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RESEARCH PAPERS

Chemical Composition and Protein ?uahty of Some High
lelding Varieties of Triticale

Maya Moolani and D. S Wagle
Department of Chemistry and Biochemistry, Haryana Agncultural University, Hissar-125 004

Manuscript Received: 3May 1976

Sixteen improved varieties of Trrtrcale were evaluated for the chemical composition and protein guality from amino acid compo-
sition. The varieties differed appreciably inth errcontent of protein but there was not much variation in the contents of calcium,
iron and phosphorus. But the two variefies TL-20 and Arm PM-111, contained less moisture and ash as compared to the other
varjeties. The six varietjes of Triticale analwsed for amino acid content appeared to be slightly superior to wheat in respect of
lysine. Triticales were found to be deficient in tryptophan.

Tnt’]cale IS & man- mage cere Ithg go £35S gotentra Results and Discussion
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an protern quality of some Of the varieties of Tritica Crud roter Marked differenices were found In §
Case o crue Eotern In the di erentW varietie |ch
Materials and Methods % e ror]] to 185 per cept as shown In Table
Fourteen drfferent varieties of Triticale viz TL-101  The Triticales aveh he 1orotern cont nt as ¢o ggrg
TL- lgz 103, TL-104 7X:105, 7%-106, TIMO7 to tha(j of Triticum  (9.80-15.80 per cent) as report
X108, %1 TL 110 TL-19 /%20 TL-22 7X3% Prasad.4
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d reeaing, cu tura Unrv [Sity,  nutrient contents In
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tI nqenen’t are compara
rown a H rssar were obtained from the De of Plant © ? osrtron, are sh@htly Superior to this grain in respect
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Table 1. chemical composition of triticale on moisture free basis

(Average of duplicates)
Variety I\/blos/gure Afh r%g)il rré mgl;%g P%rgs Cruc%flbre Ether/ fxtract Crude/o rotein
TL-101 27 22 434 28 451 14 16 185
TL-102 127 21 493 30 4209 14 15 164
TL-103 129 22 439 29 4414 13 17 161
TL-104 129 21 485 30 4%.7 13 19 172
TL-105 125 21 414 30 4926 14 19 156
TL-106 123 2.2 4.3 26 1 14 20 141
TL-107 123 24 4.6 30 4%5 14 18 152
TL-108 121 24 45 28 4369 13 20 156
TL-109 129 26 BT 26 4%.7 14 13 167
TL-110 128 23 91 29 47 14 15 160
TL-19 123 23 4.8 30 4678 14 15 157
TL-2 90 19 499 21 457 15 16 132
-2 125 22 37 26 4%.7 15 15 161
TL-2 124 22 493 28 4L7 14 16 151
TL-28 122 21 484 29 81 14 17 172
Arm PMH1L 86 18 486 26 4876 15 16 135
Average 120 22 4T 28 4799 14 17 158
Table 2. amino acid content of some varieties of triticales
Amino add L TL2A L2 TL 106 TL1O Am PM-111
Lysine 36 28 21 35 31 32
Histidine 24 24 21 29 29 25
Arginine 58 b4 40 b3 38 65
Aspartic acid 6.3 48 43 61 50 65
Threonine 21 21 25 32 20 29
Serine 45 35 36 43 35 44
Glutamic acid 219 194 180 266 246 240
Proline 85 68 6.0 10A 80 104
Glycine 44 38 32 48 42 45
Alanine 41 35 37 45 42 49
Valine 51 48 46 51 47 65
Methionine 17 16 15 19 17 28
Isoleucine 40 21 37 40 34 40
Leucine 75 55 51 6.6 56 6.7
Tyrosine 24 26 32 30 40 33
Phenylalanine 49 48 38 06 42 46

Trypiophan 05 07 06 07 07 02
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Detection of Tobacco Seed Oil in Sesame and Other Qils by
Thin Layer Chromatography

P. Sengupta, S. Sil and A R. Sen
Centra? Food Lahoratory. Calcutta

Manuscript Received: 1 August 1976

Thin layer chromatographic separation of unsaponiflable fraction on silica gel G with petroleum ether (40°-60°C)-solvent ether-
acetic acid (60;40: 2I) as developer and 1:1 ortho-phosphoric acid as spray enables the detection of adulteration of sesame oil with
tobacco seed oil as fow as 5 per cent level. Two discrete blue sEots 0f Rf 0.25 and 0.15 are characteristic of tobacco seed oll,
which are absent in sesame oil. Tobacco seed oil in other oils like groundnut, sunflower seed also can be detected similarly.

T ohacco gNrc tiana toba m Linn) see t]ad re-  refi eﬂ all. This unre Ing tirl was treated with alkali
attention g{or r%s épossr euseasane eo when and charcoal to et refin

e rned The d ot seed varies from 8 to Preparation ot unsaponiflable matters:  To gbout 5
?re and contd It333to i) erc nt or[n%% 0?80 rocess of or?por re?r ed gl rrtJ aconrcalnﬁ1 ﬁ 30m| o? strlleg
ﬁtractrn oll'in ?ount woo en 1l re S %aSEnt %Ber cent ethano gnd 5 ml of 50 per cent ;(VKW
smelll ? na reea e faste solution were added and heated o avrate rt
B ﬁ rfnarta 00d rﬁg slﬁsarh)e saponificaf] nvrrascom ete. Teso coole

0y reH If ou an rc eor rna ute wrt waer an extéac ed wrt sovent eher

ds urse 53 rs act on 00acco § 30 times).  The ¢0 lf( ether e rac vvaswas
% IS Use asana terant rn var ou%edrble ors rnce Ith water t maert rfree an oLove an
tecom? N of s Il and topacco See or are  drous . soqiu ate The U aponr le ractrn
Very. sl r ana it is rrcultrf IStinguis thema Was (qlissolve rn loroform
the”hasis 0 Xsrcal ianb emical constants. Lb Chromatogr X 0o the chloroform solntron
methoqs are not available for the etectr?n of fo acco the U dsan bl (f matter was ottefd In a thin layer
seed o) rn ses me oIf when rese rns Il pro ortr ate nd developed unti teso ent front was_ 10 tm
G«raprd car*ghec romat t rs esc % teorgrn srn%er Wes ma gto 20 min,
ere, WhIC succ ort etec After the eelo%ment ates re ried at {oom
II amounts o toba co see rn sesame and tﬁ]m{}erature mrn tor lhro e residual solvent

er OI were then sgra ed MOgenIC reagent
an heated at 8510 Q0°C r5to 10 min.
Materials and Methods

Thrn lay, er Iate Glasls CéPIats 10x 0 cm Results and Discussion

co dsrng/ readrnlge fer (1 fouhd that while sesame, suanoY]ver seed an ?l

/3 aer to %rr\]re er rck roun t8 gaye two discrete spots at the upper ha

el rre arr pla S Were actr above J the n m er Of S ots ncrease to four

vatf 3{ eatrng In.an arr ovn t 105°C for one hour | eo 0 Te th etvvobues ots
cooled In a“desiccator r] an e \e P

h? Solent sast é84 Petroleum ether (40°-60°C): nen an aract rrstrc of tobaccos orI %tch e

ether.agetic acl ota ansent nsesa ot er o rs evrdent

%Chromogenrc reagent 11 ortho-phosphoric acid rmr] lt tr |dua cro atogr

the, uns ponr ab maero é?cos

{ aration of sample: - The seeds of rgure SeSaTe, retrned an ene stinctly clirrerent 1r

sunfl oun r]ut an tobacco fe crushe rnﬁ Sesame an ther or ot re unre ne

starness st Ipese and_mort ar an xtrari Wit In spite 0 te ac f speclf ,anrmatron ol the

etro 3 n]ete olvent ether. F F[ i?ventvvas ompanents of { Ft(rinsaponr efr actrono thri olls
isilled off and the residue left was taken as un- these patterns yielded ‘a’ method”for unequivocal and
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reproducible separation. Using this method, it has been
observed that tobacco seed oil tan successfully be detect-
ed In sesame and other ojls at levels as low as'5 per cent,
Tt emm s emememeeeee - == agtgives an additional blue spot at RFQ.15. The other
blue Spot at Rf0.25 though present at higher concentra-
tions I l]lsuilly insignificant for detection purposes at 5

per cent level.
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State of Aflatoxin In Groundnut Ol

S C Basappa and V. Sreenivasa Murthy
Central Food Technological Research Institute, Mysore

Manuscript Received: 2 May 1976

Aflatoxin in commercial groundnut oil could be sedimented by centrifugation to the extent of 60 to 65°owhich is present in the
state of suspended particles. Studies with membrane filtration, preparative ultracentrifugation and adsorption on the state of
aflatoxin have revealed that the remaining portion of the toxin may perhaps be in the solubilized state.

In earlier communications from this laboratoryL2 This communication presents results obtained on the
Partmon of the toxin amonr%; various constituents of - state of the toxin in the oil medium.
he %roundnut kernel durlg their separation was  Groundnut oil, available commercially, invarighl
regor ed. The results showed that 10-15 per cent of carried a considerable amount of suspended mater.
the toxin separated with the ol while the remaining Preliminary trials were therefore confined to study the
was with the cake. The observed uneven distribution effect of Centrifugation on the toxin content of the
between cake and the oil reported in these papers ma Bu ernatflnt._ Further studies were ?arned out on. mem-
erhai)s be due to limited solubility of the toxin In oil, brane filtration, adsorption and_ultracentrifugation In
euell3 and Parker and Melnickd have suggested that order to find out the state of aflatoxin in commercial
aflatoxin in ol apPears {0 be present in"Suspension  groundnut oil,
associgted with cell debris carried over mechamcallﬁ/. .
There 15 however not adequate experimental data on the Materials and Methods _
Physwa_l state of the foxin in oil. ‘To avoid or eliminate Centnfugianon: Thlrty-,(rlram samples. of well mixed
he toxin contamination oftheoll, these data are needed. commercidl groundnut oIl were centrifuged at diffe-

vTfweujn - minnaifntifu
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rent forces (in Janetzki K. 24 centrifuge and Spinco
Model L-40" preparative centnfu?e) for 30 min at
5°C and the foxin contents of the supernatants as
well as the residues were determined by the method of
Pons et al.5. A few exPerlments were also done b
adqu known amounts of the_pure aflatoxin to refine
as Well as commercial oil. Toxin in these cases was
added to the oil through a chloroform solution of the
ure sample and heating it subsequently on water bath
90-95=C) for 10 min to femove the solvént. High toxin
oil was ‘obtained hy crushing aflatoxin contaminated
roundnuf seeds i Carver Laboratory Hydraulic
ress_and mixed with commercial oil for thé above
exBenment_s. o

reparative ultracgntrifugation: - Beckman L2-65B pre-
garan_ve ltracentrifuge Was used at 218,000 g for
0 min at 5°C.  Bo suPernatant and residue “were
analysed for aflatoxin as before, _
Membrane filtration: ~ The commercial groundnut
oil containing 0.08 ppm of aflatoxin B! was filtered
through @ membrane” filter r(pore size: 045p; size:
50 mi; Sartorius membrane filter, GMBH) under mild
vacuum at the rate of 10 ml of filtered il per hour.
Aflatoxin was analysed in the filtrate. Other filtrations
throu?h WhatmanNo. 1 filter paper and sinfered glass
funnel(Jena Glass Type 11 G3) were also performed for
purposes of comparison.

issolution of aflatoxin in_ refined oil: In_order to
determine the degree of solubility of aflatoxin in_ refined

oil, 3.0 m? of pure_aflatoxin BJ was uniformly dispersed natant

in '35 g of pure refined oil ina 100 ml copical flask. It

Was heated on a water hath for 10 min, cooled and centri-

fugzed In Beckman L2658 preparatiye uI_tracentnfuge
at’218,000 x g for 60 min at 5°C. Aflatoxin was detér-
mined both in'the suFernatant as Well as in the residue.
Adsorbents and filter-aid: _Adsorbents like alumi-
nium_ silicate, magnesium silicate, activated carbon
and Fullers earth (both activated and un_actlvatedl) Were
used to study the adsorption of aflatoxin. ~ Celite was
used as filtér-aid, These were added in_ proportion
0f 05 g adsorbent to, 100, of commercial il co tammg
08 pom of aflatoxin Bj"and_ mixed |nd|_v|duallg/ on
ngr;emljc stirrer for a period of 30 min, Higher lével

2.0 per cent Were also used simila

fuged at 10,000
na%ants were analysed for aflatoxin.

Results and Discussion
In a preliminary ex

sedimentation of the toxifi was studied bY centrifuging
upto 218,000 xg for 30 min. Fig. L presents data on th
centrifugal force applied to oil*and the toxin content

els of
_ y In the case
of activated Fullers’ earth. The samples were centri-

X ¢ for 30 min at 25° C and the super-

eriment to study the state of
aflatoxin in com erma[f_groundnut 0|I,ythe degree of

100

80r

o ~ @
[~] o (=]
v T T

AFLATOXIN (%)
«w
o

0 s L " n " s a 2 n PR
5 10 15 20 25 30 35 40 & L}
CENTRIFUGAL FORCE ( x 10%)

Fig. 1 Distribution of aflatoxin into n i?ue :
on centrifugation of groundnut ail for 30 mi

1, Residue; 2, Supematant.

of the residue as well as the supermatant. With the
increase in centrifugal force the toxin content of the
residue alsq increased till it reached 40,000xg. At
this level, 65 per cent of the total toxin Sedimented.
Beyond this point even at 218,000 xg for 30 min in a
reparative uItracentnfugie, no more"toxin sedimented.
his suggested that nearly 35 Per cent of the toxin re-
mainedPerhaps in the solubilised state in the super-

ezt

In this connection, an experiment was_conducted to
etermine the degree of solubility of aflatoxin B, in
E)ure refined oil. The data presented in Table 1 show
hat as high as 871 [xg is not sedimentable even a
218,000 xg for 60 min su%ges_tlng that this Is probabl
thle limit of solubility of the toxin in 35 g of pure refing
]

In a recovery experiment, commercial qil fortified
with hlgh toxin oil and commercial ol gs well as refined
oll fortitied with pure aflatoxin were subjected.to_centri-
fuganon at 80,000 x ¢ for 30 min. The résylts in Table 2
show that while the Toxin occurring In ol & a natural

Table L degree of solubility of aflatoxin in pure refined
GRON oL

o . o Micr(%arrs
Aflatoxin Bj taken in 3 g of pure refined oil 3
Totl afleoin B sodbiled |
A
Total aflatoxin remained undissolved in residie 2100
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Table 2. recoverPKl experigbe&b)gn sedjentation of afla-
, MNUTES

TOXIN IN OIL AT g FR
ahnitial Aflatoxin in Aflatoxin in
atoxin Supernatant resice
(9 )
80,k 28.4%35.\3 430
50.C* 300.0(60. 1700
0CC 1920 00

o e O

AT L e Sy
;Commercial oil fortified with pure affatoxin
CRefined oil fortified with pure aflatoxin.

contaminant could be removed Eas estimated in the
supernatant) by centrifugal force fo the. extent of 645
per_cent gure toxin added to refined ail could not be
secimented,  Since the commercial oil has, in addition
to the toxin, some suspended. particles, sedimentation
of the toxin by centrifugation is perhaps aided by these
particles. Cenitrifugation of the refined oil fortified with
aflatoxin does not help in the sedimentation,of the toxin,
Perhaps because of ‘such suspended g_artwles. It IS
urther noted that in the commercial oil 52 pg of the
toxin could be sedimented along with the suspended
particle. On the other hand, when the same ol is fortj-
fied with pure toxin. 200 pg toxin could be sedimented.

This raises the question as to why the suspended particles b

in the commercial oil could nof take more than 52 ﬁ
toxin when they can take more of the added toxin. This
could be either due to a high concentration gradient
built up by the added toxin of due to increased Capacity
of the particles to adsorb more toxin as a result of heating
to remove chloroform added to fortify the oil with purg

toxin,
A parallel study was congducted to check whether the
sedimentable particles carrying aflatoxin could be filtered

IE3 RVOVAL CF ARATOXIN IN GROUNDNUT OIL* BY
ALTRATION

Filtration inﬂ?rtgi)g?p%ln) Fe%.\efg
Vembrane filter 0.040 ]
Sintered glass 0045 4
Filter paper 0.05 J

t Intid aflatoxin content: 0.08 pom

g unactivated), . activated

Table 4. effect of stirring of the oil* with different adsor-
bents ON THE SEDIVENTATION OF AFLATOXIN BY CENTRIFU-
GATION (10,000xg FOR 30 MINUTES

)
Aflatoxin Bj ~ Per e
re

Adsorbent in 31(1

Fullers’ earth Eactivated) 0027 6
Fullers’ earth (unactivated) 0.037 .o
Carhon (activated) 0030 64
nesium silicate 0.030 o4
Aluminium silicate 0037 o
%Ilt_e (Ifllter ag) o 0037 o
T e i T

 Intid aflatoxin content: 008 ppm

off by using variqus filters like, filter paper, sintered qlass
and membrane filters. The data presented in Table 3
show that membrane filtration ‘separates maximum
amount (50 per cent) of aflatoxin present in the oil as
compared to sintered glass filtration (44 per cent) and
filtration through fllter_Pape[ (30 per cent). This differ-
ence among different filters is obviously due to varying
pore sizes 0f the filters, the smallest bem(T;_ those of the
membrane filter. Even with membrane Tilters of pore
ggzear%.tzé% p only 50 per cent of the toxin could be
0. remove the unsedimentable part, the efficienc

of different adsorbents was also, studied. The adsor-
ents. examined are Fullers’ earth (both activated. and
carhon, _maPnesmm_ silicate,

aluminium__silicate and a filter-aid ike celite. = The
results.in Table 4 show that addition of Fullers’ earth
(Unactivated), aluminium silicate and celite promote
sedimentation of aflatoxin to the extent of 54 per cent
as compared to 64-66 per cent sedimentation in cases of
Fullers” earth %acnvat_ed), magnesium silicate and acti-
vated carbon on centrifugation at 10,000xg for 30 min.

Table b, effect of fullers’ ear the sedimentation of
ARCATON I croLhDNT o L Sk Rk B LTS

’ Aflatoxin Bj i Yoretained jn .
nﬁ%ﬁ; 8% super%%%%) sedln%rr?t rra{gnal
00 0054 25
05 0030 625
10 0020 B0
20 0.006 25

t Intid affatoxin content: 0.08 ppm
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The control sample of oil with no addition gave a value
of ?a2tper cent sedimentation of aflatoxin under similar
condlitions.

Since activated Fullers’ earth has heen found to sedi-
ment more aflatoxin than the other adsorbents under the
above conditions, the efficiency of higher levels of acti-
vated Fullers' earth was examiined. Results in Table 5
show that sedimentation of aflatoxin Increased as the
level of activated Fullers’ earth increased in the ol
recordrng 92.5 per cent Sedimentation with 2 per cent

Fullers' earth even at 10,000xg. This. indicates that
activated Fullers™ earth when mixed with oil adsorbs
even the unsedimentable portion of the toxin and thus
near O%al the toxin can be removed by sedimentation at

|t 1S cle%r from the above data obtained by the studies
on . centrifugation, ultracentrifugation, membrane filt-
ration and “adsorption, that affatoxin m_commercial
groundnut ail IS present to the extent of 60-65 per cent
dlong with the_ sedimentable cell debris of the ail,
remaining portion of toxin may perhaps be in solubrlrzed

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, MARCH-APRIL 1977

state. The results obtaingd on adsorption of affatoxin
by Fullers’ earth have indicated the possible use of this
material in_industry for decontamination of groundnut
oil from aflatoxin,
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The differentiation of authentic coloured country liquors from spurious ones is possible by comparing dyes
TLC and absorption spectrophotometry. The results show that mostof the spurious country liquors, in genera

food colours.

The addition of coaI tar dyes, (Synthetic permitted
food colours) tg the countr liquors 1s a  common
ractrce fo owed bay all the anufactyrers. The low
cost and nd of the country liquors In India
have resulted rn the manufacture of imitation country
liquors by addrng different clyes erther t0 the ilicit
liquors or dilute ordrnar enatured spirit kee mg
ethanol percentagetesameasrn enurn ones. Thi
poses a great problem for the differentiation of the
genuine country liguors from the imitation ones. How-
Bver, genuinendss of a coloured country liquor could be G
ﬁasuegron the study of dyes in a specific’brand of country

23 November ].976

Present in them by
contain prohibited

Paper chromatograp arl? ion exchange chromato-
rapR/® eectrop Oresis9'®and thin layer chromato-
raphy 1112 have' been used fo detect the coal far dyes
in alcoholic products. In this communrcatron the com-
parison of dyes from genuine countr liquors and fake
country liquors %/thrn layer chromatography and ab-
sorption spectrophotometry IS reported.

Materials and Methods

Thrn Iae/er I\%Iass plates (10x20 cm) cogted with Silica
erck, Germany) fo a uniform thickness

(250 }]am were dried for 15 mrn at room temperature
and thenactivated in an oven at 160'C for 1 hr (activa-
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Table L chromatographic properties and absorption maxima of the dyes in country liquors manufactured in Maharashtra

Rl T R e Vi
40 40

Mosambi Sholapur ~ Yellow 40 40 40 0122 DY 40 Tartrazine
Anans Yellow 450 NSA 40 012 DY 40 40 440 Tartrazire
06 DP 55 45 55 Rd10B
0% DO 40 40 40 QosSol OraneG
044 DP 55 4H 55 Camoisine
Narangi Oage 4% & 45 0% DO 40 40 40 CosSolOaneG
] 040 DP 55 4H 55 Carmoisineange
Angoor ,. Pink 5 S 50 05 DP 5 45 55 Amrath
0% PP 5 45 55 Notidentified
040 DP 55 45 55 Cammisine
Pineapple  Satara Yelow 40 400 40 012 DY 40 40 40 Tartrazre
green 03 DB 65 65 65 IndigoCamine
Orange Or, %5 M0 4% 0% DP 55  4h 55 Rd10B
v 0% DO 40 40 40 CosSolOraneG
044 DP 55 45 55 Carmoisine
Vosabi Yellow 460 40 40 022 DY 40 40 440 Tartrazne
026 DP 55 45 55 Rd10B
0% DO 40 40 40 CosSol Orange G
044 DP 55 45 55 Camoisine
Gulah Chitli Pink 0 NSA 50 0B DP 55 45 55 Amrath
040 DP 55 4h 55 Camoisine
Santri ,, Oage 4% 40 4% 0% DP 5 45 55 Rdl0B
0% DO 40 40 40 CosSolOraneG
040 DP 55 4H 55 Camoisine
Pink Country Liguor Sangli -~ Pink B 5 50 05 DBR 5 45 55 Notidentified
0% DP 5% 4 55 Not icentified
Ananas Ahmecnagar Yellow 450 X0 40 012 DY 40 40 440 Tartrazne
05 DP 5 45 55 Amrath
040 PP 55 4h 55 Carmoisine
Orange ,, Oage 50 NSA 50 055 DP 55 45 55 Amanth
0% DO 40 40 40 CosSol Orange G
ML DP 55 45 55 Camisine
Angoor » Pink MM NSA 50 05 DP 55 46 55 Amrath
0% DO 40 40 40 CosSol Orange G
04 DP 55 45 55 Camoisine
048 DP 55 45 55 Not identified
Pineappl B 40 80 02 DY 40 40 440 Tartrazine
i O 0L DP 5 45 55 Amranth
0% DO 40 &0 40 CosSlOaeG
DY: : ink: DO: .. DB: ' : PP ink - No.
. CF Qe O Y S TRt 7 P 1ok
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Table 2. chromatographic properties and absorption maxima of dyes in spurious country liquors

' ' ' |centified Yoethanol
oW e Qur e, Bk
Angoor Red 065 Red 515 20 515 Acid Red I3
oor Red 052 Red 515 45 515 Crocine Scarlt B
Gulah Red 025 Red 515 45 515 Basic Red 1Y
Mosambi Yellow 068 Yellow 50 45 40 Metanil Yellow I3
Gulab Pink 069 Pink 5% 57 5%  Rhodamine B 15
Mohini Green — — 520 5 &) — k%

620 — 620
053 Blue 620 — %32% Melachite green —
068 Yellow 50 45 40 Metanil yellow :
*Absorption mexime for whole extract.

tign of plates at 160°C was found to give ?ood resolution
wrth compact spots). After cool mg e plates were Used.
The aut entrc samples of cololred” country. [iquors
procured from manufacturers and samples of imitagion
coloured country liquors claimed to be genuine received
In this laboratory were used.

Equipment. . (/). Chromatographic apParatus—cIosed
%Iass eveloping_tank: n% micropipettes:  (Hi) hair
rier and (v) Carl Zeiss Specord’ UV-VIS automatic
recordrn% spectroghotometer

Reagents; (1) 9 per cent ethanol;  (ii) chromato-
ra{)hrc solvent:_n-butano|” glacial-acetic_aeid-ethanol-

water, 10:2:0.5:5 (vol,/vol.)"and er cent
solutions of the following coal tar dyes’ (permitted/non-
ermitted) in 40 per cent alcohol wasprepared and used:
411 Tartrazine, (2) Cos Sol orange G, (3) Carmaising

— "Q\3<

Amaranth. {5) Indigo carmime, (6) Red 10 B
cid Red, (8 Crocine Scarlet
Metanil yellow and " (11) Rhodamine B
Proceure: Thﬁ liquor sample 510 m| each) was
evaporated and the residue Wes dissolved in 1'ml"of
40 per cent ethanol. Ethanol squtron (20 ul) of each
sample was spotted on the actrvated srlrca el pIate and
the chromatograms were developed Z using the so vent
to a distance™of 10 cm. Then the Ites were [emoveq
and dried at room temperature f values were
noted. Each spot was scrapped off" and extracted with
ethanql. ~ After evaporation of ethanol the dr resrdue
was drssolved In 40 per cent ethanol, 0.1 1or Q1

W alp roximate concentratron of 0.0L

r cent oft e e visible spectra of these squtrons

fe recorded | the spectrophotometer using 1cm pa P
cell. Maoreover the drv residue, obtained drrectlg rom
10 ml of liquor sample was dissolved in 40 pér cent

(9) Basic Red, (1

1

ethanol, 0.1 N HCL or 0.1 N NaOH and their spectra
were also recorde,

The dyes (ﬁermrtted/non permitted) were examined by
thin  layer chromatography and spectrophotometry s
described above,

Results and Discussion

The Rf values obtained on TLC and absorption
maxima of various_dyes in genurne country liquors and
Imitation country liquors ar orven in Table 1and 2res-
pectively, It canl be seen that he dyes found rn enurne
country” liguor vary as t e source or type of Havour
present. For examg Masambi™ manu acture at two
different distillerie contarns a mixture of ermrtted
four_colours and one col our respectrv %wrth If erent
maxima in visible range (Table l ese data alsg
Indicate that these genurne country %uors are prepared
y |Iut|n? pure alcohol and adding_ different permitted
food cofours.  However the “imitation ~ country
liquors contain one or a mixture of two prohibjted
food colours which have been identified from their
chromatographrc behaviour and absorption maxima

AIthough consrderable work has been done on the

ana SIS %/paper chromatography5 7 and b

electrop horesrsl3 the present TLC procedure in combi-

nation wrth the spectrophotometric Study of the dyes in

countr ff[ liquors is more reliable. and corroborative for

the di erentratron between imitation and genuine colour-
ed country liquors.
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wf%%stlggobeqtve rec%ﬂﬁo a\wr dlstt ate, hassolgbe

Although lactic starter cultures have been known to
bring about the natural develobment of flavoyr and
aroma In dairy Products distillates recovered from
selected starter cultures have been used In recent fimes
for this purposeL In the present communication a simple
and convenient method has been described for the maxi-
mum recovery of the enriched_flavour distillates from
selected lactic starter cultures.. The effect of some factors
on the production of distillates has also been in-
vestigated.

Materials and Methods

Streptococcus B Jtsed in the bresent study was a variant
from the non-curdling parent cufture, Streptococcus A
described earlier2 Citrate dextrose broth was used as
the %row th medium.

SKim milk was ster|I|sed momentarily at 15 [b followed
ty steamlng on t e subsequent day,” while broth was
ser|I|ze at 151b for 20 min,

Skim milk was moculated with an 18-hr test culture
at 0.6 per cent level, while in case of broth 1 per cent
Inoculum of the same a?e was used. In another set of
experiments, the level of inoculum was varied from 0.5
to 5.0 per cent

14 pecember 1976
R

The inoculated flasks were. incubated at 30°C for %
hr. . In one set of trials involving the effect of incubation
period on flavoyr production, the incubation was
carried out for diffefent periods. In another set the
mg%cblar%ed flasks were agitated on a rotary shaker at

CI'[PIC acid was estimated b the method of Saffran
and Densted as modified by White and Devis3 Diagetyl
Was esttmated by both the methods of Westerfielod

The e%ect of oxidation on the_recovery of volatile
compounds from. the, fermented mixture was studied b
f|rst steam d|st|II|ng it without oxidation, and subsequ-
entl Oy oxidjzing the same sample with 40 per cent ferric

hldrige followed by steam' distillation. A control
experlment Was aIso run by OXIdISIng the fermented
mixfure as above followed by steam distillation.

The effect of rate of distillation on the recovery of
flavour distillate, was studied by varying the time taken
to collect the distillate by co trolllng steam Injection.
The effect of temperature ‘on condensdte water témpera-
ture on the recovery of flavour compounds was  also
studied in anoth(ir set of flrlﬂ

Vacuum distillation of the oxidised and unoxidised
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fermented mixtures was carried out at 75°C according
to Lindsay and Deyl

Results and Discussion

Cultures grown in skim milk and the titrated milk6
were used for the preparation of flavour concentrate.
The fermented mixture in each case was oxidised with
FeCls, prior to distillation. By employing the madified
procedure of Sandine, appreciable amount of diacetyl
§9 mg/100 g) was recovered from citrated milk culture.

esulfs on the, effect of growth condition such as effect
of inocuylum, incubation™temperature and aeration, on
the production of flavour compounds have been record-
ed inTables 1A, [Band 1C. It may be seenthat maximum
amount of flavour components were recovered with the
use of 2 per cent inoculum (317, mg/100 mJ._ Prolonged
incubation ofthe fermented mediumresulted inthe loss of
flavour compounds. However, after 9 hr of incubation,
maximym amount of volatile compounds was recovered.

Continuous agitation of the fermented media agversely
affected the production of flavour compound, while
shaking for 4 hr towards the end of the incubation
period "significantly improved its, yield (Table 1A 1B
and 1C). "It is known that agnatlon during the growth
of a culture stimulates oxidafion of NADT, It i§ likel
that oxygen may deplete the production of lactic acid,
therehy makm% more Pyruvate available o the
organisms for the production of acetoin and dlacetyl.
Durmag later stages of fermentation 1., at % hr, agita-
tion did not show any appreciable effect on d|ace_t0yl
production which may presumably due to the completion
of the fermentation Jarocess by the utilization” of all
available pyruvate.ang CoA,

The effect of oxidation of the fermented broth on the
production of volatile compounds has heen recorded
In Table 2. It may be seen that there is a substantjal
Increase in the production of diacetyl and volatle acids
in the first fraction of the distillate in both oxidised and

Table la. effect OF INOCULUM ON THE RECOVERY OF FLAVOUR

COMPOUNDS
i?ﬁ?% f
(”E?sn aIe"0
150
3

Inoculum V%Lg
% acldl )

05 1.4

10 18

20 24 N7

40 2.4 Vs$)

50 24 pAS)
ﬂth?\lﬁi Ik culture, . -

of N'10 NaOH used to ise 10 i of the distillate.
Hmcubatlon ineach case MW
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Table 1b. effect OF INCUBATION TIME ON THE RECOVERY

FLAVOUR COMPOUNDS
Incubat{ﬁB period g/ccl)ba;gl{g (ﬁ;ﬁﬁaﬂ ’

24 05 166
8 11 1%
i 14 PA|
96 17 25
120 105 260

Inccclum 06%. N}
a0 NLO N0t o e 10 ofte cisilete

unoxidised samples. Comparison of the data on pro-
duction of flavour compounds_from fermented broth
prior to and subsequent to oxidation of the left-over
residue, indicates that the release of flavour compounds
Is relatively faster in the oxidised than in the unoxidised
samples. A similar trend may also be noted in case of
fermented broth_samples which were freshly oxidised
and then steam distilled. _

During the process of distillation, it is essential that
the releaSed compounds be condensed as completely as
possible. The recovery of volatile compounds Improves
as the rate of distillation slows down by controlling the
steam npec_tlon. The distillate collected after 90 min had
a higher diacetyl content (290 mg/100 ml) as compared
to that collected after 15min (200 mg/200 ml).

It 15 generally known that the temperature of water
used In"the condenser affects the recovery of flavour
compounds when chilled water was uSed in the
condenser. A distillate with higher diacetyl content E292
mg/100 mi) was recovered” as compared to that
distilled by using water at 30°C (230 mg/100 ml). A
similar trend was also noted in regard fo recovery of
volatile acids.

Table |C effect of AERATION ON THE RECOVERY Ot ILAVOUR
COMPOUNDS

rimental Aeration  \olatile . Di
c%%ltlon t(me aﬁ (ﬁ?ﬁaﬂ of
%%Eﬂdng) 18 15 198

. . % 138 2%
Continuous shaking é% 07 80
41y shakd B 16 240

ey % 18 2%

o R B S e ot b g,
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Table 2. effect of oxidation on the recovery of flavour compounds

Digt. fragtion No.
Isgeac 0#1510

Steam distillation of the fermented 1
mixture without prior oxidation

Oxiaation of the left over resiole
followed by steam distillation

Freshly oxiclised fermented_mixture
followed by steam distillation

O1PROPO - TP o1~ ooro

\olatile acicl '
e v o
810 Nil 30
7.0 » 26
10 ,, 210
690 : 129
690 . 129
30 41 315
35 37 125
320 34 65
33 30 32
3% 29 18
300 46 Il
300 42 4
310 34 8
310 31 13
33 21 45

*ml of N/10 NaOH used to neutralise 10 ml of the distillate

Vacuum distillation of the fermented mixture after References

oxidation yielded substantial amounts of volatile acids

16.0 and 9.0 ml of N/10 NaOH required to neutralise

Q ml of distillate in the 1st and 2nd fractions), whereas
without the use of vacuum, the corresponding Values for
volatile acids for the 1t and 2nd fractions were only
1.0 and 3.2 ml respectively. _

_The vield of diacetyl was maximum by simple steam
distillaion 87,600 pm) as compared to“vacuum distil-
lation (4,000 ppm), presumably due to use of higher
temperature in the' former case.

L U%{}y, . %, Day, F. A and Sather, L A, J. Dairy Sci,

2 Tivar, M P, Lai, Nambudiripad. V. and
%nara;aa?% ., Indian'J. Dairy Sci.%& 25%.

3 White, JC.D: and Devis, D.T., J. Dairy Res., 1963 30, 17L

4. \\esterfield, W. W, J. biol. Chem., 1945, 1¢., 4%,

g. King, N., Dairy Ind., 1948, 8, 840,

o o S B

7. Brun, J. C. and Collins, E B, J. Dairy Sci., 1970, 53, 8.
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of Dehydrated Foods

K. G. Ghosh, M. P. Srivastava, A N. Srivatsava and T. R. Sharma
Defence Food Research Laboratory, Mysore. India

Manuscript Received:

e s By

The. use of m-packa?e desiccants for_enhancing the
shelf-life of dehydrated

This technique ?
the present century when it was realised that removal
of moisture in sonie of the dehydrated Products beyond
a certain limit though desirablé for better shelf [ife’ was
not practicable in the conventional drying equipment.
It .could be however, r_eadlh( brought “about by using
suitable in-package desiccarits. In"recent times whed
more sophisticated equipment and methods of drying
have come Into use, producing very low moisture R
ducts, It has been the experience of the present authors
that unless specially maintained low-humidity packagin
rooms are used, packagmg
ed freeze dried meat Or Deverage powder in unit packs
usually results. in moisture pick-up by the products
from surroundm? atmosphere to an extent that could
prove detrimental to its, expected shelf-life. In- acka%e

00ds has heen reviewed recentlyl
ained application during the middle of

ro-

of products such & accelerat-

desiccants can play an important role in such cases by

removmg, during” storage, the excess moisture thus
aasorbed. o o

It has been reported that calcium oxide or lime2is a
very convenjent and effective desiccant for use with
food materrals. Its sticcess on a practical scale, however
depends upon finding an economic and easy source 0
hlgh purity Product. The present investigation, was
thérefore, tarried out with several commonly available
sources of lime and as a result, a pr_ommng_s urce could
be identified,  The relative merit of this lime as a
desiccant and qther commonly used desiccants as well
8 suitahility of different bag materials_for its packing
for placement inside a packae was studied.

Materials and Methods

The different types of limes studied arc;
go Local market lime: Several lime stone Samples
available In the local market were collected. These

f
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are made locally by calcination of lime stone brought
from the neighbourhood. .

_ () Limefrom marble stones:  Marble chips available
in the market were calcined in muffle fumace at 950:C
E%rttIBeQr’ cooled and immediately transferred in- airtight

(777 Lime from marine shells: This is available in the
local ‘market packed in polget&ylene bag. Par. of it was
regenerated by heating at 950G for abott 3 hr. The shell
lime_ was also prepared by calcination of the shells in
muffle furnace at 953'C for about 3hr.

Qther desiccants used are:

/) Silica_gel: An indigenous product of reqular
density marketted under the brand” name "“Amex gel"
was obtained for this purpose. _

) Activated alumina. An imported variety was
used. Both these desiccants were reactivated by heating
at 150 -160°C for 4 hr. _ _

Estimatjon ofcalcium oxide, content:  This was carried
out by volumetric titration with standard acid3

Moisture absorPtlon capacity: - Weighed quantities of

different desiccants were exposed in a Vacuum desiccator
over saturated lithium chloride solution. The desiccator
was evacuated and placed in an oyen at 37°C. Moisture
absorbed wag estimated from we|grht_ gain to a constant
\é\gaght by different desiccants.  This usually took 56
Equmbnum moisture content at different humidities:
Weighed  quantities of desiccants were exposed nside
evacliated eswcators_contammg saturated sal: solution
to_give different humidities at 373 as shown belowsh
e desiccators were placed inside an oven maintained
at 37;%1_1°C. The We|9ht gain was observed periodi-
calll%_tl_l It became constant.” _ | _
Efficiency of desiccation: This was determined by
different weight ratios of product to be desiccated

using dlifferent
gswcant insidesealed pouches made of laminate of

to d
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Saturated salt solution Humidity
RH) at .
Lithium chlorice 1
nesium chlorice 316
Jum dlichromate )
Sodium nitrite 62
Sodium chlorice )
Potassium chromate %
Potassium nitrate a

paper/0.04 mm aluminiym folllﬂolyetréylene and observ-
Ing the rate. of moisture loss in the product. The product
used for this experiment was freeze dried mutton mince
at a moisture content of 7.5 per cent, We|ghed ?uannty
of desiccant was Used in qussetted bags made o ?rease
proof paper. The bags were sealed with the help of poly-
vinyl alcohol adhesive.  The pouches containing the
groduct ang the desiccant bag were stored under Toom

onditions (2/G30). _ _

Efficiency of different bag materjals for enclosin
desiccants:” Grease proof %aper (44-45 ?sm, P
cellophane 300 and 25 micron low density polyethylene
film Were used for makm(r] desiccant bag. _ Tfe rate of
desiccation of AFD mutton mince af” 7.5 per cent
moisture, using lime from marine shells as the desiccant
packed in baqs of identical size made out of these mate-
rials, was determined.

Results and Discussions

Lime, which is & common material is available almost
at every place and its main source is lime stone or marble
from which it is obtained by burning in lime kilns, The

urity of lime thus obtainad, howéver, varies widelys.
ertain varieties are nearly 90 per cent Pure; the usual-
ly available lime stone “lime in most places seldom
exceeds 60 per cent of calcium oxide6. At Mysore
several samE_Ies of lime, soon after they were received
from lime kiln, were examined. A sample of locally
avatlable marble chip also was converted into lime _bx
calcination. The lime content of these are not of a hi
degree, and their capauta/ for desiccation cannot e
prediced even to a ru%p approximation  without
analysmg the samples, Another potential source of lime
15 maring shells. Various types of shell bearing animals
I inland areas like West Bengal and Assdm which
abound in rivers, ponds and marshy lands, are also the
source of shells that are collected and burnt to yield lime,
Samples of marine shells collected from Madras and
Cochin beach were heated at 900°-950cC In mutfle
furnace and examined for lime content and maisture
absorption capacity. Lime obtained from burmng of
shell Is also available in the local market packed in
polythylene_bags, This variety with or without regene-
ration (at 950:C for 3 hr) was tested for purity and Water

2

Table 1. purity of lime obtained from different sources
AND ITS MOISTURE ABSORPTION CAPACITY

Voisture

%
Source G0 (% c%pac W%
Nhsgkn%llml 193 50
e . .
n 2 226 6.7
. '3 405 11
Freshly calcined marble 465 189
Freshly calcined marine shells
Sanple 1 92 25
" %'6
Oop%rual shell lime in 52 96
>
after recaJci)nation 8L1 312

absorptlon caPamty._ Table qumg these results, indi-
cates that shell [imé s in a high state of purity and! though
the market varletyf, because of moisture absorption and
subsequent partigl reconversion into calcium carbonate
shows " less actmtg/ it can _be regenerated by heating,
orior 1o use, at 950°C for 2-3 hr.” Thus the shells from
shell bearing animals, which are available in plenty,
provide a very convenient source of desiccant grage lime
with predictable activity. . Also, being in small solid
P_leces, shell lime has distinct advantage over powdery
Ime stone lime in use, _ _ _
Table 2 gives equilibrium moisture of different desic-
cants at djfferent relative humidities, from which it is
apparent that at lower humidities calcium oxide has a

Table 2. equilibrium moisture content of

cants AT HUMIDITIES RANGING, EROM L1 TO Ao
AT

1 %ili@ﬂlimmgﬁture%%%f q

o™ s 24 24 29 %6 W9 B0

o A0 196 08 23 76 %1 6

ISPITC 29 76 13 158 72 46 %
. inmoted 84 176 B1 %9 310 6 %

POIAIE. o 1 w2 Mo u4 T S

Desiccant
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able 3. efficiency of desiccation wj ifferent desiccants 1able 4. effect o ing material on 90 e5|c ation
favte ? USING AFD MUTTON MtNCEATZg%thBmUREd " PDfe{)jCUCC;mf eaIC('[IVZt cg]rt?réeer%tla{ |<e|n?3;es|
Desccant ng%ﬁ byDe3| t /O'm'St T a’}%‘a&&%m %mosture in meat when desiocant is packed in
Grease proof
Fresh ted ?&g p%?y%lene ce ngMST %eg
mé/rcrl' D 3B 206 18 LI
i g i8I
Silica el
’ ; — 50 474 — 3 29 08
B BiE -
nd r:jus) Qtnderantce Gto the qw]gk m0|sturteh abﬁ%?ﬂgﬂd bsybgtﬁ
ivat : esiccant, Grease proof paper, on the 0 |
Aﬁtrt\t/?tta %8 : %@r’ = ‘1138 116 Siftproofand poro%s ang ppermeable enoug/i t¢ facilitate
mported) quick moisture absorption, Polyvinyl alcohol has been

- found to be a very qood adhésive for this purpose.
+ Al apot 2 Mot moisture content becomes LGBEEaDle. - agicants packed o t?rease nroof paper can A keppt in

hermettca }/ sealed m0|sture impermeable containers,
far greater capamt}/ for moisture absorption than the owever | m0|sturea sorption takes place s indicated
adsorbent desiccants like silica %el or alumina. Hence, by weight gain, then the pack has to be rejected since
dehydrated food materials which normally should have ~ unlike 5|I|ca gel reactjvation of lime cannot be carried
low'equilibrium humidity over them in 3 closed container out with the bag remaining Intact.
could” be desiccated further more efftuentlr with the  The_general Conclusion” of this investigation is that
help of calcium oxide. This canclusion is welf confirmed  shell lime 1S & very convenient and efficient desiccant,
by experimental results given in Table 3. 1t is seen that  For best results it should be prepared. by burning of
with the same wetqht rafio of 10:3.5 of product to desic- shells before use or where preformed limé is availabe,
cant m0|sture content is reduced from 75to 18 percent 1t should be reactivated by heating at 900°-550°C for
15 days when calcium oxjde (reactivated. market shell 2to 3 . For packing this desiccant a strong, porous
lime) Is the desiccant, but It remains as high as 4.7 or and permeable but sift proof paper in the form of qus-
44 per cent when silica gel or alumina is”used. Also, setted bags, should be Used.
t0 rmq about. a comparable rate of desiccation with

[ acttvated alumma a oo high proportion of References

silic
the ?a er nad to be used. 1 Gh TR adNath IT
The transfer of moisture from the product to the desic- 174K8?1 e Indian Fa Pekr

cant takes Place through its conversion into the vapour 2. Hendl, C. E, Burr, H. K, and Forester, H. K., in-puckage
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Anew approach to control relative humidities in test environments has been described. The method employs the principle of mixing

dry and saturated air streams in the desired proportion by usmq

sifle to control relative humidity from 0 to 100% at an interval o
cribed. The apparatus can be used, with appropriate additional test chamber, dies’ _ temp:
C. The apparatus is simple in construction, and the equilibrium is achieved quickly-in about

rfg%%rfrom ambient to about 80

Many experiments with food products require precise
control of ‘relative humidity Iy the test environments
such as sorption studies, drying tests and shelf life
determinations. Accurate RH control is necessan(_ n
these experiments since even a few percent RH variation
maY affect the results considerably. At the same time the
method should be simple in operation, the apparatus
should be. easily repairable Whenever needed and
should be in expensive.  Very often .a method or an
instrument is not Used because either it is very compli-
cated o its cost is prohibitive and therefore “accuracy
I sacrificed. It was necessary, therefore, to design a
dynamic method which wag accurate, simple and inex-
Penswe. The method described in this paper is believed
0 possess these desirable features.

he RH in a test epvironment can be controlled by
emBonl_ng any of the following three principles:

( m_|xmgf ry and saturated air in various proportions
to obtain a flow of the desired RH, (n) saturating air at
one temperature and warmmg to ariother, and  (ni)
saturating compressed air and expanding to a lower
[essure,
pThe first principle is used in the present method.

Basic Principle _ _
The . basic n_nuRIe used for controlling relative
humidity, (RH), n the method I, as stated above, to mix
two stréams of air-one dry and the other saturated-in
desired proportions. The RH of the resultant stream of
air will be rougf%equal to the proportion of the saturat-
ed air stream.” The difference Detween the apparent and
the true RHS depends upon RH and temperature. The
difference I less at extreme values of RH, The true RH
Is obtained as explained below using thermodynamic

relationships.

69

rO}Jornonmg valve which is the heart'of the system. It is pos-
5%. An a#)paratus_ employing the ahove sgstem has been des-
or sorption studies of food powders at temperatures

_Let us designate the dry air stream by L the saturated
air stream by 2 and the resultant air stream by r. The
true RH, 18 that of resultant air stream, 'RH.., at
atFnt?esRhaeSric pressure and constant temperature can be
Wri

100 H,
RH, ="M, _\_
Va + Hr ) P
where, H = asolute numigity o air, WeIght of moisture In air per
unit welgﬂt QF (5¥y ar J _ , &
My Maemolecular weights of water and air, respectively
Ps=vapour pressure of water, atm

The main inlet air stream is dried and then_split.into
two streams: one which is maintained drK till mixin
here called as ‘dry air stream’ and the other which I
saturated before mixing, here referred to as ‘saturated
air stream’. Let the proportion, of ‘saturated air stream
be x. Then the absolute humidity of the resultant air
stream, H,., IS

Ur=x H2=xUs_ _ f2)
where H5 is absolute humidity of air at saturation,
Combining equations (1) and (2) we obtain

_ H,
RHr—IOOX M
M
= 100x

(D)

)

100x _
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The valug of deviation factor F{ill_x'[p 'n efluati’n
3

f) Is always greater than 1 excepting at a limiting value
of x of 1when it is equal to 1 and depends upon the
values of x and P9 Since Ps increases with, mcreasmg
temperature, it follows then, that the deviation will b

more at hl?h temperatures than at low temperatures. At
moderate Temperatures viz. 25° to 65, P Is quite
small fraction of 1 and therefore the deviation factor Is
little more than 1 The true RH is correspondingly hlghe,r
than the per cent proportion of the ‘saturated air Stream’,
Table 1 qives the values of corrected RH for various
apparent RH values ranging between 0 and 100 at an
interval of 10at 25°, 35°745", 55°, and 65°C.

Proportioning Dry and Saturated Air Streams

It is of paramount importance, for accuracy. in the
results, to be able to split the main dry air flow'into the
two air streams—dry and safurated—in desirable pro-
portions accurately and (iwckw. It has been made pos-
sible by _usmg? a proportignirig valve which functions
on the principle of air flowm[q {hrough capillary tubes in
|laminar flow regions, as explained Helow. g

Under constant temperature and pressure conditions
the_Pressure drop for air flowing through a cylinarical
capillary tube of uniform diametér, in laminar region, is
given by Hagen Poiseuille equation.

AP= .32 L&/gu 14
where ju is viscosity of air, v velocity of air, * density
of air,”L length_of capillary tube and d diameter of
capillary tube; This equation assumes fully developed
flow for laminar flow, the Ien%th requiréd for fully
developed flow, xt, is given by

~xt=0.05¢c/Re )
where Re is Reynolds number. Now writing equation
(48t fordvolume ric flow rate, g, following équation is
obtained.

TABLE 1. APPARENT RHLATIVE HUMDITIES AND CORRESPONDING
TRE REATME HMOITIES AT VARIOUS TEMPERATURES

AR e TRERN gt o
| 0 0y 1

0 100 . 109 16 18
0 25 09 A5 28 X0
A6 A0 R0 B/ W2
0 47 a4 23 40 40
N 08 02 22 M0 50
0 a0 623 622 &40 610
0 706 10 129, Bl NHI
0 84 80 86 &5 8l
0 02 03 N9 A3 R2

ndasAP

TaTlj L —®
Since in equation F@ A dand ju are constants, and if
pressure drop, A P, can be kept constant, then

I A7)

that is, the flow rate will increase as many times is the
length of capillary tube is reduced. 1f thils princple is
exténded to a branched system, e.g., air flowing through
two capillary tubes. of “same diameters, arran_ge_d n
E)arallel, and having lengths L-and xL, where X i§ is the
ength ratio, the flow rate in each branch will correspond
to the proportion of its length. For the example con-
ﬁdere% B‘ Eresps\uge Tdrog)s hacros(? bgth the trbe_s are same,
e ~ A PXI> (achieve employing mano-
meters) e fow 2t the first e Wil b xg aile
the second one g This will apply to any number of
branches equally. well. . _ _
For Instance,”if 4-capillary tubes are in length ratios
of 1:25:25:5, the flow rate”per cent in each would he
50, 20, 20 and 10 respectively: If 6 capillary tubes are In
ratios of 1:1:1:25:2.55, the corresponding flow rate
per cent would be 25, 25, 25, 10, 10°and 5, and so on.
In the former example, it is possible to vary RH at an
interval of 10 per cent, in the latter at an interval of 5
per cent. Figure 1shows a propomonmg valve having
4-capillary tubes in the length ratios of the first example;

Description of the Method

_Alir, obtained from a cylinder filled with compressed
air, or other source, at constant pressure is dried in dry-
n;g towers or cells containing silica gel. The dried dir
paSses through a proportioning Valve which is set 10
obtain desirable Pr_oportmn_s of"“dry’ and ‘satyrated’ air
streams.  As explained earlier withthe help of relation-

AR INLET = <
;l__‘.—
. I

CAPILLARY TU3E —

)

15 ¢m

II-7.5 cm—>|

RUBBER TUBING —>f

TWO WAYS TAPS /

DRY
——

»
I

AlIR

OQUTLETS _ _
WET

Fg. 1. Proportioning valve
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CARBON TETRA CHLORIDE
MANOMETER

Hg MANOMETER

? T
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PROPORT IONING

I¥|§ 7 Flow diagram of the relative humidity controlling apparatus

ship, (7) that, to function a proportioning valve of this
kind R,ro erly, pressure Qrops across ‘dry air control
branch’ Or branches and ‘saturated air cantrol branch
or branches must be same, that is, the upstream for
both being common, the pressure difference hetween
the branch must be zero, two manometers—one filled
with mercury and the other filled with carbon tetrachlo-
ride—are biought into circuit, which are adjusted ac-
cordingly with the help of two fine control needle valves
placed™One each in each emerging air stream, The
mercury manometer adjusts the _Pressures approximately
and the second one—filled with carbontetrachloride-
accurately. The second manometer Is provided with a
st_r#)-cock to isolate it from the large transient pressure
differences which occur when the Air flow is started or
stopped. It is brou?ht into the circuit after balancmg
the Tirst one. The saturateq air stream is passed throuq

two or three saturators, filled with distilled water, o
safurate the air stream. Both the air Streams are then
mixed in a baffled mixing tube from which the emerging
air stream will have desired RH. This air stream can e
Pgsr?etdh ethrRoMgh the enclosed test environment to main-

| .

To maintain the desired temperature of the final air
stream and in the test environment, the saturator
assembly is placed into a thermostatmall}/\ controlled
water bath. "The air streams are passed through tube
coils submerged into the water bath o that their temge-
ratures aftain steagy state uwklx. _The test chamber
may also be placed in the water bath, if possible, for more
accuyate control. Water bath is not necessary for atmos-
pheric temperatures. Fig. 2 shows the general system.

jars, each of ahout 15 l_capamt

Brief Construction Details _

All components of the instrument are_conveniently
arranged in the two sections-control chamber and water
bath 0f a chamber. In the control chamber are placed
drying towers, propartioning valve, manometers and
needlé valves. - The silica gel”towers, arran(ied IN Series,
are conveniently held on ong side with the he P of clamps.
An inlet 1s provided in the first tower for air to be passed
from any suitable source. All connections are made with
pressure’ rubber—tubing to eliminate any leakage. The
Water bath houses the saturator, assemblﬁ/, the tube coils,
the baffled mixing tube which is also_the outlet for the
final air stream, an electrical immersion heater, a ther-
mostat and a small fractional horse power agitator. If
necessary the test chamber can also be placed i the water
bath. As before, all connections are made with the help
of pressure rubber-tubings.  The saturator assembly is
clamped to the wall, if nec_essary. Heater, thermastat
and agitator are all r|?|dly fixed to the walls of the bath
In such a fashion tha thie joints are leak proof, at the
same time each one can be removed, It required. The
water bath 1s made of rust-proof metal like. coE) er and
brass, with sufficient wall thickness to withstand the
water pressure. Al four Sides may be %roperly insulated
to minimize heat losses, if requiréd. The cover should
be_removable. _ _

The saturator assembly needs little greater detail.
This assembly may consist of 2 or_3 wide mouth glass
filled with water Upto

about 10 cm or more height. The mouth of each jar is
closed by a rybber cork, _
The cork of the first saturator has an inlet tube through
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it. extended into the water and {omed t0 a sintered glass
0as bubbler to bubble the air through the water, “The
air is collected from the head space g a copper tube a
coil above the cork. This coil restoréd the air to bath
temperature after the slight coolmg caused ny the evapo-
ration of saturator water, The cork is also provided with
a brass tube with a rybber cork on the Outer end, for
releasing the pressure in the saturator headspace to the
outer atmosphere, This hydrostatic pressure Is necessary
to he released when the “air through the apparatus is
stopped lest the saturator water should be driven back-
ward into the heating coil and the proportioning valve.
As an additional precaution, a trap hottle may e used
between the preheating coil and the. first saturator.

The second saturator is similar in design while the
third one has some different features, The pressure
releasing tube is extended to the bottom and does not
have a fubber cork on outer end as it operates at atmos-
pheric pressure. The air outlet has a trap so that any
moisture carry over by air can be separated and returned
to the saturafor. A tlbe returns the separated moisture
to_the saturator,

The face of the control chamber where manometers
are fived should be made of persRex sheet, or any other
transparent material to facilitate the manometer's adjust-
ment. Other two_faces may be made of any metal (pre-
ferably rust proof) or other surtable material.

Operation o _

The water bath is filled with clean water and a thin
layer of any oil, say diesel oil, is spread on the water
suirface to present Water evaporation from the surface.

The corks are put on the pressure releasing tubes on
the first two saturators, the stop, cock on the carbon
tetra chloride manometer is closed, and the taps on the
pr%pomonmg valve are set to gjve the desired RH.

he air flow is started through the apparatus and the

pressures of the two streams coming out from the pro-
portioning valve are balanced on the mercury mano-
meter b% means of the two needle valves. The air flow
rate 1s then controlled to the required value. Then the
pressures of the two air streams are balanced on tne
carbon tetrachloride manometer.

The heater of the thermostatic bath is then put on and
the thermostat set at the required temperature. \When
desired to stop the operation, the carbon tetrachloride

manometer IS disconnected, the two corks are removed
from the top of the pressure releasing tubes, and the

Table 2. set and observed relative humidities

nRH  TreRH  Observed RH.  Deviation
7 I A

W) "9

0 105 105 500
X 29 210 500
3 310 310 3%
q 414 45 3B
5) 512 510 200
00 023 25 420
il 110 iy 14
N BL0 BL0 1%

air_flow is stopped ,

Test results have shown excellent algreement with the
theoretically set values (Table 2). For tests, the air
mixture after the mixer was passed, through a test
chamber ispositioned onatripodstandinthe water ogth.
A hair hygrometer cPlaced In‘an enclosed casing, consist-
|n([1 a tube"was fixed on the test chamber to indicate the
refative humidity in the test chamber, In this experiment
the grotportlonm? valve used consisted of 6-caJJ IIarsy
tubes, of lengths 20, 10, 10, 4. 4and 4 cm In the corres-
ponding length ratios of 5:2.5:2.5:1:1:1.  The results
Presented aré at temperature 35°C. It may he observed
hat the_maximuym deviation in the observed RH from
the set-RH_is only 5 per cent and, mostI%/ It IS less than 4
per cent,  Therefore by usmg this method the required
RH can he egsily and accurat I}{ controlled and achieved
without needing even hygrometer to read the RH. 1t is
however desiradle to usé & hygrometer just as a check,

A similar apparatus employmﬁ the principle mentign-
ed here has been used stccessully in this laboratary for
sorption—both adsorption and des_orp_tlon—st_um s of
d(r]y milk baby foods2at relative humidities ranglrrg from
201, 25 per” cent and at temperatures u%t06 . The
equilibrium time ranged hetween 8and 1o hr.

T i
e vl Bk o 1
2 Varshrey, N..N., Investigation ofSome Thermal and Physical,

Properties of Spray—and Roller Dried Milk Bahy Foods
%ag%h’r ) Z&Eﬂs, Indin” Ittt o# Jilec%ology,
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Glucose-isomerase  which  catalyses . conversion of
dextrose to fructose has assumed Considerable import-
ance commercially in recent years for the ﬁ_roductl N of
high fructose syrups™L These syrups which are com-
P]osed of nearly 50 per cent each of fructose and glucose
nave been obtdined from mainly com starch as the start-
ing material and have been used as economic alternative
Sweefeners in countries lacking in cane or beet sugar.
In view of the potential use of glycose-isomerase “for
converting low grade and less utilized starchy substances
available In this country into hl_gh fructose” syrups, the
present work was Undertaken to. iSolate, screen:and select
microorganisms for the production of glucose-isomerase,
The presence of glucose-isomerase™as a cell bound
enzwne was first reported in Pseudomonas hydroghna
by Marshall and Kooi2 followed by a large ndmber of
réports in other genera of bacteria which Include Aero-

U
Close

bacter, Bacillus,” Breribacterium, Escherichia, Lacto- 7

bacillus, Leuconostoc, Parcolobactrum, Pasteurellai, Stre-
ptomyyces>5, Arthrobacter6 andmore recently Actino-
plang7. In majority of these microorganisms, presence
of xylose was esséntial for the formation of glucose-
isomerase, Not much jnformation Js, however, available
on the hapitat of the %Iucose-lso_merase producing
microorganisms so that their isolation and " screenin
can he done with some rationale. In the present work
report screenm? of microorganisms " isolated  from
Places where Xyl gse or xylan contamlngi natural tsubst-
ates undergo " decomposition and selection of two
Potent strains of StreP_tomyces cultures isolated one each
rom the sugarcane field and maize field soil samples.
A comparative study of thejr cell susgens_mns 8 the

source of glucose-isomerase in the production of high
fructose syrup was made.

fradiae, SCF-D afl's. cipnamonensis, MFS4_we
e
Syrup arter eco OHISétlon?geIOHISHtlm arﬂ\ﬁas evaporat

ottt fome
aC'[I\a/‘}: ) raIureSI 0
g, W%t%

(ed a Viater

in
ion e

Materials and_ Methods _

Cultures:  Streptomyces cultures were isolated from
compost and soil samples obtained from Mysore ci
and from the nearby agricultural farms dnd fields
employing gl¥cerol-as argine agar».  The medium con-
tained” griséotulvin (625° ft/ml) and benzyl penicillin

00 unit/ml) to supress the growth of fungi and other
acteria. The Streptomyces culfures were recognised as
nowdery surfaced colonies which appeared after_8-10
dars of growth In the petri dishes kept at 30°C. These
colonies “were picked. and purified by replating. The
cultures were Identified by the methods outlined by
Waksman8 and Gordon arid Smith9. _

Screening for  glucose-Isomerase ﬁroductmn: The
medium used for Screening was of the following com-
Bosmon: Peptong, 0.1 Veast extract, 0.1: MnCI2,
001, FeS047HA, 0001 CoC2.6HA), 0002 MgS04.
HA, 0., glucose, 10: corn steep liquar, 2.0 per cent;
partially h roIP/sed wheat bran," 16 ml per cent, and
pH 70" Wheaf bran hy_drol?/z_ate was prepared by sus-
pending 500.g of bran’in ZIit. of water, adjustmg Its
pH to 2.0 with concentrated HCL and autoclavmp twice
at 15 psi for one hour each. The slurry was,cooled and
filtered, Fifty millilitre of the above screening mediym
taken in 250 ml conical flask was inoculdted with
a loopful of culture or spore suspension taken from
a 4-day old alg%ar slope culture and' incubated in rotar
shaker at 28-30°C for 4 days. After this, the cells were
harvested by centrifugation, washed twice with distilled
water resuspended in a_known volume of water and
stored overnight at —4°C. _

Enzyme assay: . The frozen cell suspepsion wes
thawe(] and mixed in a tissue homageniser for gettmg
an uniform suspension.  Enzyme activity was estimate

13
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in 2 ml of the reaction mixture conta|n|ng7 lucose
%0 MZ?’ 0.2: phosphate buffer (0.2 M {)H % 0.5,

S04 (0.4 M), 0.1: CoCL (0.001 M), 0. and enzyme
gcel suspension), 0.2 ml. Glucose isomerase from néarly
all the sources reported so far required Mg2+ and CoZ+
lons for activity as has been found in our studies also
unpublished). = After 1 hr incubation at 60°C. the
eaction was stopped by the addition of 2 ml (05 Mg
perchloric acid. ~[n the “controls the_enzyme was adde
after the stoppage of the reaction. The enzyme activity
In the cell Suspensions of the most active” cultures, in
these studies showed linearity uptc 25 hr of incubation
at 60°C. In this time about™ 10 per cent of glycose was
converted to fructose. Fructose formed, was étimated
the cysteine carbazole method1? as_difference between
the test and the control samples. One unit of glucose-
Isomerase was defined as that amount which produced
1mg fructose Rer hour under the above assay conditions
according to.the definition of many earlier workers4 1112
which facilitated comparisons of potencies of our
cultures with those of others.

Protein was estimated according to the method of
Lowp_et alli, Dry weight of the “cells were measured
by drying washed Cell suspension to constant weight in
an oven at 105°C. Brown colour of the sugar syrup was
measured by absorbance at 420 nm in a Spectronic-20
spectrophotometer.  Total reducing sugar was estimated
by the method of Shaffer and Harfmanl4 Fructose was
detected Dy sgra mg with ketohexose Specific urea-HC
reagentD after paper chromatographic' separationla

Results and Discussion _ _
Screenmq and selection of glucose-isomerase roducm9
cultures: 134 Streptornyces” cultures isolated from
different locatjons from malze_comgo_st, paddy compost
sugarcane field soil, maize_field Sol and” garden” soil

were examined, for glucose-isomerase proguction. The
isolates were differentiated on the basis of moiphology,

Table 1. glucose isomerase production by microbial isolates

FROM COMPOST AND SOIL SAMPLES

Number of isolates rq%gwg olu-

Totalno. — cose Isomerase (U

SATpl iso%ftes None <1 % >h
Maize compost 4 2 X% L 1
Maizefildsal 4 0 1 2 1
Sugarcare field soil 13 3 2 5 3
Paady compost K 9 3 0 0
Garcen soi 7 3 4 0 0
Horse manure I 2 3 2 0
Tod 1¥ ¥ 6 24 5

colour, shape and . consistency of the colonies. The
procedure of overnight freezing and thawmq of the_ cell
sus?_ensmn_ prior tothe enzynie assay was 10 facilitate
partial Iysis of the cells as™this is one of the kigwn
methods for rupture and homo?emsano_n of the micro-
bial cells17; however several c%/c es of this procedure are
necessary for_a near complefe homogenisation of cell
suspension. Recent attempts in enzyre technology are
to employ whole microbial cells as stich as source 0f the
enzyme, Or those In which the enzyme is fixed by heat or
%chemmal treatment™8 or as immobilised whiole cells.

ilecomparing, different cultures for the production

of the enzyme, it must be reckoned, however, that

by absolute quantities of enzyme in each culture is rather

difficult to determine becauise of the likelihood differences
in the pH and_temperature optima of the enzyme, the
enzyme’s location (1.e, whether cell surface Bourd or
mtracellular% mode of access of glucose to tie enzyme
as well as other influencing factors n the crude system
In different cultures, ,

In Table 1are listed the different samples and the
number of microbial isolates from each, producing differ-
ent quantities of glucose-Isomerase. It was notéworthy
that under the same conditions of screening 70 per cenit
of the total number of isolates were found to he pro-
ducers of the enzyme. Three per cent of these could pro-
duce more than” 5 units of gllucose-lsomera_se per ml,
Twelve of the high yielding isolates, were again screened
in the screenmq médium Containing 0.5 per cent xylose
Instead of whedt bran hydrolysate. ~ In Table 2are given
the enzyme production’ b){ hese cultures expresséd as
specific activity. Three isolates of Streptornyces, MFS-4,
CF-5 and MCI-2 isolated respectively “from maize
field soil, sugarcane field soil and maize” compost were

Table 2. glucose-isomerase production by streftomyces

ISOLATES

Source/Isolation U@rﬁe %1
ce% pro

Culture

Natural isolates

Maize field soil 138 55
SCRH Sugarcane field soil 114 41
MCI-21 Maize compost 1281 33
MCIV-2 . ™ 30
MCIV-4 o N0 29
SCR10 Sugarcare filed soil ™ 28
MCIIL7 Maize compost 453 22
MCV-10 . _ 54 20
SCR13 Sugarcane field soll R 15
SCRI Maize compost 209 11
SCR7 Sugarcare field soil 209 13
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B z’oﬁe q)‘dﬂ*&?“ lUiopse %1eM;e r'%S M,
et salil

; IncUlbatio
foung, to ?_lve_very high yields of the enzyme with hi%h
specific activities. ™ They produced more than 1000 units
of enzyme per gram of dry cells with specific activities
E:orrg drable with values already repoited in litera-
ured,

. Taxonomic studies conducted on 2.0f the best cultures,
viz. SCF-5 and MFS-4 indicated their close relationship
0 S_tr]eé)tom ces fradiae described by Waksman and
Curtis® an S_tre'otom¥ces cinnamonensis of Okami
et alA) respectively. The major deviation of MFS-4
from the typical culture was in‘its_utilization of carbon
compounds.  MFS-4 utilised_ rafifinose and did not
utilise sucrose or mannitol while the reverse of this has
been reported for the typical culture, Both MFS-4 and
SCF-5 were not found to antagonize Escherichia coli
K-12, Serratia_marcescens Sa-3, Saccharomyces cere-
visiae 1C1 (CFTRI isolate) and Aspergillus niger NCIM
94 In this study. . _

Relative efficiéncies of SCF-5 and MFS-4 cultures in
the production of fructose syrups:  Optimum pH and
temperature of glucose-isomerase activity in the cell
suspension, final Vield of fryctose and the lime required
for the same, undesirable side effects such as browning
and possibility of refining the syrup to get a water-Clear
product were the criteria examined to assess the relative
efficiencies of the SCF-5 and. MFS-4 cultures,

(0 Effect of pH: Fig 1indicates the pH effect on
glucose-somerase, activity of SCF-5 and” MFS-4 cell
Suspensions. As it can bé seen for both the cultures the

100

SCF-5

GLUCOSE ISOMERASE
w
o
T

- (%« Maximum activity)

1

50 100
Temperature °C

Fg. 2 ﬁ[gg 4o1ge Wrgl%girg{g ngn enzyne activity of SCF5 and

CHEE R P B

, 05 mg; total vo

pH, optimum was 80. MFS-4 culture was. however
active over a wide range of pH values from 6 to, 10 where
nearly 60 and & ?er cent of the maximum activity were
measured at poth extremities respectively. -
culture had rather a sharp peak of activity at pH 8 and
6at 101ts activity was only 25 per cent of the maximum
measured at pH 8.0, o

II) Effect oftemBerature_: Samples of reaction mixture
butfered at pH 80 containing SCF-5 and MFS-4 cell
suspensions Were incubated at28, 40, 50, 60, 70, 80, %0
and 98°C for Thr. At 28and 4&FC onlY traces of enzyme
act|V|t¥ were detected. At elevated emgeratures,_ Viz.
from 70 to 98°C, the reaction mixture
coloured which interfered with fructose estimatjori.
Therefore, the reaction was carried qut at pH 7.0 where
such interference was very much reduced.  The enzyme
activity as related to incubation temperature is shown
n F;%z. As can be seen the SCF-5 enzyme exhibited
maxi tu%no,actwny at 80~C while that of the MFS-4
was, at 60°C. . .

The dftaﬁ:s re%a_rdm the pH and temgerature orﬁ)Uma
using cell suspension Ffl_?_l and 2) are given only to
indicate how a small shift'in pH durln? incubation”will
affect the enlz_?/me activity of SCF-5 culture and not that
of MFS-4. However, the SCF-5 culture having a higher
temperature oanum for %Iucose-lsomerase (80°C

ecame highly

performed. better, presumably It IS alsg more hea
stable.  This point was further substantiated by the
observations made in the following experiment.
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actlo't Coéur? (%Iu?\%e %Smhutggy\% %Sm nltﬁcyb%tahmﬁhgt&e (hutfer (02 M, pH 80), 40 ml; MgS04 (01 M),

é /)SProductlon offructose syrups: The capacities of
MFS-4 cell suspension to convert glucose to
fructose were exammed n 20 ml of the reactlon m|xture
takenna 50m| comca fas contamlrllg %/Iucose 54
hosphate uffer (0 Soa2Hz0
CoCl? SROOI M), 10 m a0 e me,
UItS Teexpen ent was run in adequate number
of replicates (flasks), so that two flasks containing
the reaction mixture were removed at each interval from
the Incubator (maintained at 60° C) for the measurement
of fructose concentration, pH and the brown colour,
The mouths of the conical flasks had been covered with
tin foil to minimise evaporation and estlmatlons were
made after making up the vqume w erever necessaw
The results are shown in a% \Wes evident at te
outset that SCF 5 enzyme w superlor since |t converte
%ucose to fructose “more rapid )Atan 54
CF-5 cell suspension eﬁectedt e |ghest conversmn o
59 per cent W|th|n 24-hr of incubation.  Sato and Tsu-
muraZL have obtained nearly the same level of %Iucose
conversion (57 per cent) in 24 hr with Strept mluces
phaeochromogenes but 0. In case 0
only 37 per ¢ent conversion was measured. as the maxi-
mum_after 28 hr under the same conditjons of the
experiment, Prolongd Incybation of the reactign
mixture after 24-30 Ar brought about a reduction in
the final yield of fructose in Case of both the cultures,
The changes In the pH value of reaction mixture was

guﬂe marked, From an initial pH of 8,0 it dropped fo
8 and 6.7 In case of SCF-5 and MFS-4 respectively.
Absorbance at 420 nm showed a gradual increase upto
24 hr of incubation after which very little change Was
noticed in both the cases. The redction mixture was
found to have deveIoBed a light yellowish brown colour
at the end of the Incubation peridd of 32 hr,

On the basis of the above observations, SCF-5 culture
being superior to MFS-4 was selected for further work.

W Refmm? offructose-syrup: The fructose Syrup was
refined hy the standard procédures of sugar decolcuri-
sat|on WI h activated charcoal followed by Geionisation?.
Th e following steps were adopted;

2 a). Centri ugal s arat|on of Streptomyces cells from
reaction mixture at 30 Pm for 10 min,

) Decolour|sat|on of he syrup b}( adgustm? RH to
55 and treatmgn |th2per cent activated animal charcoal

After this the syrup was filtered
trough paper up

(c) ‘After dec our|sat|on the syrtlti) Was passed throu%
Dowex 50-H+ and Dowex 1 columns and ¢
4 delonised Syrup was concentrated bg flash evaporation
to a water Clear thick syrup having 65-70° brix.
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Polyphenolases of a Local Variety of Mango
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Laxminarayan Institute of Technology, Nagpur University, Nagpur-440 010, India
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Polyphenol oxidase was studied at intervals during the growth period of mango. The enzyme was specific for d|hydroxyﬁhenols

and was active at pH 6.5-7.0. The order of specificity was dopamine-HCI, dopa, caffeic acid, chlorogenic acid and catec

ol and

not specific for tyrosine and phenol. The Km value was 2.358x 10 *3M catechol. The posnble inhibitory effect of chemicals like
ascorhic acid, cysteine, thiourea and sodium metabisulphite was studied.

Many, fruits undergo rapid changes in colour following
mechanical or physmloglcal Injury dunn% harvestin
and stora?e Browning 0f tissues during, the normal |i
yfle of plants |s known as functional and after mechani-

éJ siol ognca Injury s termed as adventitious

atter ows thie undersirable changes in flavour

o our colour and nutritive value, This Browning has
been attributed to the action of po I;{phenol oxidase
(PPO) on_the natural phenolic stbstances of plant
tissues'. ‘The phenolic substances are oxidised to quin-
ones, which ‘either react themselves or with other

phenalics to_form the brown pigments_ called melanin2
It is possible that enzymiC browning continues in

fresh slices of mango The effect of sulphurdioxide on

rowmngo man% during its dehydratlon was studied3
The polyphenol Oxidase |n mango. fruits and also the
changes |n the enzyme actlwty induced by gamma
irradiation were studiegd.

It was of mterest therefore, to study the possible
role of poIX enol oxidase present In the fruit at the
dlfferent stages .of development, nth|s regort poly-
phenal oxidase in mango fruits both from peel and pulp
Wwere isolated and changes in the enzyme acnwty dunng
different stages of development and its substraté specifi-
city, as well"as behaviour towards several inhibitors are
Investigated.

This work is a part of the thesis of Mr. P. R Joshi for M Tech. cegree of Nagpur University.
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Materials and Methods = _

Mangoes (Mangifera indica L)r of the local variety
were USed for these studies. The Truits Were collected &t
intervals of 20-%5 days after fertilisation from the
same tree which were tagged. :

Preparation of PPQ; Both pulp and peel tissues were
selected separately. Diced tissues were frozen and stored
at (~C. Frozen tissues were macerated with chilled distil-
led water in a blender for_10 min. The homogenate was
kept in freeze for 58 hr. Then if was thawed and centri-
fuqed at -20°C at 10,000 rpm for 10 min. The super-
natent was collected In a beaker and chilled acetone
1:1.6) was added until the enzyme precipitated. The
nzynle precipitate was centrifuged at 10,000 rpm at
-20°C and it was made free from acetone. _Then it Wes
dissolved In phosphate buffer of pFT 6.8-7.0 and kept
overn%ght pelow (UC.  The undissolved material after
centrifUgation was discarded and the clear supernatent
\évats Used t_as the enzyme preparation for the activity

etermination.

PonE)henoI oxidase assay procedure: Enzyme activity
was determined b& measuring the increase i absorbance
at 420 nm in a Klett-Summierson photoelectric colori-
meter. The reference tube contained 4 ml of 0.2 M phos-

hate buffer (gH 20) and | ml of 10 n:M catechol.

ample tube contained 3 ml of 0.2 M phosphate buffer,
1 ml of 10 mM catachol and 1 ml of enzyme solution.
The reaction was carried out at room. temperature.
Under these conditions IlneantP/ was maintained. The
enzyme activity was calculated from the first maximum
slope of the clrve. The E_rotem content of the enzyme
samﬁle was estimated by biuret methods.

Pnenolic_ constituents”  The fruit tissue E5 g ). was
blended with 20 ml of 80 Pe_r cent ethyl alconol’in a
blender for 5 min and cen_rlfu%ed, and the phenols in
the Supernatent was determined?. _

Ascorbic acid:  Tissue (20 ) was blended with 20
%er cent metaphosphoric acid and water in a blender for

min and centrifuged. Ascorbic acid In the supernatent
was estimated by titration ag_amst 2,6-dichlorgphenol
indophenol dye6.” The total aCidity was also estimated.

Table 1. mango pulp ppo activity during growth of the
FRUITS

Fe)?ﬁ r 7o Ascorbic. —, Prengls - Sp. activi

||s§1|18n acldl as@ m ) (i ’X
iy A o)
[V, 1781 13 4% V. little
40 2973 528 RY0) 30l
o 3019 473 Q 1920
06 3119 456 m 2606
& 0.0 435 110 V. little

Table 2. mango peel ppo activity during growth of the

o Tod ASOMC 5. Sp.actvi
%ﬁﬁsgflton acidity (mg% J (rP%?J 0 (fig n}ljﬁﬁateLYN
265

(1)

R 178 %% 20 .

4 298 1800 130 0L
66 3119 8l 1 95C
43 0.75 698 60 V. little

Results and Discussion

Polgphenol_omdase acnth during the development of
the m n?ofrun: Experiments werecarried out to assess
the level of enzyme activity in both pulp and peel tissues
during development of the fruit. The results are sum-

merised in the Table_Land 2

The data in the Table 1 reveal that the gulg PPO
specific activity increased as the frult developed after
fertilisation. The activity increased from the valye of
3.5 units to 26 units and finally decreased to a negllgmle
value at magurity. Bt the peel PPO activity was highest
in the beginning ie. 26.25 units which decreased to
neghqmle Value at a mature stage. Very little or ng
acfivity was detectable in_ ripe. mango pulp. and peel
tissues, The phenoiase activity in tomato fruit reported
by Hobsong rose continuously during growth P_hase.
the fime maturation was completé, the activity was
consicerably low and there was significant reduction
at the red stage of ripeness. N _

In the case 0f mango pulp the PPO activity was maxi-
mum at Jower phenolic content and at higher phenolic
content the activity had a negllglble vale.”

_ Changes in pheriols, ascorbic acid and total acidity: A
significant decrease in the content of phenolic consti-
tuents was observed in both pulp and peel of the mango
during developments and maturity. - Also ascorbic acid
content decreased rapidly during the development of the
fruit, AC|d|t}/ 0se Upto A certainstage and a?am rapid|
decreased after maturation to ripe stage (Tables Land 2{

Table 3. ppo enzyme specificity

Substrate Max substrate . activiy.

concentrate nm- (tig- proteinmin)

Dopamine-HC 1416 4100
Dopa . 1214 325

icacid 1012 A0
Chlorogenic acid 102 330
Catechol 10-12 350
Tyrosine — 0
Phenol —I 3
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Table 4. mango ppo enzyme inhibition

Inhibitor Ccmr]}ufr%lro%o%te

Ascorbic acid 2- 21
stelne 31 33
lourea 105110

Sodium bisulphite 12125

The phenolic content of both cE)ulp and peel practically
followed the same patern of decreasing in concentrd-
tions as the matyrity increased. It was also found that
the amount of vitartin_C followed the same pattern as
the phenolic_content. The optimum pH for mango PPO
Was 6.7 to 7.0. _

Effect of substrate concentration: The effect of sub-
strate concentration_on the reaction rate of mango PPO
was determined, Michaelis constant EKm) was calculat-
ed by p_Iottmgf the reciprocal of the PPO dctivity against
th? reciprocal_of the substrate concentration. “Thé Km
value for PPO in mango was 2358 x!0~3 M catechol.

Substrate specificity:” Several phenolic compounds
were tested for substrate specificity when oxidised by
mango PPO._Table 3 shows that the effect of phenolic
substrate on PPO activity. Among the substrates tested
mango PPO was most feactive towards dopamine HC
followed by dopa, caffeic acid, chlorogenic acid and
catechol. - The enzyme did not show an}é activity with
substrates tyrosine and phenol. It is well known that the
enzegmes aré quite specific for their substrates and man?o
PP apﬁeared to "be specific for dihydroxy phenofic
compounds.

Inhibition: To st_udy the possible inhibition of mango
PPO various.chemjcals used were ascorbic acid, benzoic
acid s_allc¥l|_c acid, p-amino henzoic acid, sodium
bisulphite, thiourea, cysteine and sucrose, Out of these
ascarbic acid, cysteiné, thiourea and sodium hisulphite
could inhibit the enzyme completely. The Table 4
indicates the effective Concentrations Tequired for com-
Plete inhibition. It shows that the ascorbic acid was
ound to be most effective and sodium bisulphite is the
less effective.
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Mature fruits of Pithecolobium saman Benth. (Rain tree) contained about 33 % sucrose, 4.8 % glucose, 0.8% fryctose and the total

protein, non-protein and ¢<-aming nitro
acid pool of the kemels were particular

var. ellipsoideus.

Rain tree (Pithecolobium saman Benth.) is a native
of tropical America, but it is widely grown in many
arts of the country especially in Karnataka, Andhra
radesh, Tamil Nadu and Bihar as avenue trees and host
trees for lac insect. A full grown tree generally dy|elds
about 200-300 k(IJ of [ﬁ)ods everg ear. ~ The pods are
relished by the cattle and horses and improvement in the
uality and yield of milk from cows has been reported?
lthough edrlier reports3 indicate that the kernels
contain acﬁpre_mable amounts of sugars, the detailed
analysis for different sugars are_not available. Further,
there seems to be no information on the composition
of the nitrogenous compounds in the kernels of P. saman.
Flowever, Airan and Desi4 and Nigam et al.5 have
r%aorted the qualitative data on the amino acid composi-
tion of fruits Qf Pithecolobium dulce. A knowledge of the
sugar and amino acid composition of Rain treé kemels
IS Needed for  better evaluation of their use in ethyl
alcohol production. The aim of this work_is, therefoie,
to report the composition of the kernels in relation to
sugar, nonprotein and. <-amino nitrogen and also to
demonstrate the suitability of water extract of kernels as
the substrate for producing ethyl alconol.

Materials and Methods

Rain tree kernels haying moisture in the range of
15-17 per cent were collected in one lot from the"trees
and used throughout, the study. Seeds and woody
portions which comprise 20 P}er cent of the whole fruit
Were removed ,manual(l)g. The shredded pieces of the
kernels were dried at 70°C ovemight and passed through
Apex mill, Resul_tl_nﬁ round powder Was sleved through
the Endecotts British Standard 40 mesh sieve and stored
in a stoppered glass bottle at room temperature.

Pen_acc_ounted f0r9.6.0.45 and 0.43% res
y rich in an unidentified amino acid whic
but distinctly separated from It in the amino acid analyzer. 1t also contained substantial amoun _
threonine. A water extract of the kernels was found to’he a complete medium for growth and alcohol production by

80

ectively on'fresh wejght basis. The free amino
was similar to Prolme In some characteristics

s of glutamic acid, serine and
S, cerevisiae

j

The m|croqr%an|sm used in this study was Saccharo-
myces cerevisiat Hansen var. ellipsoiceus Dekker main-
tained in the Culture Collection Centre of the Institute.
The stock culture was maintained on the slants of
potato-dlextrose agar. _ _

Maisture, ash, fat, crude fibre, total protein and non-

rotein nitrogen were estimated by the AQACS methods.

educmg and pon-reducing suggrs after inversion werg
estimated by the method “of Snaffer and Hartmann?,
Suqars \Were separated paﬁer chromato?raphy" and
andlysed gruantltanvely y the phenol sulphuric acid
method9. Total carboh*drate was also determined b;{ the
ahove procedure. Cellulose was estimated by the method
of Viles and Silverman9 Organic acids were analysed
by paper chromatographyIl The « -amino nitrogen was
estimated according to the method of Pope and Stevens12
For the determination of free amino acids, extract of the
sample was pre8ared b¥ blending for 5min_100¢ ground
kernels with 450 ml cf 75 per cent alcohol, The alcoholic
extract was centrifuged at 2400xg for 10 min and the
supernatant was ffash evaporatéd to dryness under
reduced pressure at 55°C. The residue was diluted in
water and pH was adjusted to 2.4 with 0. IN HCL [t was
then passed through Dowex-50H+ (100-200 mesh)
column which was Washed with water and eluants were
collected by washing with 2 N ammonia.  The eluant
was conceritrated urider reduced pressure and treated to
remove colouring matter with the deactivated charcoal 13
Amino acids were detected qualitativelyX4 by high. vol-
tage electrophoresis at pH 19 and two_ dimensional
paPer chromatographic t chmque,lSus_mg phencl treated
with a pH L0 buffer in one’ direction and butar,ol-
acetic acid-water (4:1:1) in other.  Individual amino
acids were determined Quantitatively by an automatic
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ammo aC|d anal zer usm M-72 resm 3nd lithium buffers
n 41 ttem e tu es Table 2. free amino acid compositio

Fort ro ucton of aoI aborato fermenta- L
ttonmtho described q(etaIlG w%w in Amino acid ”g ngggle

E ano ttmated e AOACH met 8 _

fﬁﬂe rI Veer e&%atg{n expergpents e‘t’@fe oP epare< Lysire

of (eE/ ?round R?m free ﬁgrne?s and the mixture H;?gﬂ;?ﬁe 2? %
iled fo % e a}twn of water extract Glutaic i 516
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Fg. 2

;ng s of ethyl aI ho %(% cansuw
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free Ferne r extr /0 sugar

Inoculu mand

ETHYL ALCOHOL

llllllllll
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Uction consum tron Ian}g%

sugara|eveﬁree
Tab'ﬁﬁmW%@W@W&

0

ONHASO4 Feen afé@ﬁ'&ﬁ%)
05 ¥ 19
1 % 81
Control R 55
05 7 88
1 7 85
Control 7 18

*Sugar, 20%; pH, 45; Inoculum, 8%; Volume, 700 m,
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RESEARCH NOTES

STUDIES ON  AFLATOXIN CONTENT OF
GROUNDNUT OIL IN ANDHRA PRADESH
WITH REFERENCE TO CLIMATIC
CONDITIONS AND SEASONAL
VARIATIONS

Andhra Pradesh, being the largest producer of groundnut
and a Iar?e consumer of the raw oil a survey was under-
taken to find out the extent of aflatoxin contamination of
the oil in different regions during different seasons. The
overall toxin content of the oil varied from 0 to 5000 ppb.
The samples from dry Ra%alaseema area showed low toxin
content, while that from humid coastal area showed large
variation in their toxin content. Certain samples collected
from dry regions of Telangana contained very high toxin
which is due to the use of low grade seeds for oil extraction
after separating by hand picking.

Groungnut grlq@w or refrned rs [g or cookrn

I trumr namr% radlesh al a/t onsum[o]\r
arﬁr mo thlteh non-refi rtedﬁ ol erngcea nd
ar yavarlabers Used s & majqr cooKing oll.
observed earlier? that corsiderable Guantit res of
A at xrn percolates. quring extraction of ol In the
expellers.. rurther It has also been re orhe d3that so

a&)mercr samB es 0 tame \e reoI mounts
latoxin (0L to 2.6 pm The toxin b 9ea staol
S| nrr nt. qugntrtre arte erngcrrrad ove o (o
mteTr S in R 1tryrp]g ood materials frie
unrefine os tere ore’ have become an rmportan
source of a atgxrﬂ oxrcr
ndh Pradesh annuall Produce abou lrn(llror}
on eso roundnut4. This crop IS taken hoth.in khar
rab asons befrdes In. Summer wnerever irrigation
r“ litles ?re avallable,  Tpis syrve undert en to
collect {nformation regar ngt e Incidence QT aflafoxin
contamrnatronh 0ilS produced In drfrerent
seasog In An rﬁ ra esh
raﬁ e 1S rvréted into three drs&rnct regions
based on the climatic a econom cgsr eratron
Coastal region: Sr akU m. ViIsakhapatnam
G avarr sl God avarl, rrshna Gu tur, Ne ore
Prakas rrr]drstncts constrtutg the coasta re lon.
It [eCeIVES South

EOOHS Wlt an average rainfa eﬁ ?995 mman very Ié}]

R r Thrsc mprises four districts-
taya i E%%ognon rnoo pd Chrttor
rarn rs about avera e there are on
é Wet Cays, In a year and the weather 1S genera¥

angan rises of nine
drq/t}rrctsﬂﬂ)g/ derabi OnAdr % g l\ﬂzama% de Medak,
84

Kan%nrl) ar Warangal Khammam, Nalg

average rainfa

r¥exce§t o[t e four monsoon
he.r 1I
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retarl sﬁ e impora ttowns coverrn

ected represent the_co merc a

les from all the

[)ee reqions were col
Oct er 19/4—Decem

%roun Hut il sam les were collected

Chat articular season. Tv\ren%/ )e(sr%req?ed 00
fh b e bl
sam Hes \were co Cte got?t rnﬁran?and [”t) ée
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onda and
rain from

%N Mos o’fte A (et 000
ouh els ? ort West moﬂsoon wrh
ewat er 1S genera
recelved In each rq] strict of the State is
oo

olons of the State, "It I resumﬁd that t e Sa
i

the

ect-

r;?ron:

es apart

0ns
urin

ass e for aflatoxin as per the dilution to extinction

content rfound ut coI ecte are rve In Tafe
It 1S vrﬁien romt F let atsomes m es containe
very high amount of toxin. On an average 44.2 percent

Table 1. normal rainfall (mm) in different districts of

ANDHRA PRADESH

e re jonal and se onal vari trons in the aflatoxrn

Months Coastal  Rayalaseema Telangana State Av

region
Jure 1020 %80 106
July 1520 196 219
Auigust 1471 %4 A
Serterrber 1625 1360 1833
Totdl 5636 390 7195
Qctober 1843 1105 670
November 1162 800 51
December 21 205 41
Totdl 326 210 %.2
Janrary 103 91 45
Februdry 130 59 11
Totl 233 146 186

March 120 6.7 115
ﬁgrl 24.3 192 31
y 499 499 5l
Totdl 82 h8 5.7

Grandtotdl %57 67104 840
South Westmonsoon & June-Septermber

North East monsoon ~~ : October-December
\Winter period ; January February
Hot weather period . March-May

ree
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Table 2 regional and seasonal variations in the aflatoxin content of groudnut oil durrng ].974‘75

|es showing to Max. toxin
Y aﬁ%ﬁ (%Smtrt%a% Jgroosr?'pt.!D 9 Xlttoppbo/o c?%r
Rayalaseema  Kharif (Sept ) B 14 2
Rabi (J 100 & 8.0 )] 10 4 670
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tﬁ harvest, The resu 1S have sho Ee 8ent of  Disciplin ICro roI anr(s tron C
the sarn es collected from coasta# V\%rst IcfS Indicated  for thielr keen m]terest mt work and for their valuable
Ich 39 the Investigation,
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FRACTIONATION OF PALM OIL
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e |qu laction in chventrona Winteri-
zation, an very outu uig ol in solvent frac-
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Table 2. solvent winterization of palm oil

ractronat ield. ffra%l L ffraréto%s Cloud

er“SJ (hn}e gur iouid (ht
4 100 634 189

10 5 910 90 612 192 I

b 5 R0 80 600 90 H

2 5 @0 70 53 20 W

Ol to hexare ratio s 1:1.

Table 3. SVENTAINTERZATINGFPAMAL

Ql to elds f fracti off ions Cloud
ratio qurc? rﬁ |d raéto?rlg ppgtt
il0)
1:15% 90.0 1o.o 633 188 8
1:2.0% 00 100 636 189 8
1:25* 00 100 634 184 8
13.0% 00 100 636 188 8
11,07 800 20 585 45 U
1:2.0% 780 20 82 22 D
13.0%* 800 200 628 195 8
1:5,0%* 820 180 636 197 8
“Hexane as solvent.,
“ Acetone as solvent.
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CElihay

}/raéreo 38per cent TecI ud point of the liqu
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dort
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50 ve rntenzat out6 er ce ere
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en muc out or Bon solvent
Wi tenzatron Liquid frc ?tarne
50 vent wrnter have consl |r Quer . clou
onts (6 to than In non-solvent winterization

en acetone was used as solvent in the rat

or 1:3 optimum results were obtained. The yie ds of the

BBC&USG YIE

solid fraciions were 20to 22

xa g rs o acetone,
5 of |qurd ractron re g

September 1976.
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treating the grains with the JH analogue, ‘Altozar’ at a
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was required to bring about the same effect.
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Table 1. number of Corey a Cephilonica adults emerged from
THE MEDIUM TREATED WITH VARIOUS CONCENTRATIONS
OF JH ANALOGUES

TrEatment cor}:entrations 1(ppm)

Compound 0
92; 334 (100)

Noid 0 B9 256 35«32
Nor 0 0 0 IBBE

0 cgr]r't Fﬁllues inthe brackets are percent aclult emergence corrected
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treated medium vvee transferred 1o

medium to test whether they could under?o normal
metamorphosis.  Thirty eight per cent of ihe Transferred
larvae deveIoRed into ‘normaladults and the eggs laid
by these moths showed normal viability. ~ This obser
vation stresses the need for the contrnued resence of
HA in the treated medium until the pest pop uatron 15
completely eliminated. = Similar observations were also
reported In the case of trogogerma granarium EVErtse
and Anagasta kuelmiella éZeI? .4

T ascertain the period for which the JHA treatment
would he effective agarnst infestation, grain samples
were freated with *Altdzar’ at a dose Jevel of 5 ppm and
stored for different periods after which the potency of
this comlpound was tested by releasing the e? s of rice
moth. Treated medium stored upto a period of o months
comp Ietek/ Inhibited development of rice moth. _Only

6 per cen of the insects completed their life cycle in the
treated medium stored for 9 months. ~ Thése results
indicate that the guvenrle hormone analogue, ‘Altozar’
persists in_the tréated medium in sufficient quantities
and can effectively prevent fresh infestation of rice moth,
at least for a period of 6 months,

Grateful acknowledgements are made to Dr, G. B

n- Staal of Zoecon Corp.” USA, for provrdrng the juvenile

hormone analo?ues and to Dr. M. S. Chadha’ of this

Division for helpful suggestions,
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Catastrophe or New Society? A Latin American World
Model: By A.Q. Herrera and others, International
Development  Research Centre, P.0. Box 850
Ottawa, Canada KI1G3H9: 1976: pp: 108: price: $ 5
n _ganad%, lEurope, USA"and Australia;” Microfiche
edition;

The dire predictions of the Clyb of Rome in its famous
book Limits to Growth were based on the fact that
human society, throu?h exponential_ increases. in con-
sumption and’ population and growing pollution, was
moving towards a self-destructive ecological catastrophe.
Such outstrHJplng of the_gh sical and material limits to
growth had raiSed serious world-wide concern, et
many have privately wondered whether doomsday Was
Indeed closing in upon us, and whether man could not
avert disaster” Interestmgly enough the present hook
also emerged. from a megting sponsored by the Club
of Rome t0 discuss the earlier'study. The new hook was
prepared by 10 Latin American scigntists led by Anrilacr
Herrera as Director, and as its title implies 1t offers a
new direction to human society based on mathematical
models resolved usm(T; a computer.  The conclusion
is squarely that the Tate of man depends in the last
Instance not on |nsurmountable. material limitations
but on sqcial and political barriers that man himself
must modify. A span ofjust one generation is computed
to be sufficient to achieve the human values laid down.

And what are these values? After ellmmatm? num-
erous, candidate criteria, the three values adopted are
equality, participation and non-consumption, and these
arise in turn from four_fundamental needs which are
the basis of the study. The first is nutrition, defined as
3000 calories and 100 grams of Proteln a da%. By Asian
standards these may “seem outrageously Righ “figures,
but they were adopted when it was found that varying
the calgrie and protein needs for each geograpmc ared
made little difference to the results obtained. The next
fundamental need is housing, defined as 50 square metres
of shelter with adequate sanitation for a tamﬂz of five,
The third Is education and a new view Is taken than
education should be defined as means of he_Igmg peoRI_e
parficipate In their society and Its evolution; “on this
reckoning minimum basic. education should involve 12
%{ears of Schooling for all from the age of six, with con-
inued special schooling only for Certain population
groups_. The fourth and"last need is health and this has
een linked with demo?raphy; the criterion used Is the
achievement of a high fife expectancy at birth, and this
Is believed to be a composite index sensitive to numerous
other features of the total environment.

89

Several other features evolved as the model took shape,
Thus poPuIatlon Increase is seen not as the cause but as
the result of é)oor life expectancy, so that a thh birth
rate in ungerdeveloped countries’becomes inevitable; as
basic conditions of ife improve a self-corrective mecha-
nism will depress the birth rate. Again the hasic philo-
s_oph% is radically different from the one adopted in the
first Club of Rome study.  What is now predicated is a
Eroducnon se(stem that is determined. not by con-
umption needs and by profit, but by social needs. And
consumption is not viewed as an énd in itself, private
ownership of the means of production becomes replaced
b conce,?_ts of the use and management of these. means.

e political %ystem that prevalls s not particularly
relevant according to _this definition, and the main
function of the syStem jtself is to allot resources to each
sector so as to, Mmaximise its return. Again the single
criterion of this return adopted for the” mathematical
gpebrarttﬁ)n Is that the highest life expectancy Is operative

Irth,

The model concentrates on third world countries. |t
concludes that these cannot follow the path already
traversed by the developed countries. They must base
their efforts on the creation of a society which is intrinsi-
cally compatible with the environment. To achieve early
restlts a redistribution of income from the present
grllarmg inequalities must be brought about. The model
Shows that when this Is done, one generation is sufficient
to achieve the targets laid down. “Withqut such income
red|strioution, as many as two generations more may
well be required.

.The mogel itself is based on a production system
aimed solely at satisfaction of hasic human needs.” The
world is givided into_five reglons based on 8 socio-
economic indicators, Two of These. incidentally are per
capita calories per dar% and per capita proteins” per _a%/.
The accuracy of the model was first checked by feeding
into It the statistical data available for 1960, and check-
mq the_results which emerged for 1970 a%alnst actual
9531) IeThe excellent tally suggested that the model was

lable.

The chapter on food is the most complex, much more
50.than those on health, hou_smg and equcation and a
brief resume will serve to indicat€ the style of the whole
study.  The basic question set was whiether it will be
Bossmle to_feed everybody in future and how this should

e tdone. The IttOtal s¥st nt1 V\lias dlam%edh Into thrle:e sub-
sectors, agriculture, Tivestock and fisheries, . Fagiors
which mféllgence each of these were thorough? _|dent|hed
and developed in the form of flowchart™of inter-rela-
tionships.  Thus for the agriculture sub-system alone 21
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factors are identified. Even after each sub-system had
been developed, eventual optimisation of the” total sys-
tem employed as many as 3 mter-relat!nq factors which
covered Populanon, abour force, capitdl, inputs, land
areas, calories and proteins, food processing losses ar.d
S0 0N,

_The conclusions that e_mergled from the computer are
different for each of the five ?no_bal regions. Predictably,
developed countries Sa“S;X eir needs in the first few

ears of the run qf the, mathematical model. For the
hird world cauntries it is shown that technical develop-
ment is essential if they are to be liberated from under-
development and misery. But such development should
be of atype different from ihat in the past, which demon-
strably Succeeded only in widening’the gaps between
?roups. The model réveals that relatively (|]gher inputs
or education and housing will be required” in under-
developed countries.

A few side-issues are also of interest. External aid. is
shown to be useful onl¥ If conditions of social equali
prevail in the recipient countries; otherwise it assists
only the already-wealthy segments. The best form of
aid"which affluént nations can give would be to fix fail-
prices for the products which they import from the
Underdeveloped”_countries. ~ Non-Conventional foods
like algae, bacteria, novel proteins and the like are shown
by the"model to be unnecessary in the foreseeable future,

_ A critical apparaisal of the study would appear at
first mght to be a formidable task. ~ Yet what ope has
really 10 accept are the four fundamental Bredwates,
which are so simple as to seem unexceptionale. . Once
this is done the mathematical logic is probablg Inevitable,
wherever 1t may lead. Written” in 5|m_PIe,_ tra|gh_t for-
ward language that 15 formal and yet lit with paSsionate
social concern, the 100-oda pages of this volume should
be required reading for policy-makers In rich and poor
countries alike. One may argue that the social and
political philosophy of sharing that_ it espouses will
never be adopted on a voluntary hasis. The very fact
that such @, ph|Ios%th I5. expressed with so “mych
practical Jogic should give it greater thrust. The fitle
sets the choice bluntly;Is it to™be catastrophe or a new
humanity ?

K.

Protein Foods Association, Bombay.

Cooling Technology. in the Food Industry: by Aurel
Clobanu, Gabriela Lascu, Vasile Bercescy, Lidia
Niculeseu, Laboratory of Refrigeration, Research
Institute for the Food Industry and Food Chem|stp/
Buchargst Abacus Press, Abdcus blouse, Speldhurst
Road, Tunbridge, Kent, England, 1976.

This first publication by Abacus Press in Engl sh is
Bnrg%h Cr%geded by all those éngaged in cold chains of food
ucts.

The second chapter in Part 1“Effects of Low Tempe-
ratures on Feeds” deals in detail with the main physical
and é)hysmo-chem!cal changes In food sB/stems, biochemi-
cal changes In living fruits and veé;eta les, Pcs_l-morler_n
biochemical, physico-chemical and” physicrl ciranges in
muscular tissues, chemical and biochemical ciianges in
food fats, nutritional changes in refrigerated foods, and
thermal properties of food.

The second part “General Systems Applied in Food
Refrigeration” contains the. chdpters on chilling, freez-
ing, air-conditionirg, additional treatments to"reTige-
raion and freeze-rying.

The authois have put in their maximum efforts in
referr_mq maximum_ number of books in fumishing the
technical details. The chapter on chilling contains pre-
paratory treatments, chilling down proCesses, storage
of chilled foods, and tempering.

The fourth chapter ‘Freezmg' in detail deals with the
Preparatory operations and treatment, freezin Proce_ss,
hermal calculations, packaging, storage and thawing
of frozen foods.

The next chapter is about air-conditioning, which is
needed most by all the personnel engaged in cold
chain. This Chapter deals with psychromélrics, control
of air humidity In food refrigeration, mass loss o' the
products and odour controls.

The following chaPter is about modified atmospheres
used for_fruit, "vegetable and animal procucts preser-
vation.  This also "eals with vacuum packaging, cehy-
drofreezing, thermal inactivation of enzymes, Chemical
treatments, antibiotic treatments and irfadiation, The
freez_e-drymg_ chapter gives a special emphasis for the
quality obtained” by the product through the above
process when compared to other processes. The Eighth
& Ninth Chapters—Meat and Meat Products—deal
with the processmq of meat products and different
methods of storing them and their comparative merits,
This also deals with the slaughterhouse by-products and
meat products qual.ty contrdl,

Testh er_contains the necessar%/_ handling
preservatl different methods and q# lity control
three "chapters,

of fish and fish products. In the next
milk, milk products, eqgs, fruits and vegetables have
been considered. Here The author explaing clearly as to
how the %ual_lty of the products vary unger various
storage conditions and disorders encountered.

Later the author has discussed ciideally the specific
regwrements of r_efngeratlon for ice cream nof only
for storage and distribution but also for hardening icé
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cream. _The chapter "Prepared Foods” contains the
summarised general methods of processing, preservation
and quality control of the food products.

Also the author has furnished sufficient information
on the requirements of refrigeration for beer industry
with 3 specific emphasis to Mst and BakeR/._ _

. Ultimately the” importance of cold ctain in food
industry has been presented.

The last chapter includes the practical agpects of Indu-
strial Cold Sora%es, VizZ,, capacity, bundmg systems,
space allotment, handling, stacking, etc. The Storage
conditions and transport™ conditions for different pro-
ducts are indicated.

. The Book “Cooling Technology in the Food Industry”
is an essential tool for all engaged in the cold chains of
food products, research engirieers/technologists, students
?%?a}_egschers. |"recommenid this as a good addition to
Ibraries.

M._Ramesh Babu
CFTRl, Mysore.

Principles of Food Science—Part I: Food Chemistry:
edited ?%/OWen R. Fennemg, Marcel Dekker Inc, New
York arid Basel, 1976, pp. 792.

This s one of the volumes of a series of monographs
on food science edited by Dr. Owen R.. Fennemaof the
Department of Food Sclence. University of Wisconsin
(Madison), Wisconsin.  This particular volume deals
with various aspects of food  chemistry. written b%
various accredited workers and is organised Into I
chapters ranging from an introductory chapter on the
history of food™ chemistry; water and ice and their
relation to foods; chemistry and functional properties of
carbohydrates, lipids, amino acids,  peptides and pro-
teins, “vitamins “and - minerals; pigments; flavours,
desirable or undesirable constifuents of food; enzymes,
characteristics of a few typical food. products as milk;
e%%s, edible plant tissue and muscle tissue, and finally a
short chapter on integration of chemical and biological
changes in foods and their influence on quality.

Inthe %haPter on water and ice, Dr. Fennema deals
with the basic concepts of water activity as the most
|m£_ortant controlling factor in the preservation of food
against chemical, enzymic and m|crob|olo%|cal deterio-
rdtion.  Further he has %wen an excellent Treatment on
the nature  of hound water, and relationship. between
water activity and the moisture contents of variqus food
materials af ‘different temperatures. In_conclusion, Dr.
Fennema has said that water certainly cantributes
greatly to the desirable native qualities”of food and
ssociated with non-ageous food Constituents in such a

complex manner that when these refationships are
disturbed by some such means as drying or freezing
they can never again be completely reinStated and there-
for"he has urgéd more study of this frustrating and
poorly understood complex.

The chapters on. carbohydrates, lipids, amino acids,
peptides and proteins, vitamins and minerals deal with
general chemistry, structure, nomenclature, chemical
reactions and their functional properties and the changes
undergone in these components of food under varigus
processing conditions including proqessm? by ionising
radiation.”  The chapter on “proteins. also * describes
chemistry, distribution, amounts and functions of the
protein ‘in various foods—both of animal and plant
origin—and also some ynconventjonal grotem SoUrces
such as single cell protein—unicellular algae, bacterja,
yeasts—leaves and fish protein concentrates. Lastly, for
each of these dietary constituents, nutritional attributes
taﬁeds ehuman requirements and various factors influencing

In the chapter on pigments, FM Clydesdale and FJ
Francis have given a Very authoritative treatment on
colouring materials present in various plant and animal
tissues and_ their chemistry, significance in fresh and
Processed food suffs and” the changes, undergone by
hem_on variqus food handling, processing and'” storage
conditions. The section on the pigments présent in meat,
viz, myoglobin and haemoglobin, has been extremel
well writfen and the variots chemical, physical an
biochemical reactions undergone In these pigments on
processmg such as cooking and curing have”been well
documented.  Though significance of the presence of
Plant pigments, eg chIoro_thII_ and anthocyanin, in
oods have not been extensively investigated, neverthe-
less. the importance _of flavoriol aglycones, quercetin,
kaemi)faro! and myricetin, which aré found In copsi-
derable amounts in instant tea powders where the
contribute to_as_trm%ency have been well stydieg.
detailed description nas also been made n this chapter
on chemistry “and food uses of leucoanthocyanins,
tannins, betalains, quinones, xanthones, carotenoids
and synthetic colours.

Before concluding this chapter, the authors. have
ralseJ the mter_estln% t%eor_etm possnjl_hty ofo uﬂhsmq
more Fully the inherént optical characteristics of natur
P|gment_ and unquestionally other synthetic colourants
o use In foods, by taking advantage of certain physical
phenomena which “occurs when light strikes an obéect or
Internal diffysion of “%ht which™ I dependent on the
randomly oriented interfaces between materials of dlif-
ferent irdices. They hoP_e that a start in this direction
can be made by controlling the particular size and the
refractive index of lakes’ which are made by absorbing

have been discussed.
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the, ngments of substrates such as alumina hydrate
which “produces an insoluble pigment which can e
finely ground in order to achieve this possibility, in
différent media and maximum colour intensity,  Lastly,
the authors h%ae tha# th;f_ will stimulate thmkw tcon-
cerning new Weys of utifising existing and new’ food
colourants to maximum acvantage.

In the chapter on flavours, the authors RM Pangbom
and GF Russel have sub divided the whole approach
of research op food flavour into two main component
parts, viz., El{) flavour chemistry including anal?/sm of
volatile constituents, (ananlyb separation of com-
ponents by gas liquid chromatography and subsequent
dentification br spectroscapic and other methods and
)) sensor?/ analysis—use of human subjects to (1uan,t|fy
erceptual, experiences emphasising _(iuahty evaluatior,
2., examination of the flavour quality of specific pro-
ducts by experienced judges like expeft win taster, tea
taster of perfurmers, ,TheX have also ndicated areas of
fundamental research in three major fields (1) physio-
ogical, (2) molecular and (3) hehavioural aspects.

. Synthetic flavours occupy an impartant ‘olace in food
ndustry and have 9enerated a_considerable amount of
_eq|slat|on to requlate the use of a great number of FDA
isted flavour sybstances many of Which are synthetic in
an easily assimilar form the résults of extensive research
into isolating he chemical components that are the
components “of flavour formulation In foods. ~ The
process by which flavours are generated and methods
of stabilisation to minimise P_hysmal and chemical
changes during storage are selec |ve!Y abstracted, Tgpes
of flavours covered include fruit and vegetable flavours,
bread, dairy and meat products. The Various celivery
systems, as well as flavoyr Rotenﬂators or modifiers
fave  heen described and the physiological aspects
Pertammg to_sensory perception and the interac'ion of
he various flavour themicals with that of taste buds,
olefactory sensﬂwﬂe/ and receRtor function and theories
of olefaction have been well characterised.

n the chapter on deswa?lﬁ constituents of f?od RC
Lindsay gives an account of the various chemicals which
are usedas chelating a%_ents, stabilisers.and thickeners,
Bol hydric alcohols,"anticaking, clarifying agent, flour

leacher and bread jmprover” antioxidants, artificial
sweeteners and a number of anti-microbial_agents which
are used in the vanoTs food s%l/stems. The mode of
action ofthese chemicals, their level at which these are to
be used and the various food materials in which these can
be used have been brought out in this paragraph.. In the
chapter on_undesirable “or §otent|a ly" undesirable con-

stituents of food, GN Wogen listed” various toxic con-
stituents of applied food Stffs, their chemical nature,
the main food source and their major toxicity. Parti-

cular emphasis has been given in this chapter on the use
of nitrites and nitroso compounds as curmg agents for
meat and meat products and the hazards of microbial
?rovvth resulting’ in formation of mycotoxing in human
ood stuffs. Altention has been_drawn to the need of
evaluatign of control measures with a view to ensure the
safety of the food materials which are recommended for
human_ use and which would be possible only by multi-
disgiplinary research efforts involving the jaint”partici-
i)a'[I_OH of” chemist, hiologist, microbiolagist, toxico-
ogist, and epidemiologist,

WD Powrie ang MA Tung. in the,cha%ter_on food
dispersion have given the haSic physico-chemical con-
cepts of the formation and stability of various food
d|s(§)er3|on s¥stems mcludm% food, sols gels, emulsions
and forms. The role played ¥var|ous fodd components
and synthetic chemicalS to form food emulsions and
dispersion systems as exist in natural and a few food
products have been well _brou?ht out and their agpll-
cation In solving ndustrial problems have also . been
sug ested. . Lastly methods of Preventmg undesirable
foams durmP the manufacture of many food procucts.
viz., concentrated fruit juices, coffee extracts, vegetable
oils efc., have also been"described.

Characteristics of a few typical food of animal and
vegetable origin such as milk, qg, edible plant and muscle
tisSue have_been described in four chapters of his oook
and a detailed discussion has been made on the cl emi-
cal, . physical and biological. problems pertamm? to
stabillty of each_ category of foodstuifs. Aﬁart rom
chemical composition, strlcture, physwlogY and techno-
logical asPects pertaining to these progducts, the future
avenue of research and “development in some of hese
Rroducts have also been indicated.  Intensive studies

ave been suggested in the field of plant tissue cultures,
suitable g_roduct flavours, nutrients, plgments and other
food additives with a view to_supplement the food
ava|Iab|I|t¥_ which is bound to diminish under pressure
of population.

The last chapter in this volume is on the integration of
chemical and b|_olog|cal changes in fqods and their
influence on | uaI|t¥ y.SR Tanfienbaum in which cruses
of deterioration of a few food products under. various
conditigns of treatment such as_oxidation of lipids lead-
ng to further changes in rﬁ_rotems, bleaching Of carote-
noid pigments and” enzymic as well as ron-enzymic
browning have been listéd and the various factors ‘Such
8 Sex. ade, season cf catch and harvesting type of food
In relation to these causes of deterioration [isted. This
particular chapter is more or Jess an analytical approach
as applied to spoilage of specific food commodly wnich
g%vt erefbeégrﬂ(ce to discussions In the previous 16 chapters
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In conclusion, the reviewer feels that the present
volume Food Chemistry, Part 1 of the series on Principles
of FoodScience, fills"a long standing need for a text
book in food chemistry that is suitable for students with
the background in orgfamc chemistry and biochemistry
as well aS teachers of food science dnd those who have
been initiated In research in this subject. It also serves
as an excellent reference source for”scientists involyed
In food research, food product development, quali
control and food processing as_well as for nutritionists,
biglogists and hiochemists.  The hook is free from
prmtm% errors and the diagrams and figures have, been
excellently presented. . However, an important omission
in the book is discussion on or.e of the major food crop,
cereals like wheat, rice and millets, e.g., triticale, sorghum
efc. It Is hoped that information “on these classes of
foodstutfs which are of great importance to the develpo-
mrgt(r:]ountr!es will be furished :n"one of the next volumes
of the Series.

H. Nath
DF RL, M ysore.

The Journal of Environmental Sciences—Part B., Execu-
tive editor, J. G. Shah Bubhshed by M/s_ Marcel
Dekker Inc., Quarterly Subscription: US £ 3.

Environmental Science and Health Part B, which
covers Pesticides, Food Contaminants and Agricultura
Wastes, is born out of Environmental Letters published
bﬁ/ MIs Marcel Dekker Inc, It is heartenln_g to note
that contributions in this Journal are published free
of charge and are evaluated and  scrutinised by a
strong Editorial Board consisting of eminent_ persons
working on. Environmental Sciénce.  The Executive
Editor Dr. J. G. Shah and Associate Editor Dr. S U.
Khan of the Chemistry and Biology Research Instityte,
Research Branch, Canada Agriculttire Ottawa (Onfario),
Canada are wellknown for”their contributions in thie
area,

The new Journal is devoted to all aspects of pesticides
food contaminants and agricultural westes. - Most of

these involve mter-dls_(:lpl,ma?/ _mvestlgatlons. The
articles have ap]geared In diverse journal3 over the past
two decades. " The present journal would, give an op-
portunity to provide an outlet for original research
reports ‘on pesticide residues and food Contaminants,
natural and additives and their metabolites in the
ecosphere, Ongma_l factual reports on the persistence,
binding,. translocation, chemical and . biodegradation,
metabolic fate of the chemicals, their factual”contami-
nation of the hiosphere, methods of detoxification and
the improvements In the anallytmal techniques are to be

Included freely in the Journal’

The present issue of the Journal under review contains
articles on Rad|0b|ochem|str¥ of Phytodrugs from
|taly; Metabolism of 0, O-dimethyl 1-01(3; 5, 6-frichloro-
2-pyr|d)él) phosphorothioate m_sheeR and rats and_of
39 -t_r|chloro-2-p?/r|d|nol in Sheep_ from _USA
Contributions, to Ecological Chemistry CVI|. Fate of
Lindane- 14C in lettuce, Endives, and soil under outdoor
conditions from West Germany; Formation of Elhyle-
nethiourea from 5 6-Dihydro-3H-imidazo (2, ‘1<
1 2, 4-dithioazole, -3-thioné by Microgrganisms an
Reducing Agents from The Nethérlands; The Evaluation
of a Radio Gas-Chromatographic System for the Detec-
tion and Trace Amounts Of Labelld insecticides from
Venezuela; and Residues of Lindane ang its metabolities
in Eqos, Chicks and Body Tissues of Hen, Phesants
after“ingestion. of Lindane—14C via Treated \Wheat

| Seed or Gelatin Capsules, from Canada; indicate the

international acceptance of the Journal, The key words
for the contents Of the research LPa ers have miade the
computerisation of abstracting quite easy.

As a research worker in the field | feel this is a welcome
addition to the Journal of Environmental Sciences
which would sgec_mcally include pesticides, food con-
taminants and agricultural wastes.

The Journal of Environmental Sciences and Health
ParLtJ SB %vllgl)shave four issues per year and the subscription
15 .

Majumder

éF}%"RI, Mysore.
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