 hr Tntervals, the number of kernels which
showed germination were counted and removed.
Water=sensitivity; This was determined Ly obserying
the germination 0f 100 kemels of each variety on filter
Pea eergt,lnePetrlmshes wetted with 4 ml and 8 mlof water
v
2_0%. The difference in the %ermmatlon at the lower and
higher moisture environment In the Eetr|d|shes served
asan index of water-sensitivity of the sample,

99

since then rega_rdmlg t

y4, The pefridishes were kept in the dark at as

Husk:  This was determined according to the ?ro-
cedure described by Cook3. A weighed sample of 1000
kernels of barl_eﬁ/ with the husk was dlgested at room
tﬁrénpheurg&ure with sulphuric acid (50 per tent) to remove
Starch:  This was determined polarimetrically ac-
cording to the procedure_described by Fraser ef alb,
Fraser'and Holmesb and Fraser and Hoodless/, .

Moisture, ash and protein contents were determined
according to the AOAC methods8,

l\_/IaItm? procedure:  Weighed s_amlole (L kg) of each
variety of barley was steeped in distilled water at 20°C.
The water was® changed every two hours for the first
fwelve hours, of steeping and afterwards at six hourly
Intervals until the avera?e moistyre content was about
42 to 45 per cent.  During the final stage of steeping,
gibberellic acid (GA) was added to the system allowing
a pick ug of 0.1 Jng GA by the steeped barley. The
excess water was drained priof to germination in‘wooden
hoxes having wire mesh screen boftoms to, facilitate aera-
tion. . The Boxes were glaced In the Harrington dayIFlﬁtl]t
erminator, maintajned at 20°C and 95 per cent RH,
est samples of each lot were qermmated_ or3 5 7and
9 days resge_ctwely. The malts were dried at 45°C in
an afrflow drier for 24hr to reduce the moisture content
from 42 to 68 per cent. The withered rootlets were
gently brushed off and malt weighed. The yield is
expréssed on qry hasis. The malS were _Preserved in
al turJht containers for evaluation of quality. _

A osr%we Iength: This was_ determine _accordl,n(h;
to the method 0f Rahim and Bains9 b _stamlnlg wit
cupric acetate reagent. The length of stained acrospire
was measured an exBressed In mm, _
. Diastatic power (D 2]: This_was determined accord-
ing to the AOAC method10 The results are expressed

L
_ Alpha-amélase activity:  This was determined accord-
ing t0 the ICC method dlescribed by Pertenll and values
expressed as SKB units/100 g,



100

Proteolytic activity: This was determined accordin ]g
to the rocedure descrrbed b Ayre and Anderson
The resu Its are expressed as 1%
Yield of extract and wort qua 'tﬁ e_mashing of
test malts was done according to theAOACH) ﬁrocedure
and yield of extract was determined by the EBCB
method. Observations were made rerI;ardrng the convey-
sion time (min), colour, speed of filtration” and_ soluple
nitrogen contents {0 find out the degree of modification 3
%>]gptr]e§srendaltas Kolbach index(soluble N/malt NxIOO) 7
The results are expressed on mcisture free basis.

Results and Discussion

The results of test weights, ash, Protern husk and
starch contents of the Varieties of barley obtained
from two different locations are given in Table 1
and of germination capacity and water-sensitivity in

The variety, ‘C-164', showed higher hectolrter and
1000-kernel _eights than the varrerR/ 138", The
kernels o f'C 164" variety looked pu per as also attest-
ed by its higher test weights (45.7-47.7 g) compared with

those 0f'C"138" Standrrdﬁe et a/,14 reported a valye of 5and 7 da

Efor six__rowed barley which approximated the
1000-kernel weight of ‘C 138" The ash (24 and 30
per cent) and protein r(123 and 126 per ceng contents,

‘C 136" variety of barle grown in two [ocations
Were higher than ‘those of ‘C "164" variety of barley,
The higher protein content of “C 138" variety would
be drsadvantageous for  brewing compared ~ with
‘C 164" variety which contarned Iess rotern Kleber
malted high nrtrolgen barley and reported greater loss of
matrnq1 Ue to deater rodt growth whichi was ascribed
to the higher nitrogen contents of the cultivars. How-
ever, th ere was more starch In °C 164 variety as compar-
ed to that 0 fC 138" variety.

The range in %Armrnatron capacr and the water-
sensrtrvr(tjy 0f ‘C o4’ variety (Table 2) were: 96-99 per
cent, and'9 percentcompared with 92-95 per cent nd
er cent, respectively of ‘C 138 variety.
rggso repo ted a germination capaci

and of 97

Table 1. quality characteristics of barley varieties

Variety Loca- Hecto-

N
(B WM oR Y B
CB BB R

I%ean%I Ash ?eln Hisk  Starch
i e B Bo o

Ward The activi
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per cent and water -sensitivity_of 4 per cent, in their
studies of harley cultivars. The variety ‘C 164’ is
superror to that of ‘C 138', the latter berng more water-
sensitive
Yield of malt:  Considerahl hrgher yields of malts
were obtained In respect of GA treatmient of *C o4’
variety (87.4 and 90.9 per cent) compared with 80.0 and
884 er cent of the m It of C 138," when germinated for
azys respectrvey Tabe 32 Rinkel/ reported
per cent yield of malt which is less than
the yreId of maIt obtarned from hoth the varieties of

The hecto?ter and 1000-kernel weights of the malts
of both the varieties were lower than their initial values
Which further decreased with the_extension of germi-
natjon to 9 days. That was attributed to the greater
maltrng Iosses on pro ongd germrnatron as was also
observed by Ward and ? There was definite
indication of accelerated malting caused by GA asjudg-
ed by the faster growth of acrospires compared” wi
those of control ‘samples. . The acrospire length, an
indication of malting efficiency, was increased by GA
treatment specially. in"case of ‘C 164" variety maltéd for

an h This trend, in case of ‘C 138" malt was
revealed when the germrnatron was for 7 and 9 da s
The values for dr static power of ‘C 133 malt ger 0
nated for 3t07 ags without GA were 76° and “125°L
respectively compared with corresponding, values of 114°
and_166°L respectively when germinated'in the presence
of GA (Table 4), TheSe values were considerably higher
than corresponding diastatic values of ‘C 164 vériety of
barley. Sandegren and Beling 8 reported a 20 per tent
rise in the_gidstatic activity of malt using GA durin
malting. Fiser et a/.19 reported maxinium diastatl
actrvr after the germrnatron for seven days usrn(‘] GA

duri 3% malting. goer activity of malis ¢
conten barley may be attriouted to the higher protein

The aIpha amylase actrvrtx was foung hrgher in malts

from ‘C.138' varie thantematso ‘Clod varrety
Increased _considerab 3/ in case of

treatment of the grain. Sandegren and BeIrnngreported

Table 2. germination capacity and water-sensitivity of
barley varieties

Varigty ~ Location ~ Germination  Witer-sepsitivity
(% (4
C 13 I Y/ il
Il % 8
C I 1 % 9
Il Y 1



Table 3.

Variety

C 138

Variety

C 138

C 164

Table
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effect of gibbereluc acid (ga) and germination time on the yield and characteristics of malts

4.

Germination

(days}

Treatment

Control
(+) GA
Control
(+) ga
Control
(+) ga
Control
(+) 9ga
Control
(+) ga
Control
(+) ga
Control
(+) ga
Control

(+) ga

Hectoliter wt.

42.4

43.4

39.5

40.8

37.8

36.1

37.3

34.5

49.5

49.7

49.4

47.7

46.0

45.4

(kg)

1

48.8

46.9

45.5

44.7

41.0
41.8

40.7

37.4

48.9
48.8

47.7

47.6

45.9

46.0

44.3

41.7

1000-kernel wt.

)] (cm)

27.4 27.1 0.68
27.8 28.0 0.69
26.3 26.0 0.81
26,6 26.5 0.81
23.6 24.6 0.84
25.4 25.6 1.04
24.4 24.7 0.87
25.9 25.1 1.09
43.6 42.9 0.45
45 .4 43.0 0.45
43.8 42.9 0.47
42.4 42.8 0.59
40.3 40.7 0.55
40.9 41.0 0.64
- 39.4 —
_— 39.8 —

Acrospire length

0.65

0.70

0.71

0.61

0.53

0.67

effect of gibbereluc acid and germination time on the enzyme activity of malts

Germination

(days)

Treatment

Control
(+) ga
Control
(+) ga
Control
(+) ga
Control
(+) ga
Control
(+) ga
Control
(+) GA
Control
(+) ga
Control

(+) ga

Diastatic power

L)

80

114

116

127

125

125

100
118

70
97

76

99

76
99

Alpha-amylase

(SKB/100g)
78 39.3 27.
129 68.7 72.
106 42.3 30.
151 79.8 82.
115 49.0 30.
166 127.2 114.
103 39.6 37.
165 114.9 118.
81 21.0 22.
929 36.2 66.
91 23.7 22.
116 50.6 67.
94 28.7 28.
119 56.4 71.
91 - 30.
119 — 82

©

o

Malt yield
(% >

84.7 87.2
85.9 88.4
80.9 83.7
83.1 85.2
76.0 81.4
79.0 82.1
75.9 80.6
80.0 80.6
88.3 88.8
90.5 90.9
88.0 88.4
88.9 88.0
87.4 87.3
88.0 89.2
- 84.8
- 87.4

Proteolytic activity

(mg N/100g)

1 h
139.6 139.7
203.9 230.6
146.8 155.1
210.6 239.0
174.5 173.5
186.9 172.6
172.7 163.5
221.9 266.8
133.4 94.8
186.2 170.3
124.8 108.8
187.0 180.5
140.5 126.0
234.0 149.5

- 110.5
— 180.7
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Table 5. effect of gibberellic acid and germination time on the yield of cold and hot water extracts of malts

. Extract yield (%9
Ga T | t
?(rjrayngstron reativent C1B Coldl water CH C13 Hot water CH

| I 1 I 1 1 | i
3 Control 192 B7 6 U3 70 MBI 766 169
(+) ga 28 AL A4 Al M6 9 78S _
5 Control A4 00 72 A3 W6 3 Tod b3
(+) ga Bl N0 A3 N3 AT B3 T4 789
1 Control 29 a1 182 21 713 o T2 712
(+) ga L ¥ 27T N7 A9 6 T3 188
9 Control 28 A1 - 9 04 T2 165
(+) GA 4 R — B2 N3 2 — 166

GA durin maltrng The alpha-amylase activity of the  Extract yields: The GA treated malts of both the
malts of 'C 13§’ arIey ran%ed from 278 to 49.0 SKB varieties showed uniformly hr?her cold water extracts
unrts/lOOH (control) compar d with 68.7 to 1272 units than the controls. This &ffect was more pronounced
8s 3 result of usrn% than that, of the Iength of germination. The hot water
eproteolytrc ctivit 38y of malts of C 164 barle was  extract %re |ds were also enhanced by the GA applica-
less th an hat o ma The values for ‘C 138" tign corhpared with the_control (Table 5). The yields
rangqe rom mg N (control) and from of th eextracts were considerably higher in Case 0‘C 164
5 10234 g EGA) of malt for ‘Cl 38", respectjvely. varre%y than that of ‘C 138’ varretrf
Weith2) reported that the addition of GA increased th hére was invariably more soluble nitrogen in the
formatron of groteo tic enzymes, whereas Sandegren GA malts than the controls. By suitably adjusting the
and BelingB reported’ 10 to 15 per cent increase in'the dosage of GA, it should be possible t0 olitain malts
proteolytrc actrvrty usrn? GA in maltrn? In the present ofdsrred degree of modrfrcatron for brewing. Warg
Investigation the “activity was found 10 increase upto @ Paul and Denade2l, and Pomeranz and
seventil day, but gecreased on the nineth day of germi- Sandr obtarned similarly higher yields of extract in GA
nation rn e control samples. There was a decrease In treated malts,  Ward and BFiggs’b reported decreased
proteolytic actrvrty on the seventh day of germination  hot water extract in the five- dayﬂg;ermrnated malts with

In the GA treated” barley. and without GA treatment. The maximum yield of
Table 6. effect of gibberellic acid and germination time on the quality of worts
Gemingtion  Treatment Conversion tirre colou Nitrogen
(£ ”V? ) i) (o%?e
C 164 C13 C o C13
I | A T il r il | I r I
3 Contral L L L B 26 20 55 2h 0683 063 0% 0l
F)ga D D 2 9 2 45 45 35 0 08 O 08
5 Control L L5 2 5L 35 25 3 35 06 00 04 083
Mga 5 6 0 8 4B 4p 3% 35 08 08 08 07
! Control L B3 2 B 36 20 45 36 073 071 060 0%
(#)ga <5 6 8 <5 55 65 3% 3b 06 01 084 0%
9 Control 5 2 - 2 40 26 - 35 02 06/ - 033
(F1GA 6 <5 — <5 6B 85 — 50 08 100 — 07
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Table 7. effect of gibberellic acid and germination time
ON THE MODIFICATION (KOLBACH INDEX) OF MALTS
Germination Treatment  Soluble N as %of total nitrogen of
b g

C1® C 164
| I | I

3 Control %5  H2 54 Bl

t)GA - By M5 b3

) ntrol B3 A7 360 323

g)) ga B 412 B4 43

T . ntrol R4 D7 40 36

g)) ga - _ B2 406

9 ntrol 416 %l - 30

() ga 426 509 — 472

extractwas gnven by_the 5-ay germinated sample treated

with GA wnereas™ 7-day gérmination was essential for

teher ac(gntrol to reach a”sdme Increase In the yield of

X

Wort quality:  The conversion time of ‘C 138' malts

ranged betwegn 12 and 15 min which was reduced. to

between Sand 10 min when GA was Used in the malting

process (Table 6). Under 5|m| ar conditions of maltmg

and mas |n 164" malts JEcontro showed h| er

ran%e of co Version t|mes |e min comp red
with 5to 10 min for GA malts.

The worts 0 f‘C 164" malts contained lower gercentage
of soluble nitrogen than those of C 138", The extent of
mod|f|cat|on s shown yte Kolbach index values23

reater in_malts_of C 138" variety than those of
C 164" malts (Table 7). The values ranged from 36.5 to

42.7 per cent of the malts for ‘C 138" Without GA treaf-

ment The de ree of modification was notablg increased
h/ R A TabIeQ Schilfarth el al.2i reported
that the’ higher. Kolbach index was assoclated with
shorter germmatlon and preferred malts of high Kolbach
index values due to the higher contents of"amylolytic
and proteolytic enzymes.

From the' foregoing results, it is seen that, the appli-
cation of GA considerably improved the quality of malts
of both the indigenous “varieties of barley, which by
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themselves had Ao r amylase a d pr teo #m tivities
when germl ated for sa perlo etl erm,
nation mpb reduc 3 with advanta urlng? t
productior by using judicious amount
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A of parti ration. of fruits 0SS in sugar: syrup of T0% concentration is described it is
S B
i Ijal%p can e preserved! Up o one Year or more, cepencing upon the packaging meteri storage

Most dried fruits are produced today by much the
same methods used for hundreds of years” The fresh
fruit is placed on trays in the sun, dnd the action of
heat and light produces a commodity that has. heen
relished by man in many aregs of the world. Artificially
dried fruit by use of conventional tray dryers or vaguurm
dryers, are wholesome, nutritious and palatable in its
0Wn right but it has not In ?eneral found popular ac-
ceptance because it dogs not have the flavour, colour
and texture of the original fruit even after rehydration,
Fregze drymgi of fruitS results in good quality”of dried
fruits and"of Tong storage stability but cost of processm_%
Is very high. Flence a new method of dryln% on the basl
of osmosis, in which partial dehydration ot fruits either
whole or in sliced form is brought about by d|pp|ng
them in sugar solution and thén vacuum dr¥|ngl-
This is clained to result in products, with better tlavour
than freeze dried fruits at comparatively less cost than

freeze dryingl2. | o _
A, con mumg interest in dried banana Eroducts n
tropics has led to work on dehydration by different
methods, Bananas have been. sun dried, dfum dried,
spray dried and dried In a cabinet dryer3 Apparently,
the hanana powder produced bn%/drum d mg has attract-
ed more attention’ from commercial food processors
than have_ other dried banana products™. However, a
high quality dried banana, whole or in the form of
chips o slices, would command even greater commercial
ag eal for the simple reason that thé powder will have
less culinary applicapility than the product which has
retaingd its form. Alr and vacuum d mg

have failed consistently in qlvmg a qoo

It was, therefore, thought of “applying, for banana the
osmotic dryingZ67 which, has' proved its menit as a
8oo_d substitute for the excessively expensive freeze

rYlng]& _ : .
n the experiments reported here, optimum conditions

unfortunatel
banana product

for osmotic dehydration of banana have been establish-
ed, quality cha_n?es dunnP storage have heen determined
and " commercial feasibility of”the process has been
Indicated hased on the results of semi-pilot plant scale
operations, ~ The paper also contains a discussion on
design and fabrication aspects of some of the equipment
used in the scaled up process.

Materials and Methods

Table ripe_cavendish bananas were used for the ex-
periment, -~ Cane sugar used was of commercial grade
grade C) and sodiim meta bisulphite s of technical
rade. Polycell (700 gauge) polyethylene (700
aluminiun laminate™ pouches gpaper/ alyethylené/alu-
minium/polyethylene (2.4/1.0/0.5/1.5 mil) “were used as
packaging materials for storage studies.

Morsture content: Moisture content of fresh and
dried bananas was determined usmg AOAC method9.
Samgles (20), intriplicate, were dried in a vacuum oven
at 10 to 75°C_under pressure of 29 in. Hy for 8 hr.
The [oss in weight was calculated as Rer cent moisture,

Rehydration: ~ Rehydration of denydrated material
was done by boiling on a hot plate 107 of sample In a
covered beaker (600 ml capacity) with 150 ml of distilled
water upto _3 and 5 min. The contents were trans-
ferred t0 a 75 mm Buchner funnel fitted with. Whatman
filter paper No. 1 Gentle suction was applied till the
drip from funnel stopped. Samples were then removed
from the funnel and Wweighed. Reh¥drat|on_ of samRIe
Was expressed In terms o ‘oer cent of water in the reny-
drated material using results from ten samples _

Sensow evaluation: Sensory evaluation of osmoti-
cally defydrated bananas was carried out by a taste
panel corsisting of 12 members from the scientific staff
using 9 point "hedonic scale. Sconng was done for
apgearance, odour, flavour, texture and overall accept-
ance. Average scores of 4 tests are given.

700 gauge) and
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Colour:  Colour of banana slices was measured on a
reflectance accessory atfached to a Beckman DB spectro-
hotometer using duplicate samples contained in cells.
he samples weré not removed from their individual cells
during the whole storage period; the cells were oriented
in the’ same, position for each reading by a calibration
mark. In this manner, the same pieces of fruit slices were
used OI1‘or colour measurement over the entire storage
ero
pPreparatron of material for dehydration: _Ripened
bananas were peeled and cut by Rand longitudinally et
or into chips of 8-10 mm thicknass. The erqhed cut
slices, or chrps were washed and subjected to su phrtrng
by dipping 'in 0.25 per cent sodium  metabislilphit
solution for 15 min, drained and subjected to osmosis
under varied “conditions.
QOsmosis in dry su?ar and sugar syrup:  To study the
eﬁect ofdy sugar for osmosrs kiiown amount of the
Iphrted slices were placed” in alumrnrum trays.
Wej gh r}uantrt of su ar was spread on them,
Rates ot logs of weigh under Ifferent ratio of sugar:
Fruit (L1 to 31) were recorded. To study the effect of
gﬂr syrup and’its 8uantrt and concentration on the
ofic. rate weighed qua trtg of banana slices were

dipped in syrups of 60,. 70, 8Qand 82 strength (WIW).
Percenta e osses rn werght cf bananas were recorded
after 4 hr of dipping,
T0 stud the effect of quan t6y of sugar syrup on the
osmotic rdte hanana srces wer drppe In Sugar syrup
in fruit to syrup ratio of

The effect 0 temperature on the osmotic rate For
studyrn the effect Of temperature on osmosrs anana
srces were |pped in 70 per cent sugar %y)rugoor

4 separate ntamers marntarne at
27 C, usrn% electyical hot pate havin r% electronrc ther
mostat control for requlation of temperature during
heatrng3 Percentage Ioss rn werght of banana slices after
every 30 min wa recorded,
The effect of agitation on the osmotic rate: Sugar syru

maintained at tﬁe above femperatures but kept agita-
by means of a small stirrer were used in these experi-

tin
me%ts Agitation will provide a uniform distribution
of water femoved, throur\;hout the syrup and hence
better results can be expected

Reuse of sugar syrup after osmosis: To reuse the
sugar syrup after osrmosis, it was filtered using glass wool
In"a funnel, congentrated by evaporation, mixed with
actrvated charcoal to remové brown colour and filtered

Fmal dry % Banana sIrces after osmosis . were
washed in fun rn%tap water an sread on aluminjum
trays surfaced wih aluminium foil to prevent sticking.
The trays were loaded either in standard tray dryer Or
vacuunt dryer for further drying.  TemperatUre of the
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dryer was maintained at 60CC and drying was carried
out to @ moisture level of 3to 5 per cent. “Only vacuym
drying of samples was carried out for cofparative
purpase. In order to establish optrmum conditions for
discolouration, samples of osmotically dried and con-
ventionally vacuum dried bananas were moistened and
stored at"elevated temperatures Two sets of storage
condrtrons were used at 32°C at 10 per cent morsture
and 37°Cat 20 (per cent moisture. - For storage stab rrty
tests, dehydrate samp es were packed in polycell, po Iy

lene g aur_ie) and aluminium - laminate
ouc es p erlpolyéthylene aIummrum polyethylene
24110 05/15 mrIY and stored for different periods
attroorln temperature and then evaluated for qualrty at
Intervals.

Results and Discussion

Dehydration by osmosis is essentially hrought about
(y) é)rocess of hajntaining a proper gradren In solute
concentration which In this case is Sucrose although
glucose could also be an effective osmotic agent.

QOsmosis by dry sugar and syrup Maximum rate of
osmosis. may  be"expected with dr sugar (sucroseg the
ratio of suéar to fruit affecting the fate to a ertain
extent. At the optimum ratio, all the sugar gets dissolv-
ed In the moisture abstracted from the frurts. It is seen

DRY '
suGAr 2

4ot

51

~N
v
T

*/e LOSS IN WEIGHT
S
{

-
wn
|

10

0 T 7 3 2
TIME IN HOURS
Fig. 1a Effect of suag ar congentration on rate of osmotic dehy-
dration of hanana slices in syrup
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SugarratrofrUt meﬁ'[ s I%%dur%h c%ﬁron
1:1 27 A1 B8 49 g’ﬁ(\/@d
1550
2:1 B7 403 B4 %0 Undissolved
Sugar
3:1 50 37 497 58  Undissolved
Sugar
from Fig, 1a that the extent and rate of osmosis 1S
greater when when the

Oy sucrose pow er 15 used than

s rups are used. Table I'shows that a ratio of 2tq 1
grves the optimym dehydratron rate hut Iar quantrtres
of sugar remarn und |sso Ved, causrn% |cu tres of
draining the syrup from slices, Although with 1.1 ratio,
the raté and extent of dehydration  is sr ghtly less, the
sugar et completely dissolved making it easrer to_drain
tes Hence from the points of viéw of convenience,

t |n ‘and economy, a ratio of 11 seems to be
sura le:

Witn the use of sugar syrup, the rate and extent of
dehydration are rncreased with syru p strength (Fig.
However since_ highl 1%/ concentrated R/rugs are ve
viscous, they offer difficulties m handling_compared t
the minor Benefits. A concentration of 70 per cent 1
suitable in actual practice. Further, for the sake of
convenience, use ofsyru rsPreferabIe ‘than of dry sugar.

Fig. .Ic shows that'the rate of osmosis increases with
the ratio of syrup to fryit but, as seen from Fig. Ic, the
increase 1. small. Besides, larger ratios, offer practical
difficulties. in handling_the ‘syrup-fruit mixture for pro-
cessing. A ratio of I5:1 seéms to be good enough for
practical purposes.

Effect of ‘temperature: Fig. 1o shows percentage
loss in weight with time at temperature 27, 40, 50 and

60

o 60°C
~ 50 o—° o—sc°c
b o
§4o /A/ALO C
Z 30 /0/0 27°C
S 10
/1 N
30 S0 90 120 150 180 210
: TIME IN MINUTES
Fig. ib Effe% of tewrature on rate of dehydration of banana
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60 C when 70 per cent syrup is used in 15:1 ratio. The
rate of osmosis as seen”from the Fig. Ib is markedI%/
affected b{u temperature. . Since vrscosrty decreases Wit
Increase | tem erature, it may be ex ecte that tempe-
rature, will favour osmosis Predr the rate of
0SMOsis Increases considera ata ove However,
too high a temperature will have ad verse “effects on
flavourand texture of the fruit. Hence an optimum
temperature at which there is negligible flavour and
texture loss needs to be chosen. ACcordingly 50T was
found to be the mqst suitable temperature”at which 50
per cent loss rn welght Would occur within three hours

wrtrout an amaetote uarR/
Eect o a Itation; . Fig. 1d shows weight loss with
time 50°C rn Per cent sugar” syrup (ratro

results clearly indicate that “agitation or circufation of
syrup reduces the time qf osmosis.

Rehydration characteristics:  Rehydration of osmoti-
cally dried bananas Is sIr%htIy less than that of unsugared
conventional dried bananas. ts reconstitution is abqut
55 to 60 per cent as compared to 62 to 65 per cent for
air dried bananas as shown in Fig. 2, because part of
the solids s a coating of sugar. The product however is
more suitable as a ready-to-eat snack item. The product
gets affected by moisture and Jight.

Sensory evaluation of osmotically dried banana: The
guoeréage scores for freshly prepared’samples and sample

overaII dualrty of the product in'very good to good anqe
of acce ance Acomparatrve evaluation of the products

0 tarned yconventional air drying and by vacuum
dryrng wrth osmotically dried product showed that the
osmotically dried prodlicts retained more fIavour odour
puffiness and crisp texture than the others. In’case of
air dried samples, colour, flavour and texture were poor
while with vacuum dried sample puffiness and flavour

were lost.
Colour; 3 shows changls in colour of the loro
duct durin storage at 32°C at ™10 per cent moisture level

and at 37 at 20 per cent moisture level. Average Rd

80 1,

| /"‘“—0—""—” . ® -

. 1

2 601y ——0 o °

& ly /0,0/0"_'

20l )

.“6’ . I = Air dried bananas

z 55 ]I II = Osmotically dried bananas
€ Lz 1 1

o

3 4 5
Minutes in water at 97°C

Fig. 2 Rale of rehydration of osmotically and air dried bananas

Vro«yi

o) 25 wrt and without agrtatron or shakrnlq The ¢

for 10 and 15 months at_room_ tempera ure d
conditions wwere 8 8 and 7, respectively, rndrcatrnlg the b
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Fg. 3 Decreargc\e in colour reflectance of banana slices t elevated

values of duplicate samples show that there is little
ifference in_colour stability between osmotically dried
and conventronal vacuum rred bananas, although the
co our o osmotrca dried ananas was more “stable
during the earlier storage erros The average Rd
vaIues in this study rndrcate he lightness or darkness of

the_product.

Flavour: . In general flavour stability closely parallels
colour stability. However, a phenomerion not previously
noticed Is the”development of rancid flavour in osmofi-
cally dried bananas after a storage of IT years. The
cause of this fIavour 05, aIthou(ih not determined, could
be the flavour oils whrch (]oroba are retarned In greater
amount In osmotically drigd bananas than in bananas
ried by other methods This problem however cquld
g Quercome h usfe of gn antioxidant In pac aorno
Further, In vre the fingingl that walnut kermels
were more stable to rancrdrty at a certain optimum
moisture content than at either a, hrﬂher or lower one, it
may be desjrable to store osmoticafly dried bananas at
such an optimum mosture.

Storage time estimates: Consrderrnq these limits of
colour and flavour, an estrmate of the Storage life of the
products was made. At 25-28°C, vacuum dried samples
stored satrsfactorrl}r n resrpect of flavour for 2 months
osmotically dried Alr dried bananas_held at
same temperature Were satrs actory for only 2 weeks.
A rough interpolation of data rndrcates that osmotrcally
dried bananas Processe %/t e ahove mentronedg
cesses were 10 times as stable as the air gried bananas.

Packaging:  As osmotically dried fruits are having
moisture"content in the, range”of 3 to 5 per cent, proper
packa Ing Is very essential. mongst the varrous ackag

aterials (sed for storage o osmotrca rre
bananas aluminium laminate ouc es er po ethy-
Iene/alumrnrum poneth lene) 2410 5mr vvere
found to be the best. ncase of polyethyl ene and poly-
cell bags of various gau?es morsture bsorption t0°a
certain"extent did occur fesulting in spoilage of texture
of the product.
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Cardboard cartons were used as secondary packagin
material to prevent crushmﬂ due to Impacts durin
transportation of osmotically dehydrated products.
Use of m-packa?e desiccant like ‘drierite’ (alumina) or

silica gel may help in extending shelf life. . _
ReuSe of sUgar syrup after osmosis;  During osmosis,
some volatileflavour component diffuses through the
cell walls into the syrup12 Hence, the syrup after osmosis
has a particular frdit flavour. | This syrup can be utiljzed
In the' canning, industry for fruit _canmng or as a fruit
syrup. _If reqtlired, it can be reutilized after proper con-
centration. After osmosis concentration of s%rup reduc-
ed to 65 per cent whichis to be increased to 70 per cent
before reuse. For this, the syrup is filtered through a
filter press to remove fruit fibres and then evaporate
either under vacuum or in open atmospheric pressure.
In the latter case, there is development of yellow brown
colouration which can be removed by absorption on
activated charcoal followed by filtration, Loss durmq
er cen
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etc. In case of ma,n?o_es the colour, flavour and texture
of the fruit is maintained to an acceptable limit for a
storage period of one year. In case of soft and ?ﬁonige
fruits like bananas and strawberries, during vacuum dry-
mq the fruits do not coIIaPse and give a puffy product
with a crisp, honeycomb Tike texturef3 The' sourness
of strawberries due to acids _%ets reduced hecause of
|eaching by syrup and deposition of traces of sugar on
the qutér surface of the fruit. The moisture level in such
products Is always kept about 2 per cent in_order to
refain crispness and puffiness. There is scope for use of
this method for dehydration of tropical fruits like guava

and papaya. _ : .
Bageg _gn these studies, a flow diagram for osmotic

d dehydration of banana chips or slices on semi pilot scale

studies as shown in Fig. 4 was used.13 .
Semi pilot scale stuies:  To fing out the feasibility of

the process on Iarqe scale, semi pilot scale studies were

carried out using 10 kg of peeled bananas. The process

handling_in each cycle does ‘not exceed 2-3 I5 semicontinuoUs because of the operation of vacuum
syrup. “Thus, the same syrup can be reused agaln and  drying after osmosis. The process arrived at on the basis
again after making to volume. _ of Iaboratorly scale experience (Fig. 4) consists of man
Aﬁphc_abnny of the process for different fruits: The discrete operations. As large scalg handlm%o_f materi
metnod 15 found to be applicable to fruits like mangoes, IS involved, It was necessary'to design and fadricate some
strawberries, sapotas, pineapple, apples, custard apple, equipment for better results. Thé designed and fabri-
SODIUM BANANA
+ METABISULPHITE ¥
| ", PEELING
oo - ]
: SLICING
fmmmm e . ‘ Fsucar TR :
. M | WATER SULPHITING
i o V¥
! SYRUP TANK
" T DRAINING ]
' e e
1 Y
i SMOTIC Pf:;DRATION ZEQXSSEMENT .
: : TO MAINTAIN 50 C
' : WATER  SPRAY
b i b o S S | Do R i
ACTIVATED P | s
CARBON BED | | : ROARINS
I .
:+ EVAPORATOR ': DRAl'r!lNG WASHING || DRAINING vg,gggRM
l I
: ; :l WAiTE NA!TE PACKAGING
R — Y (SR | WATER WATER
STORAGE‘

Fig. 4 Flow diagram for osmotic cehyaration process
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cated err] lipment rncluded ) fruit slicing . machine, designed and fabricated equrgment for osmotic dehy-

i1} sulphiting tank, rnz osmotrc deh dratron tank, ~ dration of hananas are given below

IV su%ar syrup Prepara jon tank, () sodium meta- — Fruit slicing machine:” As shown in Fr b, the ma-

iSulphite p re aration tank vr)[ ro uct. trays, and chine onsrsAs of lfrwt gutter g? stan g? motor,

(vii) bracket or lifting the tray. The descriptions of the and"(4) product tray. he design features of th ac ling
are such that (1) variable thickness of the fruit slices
during cuttrng IS possible and ( ?vanable cutting speeds
could™he obtained as a result of which throughBut can

-v] be varied, and (3% the same machine could also be used

for cutting vegetables and fish with [ittle alteration. The
fruit cutter is made of stainless steel and is half round n
shape. The cutter is rnstalled on a stand with its shaft,
) fruit holder assembly an pulley for its dnve arrange-
ps= ment. A 14 HP. sing e'ohaseAC sup Prtl 250 volts
1400 rpm, class E rnsu tion and con lous rating
eIectncaI mofor_ was Used for driving this cutter. The
motor shaft is_fitted with a variable ‘speed pulley drive
] arrangement. The motor, cutter and the whole assembl
=0 15 sugported on a 6 mm_thick mild steel angle stan
The stand is fabrrcated with rooves as sh own n

: for holdrn Bro duct trays o aluminiym.  The tg uit
[‘{_@i_‘ holder assém gl as shown in Fig. 5 is fabricated from

= stainless steel 316. The fruit to”be cut is held tight in
| |
3 —
;
!
Ay

b L; Fm
L-J, =]
- { b
- T _-‘ - — !
B A
| PSR 7 ——- | o 375 ol 220 ;

Fig. 5 Fruit slicer
1. Fruit cutter; 2. Stand; 3. Motor; 4. Product tray
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position with ail adg)ustable clamp helow the cutter
Pornon_ in this assembly. - As the cutter starts rotatm?,
he fruit surface held tight in the fruit holder assembly
below the cutter gets separated into fruit slices and the
slices are collected in the product trag/s. The product
trays could then be emptied as and when neecled. About
40°kg of peeled bananas could be cut intg slices of 8 to
10 mm thickness per hr using_this machine, _
.Osmotic dehydration tank: “The tank made of alumi-
nium sheet 0.3 tm thick is very similar in size, shape and
other asL)ects to sulphiting tank, as shown In Fig. 6a.
The tank was provided with two electrical heaters each
of LKW capacity complete with electronic thermostat
controls. for' maintaining femperature (50°C) and an
electrically operated standard” pump (10 it capacity)
for qently circulating sugar_syrup to produce some
agitation “during osmosis.™ Similarly sugar syrup and
sodium meta?l ulphite preparation tank3 as Shown in
F|%6 were faoricated. _
roduct trays: For carrying out the operation of
sulphitting and osmosis corvertiently, product trays of
nearI){_ same dimensions. as that of the sulphiting' and
osmotic dehydration tanks are fabricated Fig. 6d." The
trays (of aluminium) are fabricated in such a way that an
adj[ustable perforated wire mesh cover can be slipped
In'the groove at the top of the tray. As a result, product
kept in the tray will not float when the tra;{s with pro-
ducts are dipped in sodium metabisulphite or sugar
g)r/]ru dchAttr)g)l/H 25 dozen sliced bananas could be spréad

m

Bracketfor In‘tmg the tray: This is made of aluminjum
680 mm width, 275 mm he|ght). Its main purpose Is {0
Ift or lower the product tray in sul hltlng or osmotic
dehydration tank, The bracket can be Tnverted and
Use durlnrq washln%ope_ratlon. ,

A 10 plate (9" x9" sm(a} and 12 frame filter press
assembly having about 5000 sq. cm. filtering area, was
used for filtration of sugar syrup, after osmosis.  The
cqneentrator was, used for increasing the concentration
of sugar syrup from 65 to 70 percent by evaporat-
mg the water from diluted sugar s¥rup after osmosis,
Vacuum chamber dryer was Used for final drymr%; of
frurt slices to a moisture content of 3 to 5 percet at
60°C, 29 in, vacuum, for 8 hr, ,

Observations on the semi pilot scale stucies: Sensory
evaluation studies on the product obtained in the scaled
Up process were In agreement with those on [aboratory
scale. The process Tan be made semi-continuous by
carrying out asmosis and vacuum drying, 3|multaneousl¥
as shown in Fig. 7. OnI%/ Initial hold-Up time of abou
12 hr will be Tequired fo sfart the process, but then
the continuity can be maintained. o

These studies demonstrated the potential design and
operation problems of a commercial osmotic “drying
Eroc_ess. _major problem is the large difference in
pecific gravity of bananas (0.8 to 0.9) and concentrated
sugar syrup (L.35). The fruit tends to float, particularly
at high” temperatlres viz. 50IT when entrapped air in
the hanana tissue expands. When slices are submerged
In the syrup using pressure, the packed bed formed” of

FINAL PRODUCT
BATCH No. 2 BATCH No.2
FOR OSMOSIS FOR DRYING
i H 1Tk OPERATIONS

BATCH No. |

FOR OSMOSIS BATCH No.l
% o %) gg FOR_ DRYING
ST 2. 8r33: gr BATCH No.3 BATCH No.3
W g I 2T Ve B~ FOR OSMOSIS FOR DRYING
a™N 3> oM 2o oo h

‘ 7 N NN
VA_QPARA_ N I N RN opeearions

V7 Li J Z. N \ N N SIMILARLY —

Qv O (& 9 VO

cEEE Sk 9 22, ‘

(- aX agT

3eE & s g |

% 3| | |
( ¢ d H
L | i | i |
0 12 24 36 48
HIRS

Fig. 7. Operation schedule for osmotic dehydration of bananas on semi—eontinuous besis
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banana slices reduces syrup circulation. . Tumbling beds
In & rotary unit with iternal syrup recirculation might
1aglso succéed if the fruit can withstand the mechanical
OICes.

Washing of banana slices after osmosis must be
Performe quickly and positively to prevent residual heat
from further softening the fruit. For this, water spray-
Ing method seems to e the best. Reuse of_sugar_yrug
after filtration, concentration, and mlxm(rl with“activate
charcoal and then filtering was found o he adequate
for six times,  If the sugar syrup after concentration is
stored at 0°C, it can bereused 15 times or more. The
material contamm? extracted hanana essence and solids
mage a premium Table syrup. _

_Thefeasibility of the process:  Laboratory and semi-
pilot scale. studlies demonstrated the. potential desl(h;n
and operating problems of a commercial osmotic drying

[OCESS, _ . .
: As the process involves two steps viz, osmosis and
vacuum drying, it is expected to be costlier than other
traditional " processes. ~ But it produces _h|é;h uality
roducts and costs much less than freeze dried products.
he main advantage of the process is storage stability,
flavour and colour retention to a high degree:

For producing osmotic dried fruits, Several avenues
are open. Choice dePends upon combination of econo-
mic factors and on R anned Use for the product. Snack
Items to_eat out of hand might be dried'in air to 15 per
cent moisture, or vacuum dfed to 2 per cent.

In laboratory production, d(rjy sucrgse and syru%s can
be used in sfatic or agitated” conditions at” different
temperature ranges. \When syrup IS used, it can e
recirculated and “reconcentrated in conventional evapo-
ratqr or open pan kettle, As a result, there will be a
savmg in the cost of pro_cessm%._ _ _

SX Up concentration is not Critical but from practical
poirit of view 70 per cent concentration was found to be
optimum.. Invert sugar can be used in whole or in part.
It maintains hIPh' oSmotic pressure without having the
sucrose ¢rystalfizing out. "It has been observed” that
flavour deferioration begms to fake glace_abo,ve about
52°C. At 50°C, 50 per Cent weight reduction is accom-
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plished in from 2-i to 3hr. Thus, there is consicerable
saving of time in :he process of osmosis, as a result,
production could e increased, _ .

Flavoured syrup Is produced when either dry or liquid
su%a[ are used” Excess sKrup could be used in Concurrent
ca nmg operations; packaged as a fruit flavoured syrup;
or pac a?ed with 50 per cent Weight reduction fruit for
dehydro-freezing. ~ From all thése considerations, if
may be seen that the pracess. could be made econgmical
by judicious selection” of optimum conditions and reuse
0T ‘0smotic agents.
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Determination of Thermal Process for Canned Mandarin
Orange Segments

Nirankar Nath and S. Ranganna

Central Food Technological Research Institute, Mysore-570 (13
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Peroxidase and pectinmethylesterase (PME) are the heat resistant enzymes present in mandarin orange.  Thermal process has

been evolved on the basis of the inactivation of the PME which is more heat resistant than the_peroxidase. . Proce
the correction to be applied for the heating lag in the determination of thermal inactivation time g
reduction has been applied for process evaluation. T

determinin

decimal regucuon time (D). is given. " The concept ofdemmarq _ e
PME in homogenate containing lye peeled segments and sugar syrup in the ratio of 11.6:6 and soluble solids of 20 per cent,

dure for
IP and
IT of

was Ezoz+s ™T00 and F20r5 = 1-00 at pH_ 3.6 and 4.0 respectively, The F values were equivalent to 3.72 D and 4.67 D
respectively.. In commercial canning, a 5 D process at pH 3.6 and 6 D process at pH 4.0 is recommended. The time required

at different initial and processing témperatures are given.

World over, oranges are mostly processed in the form
of Juice or congentrate for subSequent use as juice or
In the preparation_of beverages.” Mandarin “oranges
(itrus reticulata Blanco) are™ canned as segments” in
Syrup in Japan and Taiwan. In India, juice, concentrate
and segrments are being commercially manufactured from
mandarin oranges. _

QOrange contains enzyme skl/lstems such as peroxidase
and pectinmethylesterase (PME) which are heat resj-

stant.  Unless “inactivated, peroxidase causes undesi-
rable_flavoar changes.an ME causes loss ]>3f cloud
Stabl|l'[%/ and gelation in frozen concentrates.t2 Gene-

rally, the pH of orange is lower than 4.0 and spmlagie_
Is caused Dy hon-sporé formlng bacteria like Lactobacil
or yeasts which have lower hedt resistance than PME.3 5
. The heat treatment necessary to inactivate the PME
injuice varies with the yar|et6y, gH,_etc.GQ The effective-
ness of heat treatment is asséssed either by the quantita-
tive estimation of the residual enzyme activity6 or by
qualitative jel-test.9 The heating tinies and temperatures
reported afe for the commercial pasteurization condi-
tions of juice and not for the actual thermal inactiva-
tion time (TIT) of the enzyme which can be used
In process evaluation, _

According to Hiranol in JaPan, the filled cans_of
orange segments in syrup are sealed in  vacuum sealing
machine and heat processed in a continuous ag|tat|n%
cooker and_cooler, The. heatm? time for No. 5 can
(ca I x303) at 180 F is about 13 min. In Inia, in
one of the processing factories, the filled A 2 A cans
E401 x411) are gassed throu%h a.steam exhaust hox and
hen processed at 190°F for 30 min In & rocking Rasteurl-
zer and in another plant, cold filled, méchanically

vacuumized 11 oz (ca. 0L x304) cans are processed in a
rocking pasteurizer at 180°F for. 18 min,

Process time for canned fruits in syrup have heen
evolved on the basis of thermal inactivation of the
enzymesIt 14 Investigations carried out to determine
the TIT of the PME and the peroxidase, and calculation
of the safe therma Process or. segments in s[)(]r_up from
mandarin orange form the subject'matter of this paper.

Materials and Methods

1 Preparation of thefruitfor the TIT studies: Man-
darjn orarglges, purchased from the local market, were
peeled and” segments separated. A cold Iye peeling
procedure found most suitable was adopted o peel the
segments. 5 After_hand peeling of fruit, the segments
were soaked in 15 per cent HCL for 60 min af room
temperature (25°C) washed in water dlpﬁed again
In 1 per cent” sodiUm h;(]dromde for 25 min_at réom
temperature and  re-washed thoroughl . The seeds
were removed, and the peeled segménts were blended.
The resulting. pulp was filled info pol'gethylene bags
8U|ck-fr_ozen| a plate freezer at -40°F and stored at
@ until use. The syrup homogenate was prepared b%/
bIendmg the thawed pulp and sucrose syryp in the rati
16:6 30 as to get a final product Having 203 Brix,
similar to the cut-out Brix of the final _Pr_oduct and the
pH was adjusted to 3.6 and 4.0 using citric acid.

2. TITo . The technique used was almost
similar to that of Bigelow and Esty16 for determination
of the thermal death™time (TDT) of bacterja.

Determination: Pyrex %Iass tubes (here-in-after
referred to as TIT tubes) of 135 cm Ien%th, 16.¢m
and 14 cm ID were used. Ten ml of the sample were
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pipetted into each of the tubes, heated in a thermo-
static water hath for known times and cooled immediate-
ly béy plung|n|g the tubes into chilled water. Two tubes
Weré used “for” each time and temperature, and the ex-
periment was performed in triplicate. _Tubes of larger
diameter than'that recommended for TDT had to be
used, because 10 ml of the sample was required to test
the actm%. _ _ _

The corme-up time was determined using a 105 cm
Iong_needle-t}/pe thermocouple fitted with spacers to
osition the thermocouple . in the centre of the fube.
he temperature at time intervals was noted with a
manually qperated Leeds and Northrup potentiometer
calibratéd in terms of degree Fahrenhelt. Experiment
was done in trwhcat for ea?h temPera ure. _

1) Correctionfor heating lag gur n%/lt e come-up time:
The ‘extent of jnactivation” of the PME (analogous to
lethality of microorganisms) during the timé-lag in
heatmgi and coolm%_was calculated” by applying” the
?enera method of Bigelow et aidl for proceSs Calcu-
ation as suggested by Perkins et n/.18 in the case of
CL botulinun.” TIT values as determined without cor-
rections for the come-Up time were plotted as shown in
Fig. 1 Heat penetration rate into the TIT tubes during
thé come-up time was plotted as shown in Fig. 2 The
TIT corresponding to, temperatyre at time” intervals
during the come-u% time was found from the TIT
curve™(Fig. ) and the inactivation rate was calculated

using the expression; Area under the thermal

inactivation curve ganalogous to_lethality curve of
mlcroorgamsms RSQ. represented the extént of inacti-
vation Contributed during the come-up time, and the
area under OPRSO represented total inactivation, if the
temperature rise had been nstantaneous, The effective-
ness and the corrected TIT were calculated using the
following expressions:

. _ Area under QRSQ
EffECtVENeSS = Areq Tder OPRED
Correction = Come-up time (rl- effectiveness)
Corrected TIT = Experimental TIT-correction.

Since. the ¢ooling was very fast, and the inactivation
contributed by It was negligible,_ it was not considered.

(H|2l Test for PME activity:  The jelly-set procedure
of Patron and Swinzow® as modiified” by Rothschild
et al? was further modified to determine the time re-
quired to inactivate the PME. Ten ml of 0.5 Per cent
pectin (b per cent methoxyl) solution was added to 10 ml
of the sample, pH adéusted to 7.0 with 0.1 N NaQOH and
the volume made to 60 ml with distilled waer. To this
1ml of 1N CaCF solution was added. mixed, transferred
to 100 ml stoppered conical flask and incubated at 34°C
for 48 hr after adding a few drops of toluene. The
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control sample having no enzymic activity was preBare_d
In the same way, buf using a"sample. hedted for 10 min
i boiling water. After incubation, viscosity of the sam-
les was measured usin Brookﬁoeld viscometer (spindl
0. 1and speed 60 er at 26.7°C. Any increase in the
viscosity of the sample as compared to that of the con-
trol indicated the presence of the active enzyme. The
minimum time at ﬁtemperature when the sample showed
noSactM%/ Was taken as TIT.

alculation of decimal reduction time: Ten ml thermocouples,

of sample was heated in TIT tubes described earlier
for varying periods at_different temperatures as in the
TIT détermination. . The heating times selected were
above the_come-up time and well”below the TIT. of the
enzyme. - The residual PME aCtIVI'[Y was determined by
the” method of MacDonnel et al.20 as modified
Rouse and Atkins6 and the activity was expressed &S
PE.U. Rer mlxJO4. Correction o' be applied to the
actual heating time for the lag during come-Up time was
determined, aCcording to the procedure given under TIT
determination. _

Time required at a garncular temperature to reduce
the enzym actlvng to one-tenth (D) was calculated
Using tfie formula Suggested by Stumbozl

... loga-lo . .
where ‘a’ is the initial _ac%\uty agng 1S the activit
Which survived the heating tinie of ‘U’ in min.  The
values calculated for different heating times at one
temperature were averaged,

4 TIT ofPeroxidase: The_grocedure used in heat cyc

inactivation studies was essentially that of Nanjunda-
sWamy el a/. 14 As the samples were cloudy because of
%ulp, he colour formed with_ guaiacol was measured in
ausch and Lomb S?ectromc-zo colorimeter with re-
flectance attachment at 520 nm. the wavelength of mini-
mum reflectance. The sample was heated for 5 min in
boiling water, and the reagents added served as control
to_ set’the Instrument to Per cent reflectance. The
minimum heating_ time at a temperature at which the
reflectance was 100 per cent was taken as the Inactiva-
tion time, The correction for heating lag was deter-
mined as in the case of PME. _ .

5. Quantitative _estimation of peroxidase activity:
The activity was estimated by the ascorbic acid oxidation
method of Joslyn and Zuegg.2

6. TIT and thermal™ resistance curves; = These
curves were plotted on semilog paper by applying the
least square analysis.2

. Heat penetfation stydies: Orange Segments were
Prepared by .cold lye peeling procedure as Tescribed In
he gregaratmn of'the fruitfor the TIT studies. - Seeds
were removed carefully with bamboo, sticks fo avoid
breakage. Unbroken Segments (580 g) were filled into
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401 x411) cans and covered with (300 Lsucrose
syrup. (about 45° Brix). In one set of studies, the syrup
vias filled hot (1600? and the cans were exhausted for
7'min and sealed. 1 the other set, syrup was filled at
room temperature. The sealed cans Were processed at
190°, 207 and 212°F and cooled in water. Six cans were
used for each run. _
Heat Epenetranon rate into the cans was measured
using Ecklund’s non-projecing, plug-in, needle-type
_ Heath was “found*to be by, rapid
convection jnitially, followed by slow convection or
conduction later. "Heat penetration studies carried out
by positioning the thermocouple at different positions
Indicated_the eatm% to be the slowest at the geometric
centre.  Therefore, The thermocouples were positioned

A 2"

by at the geometric centre of the can in subsequent studies.

Lead wires from thermocouples were connected throu%h
selector switch to a manually operated Leeds and North-
ru% potentiometer, _ _

. Process calculation; = Processing required for can-
ned segments in sayrup at different gH was calculated b
the Improved ?r phical method of Ball and Olson.Z4
Inactivation rates at various temperatures of the heat
penetration curve during heating and cooling \ere
calculated using the expréssion;

| = log-i T-T

L Z
where | is the inactivation rate at temperature T, T*
Is the temperature at which F 1s 1 min and z Is the num-
ber of °F required for the TIT curve to traverse one log

_yTﬁ_erm_aI inactivation rate curve was drawn by plotting
Inactivation rate against time. The F value was calcu-
lated by cutting the area beneath the inactivation rate
curve and dividing its wejght with the weight of an area
equivalent to unit Inactivation from the”same paper.
T0 calculate the processmg_ time having the desired F
valug, cooling curves at (Qifferent points were drawn
Parallel to the original coohr&g curve.  Areas under
hese curves were™found and” the corresponding F
values were calculated. The actyal processing time was
determined by graphical interpolation.

Results and Discussion

_In the canned fruits_and heverages, thermal process
%ven should be sufficient to_prevent spoilage by the
|cro-organ|sms and_ fo inactivate 'the ~ enzymes.
As alreadly stated, PME has been found to have h|gh_er
heat resistance than the ng)mIage microorganisms in
orange groducts. Hence, PME"as well as peroxidase
were” used as test enzymes for process evaluation.
Activity of these enzymes as also the total soluble solids
g_TSS) aC|d|2/ and pH of the edible portion varied con-
iderably (Table 1). Lower the pH, shorter is the pro-
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determination of TIT of enzymes, Kaplan et a/.1 appli-

Table L total soluble solids, acidity, pH and enzyme ed an arbitrary lag correction of 1'min chosen as an

ACTIVITY IN ORANGE

Particulars Edible portion« %rrupnno%ega\e
7 2
Ecsf"r‘%am DS 0se115  ogd 0
y U 2N R ¢
V';yct( U 06520 106180
Aty 1905

Prepared by hand peeling of fresh ments and blendi
sy;up DAres % naée peﬁngn%f segrrentsralarqg"ft blending with sucr%

nan
CEsS whrch ma%/ e, used wrth safety. The pH of the fruit
varied rom 0 in early rainy Season crop of June-
Septem er 0401 rn Iate mam summer crop of Novem-

ber to Feb ruarIy enera summer crop is used for
grocessrn uring whic h period, the H ranges from
6 to 40. Hence, thermal rnactrva Ion studres an

rocess evaluation were carried out at pH 36 an
he TSS, of sr(ru;% homogenate, was adjusted to 20 per
cent to simulate the cut-out Brix of canned segments in

Syrup.

F and D values of PME
Correction for heating Iag during come-Up time_ in
TIT determination:  TIT, s détermined, needs orrectron
0 account for the necessary de ay In bringing the con-
t)enls of the tube to thce mperature of e water
This correction aependS upon the sterilizing
value of the time lag in heatrng and cooling. In the

Table 2. corrections for come-up time in the determination
of tit of pectinmethylesterasf in syrup homogenate

H Tem. Effective-  Correction*
G I )
3 B W 64 B 3R
0 66 B 34
™ 60 N0 )%
™ 6 BD R
Mean 63 b 3
00 B W 64 A0 3B
i0 66 &0 3B
% 60 B0 3%
™ 62 %3 3%
Mean 65 0% 3%

d Ths s to be subtracted

d fore, the terms

approximation” of “the time having no lethal action,
while Nebesky et aid1 used a corfection, of 15 min,
Only 42 per Cent of the retort come-up time has been
found to” contribute to IethaIr during the processm
of the cans 4 Dastur et a/.13 and an unclaswamy
et al.14 used this correction factor in det rmining the
TIT of the enzyme.

In literature, thou?h reference is made for determi-
nation of lethaljty of the come-up time by the general
method of Bigelow et aid1 for process calculation, the
actual Inrocedure of evaluation has not been given by
the earlier workers. The procedure described under the
experimental portion provides a basis

At pH 36 and 4.0, 45.06 and 42, 86 per cent respecti-
vely Of the come- ug time wag, effective,  Hence, the
cor ectron requrred ecreases slightly with the decrease

n

(E)orrected TIT:  Kaplan et aid1found the TIT curve

of the enz?/me when pIotted on a semilog paper,_to be

a straight fine as in the case of micro-organisms,  There-

F (the time reriurred t0_ inactivae the

enzyme at a particular temperature) and z (number of

°F Tequired for the TIT curve to traverse one log cycle)

are used to denote the TIT curves as in the casé of the

thermal death time (TDT) curves. TIT curves of PME

at different pH are grven in Frg 3. The temperature
‘s

30

7.0

601

501

4L-0F

3.0

2.0r

Time ( min)

1 1 1 1
160 170 180 190 200 210 220 230
Temperature(°F)

Fg. 3 %T 6“c%nfocf PME in orange syrup homogenate at pH
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Table 3. f,d and z values of pme and f/d value for process
CALCULATIONS

Frorp agéeéngual rVgesis—
From TIT cune
pH T nipai D\t’glrﬁf% ich
Wnicao ST @@ 2 FD
Fo® Tm (P
3 A5 N4 0% A5 37
40 65 A6 024 N0 467

at which the time required to inactivate the enzyme is 1
min and the z values are glven In Table 3 The inacti-
vation time for PME decréased as the pH lowered.
Decimal reduction time of PME:  In'some of the can-
ned qrange segments, wherein the sterlization valye
(F) of the"procass was equal to the F value of PME in
Syrup homogenate, the en_z%me had not heen completely
Inactivated (Table 4). - Siilar observations have heen
made by Kaplan et al.n and Nebesky et aid2 in other
canned products. The enz¥me activity In fruits consi-
derably varies {Table__lg. he .F value of the enzyme
depends upon the nitial activity. . When the enzyme
a IVI%_ in‘the sample canned is”higher than that (sed
for TrT studies, the calculated process time would not
be sufficient for complete inactivation of the enzyme.
As In the case of micro-organisms,_the rate of the inacti-
vation of the enzymes is logarithmic and is independent

Table 4 o] time for orange segments canned

"B

Livalence In
Lictions

3D

FZ,,$ I--|1.08 400D
, =148 50D
, -1.00 32D
, -1.08 400 D
, =148 50D
‘ 467D
Pt g 600 D
, -1.50 70D
-1.00 467 D
, =1-28 600 D
. -F50 700D

in syrup
PROCESSING TEMPERATURES
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of the initial activity.5 Hence, the time required to
reduce the enzyme activity to one-tenth (D value) at
different temperatures werg determined to Calculate the
Process time based on decimal reduction. The D values
ound  are _?lven in Table 3 The thermal resistance
curves (simifar to the “Phantom” TDT curve of bacteria

for PME were plotted and the z values determine

(Fig. 4). The z value from the thermal resistance
curves was higher by 11 at pH 3.6 and was |ower by
16 at pH 40°as compared to the values gbtained from
TIT. curves (Table ?3 These slight variations may be
attributed t0 the different protedures used in” the
determination of the TIT and the decimal reduction

time.

At pH 36 and 2035°F, F and D values were 1 min
and 0.295 min respectively. For almost complete inacti-
vation of PME, 3.72 decimal reductions (which is given
by FID ratlog are required (Table 3). Unlike micro-
or%_anlsms_,_te enzymes do” not multiply, but their
initial activity may vary. Hence, a slight iricrease in the
decimal_redtction prgcess should ensure inactivation
of the PME. Accqrdmg!y, the F values equivalent to
slightly higher decimal’ reductions in the_canning of
orangé segments are given in Table 4. The decimal
reductions (F/D) required for inactivation of the enzyme
Increased as the'pH increased (Table 3).

F value of peroxidase; TIT of peroxidase was deter-
mined at pH 3.6 and 4.0. Come-up time was 2 min and
22 sec of which 44 per cent was effective, The F values
of peroxidase were 1 min at 186.5°F with a z value of

in 401 x4U (a 2|) cans at different filling and

Ly e ST E () y
a % W 10
S, 104

B ¥ 114

m 10 Wk 60
20 150 Q2

R0 IR 66

a % 5 108
W B W

45 ¥5 16
T, B 64
240 173 70

%0 185 74

«PME had not been completely inactivated in these samples.
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172 at pH 36, and L min at 192°F wrth a z value of interest in this investigation. Theu are qrateful to M.

182 atp H 40 ME Q Srnce these values were lower
thantoseo P g 0= 100 at pH 36 and FAes

at pH 403 th Erocess evaluation was based on
the inactivation of

Process caIcuIatron The heat penetratron curve of
canne orange S Igments filled cod and processed at

Iven in Fig. 6. From the TIT curve of PME

Fg 3) IS evident that the time requrred to inact-
vate the enzyme at pH 36 1s 1 min at 2035°F, and at
pH 40, 1'min at 206.5°. Hence these temperatures
Were chosen as the base temperature for calculation of
process fime.

The thermal inactivation rate curve are given in
Fig. 6 and the graphical interpolation curves to™find the
Erocess time correspondrng 0 the desired F values rn

The process times calculated are given in Table 4.
Srmrlar studies were carried out erther wrth or without
exhausting the cans prror to sealing, and at processing

temperatures of 190 and 212°F. The process times
calculated are grven rn Table 4
Quality of the canned product: Examination of the

canned progduct for the calculated periods either im-
mediately after processing or after two and ten months
of storage at room temperature (25-30°C) showed no
peroxidase or PME activity. The segmentshad retained
normal colour and texture, and the flavour was full.
The breakage of the segments was negligible and the
syrup was Clear,
Recommendatron for commercral processrn? In the
cannrng of oran%e segments the F valueso 1 min a
1'min at 200.5°F .and pH 4.0
Were equa to 312D and 467 D respectrvely (Table
2 At pH 3.6 and 4.0, the time required for processrng
21 (401x411) cans at 100°F 'was 340 min an
355 mrn respectrv\e\% when the rnrtraI temperature wes
en the initial temperature was
160CF the trme required was 190 min and 210 min

respectrvelk/ In the commercial processrn it wouId be
advisaple o use a Ir‘)rocess equivalent to
Instead of 37 process at pH 36and 0

respectively whrch would ensure not only the inacti-
vation of enzume but also other variables like fruit to
S ruP ratio, strength of the cquering syrup, initial tem-
perature of the can, the rate of cooling, efc. encountered
In the canning orocess The corresRondrng Increase In
the processing time is very little which 0gCreases with
the increage i the processrng temperature. The process
time required to achieve this at t e different processing
temperatures are given in Table 4
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. Citrus essential oils are much valued for their flavour-
ing properties and are widely used in processed foods,
beVerages, pharmaceuticals and perfumery. The fer-
penes present In the essential oils deteriorate rapidly
and develop off-flavours as a result of their oxidative
and photochemical transformations. Partial or complete
removal of the terpenes is therefore necessary to ?et
deterpenated or te[FeneIess oils, which are valued for
their enhanced stability, improved solubility and increas-
ed flavour strength. _ _
. Deterpenation'can be carried out by different methods
like fractional distillation, counter-Current extraction
column chromatography and hydrotropic method. b
Different workersg" 1L have tried to |mRrove the column
chromatographic method mainly with, respect to the
operating~costs.  Recently, detérpenation of some of
the Indian orange oils was done by the chromatographic
method. 55 The various parametérs affecting the chro-
matographic separation of the terpenes and"the oxyg]e-
nateq” compounds were studied So as to achieve “the
conditions ~ of maximum economy consistent with
reasonable efficiency. ~ The column_chromatographic
method was found”to have spme distinct advantages
wjth respect to the sim |ICI£¥ of the equipment, the ease
of operation and the complete separation of the terpenes
and the oxygenated constituents gter eneless oil),
_The work Teported herein relates t deterPena jon of
citrus essential oils. The data regarding the various
aspects, of chromato?raphlc deterpenation"of lemon and
lime oils are presented here.

Materials and Methods _

Oils used; The physico-chemical constants of  the
lemon and lime oils used In these experiments are given
in Table 7. The various types of lemon and limé ails

) . . . I
[g%)e elcgpoi&glg]are&sedle nandlmeoﬂsvwscam%%t athet

I'in

umch ic and the yarious para-
il
A e e T

Xygenated compou

collected during the investigation were analysed for
their qual]%y characteristics according to the Standard
method. L1213 .

Silica gels:  For column and thin layer chromato-
graphy (TLC)silica Pels of 100-200 mesh &nd silica gel-G
were Used respectively, Silica gels for column chromato-
graphy were heated”in hot air oven and their activity
Wwag determined by the Hernandez procedure.4 Deacti-
vation of silica gef was done by adding required quantity
of water to thé actjvated silica gel. ~ Deactivation wes
done to ?et silica gels of differentactivities,

Solvents:  Solvénts of chemically pure grade were

used., . :

_D_eterPenatmn: The method of deterpenation was
similar to that used for oran%e 0il.13 The set up for
the deterpenation of lemon and lime ails consisted of
) 9Iass calumn (90 cm length and appropriate diameter)
fitted with a stopcock adapter and a receiver assembl}/.
The receiver assembly. comprised of a fest tube with
a side tube for collecting the eluate under any desired
vacuum. A cotton plug and a filter paper disc were
kept af. the hottom of the vertically Clamped  column
and silica_gel was poured through a funnel into the
column with stopcock open.  The column was tapped
%ently to get a packing of moderate t|Phtness. Another
lter ‘paﬁ r disc anda glass wool plug were kept on
t%) of the column and & weighed quantity of oil was
added. The ol was allowed™ to percolate down the
column under mild vacuum (as indicated by the
manometer in the water pump assembly). - About’50 to
60 per cent of the terpenes could he eluted out without
the. need for a solvent and collected in tared receivers,
which were changed by closing the stopcock, disconnec-
tmg the suction &t the side tube ang detaching the outer
test tube. The residual terpenes, still left on the column

120
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were eluted with a non-polar solvent (about 15 cqumn
vqumes? and checked Dy TLC to ensure recovery. T
terpene-free material was finally eluted with & polar
solvent. The terpenes ang the tefpeneless fractions were
recovered by dis Ilrn? off the solvents on a water hath,
and removing the last traces of solvent in vacuo.

Results and Discussion

The main factors which govern the efficiency of
separation in the chromatographic process are (a
nature and particle size of ddsorbent: () activity 0
srlrcagel (¢) adsorbent to adsorbate ratjo; Edg mode"and
degres’ of packing:  (¢) height of adsorbent and elution
rafe; (/) eIutm% solvents; and (q) chemical inertness of
adsorbent. With a view to achigVing maximum economy
without undue sacrifice of etfrcrenc%/ the above vanab €
were examined In some dletall, with only column gra es
of silica 3el instead of alumina which s known to pro-
mote un esrrable chemrcal transformations.

ctrvrty of agdsorbent: Data in Table 1 indicate

|caI esults tor cold pressed  lemon and lime oils
owm the inf uence of the activity of the adsorbent
on th eeconomy of eter enatron As expected the stron
er the activity, the h| er is the adsorptrve capacrtp

e silicagel, artrcular y for the oxygenated (terpene ess1
fraction. ~ More oil_can be deferpenated with silica
of higher activity, The reduction in (percentage) |ed
at Iower activity is indicative of incomplete separation,
suggesting that ‘active adsorbent always lowers the cost,
The"yield of terpeneless lemon oil o tamed was 1178
per cent for la actrvrty and 9.63 per cent for 11b whereas
h percenta%e yreId fterpene ess lime. oil was 20.16
for | and |l 1584 for>[11[> activity. It can be
seen that the trme taken for elution decreased with the
decrease in the activity of the adsorbent used.

Adsorbent-oil ratio> The ratio of adsorbent to oil
used for deterpenation is critical with respect to the

vl

yield and the cost. A high silica gel to ol ratio ensures
complete separation of tfie terp]enes from the terpeneless
fraction and hence results in higher yields of the latter,
but the process hecomes Uneconorical.  Too low
ratio, on the other hand, leads to poor separation and
consequent loss of the valuable oxygenated materials
whrch are partly eluted with the terpenes.

rpresentatrve results obtained for the_cold processed
emo lime qils are presented .in Table 2. The
silica e to essential oil ratio used in the exp enments
ranged from 10:1 to 1.2 wh ereas the p ercentafg %re of
>nr7qenated compounds for lemon_oil ranged fro

4 while it ranged between 27.97 and 10.35 in case
of lime ails. Besrdes this the_total fime taken for elution
increased with increase in silica giel to oil ratio. . Next to
activity of the adsorbent, the silica gel oil ratio is the
most |mportant factor aﬁectm? the Econgmy and yield
of ox genate compounds terpeneless oils.

ode"and degree ofpacking: ~ The dry packmg of the

column was preferred to the"conventional packing in a
non-polar solvent slurry from the. standpoint of (3)
economy (b) greater separatrve efficiency reported for
dry coltmn chiomatog rapg (C) convenience, and (d
Iower operatronal timg.  The colUmns were ace to
moderate degree of tightness as trgftpackm g although
%\lrelsn rlaetter resqutron decreases Tlow rate ‘In narrow

U

It can be noticed from the Table 3 that no significant
difference existed between the wet and d)fme 0ds of

ackm% with re%ard to the Oyreld of terpenéless fraction.
evertheless, the dry method was found to be superior
with, respect to convenrence and economics.

Diameter and height of column: Even though a lgng
column of adsorbent IS IrkeIY to have better ‘resolving
power wrt a ower silica to oil ratro and a lower
cost a Slower elution rate ffom long columns would be
undesirable. In Table 5the percentage yield of terpene-

TABLE 1. EFFECT OF SILICA GEL-ACTIVITY ON THE YIELD OF TERPENELESS LEMON AND UML OILS*

Cold pressed lemon ol Cold pressed lime ol

Activity of silica gel la 1&lla lla Ily llia [&lla 116 llia 1l
Gil used (0) 006 2006 Q0¥ 208 006 X6 B0 B9 5B
Terpenes obtained (g) s uxn  uxo o U W 1% 08 0 AN
Terpeneless ol (g) 2% 208 28 1® 162 S0 4 4l 397
Terpeneless ail (% 1| 1040 1010 98 8B 2016 1B BA LY
Elution time (hr) 250 25 25 255 200 300 30 2 290
A lumn 1.4 th f re of f

gl goa\s,seﬁto t‘E?E‘ used( ?grcemwonpapheedvu SI non0 Ett esd%d n v%r%SLSrsle”x&n eac b%ukeoear%ﬂaﬂo&
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ca gel—oil rat

Slicagel to oil ratio 12 101

the deterpenahon of lemo

Cold pressed lemon al
51 331 251 21
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Coldl pressed lime oil

I 114 101 51 3B1 21 11 12

Oil Lad ) 10020 507 010 524 6B 50 024 0F 59 00 50 BB son 0B
Terpenes(g) 06 400 8F BN UB 220 B0 65 3 TR UL 1P 40 80
Oy oompk () 7% 00 18 18 2% 28 55 69 16 23 308 50 8% 103
Oggoompk (B9 754 U784 U DB UB UK DS M 7% B5 NH B 66 0B
Eutontire () 350 250 250 2 2B 3 3M 35 2 25 25 2B 3% 3%

- Bxperimental conditions same s in Table 1

less fraction decreases as the diameter of the column
increases—thus indicating the importance of keeping
a_proper height or diaméter of the column for a give
silica el to ol ratio. With increased column he|ght
(60 cm) mild suction was necessa n

ditions was practically nil as shown by the negligible
condensate collected in a chilled (~15°C) trap intérposed
between receiver and the pumP. Tod high a suction
however may cause a_ greater loss of voldtiles, poorer
separation aUe to coning of bands and eventual Slower
elution due to further packing. _ _

|t can be_seen in Table 4 that the time of elution
decreased with increase in diameter of the column used.
Further, no vacuum was necessary for columns of dia-
meter 3,25 cm. The diameter and eight of the columns
for a qlven silica gel-oil ratio, however, are not as im-
portant as the activity of adsorbent or the sjlica ?el 0
ol ratio. . For exaniple, the percentage yield of ter-
peneless lime oil dig not chan%e much “with the change
In diameter and height of the Column,

Table 3. maximum content of terpenes and terpenel

for ensuring a reason-
able elution rate. The loss of volatiles under such con-

ess (oxygenated) fractions in lemon and

Efficiency of solvents: The cost of deterpenation
depends to"a significant extent on.the solvents required
for elution and 0On the extent to which they can be econo-
mically recovered and reused. By dry packing of active
silica el to the required height and aﬁphcanon of mild
suction, about 50-60 per cent of the terpenes filter
through without the use of an eluting solvent. ~ This
Itself Tepresents a substantial saving of the solvent. The
residual terpenes can be eluted off'the column in abqut
2 to 3 column volumes of a non-polar solvent like
cyclohexane, getroleum ether, or carbon tetrachloride
which do not appear {o differ much in relative efficiency,
However, recovery of carbon tetrachloride and removal
of its last traces presented some difficulties and. its, use
i5 not favoured If the ‘oroduct i5 0 be used in food
flavours. Among the PO ar solvents methanol was found
to_be equally efficient but the removal of las: traces is
difficult and Its presence In the final product is objection-
able. High volatility, mflammabn%and ready téndency
of peroxide formation are drawbacks which make ether
less favoured in large scale applications and hence it

Ditilled

Cold pressed
Lemon oil-A Lemonail-A  Limecil B Limeol B Limeal-C  Limeoil-D

Experiments 1 2 3 4 5 6
Method Used \AEt Dry \\Et Dry \AEt Dry
Qil used () 01 507 1002 1002 1008 1009
Elution time (hr) 30 25 45 25 25 25
Terpenes obtained () A 400 6.67 6.72 123 1%
Oxyg. fraction (g) 18 090 28 252 1%

Oxyg. fraction (%9

18
e
%@Mﬁ%ﬂﬁ%@%ﬁ. .

column was 14 cm

dia. 0

284
2818 .
In expt.

2500 980

2843
4 S%Gan(% e&'éoo\geinZand 120 ;gb% %v%rl]me of
m&%dpew@ﬂeﬁmgmf o e

Wes 2.25 ¢m for others.
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Cold pressed lemon ail Cold pressed lime oil
Diameter (cm) W U 125 3% 3% WU 7 2 3B U
Column Ft (cm) O &0 8B B 2 2 B L U L B
Ol used (g) 006 18% 003 5000 014 18 A5 BB A4 X0 1004
Terpenes(g) BB U LN BB BN WO 08 1% 1954 2000 8.4
Oxyg. compds (0) 50 718 510 510 506 68 512 509 5B 472 1910
Oxyg. compds (%) 1040 606 2018 1016 10U 574 207 09 098 1B 1906
Elution tirre (hr) 20 1h 10 1d 290 2% 1 10 2h

25 3%
%%@ﬁg&%%%%ﬁ%ﬁ
colurms of otrer crameters.

was not included in these experiments. The recoveries
of the solvents are fairly satisfactory and these can re-
peatedly be used for deterpenation. The final choice
of the solvents will depend on relative costs and toxicity.

During deterpenation, cyclohexane, carbon tetra-
chloride and ‘oetroleum ether were used to elute the h){dro-
carbons while the 0 Eenated compounds were €luted
with polar solvents fike ethanol, methanol, acetone
or ethyl acetate. About 200 ml of polar solvent and 200
ml of pon-polar solvents were necessary to deterpenate
50 g of either lemon or lime oll.

fficiency of commercially available adsorbents:  Ex-
periments ‘were carried out under similar conditigns
using 50-g lots of activated silica ?els and alumina
manufactdred by five different firms o determine their
efficiency.  The ‘efficiency can be judged from the per-
centage ‘of the deterpendted material(Table 5\)' There

P T S 0 LA ST AN e o

T e e

elution which r_anged from 15 to 300 hr,  These diffe-
rences in efficiency observed may possibly be due to
their particle size and/oy the mode’ of manufactyre.

The silica gel used for the deterpenation of lemon
and lime oilS was recovered and reused for deterpe-
nation and the results showed (Table 6) that the recover-
ed silica gel was as good as the fresh'silica gel for this
P_ur 0se. ~ The used silica gel was recovered by boiling
irst with 1per cent NaOH Solution; washed with water
and again boiled with 5 per cent acetic acid and washed
with water till free of acid, and finally activated by

heahr;g to 1200C. . o _
Compounds contamlng certain labile or reactive
functjonal groups are Known to _underﬁo chemical
transformation In contact with certain hig I¥ activated
adsorbents. It is important to ensure, therefore, inert-
ness of the adsorbent used for deterpenation towards

was considerable difference in the total time faken for the components of the oil, otherwise off-flavouis will
Cold pressed lemon ol Cold pressed lime ol
Adsorbent used SGA SGB SGC SGD  SGE Aumna SGA SGB  SGC  SGD  SGE
Colurm ht (cm) 0 ® 2 % B8 ¥ L B B N b
Oil used (0) 5024 5000 5000 00 N2 N NB VT T N7 NP
Terpenes(g) BN BR M6 M3 46 6T 4R AR BB LU BY
Oxyg. compds (0) 55 40 416 A6 ATl 18 T 8% 642 TR 646
Oygcompds(%9 1046 980 9% 9% 94 3Bm LY Ul L7 BRI L8
Elution time (hr) 30 30 20 1% 10 10 20 2% 29 1B 1B
| : | g N e dlina v L o o L
T b i e
used‘%?fe_ri*on oi'.ﬂfﬁe_ Jercgontage recov_eQPg the solvents wﬁqﬂ?vweﬁ% ! P 0
SG—Silicagel from ditferent commercial sources—A, B, G D, E
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develop in the product. In the present experiments
teré)_eneless proqucts prepared on_silica gel “columns,
Indicated no objectionable aroma‘flavour.™
Alumina even with activity 1 was found inferior to
silica gels with reﬁard to the yield of terpeneless lemon
and lime oils. The flavour and_colour of the deterpe-
nated oils from columns of alumina were found to ditfer
very much from that of the silica gel columns. Deterpe-
nated oils from alumina are poor” in their flavour value
and hence its use for this purpose is very much limited.

Analysis and flavour guality of lemorf and lime ails:
The results of analysis of lemon and lime oils are present-
ed in Table 7. The maximum content of terpeneless
fractions Foxy%enated compounds) in lemon and lime
oils used for this investigation can be seen in Table
As seen from the data the specific gravity, aldeh¥des,
esters, acid_number. and evaporation residue. of the
lemon .and lime oils increase consierably with increase
in their terpeneless fraction (oxygenated compounds)
whereas the optical rotation decfeases with Increase
in their o>%/genated_com ounds.  Cold pressed _ails
contain certain quantity of waxes whereas the distilled
oils are almost wax-frée.  Cold pressed lime oil used
here contained 10.3 ger cent wax and its terpeneless
fraction contained about 37 per cent wax. The cold
?ressed lemon oil used for the experiments was almost
ree of waxes showing that it might have heen winterized
very Well. Distilled oils are almost colourless whereas
the”cold pressed oils were light gireen, yellow or brown
in colour. The aroma of thé distilled oils was however
pOQr When comPared to the cold pressed oils,

The reasons for the variations in the analytical and

Table 7- physicochemical constants of |
S gr Opt rofn
Cold pressed lemon oil-A 0863 +7271
2 X-lemon oil from A 08716 +64%8
?erpenelless IIermn o_||l fr_(t)H] 5A0/ d o 0901 + 147
o N AR AGEEE hor0 4 544
LmealB 08646 +3834
Terpeneless-fime ail from B 0%%2 - 090
Coldl pressed lime ail-C 08818 +5360
Terpeneless lime oil from C (dewaxed) 09550  Nil
50°, Ceterpenated lime oil from C 0R5 +22%
Terpeneless lime oil from C (with wex) 1020 - 09149

“difficult end point o
*“solubility tests were done a 1.3 dilution in%_ alcohol
#xY-Yellow,  LY- Light yellow,  DB=Dark broam
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Table 6. deterpenation of lemon and lime oils u
AND RECOVERED SILICA GELS*

Sehiieey B g
5050

Qil wt. () 024 050 5050 }

Terpencs (0) BN LA BO LU
Oxyg. compds (g) 55 14 51 T
Oyg compds (%9 1046 1414 1050 4

Elution time () 20 250 25 2

%
LA s
3 B?ltahre nop-polar r\@ﬂ%\fr or elution. - The recovery

SOIVeNts varl 07

flavour value of the lemon and lime oils can be attri-
buted fo the difference in their variety, season cf harvest,
maturity of the crop, methods of extraction, storage
time and conditions, adulteration of the olls, efc.

Sensory evaluation of lemon and Time, oils showed wide
variations in their flavour quality. Distilled oils were the
least preferred and cold pressed fresh oils were found
extremely good in their flavour quality. By sensory
evaluation Tt was difficult to differentiate between the
cold pressed oils and their terpeneless. counterparts
when they were tested in comParabI_e dilutions. ~ For
example, 0.2 ml of cold pressed lime oil, 0.05 ml of pure
terpeneless lime oil and 0.1 ml of twice deterpenated
lime oils were found to be more or less same in their
flavour strength when they were tasted with 400 ml of

................... yeoa ac 2o 2°C
Ref. ~ Aldehy- id Bwep. o |
|§8ex (@% E(s(}/eo)rs Ai\rfo. o Solubility ** C(%UI‘***
if %
)
40 276 240 0802 2% Cer LY
14740 118 487 2716 604 Tubd LY
LBb 237 160 6510 215 . Y
1478 4% D21 7818 B2 Y
U 1y 15 07216 253 Cer LY
15 609 54 568 1F Y
LB 48 47 126 WL Y
15100 2390 148 633 546 DB
L8 9879 780 3784 338l LB
1500 1998 1706 7L 6607 DB

LB=Ligt brown
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12 per cent sugar solution containing 0.2 per cent citric 7. Furia, T. Bellanca, N., Haisg Book of Elayour lagreg-
aC|d.p This shogvs that the terpenelesgs 0|Ispha_ve highly s Jﬁﬁar&m%%ber &mw, oo, 0%
concentrated flavour strength and can be used in smalle

quantities. 8 NH\I’?& J. G and Mller, J M, ind. Engng Chent,, 1962
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RESEARCH NOTES

MINOR SEED OILS. XID. EXAMINATION OF
SEED OILS RICH IN LINOLEIC ACID

Five seed oils from Artobotrys odoratissimus (N. O. An-
nonaceae), Lagascea mollis (N. O. Compositae), Mimosa
pudica (N. O. Leguminosae), Solatium trilobatum and
Solatium verbascifolium (N. O. Solanaceae) were examined
by reversed phase partition column chromatography for
their component fatty acids. The content of linoieic acid
ranges from 42.2 to 60.1%, and of oleic acid from 10.9
to 27.8%, while palmitic (12.9-17.6%) and stearic
(3.2-11.9%) acids are the major component saturated acids.
M. pudica contains 5.7% behenic acid.

Artobotrys adoratissimusR. Br. is a shrub, often
scandent, distributed in South Indja, Ceylon, Java and
China, The seeds are oblong, a little flattened, degply
grooved on one side and more than, 13 mm Ionr%;. he
%{ellow flowers are acrid, bitter, heating, useful i vomi-
ing, biliousness, diseases of the blood and the heart,
leucoderma, headache, etc. A decaction of the leaves
IS given for cholera in some of the islands of the Malaya
Arthipelago. =~

Lagascea mollis.. Linn, is a genus of about seven
shrus or herbs native to Mexico'and Central America,
L. mollis is a velvety annual, not, é)arncularly valuable
horticulturally.  Though an exotic plant, once intro-
duced, it has establistied itself permanently as an im-
portant constituent of the local flora, _
_Mimosa pudica,3 Linn (English: Touch-me-not) is a
diffuse under-shrub, the stéms_and branches ‘being
sparingly prickly and clothed with long weak bristles,
and thie” leaves Sensitive.  The root IS_ bitter and acrid,
cooling and vulnerary, and cures biliousness, leprasy,
dysentery, etc. The Seeds are used as an emetic. The
|éaves are prescribed in cases of piles and fistula. An
Infusion of the, |eaves is given as a_bitter tonic.

Solatium - trilobatums™ Linn, is @ much-branched

cllmblngr shrub commonly found in the Deccan peni-
sula.  The flowers are prettg, purple-blue or violet
purple, the berries globose, red or scarlet and the seeds
smooth or slightly pifted. The bitter roots are used for
consumption in the form of an electuary, decoction or
Powder. The berries_and flowers are administered for
reatment of cough.. The decoction of the various parts
of the plant is uSed in chronic bronchitis. = Leaves are
cooked and eaten as a vegetable. The steroidal alkaloid
solasodine is present in the fruits and leaves.

Solatium  verbascifoliums Linn, is a shrub or small
tree frequently met with throughout tropical and
subtropical India and the Andamdns. It isalso culti-
vated In South Indja for its fruits which are eaten in
curries.  Roots of the Aalant are reported to be used in
Malaya as a compound decoction for curing violent
pains” all over the body, accompanied by discomfort
after meals. Leaves are given to women Suffering from
vaginal _discharge.  The™ glyco-alkaloid solasoriine is
présent in the fruits and leaves of the plant. .

The seeds were collected from the botanical ﬁardens
of the Karnatak University, Dharwar and College of
of Agriculture, University of Agricultural Sciénces,
Dharwar.  The oil was “soxhlet ‘extracted from the
crushed _seeds using light petroleum.. The fatty_oil
unsaponifiahle matter and the mixed acids were obtained
as_described earlier.6 _

The mixed fatty acids as such, after hydrogenation
and after oxidation7 were each examined’ by Teversed
hase column chromatography as described earlier.8

he presence of oleic and’ linojeic acids was confirmed
by preparing their cor_respondmg
derivatives from the acids solate
chromatographic fractions.9

hydroxy and bromo
from thie appropriate

Seedl species Oll content ~ Unsap. lodine value* A . |
& o n%gr 0 Sy G e a%c Aot

Artobotrys odoratissimus 13 14 1135 1123 2115 2139 1.4676 —
Lagascea mollis 21 08 1162 1168 2165 2162 14701 17.10
Mimosa pudica 2.2 18 1038 1046 203 2148 14688 2861
Solatium trilobatum 185 06 1118 1122 204 257 146% 138
Solatium verbascifolium 210 08 169 1065 2h1 2154 14662 1443

*,t}r/]alsye%sd;r%aﬁu(gfe}g N riTS1!xedrru %clisﬁcr%%fgﬁrpam%ﬂable matter and calculated from the composition cetermined in this investigation,
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Seed species

A. odoratissimus

L. mollis

M. pudica

S. trilobatum

S. xerbascifolium

*H A—Hydrogenated acick;

Seed species

A. odoratissimus

L. mollis
M. pudica
S. trilobatum

S. xerbascifolium

HA
MA
OA

HA
MA
OA

HA
MA
OA

HA
MA
OA

HA
MA
OA

137
187
%.2

142
197
24

196
208
88.2

148
198
832

182
206
a5

ofInlreft ads* Lon%d Recg}(/)ery

8.1
81
94
1000
05
98.7

-|>l\.)

a.
9.

%.
9

OOO

= B
|\|©

MINGOR SEED OILS RICH IN LINOLEIC ACID

Table 2. chromatography results (mole % on paraffin] GCLLME

Eluting solvents (v aqueous acetore)

B89

2215
28 13

17 08
1206
— 04

12
13 15

05
0.6
0.6

5 10
4 12
— 20

62

20
504
15

10
602
08
13

518
11

09
497
12

13
476
16

67

142
02
41

MA—Mixed acis without any treatment; O A—Oxidised acic.

Table 3. component fatty acids (weight %)

10:0

18
08
07

02

12:

[NS)

0
9
0
9
4
9

OOOOO

14:0

12
08
1
10
10

Fatty acics
>0 180
132 8.0
29 19
175 40
176 32
142 95

20:0

18
14
21
0.2
0.8

220

13
07
o
05
11

[}

16
17
18

188
116
ny

7.2
39
36

164
3l
5l

199
92
19

*These figures indlicate the nurmer of carbon atonrs and the number of double bonds respectively, in the acick.

Fattyamds M I;]),[udwa Agg

Caprylic
rc
%uprle
Istic
Palmitic
Stearic
Arachidic
Behenic
Oleic
Linoleic
Linolenic

09
07

(3]
EGiomrons S o«
IO —J—IOUI— O-

deltC:IlO Inferm e évar
StOﬂEet aidl
87 160
89 2
310 130
510 63.0
04

181

127

8

09
10
08

14
0.6
08

32

3l
0.6

04

07
09
10

Seeds of Lagascea mollis, Solatium tnIobatum and

d S, xerbascifolium are fairly rich n oil, 2
an 21.0 per cent resgectlvel
seeds varles from 13

to 28

have an lodine value of more than 100.
Linuleic acid

these seed oils; it ranges fr
xerbascifolium carrying the least and L. mollis the hlﬁhest

Oleic acid ranges “from

per_cent) and stearic
major saturated component acids.

acids respectively.

A()3 2-11.9 per cent) acids form the

IS the major com
m 47.2

Protein content in the
per cent. All these oils

Ponent acid in all
60.1 per cent, S.

10.9 per cent for L.
8 per centfor S. trilobatum. Palmitic (12.

Mo

15 10
9-17.6

S. trilobatum and
L. ‘mollis contam highest amount of palmitic and steanc
Imosa pudica contains, along with
other acids, abodt 2.7 per cent arachidic and 5.7 per cent
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behenic acids. Small amounts of lower Saturated acigs
(8:0 to 12:0) were also found in some of the ahove oils.

Shri K. B. Patil thanks C.S.I.R., New Delhi for the
award of a Junior Research Fellowship.
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GINGER FROM HILLY REGIONS OF INDIA
inger varieties groan in the hilly regions of India are
G s S

The rhizome of the ginger plant, Zingiber officinale
Roscoe, 15 generally used in the green (res_hg_form for
culinary. purposes in India, . Everthose variéties which
are specially grown for making dry ginger are sometimes
sold In (rqreen form, when thé pricé IS more attractive.
However, depending on the demand from abroad, some
six to seven thoysand tons of dry nger are regu_la_rly
produced in_ India, chiefly in_Kerafa, " A few varieties
which give high yield of dry %m er 823 to 28 per cent on
weight 8f regn _ﬂmger), iwith Dold attractive fingers’
are "Used for drying. o

Gmger IS grown in most of the states in_India and we
have fiad occasion to examine samples from different
regions, in connection with a project on production of

BEs
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%m er oil and oleoresin.13 We were particularly struck
}2 e ?_Iant size of the rhizomes %rown in_hilly regions
like Kalimpong, Sikkim and Arunachala Pradesh.” To
some extent this is true of the Rio-de-Janeiro variety also
grown in Nilgiri region of South India.

These rhizomes™ appear abnormally Iplur@y and
generally contain over 8 per cent water, = They are
vidently not suited for drying, since the Iy|eId of dry
material Is low, and the product is shrivelled and ve
unaftractive in appearance. They are also often hig
in fibre_content.”” The harvested material is sold s
green ginger, but its keepm? quality is poor.

Itis Ross;ble that the giant size and high water content
of such ginger 1S dué to genetic and agro-climatic
[easons.

Since the material is perishable, and the prices are
often very Unattractive, we have examined the possibility
of using dried ginger from these regions for production
of %m er oil and oleoresin. Twoto three samples of
each variety have been analysed by us.. Typical analyti-
cal data for some Varieties are given in Table 1 The
values for “Wynad’, a variety specially used for drymgi
in Kerala, aré also given for comparison.. Volatile oi
was determined by the Clevenger distillation method.3
Oleoresin yield vias determinéd by cold percolation
extraction of the %rou_nd spice in small glass columns,
usmg ethylene dichloride as solvent.5 _

_ The yiglas of oil and oleoresin from the dried mate-
rial, as also their quality were good. [f the green glnqer
Is available at a sufficiently cheap cost front thosé hilly
regions, it would be ecoriomical to use them for pro-
duction of oil or oleoresin.

: | Yield of Dry ginger
Region
& dy gregr \olatile ol Olegresin
W % %
Sikkim 9 24 5l
A 2 1 50
Garo Hills 17 09 42
Menipur A 21 48
R 22 53
Kalimpong B 25 50
Wynad B 15 49
ntral Food . Technological N, K riopngnyreny
grch ?Onstlttﬁg, o0y Y'S Lewis
Ore. CP nacarajan
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WATER ACTIMITY IN FOODS
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A MODIFIED GRAPHICAL INTERPOLATION
METHOD FOR RAPID DETERMINATION OF
WATER ACTIVITY IN FOODS

The water activity (aV) of intermediate and low moisture
foods can be determined by exposing the samples in desic-
cators containing saturated salt solutions of different relative
humidities and By graphical interpolation. The point where
the curve cuts the datum line represents the awofthe sample,
and the value obtained at the end of 2 hr compares well with
the value obtained by exposure for long periods or Wink’s
weight equilibrium méthod.

. Intermediate moisture (IM) foods have been gam-
Ing importance in recent imes. The primary. problem
n"their preservation is to maintain water activit ga\g
at levels low enough to prevent the growth of hacterl
and other food spoilage” organisms. ~During our wark
on_the development of IM fruits and veetables for
defence use, we felt the need for a rapid and inexpensive
method of measuring water activity.

2
Wl R |
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Of the various methods, the weight equilibration
method, of Wink1 %wes satisfactory résults but is time
consuming,  In the graphical interpolation methqd
pr(g}oos,ed by Landrock and ProctorZ, although rapid
nd simple,” the normality of sulphuric. acid™used to
provide ‘atmospheres . of “different relative humjdities
RH) must be maintained rigorously. The use of satu-
rated salt solutions employed by” Winkl instead of
sulphuric acid and the %rapmca_l interpolation techm%ue
of Landrock and ProCtor2 eliminated the drawhacks
of hoth the methods and combined their advantages
which resulted in a reliable and rapid method for Use
In the determination of al/ . _

IM fruit and ve?etable pieces3 6 and low moisture
foods such as instant tomato and chicken soup powaers/
and omelette mix8 used in the present study were pre-
pared according to the methods reported earlier. Ten
ram lots of “the comminuted/powdered sample of
known initial moisture content were spread uniforml
in tared petri dishes, e|rghed accurately and expose
to different RHs ranging from 0to 98 pér cent at room
temperature (25-30°C) “In desiccators "(or. glass bowls
with air fight ground’ glass lids) containing saturated
salt solytions having définite relative humidities. - The
gain or loss in weight of the samples after 2, 4 and 6 hr,
and thereafter, at mtervals of 24 hr till it reached equili-
brium (no further loss or gamz was recorded. “The
eqdmhbnum moisture content”of the_sample at each RH
was also determined by estimating its moisture content
after equilibration.. ~ |

The loss or gain in weight of the samBIe at the end of
2, 4.and 6 hr Was plotted against. RH_ by the T%raphlcal
Interpolation method as shown in Fig” 1 The point
where the curve intersects the zero  ling represents
the equilibrium relative humidity (ERH) of the sample.

Td)le 1. water activity of some intermediate and low moisture foods as determined by the modified graphical interpolation
. Water activity (aw
syl VR Wi rtical irterpoltion e Wik
v A 6hr Al 8 rre%%r(])d
Intermeciate moisture foods
Mango RO 0 0 07m 0780 0780 076
Banana O 080 080 080 07 0790 080
Carrol 00 0% 0/ 070 0750 070 0760
Low moisture foods
Tomato soup powcer 3 020 0240 020 0240 02X 0240
Chicken soup powcer 3 010 0180 018 0190 0180 018
Omelette mix 21 0% 0200 020 020 020 0200
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From Fig. Land data in Table L it is obvious that
Irrespective of the time, the graphical Interpolation
curves cut the zero line at the same loomt. The ERH 50
obtained compares well with the values from the weight
equilibrium method (Fig. 2). From the result, it™is
obvious that the au (i.8, ERFT/100) of IM and low
moisture foods can be determined by exposure for 2 hr
by the modified graphical interpolation method out-
lined In the present study.
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ORGANOLEPTIC EVALUATION AND NUTRITIVE
VALUE OF RECIPES OF SOYMILK AND
SOYRESIDUE

Soymilk preparations received fairly high grading upon
or%anoleptlc evaluation, Pudding wés rafed almost at par
with standard (cowmilk) pudding. Custard and milk shake
prepared from soymilk were alSo very palatable. Use of
soymilk in various recipes could effect estimated savm%s
of'upto 50% In the cost of preparation, compared to stand-
ard recipes. The solid material remaining after soymilk
preparation (soyresidue) could also be effectively usd for
Improving the nutritivé value of traditional sriacks like
Sainosa.  S0yresidue snacks are 25-33% cheaper than
the standard preparations.

Results of an_investigation on standardization of
soymilk preParanon_an its organoleptic properties
and chemical composition have been reported in earljer

0 ;Moom communications12 from this laboratory,  Soyresidue
Mt

Ibration T

contains protein cf high biological value2 It was
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considered worthwhile to evaluate the organoleptrc
properties, nutritive value and cost of pr
Pé’péﬂ%r snacks after incorporation of soymilk or soy-
Soymilk with desrrable organoleptrc propertres Was
prepared from Bragg b-1 0r"JS-2 Varieties of soybean
using the improved methodl in which the original
hot ?rrndrng cum-rapid hydration technique has Teen
modified to”ensure complete removal of the offensive
beany flavour. Thus, soaking time was reduced to 3 hr;
the Soak water containing a considerable proportion
of the soluble protein was used for homogenization,
and the final volume was adjusted /\/) In the ratio
of 1 part soybean to 6 parts water he average protein
content (4 per cent) In soymr 50 3prepare compares
favourably with that of cowmilk er_cent).
estimated " cost of production was on| parse per
litre, compared to RS, 3p]er litre for mi 2
Soymilk was used n ¢ Rreparatron of puddrn? ioe
cream, custard and milk shake, and the organoe tic
(sensory) evaluation of soymrlk recipes against standard
cowmrl recipes was done_by a panel of six judges fami-
liar with the tasting technr Ues. Twg replicates of each
reparatron were Used. The ten- pornt scale, viz |deaI
3 excellent (8-89), very good (7-7

9), fairly good
). “acceptable (4-4.9) and not acceptablé ?

<4)

Table 1 recipes VS

g nolegtrc Scoret of soymilk

Recipes  Appearance  Consistency  Palatability — Havour
Poddi
omk 800 VG 814 VG 8% 06 8% \G
Sandard  8ILNVG 87PNVG  8HVG  BSNSVG
SE 0.5 0.5 0.2 on
Ice cream
Symk 183G G TMG T4 G
Sandard  945%E 9B®E  958®E  QM”E
SE 018 028 018 018
Costard
Soymk 812 VG 842 VG 8% VG 824 \G
Sandard  929*E  B879*VG 9M*E 8% \G
SE 02 042 0.2 0.2
Milk shake

k 7600 G 801 VG 13 G 748 G
Sandard  862*VG  870* VG 8VG  866™VG
SE 0.23 0.23 0.29 0.27
NS Non-significant Average of two replicates
*PE<><8ege ; VG Very good; G Go

epdration of a

Was used Arr dried samples of soyresidue—obtained as
Y product of soymilk preparation—contained 525 per
Cen prote|n2 Orgiano eptic testing of soyresiclue recipes
by another panel of six Audges the Criteria
flavour and texture, The ten

excellent (9-9.9), very

was done
bern? appearance taste,
poin scale Used Wwas |deaI (10)
ood (8 %ood 779I) fairly’good (6692 acceptable

59 and not acceptable % Two replicates of each
gre aratron were taken. The data were analysed as per

factorial design.

The results of orﬂanoleptrc scorrng of soymilk recipes
vi standard cowmifk recipes have Deen summarisedl in
Table Land organo e]ptrc scores of so resrdue substitut-
ed recipes vs standard recipes in Tabl

Soyflour 15 generally mrxed with Wheatflour for
enrichment of bread in"the USA. Kanthamani5 used
soybean and soyflour in several recipes but did not
evaluate the qrganoleptic characteristics_of these pre-
parations. against standard recipes,  Results of an
Investigation” on the effect of soyflour incorporation
upon Autritive value and palatability of items of daily
diet such as chapati. dal. dnokla. usal. etc. have been
reported elsewheret.

In the present study both soymilk uddrn% and
standard _ pudding were graced vr)r d In all the
characteristics. However statistical analysis showed

Table 2. organoleptic Score9 of soyresidue recipes
Vi standard recipes

Recipes  Appearance  Flavour  Palatability  Texture

Cak

Syreide 18 G 7% G 806 VG 6% FG

Sncard 857 VG 819 VG 9IXE 858 \G

0.2 057 059 084

Khurma

Soyreside 70 G 7B G IH G 11 G

Sandard  78nse 12mmse 7OMVBG T3 wsc

& 01 065 005 0.06

S

Syrside 474 A 56 A 63 FG 45 A

Sancard  816*VG 800G 8I4VG  85MG

& 104 047 057 034

Samosa

Soyreside 58 A 660 FG 58 A 716 G

Sancard  850*VG  80B*VG  8HVG  BILMNG

& 0037 0.049 058 009

VG \ery good; G Good; FG  Fairly good; A Acceptable
P01 3

NS Nopsrgnrfrcarat f Average of two replicates
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the superiority of the latter |(srgnrtrcant at 1 per cent
level) in all the traits, except flavour (Taple 1). ‘Soymilk
ice cream was rated good and standard oe cream,
excellent. ~ Soymilk custard was adjudged very good,
and stan dard “custard excellent. The differences “were
statrstrca srgnrfrcant except for consistency.  Though
rate |n a traits soymilk ice cream fdiled to glve
the s oot feel of well prepared standard ice créam
because of formation of ice crystals. Unless remedred
this would come in the way of 1t popular acceptability
Possib I¥< use qf bIended milk (Soymilk 4 parts and
cowmifk 1 part) and addition of cream mrght |mprove
the pa atabrlrty of this product. The cost™of en ed
milk gestrmated af 12 arse er |tre? IS considerably
Iess than that of whole |Ik oymilk custard and shake
have proved quite successful. These preparations could
be used also by families with moderate Income. because
of low cost andl relative ease of preparation, it is per-
trnent to state that the electric blender could be replaced
[p the ordrna household stone grinder (sil batta)
| soymr grepvaratron

Soyresidue mcorporated cake was found ve 8ood
n palatability, whereas standard cake was rate
excellent Soyresidue samosa was just acceptable, while
stanclard samosa received the very good ratrn% p
residue substituted sev and standard ev obtarn d fairly
rl;ood and Very good 8ra e, respectively. In all organo-
eptic traits ~soyresidue khurma closely Bproached
standard khurmd, both preparations having been rated

8

Lgse of soymilk rec es in cafetana and homes woyld
be economic and help to relieve the pressure on milk,
gartrcular}/ during the lean summer months. It ma
e noted that soyresidue Incorporation also increase
the protein content of the resultant snacks markedly,
two-fold in cake and samosa and four-fold in halwa.

Thanks are_due to Dr D. P. Motiramani for his keen
interest in this study and Shri- Kripashankar for help
In statistical analysis of th data.
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EFFECT OF ‘ENSTAR’, A JUVENILE HORMONE

ANALOGUE ON THE LARVAE_AND PUPAE

OF RED_FLOUR BEETLE TRIBOLIUM
CASTANEUM (HERBST)

Effect of ‘Enstar’ (Prop—2—ynyl (2E, 4E)—3. 7, 11—tr|
methyl—2, 4—dodecadienoate) a new Zoecan insect growh
requlator was studied on the last instar larvae and 24-48-72
hrold pupae of Tribolium castaneum. Larvae were treated
indirectly by feeding them on the treated food and pupae
were tested” by topical application (JUI/pupaP on the t
rax. In addition to the supernumerary larval moults, toxi-
city was observed in the larvae about t0 pupate and in pupae
freshly moulted from larvae.

The use of Juvenile Hormone Analogues FJHA) 8 a
new approach to the control of insect populations had
aftracted consrderable Interest in_the area. In recent
trmes many such compounds mrmrckrng the juvenile
ormones are bern% reporte In t e present communj-
cation ‘Enstar’ 11—tr1-
methyl—2, 4— 0 ecadrenoa e) a new Zoecan Insect
gro h regulator* which 15 reported to be hrdhly active
gainst homopteran. Insects 1S used against thé larvae
and pupae of Tribolium castaneum Herbst.
In"the present study about 60 last instar larvae were
selected for each experiment. They were divided into
3 hatches of 20 each and introduced on to 3 g of bread
wheat flour treated with 1 ml of test solution. The
test squtrons were prepared b drssolvrng 0.5 mg and
0 mg qf JHA In I ml of acetone. Control experiments
were carned out wrth edual number of larvae by treat-
ing tesame werg flour with 1 ml of acetorie solu-
usly

tron Simultane arvae were also maintained on
stock media for the sa e of comparison. Observatrons
were made periodicall attheend of lst 2nd rd an 4th

week as shown In Table 1 Pupae of 24, 48 and

were treated t08|cally on the thorax Wrth 0,005, 001
0025, 0.05 and 0. frg/pi of JHA dissolved i acetone.
An agla microsyringe fitted with a micrometer was
employed for this plrpose to assure a constant appli-

o R TN, Zoecen Techical Bulletin, Palo Al Calforia
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Table 1 effect of ‘enstar’ (jha) on the last instar larvae
of Triholium cantanew»

% of larvae/pupae/adults found
Iafter the In |cat|e|t|l weeks
I \%

JHA 05 mg/ml.  Larvae 82 80 80 80*
Pupae 18 3 — —
Adults — — - -
JHA 10mg/ml.  Larvae % 9% 5 50*
Pupae 5 — — —
Adults — — - —
Control (acetone) Larvae 50 5 10 —
Pupae 50 25 15 —
Adults — 50 75 10
Stock medium (diet) Larvae 20 — — —
Pupae 80 40 — -
Adults 60 100

t Supernumerary moults.

cation rate. About 20 pu%ae :n triplicate were used for
each concentration and 20 puapae were treated with
(%ual quantity of acetone as control, Since the moulting

of pupae into adults usual y takes 6-8 days, results WWere
recorded on the 7th aay; the eper cent morta |ty wes
calculated (Abbott?land 15 presented In T

Extra larval instars and ar mdefrnrte ostPonement
of the pupal moult were observed ast instar
larvae Were fed on JHA treated food QTable 1). Bythe
end of 1st week nearly 80 per cent in stock medium and
50 per cent in control had moulted into puRae while in
the treated only 5-18 per cent moulted. By the 2nd week
more than 50 er cent in control and stock media had
emerged into adults while treated larvae remained un-
moulted. By 4th \Aeek 50-80 per cent of the treated

Table 2. lethal effects of the jha to 24-48-72 hr. OLD PUPAE
of Tribolium castaneum

JHA concn Corrected ~ mortality_after

(Ilg/™pupa) 24 hr 48 hr T2 hr
0.005 1 — —
oa i 55 —
0.025 8 3% 10
0.05 94 45 20
01 10 3] 30

remained as larvae with an increase in the body size
(0.15:0.2 cm more than the normal) indicating tHereby
supernumerary moulting; the rest were not found either
In pupal or adult form. “However, there was 100 per cent
adlt”emergence in the control ‘and In stock medium
batches. It"has been reported? that JHA may indirectly
stimulate the prothoracic gland to. secreté moultrnd
hormone somewhat prematarely which affects normd
development resulting in more “larval instars. = Present
studies indicate that the larvae treated with JHA could
not successfully moult nto pupae and during moultin
they died. Thérefore no pupae and adults were found
any stage during 2nd to 4th week of the experiment.
Thiis was more pronounced with higher dose of JHA
(O.L mg/ml). Acetone was found to Rave no detrimental
effect on the larvae

Pupae of 24-48-72 hr when treated with different
concentrations of JHA showed early pupag as having
more of lethal effects than the Juvenoid effects. They
were found completely shrunken and dried up. The
43-hr old pupae also showed mortality but to a Jesser
de%ree Owever, 72-hr pupae were mostly unaffected
and veere found to be normal ([Tabe 21 hus a close
relationshi Tp between the age of he pu e and the effec-
tiveness of JHA was observed. eformity or gaint
forms were observed in the adults moulted from the last

pupae.  Such sensrtrvr of eary B l\loae 0 J
attributed to the rep |cat|on of urrn tat
l’%’%ﬂf which is known as the critical phase of the

The author is thankful to Prof. K. Venkata Ramiah,
Vice-Chancellor, Kakatgra Unrversrty for providing
facilities and to Prof )(am Sund er Simha for the
encoura ement He s grateful to M/s Zoecan Corpo-
ration, Palg Alto Ca ffornia. U.S.A. for the supply
of Enstar (ZR 7

Dept of Zoology, University A. Purushotham Rao

Coﬁege Kakatrya University,
VrdyaranP/apurr
Warangal (A
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CONVENIENT DEVICES FOR HANDLING HOUSE
FLIES FOR TOPICAL APPLICATION
OF PESTICIDES

An easy to construct fly-holder and a modified vacuum
pencil are described whic s_|mP_I|fy the otherwise cumber—
some method of topical application of pesticices to houseflies.
These devices permit a single operator to carry out the pro-
cedure in shorter time.

The technique of topical aPpllcatlon_usmg houseflies
has been shown to be useful in assaymtgn pesticide re-
sidues in or on food materials.1 The method is unique
Inwhich a known dose of toxicant is applied to individual
Insects, thus requiring fewer insects and replicates.
However, a major difficulty encountered in the. proce-
dure i the handling and tréatment of insects individual-
ly, which is time-consuming and requires a two-member
team.2 Capillary tubes used as vacuum pencils allow
the pick-up of individual insects. Release of the treated
Insect. from the vacuum pencil was achieved by manual
pinching of the suction line3; a foot operated pedal and
a Knee-Operated valve or an extra air ling reversing the
suction pressure5 A narrow glass tube similar to that
used by Kerr3to orient the head of the fly onto the vacu-
um pencil, allowed only 10-15 flies to be treated, and
was found unsatisfactory due to the condensation_ of
n}o%sﬁurﬁ_thhm the tubg resulting from the respiration
of the flies.

Fig. 1. Laboratory set-up of the devices with fly holder (above)
and microsyringe (beIovv_? fitted to the stand. On the
right is the vacuum pencil.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, MAY-JUNE 1977

This communication describes a new gesign of a
fly-holder and vacuum pencil. = The fIP/-hoIder permits
easy and continuous pick-up of 50-70 flies by a vacuum
Pencn, to be topically treated by a mmrosgn_nge and at
he same time avoidls. moisture condenSation.  The
vacuum pencil simplifies the release of the treated
insect,_without additional attachments to the suction
line, These gevices are very convenient and time
saving, allowing a single opérator to carry out the
roceduyre,

P The fly-holder is macle by dravvmg one end of a glass
tube 14cm long and 29°mm intérnal diameter “and
fusing it with anather 9 cm long tube and 5 mm internal
diaméter, Towards the free end of the narrower tubeg,
a cross slit is made, info which a VV-shaped plastic stnﬁ
(thickness, 1-2 mm) is fitted to act as a gate. The lengt
of the .narrower tube behind the, Ogate provides space
for a single file of 8-10 flies, avoi mg Over crowding.
This featdre and the muslin cloth used o cover the open
end of the holder, prevents the condensation of moisture
Inside. . :

The vacuum pencil is made by drawing out one end
of @ glass tube of 15 mm internal diaméter to a bore
of Lmm and flame polished. The other end is fused to
another tube of 6 mm Internal diameter through a
bulb of 15 mm internal diameter provided with a pres-
sure_rel_easm% hole of 6 mm diameter. The vacuum
pencil IS connected to a water suction pump via @
vacuum gauge and g stop cock regulator means of
which, the Vacuum s regulated bétween 156 and 380
mmfrlg. Higher vacuum ‘as found to be injurious to

e flies.

A laboratory set up of the device is shown in Fig, 1
The mounting of the fly-holder and the_‘APIa microsy-
ringe on the same stand permits. a single person {0
opérate both the fly-holder and microsyringe with one
hand, leaving the_other hand free to “maipulate the
vacuum pencil. - The fly-holder is directed towards a
source of light so that the flies move into the narrower
tube. The Tate on the fly-holder is raised to release a
single fly, which is held Dy the head capSLer with the
vacuum“pencil by closing”the pressure “releasing hole
with a finger. = After treat;n? he fly topically by the
microsyrinde, it Is egected Info the respective”cade hy
withdrawing the finger from the pressure releasing”hole.

The deviCes described are simple, easy to construct
and inexpensive.  With the procedure outlined, a single
operator can treat 50 flies in'about 10 min.

Central Food Technological
Research Institute,
Mysore-570 013.
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Revised 27 April 1977,

John Pereira

S. M. Ahmed
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PROTEOLYTIC ACTIVITY QOF TWO LACTO-
BACILLUS SPECIES AND THEIR GAMMA-
RADIATION INDUCED MUTANTS

Two gamma radiation-induced mutants ofLactobacilli, selec-
ted on the basis of their pronounced proteolytic actrvrty were
examined for their ability to degrade different caseins and
other protein substrates.  Both the mutant and parent cul-
tures degraded cow casein and crosshred cow casein much
better than either buffalo orgoat casein. However, the mut-
ants degraded the above substrates much faster than their
parents.  Some variations were noted in the breakdown of
other protein substrates by the cultures.

The role of Lactobacilli in the de raﬂatr n of cow

casein has been extensively studied. 1 egradative
ability of Lactobacilli on”other casein species and on

TABLE 1.

non-milk protein substrates has not been thoroughly
Investigated except for a few recent reports” on
buffaloe’s34 and soy milk5%6 Earlier studies in this
lahoratory/ have dealt with the development of mutants
of Lactobiacilli with increased proteolytic actrvrty after
exposure of the cultures to chemical Or. physical” muta-
enrc agents Th epresent report deals with the degrada-
ve a ||t¥ of two such mutants and the respective
Egren(t agg nures on diifferent protein substrates including
W Casel
The cultures used were Lactobacillus bitlgaricus 59
and L. casel RTS and one gamma radiation-incuced
mutant of each of these cultures, selected earlier on the
basis of increased proteolytic activity. Different acid
caseins were prepared from samples of skim milk drawn
from cow (Red |ndh|) butfalo FMurrah) goat (Alpine)
and crosshreg cowi aran Swiss), by isoe ectrrc recrpr
tation accordrn tq the method of Gupta and Gangull 8
Squtrons of in |vrdua| casern substrates \iere prepared
dissol vrrgt ’\? of te su bstrate in & minimum
amount of (21 N NaOH and the pH in each case was
adjusted to 7.0 with 0.1 N HCL "The final volume of
?ach substrate (\)rvas made up to 100 ml with citrate buffer

The oﬁter protein  substrates such as lactalbumin,
bovine serum’ albumin, eqg albumin, peanut. protein
and, soyabean protein were examined i this’ stuj.
Individzal protein substrates were prepared by dissolv-

DEGRADATION OF DIFFERENT TYPES OF CASEINS BY TWO LACTOBACILLUS SPECIES AND THEIR MUTANTS

(mg. OF TYROSINE LIBERATED/g)**

Type of
caseins*

Lactobacillus bitlgaricus 59 Cc
Be
Ge
CBc

” " G 5 Ce
(mutant) Be
Ge

CBc

Lactobacillus casei RTS Ce
Be
Ge
CBc

” ” G 1 CC
(mutant) Be
Ge

CBe

Culture

*CcCow casein;  Be=Buffalo casein
‘) Each value is the mean of three trials.

Ge=Goat casein;

Period of incubation (days)

0 3 5 10 15
0.06 oun 0.15 o2 0.26
0.06 010 0.14 0.19 oz
0.05 0.08 010 0.15 0.17
0.07 0.13 0.19 0.28 0.30
0.06 01 0.17 0.28 0.32
0.06 0.09 0.15 0.18 0.23
0.05 0.08 012 0.16 0.18
0.06 0.14 020 0.36 0.38
0.06 012 0.16 0.25 0.27
0.06 010 012 020 023
0.05 0.09 ou 0.15 0.17
0.06 0.14 02 0.30 0.3
0.06 012 0.18 0.31 0.34
0.06 ou 0.16 oz 0.24
0.05 0.09 0.14 020 02
0.07 0.15 0.25 0.44 0.48

Chc ~Crosshred cow casein



136 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY. VOL. 14, MAY-JUNE 1977

Table 2. degradation of different types of protein substrates by two Lactobacil lus species and their mutants
(mg. OF TYROSINE LinERATED/g)**

Period of incubation (days)

Culture Substrates*
3 5 10 15
Lactobacillus bulgaricus 59 Pnp 0.09 on 0.14 020 0.23
(Parent) Sh 0.08 012 0.16 020 o2
La 0,09 0.09 0.14 0.18 0.19
Ea 0.09 010 0.15 0.18 020
Bsa 0.07 0.09 012 0.14 0.25
Ce 0.07 010 0.14 020 0.25
G 57 Pnp 010 0.13 0.16 o2 0.25
(mutant) Sh 010 012 018 0.26 0.29
La 0.18 0.09 0.15 02 o2
Ea 010 010 0.16 0.19 o2
Bsa 0.08 0.09 0.15 02 0.26
Cc 0.06 0.09 0.16 029 0.31
Cl Pnp 010 0.14 0.15 o2 023
tmutant) Sh 010 ou 0.16 0.26 0.28
La 0.09 010 0.18 02 02
Ea 0.08 010 0.19 020 o2
Bsa 0.09 010 0.16 020 0.25
Ce 0.07 012 0.19 0.32 0.35
Lactobacillus casei RTS Pnp 010 ou 017 019 0.23
(Parent) Sh 0.08 0.09 0.16 0.18 020
La 0.09 0.09 0.17 020 o2
Ea 0.08 010 0.18 020 o2
Bsa 0.08 0.08 0.16 0.19 020
Ce 0.07 ol 0.15 0.26 0.28

*Pnp = Peanut protein;  Sh-Soyabean protein;  La-Lactalbumin; ~ Ea-Egg albumin;  Bsa=Bovine serum albumin
Cc=Cow casein.
**Each value is the mean of three trials.

Table 3. analysis of variance of proteolytic of Lactobacilli in different caseins/protein substrate

Significance of F ratio

Source Caseins Protein substrates
L. bulgaricus 59 L. casei RTS L. bulgaricus 59 L. case; RTS
& LdG-57 & Lc/G-1 & Lb/G-57 & Lc/G-1

Cultures (a) 19.00%* (1 29.00%* (1) 24.00%* (1) BX*F* (1
Incubation period 213.00%* 243 189.00%*  (4) 269.00%*  (4) 500.00** E4§
Caseins/Protein (c) 87.00* (3 67.25%  (3) 10.55* (3 200" (3
a Xb 45+ (4 4.75%*  (4) 1.50NS 14,00%* 543
b X ¢ 9.00%* ( 1.15%*  (12) 5.00%* (12 7.00%*  (12)
axe 250NS  (3) 3.00NS (3) 3.00%*  (3) 5007 (3)

**P<0.01; NS, Not significant; Degress of freedom in parentheses
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|n|g %of the protein substrate in citrate buffer (0.0L N
% el VolUme was made. Upto. 100 il
vvrt th e same buffer.  The different substrates were
individually |noculated with 10 per cent washed cell
sus(pensron optrca density=0.70) of the test culture.
odium chloride é per centg and merthiolate (0.025

?m were added to the inoCulated substrates to inhi-
it the %rovvth of undesirable_microorganisms.9 After
Incubation for 3 5, 10 and 15 days, cells were centri-
fugedl at 2000 x ¢ for 15 min jn each case. Trichloroace-
tic'acid (12 per cent? was adaed to the supernatent and
the prec rprtate protein was removed by filtration usrn%
Whatman filter paper No. 1 The liberated peptide |
the fil trate Was estrmated by the method of Lowry
et aland proteolytrc rate was expressed as mg tyrosing
liberated per gram of the sample,

Data on the comparatrve proteo gtrc activi of one
mutant each of L. Dulgaricus 59 and L. casgl
the correspondrn arent cuItures on four drfferent pes
of casein substrates are rtgrven In Table 1 Progressive
enhancement in the_ proteolytic activity with increase
In the incubation period was observed in‘all the cultures.
At the end of 10'and 15 days of incubation, both cow
and crossored cow casein Viere clegraded much better
than either buffalo or goat casein, AIthourih similar
vanatrons |n roteolytic activity of lacti¢ cultures has

been recorded in milks of différent speciesd very little
information is available on_the proteolytic action of
Lactobacilli on different casein species.

In regard to the degradative ability of Lactobacill
and . their mutants on protein_ substrates of non- darry
or igin, a (progressrve Increase in the rate of proteol |s

noted up to 10 days (Table 2). However, the
mutants sh ow some ¢ aractenstrc variations in therr
de radatrve ability of these substrates. L. bulgaricus

57.and L. casei’G-I mutants degraded both soyabean
protein and boving serum albumin’ much faster than the
corresponding parent  cultures,

activi
pared to
ed by the differences in anthmetrc mean values, Sources
like soya and peanut milks or preparatron of cultured
k ro ucts has areadY en suggested b several
Wor ers e
of the present studY would be of |nterest on account of
the faster degradation of soyabean protein by Lacto-
bacillus mutants.

National Dairy Research Institute,
Karnal-132 001, Haryana.
Received 27 Jan. 1977.

Revised 26 April 1977.

(=)

Statistical analysis 1.

was carried out usrn% the conventronal procedures of
analysis of variance and critical difference. The statisti-
cal data arven in Table3cear reveaI hrgher roteolytic

Iberation of tyrosing) of temuta as com-
he parent cuItures This fact Is further confrrm

In view of above reports, th e results

Jasjit Singh
B. Ranganathan
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People. and Food Tomorrow: Edited bY' Dorothy
oIh_anwort,h and Elisabeth Mcrse. Applied Science
Publishers Limited, London. 1976, pp. 173. Price ?

. The.book carries 15 papers.read at a conference orga-
nised in April 1976 by the British Nutrition Foundatjon
In an attempt to explore the scientific, economic, politi-
cal and social_factors that would affect food supplies
bg the turn of the century. These are grouped under
four broad sections: food" requirements, national poli-
cies, the provision of food, and constraints on _meetmg
needs. Every paper is replete with, information an
{n5|ghts, with” factual data and imaginative interpreta-
lon,

As is to be expected, several of the papers centre on
the United Kingdom, though many analog|ze more
widely therefrom. This can Sometimés lead tO amusing
results. ~ H.C. Pereira proclaims that in the last fwd
decades “the yield of our crops and livestock rose in a
manner which, If extended on a world scale, would
aIreadK have solved the problems of world food supply”.
They have not solved even the food needs of the |
which still needs to import half its food, In a brilliant
review J. M. Goldsmith_points out that more damage
has been done to the soil through intensive a%nc_ulture
In the last 70 years than in the whole_ of human history,
and that it takes 300 years even in undisturbed conditions
to reproduce 25 mm of topsoil. Yet John McKenzie
sees in the future a further continuation of such happy-
?o-lucky trends as foods for nourishment and foods
or fun, and formal and casual meals.

ing the Indian situation, he comes out with the optimis-
tic view that India will be able to feed her expected
population in 2000 A.D.

W.  Brass also takes an optimistic view of the future
world Bogulat_lon choosing 2050 for his forecast rather
than 2000 which he feels 1§ too short.a time-span. His
main thesis is that whereas in the past it was socio-econg-
mic concomifants that motivated fertility control,
tod_ag/ this wall occur throu%h the rapid. communication
of ideas; in consequence feftility reduction, once initiat-
ed, ill take effect extremel rap|dl¥. For_example,
theBIa%t (ecade has seen a 40 percent drop in fertility
in Britain,

The nEzape_r on food in China by K. L Blaxter is full
of admiration. for the means by which that country
has provided its people with adgguate food by cqllec-
tivisation of 200 or more families to form @ viable
brigade.  These production brigades sell one-tenth . of
their produce to the state at a Tixed high. price, ,usm%
the rest themselves or selling it at a freg fixed price i
the open market. Decisions; on norms and targets, and
on Investment in new machlne% or in other ways, are
likewise macle at brigade level, Population. incredse h
been effectively conitrolled. through public education
and r_a|3|ngnthe age of marriage. A Spager from Norway
describes “how d soual_lxconsmou ountry has laid
down a conscious nutrition policy of selfsufficiency,
and of moving towards a more rational diet that has
less fat, more polyunsaturated fats, and less meat, while
at the same time” all nlng its policies with the recom-
mendations of the World Food Congress for greater

R G. Whitehead notes the low protein levels nowfood availability globally.

recommended by international bodies but warns that
long-term . studiés may, uncover undesirable metabolic
changes if the course’is followed; In fact some recent
studies at MIT and elsewhere indicate that at adequate
energy. levels, the recommended low_protein levels did
result’in negatjve mtiqo%len balance. The British diet. he
feels could Well do however with a greater. Eroporhon
of cereals and potatoes and less meat and milk products
than at present. A S Truswell outlines some micro-
nutrients whose level may be critical in the UK.

. Certain other pagers are more relevant to our nutri-
tional situation. - C. Gopalan outlines the three basic
differences between under-ceveloped and developmg
countries as those relating to P pulation growth, t
ltabﬁHBilntenSIVeth a%ﬁg nstC ' gﬁghtae-lr&enpevce CIproducﬂotrsl
hnology. (wi _ g Inpu
e?ﬁuent?)gym(the former) and tg direct Plgnt fgod 0n-
sumption rather than through the animal route. Weigh-

The book Is a pleasure to read. One EPaper remarks

that “few things are more clangerous than an efficient,

energetic and Well-equipped man who lacxs wisdom”.

|[()Brroafntted its ethos, there is much here to peruse with
It

K T Achaya

Protein Foods Association, Bombay.

International Colloquium on the Chemistry of Coffee:
Association - Scientifique Internationalé du  Cafe,
June 1975, Hamburg.

The Seventh International Colloguium on the Chemis-
try of Coffee was held at Hamburg.in Jure 1975 under
the auspices of Association Scientifique Internationale

du Cafe (ASIC) Paris. Representatives of twenty seven

138



Boote REVIEWS

countries participated.  India was singularly absent.
Over two hundred and fifty participants who took part
in the_deliberations, the “major. representation bein
from Germany._ The papers discussed were covere
broadly under’ Physiology (9), Chemical composition
and analysis %7), Cheriistry and Technology (9) and
Agronomy (16).

Physiology: The Central effects of caffeine by EEG
spectral analysis, effect of caffeine on metabolism
peroral a E)hcatmn of caffeine causmlg 3|g|n|f|cant
Increase of the free fatty acids and free glycergl of the
serum, blood sugar and cholesterol being Uninfluenced,
depressing effectof caffeine on blogd altohol concent-
rations in rats, absence of teratogenic effect of caffeing,
non-correlation of cardigvascular and cerebrovascular
death with the use of coffee in a community study, no
deleterious effect of coffee in normal consumption
with other sclerosis and effect of caffeine on chemical
diahetes are some of the findings reported.

Green coffee:  Study of water soluble and non-
rotein components in: green coffee usmP gelo-isolelec-
ric. focussing, identification of volatile ~compounds
mainly heteracyclic compounds and associating methoxy
p¥ran|ne with"green coffee_odour, potassium conterit
0T green coffee and its role in green Coffee yield studies
on “soluble coffee, estimation 0f 26 elements in green
coffee by thermic neutron activation with high resolution,
spectrometr¥ and presence of macromolécular subst-
ances and structures in coffee are aspects presented in
this g_roup. Presence of acid phosphatases and trypsin
InhiBitors are reported in green coffee.

Roasted coffee;  Mechanism of formation of aroma
compaonents during roasting, pyrolytic studies on roast-
ing Using thermal “Cifferential analysis and selective ion
monitoring device, studies on ahsorption of aroma via
va80ur phase in coffee extract, adsorption isotherm. of
CO. on four roasts of coffee, flyidized bed _dBym%
concept applied to roasting of coffee and design o
packages with a value or usé of CO, ahsorbing Packag-
Ing materigl for roasted coffee have been presénted in‘a
number of papers.

FormfaPon of mﬁro%enous compounds in the d?velo -
ment of leaves, catfeine content of 130 strains Qf coffee
in_Madagascar and a semi-micrg ana_lg/nc method for
caffetljn% e_lstamatlon using pyro-hydrolysis and separation
are Cetailed.

Analytical methods: Detection and elimination_of
over-fermented beans Estmkers) by, fluorescence studies,
establishment of the structure o f"Mascarosicle’ a bitter
principle in species of coffee, estimation of deterpene
compounds as ametaholite of astractyligenin_in urine,
estimation of trigonelline in coffee by N.M.R. studies,

139

moisture determinatign in green coffee using distillation
techmque, comparative studies on the  détermination
of total chlorogenic acid by Lehmann and Hausermann/
Branden burger methods” are aspects covered under
analytical procedures. - Composition of fatty acids in
coffee oil and wax have heen determined.

Coffee pulp: ~ Proteins of coffee pulp has heen studied
and reduction of tannins by tannase to make the pulp
fit for animal feed has been’suggested.

Sensory evaluation; Influence of indjvidual com-
ponents ‘i coffee affectlng faste sensations, sensory
analysis of coffee and related products are covered in
two ‘papers.  Role of micro-organism with change of
moisture in affecting cuptesting™has been pointed” out.

Quality control; Differentiation between quality as-
surance and quah(ty control and a systematic approach
has been discussed in one contribution. As in earlier
colloquium Dr._Smith has presented a review of the
Chemistry and Technology work on coffee.

. Agronomy: Coffee rust studies bave been reported
in a number of Papers. Metrological and genetic factors
in the spread of coffee rust and coffee bréeding for leaf
rust resistance are presented.

Improvements of _ coffee b_¥_ genetic  manipulation,
coffee qeneﬂc_s and inter-specific hybridization, studies
on haploids In C. arabica”hybridisation of C. arabica
and tetraploid C. canephora” o give a st_ron% hybiid
Arabusta’ and contribution to the ?enetm studies in
Mascareignes islands with reference fo the absence or
resence ‘of traces of caffeine are the contributions in
Eenetm studies.

Other studies include _differentiation of arabica,
robusta ang ‘arabusta’ coffeg, ser,olo% applied to the
study. of coffee varieties, relationship between percentage
germlnanon and quality of liquor and sequential control

fthe percentage of insect damaged coffee beans.

The proceedings of the. Colliquium presents the
current ‘research in the various aspects of coffee and
hence Wl be an useful publication in the library con-
nected with coffee research, Most of the articles are in
German or French and this may be a handicap to
English and other Ia_ngua B readers, but the organisers
have rightly appendicid English summary at the end.

C P Natarajan
CFTRI, Mysore.

Single Cell Proteins from Cellulose and Hédrocarbons:
By Peter J. Rockwell; Noyes Data_Corporation,
F)a_rk §|d e, New Jersey, USA, 1974 pp: 33%;
rice: $
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In the foreward it is stated that "this review containg
carefully excerpted and collated clata from diverse and
difficult”to locate sources and information is based on
studies carried out by research teams; very often under
the auspieces of various governmental agenctes It is
therefore in the form of 4 review and hence the double

ca t|on hemtcal echnology eview No, 74; Food
ec nofog Review No. )[under which the material
Is compiled and brought out under one cover.

The short Iprecrse and clear introduction crisply
states that Part 1 of this book is, concermed primarily
with a process developed at Lousiana State University
for production of single cell protein from bagasse &
the carbon source. Part Il of this book Is an Updated
version ofaprevrous ook yNoyes Data Cor oratton
‘Proteins from Hydrocarboris’ bX joney Gutcho, and
it contains much add|t|onal recenit process information.

Having thus set the sight; Peter J. Rockwell proceeds
to arrange the text Under two broad heads; Part I Cell-
Ulose, covers nearly 132 pa?es with the following sup-
titles; Sources and characteristics of cellulose,” LSU
Lousiana State University) project description; P|Iot

Jant for |.SU Project; Protein"isolation from single-
cell organisms; an Economic potential of single-Cell
rotetn Part Il o Hydrocarbons covers nea

es W|t the foIIowrng Sub- tttes |ciu|

on feed stocks, gaseous and solid hydroc rbon
ee stocks, Special strains of micro-or an|sms growth
romoting ' techniques, Fermentation” techniques and
ecovery"and processing techniques.

It is also stated that the chapter on “Special micro-
organtsm strain” is a completely new section uncler

Part |1 and that the last chapter Gontains a number of

recent processes designed to eliminate the odor, taste
and texture groblems usually associated with single-
cell protein CP% from hydrocarbons. Part |, under
cellulose deals with details of raw material avallablhty

physical and chemical charactensttcs of cellulose. The
|oneer|n Work carried out Yte L.SU_ group (sing
agasse 0 prodyce s|n%e cell protein is ext nsively
revi ewed at is of greater interest Is the chapter on
Economlc potential “of slngle el protein”.  The
in ormatlon |ven covers all “aspects on the problem
Including co aratlve cost estimates. From the techno-
logical pomt o view, a hreakthrough has been achieved
by'the LSU group by their studies on ‘Symbigtic growth’
using Cel|ufomonas” and AIcaI%enes in"a mixed “culture
fermentation of treated bagasse.. Part 11 uncer Hydro-
carbon, IS more elaborate” In ts treatment as many
countries and industrial units based on_hydrocarbons
are interested in the development of SCP from hydro-
carbons. In an earlier review we have covered the main
developments in the field of SCP from hydrocarbons.
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What is of additional interest is detalled In the chapter
on “Recovery and Processing Techniques”, which
inclugles, sucti toptcs & textunzatton rocess deatng
with inclucedl cell eaka?e mixture of SCP and Vegetablz
protein and chemical formation of intercellular bonds.

ananh( for feed purposes, but ultimately for food
supplementation also a world wide search is on for new
sources of proteins.  The two contending substrates
are cellulose and hydrocarbons.  During the past
decade, a great ceal Of work was done on™ SCP from
hydrocarbans, but more  recently the emphasis  has
shtfted 10 ceIIu 0S8 substrates It 15 In this context of a
global quest for Brotetns that the present publicatjon
on Stnge CeI roteins from Ceflulose and Hydro-
carbons™ 15 welcome gs an _up-to-date and competent
coverage of the entire field, The book bnn?s under one
cover all relevant information on the subjec |naformat
which leaves, nothtnﬂ to be desired. The present u
cation I scientifically and technoloqtcaly corr%d) I|ng
and, the publishers. deserve our compliments.  Because
of the high cost this useful book may not ke within the
reach of many whe would like to have it.

T. N. Ramachandra Rao

CFT3I.

Mysore

Intermediate Morsture Foods: Edited by R Davies,
Birch, & K. J. arker Applied Science Publi-
shers Ltd,, London, 1976,

Intermediate moisture foods (IMF). have received
widespread, attention and popularity “in_recent years
especially in Defence departments, pet food in ustry

d space proct;rammes on account of their stability at
room: temperature throu?h lowering of water activity
and at the same time retaining the wetness and other
characteristics of the fresh food: This s not a new class
of foods; fam|||ar examples being cheese, candied fruits
and jam, onep etc but with imagination :f could pro-
vrde a wige range of new and interésting foods, Removal
of water i minimum, the bound water s retained within
the food so that changes In texture, structure and flavour
are recuced or elimifiated and the addition of humect-
ants will permit relatively high moisture levels.

The present publication is the proceedings of an
Indlustry- un|vers| Co- oEeratton mposrum held at the
Nationg| Coll ee of chnol og}/ ¥n ge
under the ausptces of the Natlonal College ot Food
Technoloo y, University of Reading and |s prohab gf
the first of ifs kind, Itcontalns 19papers bytnternatlon
authorities presented af the Mm osium, divided into 4
Sessions, owever |t 1S N0 mentioned when the
Symposium was held.
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Chapter 1is more hy way of an introduction of the
subject to the Symposiim and welcome to the partici-
pants. . Chapter’ 2 discusses at length the commercial
potential for intermediate meisturd foods an account
of their shelf stability, convenience and egse of nutrient
adjustment and stadility but mentions that IMF has
been slow to become a Significant factor in human food
%ys_tems ]pnmarjl)( becausé of poor organoleptic accei)ta-

llity. The chier areas requiring reséarch and develop-
menit are brought out

Chapter 3 stresses the fact that for modern IMF for
humans to e completely successful, products should
e comRIeteI% new and different from or demonstrably
better than the traditional types. Savings in cost to the
consumer, F\re not by themselves sufficient to ensure
commercial Success.

The next chapter gives an account of the different
types of 1M pet foods which could be broadly divided
into 2 types from manufacturin _anlqle: (1) Mmaking a
slurry and extrugling to form the final"shape; (Zg_tak!ng
whole chunks of meat or meat analogues and" diffusing
humectants into them. Only the first has been commer-
cjally_exploited and a typical product manufactured is
described at length.

Chapter 5 deals with the thermodynamic definition
of water actmty{ poInting out some OT its consequences
and compares The thermodynamic water activity with
the quantity often measuréd and labelled aw. ™ Next
Chapter reviews the various concepts and methods
used In the food industry to assess water binding,
hydration, etc. Chapter 7 Teviews the different instru-
ments used to measure water activity and stresses the
need to carry out frequent calibration checks on an
commercial instrument using for example, a dew poir
hygrometer or a salt solution. Chapter 8 describes a
méthod of determlnlnq_the Interaction between consti-
tuent water and the solid components of the food b}/ a
simple NMR technique, Next Chapter reviews the
chemical changes that take place. in the major and
minor comporients of foods during processing and
storage of [M foods.

Chapter 10is cn the stabili h I
microorganisms and shows that the inhibition and
toxin production of microorganism i IMF does not
solely depend on the aw, but the pH, Eh, temperaure
preséryatives_and the type and
microflora. The next Chapter reviews sources and vec-
tors of contamination, the occurrence and factois in-
ﬂuencm% ngl;rowth of yeasts in IMF, It also 9IVGS the
mechanism of osmotolerance, methods of prevention
of yeast spoilage and isolation procedures.

Chapter 12 gives the results of comprehensive investi-
4

of IMF with regard to

number of resicual |
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8at|ons into the factors a_ffe_ctlng mould free shelf ife
f cakes and shows that it is governed largely by the
ERH of the product, An attempt is made to”indicate
the minimum mould free shelflife that could be exE)ected
from IMFs of different initial ERH, The effect of § orage
Eﬁg& %gg(tjures and moisture loss during storage is alSo

The next chapter shows_how the risk of Staphylococc
and their enterotoxins exist in IMF and describes at
length the detection procedures and recommends
Baird-Parker’s medium for recovering  Staphylococc
from [MF. Chapter 14 gives a survey of literdture on
Clostridia problems and indicates that'if the product is
I$ serjously_abused with respect to aw and temperature,
the risk exists.

_Chapter 15 deals with Salmonella problems and
discusses how difficult it 1s to eliminate them from the
final Prqduct bg heatmg as their resistance to heatmﬂ 5
greatly increaséd at these aw values even though the
canng mulUgly. The |m£ortance of quality “contro
and hygiene 0f'the ingredients especially during manu-
facturg™is thus stressed.

Chapter 16 on mycotoxin hazards in these products
mentions that alth uPh many toxigenic moulds may
survive at low aw valles, the’ limiting level of aw for
toxin production is above that for ?rowth and very
little iS5 known about it. Whatever fittle is known is
only for aflatoxin, ochratoxin or penicillic acid and lot
of fesearch Is neeced in this area.

The next chapter on microbiological specifications
by Mossel stresses the importance of Good Manufac-
turlng Practices (GMPs) and gives an account of the
methods, useful in enumerating’yeasts, moulds, Staphy-
lococel Streptococei and Enterobacteriaceae.

Chapter 18 gives the role of humectants in IMF.
They lower waiter a t;w{y, lower the available_moisture
content and also inhibit” microbial growth. TemPera-
ture plays an important role and hente chilling could be
employéd to improve the bactericidal action of fatty

acids in foods.

_Chapter 19 discusses how the growth of mlcroorga-
nisms, the heat resistance of the _fs_pores, erminated
spores and ve?etatlve cells get modified n the changed
atmosphere of IMF.

The covera%e of literature in almost all chapters is
arge and up-to-date.
The book will be very useful for any research and

development. laboratory“in food techn Iog¥] and also
some of the industries intending to make such products.

Rugmini Sankaran
D FR L, Mysore.
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The Unsaturated and Polyunsaturated Fatty Acids in
Health and D|sease—b% James Mead and Armand
J. Fulco. A monograph in_ The. Bannerstone division

of American Lecture Series in L|V|nquhem|str¥. Ed

by Neuton Kugelmass, Charles C. Thomas, Spring-

field, Illinois, U.S.A.

The authors briefly outline the historical aspects
be?mnmg with the_production of essential fatty acid
deficiency in rats (Burr & Burr, 1929) and proceed to
provide a brief and succient account "of the chemist
and occurrence of unsaturated fatty. acids (UFA).
Analytical methods for the determindtion of UFA in
biological material are fqwen i depth, including GLC-
mass “spectrometer methods and degradation methods
such as ozonalysis for structural studies.

The metabolism and biosynthesis of unsaturated
fatty acids in plants, protozoa and mammalian systems,
enzymological aspects and the mechanism and ‘Specifi-
city of unsaturation are presented wwdlY and dliscussed.
Physiological aspects of UFA essential fatty acids as
grecursors of prostaglandens and the role of polyun-
saturated fatty acids (PUFA) in biomembranes regulat-
ing the membrrane fraction for rProper transport processes
and osmotic characteristics have been presented in a
simple lucid style. The si n|f|ce1nce of UFA & PUFA
N human distases—infant malnutrition, atheroscele-
rosis, cancer, multiple screlerosis and genetic diseases
15 briefly reviewed in Chapter 5.

The chapter. on biochemical aspects of autoxication
of UFA, provides very stimulating readm?. Evidence
for in vivo peroxidation is appedrance of fluorescent
pigments ceroid and lipofuscin. - Lipofuscion formation
In"mammals appears to be related to, a%emg PrOCess
and the authors speculate that if peroxidation;could be
Inhibited pigment formation and perhaps ageing could
be slowed (Page 167).

This review is well conceived and written in a ve
lycid manner.  This book is certainly of great value t
all researchers in nutrition, biochemistry, medicine and

physiology.

P. B. Rama Rao
CFTR I Mysore.

Lipid Chromatographic Analysis Vol. 1 Revised and
expanded—edited by Guido V. Marinetti, Publishers -
Marcel Dekker, New York & Basel.

This revised comprehensive review on methodological
aspects of analysis of lipids of biological origin™has
contributions from six leading expert™ groups in this
area of researcn.
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Thin Ia¥er_ chromatography E_TLC) of phospholipids
and glycolipids and a Comparative assessment of TLC
and pdper chromato?ra hic methods (Whatman SG:-81
loaded papers) are efaborated and discussed :n the first
two chapters, _Chromatograpmc analysis of alkyl, alk-
L-enyl ether lipids followed by analytical aspect of phos-
phofides and glycolipids by chromato%raphy of their
garual hydrolysis products” are presented In chapters

&4, Aaditional notes on the practical asi)e_cts of many
of the methods discussed,  provide useful information
for the research worker. Liquid-liquid [na_rutlon (LCC)
adsorlptlon chromatogra hy and ‘and gsls of neutral
%ﬂce odes and fatty &cids ‘are discussed in Chapter 5

e recent Interest in LCC as a potential tool for lipid
analysis and the development Of Instrumentation for
this purpose has been pointed out,

Techniques such as high _Pressure liquid chromato-
graphy and the use of I|Poph1 I sephadex have not been
reviewed. It is hoPe_d hat in subsequent editions this
would be aclded to this volume so that all the techniques
developed for lipid analysis would be compiled into one
such useful volume. _

In the last chaPter I described the %as chromato-
graPhy methods for direct GLC analysis of neutral
acylolycerols, exterisive and It has
been pointed out by the author (Dr, A. Kuksis) that In
combination with ‘mass  spectrometry, the TLC-GLC
methods can open new avenues for lipid metaholic
stuclies and help In assessment of its role in the meta-
bolism of the cell. _ _
. This revised review on lipid chromatographic analysis
is well compiled and is o: particular interest to lipi
chemists and biologists andcertainly a welcome, addi-
tion to all libraries” of lipid research groups/Institutes,

P. B Rama Rao
CFTRI, Mysore.

This review Is ve

Principles of Fo_od_ChemistrIy: By John M. DeMan.
The Avi Publishing Ca., Inc, West Port, Connecti-
cut, US.A. pp. xxx426, 197, Price: $ 16,

The author states in the preface “The present book
contains_ little of the material commonly covered in
biochemistry texts and_also does not cover food analysis
or food ,orocessmg. Itis hoged that the material covered
here will serve asa guide t0 the most important aspects
of food chemistry."” Those aspects of food chemistry
which the authgr considers important are Fresented In
5 chagters dealing with proximate principles and one
chapter each on” qdour, texture, flavour, vitamins,
enzymes. and additives.  Treatment of chapters on
water, lipids, proteins, carbohydrates, enzymes and
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minerals are typical of undergraduate text hooks except
that sections On the effect Of water activity on food
preservation and immobilized_enzymes in food_ proces-
sing are welcome additions. - Food flavours and texture
are’ discussed concisely and the last chapter on food
additives is well presented.

A certain amount of generalization and lack of preci-
sion are perhaps inevitable in such books but *Pringi-
ples of Food Chemistry” appears to have more than fair
share of mrsleadrn sate ents, errors and omrssrons
For exam egurnea |sapr|ma Rs and lysozyme
Is an antibiotic (p Page 6sta With the Sentence

“The proteins are o mers of 21 amino acids..
and end with "of the 20:amino acids, only 8 are essential
for human nutrition.”  In the chapter on Irbrds fairl
extensive coverage IS given to the unusual_ fatty acids
|n rumrnant fats and ish ails but no mentjon 15 made
of the common cfyc opropene fatty acids In vegetable
oils or of the significance of ponunsaturated fatty acids.
Similarly two, Pages are devotéd to the chemistry an
b|oIo |caI actrvr of vitamin D, but no mention is’madk
calci eros Sur rrsrng]g even the edrtrnrrr of

th|s oo rought out by best nown ub
ing firms, appears to be somew hat lacka arsrcal For
example “Nonenzymatrc brownrng or Maillard reactions
are one”o the most | 'portant factors causrno food
sporlg%e (0. 26) : “the starch would have to be postdried

The text is well illustrated and is free of nntrng
errors, For most part the book is very readable an
should hold the Interest of students to whiom it IS acldres-
sed.  However, It can be reccmmended as a text hook
only with some reservation.

P. J. Thomas

Hindustan Lever Ltd., Bombay.

and  volume of
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Cowpeas Home Preparation_and Use in West Africa:
Published by IDRC, Box 8500, Ottawa, Canada 1976
op. %, Price: $ 5.

"Cowpeas—Home Preparation and Use in \West
Africa”, Is useful information presented in a simple and
straight forward manner. The book can be a valuable
gurde to home science and a%rrculture teachers and
xtension workers. The table Indicating the nutritional
value of cowpeas compared with other Toods, available
not only in Africa but'also in India, and other reference
tables, serve as “at a glance” diefary aids. Cowpeas
are an excellent source”of vegetable protein and when
eaten in combination with cergal foods will enhance the
dietary protein.

The cookery sectign is quite thorou?hly and systemi-
cally developed giving the cooking fime and tooked
Ifferént varieties of thé legume as well as
the processes and, equipment used, for"its preparation.
Hints on purchasing, storaPe and different methods of
cooking cowpeas are simply but adequately presented
and illustrated.

In addition, 56 recipes portra |n% the Art of African
Cooke have been included |nt 00K, T £Se recipes
should Telp in gromotrngavvr er use of this exceIIent
source of ve etable protein in parts of the world where
cowpeas are grown.

Thangam E. Philip

Institute of Hotel Management,

Catering Technology & Applied Nutrition,
Bombay.
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Hyderabad Chapter

Dr. G, Lakshmrnara(yana of the Regional Research
Laboratory, Hyderabad, delivered aninteresting talk

Edible’ Oils and Detection of their Adulteration,
on 14th May 1977,

Bangalore Chapter

Address by Mr. Gurilnath of Modern Bakeries, at
Bangalore delivered on 23rd Nov 1976 at Public Health
Institute, Bangalore.

The Speaker in his brief talk outlined the marketrng
technigues adoPted by the Modern Bakeries. He sal
that the shelf life of the Modern Bread was about

days and, preservatives like calcium pro |onate
and acetic acrd were being added. Modern bread rom
Bangalore Unit was being marketed in far away places
like Gulburga, Belgaum, Vasco, Mangaore etc |str|
butign system being direct, the time Jag between
duction and reaching the retail outlet Was mini um
Mogern bread was distributed on all 7 days of the week
unlike their competitors.

35,000
per day. About 25,000 benefrcrarres per day under th
mid-ddy meal programme of ucatron ep artment

and 60 000 benefrcrarres nper .day in the age g roup of 1

and 4 under the special nutrition prog ramme of women
and child welfare department received Modern bread.

Food-Fair Held on 6th March 1977

The Fair held at Bowring Institute, was inaugurated

Smt. Vimala Rangachar, Vice-Chairman,” Com-

mitee for Children’s Welfare and Recreation.

of frgog stallps both by leading manufacturers and hotels
ut u

A sum of Rs. 3,000 collected at the fair: together with
other donations from individuals and indlstries will
handed over, towards Prof. V. Subrahmanyan
Industrial” Achievement Award Fund,

Annual General Body Meeting of the Chapter held on
15th March 1977,

The President Srr M. K Panduranga Setty welcomed
the members. _He thanked the miembers for their
coo eration.  The services rencered by Sn M. R.

Chandrasekhara for the chapter was placed on record.

Since no nominations were received for the offices,
the nominations were called from the floor. The mem-
bers unanimously re-elected the following office bearers.
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0- Dr. Sulebele focussed attention on

A variety p

President M K Panduranﬁa S
Hon. Secretary  Miss Madura M. .Chatrapathy
Treasurer S-S M. Jambag

The Hon, Secretary, Miss Madhura placed a brief
report on the activities of the Chapter.” She thanked
the members for the cooperation and encouragement
extended to the office bearers during the year.

Meetrng heId on Tuesday, the list Dec. 1976

Dr. K K lya, Wes requested to_ take the Chair,
Mr. M, K ‘Panduranga Setty, President, introduced
Dr Sulebele, Project Coordrnator Miltons  Project,
Bangalore to the members,

Dr. Sulebele, emphasrsed the need for sound quality
control In the Dairy Indlustry. He described some as-
pects of research Work done by his group on infant
milk foods and milk based indigendus ‘sweetmeats.
he need for a new
look at the analytical methodology for the microbio-
logical examrnatron of darrygeproducts He pointed out
that in foods which have rocessed So that the

loaves of bread and 25,000 buns are roducedcohforms are readrly destroyed, here 1S a need for an

alternative index of sanitary quality such as Entero-
coccl, which are reportedly more resrstant to heating,
freezmg and frozen sfordge. While coliforms were
extremély low In baby foods, Enterococci were found in
aImost aI the sam es examingd, After drscussrng the
m|cro jol ogrca quar aspects of Pe a ereported

about the “widespread’ occurrence of Sta% locacel In
the samples examined. Enterotox enrc t Sohy 0cocel
were found in some samples of tud |es on

radjation sterilized modeI food sstems simulating
Pedha cemonstrated clearly that Pedha does not sup-
port the growth of Staphylococgi whrle cottage cheese
Provrdes an excellent 0 gor unltry for the rovvt of
his pathogen to pose a 8 tential health haza

He spoke of the advantages of a new medium develop
ed for the detection and eénumeration of Staphylococci
I dairy products,

Southern Regional Branch

Seminar on Strategres or Meeting Food and Nutri-
tional Needs of the Rural ogulatron—te Role of Food
ISrclle\rlrggrgLS Technology, held on 23rdand 24th April 1977

The Semrnar was inaugurated by His Excellency

P. Govindan_Nair, Acting”Governor of Tamil Nadu

and was presioed over by'Dr. Amla, Director, Central
Food Technological Reséarch Instituite, Mysore.
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There were four techmcal sessions. The first Sessmn
dealin l\/(l] with Nutr|t|ona Needs of the Rural Pop uat|on
and eans of Fulfil mg Them, was presiged over X

Rajamma| P. Devadas, Principal, Sn Avmasha|
Home Saience College, Coimbatore. The Secondl Ses-
sion dealing with Technologies for Food Processmg in
Rural Areds was presided over by Shri V. Sankaran,
Managing Director,  Tamil Nadu Algro—mdustnes
Corporation.  Dr. S. V. Pingale, Technical Advisor
Food Corporation of India, cfiaired the Third Session,
which covered the Case Studies on_Related Subjects
Prof. N, Viswanatham, Professor of Pharmacy, Aridhra
University, was the Chairman of the last Sessign dealing
with Coristramts in Setting Up Food Processing Units
in Rural Areas.

About 30 pa ppers were presented by food scientists
and technologists

field of the nutnt|ona needs and manner in Which food
E(tlgtrtlltelsnttss and technologists could help in solving these

Based on the papers presented and the discussions
held some of the' Important recommendations made in
the Seminar are as follows:

1 Maternal nutrition and infant nutrition require
priority attent|on Nutnt|onal needs of these vulnerable
sect|ons of th e[oopu lation living |n t,ural areas reduwe
to be met |ocally. “Mahila Mandal” and village level
workers will have to be involved in this endeavor,

2. The Seminar recognized the, need for promotm%
the availahility of low cost nutritious foods made ou
of locally available food materials, in the rural areas,
to meet the_ problem of Wde spread under-nutrition
and malnutrition.

3 The sub{]ect of food and nutnt|on with particular
rel evance to the rural needs should
sdltoo curriculum all over India as a matter of
policy.

4. The export policy of the country should be review-
ed with a view to°making available riutrtious foods and

food byproducts fo meet the domestic needs of the (Gh

population.  In this context, export of groundnut cake,
rice pran, fruits and vegetables, maririe products, efc
required to be reviewed,

5. Adequate processmg fadlltles should be created
to rocess he above food commo dities.and make thef
available to the rural popu at|on This will also help
In eneratm additional rural employment and increas-
m&te yrcnasing power. In this regard the Seminar

that Jabour, |n ensive com osne foqd rocessm%
units could easily te set up with Tow Investment |
rural aress.

6. The present food grain procurement and pricing

from all Qver India covering the entire  fy

form part of the %,
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policy requnes careful examinatin in order to leave
ade uate stoc of food Egrams with the rural holders
th roug hout the year, stab ishment of Rural Grain
Banks will help in this regard.

7. It was realised that the present practices of food
storage in rural areas are far from Satisfactory. To
overcome this it was recommended that the rural grain
storage should be Improved, based on modern techno-

It was further . recommended that simple; and
CI nt|f|c storage facilities should be made available
In the rural areas.

8 In view of the recognized advanta%es of higher

ield, Iesser breakalges and important nutritional Con-

nts it wgststrb%ngy recommended that parboiling of
dy needs to

qpularised on a wigler scale. ImProv
ed parboiling techniques have already

been developed
Yvanous Institutions to yield parboiled rice of accepta-
e quality. A number of small units should be esta-
blished iri rural arezs.

9 Conadenngsthe large potential available to, deve-
lop fisheries it was felt that resen/at|on of fish in dif-
ferent torms to meet te nees of rural population
shoyld be developed. ge quantltles of trash fish
available during certam seasons could also he con-
verted into fish cake and fish flour.

10. The professional bodies like the Association of
Food Scientists & Technologists, who have adequate
know-how and expertize shouldl be consulted in imple-
menting the recommendations of the Seminar.

List of New Members

Mr. Balwant Singh Gill, District Training Officer,
Farmer’s Training Centre, Khalsa College, Amritsar,

Mr. anlnder Singh Bhalla, M/s Bawa Fruit Product,
Bssawrence oad, Industrial Area, New Delhi-

Mr. Jata Shankar Srivastava, Factory Manager, Agro-
Cangtzma a%) Bottling Factory, Achheja, Haplr-245"101
|

Mr. T. K Bhattachap/a
Products L|m|te
Bangalore-560 (2

Mr. T. M. Shadaksharalah Karnataka State Agro-Corn
Products  Limited, P. O. Box. No. 2479, ~Hebbal
Bangalore-560 024.

Miss B. V. Shashikala, Clo Shri B. C._Adavappa, 423,
East Road, V. V. Puram, Bangalore-560 004,

Mr. D. L Subba Rao, 14 IInd Cross Street West C.I.T.
Nagar, Madras-600 035,

Karnataka State Agro-Corn
0. Box. No. 2479, * Hebbal,
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Dr..A. M_Natarajan, Scientist, Dairy Bacteriology,
National Dairy Research Institute. Adugodi P.O,
Bangalore-560 030.

Smt. N. Jayamani, Karnataka State Agro-Corn
Products Limited, P. O. Box No. 2479. ~Hebbal,
Bangalore-560 024,

Dr. M. Bhimasena Rao, “Lakshmi Nivasa”, 105 Fourth
Block \West, Jayanagar, Bangalore-560 011

Dr. Rabia Mathai, 3 Lavelle Road, Bangalore-560 00L.

Dr.. M. K_Rama Murthy, Dairy Chemistry. Section,
National Dawg Research’ Institite, Adugodi P. O,
Bangalore-560 030.

Mr. R_Gururaja, Public Flealth Institute, Seshadri
Road, Bangaloré-560 001.

Mr. T.S. Trivedi, uaIityBControI Officer, AC.MM.F.
(I_;tdérgsnas Dairy. P. O.Box. No. 20, Palampur (North
Ujarat).

Mr. Kambo Baldev Singh Mohan Singh, 14/2 Municipal
Colony, Raoli Camp, Sion, Bombay-400 022

Mr. Keshao B. Kale, E-10 Sickanagar, V. P. Road,
Bombay-400 004,

Dr. Vithal Shridhar Jathar,
operative Housing Society,
orli, Bombay-400 018,

Dr. V. S. Aboobaker, Division of Biochemistry & Food
Technolo% Bhabha Atomic Research Centre, Trombay,
Bombay-200 085.

A4/14 Worli Sea Side, Co-
Abdul Gaffer Khan Road,

Mr. P. Hari Kumar, Division of Biochemistryr& Food
Technolo% Bhabha Atomic Research Centre, Trombay,
Bombay-200 0.

Miss Dantwala Rashmi Dhansukhal, Kand'i Khetsey
New Building, Mugbhat Street. Bombay-400 004,

Mr. Joshi Harshavadan Maneklal, 29 Ganga Nivas,
%8858Street, S V. Road, Andfieri West, “Bombay-

Mrs. T. R Doctor, MicrobioIong Department, _ Sir
M. V. College Old Nagardas Road. Andheri East,
Bombay-400 093,

Mr, Ambeskar Satish Naragan, 327 New Municipal
Building. Nanachowk. Bombay-400 007.
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Mr. Madhav Sadashio Oke, Division of Biochemistry
& Food Technology, Bhabha Atomic Research Centré,
Trombay, Bombay-400 085,

Mr. Pravinchandra C. Bhavsar, 80/7, 811 G.I.D.C.
Estate, Vatwa-382 (Ahmedahad).

Dr. Oswald D'Souza, Loufrance No. 7, John Baptist
Road, Bombay-400 050.

Mr. Kamath Prakash Keshav, Indira Bhuvan, 4th Road.
Khar, Bombay-400 052.

Dr. R. Jayaram, Clo R &D Division, Britannia Biscuit
Co. Lid, Reay Road East, Mazagaon, Bombay-400 010

Mr. Pasarkar Sandeep W. 11F Gocavari Apartment,
Near Mangala High School, Thana (E).

Mr. Chimanlal K. Mootha, M. G. Road, Raichur-
534 101

Mr. Pawar Vithal Deorag, Assistant Professor of
Nutrition, College of Agricultural Technology, Marath-
wada Agricultural University, Parbhani-431"401

Mr. Tekale Rohidas Ranjanrao, Assistant Professor,
College of Agricultural Tech_nolog}{0 Marathwada Agri-
cultural University. Parbhani-431"401,

Mr. Rathi Satyanarayana Dagaulalji, Clo Kishore Dal
Mill, New Mondha, Parbhani-431 401.

Mr. Satiprasanna Dasthakur, 12D Garfa Mani Road,
Calcutta-700 032.

Mr. J. C._Jindal, Excelsior Food & Chem Industries, 4
Paharganj Lane, New Delhi-55.

Mr. Surjan Singh Bhatwa, Indian Grain Stora%e Insti-
tute, Punjab Agricultural University, Ludh ana-141 004,

Dr. Kuldeep Narain Singh, Assistant Director, Indjan
Grajn Storage Institute, Punjab Agricultural University,
Ludhiana-141 004,

Mr. Pavan Kumar _Srivastava,_Officer-jn-char?e, Indian
Grain Storage Institute, Punjab Agricultural Univer-
sity, Ludhiaria-141 004,

Mr. Devendrapal Sin%x_lndian Grain Storage Institute,
Punjab Agricultural University, Ludhiana-141 004,

Mr. A K Bharadwaj, Assistant Director. Indian Grain
Storage Institute, "Punjab  Agricultural - University,
Ludhiana-141 004,
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M. R K Agan/val, Technical Officer, Indian Grain
Storage Institute, Punjab  Agricultural - University,
Ludhiana-141 004.

Mr. Ajmeer Singh Mahal, P, Q. Tungwali, via Bhucho
Mandi-151 10 (Bhatinda Dist.).

Mr. A K, Saxena, CFTRI Experiment Station, G.N.E.
College, P. O. Ludhiana-141 006.

Mr. M S Teoria, CETRI Experiment Station, Gill
Road, Ludhiana-141 006.

Mr. Anandi Prasad_BhatnaPar, Head, Department of
Procesimg and A nculéH_ra Structures, Punjab Agri-
cultural University, Ludniana-141 004.

Dr. Kashyap Madan.Mohan, Associate Professor of
Agricultural Engineering, College of Agricultural Engi-
92%%% Punjal Agricultural ~University, Ludhiana-

Dr. Vijay Kumar Tapar, Butter Soap Company, Hindi
Bazar,J IYudhiana. d P TPy

Mrs_Sadhna, Arora, College of Agricultural Engineering
Punjab Agricultural University, " Luchiana-141 004,

Mr. Baldev Singh Boparai, Assistant Agronomist,
Department_of Processing and Agricultural Structures,
Punjab Agricultural University, Cudhiana-141 004,

Mr, Vingd Kumar Se%hal, Department of Pr_ocessingi
and_Agricultural Structures, College of Agricultura
I%Elgg\oegnng, Punjab Agricultural University, Ludhiana-

Mr. Balbir Kumar Arora, Department of Agricultural
Stryctyres, College of Agricultural Engineering, Punjab
Agricultural University, “Ludhiana-141"004.

Mr, Rakesh Kumar Gupta, NAPRO FOQDS, Salem
Tabri, Ludhiana-141 005.

Dr. S..N. Nigam. Biochemistry & Applied Nutrition
Dicipling, CFIRI, Mysoresigors. ™

Mr. Harinder Krishna Beri, Central Institute of Fisheries
Technology, Willingdon Island, Cochin-682 003,

Mr. K K Viswanathan, No. 5 Malavia Avenue,
Thiruvanmiyur, Madras-600 041

Mr. D. N. Kulkarni, N-7 A-2 18 CIDCO Colony, New
Aurangabad-431 003,
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Maj S. C. Kohli, Medical Specialist, Defence Food
Research  Lahoratory, Jyothinagar Mysore-570 010,

Mr. H. S. Murali, Defence Food Research Laboratory,
Jyothinagar, Mysore-5/0 010.

Mr. N. Srinivasulu, Defence Food Research Laboratory,
Jyothinagar, Mysore-570 010.

Mr. S. Sadasivan Nair, Department of Horticulture
S K N. College of Agriculture, Jobner-303 329,
(Rajasthan).

Sister M. Josephette, Mount Carmel College, 58 Palace
Road, Bangalore-560 052

Mr. S. Harbanslal, 138 Nehru Nagar, Bangalore-560 020.

Mr. Rasik A Rawal, Research Assistant, National
Dairy Development Board, Anand-388 001,

Mr. M_ S Harikrishna Lai, 16 Rangashayee Naidu
Street, Perambur, Madras-600 011,

Mr. V. Thiraviam, Thangam Stores, Kottar, Nagercoil-
629 002,

Mr. M. Mahadeviah, Defence Food Research Lahora-
tory, Jyothinagar, Mysore-570 0101

Mr, K C. Dwarakanath, Junjor Scientific Assistant,
Defence Food Research Laboratory, Jyothinagar,
Mysore-570 010.

Mr. H. S Ramaswamy, Junior Scientific Assistant,
Training Centre, Central Food Technological Research
Institute, Mysore-570 013,

Mr. Himat G. Shah, 12 Rayapuram Beach Road,
Madras-600 013,

Mr. V. K Prasad, 10, Giri Nagar, Cochin-682 020.

Mr. Rupshankar Chakrabarti, 191 Ganesh Manji
Lane, Howrah-711 101

*

Student Members

Dr. Mani Ram Saharan, 86-Old V\ﬂn(t;, P. G. Hostel,
Indian Agricultural Research Institute, New Delhi-
110012.

Mr. Naveen Kumar Nigam, 120/195 Lajpat Nagar,
Kanpur-208 005,
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Mr. S. Ramesh, C-138 J. C._Bose Hall. Indian Institute
of Technology, Kharagpur-721 302.

Mr. Pradipkumar Jaikumar Sangai, C/o R, M. Sangai-
%n&%ller, D-13/B Opp. St Ajni Park, Ajni, Nagpur-

Dr. Khopkar Pargj Prabhakar, BI/62 Vridhi Sidhi
ﬁg{)&\rdtggent, Veera Desai Road, Andheri West, Bombay-

Dr.. Diwadkar DiIiFg) Kamalnath, J/4 Navprabhat
2888@9 Hanuman Road, Ville Parle East, Bombay-

Mr. Bhalkar Shashank Viswanath, D/2 New Irani

|
Chawl. Veer Sawarkar Marg, Prabhadevi, Bombay-
00 025.

Mr. Adlr\\/Yaru Bhargay Shaktiprasad, 75 University
Hostel, Matunga, Bombay-400 019.

Mr. Pravin Kumar, ‘EI’, 2nd Floor, 545 Ambedkar
Road, Bombay-400 019.

Dr. Serena Jacob, 8/A Dhake Colony, Jaiprakash Road,
Andheri, Bombay-400 058.

Mr. Pramod Tukaram Patil, R, No. 134, University
Hostel, Matunga, Bombay-400 019,

M., Kshirs%gar M. B. 123 University Hostel, Matunga,
Bombay-4007019,

Mr. Krishna C. Patil, 134 University Hostel, Matunga,
Bombay-400 029,

Mr. Kulkarni, Arun Anant, Clo Dr. A. E Kulkarni,
Haffkine Institute, Bombay-400 012,

Mr. Deshpande Abhaykumar Dattatray, 4/38 Jaihind
%Pyaerqatwe Housing™ Society, (Goods Shed Road,

Mr. Jayant K Dan([;e, 61 University Hostel, Rail Ahmed
Kidwai Road, Matunga, Bombay-400 019,

Mr. Suhas V. Po'Tnis, Katrak Buildin

- 1st Floor,
R No. 16 P. B S K Bole Road, Dadar,
400 028,

Bombay-
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Mr. Sushilkumar B, Gupta, 22-23 Hira Apartments,
200\662R0ad’ Near Polychiem, Goregaon West, Bombay-

Mr. Dipak N. Naik, 3/37 Laxmi Building, Khetwadi,
Bombay-400 004,

Mr. Walavalkar Abhay Anant, Masurkar ,Building,
Garad, Salawada, P. O Savantwadi, Ratnagiri-416 510.

Mr. lyer Ramamoort% N., Akber Building, 1st Floor,
Room No. 5. Thana-400 601

Mr. Suresh Chandra Shindhe, S/o Manajirao Shindhe
Old Hostel, R. No. 45, Laxminarayana Institute of
Technology, Nagpur-440 010.

Miss Pushpa Sinnarkar, S. Layout, Plot No. 8, Bharat-
nagar, Nagpur.

Mr. Narendrakumar G%palrao Vaidya, CPv 14 Q. No.
G 30A, Ajni- Nagpur-440 003.

Mr. Alfred Babatunde Meadkols, IFT'IC Hostel,
CFTRI, Mysore-570 013

Miss Pushpa Meshram, Kalpana 47, Tilaknagar,
Nagpur-440 010,

Miss Anjali N. Deshmukh, Plot No. 63, Bharatnagar,
Nagpur.

Miss Anuradha G. De_shﬁgnde_, Clo G, D. Deshpande
(Advocate), A-2 Rani Lakminagar, Nagpur-440 010.

Miss Tehmina Daud, Mehdi Bagh Colony, Dr.
Ambedkar Road, 12/18 Itwari, Nagpur-440 017.

Mrs Memuna Haque, 203 Buty Bhavan, Palm Road,
Civil Lines, Nagpur-440 001,

Miss Sushama Kundley, Joshiwadi Sitabuldi, Nagpur.
Miss Kiran Gandhi, 15 Jail Road, Nagpur-440 012

Dr. Salvi Madhusudhan Jagannath, 316 Sh slur, Indian
Agricultural Research Institute, New Delhi-110 012

Dr. M. Mujeebuddin Anwer, 127 Shishir, Indian Agri-
cultural Research Institute, New Delhi-110 012.
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