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RESEARCH PAPERS

Endo Polygalacturonase Lyaé% %]; Streptomyces thermovulgaris

Niranjan R. Rao and S A Dhala
Department of Microbiology, Bhavan’s College, Andheri, Bombay-400 058

Manuscript received 3 March 1980; revised 22 April 1981

Streptomyces thermovulgaris CR42, an obligate thermophile isolated from forest soil, elaborated endopolygalacturonase
lyase fendo PGL) as the only pectin degrading enzyme.  Complete degradation of pectin added to the medium at
1% level was observed within 48 hr; aeration doubled the rate of enzyme production and S5°C was the optimal tem-
perature for growth and enzyme production.  Maximal enzyme was produced when the initial pH of the medium
was 7.6, while no enzyme was elaborated at acidic pH (below pH 6.5.)  Precipitation of the endo PGL by ammo-
nium sulphate saturation at 70% gave 15-fold purification with 72% recovery; on further fractionation on DEAE cellu-
lose column by stepwise increase in molarity of phosphate buffer (pH 7.0) a single active PGL peak was obtained
in 0.2M hbuffer.  Polyacrylamide gel electrophoresis of the purified fraction indicated the enzyme to be a homo-
geneous protein. The enzyme had a molecular weight of 37,200; it was activated by CaCL.ZHiO (0.5 mM) and was
markedly suppressed by EDTA.
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Table 1. PURIFICATION OF ENDO-PGL

Volume Total  Total activity ~ Units/ml ~ Sp. activity  Purification  Yield
Step (ml) pr(%t]ar)n XIO 3 (unrts% XIO3 9(10 3/mg>s (fold) (%
Metabolic filtrate 2000 3840 210,000 105 4.7 1.0 100
IR Concn 1000 3840 210,000 210 5.7 1.0 100
(NHs)2 SO« ppt. (70%) saturation) 100 184.3 151,200 1512 8204 150 i
DEAE Cellulose 100 421 73,500 735 17213 315 35
Sephadex G-75 18 24.0 42,000 2333 17504 320 20
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The Synergistic Effect of Aflatoxin Bi and Ochratoxin A in Ras

E. R. Rati, SC Basappa, V. Sreenivasa Murthy, H p. Ramesh, and B. S R amesh,
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AND

. . G. B. Sin _
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Reduced gain in body weight was the most consistent clinical change noticed in rats fed with toxins, especially with
purified diet.  Generally, the livers of rats fed with aflatoxin B[ were fatty, whereas the kidneys of ochratoxin A
fed rats were reduced in size and weight.  The haematology picture and enzyme levels did not show any significant
difference between various groups.

Histologically, the groups fed with both toxins showed hyperchromatic nuclei and nucleoli, clumpin? of cytoplasm and
slight necrosis of hepatic cells. ~ The collecting tubules showed degenerative changes of the epithelial cells. ~ Some of
these cells were anaplastic with hyperchromatic large nucli ~ No such abnormality could be seen in rats fed with
either aflatoxin B[ or ochratoxin A alone.
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?ﬁtoxr B, during Ee tra errod4 snergrs IC 0T Asp oty ill, farcg rHoP OtoraemgIt srnfech

g [esp onsevrgrs se ed N acute toxic | tera ’]on g e %/arregy es, Bot
ochratoxin and _penicillic acid in mice5 The other toxrnf nt occur ont arrc ultural com f

acute toxrcr ty stucies where synergistic letnal response  dities in In aPresent stu n the Poss
00S nergrstrce ectofa XIn éan 0c atoanrn

erved are, ochratoxi %s rubratoxin
ant ratss ang ochratoxin A Blus citrinin I beag|e [Xs This wes done with a vi tc simulate natural

evels. of food contamination comm ?
gsyner strc rowth | rbrtronvvasnoted \grrhruhra g Yarl un er tropl f r)r(ost harvesﬁ conrf1 Yons angtg
toxi affatoxin t% rh anigss an Hrn ant  evaluate t h) rob etg IC¢ ectst at these mycotoxins
[atso ardet aI9|nV tr the effect.of ochratoxin - may cause in man and animals.
In com rnatron wrt a dat oXIn on compliment activi
In QUITEEDICS, S, | os¥nergrstrc OXIC respo I Materials and Methods
onIC xr rtx H 0°0r more structura Iy ale Wrstrrats 50a|brnowe re statisti-
?rmrlérrdn otes IKe atlatoxin B, and 16S etaljo Yroue ro ) J20 L
ound IS rnctsner%rsm In rn%ucrn trgut \ver tumors,  aflato rn oc ratoxrn (i
0 an initigtor promoter procedure Study with aflato |n Ifatoxrn raon oc ratoxin A) gvﬁ
T2 toxrnad laceto scrrgeno In ‘the_mouse-skin latoxin B ochr toxin ) rlo
TR L T T N
1 22
aHtoxrn In mice, {ound aﬁ aloxin Bgto %ct syner-  for )ochra%xrn A Them cotoxrns gdrss%l edgr
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Table |. the gain in weight and relative organ weights
of rats maintained on natural diet

Gain in wt. Av. of relative organ wi.

Treatment 0) (@00 g of hody wt)
iver Kidney

Stock diet (control) 1730 374 0.69°
120 aflatoxin Bj 178.2" 473 0.70
1120 ochratoxin A 180.6* 3.50% 0.48*
1120 (aflatxin Bj +

ochratoxin A) 162.4° 4.07 042
Standardjdeviation (11 df) +14.7  0.37 £0.07

Means of the same column followed by different letters differ
srgnrfrcantIY at 5% level according to Duncan's New Multiple

Range Tes
diet); wheat four, 26.66; Ragi flour,

*Natural diet (g/200
6.66; Bengalgram, 26.67; refined _groundnut. oil” 10.00:

casein, 6.67° calcium carbonate, 0.67. Shark liver oil 0.67
and salt mixture, 2.00

Note: The group. 1/40 LDso (aflatoxin BE+ochratoxrn A) was
not maintained for this experiment

50 per cent ethanol af varrous levels and 0.1 m. wes fed
to each rat alon wr tedret rnasmr solid state,
Th eco trol rats \vere edeac Ith 0.1 m ercert

etha ann Ith the det Tem cotoxrn
rre eve aswrt tec em body vver
The se rs was com ee nsume b

rats. Teurrneo ratsvvas na or cre rn

Was, col|ecte aematolo e samples vvere
or (/) serum g ta IC oxalacefic transaminase
)18 (jiy serum “glutamic. pyruvic trans mm e
PT 18 and (il creatr osphokinase (C
ver nd the Kigne Iso sub ected t hr atho
ogical observations, e Ignts and enzyme
estimates were stafistically a ysed

creatrnrnena Xerr dic Inte ay an %tops

THE SYNERGISTIC EFFECT OF AFLATOXIN Bj and ochratoxin a in rats

The above feedin trraI re condycted with purifi-
err]toaswg asw?t?r r?tura efs each ¥0ra perrhog t4
Results

Growth retardation was the most sonsrstent clinical
il e S
It
animals fed a rnBrwe tan enar In
the ochratoxin A Ted, groups rne were reaiced i
etrswasmore evr ent the ine toxrn roup,
ere the small, a unequal rnsreoe
attened dn ter sma com ensat er
su;rrra resahtrt 'yco?h% e ’téx e‘h%t ”e
aematoloqy resu ts not
sow an sr nificant differences betwee evarrous
oy ra ek

H rstolo The Irver and he seetrons from

T, i T
vau atronsg obu rfat rn tr troannsI nérmH a?nht

hile- uct rolife atrnrnaator de ﬁ
H S 5 Wit ? e toxins sEowe erc roni
t‘é) | an nuceor cnmprr%q1 C opag h
crosis. of eloatrc cells ggap Jastic anld rg
ﬁromatrc nucler, necrosis and bile-duct prolife
vvere more pronounced n the riom Ine t Xin a(ﬂrou
’tro gs °r’c%h€e ST Shpen. ol ot
sz ?e reaq nh es an ng t eﬁargemgnt
0f { gctrn tu uarceswereﬂ erveg In"ochra-
toXIn % raJ? 48” purifie Inegl toxI F
Prouﬁ h LD% and

owing

Ie
oth l/%OLDErgsowteo
athology; groups of collecting tubules show

Table 2. the gain in body weight and the relative organ weights of rats maintained on purified diet*

Treatments

Control* (ethanol)

1/20 LDso aflatoxin B!

1/20 LDso ochratoxin A

1/20 LDso (aflatoxin BJ + ochratoxin A)
VAD LDso (aflatoxin Bi+ochratoxin Ay

Gain( i)n wt.  Av. of r|e|atrve organ wt. (g/100 g body wt)
Iver

Mean-g_rSEM MeantSEM Mear>+¥EM
2063 12.7 363 to 0.5410.01
197.8] X 449 Y 056A Y
B8 |4 Y3 gk st HAg Y
1272] Z 491] Y 037] Z
17 7.9 419 £ 010 048 £0.01

“Two rats each in the control ?roup and the experimental group 1/40 LDso (aflatoxin B+ochratoxin A), died due to heart puncture.

These two groups were omitted for statistical analysis.

Means of the same column followed by different letters differ significantly at 5% level according to Duncans New Multiple Range

To
»Purrfred diet
groudnut oil,

glloog Com starch, 72; casein, 15; salt mixture, 2 vitaminized starch, 1, vitaminized oil, 1, Refined
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Table 3. histopatholoc.ical changes in liver and kidney of rats maintained on various diets

Liver Kidney

Natural diet Purified diet Natural diet Purified diet

120 LDjo aflatoxin B HN(0/5) HN(0/5
BDP(I/5 BDP(I/5 Normal Normal

CLFI(4/5 CLFI(

1/20 LD%o (aflatoxin Bi -t-ochratoxin A) HN(3/4 HN(3/4)
BDP(2/4 BDP(1/4) SCT§3/4§ SCT(2/4
CLFK4/4) CLFI(4/4) ENEC(4/4 ENECI4/4

1/40 LDso iafiatoxin BJ + ochratoxin A) HN —
BDP — — SCT(1/5)
CLFI(5/5) ENEC(4/5)
1/20 LDjo ochratoxin A Normal Normal SCT(IIS; SCT(1/5)
ENEC(0/5 ENECG/5)
Control Normal Normal Normal Normal

HN = Hyperchromatic nuclei; BDP-Bile duct proliferation; CLFI - Centrilobular fatty infiltration;
SCT - Swelling of collecting tubules; ENEC - Enlargement of nuclei of epithelial cells

The figures in the parenthesis indicate the ratio between the number of rats showing the specific histopathological change and the
number Of rats taken.

de enerat|ve change o‘ the e |theJ|aI cells QF'ﬂneQ fed wﬂhn n[(eg or natuthllart The enIar%eggent of the

ese ““i?sa?’é"é anaCS el gﬁghr{)maté o n)tge e ‘ﬁ"ii ok g

arg Atpaces |t0313| seen F|g3 combined toxins. It ma ? led erethata atoxin 4

IBro ra jon |s seen n tvveen some of noto nucef tumorsmra% |verz%but also caus S renal

these tu 'r? . %ar that metaplastic e ¥1e a neog astia In rats ted wit gpmo atoxin

chanaes rfe |n I hese es associated Wi ||th ;ir eriod of 5mont saccordlngt Stelnetal21

Increase br03|s C0 ta|n|ng a few inflammatory cells. S |8 ,.ochratoxin Af {0 cas rmen
ofand lesions n roxma fonvo uted tubu

Dlscussmn natsms S We m|d ver de enerat|onz4an

|ne

t the decreased weight gain in the toxin fed In trat|on25 In the present st It a q}

R el s (e b

norma] ere vvasn rta J)( n% Ofél E?Itheh celsan %tfp |may da%asapromote
owe VIS olo

% cratoxmer,]a\a%edra?sn Wel n|f|c nt nes merg%eog( £ |E erha ho r?rl{;n%c?n ngtﬂﬂg promoter,
@If? Seen | g(:reatln an rgatlnme of Y Permaps Syrierg
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Three particle size ranges -20, +28; -28, +36; -36, +46 mesh were selected for studying quality aspects of labo-
ratory millied semolina from soft aestivum (“Pissi Iocal) medium hard aestivum (WG-357), durum (‘Bijaga yellow’) and
dicoccum (“Jave’) wheats.  Total ash and Protern content in semolina gradually decreased with decrease of particle
size in all the types of wheats. ~ Semolina from soft aestivum wheat was highly  inferior in cooking quality compared
to semolina from other wheats.  Its water uptake rate, cooking tolerance and water uptake capacity were very low.
Semolina from durum and dicocuum had high cooking tolerance. Roasting (i) improved the cooking quality of semo-
lina from soft and medium hard aestivum and durum wheats—maximum improvement was observed in soft aestivum
wheat, and (ii) had a slight adverse effect on the cooking quality of dicocuum semolina.

Wheat semolina forms an ﬁortant basic . raw FoIIowrn9 commercial wheats were used for the labo-
nr aterial in tha presr\)Néatron ofsever Inai tradrtroneﬂ ratery stuafes,

00sr?ac S%%%I sy’ anet \an tslg\srog Semg naaS i al

0NN 2 1, WA a1 Serba I vanousgag?oneg variety Type  Hardness  Ploe of

article srzes are mar eted for use in the pre aatron . .
[p Kesaribath ?Shrra&, Chirgti, LEPdup semia (Pissl local)  Aestivum soft Madhya Pradesh
E/ermrce 1) etc. Roast

semoling_ Is (WG 367)  Aestivum tn;leraljium Punjap

act|ce In man household for aration ofsgmv a
o e, i [l (Bijaga yellow) Durum ~ extra hard - Karnataka

1 et o 1 combacine ekl il
r)fdrsaff % R (\rf ( n“ W (Jave) Dicoccum  hard Tamil Nadu

? er?nt ) 0 semolr also thelr SU[<
or S ICE fnce StU [ vvfre undertaken o

some quall cts of laborator d semolina from

e n? e e Ve e |y il bR o o

i sty atterns 0 erﬁ:ral SEMoiNa - o aing s%?ecte af ran AL d8 etemned - Hardness

samples, eresu ts are presented In this paper. %e Gra nerlrlleardn\g?ss Tegtgrrm(lgeawa Se”P |cate usrng
r Ik

Materials and Methods abOfatory selrnolrna mrIIr Wheat samﬁ ; e

Materials:  Commercial semoli les . procured
fromal\e/lrrllg(fre (Ingra marﬂet WWere 0 [}ath ’fn ﬂowrﬁ mrllfd or sl i 2 Bl La oraao%n

QUypes: 5o, usrng the break S 3/ 15
Ene mati coggeyor tﬂ ge Ie%dﬁnﬁt t

Commercial Ty%eg{ Category of particle size gs em. Rre IMifiary rials

IF Cthﬂ rgﬁ

or getin

name molin Bfas d? Va articlé size ranges (20-
Bansi Durum  coarse, edium. Coarse, mes} be gﬁ,ﬂw"‘%ﬂd Wogge“rﬁﬁﬁo%%pPoﬁed o 18
. . INE-and Very fine. P fa?m)c,)rsture oréhr whereérs ‘WG 357 and Pissi
White Aestivum  medium_ coarse, fine and loca vvere condrHone to 1Hand 14 percent morst
_ very fine respec |vep{ Besiaes this, 0.5 per cab w%ternfas e§
Samba Dicoccum ~ very coarse efore milling’ a5~ descr ack an

Bushu

180
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CIearances of 0.5 and 0 (Pmm for break rolls B2and cookeq se oIm was drained. for 5m| and werghed
resfre]ctnreguﬁre fou otrmu for et‘rr emo Immediately. fater “(ﬁ ake ca cu te d] -
a t errﬁ rt)arnc% The overta W fom  centage o vver ht of § Tcoo uct
ner sreves at the three reak roils re collected a5 was vrsua co g
Eemo‘m Semal nawas also re%overe sievin th as Ind |cae ea ance eo a ecentrA
% achon T ese Were g rtied bly nnow& coe In the ma nue an mess an
ad erm ran under controII alr currents and ot er text ra characte strcsb The m
mt?] eent ractron as on parr ticle Sizes, m a mum coo Ing, time at the en hrc the cooke d
E?]u ler Pansrft &actrons u Lor stugyin g Product start drsmtegratr sIng IS ranu ar
srco chemrca ang €00 m% qua aract rsticS  texture, or ) | orsrc a en
+28: - 28, +30: b mes cookm toe CE. Te take at th ndo COOK-
Bqu densrty and partrcle size drstrrbutron fl mg IﬂgtO ance pGFIOd vvasta \water u ta e Cd acr
?00 ml measurmg cylinder with 200 g of semo )alr asting of sem Irna em ina, sprea
u den e m trcH

m(jad or t e ‘completion

termined and exprésse aVer in anaummrum fray, Was roast (as In narr

Wo.h undr gra S 0f S amo?r awassugéecteg td crrcul tion ovenat 150@ Basgd on tna?? df? rent
or 5mm In a Bupler Pansr er usmP leves of ) 2 eriods rangin r min rooastm

60 mesh. For commerciaf samba semolina, uggavea roguct 0 desrred colour an r a. Hence

SIEVES used were 6, 10, 14 2 aqd 2 nle)shh o erent semolina samples Were roasted Tor s-10 min.

Total sh an protern

wheat an da semp mawasdetermmed ieardng g 8 Results and Discussion
PHO(ﬁ? rerand crude protein (N 5. 73 by m| rokje Physico- chemdcﬁl characteristics f compercial iemo

Im f the ditferent com ercra Semo ga n? YS

Co krn quality: Toa 100 m beaker ontamm rHWO extreme atterns samples or t
1 of water prev ousy heated in da vY<ate E icle size distrl tro are resente In Frg In the
00KINg ?arseaansrsemo Ina, t ema or fraction was it eran

o e

min’ 0 z% 8 mesh, Bansr and wnite semoling, t
Using a Buchner Unnel covered With watch ™ glass. major fractions were - 8 +36 mesh in medium coarse
WHITE 3AME-A
COARsE CoARee fine Vp?ﬁé/ ?gg'pusné pine ¥FV\FIQE coarse

BO
J BO

p %

' ] -1 11

BO
' 80 al

10 ;

e 1 P A U {1 A | 1 | =
@II(J]%’S]S‘ %:ﬂ% gt\u’a\rsi E?\fgol Ft++ éfge? \[%I \M £+ +
@$$ Al GURT wAT iyt N

particle size, mesh

Eig. 1. Particle size distribution in commercial semolina samples.
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cat ory, -.36, +46 mesh in the fine category and - 46
Table 1. some phys al characteristics of wheats Chrgshl F g ry
|

n the ve ne Cat ?/ In samba Semol |na
USED FOR LABORATORY SFMOLINA MILLING [

CO&S tl\ﬁ ractlon Was In. th
Wheat 1000 Length/ Hardness Total  Protein*  [aNQE OT= ? W’}ﬁlC OSt esam les COﬂtalne
Cles

variety  Kemel breadth kglgrain) ~ ash* (N X5.7) ajor fract accounted fo er.cent .0
oW @ ratio gl ) (%) tetdtal Partr 1S mr? cative ofrlack ofl?rnr ormity
-y " IP arglrcn? rselgi ds%é' n“JiS nthat the range for total ash
ocal’ . 2.22 8.8 121 10.1
‘ : content o er centi
‘Bijaga cent one |r u fsamb
w25 26 m2 1w 160 Ee oind (151162 I e ma%] attr utea
e 8 % 6 éetra tronalm sa 0 te for milll nsr
| | 10 - | H ba SEMOIINA & omp red to the ro rmrI Ing
*0n 14% moisture basis opterT fe(l)r Ite semo Ina.
Wheat variety Semolina colour Total ash (%) Protein (%) INX5.7)

- 20 ** 20 -28 -36 - 20 % 20 -28 -36
+46 +28 +3 +46 +46 +28 +36 +46

Pissi local’ Dull white 053 0.73 049 048 8.2 8.8 8.1 8.0
‘WG - 357 Dull white 0.60 0.80 0.56 0.55 8.9 9.2 9.0 8.7
Bijaga yellow’ Bright creamy

yellow 0.70 0.97 0.64 0.59 136 145 135 132
Jave’ Dull brownish 0.99 142 0.98 0.78 130 141 127 125

*on 14% moisture hasis
**composite sample

960

PARTICE SIZE ' -20 +28 MESH -28 + 30 MESH

3

8

WATER UPTAKE %

)
2c0} W

eOF T
Ase'rrvum] 00
MEDIUM HARD

Reeron ] Oor
DURUM A~

PICOCLUM -

C 1 2 3

(.UJUNZJ Iime,3 min
Fig. 2. Effect of cooking time on the water uptake of raw and roasted semolina from different wheats.
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Physico-chemical ~characteristics; ~SOME |mportant

hysi ochem|c characteristics of the wheat . varietjes PAKT
gsan\//v(ej as serﬁ(o argﬂsﬁmﬂ g; here?rom are ?lven in Ta% 6 ggfg

of semolina samples ran
ween 6and 0. hcontent mcreasgde |nt g?o llow- n kaw

2.8, +3£> MESH

order; P |33| oca Cﬁ a yellow A
‘J ve T erelai]ve \y high ash values ergﬁve semoﬂna 700
n}a% Ug to the varia |o Ins uctur shape and size o~
S e, ¢
varjeti
mechgnlcaf uri fstem in th Tabﬁrator mqfwas 5 @00
833| [espo sbI Leanve nig er ah content 9
san%) ava% v (t)lg i ro{gn% eoﬁ?gr]]t Igeacrrgzisee raWuaW v
N
with the gcrease Pn partlcie Size. Jaley < 500
Coopng time vs water uptake by semglina: | GEffE(é! %
of COP mg time on tﬁe water uptake of raw and roaste
semolina Tor the particle S|zerneso 20428, - B o 4o
+36 ar%d D+ 6acﬁount|n q J)roportlono w
most of the commerﬁla semolina. samples 1S pr?sente g
In l?% rw e raw samples, the rate of water =
lo B Vovwemo na_from W -357 anF was the 300
9 * e tha Of.PISSI|8C61|V\%S The -3 9= <
rate of water ypt e|ncr ased with ecrease n part|ce L3 %5 g 3
size of semoliria na the Wheat Vaietis. 82 S v Y
Roastm of semolina_Increased the water up ; §F3E 2 0O
3 imum_ Increase Was In pissi Iocfa nad 8 v
o| rences w the water uptake ra (f semollna < U (N
Om B erent \wheat varieties narrowed down appre- Fig, 4. Water uptake capacities for raw and roasted semolina
cianly by roasting. from different wheats.
PARTICLE Sizei-zo,+28 M6SH 125+ MESH —36,+40 MESH 1
AW
W ROASTED
é 5 H* UNPERIOOKED
hi A Wa _
4 1
> fm e
. 3 Z .
P i )
1 , I
| A Z BN
. lélé -
% 1 * g é i ‘
o s b3
YRR R TR A TR T
¥ 83 & g I
< 8 s 2 §< S

nd roasted semolina from different wheats.

QD

Fig. 3. Cooking tolerances for raw

QD
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Cooking tolerance .vs varret of wheat: gractrce Iowwateruta]kewhrlethoeofthe otherthreevarretres
cookrnd toIerance IS rmportag for avordrn% sirable  had more or 1ess comoara alues, . It 'f' erestrno
textural” changes suctms lopment tpastrness 0 note that roastrn ncreai S nrtrca" the . wate
stickingss,. et In cooked semo rodu ﬁmﬁn uptake c%pacrtres I semolina arretres 0
the varieties the raw ?emolrna m Prssr Ioca eca v\tlﬁ Lesu lting In, oher 0yred of the copke
the lowest cooking. to erance an tY pﬂ] uct, wnich 15 a_desira e C krno character*strc
sticky. eveP before” It cooked om t%, ‘ B ncre ¢ aximum In the case of semo hna rRm
Raw semolina from bot ga |o andJave had Prssr ocal’, thereby making It comparable to the other
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Sand roasting of freshly harvested high moisture paddy in a mechanical roaster for 1 to 1j- min at 9% to 155°C
removed 8-10% moisture in the paddy.  Tempering of the roasted paddy for It to 2 hr. healed the cracks to some
extent which were formed during roasting. ~ The rice processed in this method exhibited characteristics similar to  that
of cured or parhoiled rice.  Paddy with high initial moisture (>22%) is better suited for parboiling while those with
low moisture (18 to 21%) can be cured using this roasting equipment.
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Table 2. effect of sand roasting of paddy on cracking, milling breakage and culinary properties

Roasting temp.  Tempered  Cracked Millin Capacity ~ Bulk voi. ~ Cookin
Variety % g pad dypmors grains breakagge %f / of cooked characte(r]’rs Acceptability
ture (%) (%) % rice rice* tics
CH 45 (18%) 1% 135 150 316 DO 435 F A
13 115 190 315 PT 435 F A
145 91 180 323 PT 435 F A
Non-roasted — 50 416 BO 310 P NA
IR 20 (18.5%) % 146 9.0 192 0 415 F A
140 103 150 21.0 0 420 F A
Non-roasted — 0.0 16.0 BO 360 P NA
IR 20 (21 %) 110 96 180 198 0 420 F A
1% 10.1 21.0 320 0 420 F A
Non-roasted — 0.0 16.0 0 360 3 NA
CH 45 (22.7%) 140 124 140 235 PT 445 F A
150 105 130 264 T 425 VF A
Non-roasted — 50 416 BO 370 P NA
IR 20 (25%) 105 129 4.0 105 DO 425 F A
125 116 10.0 04 T 430 F A
150 1.2 50 9.2 T 420 VF A
Non-roasted — 50 92 0 360 3 NA
IR 20 (26.2%) 105 171 30 21 PT 420 F A
150 113 40 6.9 T 410 VF A
Non-roasted - 50 9.2 0 360 P NA

Figures in parentheses indicate moisture of paddy prior to roasting.
“Volume of cooked rice mi/100 g of raw rice.

BO—Bright opaque; O—Opaque: .DO—Dull opaque; PT—Partially translucent; T—Translucent.; F—Fluffy like old rice;
P—Pasty; ~VF—Over fluffy like parborled rice; A—Acceptable; NA—Nota coeptable.

CH 45 was tempered for 15 hr, and IR 20 was tempered for 2 hr.
Paddy to sand ratio was 1:25 and sand size-25+ 44 BSS.
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a a ow swelrn vo umern Ing from ratio 160 catise reater heat tr er rapi

rce. vrsua arac rn resylte Increased  cra n

rtrce om he roas sample depende ont Use med rum ine grade san

rnrtra morsturec ntent 0 te an ro srn tem- addy to sand

a ratlo o% 1.5 gave optr
Peratrrre Lower t eroastr efature an owerthe m
nrtra morsture content o Y, more opague Wes gese Wsults Bave indicated that sand roastrnﬁ
ten h moistu Je and roastrn owed ¥12 W tempering can be practise

erat
8augeearslrg% e%en Ul trans cency, resu rn E ) & get? ogaa Laecte(r)rs t%gngnréceﬁtgrrﬁ% nt}ravg;gg Fpro¥ﬁe
emesh size 0f S duseg for roastin asvve” as Eroduc IS compar gto cured rice or parbol ﬁd fice

e pro orron of sa durrn atrn ave prepared by stancard technigues.. Padd
aIsopbeg ound to a ectter%rng rate and consequ- nrtﬁ moisture (>22 e cgnB IS better surted t%r
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The influence of oil sardine (Sardinella longiceps) and coconut oil together on the fatty acid composition of various
organs and on the serum cholesterol level of albino rats was studied.  Fatty acid pattern of the different organs was
affected to varying extents by the dietary fatty acids.  The level of arachidonic acid in the liver was found to be
independent of the dietary supply of this acid, but appeared to be related to the level of linoleic acid in the diet.
Dietary sardine was found to be very effective i in lowering the serum cholesterol level even in the presence of a cho-
lesterol-elevating agent such as coconut oil. ~ This effect can be due to the high content of polyunsaturated acids in
fish lipids as well as the nature of fish proteins.
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|
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ays. Atth noft animals were starved  Fatty acid compositions of fat in the feeds aiven to the
EF Py ang ﬁtcnfre Booé rom eac animal 13 three groups of s afe Shown In Ta[ﬁ Zg Fle Ted
ecte or the determination tota

0
ghtl%]t I T eanrm |5 from ea S?{(f %were |ssecte

ear IVe Idnev al 6S and Table 2. fatty acid composition (% by weight of total
the fat deﬁosr In tne sto Xch Were colle lrJi?or anal- FATTY ACIDS) OF FEED

ISSUG fom eanrma a artl-  Fatty acids ~ Groundnut ~ Coconut  Fish +coconut

gaar group collected together and ana ysed. ol ol ol
8:0 04 75 33
Table 1. composition of test diets given to the three groups 128 %% 2?3 1527
oy i L
Group 1 Group 2 Group 3 : - : :
W 169 g 119 148
Glucose 500 500 500 1gg 54 £ 23
Wheat flour 25.0 25.0 25.0 181 385 163
. 163
Casein _ 160 160 8.0 182 8.7 9.0 06
Groundnut oil 50 — — 183 33 0.9 1.0
Coconut oil — 50 25 01 — 1.2 0.9
Salt mixture" 2.0 2.0 2.0 2022 — — 19
Shark liver oil 1.0 1.0 10 20:4 - — 13
Cholesterol 10 L0 o 200 " — 6.2
Oil sarding (dry wt basis) — — 05 51 - =
Vitamin mixture" (g/kg) 10 10 1.0 22:6 - - 43
. Cjs and lower sat.
Hubbel, et al2s. _ acids 174 65.0 416
AEquivalent to s % protein and 2.5% fat Total Cis 759 314 39

"Chapman et al29. *- Not present
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8 ro%ortron §65 lower saturatert aCl e\r so 1 C a ldS es t levels of %5 and"22:6
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'contyast, eot ertw s received only one- han es.In |e ro ortion 0

|rd opehrs proportion ofoh ?uinfl& y Eatt%garsrn {0 age de ot asm l%o nave. come
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skeIet muscle and mesenteric at of hhe three grougs tese occUrrathér sow

rats are shown in Table oportion of ar. chrdo ic acid in rat Jiver and
tr ution of t evarhous acrds base on harn(fe ree eart h)o ever oP d not ge ep on Its avarIa%rIr |n tPt

of unsaturation and chain length.  Lon - (let Rats from groups 1 q ecelved no arachidopic
unsatura etil acr 5 were reserté 102 SIg r?frcante te ac?g ata I Eh rt] et { I!r Rl

or the t ||rd%roup, 1S
onl |nte |p|? t?]gsns and not |ne|t er skeleal  ac|

constrt 13 er’ cent oft e llot
ett/\ro eing somewnat similar ac) owest r ortro

mu le or de s Yet rats ha t

in their fagty acld, composition. rnter so iver an ar tree
Deary acrs e influenced to sqme extent rous Grounanut ofl feg rats, whic est
tn atty acld pattern of all the rat tissues stu |e r|n Bve oft gretar Irnoé elc acid, also shnw(ﬁ tehr

this Investigation. 12C and 14-C acras Were. present Ievel 0 etwo Seem o rect
to maximum extent in the group fed coconut orIpS|m| Diets ric mﬁrno?eate have been shown toe atet

Table 3. fatty acid composition (% by weight) of various tissues of rats fed cholesterol along with groundnut oil, coconut
OIL, AND COCONUT OIL+OIL SARDINE AS SOURCES OF DIETARY FAT

Fatty acd Liver Heart Kidney Skeletal muscle Depot fat
oy i 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
10:0 - - - = — 01 01 03 - — = 01 03 02
120 02 10 04 o6 34 15 15 39 24 13 59 38 15 59 37
12:1 0.1 - —  — 03 05 = 02 - — 02 02 — 02 03
130 — 01 0l 01 — 03 o1 03 02 — 902 03 — 03 o1
14:0 0.8 7 10 22 36 24 29 44 37 30 6o 52 21 s2 A7
141 o2 09 04 09 15 12 07 13 09 05 09 1o — 12 09
150 0.1 - — — 05 03 o2 05 03 o1 o2 03 04 04 02
16:0 B1 181 203 202 195 190 2719 242 256 260 257 259 244 247 260
16:1 44 56 45 59 s 75 90 84 s 85 107 133 98 90 118
170 03 o1 03 04 06 04 02 05 04 o1 04 06 02 05 05

18:0 140 140 166 135 U5 15 73 77 84 48 42 50 4T 42 46
181 243 24 1B0 203 211 58 288 R1 R5 402 48 37 P8 U9 Al
182 173 124 ws 181 134 B8 159 74 76 130 84 ss 146 85 99

18:3 11 10 10 02 o8 05 13 10 o8 05 o8 10 03 05 04
2001 08 07 — 04 08 06 — 1106 10 09 1 14 26 10
20:4 56 140 120 1 79 67 35 64 59 — — — — —
205 o 41 — = 10 - - - - - = = =
22:1 1.4 07 o0s — 05 o6 07 o1 — 03 04 o — 05 os
225 - — 11 = 03 18 - - - o 03 03 - - -
22:6 11 29 80 — 13 46 - - - - = — -

—_ — — 0.6 2.0 — —

Unidentified 02 04 —
*- Not present. 4 Groundnut oil; 2, Coconut oil; 3, Coconut oil+oil sardine.
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TABLF 4. DISTRIBUTION OF FATTY ACIDS (% BY WEIGHT) ACCORDING TO DEGREE OF UNSATURATION AND CHAIN LENGTH IN THE TISSUES
OF RATS FED GROUNDNUT OIL, COCONUT OIL AND COCONUT OIL+ OIL SARDINE

Liver Heart Kidney Skeletal muscle Depot fat

1 2 T 1 2 3 1 2 3 1 2 3 | 2 3

Saturated R7T P4 BT J0 N1 H6 401 418 41 BHS L9 414 AL 25 309
Manoenoic 32 B3 88 B4 330 B9 302 432 46 506 479 489 510 484 489
Polyunsaturated 351 313 376 264 242 284 207 145 143 135 92 98 149 91 103

Falty acids

CI2 07 10 04 06 37 21 15 57 24 13 61 40 15 1 4.0
Cts o 26 1431 41 36 35 41 46 35 69 62 27T 74 56
Cls 25 287 248 21 263 265 369 326 342 U6 364 392 A2 BT I8
CB 5.7 528 464 611 528 516 533 482 473 37T 440 425 594 482 490
20 64 157 161 85 87 83 35 72 65 1o 09 w1 14 26 10
Ca 27 40 105 - 27 70 07 o1 — 04 07 09 — 05 os

*- Not present. 1 2, and 3 as under Table 3.
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rmasr Tcnnn a retara/ supR of these &cids oreevatvlg Cfs 0 reta ats are 8 V\ﬁ
Ae ref]ent study show ataa rlr Jsoo N actors seemt be Involve evrevvrnrq
no acld or otner arati onrc acld the role of Tat In IesteroI meta oIrsrﬂ Trﬁ wer

1S aavery Important fagtrgr: |rnsoc o?estero metabolism s %ageﬁ Ite natthsaeturattea strrty crrigst es(ﬁec,
Total cholesterol content of tBF sgrum of the thr eg e g%reo%nt fin r?g%rwrt goconut é)[%lts% mér[(]:é]t%sau 1S
8 Xdro e atecP conttrtao Il gnd ¢ oesterof rcagarenﬁty

groups of rats are shown In Ta
| aP é uine r
Table 5. total serum cholesterol in the three groups o ﬁ]o yunsaturatd at C tO CTT PQEFO?GS'[GI'S pg
rans OF% orm Of chalesterol In these eltre esters

The group

Groups fed lgsggaélsertémo%hnql ggﬁfaf“oonf mu atron ocg gs grromatron naturally results in accu-
. Mednzs ats et? ish as art of the d#ef behaved drﬁe{ep
eer N TR 1 L
oconut ol 2014, .
Coconut oil + fish 93.8-1-4.9 522 nut rﬂpas ?e eserum total cholestero e%ej
actually slig htIy ower than for the latter group. A drng
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to Mr. M. R. Nalf
m and DrrectorE\rIt Charge, oft

fish to the diet changez the nature of oth the fat and

Ho S's'teto‘irtd%’r%%hd S e |r16erdsg o
offhese 8

actors, Lipid- Rressant %trvrtreso arrne

oils coul Ue to a compl atrono actors Ig
fotal usatura on, type 0 uns aron a prxo

trons secr ic. po nsaturate at Cl 56

from thei roe in the trans ort of crolesterol, X
unsaturated fat crds ha nde 0] causec

estero to ocu ate in ver t owering the ¢ P
etero eve In serum reover c olest Iester)
F go unsat rat % 5.are more rea ly cataho

an Its esters saturated

w ust portron 0 c actenstrc

£ 0

cham onu sat rat tté/ |srn ap ears
r tor ch he ped to b rm%
serumc estero eve the rats, ‘given a fish-base

bIe 1 shows that ahf th Tn ven to r%ts n]
g P] oasern an eot r C(? romrt
IS mrgh also hve exerte some Influence
on thﬁ etabolism o cho ste”] |:|n Ings on th
P ocholestero emrc erfects o vrsavrs W
renot asnareement Se et al8 folund at
o]l sar |sh re more e ectrve in lowerin
se c Ies ero levels In rats than the oil pre se
Ier et al6, have relo%rtdtha
urv ent quantrtyo ol %u g o]
estero em e Scnet al%, conc ude that ﬂ
g EO 10 %or In the retmaey ave an venrvemr
ﬂ that. other intluences are mas tf HF
C eva lerz7 points out that In or ito stu IXth effe
of a %ent ﬁn cholestero meta olism, 1t erssa
to c ”ﬁ er the a aorgtron icient’ of cho %ster
undler the given condlitions. . T |sa sorption coﬁ clent
IS Tower wWnen. éhet IS poor in caseln, whatever the pro-
W H s, tha WheR edret IS rich In ¢ ern
let or aseln, the Taecal excretion, rate 3
ch esteroI are_nioher than wrt rres ondm%j efs
rich 11 casein. T It Seeps reasona eﬂconc et
substitution of ne alf o aserrlwrt ISN protein in the
diet mi taso avepae aroem inging down the
ch est o eve In { Hresen stu |%s
h) that t he oll sardrne If |sooable of
owerr 1d antrally he serum cholestero evef]s In
rats ong with diets containing strong le-
sterol- vatrng a Hs su% as coconut il 1s fgr
significance 1 th t the ]peo[%le of Kerala. e
Psentﬂo gtrce of In uslon of a moderate aptI Hnt 0

lef, mignt well mitigate an harm ol-
choletrCemic ffcs of cocontt o, W
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Gulabjamun—a khoa-based sweet was prepared using fresh as well as stored cow and buffalo khoa powder.  Cow
khoa powder had a characteristic khoa-like flavour as against slightly cooked flavour in the case of buffalo khoa
powder.  The body and texture of the gulabjamuns prepared from cow’s milk khoa powder were soft and spongy,
while those from buffalo milk khoa powder were hard and compact.  Cow khoa powder stored for 120 days could
still be used for the preparation of acceptable quality gulabjamuns, whereas fair quality gulabjamuns could be made
from buffalo khoa powder stored for 75 days.

Khoa usegaasaNg basree rgagerr rI F[c])r ntne( ?P sr%tnlgnfa(t)f Cow millér(4% fat)
ulabjamun ;
s St ra%gfrf{even at e erﬂ; tem erature Bualo m"A‘; (5% fa)
Hence the scarc hoa 15 Telt specially during s -
mionts . LS A1y ncease |1 e ﬁtt’é of W oy
| obviate 1 eso&hg ttempts {0 InCreas te A
eeptnrrr ﬂuar a bﬁ/ various means sn Khoa
nra%ra 10 11 nd gas Dretact(er arte ee npre]g vl\Jnt |m|te D__t4 o
7 ISIntegratl
fﬁfs mrlﬁrha owder Su stantral s echlufr for (15 mesh)
the preparation 0 Peda % resent work N .
e% 0 Comle e Suaoiy o o e Bl oo
a powder or the preparatron Ofgulabjomuns Roller Drying
Nlatenals and Methods 4
Preparation of khoapowder: TPE kRoa owder Sieving
samples vver re areri‘usrn O|Ik rom the In trtutes .
ex nm nta efr stan ardrzatrn nt)f Ptackagln()t
cetan er cent t o Tc duao h (tin ﬁans
ctrve nY the method, o Pate and Der wit Storsge
tmo fica onasshovvn |n
preparatmn Ofgu|abjam tgtﬁ) étrrol_eT r% T(OEHN Fig. 1 CFéevwgrrag&afrglgorntni manufacture of khoa powder from
bamuns\Nere S IZ I
econventron rﬁ % %
|| Experrmental oa ow er Res Its and Discussion

marda and bakrn derwasadde ekoa owders from both cow mrLlj and nﬁalo
h| mrx aﬁt water é n] re o ood Lﬁal vr% an ept 12
¥v |nto dou the orme alsan tou the atte ooke avou
|ed|n Ohee. Tefne vvere then soa ed I sugar ur rsut re ar |n qsrar hoa pw er e
Syrupg, Imilar totat orted PteI an De7 uﬁg
sensory evaIu tron The kho gowder and the kho owdler Tecemr Ic aractensf asrevea
uIa jamun samé) e Aecte sensary evalua- e(c mic r}a SIS S OWﬁ that cowmr hoa ow er
oapane 0 jU usrn a9-no eh onic K re bgndgmlercer?ta ar%wder eraland'
a orsture9 r%te ?.[t Ec(!ose yé #erence% rotein 2 i? and2% per cent; ?actose 85) %ﬁ&
ree fat, solubility incex an ulk densi er cent; ash 48 and' 5.3 per cent; solu brlrty index
*Present Address:  Professor and Head Dairy Technology, B. C. Roy Krishi Visha Vidyalaya, Mohanpur, West Bengal.
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| ration Pf%ulab jamun ata mtervalo da%s and the
Table 1. sensory score of khoa powder (hedonic scale) Qf ?n() ep scores g Vera a_ccepta_m |ty g|Vena
e e Colour  Body & - Flavour CKPTs?o?er aPor é:osres grgmab PRI ool
texture
COSV . s y T uIabJ re areq summ%t at a
Buftilo 10 S0t o 6.0 eds consi er as minimum
' ' ' accepta acc sore OT gulabjamuns

Pre are rom StO 0 sat room tempera

i reV\sB?t /4 n(e e||c mc 2 reement

Der ort dpegi)tab |
Type of Khoa  Flavour ~ Body &  Sensory Remarks tsecr%rser%tu'}gdform m% rom BKP stored at 10

Table 2. characteristics of gulabjamun prepared from

powder texture  score a period /5 days.
Cow Khoa like  Softand spongy 80 Acceptable  Acknowledgement
Buffalo Slight khoa Hard and 60 Crust hard  The authors are thankfulﬁ) Dr. S. K. Gupta, Division
_ compact not spongy Flﬁ Technology, for his help in the” preparation
Fresh khoa Ty%ge of Softandspongy 9.0 Excellent nuscrlpt
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Table 3. sensory SO0RE CF GULABJAMUN MADE FROM STORED KHOA POWDERS

Storage temp. Storage period, (days)
Type of khoa powder  \ r\ﬂ
30 45 60 75 90 105 120
Cow * 16-30 8.0 8.0 8.0 8.0 15 7.0 7.0 65
37+1 8.0 7.0 6.6 5.8 5.0 4.0 3.0 1.0
Buffaloes * 16-30 6.0 6.0 6.0 6.0 5.7 55 55 -
370 6.0 5.6 5.4 5.0 4.0 2.0 2.0

* Room Tempreature
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Metanil yellow, C.I. acid yellow 36 (13065), the sodium or calciumsalt of m—| p-ganilinophenyl)azo benzene sulghonic
acid, is one of the most commonly used water soluble non-permitted azo dyes to  colour the foodstuffs, even topulses
with a false presumption, that it could be washed out in  pre-cooking washings of  red gram dal (Cajanus cajan).The
experiments on the binding capacity and extractability ~ of metanil yellow from  coloured dal, rice, casein andstarch
showed that it could not be washed out completely even after repeated washings. ~ This is due to the deep penetration
and firm binding of the dye with grain constituents.  Preliminary study indicates that the binding capacity of the
dye is more with protein than with starch.

Metanil yellow (C.I. Acid eII w36, 1 10 foIFs of water each t| etrII t}he washings bec be
%odrum or cﬁcrum sa!t of aanrnnghen coIour s Number of t ewas fe recor
enzene ?u onrc acid, 15 t e most comm g ggt n}] Imum extraction, the am €s WWere sl
water soluble azo qye to col ou various ea ablesl je Lr ted 10 sor et extractron usr 80 per cent ethano
ur recent comparat|¥e study o h e Use of colours In “The r slr ual materials were ereE and reextracteg
oodstu s Col e]cted rom rural and grban markets l]n soxnlet wit Eer c(ent etha r] ects 0 regeat
COF Irms that t athe most frequent encounte ed ot water Was mg srn arge volume overnight
colour2 Besl es Inding Use In a va etz eatabl strs soaking with watrwereas seen.
gge s occasionally empl ye t E [ raw red gram n mou to metanrlye ow asestrm ted anater
Cajgrus saja) 0 f righter to clsto- was msan ethanolic extracts the method of Sri
The useo metanrl Io In ra Lﬁ)ulses 1S HOt vastavd et alf

IS,
tﬁgsgargabratat ttrbec% Bl i R
Ul g OUSENO

re-CooKIN urry. stained with HCs Tor the presence o? tanﬁ ef
ro(!n Director fera? of Healt %vrces \ﬂ %t ﬁ 0etS change from pyeﬂow t0 vrofet n %crgrc
1 mthrsr rompt dusto con Im |fthecolour me |um

coud & £asi j pete wase awa ug Ln
recoo g h]ng%m dInegra s.. [he qutcome Results

>f;per|me ca acr(tjy ang extractanill Red g ramd 49410 611 per cent oLthede ould
metan g ow from r(e al, rice, casemn an bese arated combrned30 er was Ings and 22./
starch as been described 1n°this communication. \R/ er oe (f}/ Wasextragte ? ? thanol.
ater nd a olic ex ractrg 0 meﬁanr e
Materials and Methods creased as th econcentratrgno eln ﬁ Créase
Red gram (Arhar. or Tur daQ gCaJanus cajan), RICE 02t010 er cent,_ Total recov %@b rom ot
(Oryza satva Ote nrcal]gradecsenand starc samples he proce eswas711to 994 rcent
vvere PurctPase g markeJ Metanil vellow |ce erecoverr[g attern metanr
procured from Ms Vescg, Products Ltd., cutta oured rjce was almost the same as nd
tion o{ OWever, rom Ice ?amples not more than to t

Sam reparation: dquequs
metanﬂ yeII%ervas |xed Wrﬁthgo?lhe foo materra er centm fanil yel ow ouId covered rom bo
at o 02 0.1, 0 mper cent concentratrons at r and &) per cent et anol graﬁ
complete soak| Ang éa Sp (evva% ept for 12 ratroom Washi gs 14610 60, Per cent of t %was extr:itcte
temperature, dried a in the present experiment.  Furt gxtra%t5 lon with 80 per cent tanol could re-
Water washrng and ethanol extraction of the sample; MOVe 1 19 per]cent metanil vellow,
Samples of dal, rice, casein and starch were washed Wit casein: Though the “recovery of metanil yellow
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TABIE 1. RECOVERY OF METANIL YELLOW FROM COLOURED DAL Remainin

SRIVASTAVA et. al.;

METANIL YELLOW BINDING WITH SOME OF THE FOODSTUFFS

iR rz%?édbzf&wgm*ﬂaﬁol

Metanil Dye recover Total F 210 85 per cent e also a
yellow Y Y recovery ecovered tg/ comoining bot%ceﬁe Processes ?%?@j
(%) Woater 80%§than0| (%) Effect of soaking and hot water washings: g
(%) (%) anii soaklpgv of rawg ovFrnl ht with a sln%le 7arﬂ
0.02 611 383 09.4 ater ou or|1_P/ rémove a fractio R
0 o o o Veerrﬁ1 v §reer 8??? o |\rql%|?rtv¥33/\/w2i ings, Hgg
050 58.7 254 81
COE O F N bbbt
elev
6? watey washings mostA? er cent 0 Hye
Table 2. RECOVERY CF METANL YELLON FROM COLOLRED RICE Z L éxmed boun%%/lth he dal n%e ) wasthe e
Metanil Dye recovery Total WIth cold water washings.
yellow . [eCOVery Hlstologlcal studles Exam|nat|on ?f th% cotyledon
(%) wg/ter 80% ethanol (%) Of Cajanus cajan ( gS 0. 2) revealed that metanil
(%> (%) eIIon épenetrated inside and Wwes bound with starc
0.02 0.0 855 855 éranu e
0.10 146 66.8 815
050 60.5 215 88.2
1.00 470 198 66.9

Table 3. RECOMRY CF METANIL YELLOW FROM QOLOLRED CAEIN

Metanil Dye recovery Total
yellow recovery
(%) Water 80% ethanol (%)

() (%)
0.02 30.0 70.0 100.0
0.10 355 63.6 9.1
0.50 8.3 133 98.6
1.00 933 6.6 99.9
Table 4. recovery of metanil yellow from coloured starch
(soluble starch)

Metanil Dye recovery Total
yellow recovery
(%) Water 80% ethanol (%)

(%) (%)
0.02 915 85 100.0
0.10 96.9 3l 100.0
050 %.1 21 98.8
93.0 32 96.2

(technical grade)

0 coIoured casein. was 1qo
ot te pro B35eS, Ht require

8er cent from Cﬂmbm tng
d[ olour 00%)933 ercen8

Water washings

qete €ac ngn
B leachn ? e ayein r con entratlo
metanl 3 OW InC ease ? gng ount 0
€ EX tract Y 80 per cen Et anol ranged 1om 6.6 Fig. 2. Section of the coloured cotyledon of Cajanus cajan
to 70.0 Per_cen (stained with HCI.). Dark metanil yellow coloured granules are
starch:  Recovery of the dye from coloured starch  visible
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Drscussron ndr nd extract brlrﬁy )Battern ofte dye. itis, thuis,

rutrne household cookrnolV rice and pulses Care VI0 at n}et%nr once adéi 0 PU|393 or “CG
once or twice with ater before' use. Our eve If washe vera urr pre 00K Pu?
stu SSS o tat?s 0 Water was inos rngs can enter the boy and pr du arm
could not wash out all the o}ye Th colour c%% not ec34
comﬁ lete yrremoved evena rwa |n with ger cent
ﬁth% he Tecove % (ersa %ys lesser at the  Acknowledgement
er cancentrations, er a Ue to It deeo penetra- he authors are thankful to Messr Shulila anri
tion and firm ass cratro wrt aln cor trtoe s, Ourex- Mulk Raj for their pographrca an histologica
penments show that recove ﬁtan 3/e ow by water - assistance.
as |n9 fro[n casein IS lessthan that fr Pure starcr]I

o too ver 84 water washrn 5 t ex ract oHt all References
the [eachable effromc ein Qomnﬁ) red to 20 Was J]% 1 Khanna, S. K Srngh G. B. and Singh, S. B, J. Fd Sci.
requrre In case of starch. This Interprete Techno,

2, Srrvastava L P Khanna S. K. and Singh, G, B. Industrral
eﬁ? hﬁft ?E) ¢ %g}% ng capacrty Of proter IS more egx(rj%rggo 985€)esearch Centre, LucknovrgrJ India (Unpublish-
Il er ces opserved in the exéractron roJrIe of

rﬁoaﬂ dgtarcrhd rice to those not in isoldfed pure ° ST £ fihana, s £ g Shah, 6. B AL
cf other bioconstit

LR el
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Studies on absorption of microwaves in milk powder are reported.  The investigations were carried out in an experi-
mental set up at x-band of frequencies (8-12.4 GHz).  For a given flow rate, the microwave absorption at s.6 GHz
and temperatures 35°C and 85°C was found to be 0.35 dB and 0.30 dB respectively.  jit was also noted that micro-
wave absorption increases with frequency for a given ,oarticle size.  Therefore, this principle of microwave absorption
is, further, found suitable for detecting milk powder loss through spray dryer exhaust air.

Ina milk s r%y er, concentrated n&rlk of aho t 48 separatin u%o er cenlbgolrds dep
to 22 Per cent 8nc ntration 15 Spraye yvrthlh eIIp s1zel n;reng ﬁ"] NCrease e}/e
%press re or disc atomizer in a 080cam . man C (fones In paralle ebﬁ lters
oA alr havi %temperatures fom% 300°C 15 used emp secon collectors a cone sea-

Ing_ meditim as |5 gresents eSS fc ances of contam- b a |ter,sr an segarateg |c s as small as
nation. “Powder particle size varies from about 5to 200 1m|cron Z6 he collection efficiency ca as
microns w te)[) t under pro eratrn% on |t|onsl
The 1powder from the exhaust Trr IS segaratedw Bthe The wet scriibbers have ve IClen aratron
hﬁg P/clone separators, bag fi ters and wet scru ers H ver there IS, a osgybrl of con na jon and

eessep rator 15 mor ee ve |n s roduct deteri ratronf Another means of se aratrng

ar
Iarﬁe art { separates. a g E ntrar ed na artrcles IS¢ C'[I’OS'[El'[IC precrﬁtatlon
F Icles 0 e 20.m CFO?S in |amete é(lp H]WS

:|>

Khanna, S, K., Singh, G, B, and Krrshna Murthi, C. R.J. Fd
Sci. Techno!, 1980, 17, 95,

out IS experiments neectro tatic Prec |tat|ﬂ
er cent of a Jrartrf es 0f 10 microns In- ciameter an we ICieg sepa ation at t
arger2 A properly designed cyclone is capaole of applre voItage 0 35 Cr¥er cen



SHARMA ¢l. al.; MICROWAVE technique for detection of milk powder loss through spray dryer

Fine particles usually upto 50 micron size %o with the
ﬁutlett ar. In gdene_ra, tlhetloss of po%/vder% 5rotugg ex-
aust, |n spray drying plants, ranges from 0.5 to”3 per
cent of pr% t}/cugx_ r%tg _ : &

At the current price of milk powder, even the smallest

guantlty of milk powder loss would amount to a consi-
erable annual financial loss. For instance, a dryer pro-
ducing skim milk powder at the rate of 48't. a day over
a year’ of 300 working days with an exhaust losS of 1

r cent, gives a financial loss of about rupees 21.6
akhs. Thus exhaust losses from all the milk spray
drying plants amount to a direct less of more than' oné
Crore TUpees per year to the countr¥. _ _

In.addition to the financial aspects, the air pollution
requirements are hbecoming more strict.  Emission
standards of 100 ppm ](100_mg/m3 air) could well ke
enforced in the future. This is équivalent to a collection
efficiency of 9.7 to 99.8 per centd. Conventional cyclo-
nes cannot achieve this level of collection efficiéncy.
This powder loss also creates a. problem, of dust in
Eﬂe b|U|I<€I|ng and leads to unhygienic environment in

e plant,

Thpe magnitude of powder loss cannot accurately be
estimated 1f it 1 not measured In the exhaust ar. If
the powder loss, through the exhaust air, i, increased
due to certain reasons such as faulty operation of the
dr){er, it will escape notice if an acCurate technique is
not available for measuring the loss.

Dornyei et al5 have déveloped, an instrument for
measuring powder losses in spray drying installations.
The instrument incorporates a tyclone” probe which
Is inserted into the air outlet vent 0f the installation, as

VELOMETER

q\r)
POWTLER
HIPPER

VIBRATORY
FEEDER

SAFETY
VALVE
0l

y

BLOWER

% POWDER
INPYT
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well as Prandt 1tube which is used to measure the dyna-
mic pressure of the tgas at various points across” the
diameter of the outlet vent. The specific powder con-
centration of the air (g/m3) is determined by dividing
the amount of powder captured in asEeuaI receptacle
and filter by the amount of gas sucked throu%h the
cyclone probe. Powder losses/nr are then calculated by
multiplying the specific powder concentration of the
air_by the amount of air discharged per hour.

From the available literature, Tt was confirmed that
no such instrument is available in India by which the
loss of powder in the exhaust air may be Girectly and
continuously .measured. -~ The microwave absorption
technique which s simple and economical was selected
for the measurement of powder loss, in this stlédz.

The study was congucted with Rartwle size abobe 100
microns only. Particles less than 100 microns were
i lump ana” could not be separated in different size
8roups by the Laboratory sieves. Mo effort js made to

raw a conclusign from”this_study about the particle

size less than 100 microns. The paper merely suggests
a technigue. However, to arrive at seme definité ton-
clusion for the particle size less than 100 micron, studies
have to be conducted.

Materials and Methods

A suitable circular wave guide (F|1g. )
and fabricated. A block diagram of exp
UP' used for the measurement of the microwave absor-
ption in milk powder is shown in Fig. 1 The following
assumptions viere made for the meaSurement of micro-
wave absorption in the milk powcer.

was designed
erimental” set-

MICROWAVE
S/GNnAL
GENERATOR

2

VARIABLE
ATTENUATOR

FREQUENCLY
METER

TUNABLE | |
DETECIOR

SWR
METER

S/IGNAL
N

SIGNAL
L 0VvT

| THERMOMETER

|

HEATER

CIRCULAR WAVEGUIDF

AIP CONVEYNG p/pr

—»OQUTLET

VENTURY ~TAPERED

NOZZLE

Fig. 1 Block diagram of the experimental set up used for the measurement of the microwave absorption in milk powders
or any other dust like materials.



198

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 18, SEPT.-OCT. 1981

~ @ - - @ |- bz

nT —ITa g {538
Al Tl i

s A I/ G2 508 »
S el B

RN TG TR
3 g 1 15>
-P"‘li‘_— ’5'246/”—“—_;f L £=24-76
) r= 100 »

P - 20-00 »

DL uG \ I |
WIRE SCREEN

Jel-

Fig. 2. X-band circular waveguide with coaxial N-type female B N C connectors

The concentration of powder in the air was constant
by maintaining a constant powder

which was insured
feed rate and air flow rates.

The abso J)tron in the arr contained in the waveguide
be negligible. Though the atmosphere
gases which absory micro- whole milk powder and baby food (milk)
The standing wave ratio mieter (a hrlgh garn amplr |er2

was Used to measure the absorption
frequenc was set to various values suc as

Was assume
of the earth contains man}/
Waves In varying_amoun
vapour
absorb

5, only oxy%en and water
roduce Significant attenuatio
by these ases is converted to heat and is o

Concentration,
Temperatur

size, mrcrons

The ener

Average artrce

0,608, 0.365, 0.260, 0.202, 0.159
+ 35, 45, 55, 65, 75 and 85,

: 100, 164, 184 and 205.

These studies were conducted on skim milk powder,

powder,

Q/SU’O

e factors aff ec ng microwave absorptron in powder  and 9.5 GHz and at each frequency the absorptron 0 the

are ?amounto powder, () temperature

(H) powder microwaye signal was measuired

betvveen two connectors

partrcesrze and "(1v) relative humidity. The Variables separated by”a distance about of 2 \g. for various
studied are: values of powder concentration in the air.
041 95 GHz 04r
92 GHz 20° microns
o9 e 128 e
86 GHz 100 microns
:~ 03 g‘ 03
e £
B g
:
. :
g 02 é 02
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s
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Fig. 3. Variation of microwave absorption by skim milk  Fig. 4. Variation of microwave absorptron by skim milk

powder of average particle size of 100 microns with
Its mass at different frequencies and at 35°C.

f~

powder of different particle sizes at 35°C and at
microwave frequency of 86 GHz.
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Fig. 5. Variation of microwave absorption by skim (milk
powder of average particle size of 100 microns at
different temperatures and at microwave frequency
of 86 GHz.

Each concentration was tested for the effect of tem%e-
rafure on microwave ahsorption at a frequency of 8.6
GHz only (Fig. 4)

04
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Fig. 6 Variation of microwave absorption by whole milk
powder at different temperatures and "at 86 GHz.

microwave frequency.
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Fig. 7. Variation of microwave absorption by baby-food
(milk) powder at different temperatures and at micro-
wave frequency of 86 GHz.

To get a.constant flow of the powder for a particular
concentration, the plower was put on to ﬁwe ameasured
air flow and this air was charged with the milk Bowder
%Qerggrgh an orifice which was coupled to a vibratory

To measure absorption of the. signal through the
powder flowing down the waveguide,” the. SWR meter,
Wwas used. _Thé meter was peakéd by tuning the probe
detector. The dB scale of this meter was used'to measure
the power level and hence the absorption of signal.
Since the absorption measured was a difference in power
|evels at the fixed connectors, the results were not affected
by_pure air flow at high speed and humidity. .

he absorption measured was less for higher air flow
rates and more for lower air flow rates as, it should be,
The amount of power was less in the first case and
rrg(l)'raeblm the second and hence the data were physically
jable.

Results and Discussion _

The curves plotted for the average values of microwave
absorption by skim milk powder at different tempera-
tures and freguencies are shown in Figs. 34 and 5. The
curves are of second order |IIust_rat|n? that absorption
of microwave in milk powder is not linear with the
amount o%powder. The curves plotted for the average
values of microwave absorption bg/ whole milk oPOW [
and baby food at 8.6 GHz frequéncy and at different
temPer_a ures are shown in Figs 6.and7 respectively. An
analysis of the data reveal that these are related in the
form y=a-\-bx+cx2

0l
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Effect of temperature on microwave absor%tion: As
shown in Fig.5 for the air temperatures of 35, 45, 55,
65, 75 and 85°C the corresponding values of microwave

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 18, SEPT.-OCT. 1981

3x10i0
Jt ™ 0l= 2750 = 230 MHZ
Therefore, safe operating frequency could be taken to

absorption are 0,35, 0.34,0.33, 0:32, 031 and 030 dB 1a=900 GHy

respectively for the same amount of milk powder at

8.6 GHz frequency. Tt shows that the micowave absor-
ption decreases as’ the temperature_ of air increases. It pe 19—

Was also true at 9.2 GHz and 9.5 GHz frequency as
shown in F|?. 3

Effect of
Fig. 2 it is evident that for the values of frequency
0f86, 89, 9.2 and 95 GHz the corresponding values
of microwave absorption are .35, 0.36, 0.38 and 0.40
dB respectively. It shows that the microwave absorption
in skim m|Idk powdler increases as the operating frequency
15 Increased.

Effect of particle size on microwave absorption:  As
shown in Fig. 4, for the values of average particle sizes
of 100, 104" 184 and 205 microns the” corresponding
values of microwave absorption by skim milk powder
are 0.35, 0.36, 0.37 and 0.38 dB “respectively for the
same amount of power. It may, therefore, be Concluded
that the microwave absorption increases with the particle

Size,
Design of powder loss detector in a powder plant:
Assuming a spraly drg/er exhaust (%Iﬁe of 50 cm radius,
%ﬁo&fge ating frequéncy band can be calculated as
. Calculation of operatingfrequency band: In a hollow
circular waveguide TEn "mode is dominant, For TEU
modle, the cut off wave length and cut off frequency is
Ac TE« =3.412 a
U 3X100
N TE"-Xt -P12750% [ 7T6MHz
where, U is the velocity of em. waves, cm/sec.

Acis the cut off wave Iength, cm;
fc Is the cut off frequency, sec-1

For next higher order mode TMol
Ac TMol =2.61 a6

requency on microwave absorption: From

Therefore, safe band of frequencies would be 10 per
cent around 200 MHz andhence frequency band will
_ 10 MHz. It is therefore, assumed that over
this frequency band waveguide loss will not va?/ Wwith
frg%erécm. 0 operating” frequency will be 0.190 to

7

“To fix the separation between the probes the quide
wave length at 200 MHz would come out to be™2.3

meres.

Calculation for exhaust pipe having any diameter
can be made by above mentioned procedure. The
above calculation shows that for the plants where the
exhaust pipe diameter ranges from 100to 50 cm, a stuay
of the absorption of frequiencies between 100-300 MHz
I t0 he mage, S0 that_pro?er Instrumentation namely
a dial of red or green mgna ling indicator may be fitted
on the control panel. Tt is smlj\%glested that an average
power of 10 watts at 100-300 MHz will be enough and
will not require very sophisticated detecting equipment.
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Kinetics of moisture absorption by wheat flour from saturated atmosphere was studied.
The process rate constant obeyed Arrhenius law with a disconti-

lowed first order Kinetics in the difference (ra-me).

The absoroption process fol-

nuity between 343 and 348 K. The corresponding activation energies had the same order of magnitude as those for

adsorption and hydration.

moisture content were proportional to water vapour pressure raised to a fractional power.

Except for the discontinuity between 343 and 348 K, calculated values of equilibrium

The heat of condensation

did not vary much with temperature and had about the same value as that for water.

Cond|t|on|né] flours by absorption of water vapour
from saturated’ atmosphéres is an important step com-
mon to rocessmg of many flour based foods.  Baking
characteristics aré believed to be related to flour hydra-
tion properties. In addition, such an absorption process
Is also important from the stand Romt of flour storage.
Therefore, an understanding of the absorption procéss
kinetics is of considerable practical utility, both in the
demﬁn of m_mstenmP process and of related equipment.
Such a kinetic mogel could also be used for. convenient
evaluation of equilibrium moisture content in a reason-
ably short time. _

Most of the published material on water vapour
absorption by wheat flour relates to equilibrium mojs-
ture content and only a few to the kinetic aspect. Earlier
stuliesh2 on vapolr absorption process have heen
limited. to room, temperature and humidities below
saturation. Udani et a/3 presented the first mathemati-
cal model for the sorption kinetics. They proposed that

(- 1R) (1)

where m represents dry basis moisture. content with sulbs-
cants 0 and e standing for the, initial and equilibrium
values respectively; t stands for time and Ris the absorp-
tion rate characteristic constants. None of the studies
consiclered the effect of temperature. Eq(l) implies that

Eq(2). s not a diffusion model unless the surface resist-
ance is very high compared to diffusive resistance so as

to be _controlhn%_the rate process. In the experiments cf
Udani et a/3 this could not have been so. Ifitis con-
sidered that hydration of the surface of the flour particle
Is the first step preceding entry into the main body, then
m in eq (2) should be réplaced by m' representing point
moisture, content on the surface of the particle, hecause
all sorption sites are not equally accessible to the sur-
rounding atmosphere. Ifthe flour particles were extreme-
ly srrﬁﬂll or _slo plorc%Hs that all ﬁu ace sorpttwle sites \lA/erq
equally available, then m* will approximately equal m
R AL g PRIOXIMEEY &

Materials and Methods

 Studies were conducted at 100 per cent relative humi-
d|t3y and at eleven temperature levels in the range of
293 t0 368 K mcludlng the end points, Flour samples
were_prepared by gri dmg one k% of cleaned wheat
variety 'RR-21’, from 1975 harvest) on a Brabender
uadrumat mill.,  The ground material was passed
{ roughaGOO j sieve and afterthorough mixing divided
Into 4 large number of samples each weighing 40 g
Each individual sample was sealed in a separafe poly-
ethylene envelope and stored at room temperature in
an, ,emdot)F desiccator. Out of 40 g, about 12 g were
utilized for moisture sorption ‘studies and the rest
for_initial moisture content determination.

The experimental set up used for the study has already
been described by Narain et al4. A schemiatic diagrar
of the set up is given in Fig. 1 The temperature of the
test chamber Could be “maintained withint0.5°C.
Saturated atmosphere was created by evaporation from

t Central Institute of Agricultural Engineering, Bhopal-462 010 (India).
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Fig. L Schematic diagram of measuring system.

a free surface of distilled water maintained in the test
chamber. At such high humidities any contact of
vapours with surfaces or objects even at slightly Jow
temperature. than vapours would cause condensation,
To avoid this, test samples were heated in the preheater
to about 2°C higher than the test chamber temperature,
This heating took about 10to 20 min. The condensation
on the Innér top surface of the test chamber could
avoided b keeplng that surface about 2°C above the
test chamber temperature.

Before starting each experiment, the constant tempe-
rature bath and the heaters of the reheatmg champer
were put on, After the temperatures had stabilized at
the desired level an additional 30 min. lapsed before
the sorP(twn process was allowed to be started. Al
this took about 2 hr and included the 10to 20 min time
for preheating the samg)le. For each experiment 12 g
sample. were” loosel E?read on Very. fine stainles
steel wire basket, 8 cm xgcm x2 cm to ive about 4 mm
thick layer of flour. Each sample after reaching the
desireq Preheat temperature was weighed In Situ” and
immediately lowered into the test charber. This v,vejght
was taken as weight at zero time. - Knowing the ini
moisture content” and vye|ght before gr_eheatm the
moisture content at zero timé could be readily calculated.
All intitial m0|stur% ré)ntents were determined by stan-
dard air oven method.

Results and Discussion

. When a solid absorbs moisture from an atmosphere of
air-water vapour mixture, water molecules must move

lal
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through the gas phase to reach the solid gas interface
and then move into the solid. Gas phase difusivities of
water molecules are_much larger than those obtajning
In the solid Phase. Therefore, éven in the absence of con-
vective effects, availability of vapour molecules. in the
ne|?hbourhood of solid IS not going to be the limiting
factor for the moisture absorption _Process. . Factors
?overnlng the rate process must lie with the solid Phase.
fthe rate of moisture ahsorptjon by the solid was to be a
diffusion controlled process, then & relation of the form
of e(i (1) cannot describe the kinetics. ~ This rules out
moisture diffusion in the solid as the rate controlling

step. . . .

g_ollds such s flour particles are mlcr0ﬁorous gels.
Moisture absorbed causes the hydration of the substance
of the solid. Being porous and small in size, most of the
internal so?)twe sites could be consicered equallg/
exposed for hydration; Internal moisture gradient
If any, could be neglected. I it s further”assumed
that hydration of the substance of the solid, which.is
the rae_controllmr% step, follows a first order kinetics
In the difference (M -m'e) then the equation

FiF k(me- m)
or
\me—m

should describe the moisture absor?tion process. The

be %ymbol k represents the rate constant for hydration.
g@h

as the same form as Eq (1). Analysis of the data
showed that E (3% could describe the moisture absor-
gtlon kinetics of wheat flour with considerable accuracy,
anple we|?hts could predicted within an error Of
173 per cent for all the cases.

By definition of dry basis moisture content
me-m  We-W
me-m0  We- Wo

Where We, WOand W are sample weights corresponding
to moisture contents me, mQ and m réspectively. There-
fore, eq(3) could also be written as

We -W
WTAW, = exp (- k> voe(4)

Working with W rather than m avoids carrying over of
any error that may have inadvertantly entered in deter-
mination of the initial moistyre confent corresponding
to. zero tm]e. T_hﬁrefore, all calculations were ma#
using sample weights. _

|f'the time interval (t,..~tn) between two Successive

weight measurements W, and W, +1 is always the same,
the }}rom Ifq@ d
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Fig. 2. A sample plot of moisture absorption data in terms
of equation (e).

We' W,+1
JWN o= exp = kA"H~ ) = constant *-(5)
In the present case the_difference (t,..-/,,) was alwas

0.25 hr.” Substituting this vaIuerneq (5)an srmphfyrng,
the following relation is obtained )

Witi = W,Z + We(l Z)

Where Z = exp (-0.25K)

A data set whrch satrsfrese ég must also satrsfy eqs):
A sample p oto the resen ata in terms of the eq()
IS %nven in F| It |s readlily seen that the data closey
follow eqe tere ore eq4 Srnce eq(s) |s lingar  in
the. UNknown_ parameters eand it could be used for
their evaluatron However, 1f the quantity 0.5 k is
small (exp -0.25 k near unity), errors indétermination

50t L L L T 1 1 1 1 L J
o 025 050 07 100 125 150 s 200 25 2%

Time, h
Fig. 3. moisture ahsorption curves for wheat flour.
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Fig. 4. Effect of temperature on the rate constant.

of Z would get considerably magnified when antrlo
of Zis taken to find the rate condtant k. This woul
aso cause ar e errors In eva uatron of We because of
the factor (1 Therefore, the parameter We was
evaluated usrng e procedure of Issacs and Gaudyb:
lv W, Wn+s-(W n+2£)2

W, tw,+s - 2(W,+2f) I
The uantrtres W, W +£ and W, +ZS are anK three
samp e wergnts which are equally spaced over the trme
domain of e data set with corrgsponding time interval
being . For obvious reasonsssh uld he Iargea3ﬁos
sible” Actually eq (7) follows from eq (5) using any three
anluest af are at'equall srnaced time mtervals After
cal cu lating We, the rate constant k was evaluated

applying the method of least squares to the logarithmic
- tht fgeq )

From We known, me could be readily

calg
Han e in flour moisture content as afunctron of trme
for varrous temperaures is shown in Fig. 3. The so |d
lines drawn through the,_ data points répresent. e%
Clearly, the first order kinetic model of eq (3) is beir
obeyed. This supports the physical argument used, in
developing eq (3) 'as. a reasonable. overall description
of the physics of moisture absorption by wheat tlour.
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Table 1 values of the rate constant and equilibrium
STURE TEVPERA

AT VAROUS

Tem1perature Rate constant Equilibrium moisture
, K k, h-1 content me, % (d.b.)

293.0 0.230 22.36

303.0 0.395 2143

3130 0437 2102

3230 0.783 18.06

3330 0.718 18.64

338.0 0.798 1971

343.0 1.149 17.30

348.0 0.842 1981

353.0 0856 18.45

358.0 1.080 17.65

368.0 2.068 15.54

The hypothesis is further strengthened by the examina-
P(iln of the temperature dependence of k and me that
ollgws.

The rate constant k and equilibrium moisture content
me were both found temperature dependent.  Their
values at different temperatures are given in Table L
Variation of kK with temperature 1S Shown in Fig. 4,
Except for temperatures between 343 and 348 K, it
followed Arrhenius faw. Thus for 343 T 7348 K

k=k0exp ( ()
The pre-exPonentiaI factors and activation energies
were evaluated for the linear portions of Fig. 4. They

Were,
TICHMIK :k0= 697 X108 ;£ = 5.05 Kk-callg-mole
TNAHK :k0=242X107:E= 119 /c-callg-mole

Both the activation enerﬁ|es_ have the same order of
magnitude as found for physical adsorﬁtlon and hydra-
tion of biological material., Some of the typical values
are: 4.53 Jc-Callg-mole_for tobacco6, 11.12°/c-callg-mole
for dehulled soybean7, 14.17 [c-calig-mole for Whole
soybean7and 1401 /c-calig-mole for pigeon pea Igi_rams?.
The activation ener%y for"high temperature portion of
the curve Is almost the same & glescribed by Beckerfor
\r}\)//dratmn of whole wheat grain and by Bushuk and
VinklerL for adsorption by wheat flour.” The break in
Fig. 4 suggests a change In the characteristics of the
flour constituents betwéen 343 and 348 K. Based op
data of Bedi et al.9 on whole wheat grain the starch
fraction in the flour used comes to ghout /0. per. cent.
In addition, the sorptive capacity of starch is highest
amon%st the various wheat flour consituentsIL Thergfore,
any ¢ anPe in the nature of this fraction must signifi-
cantly inffuence the overall sorption behaviour of viheat
flour”  Ungelatinized wheat_starch has com aratwelK
low hydration capacityld  Gelatinization of the starc
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Fig. 5. Effect of temperature on equilibrium moisture content.

IS known to occur at about 335 K1L At still higher
tengperatures further changes occur that influencé its
hydration12. Therefore, it appears that the starch of the
flour sample under consideration underwent continued
transformations even between 343 to 348 K at which staﬂe
its nature stabilized, This might be responsible for the
break in Fig, 4. It is possible that other constituents of
flour may also have contributed; but _conmdermgi the
preponderance of starch in  wheat, it is reasonable to
assume that the overall behaviour of the flour is essential-
ly & reflection of starch. _ o
Variation of me with temperature is shown in F|%. o)
The me versus T relationship also shows a break Qver
about the same temperature range as in case of k.
Outsicle this range, the relationship follows the equation
me= A exp (BIT) _ " <)
where A and B are constants having the values
TAMIK ;A= 3685x10-2, B="53L74 K
TAM8 K (A= 2444x10-3, B= 152911 K
Over the range where g (9) holds, me decreases with the
increase in temperature Which 1S jn accordance with
%eneral behaviour of food materials. In the zone of
reak this behaviour Is reversed. In the light of the
explanation given earlier for temperature response of
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Fig. 6 Effect of water vapoir pressure on equilibrium moisture
content.

k this break is to be expected for exactly the same rea-
sons.  The steepest inCrease in equilibrium moisture
content occurs over 343 to 348 K. This ties in with
the temperature of 333 K near which,sharpest increase
Ie%l tlge water holding capacity of starch has been report-

Thus equiljbrium between a substance and its vapour
pressure follows ~ Clausius-Clapeyron equation
dP
AT VT (10
where P is the saturation pressure of the vapour; V, v,
and L stand for volume per unit mass of the substance in
vapour phase, volume per unit mass of the substance in
condensed phase, and heat of condensation per unit mass
respectively. Here substance under consideration is
water vapour which condenses when takenug by wheat
flour. Under the usual assumption that V >> vand the
vapour behaves as ideal gas

dnP L
d(IT)=¥

Effect of vapour pressure on equilibrium moisture con-

tent is shown in Fig. 6. The linear portions of the curve
obey the equation

me= NP” (2N
where Nand nare constants. Substituting for Pin eq(l)

Slhmp Ln

d(l/TF: -R ..(13)

Eq (13) is nothing but a differential form of eq (9)-
Clearly

Ln
b = r
The values of N and n of eq (12) were
TAMIK N= 1537x10-2, n= - 10.295 X 10"
TAMKN= 14BX102 ,,=  3045xKT2

5
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From values of B and n the corresponding values of the
heat of condensation come to 10.263 and 9.978 Ar<al/
%-mole. These values are almost the same as reported
y Bushuk et all for their wheat flour at moisture con-
ténts more than 16 per cent. The values are also quite
close to 10.129 k-cal being heat of condensation for
each g-mole of pure water averaged over the temperature
ran?e of the present study.
IT eq (9) is written as_
mn="Aexp (jjp) ..(15)

The product L n coulg Ee interpreted as activation
enerqy for the condensation Process. These values come
to 106 and 3.04 k-cal/g-mole for T" 343 K'and T
38 K respectively. 1tis not clear as to why, these values
should dirfer so mych from one another, “These values
are very much smaller than respective activation energies
associated witheq (8). The difference of these activation
ener%ies for repective temperature ranges are 4.83 and
8,92 k-calfg-mole. Ifa ch ntge consists of many inter-
mediate stéps then the activation energy associated with
the rate constant is the resultant value of activation
energies for individual steps.  Vapour molecules first
adsorbed on the surface must further penetrate within
the molecular structure of the complex macromolecyles
that comprise the solid. ~Almost all food materials
caPabIe of swelling.on hydration can be considered as
?e s.. This penetration must subsequently cause solubi-
Ization .of the gel structure which results in swelling,
The activation énergy measured must be the resultant
of all these steps. Sifice there is considerable difference
between the over-all values and those for condensation,
it follows that energy barriers to be crossed for steps
subsequent to adsorption are much steeper.  This
implies  that temferature induced changes discussed
earlier should have their maximum effect cn steps
subsequent to surface adsorption.
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ERRATA

. Inthe article “Residues of phorate. carbarxl and endosulfan in peas by V. S. Kavadia and
B.L. Pareek, thisJournal 1981, Vol. 18, No. 4, page 149-151.

Page 149 in Abstract, line 1. “15 kg’ should read as ‘15 kg’
Page 149, column 2 para 3, line 5: *40 min” should read as ‘30 min’

II. Inthe article "Prevention of germination and spoilage of submerlgéed paddy by B. Venkates-
warlu and V. Somasundara Rao, this Journal 1981, Vol. 18, No.™Page 161-163.

Page 163, Table 2, ‘Column 2: ‘Heated’ should read as ‘Heaped’.



RESEARCH NOTES

CLARIFICATION OF LIME JUICE BY CELLULASE
OF PENICILLIUM FUNICULOSUM

Cellulase of penicilium funiculosum Was used for the
clarification of lime juice.  Under optimum conditions
of pH (4.0-45), temperature (30-40°C), and enzyme
concentration (1.64 FPU), turbidity was reduced to more
than 90%. The product was clear with the original flavour
of fresh lime juice after 18-24 hr incubation.

_Use of pectinolytic enzyme in the t[;)regaratlon_of
lime {UICG cordial "has beén reported. By Sreekantiah
et all The turbidity in the citrus fruit juice. is largely
due to the cell walls which are cellulosic in patliré
Cellulase, is reported? to be useful in the clarification
of the juice.. An attempt has, therefore, been mage to
clarify”lime juice by u m% the cellulase of Penicillium
funiculosum, a true Cellulase producing culture isolated
in this laboratory34 _ _
The cellulase enzyme of P. funiculosym wes qbtained
_t% the method described in the earlier publications
e activity of enzyme was determined by using filter
paper as a ‘substrate and the reducing sugar formed in

the system was measured colorimetrically by Somogyi’s
method6. The activity of enzyme was expressed in tarms
of filter paper units 1(_FPU) tescribed by Mandels and
Weher7. The enzyme filtrate was also tested for pectinase
activity by Kaiser's method, which showed negl|?|ble
actmgl bétween CpH range 2.2to 8.1 and at temperatures
30,40 and 50°

Fresh limes (C. aurantifolia) wejghing each about 28
? were cut into two halves and the juice (about 20 ml
rom each lime) was extracted b’Y sqieezing. The juice
was diluted to 50 ml with distilled water“and thé pH
was adjusted to various levels, viz, 2.2 to 5.6 by adding
sodiumy hydroxjde solytion. ~ Thirty m| of jUice was
taken in gach flask and to that 10 ml of acefate buffer
of respective pH was added. Tenml of cellulase enzyme
of different concentrations ranging from 0.82 to” 3.2
FPU was added to find out optimum concentration of
the enzyme required for clarification. The enzyme
added juice was incubated at threg temperatures, Viz.,
30, 40°and 50°C for periogls ranging from 2 to 32 .
At tne end of the inCybation period, the reduction in
turbiclity was measured colorimetrically at 520 nm and

the readings were compared with theinitial values.

100 ¢
“ =-——— Temp-30°C (Enzyme
——= Temp. 40°C >
80 ——— Temp. 50°C ”
" e = Temp.30°C (Controt)
- e Temp.40°C 7
~
S g0l - Temp. 50°C
o
9
g 50t
el
N
> L0
]
2 30¢f
2
!
] 20+
[ 10}
0 Ln, 1 !
N2 3 4 5 6 /

Fig. 1. Clarification of limejuice at different temperatures and pH.
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Cellulose Concn.(FPU.

Fig. 2. Clarification of lime juice at different concentrations
of cellulase.

Enzyme kinetic studies revealed that the maximum
tur |d| reduction of I|me uice Z{over 90 per cent
too &ceat H40to45at Oand Othe cellulas

FPU was used (Fig, C(? Undiluted juice also
showed similar results. O the turbidi reductton
was around 80 per cent, It was observed tat orte
first 18 hr, there was rapid re uctlon |n tur | |t%
rafe of turbidity reduction almost evee off eon
this incubation period. Further, it was also noted tat
even 0.82 FPY of the enzyme was adequate and effective
for_the clarification at 30 and 40°C |g )

The above results indicate that ceflulase of P. funicu-
losum can be used etfecttvely for the clarification of lime

mece to nme a cear product with original flavour of
resh lime

uice. Maximum turbidity” reduction viz.,
Over 90 er cent can be obtained at pHZ,0 to 45, tempe-
rature 30 to 40°C, time of incubation 18 to 24 hr and
enzyme concentration 164 FPU.
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QUALITY ASPECTS OF COMMERCIAL RAW
MANGO POWDER (AMCHUR)

Six market samples of amchur were analysed for chemical
composition. They did not contain sodium chloride, ascorbic
acid or SO2  Wide variations were observed in water
and alcohol insoluble material, non-enzymatic *browning
and tannin contents. Two types of insects and three strains
of Aspergillus were also observed.

Raw mango powder. popularly known as amehur is
widely used n vegetable curries in India to add flavour
and taste and gtve body to the gravy. The raw material
for amchur consists of immature green mangoes, har-
vested or dropped during rains and storms. ~ They are
washed, peeled, sliced, dried in the sun and powdéredL
Due to the heterogeneity of the raw material and the lack
of suitable storagg and packing procedures, the product
varies widely. i jts colour and composition. ~ Ben
hygroscopic, it picks up moisture during storage an
many a time is infested with fun%al species Desiges
being prone to Insect aftack. L|tera ure surve revealed
a latuna in the knowledge on the ua| as ects of
market samples of amchur and hence thé present in-
vestigation,

SIX market samples of amchur in 200 g packages were
collected from  different marketmg centres i Delhi.
The samples Were homogentzed and analysed for mois-
ture, acl |tly sulphur “dioxide, water” and alcohol
insoluble so ds sodtum chloride and tannins accordin
to the methods given in AOAC2 ~ Ascorbic aciql w
determmed C%the method as given by the Association
of Vitamin Chemists3 Red ucmg andtotal sugars were
estimateq by the Lane & Eynon"method4 and the non-
enzymatic browmng det%rmmed by the procedure stap-
dartlised by Thorat™et al$. The insect species present in
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Table 1. chemical composition of different market samples of raw mango powder

Particulars

1 2
Moisture (%) 80 59
Acidit}g %)
(as anhydrous citric acid wiw) 178 150
Total Sugars (%) 133 121
Reducing sugars (%) 107 106
Tannins (%) as tannic acid 43 48
Water insoluble solids (%) 444 46.6
Alcohol insoluble solids (%) 295 L7
Non-enzymatic browning* 143 21

*0D4 multiplied by dilution factor

sample number

3 5 5 6
81 8.3 6.5 51
168 144 155 156
11 17 125 134
8.7 8.3 8.5 108
31 41 45 37
4.1 5.4 40.4 534
325 335 305 28.5
165 147 163 140

Sodium chloride, ascorbic, acid and SO2were not present in any of the samples.

the samples were isolated and identified at the Division
of Entomolog%/, LAR.I., New Delhi. The moulds
were jsolated Ty streak plate methods on potato-Dext-
rose Agar meditm. The isolates were identified by the
methods given in the Manual of Aspergilli. ,

As seen from Table 1 there was a conSiderable vari-
ation in the chemical composition of amchur procured
from different sources. The sample No. 1 with high
moisture also contained_ the highest acidity, — Further
this sample contained higher proportions of sugars as
compared to four other samples. " All the samplés were
devoid of ascorbic_acid and none of them Contained
either sulphur dioxide or sodium chloiide. There wes
wide variation in the water and alcohol insoluble
materials, nop-enzymatic browning and also tannins.
This maybe due to varietal differences in mango, varia-
tion in the maturity stage of fruits used and the method
of storage practised for"the raw material and the finished

Table 2. insect and mould species found in different market
samples of raw mango powder

Sample number
1 2 3 4 5 6
Insects
Ephestia cautella {W1k) + + + + + +
Oryzaephilus

surinamensis L. —_ - + — + +
Moulds
As%ergillus niger Van
ieghem o+ o+ o+ +
Aspergillus candidus L. + — + — +
Aspergillus flavus L. — + + + —

product.  The hlgh_ levels of non-enzymatic browning
could alsg be astribed to the total ‘absence of anti-
gx&ii’mg SI|ke ascorbic acid or sulphur dioxide in these
pFurther, it is evident from Table 2 that the market
samﬁles harboured two types of insects viz gg Fi

moth, Ephestia cautella (WIk) and (/) Saw-toothe

Grain begtle, (Oryzaephilus surinamensis L.). The samples
were_also foundto ke infected with Aspergillus m?er
van Tieghem, Aspergillus candidus L., and "Aspergillus
flavus L~ It Js presumed that these insects and moulds
were either derived from the raw material and persisted
through the process of dehydration or they gained access
to_the groduc_t during stora?e. _ .

The aforesaid stuay reveals a wide variation in the
physico-chemical composition of the market samples
of ‘amehur and the extent of insect and microbial cgn-
tamination in them. There is thus a need to stancardize
the procedure for preparation, drying, packaging and
storage of the raw mango powder.”

The authors. wish to_eXpress their gratitude to the
Head of the Division of Horticulture & Fruit Techno-
logy for kinaly allowing them to make use of the Divi-
sion’s facilities for carfying out these studies.
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PRODUCTION OF CARBONYLS DURING
SPONTANEOUS OXIDATION OF COW AND
BUFFALO MILKS

Carbonyl  compounds  produced during  spontaneous
oxidation of cow and buffalo milks were estimated. The
total carbonyl and mono carbonyl content of milk fat
increased during spontaneous oxidation of milk while the
ketoglyceride content remained the same. However, the
increase in carbonyl content did not correspond with that of
TBA values. Though there was a marginal increase in total
and monocarbonyl contents, the increase in n-alkanal class
was substantial, which may be responsible for the off-flavour
in the spontaneously oxidized milk.

Spontaneous OX|dat|on of lipids |n milk has been
considered as one of t e maLor problems mt e dal
industryL Potter and Han |nson2 reported that
per cent of 3000 samples deve oped OX|d|zed flavour
after 24 to 48 hr storae Carbonyl s ma|nI aldehydes,
have been shown to e responsible or 0 fIavour |n
milks3. These are formed from the oxidation of po a/
unsaturated fatty acids in milk fat. In the present stu
different carbonyls were isolated and estimated f rom
milk fat of fresh and spontaneously oxidized milks,

Table 1. carbonyls and keto glycerides
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to understand the nature and levels, of these compounds
Br?“tjllmed dkunng spontaneous oxication of cow and
uffalo mi

Spontaneously oxidised milk was ?repared by follow-
ing the procedure of Parks et ald. Milk samples Collected
directly in clean glass bottles were heated at 65°C for
6 min, cooled and stored at 5£1°C for about 7- days
during which they attained oxidized flavourl Butter
obfairied from the cream of fresh and spontaneously
oxidized milk was melted at 100°C and filtered to get
Clear milk fat. The extent of spontaneous OX|d|at|on
of milk was measured by thobarbituric acid (TBA
values by the method of King5. Total_carbonyls, mong-
carbonyls and ketog| cendes were isolated” and esti-
mated as 24-d |n|tro enyl h drazones by the method
of Schwartz et al6 onoca onyls were further sepa-
rated into. classes by thin ayer chromatography on
MgO: celite plates?.

he uant|t|es of total carbonyls, monocarbon
and keto ?/cendes the percenta roportion of mo
carbon |"classes and the TBA va Ues in cow and buffalo
fat are ?lven In Tables Land 2 respectively. The

totaI carbonyfs and monocarbonyls of milk fat mcreased
significantly” (P<0.01) during Toontaneous oxidation
In"both cow and buffao milks.  The quantities of keto-
?chendes In milk fat remained the same during spon-
anegus oxidation of milk. However, there Was no
significant correlation between the increase in the con-
tents of carbonyls and the extent of oxidation of milk
as expressed by TBA values

As may e Seen from Tables 1and 2 although the
increases in the amounts of total carbonyls and mono-
carbonyls were significant, they were only marginal.
However, the incréase in the amiounts of n-alkanal class
of the monocarbonyls can be considered as substantial
and are responsible for the off-flavour observed in the

M/g fat) in milk fats isolated from fresh and spontaneously oxidized cow mil

Monocarbonyl classes* (%)

TBA Total carbonyls ~ Monocarbonyls  Ketoglycerides ~ Methyl ketones Alkanals Alk-2-enals. and
value Fresh  Oxidized Fresh Oxidized Fresh™ "Oxidized Fresh” Oxidized Fresh  Oxidized  Alka-2,4 dienals
AX 10'3 milk milk milk milk milk milk Fresh ~ Oxidized
30 4.30 4.60 0515 0600 18 1.87

30 3.00 3.20 0405 0430 178 175 862 74.0 9.8 2.7 3.6 53
0] 4.85 490 0439 0561 223 2.23

45 4.23 4.70 0485 0578 18 186

40 4.26 4.60 0473 0557 192 190 875 732 86 215 39 53
3 450 4.75 0485 0531 1.9 198

" value: 4 6** 6.74%* 2.0

*2, 4 DNP h}/drazones of 3 samples pooled together and separated into classes

“{ Significant at 1% level,
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Table 2. carbonylsand keto glycerides (/i M per ¢ fat) in milk fats isolated from fresh and spontaneously oxidized buffalo milk
Monocarbony! classes* (%)

TBA Total carbonyls ~ Monccarbonyls — Ketoglycerides Methyl ketones Alkanals Alk-2-enals and
value Fresh  Oxidized Fresh  Oxidized Fresh™ "Oxidized Fresh ™ Oxidized Fresh  Oxidized ~ Alka-2,4 dienals

AX 10-3 milk milk milk milk milk milk Fresh  Oxidized
45 455 5.26 0493 0574 203 2@

30 350 381 0362 0417 200 2@ 80.2 69.6 137 24 61 79
3% 353 3.70 0430 0475 182 186

3% 4.35 4.70 0370 0438 1% 198

25 520 545 0510 0565 225 220 815 71.2 123 215 6.2 73
0 475 507 0480 0545 198 191

Y value: 485™ 9™ 181

*2, 4 DNP hydrazones of 3 samples pooled together and separated into classes
**Significant at 1 % level.

spontaneously oxidized milk. Hence increase in the 7. Schwartz D. P., Shamey, J. Brewmgtoruic R., and Parks,

quantities of total carbonyl or monocarbonyls, may not 0. W, MicroChem. ., 1968, 13, 4

indicate the status of the oxidized milk. 8 Bhat, G. S. Rama Murthy, M. K. and Bhimasena Rao, M.B.,
The increase In carbonyls in milk fat durln? spontan- Milschswiserschaf, 1060, 35, 284 |

eus oxjdation of milk seems to differ from that 9 Maorrison, W. R, Jack E, L, and Smith L. M., J. Am. Ol

of autoxidation ofmllkfat In which there Is roduct|on . 900, 2509, e, 28e

of ketogl*cendes and also increase in met ketone

concentration8which were not observed here. owever CONTROL OF SPOILAGE OF PARBOILED PADDY

to a cerfain extent the production of aldehyde is typical
of classic primary lipidl oxidation as obser>v/ %D DURING YARD DRYING

ald. This difference in the nature of OX|dat|on may
tbe Fue tg the mvol\%ement of bé)ﬂt] ph%SEEhO“F%'ﬁS and weather was arrested by the uniform application ofacetic acid
g L S RS e
involved.  The milk phos holinids )éontglr){ [aree pro- to preserve the parboiled paddy for a period of 6 days. Rice
rtions of hiahl np f Pt dpf : ids9 hg hp ( produced from the treated paddy contained only 0.01%
EO 10 Sto Itg y]ch satu ﬁe adty %‘“ S V¥ IC ale residual acetic acid.  Commercial application of this
nown 10 Qe _prelerentially oxidized  spontaneousty method costs only about Rs. 3.50 per quintal of paddy.
giving rise to aldehydes.

The spoilage of high moisture parboiled paddy during rainy

Spoilage of parboiled paddy is a common pheno
Nalona Dty Reseadh Insie, M. K. Rama Murgny IO CUINg Tany Uil weather as yard aryin
Bangalore-560030, India Is the only mode of drymtg I|n conventlonal mills... Par-

M. Bhimasena Rao

olled paddy can n heaps for 36 hr without
EgS?QZSdS%4JirL1IL)ar§981%81 drying Fan‘terywhu:h ity be spread in the yard in
spite "of downpour to avoid any heat develdpment
References en the parboiled paday gets drenched by rain,

. leaching loss. increases and i humid weather fung
, poail, C and Franke, A A, J. Daiy S, 147, 34 1L grow profuey on the moit qrans fesling n abo
TR S S DAISEL SO0 30-40 per cent loss in the outturn ofnce besi es chances
3. Forss, D, A, Pont, E. G. and Stark, W., J, Dairy Res, 1955, 10 €laboration of mycotoxins. A Pllcatlon of common

2. . ' st to redtjcde the m0|1sturTehco]ptenb N parfmet it
b P, 0. W, Keny, M, and Schvrz ., 1 iy s, WS 1epre garer]_ The feasbilty of contol
063, dg, g A SO E T & BAITEE e b dilage loss in (Parboded paddy by acetic adg
5. King, R. L., J. Dairy Sci., 1962, 45, 1165, aPB |cat|on N reporte In this note.

6. Schwartz D P, Haller, H. S. and Keeny, M., Anal. Chem.,

arboiled ‘Co 25’ varletg of addy $58 er cent
1963, 35, 2191, grain opening) taken in 2

kg ots Were separately
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Table 1. effect of acetic acid treatment on the moisture, heat development, microbial growth, formation of sugars and
DRY MATTER LOSS

Particulars
Moisture (%) Control
Treated
Temperature (°C) Ambient
Control
Treated
Fungi (1060) Control
Treated
Bacteria (105g) Control
Treated
Reducing sugars (mglg) Control
Treated
Total sugars (mg/g) Control
Treated
Dry matter loss (%) Control
Treated
Free fatty acids (%) Control
Treated

treated with sodium chloride 1 per cent, bleachin
powaer 0.5 per cent, urea 0.5 per cent and para formal-

dehyde 0.2 per cent (wiw), and formaldefyde 0.2 and 2 d

0.3 per cent and acetic acid 0.1, 0.3 and 0.5 per cent

(viw). . The chemicals were sprinkled over the paddy R.

and mixed |mmed|atel¥ with a Wrnnow and left in heap
under gunny cover he oss in ary matter was deter-
mined In weighed 1 kg lots taken in separate cloth
bags.  Four 10ts were treated with 0.5 per cent (viw)
acétic acid, while another 4 lots were kept untreated
and the bags were embedded In the respective treat-
ments, . One lot was dried |mmed|ately to determine
the initial dry matter content. At 2 days.interval one
bag from each lot was withdrawn and dried at 105°C
24 hr and d werght determined. The loss was
caIcuIated and expressed as per cent loss over the ini-
tial samPIe The milling yreId for 200 of paddy from
these lots was determrne after sh ae r'yrng 4per
cent moisture content), shelling in a Labo to mocle
Satake Sheller and polishing i a McGil| mil er NoI
The free fatty acid content in the bran oil and the ace-
tic acrd residue in the milled. rice and bran were deter-
mined.2 The temperature moisture and general appear-
ance vveresrmultaneous 3/ recorded Tl efun gal and bacte-
na ngu lation were etermrne empl oyrng the stan-
ard |ution plate technigue.
Application of sodium chlorige, bIeachrng powd
urea, formaldehyde and. para-formaldehyds delayed
the onset of fungal infection by two days but none of

Stgrage period (days)

0 4 b
313 30.25 25.04 23.72
313 29.83 29.98 30.03

. 27.00 29.00 29.00
- 43.00 56.00 39.00
— 21.00 21.00 28.00
148 .1 210.80 649.00
148 0.77 6.20 9.92
1175 56.58 47.28 51.88
1175 6.98 48.20 46.74
132 - 5.05 4.59
1.32 — Wi 1
387 - 5.86 503
387 — 4.49 4.64
- 0.07 3.10 540
— 0.07 0.60 1.50
2.00 18.48 26.45 28.36
2.00 2.22 2.30 2.39

them olfered a lasting protection. = Acetic acid. at 0.1
and 0.3 per cent levél prevented fun?al Infection for
ays on¥ whereas at 0.5 oer cent Tevel it protected
the grains Tor 6 days (Table )r Under 80-90' per cent
. When there is'ng chance for sundrying, the grains

had to be treated again with acetic acio’at 0.5 per cent
level on 6th dayto have contrnued rotectron In eneral
no visible growth of fungi was observed up to 6 days in
the acetic “acid treated Tlots, whereas inthe untréated

Table 2. incidenceA((%eﬁ cenB of different fungi in 0.5 per
CENT C ACID TREATED SAVPLES

Storage period (days)
Initial 2 4 6

C Tr C Tr ¢ Tr
Aspergillus fluvus 15 74 27 78 5 0 43

Organism

A. sydowii . — 3 3 R - 09

A. candidus 0 — 6 - 2 _

A. fumigaius 5 - - - = -

A. niger - 17 - 3 — U

A, tamarii 0 - - - _

Mucor sp. - 2 - 6 — -

Rhizopus - 4 — 6 - 0 U

Others 5 K J— 3 10 — _
C: Control, Tr. Treated
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lots infection commenced on the 2nd day and the
%ralns were fully ramified by fungal growth on 4th
ay. During the _steamm? progess of parbmlmg the
c_ontamlnatl_n[q fungi are not totally un2|
like. Aspergillus flavus, A. Canglidgs, A. sydowi and A.
fumigatus Were present just after parboiling. Mucor
Sﬁ' contaminates the ?r_ams only subsequently. However,
these organisms mu t|p_IP/ ra1p|dly when conducive cli-
matic conditions prevail. The vegetative growth of
the Aspergillii was localised and confined to the indi-
vidyal " grains and especially in the exRosed kernel
surface_ and at the ?e mend. On the other hand the
Vegetative (irowth of Mucar spread very fast ramifying
thé whole Tot of ?ralns_wnhout penetrating deep Intd
the kernel.  Acefic acid treatment prevented fungal
(I;rovvth n %eneral and A. flavus in_particular (Table )
n the control the_?rovvth of A. flavus increased with
storage period while the other species of Aspergilli
declined gradually. ~ Application of acetic acid “wes
found efféctive :n control_lmg the mould growth on
sorghum grains.3 The efficacy o, acetic acid in arre-
stirig the development of fungi n high moisture ground-
nut “was also reported4 Although “acetic acid Teduced
bacterial multiplication up. to 4 th day, the treated
and untreated_gralns exhibited an almast equal extent
of contamination after the 4th cay.

Superficial infection of fungi observed on second
day did not cause_appreciable” dry matter loss in the
garboned grains. The drY matter “loss increased up to

A per cent at the end of sixth day in untreated grains,
whereas it was only 15 per cent iri treated grains. In
the untreated control there was an intense hedt develop-
ment rajsing the temperature up to 56°C on the 4th da
which dropped down to 39°C on 6th day. This migh

destroyed and

Table 3. effect of acetic acid treatment on the milling
TY OF PADDY*

Particulars Storage period (days)
0 2 4 6

Brown rice (%) Control 775 763 750 727
Treated 775 766 765 760

Milled rice (%) Control 725 707 630 650
Treated 725 716 720 713

Polish (%) Control 55 66 93 103
Treated 55 62 54 55

Head rice Control 705 497 455 345
Treated 705 691 697 688

Brokens in polished ~ Control 20 200 225 305
rice (%) Treated 20 25 23 25

»Sample size 2009 paddy
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be due to the uncontrolled growth of fungi and parti-
cularly that of thermophyllicgroup. On the other hand
in the acetic acid treated lots there was no heat develop-
ment and the temperature was almost equal to the ambi-
ent_temperature. _

The damage caused b fun% showed an ap?earance
of scouring in the grains. ~Either part or whole of the
grain became chalky and thus had a poor strength
which broke heavily“and got powdered during milling;
the quantity of bran also increased E]Table 3 On the
other hand” only slight fungal growth was observed in
treated lots and the” penetration was not deep into the
%rams and hence strong enough to withstand milling.
The milling test showed that tfiere was hlgher breakage
in infected” grains which might be due To the fun?al
growth than by bacteria since the treated and untreated
grains significantly differed only in fungal population.

The frée fatty acids content in'the brart oil of untreated
grains increaséd from 2.00,to 28.36 per cent in 6 dayés
Whereas in treated r%;rams, it was consiclerably less (2,32

er cent). Since tfe acetic acid a Phcatlon prevented
ungal invasiop the development of free fatty acids was
alsq controlled. The acetic acid residue in thé milled rice
and bran was only 0.01 and 0.02 per cent resRectwer
and this concentration m|Pht not pose any healtn hazard
for human beings or cattle. There is also scope for re-
moval of this™ residue during d mP and cooking
processes,  The acetic acid treatment also did not show
aaverse effect on the cooking time and gruel loss. Com-
mercial scale trials were also conducted dunnq the rainy
season of 1979 in a few rice mills and the cost of acetic
acid treatment was found to be Rs. 3.50 per 100 kg of
loaddy. The cost of treatment is not high whenthe
03s fn out turn Is consicered.

The authors are grateful to Mr. A N. Dyaneswaran,
for his keen intergst and to Mr. S. Kumaravel, for
assistance in the laboratory studies.

Paddy Processin% Research Centre, B. S. Vasan
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STUDIES ON THE ASSOCIATION OF WHITE found in non-chalky portions7, Generally white core is
"“CORE WITH GRAIN DIMENSION IN RICE  associated with coarseness of the graing‘l).  Several
recently evolved h|%h ?neldmg varietiés are coarse grains
Among the 138 varieties of rice (Oryia saliva L) examined and passess white Delly. Prasent study was desigried to
it was found that the varieties in which the grain breadth ~ find  out whether white belly is Telated to™ grain
was <2 mm all the grains were translucent and when dimensions. ) .
grain breadth was > 28mm almost all the grains had white 25 randomly selected grains from each of 138 varjeties
core. The varieties having grains with intermediate breadth of rice were hand-shelled. 10 healthy kernels in duplicate
consisted both white core and translucent type grains. White Were arranﬁed_ carefuIIy sice by side (Iengt_h wise first
core and grain length or L/B ratio appear to be unrelated. and breadth wise later) by the sicle of a cefitimeter scale
_ . and average length, breadth and L/B ratiq were deter-
Presence of white opaque core (also called, abdominal - mined. Grains were examined under a steriomicroscope
white or white bely) In rice gram is an undesirable for identifying the white core, _
character since it Is Tiable to break during milling due — Varieties'in Which all the grains had white core were
to its softness and lower acceptabilityl2.~ White core denoted by+sign, and varicties which had all grains
occurs usually in the middle portion of the ventral side  translucent were given-sign, other varieties in which
of the non-waxy rice grain caused by the loose packm(t; both translucent and whitg core grains occurred were
of the spherical starch granules. In. the translucent indicated withsign.
rains, polyhedral starch granules are tightly packed3%.  Data presented”in Table 1 show_the freciuency of
halk%ce s of the endoSperm are kndwn' to contain varieties with white core grams In different class inter-
fewer ‘ut larger amyloplasts as compared to the cells vals of grain length and breadth. [t can be seen that

Table 1. frequency of varieties having white core grains in different class intervals of grain length and breadth
Rice var. under the indicated length (mm) range

Breadth 4.0 45 50 55 60 6.5 7.0 75 80  Total
(mm) to to to to to to to to to
4.49 499 549 5.99 6.49 6.99 749 7.99 8.5

1.8-1.99 — 1 0 0 0 1 1 0 1 0 4
+ 0 0 0 0 0 0 0 0 0 0

+ 0 0 0 0 0 0 0 0 0 0

2.0-2.19 — 2 2 1 3 9 4 2 0 0 23
ill 0 0 0 1 0 1 0 0 0 2

+ 0 0 0 0 0 0 0 0 0 0

2.2-2.39 — 0 0 1 5 9 3 4 1 3 26
" 0 0 0 0 1 0 1 0 0 2

+ 0 0 0 0 0 0 0 0 0 0

2.4-259 — 0 0 1 6 4 2 3 3 0 19
+ 1 1 1 0 2 2 3 0 0 10

¥ 0 0 1 1 0 2 0 0 0 4

2.6-2.79 — 1 0 1 0 1 0 0 0 0 3
db 1 3 0 2 5 3 1 0 0 15

+ 1 1 0 0 6 3 2 0 0 13

2.8 - 2.99 — 0 0 0 0 0 0 0 0 0 0
" 0 0 1 0 0 0 0 0 0 1

+ 0 0 3 3 2 0 1 1 0 10

30-3.2 - 0 0 0 0 0 0 0 0 0 0
=h 0 0 0 0 1 0 0 0 0 1

+ 0 0 1 2 1 1 0 0 0 5

— - Varieties in which all the grains are translucent
+ = Varieties in which all the grains are with white core
4- - Varieties which consisted of both+and-type grains.
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white core did not occur in varieties in which the breadith
of the grains was less than 2 mm. As the breadth of
the_%rams increased belyond 2 mm, the frequency of
varieties with white core also increased.

In the breadth range of 2 to 2.39 mm éTabIe 1) a
few varieties had mixture of translucent and white core
grains but no variety was found with white core. In the
range of 240 2,59, mm., varieties of all the three groups
occlirred in which the order of freafuency( wasg;mt[#)
>tqroup>+group. Inthe range of 2610 2.9 mm,
the ‘order of frequency was changéd to-group< %roup
> +grou?. \When the grain breaclth was above 28 mm
almost all the varieties were of white core_except 2
varieties which belong toxgroup (Table 1). From this
it IS clear that to overcomg the defect of white core in
rice grain, the breadth of the grain has to be considered

Table 2. association of Whit|5| core _with grain dimension

CE VARETIES
Rice variety White core  Breadth  Length L/Bj
(mm)  (mm)
Jenugoodu — 1.85 6.10 33
Jeerasali — 1.90 4.35 2.3
Sona — 1.95 6.70 3.4
Basmati — 1.9 7.50 39
B.S. — 200 6.15 31
Vani — 2.05 6.45 3.2
Gansali — 2.15 4.30 20
IR 20 — 2.15 595 28
S-701 — 2.15 6.45 3.0
Prakash — 2.15 6.95 3.2
Gowri Sanna — 220 550 25
GEB-24 — 220 595 2.1
Pushpa — 220 7.20 33
Madhu — 2.25 6.05 2.1
SR 26B — 2.35 8.35 36
Halubbulu — 240 6.25 26
Intan 2.45 6.60 2.1
Peta : 2.55 6.55 26
Mangala + 2.60 620 24
Pankaj + 2.65 6.40 24
Ch-45 + 2.65 6.30 24
Jaya + 2.65 6.45 2.4
IR 8 + 2.65 6.75 26
GMR 2 + 2.65 1.35 28
Sukandi + 2.85 545 19
T-65 + 3.05 515 17

— - Varieties in which all the grains are translucent
+ - Varieties in which all the grains are with white core
-]- - Varieties which consists both+and - type grains.
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and it appears that the length of the grain or the L/B
ratio have no influence on the expression of white core,
Further it is indicated that some of the mast popular
and h\}\%l yielding varieties such as ‘Jaya’, ‘IR 8’ T, 65’
have winite core in the grain by being carse in texture
(qreater than 2.6 mm bireadith) (Table 2). It would be
useful, therefore. to know whether by genetic or agro-
nomical manipulations, thi white core could be elimi-
nated In these coarse. varieties also. Blakeney/ has
observed that the low initiation_of amyloplasts may be
the cause for chalkiness in grain. The inheritance of
grain  chalkiness in rice Was studied by several
Scientists,8.11' 14 although the genetic make Up of this
character has not been fully ungerstood. ~ Further
investigations would be needed to find out the physio-
logical"causes and mode of inheritance of white core in
rice, varieties. :

The authors ?ratef_uIIY acknowledge the assistance of
Mr. V. M. Pratape in the anlysis of samples.

Central Food Technological
Research Institute,
Mysore-570 013.
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DIETARY EFFECT OF NON STARCH POLY-
SACCHARIDES OF ?\/I%f%éO?RAM (PHASEOLUS

Continuous feeding of non-starch polysaccharides and hemi-
celluiose B of black gram to rats at 10 to 20 per cent and
2 t0 4 per cent levels respectively was found to increase the
length of small intestine and weight of stomach as well as
both intestines.

Legumes thoud %od source of proteins, are well
known for the antinu ntronaI factors present in theml
Among them, flatulence producing factors present in
some 0f the Ieﬂumes are not yet” clearly understood.
It has been well established that the oligosaccharides
eon |ng to raffinose family, present in“lequmes, are
pro ably” responsible for the Tlatulence? 4. Tt has been
observed that the residue after extraction of oligosac-
charides also produces gas, indicatin g artici atron of
some factors other than oligosaccharides in gas produc-
tion5'7. Flatulence has also been attributed to crude
fibre contents in food8. Thus, in the present work, an
attempt was made to studY the effect of feeding non-
starch polysaccharides of a fegume, black gram (Phaseo-
lus mnngo){ to albino rats, to™find out the'relationship,
|tf any, between these components and gas produc-

Non starch Ipolysacchandes were obtained from black
gram dal flour by Southgate’s method9. For this, 1 kg
offourwasdefa tedl by ether extraction and deproternrs
ed bnYtreatment with 0.5 per. cent NaOH for 24 hr at
00 temperature with occasronal strrnn? The residue
was washed and made free from starch by reatment with
taka diastase, such that for eve(rjy resr Ue 50
2 M acetate buffer (pH 4-6).and’ 250 ml of 10 per Nt
taka iastase Were add d. "The mixture was mcubated
at 37°C overnight and the residue obtained was the non
starch polysaccharide. Hemicellulose separation when
carried out according to Kawamura’s methogd ) under
atmosphere. of nrtro?en yrelded only hemicellulose B
fraction which was also used In the eedrn expenments

Five groups of rats each contarnrn% sweree a
libitum With™5 diets, A to Efora eriod of 28 ays.
diets fed to clfferent groups had the same basic compo
sition,3 but differed only with respect to carbohydrate
fractions as follows:—

Diet A~ 50 gcorn starch per 100 g diet. This was

the“control diet.
Diet B: 40 % corn _ starch and 10 non -starch
_ goly accharices per %

Diet C. ) % corn _ starch and 0 % non-starch

_ polySaccharides per 100

Diet D: égrg oo étarch and Zg hemrceIIquse B

Just maintain_ oF slightly. increase the we|o|

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, vOL. 18, SEPT.-0CT. 1981

Table J. |_It§|1\°/|fect of feedin Elg E&t 'ésga[ri(&h p (Nysaccharlde and
Body wt.
Diet Initial Final Change Other effects
9 9 <N
A 8 85 +3492 No external or internal changes
63 8 +2381 -do-
61 5 - 1803 Weakness, hair-fall, enlarged ce-
cum and stomach (no gas)
D @ 66 1645 No external or internal changes
E 6 9% - 1539 Weakness, enlarged cecum and

stomach (no gas).

‘Results are average of 3 determinations.
For description of diets A-E see text.

Diet E: 46g corn starch and 4 g hemicellulose B

er let.
As shownprn Tab?e 1 the feedrn% of non-starch
polysaccharides, as well as hemicellulose did not result
n an}/ gross abnormalities over the period of 28 days,
except, enlargement of stomach and cecum without any
as, wniett were observed, at 20 per cent leve] of nor-
starch polysaccharides and 4 Rer cent hemicellulose B
The addiition of cellulose to the diet, has been reported

kg to cause a similar enlargement due to the increaed

quantity of volatjle acidS.1l The present observation
suggests that neither the non-starch polysaccharides
nor"the hemicellulose B has a role on gas formatign.
The general weakness, could be, due to the availability

of of insufficient calories or reduction In drqestrbrlrty of

other constitutents by presence of unavailable carho-
ay dratesl2 As shown in Taple lfeedrn? of drets con
tdining 20 per cent non-starch ponsacc arides and
cent hemi-ce Iquse for 28 days resulted in loss of werght
as observed by Fischer13 Diets with 10 per cent non-
starch po 'ysacchandes showed hetter garn i’ weight,
than 2 per’ cent hemr cellulose diets whére the incréase
In wel twasneg igible. Thus, hemicellulose B, as such,
seems 10 retard growth. even at 4 per cent Ie\r/]etl andzmay
a
cent level, while the Gombined non-starch polysaccharide
fraction showed benificial effect at 10 per cent level but
not at 20 per cent level, which is in agreement with the
earlier findingsl4,

As observe |n the Table 2 the different diets contain-
|ng non starch g lysaccharide or hemicellulose B
sowe a?nrovrth nhiancing effect on the small intestine.

Both length as well as werg ht of small intestine were
|ncreased In all the rats recelving diets containing hemi-
cellulose B and non-starch polysaccharides. The effect
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Table 2. *dietary effect of non-starch polysaccharides and hemicellulose on stomach and intestines of rats

A
Small intestine
Length (cm) 11000
Length/g body wt (mm/g) 1.9
Moisture (%) 75.68
Wet wt (g) 249
Wet wtfg body wt (mglg) 29.28
Stomach
Wet wt (g) 150
Wet wt/g body wt (mglg) 17.60
Large intestine
Wet wt (g) 181
Wet wt/g body wt (mglg) 2135

MResults are average of three determinations.

increased with levels of the constituents. These obser-
vations are in agreement with those of Younoszal
et al}Awho have stiggested that weight increase is due to
an increased water content of the fissues, which is also
true in the present case. The type and content of carbo-
hydrates in diet such as corn starch and, fibre is also
shown to he altering the length and weight of small
intestine, /4 16 Hoyiever, thé factor responsible for
Increase in length of intestine is not clearly understood.
Perhaps it may be due to the extension caused by con-
tinuous ﬁressure exerted on the walls of intestine to
propell the bulky stools.13 Although no Pross abnor-
malities were observed with non-starch po }(sacchandes
and 2 per cent hemicellulose B diets, bath the stomach
and large intestine ?alned weight, which increased with
increasing levels of both non-starch polysaccharicles
and hemi-cellulose B _

Thus It seems that the non starch polysaccharides
also have a dietary effect, because of which probably the
mucosal morphology is altered: so as to affect the gastro-
intestingl tract in"particular, as reported earlier with
crude fibre. 4

Bombay University Dept, of A. D. Kamat
Chemical Technology P. R. Kulkarni
Bombay-400 019, India.
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DIET

B C D E
115.00 1140 96.20 99.80
14.75 15.47 1357 16.18
77.00 79.00 78.33 80.82
2.56 1.80 213 2.24
32.75 36.35 2.3 47.65

1.49 1.15 144 127

19.15 2305 21.90 24.25

193 1.30 158 141
24.80 26.05 24.00 25.06
References

1. Liener, I. E., Toxic Constituents o fPlant Foodstuffs, Academic

Press, 1969,

Steggarda, F. R., Richards, E. A. and Rackis, J. J., Proc.
Soc. exp. Biol. Med., 1966, 121, 1235.

Rack s, J. J., Sessa, D. J. Ste?_garda, F. R., Shivamuzum, J.,
Anderson, J. and Peari, S. L., J. Fd Sei., 1970, 35, 634.

M%%gy E. L., Proc. Sixth Dry Beans Res. Conf,, Loss Angles,

Iyengaf, A. K. and Kulkarni, P. R., Evaluation of Nutritive
?9117%|ity ofLegumes, M.Sc., Thesis, University of Bombay,

Helerdoorn, E. W., Fd Teehnol., Champaign, 1969, 23, 795.

Wagr.er, J. R., Becker, R., Gumbmann, M. R. and Oslon,
A., J. Nutr., 1976, 106, 466.

Kodama, K. and Muira, Y., J. Jap. Soc. Fd Nutr., 1949, 2,149

Southgate, D. A. T., J. Sei. Fd Agric., 1969, 20, 326.

Narasaki, T. and Kawamura S. Kagawa Daigaku Nogakubu
Esa(;%utsu Hokoku 1967 18, 154 (Chem. Abstr. 69,

a).

Miller, L). and Bender, A.E., Brit J. Nutr., 1955, 9, 381,

Rubner, M., Arch. Anat, PhvsioL. 1918, 135 (Chem. Abstr.,
14.1367)

Fisher N. in "Molecular Structure and Function of Food
Carbohydrates, Ed. Birch, G. G. and Green L. F.. Applied
Science’ Publishers Ltd., London, 1973, 275-240.

~o

S L0

11
12

13

14. Younoszai, M. K., Adedoyin, M. and Ramshaw. V.. J. Nutr.,
1978, 108, 341, o
15, Moinuddin, J. F. and Wing Tsit Lee, Am. J. Physio!., 1959,

197. 903.
Eastwood M. A., Kirk, Patrie J. R., Mitchell W. D.,Bone, A.
and Hamilton, T., Brit. med. J., 1973, 4, 392.

16.



BOOK REVIEWS

Food and_Health: Science and Technolo[gy: Edlited
By G. G. Birch and K. J Parker, Applied Science
Ublishers, Loncon, 1980, pp 532. Price £. 40,

The title of the book tersely outlings the areas covered.
There are a grouP of papers on food as a broad national
concept: fodds from conception to extreme old age,
food control, health foods and healthy eating, and the
responsibility of a modern food technologist. - Then
COMe  papers deahnq with health consjderations in
relation to EEC legislation, to control of salmonelle,
Clostr|d|a,_chotoxms and other microbiological risks
and to biochemical safefy, followed by a group of
papers that deal with food additives “and contami-
nants (like pesticices), and to a natural anti-nufrient
like erucic acid. After this follow a set of expositions
on food processing in, its relation to detoxification
interaction between food components, nutritional
damage, packa%mg, and plant performance, with a
paperalso on the use of ionising radiatiors to pro-
cess food. Finally come a %roup of papers on nutri-
tion in relation to health: the adequacy of national
diets, optimisation of nutrients, dietary “fibre, obesi
and anorexia, infant nutrition, and “brain develop-
ment In relation to protein deficiency, to food in gene-
ral, and to lead in the environment.

A few observations made In these essays ma¥ Serve
to brlng1 out their quality. Babies born ‘Small- or-alge
never catch up later, hoviever well-nourished they are,
in contrast to rehabilitation following under-nufrition
at older ages. Since the inclusion 0f materials like
Immunoglobulins, lactoferrin and lysozyme into_baby
foods is ot easy, infants should have the benefits of
colostrum and breast milk, even if only for a very short
time. Referringto fortification ofchapafi flourin England
with vitamin D, the opinion IS expressed that “sun-
light Is undoubtedlx the natural way of gettm this
vitamin, and If all Asian children living thére were to
be exposed to_sunlight in summer an qlven_ supple-
mentary vitamin D in winter, rickets would disappear.
The compulsory addition of nutrients to food ingredi-
ents, whether tluoride to all drinking water, o iron
to wheat, Is strongly attacked in another article: ..,
We maﬁ vela/ oroperly use a food as a vehicle for nutri-
ents when geficiency’is likely but personal liberty must
not be infringed, and everyone has a nght to @ non-
medicated water supply”.” About threg and a half

ounds of food additives are being consumed by a

ritisher annually, In this light, oné'is asked to view
the much-malignéd health foods as representing nothing

more or less than an attempt to chopse hlgh-ﬂuall_ty
raw_materials, and to use in processing no" artificial
adlditives whatever, even If these are legally permitted.
Nutrition education is meant to conveit' nutritional
knowl_ed?e into food on_the plate; the question I
essentially one of communication, and the best practical
%{)proach appears 10 rest on the basis of meals as eaten.
code of professional conduct drawn up by the Insti-
tute of Food Science and Technol_o?y of the UK, serves
as a quigeline to a food technologist regarding both his
responsibility for wholesomeness of “food,” and s
integrity towards the profession. It is pointed qut that
banning of nitrite as a food additive may stimulate
home production of ham and bacon, with & significant
danger of @ much greater incidence of botulism than
fron supervised industrial pr_ocessmﬁ. There are getailed
references to studies in India on the aflatoxin toxicity
incident that occurred in a Mysore. hospital, and the
Infested maize consumptiqn episode investigated by the
National Institute of Nutrition, Hyderabad. "For manito-
rmq manufactyring practices through end-product
analysis, properly-gevised tests for certain inclicator. or
Index organisms like enterobacteriaceae, - Lancefield
group D Streptococci, and particular groups of catalage-
Rosmve_ coccl are considered sufficient,” If zero-risk
azard is to be the goal, the difficulties in turn become
nearly infinite: risk must balance benefit.  Perhaps
addfives that prevent either food poisoning or food
spoilage, for which there is a clear technolo%u:al and
economic need, could be separated from others that
Improve (iuallty, ,aﬁpearance_ or nutritive value, the
withdrawal of which would increase neither food poi-
soning nor food spoilage and wasta%e. Nitrites undoubt-
edly inhibit clostridium, but whether nitrosamine at a
0.5 plpb level in food is carcinogenic to humans or notis
5|m_Py not known. _In another article, it is pointed that
while"analytical skills are I’?ﬁldw becomm% more %en-
sitive, the analyst provides o yafr_a[%ment f the Infor-
mation needed to assess any health risk. Food processing
likewise has its pros and Cos, eliminating many toxins
but creating others.. To make baby food, whey or soya
apPears a more suitable starting material than cow’s
milk. It i noteworthy that soya protein isolate has a
PER of only 1.1-1.2 against 2.3 for the defatted toasted
flour. Automation 0f food processing plants would
enhance safety, since this is really bullt into_on-line
computer control. The article onthe use of fonising
radiation for processing food aavocates usage of low-
dose radiation, below 1 Mrad, for control of salmonella,
destruction of Insects, influence on fruit ripening and
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disease, and sprouting-inhibition of root-crops in replace-
ment of ethylene oxide fumigation. The ear%y Maillard
reaction can damage food nutritionally; half the lysine
15 lost in roller drying of milk powder,”or even in $pra
dr_*mg of haby f0ogs, that contain. Iactose-h¥drolyse
milk or glucose. Yet it is the later Maillard reactions that
give rise to the aftractive flavours of haked bread,
roasted coffee, and cooked meat or vegetables. The
dye-binding techniques, applied before and after pro-
plonylation, is recommended for assessing both early
and late Maillard damage. The Ames mutagenici
test is seen as an early " warning rather thana find
arbjter of animal carcmo%emm . Examples are given
to show that calculated protein values are gross unceresti-
mates (65 Per cent of the analysed value for a total meal),
and calculated energy values are gross over estimates
(123 percent of actuals), as are also vitamin C estimates
In many instances. The article on fibre points out the
special value of the filre in wheat in increasing colonial
bacterial mass and faecal bulk, inhibiting “hile and
dehgldroxylatlon, Iowenn%nammonla levels and dllutlng
colonic contents, effects that are best explained b)( th
Bromotlon by fibre of microbial growth in the Targe

owel. The metabolic rate varies with individuals, and
can explain why everything eaten by some peaple runs
fo fat.” A little known recént finding is the high content
in_breast milk of water-soluble vitamin D™ sulphate,
0.8/ug/100 ml, in contrast to just 0.01 n g for vitamin D
itself.” Dietary components™ influence “brain function
through brain neurons. that utilise serotonin, acetyl-
cholirie or norepinephrine, and certain brain diseases
can.in turn be cured by massive doses of Bure nutrients,
While PEM in childrén is accompanied by evidence of
mental and behavioral deficiencies, whethér these are a
direct effect or_through sensory. deprivation is not
known.  The high levels of ervironmental lead are
alarming when viewed against the effect of this metal
in_disturbing mental function. _

There is a great deal in this volume that would interest
food and nutrition scientists, processors and techno-
logists, policy makers and controllers, and indeed all
those in any way connected with food.

K. T. Achaya
C.F.T.R.I. Mysore

Glossorg on alr Pollution: W.H.O. Regional Bulletin
, Copenhagen, 1980, pp. 114. Sw. fr. 12

No.
Air. CpoIIut_ion S _brougtht about by the disposal of
organic and inorganic particles into the air. the material
originating from’living and dead organisms are referred

to as biopollutants. The subject réquires a knowledge

BOOK REVIEWS

of metearology, geography, geology, chemistry, physics
and b|ology.gyltg|sgd{%ﬁ%/uﬁJ togyhave s,uc{]y ap 3)//\/_|de
knowledge in such varying fields when one is specializing
in the field of air ﬁollu jon.  The ‘glossory on_air
ollution’ is a much needed reference” material. The
erms included in the book overwhelmingly prove
that the problem js a man made one.  He excavates
varigus minerals, fractionates them and puts them into
alr, he breaths and spends billions of dollars to Fpurify
air, to reduce ‘nuisance threshold’. A %ood coverage
I5 seen on terms connected with all allied branches
except _bl,ology and the bulletin would have been more
useful if it had incluced blologlcal terms. | hope, inthe
second edition the work would be enlarged and WH.O,
would include terms which might be” communicated
b¥ the users. | have been using:the process of ‘elutri-
ation’ for se{)aratmn of certain Diological material from
soils bu: without the knowledge of the term, and | am
sure, users would be benefited by it. The hook is available
In India from the Regional office of WHO, New Delhi-2,
or from Oxford Bodk Co.

A Ramalingam
University of Mysore, Mysore

Advances in Biochemical Engineering-13. Mass Transfer
and Process Control: by T. K."Ghose, A. Fiechter
and N. Blakebroul%h Spanl)ger—VerIag Berlin,
Heideloerg, N. Y., 2979, pp. Price:? 48.20.

The hook_ contains four. review articles on_ appli-
cation of microcomputers in the study of microbial
processes, dissolved o %en electrodes, power consum-
ptm? In aerated stirred Tank reactor systems and loop
reactors. . _ L

The review on microcomputer applications dliscusses
their use in data requisition, data reduction and process
control. It has been'shown how on-line data acquisition
could be used for the computation of jnaccessible
variables related to phyrsmo-chemmal and ph¥5|olog|cal
conditions of culture. The prolgress macle in the micro-
electronics and mijcrocomputers have been described.
Aspects like hardware configuration, Inferface units
efficacy and limitation of computer aided microbial
cultivations, costs involved and future trends have also
been dealt priefly. . :

The article on” dissolved _oxyﬂsn electrodes discusses
the recent advances, including the theory and prlnuPIe
of and measurement, design construction methods for
different types of electrodes including micro electrodes.
Types of Construction materials and’ their selection is
discussed for electrodes, electrolytes, membranes. In-
formation on the use of these electrodes for the measure-
ment cf volumetric mass, transfer coefficients, respira-
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tion _ rates, permeabilitgyOI

measurements. in ﬁol mer
membranes and oxygen solubilities in cultivation niedia,
have been reviewed:

In the article on power consumption in aerated tank

reactor system, the functions of stirrers are discussed AOA

annﬁ with description of mechanisms of ener? trans-
fer, fluid flow bubble movement with specific feference
to widely used stirrers viz.,, turbing, paddle, propeller
and disk stirrers.. The concept of a molel for ener
transfer has been introduced and developed for paddle
and turbine stirrers. Methods have been discussed for
ene_(rjgy transfer caculations in_simple non-Newtgnjan
fluicS” based on information from™ Newtonian fluids,

The fourth chapter presents data on the latest deve-
lopments on |oop reactors.  Loop reactors are charac-
terised by their simple construction and operation to meet
the exacting demands of bioreactors at comparatively
lower costs, ener%y and maintenance. These have been
classified based on'mode of flow. Theoritical considera-
tions and data have, been presented on fluid dynamics
for hqmq%eneous liquid systems and heterogeneous
solid liquid systems for the"above reactors, =

The Dook 15 yet another contribution bringing out
reviews on topics of current interest thus making the
series more valuable,

Syed Younus Ahmed
C.F.T.R.I, Mysore

Standardization of Analytical Methqdolc())gy for Feeds:
Proceedings of a Workshop held in Offawa, Canada
12-14 March 1979 Editors W, J. Pigden, C. C
Balch and Michael Graham, published Dy the Inter-
national Development Research Centre,” Box 8500,
Ottawa, Canada KIG.

The livestock jndustry is @ multimillion dollar industry
which has now been organized in mogt countries on a
hlghl}{ profit oriented Dasis, = The feed manufacture
Idlus Bv 15 also consequently highly organized, But the
methods of analysis
the feeds to meet'the nutritional requirements of the’live
stock are still not fully standardized and differ from
|aboratory to_laboratory. . This lacuna was recognised
by the commission on animal nutrition set up By the
International Union of Nutritional Sciences. To dliscuss
this and if possible correct it, @ workshop was held in
Ottawa from 12th to 14th March 1979, The proceedings
of this Conference form the sukHect of this monograg .
The topics are discussed under thirteen chapters.
It is natural that the major topic in a workshop of this
nature should_be energy and metabolizable energy for
live stock. . This has Toeen discussed in five chapters,
The analytical methods for assessment are discussed

|
of fee_g to"assess "the efficiency of b
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in two chapters. Trade and legal aspects with particular
reference o the European Economic Community have
been discussed in detail in one cha{)ter. An interesting
discussion on the adoption of methods of analysis by

C and on the procedures to be followed fof colla-
borative study is included in a chapter.

The summary and recommendations of the workshop
are given in the belgmnmg of the monograph.  The
recommendations are preceded by an ntroduction,
emphasising their importance.

he morjograph Is of very ?reat interest to analysts
and chemistS dealing with feeds and fodders and
research laboratories.

. R Chandrasekhara
Bangalore.

Human Nutrition: A Comprehensive Treatise-hA Nutrition
and the Adult  Macronutrients: Roslyn B. Alfin-
Stater and David Kritchevsky, (Ed.) Plenum Press
New York, 1980, pp 290+xviii. Price: $ 25,

. The Book ‘Nutrition and the Adult: Macronutrients’
is one of the four volumes on Human Nutrition, A
Comprehensive Treatise. The ten chapters jn the hook
may be considered under three categories: (1) nutrients
an energ¥] requirements and demarids for maintenance,
E)Z) carbohydrates and fats and inter-relationships
etween thém as suppliers of energy and (3). nutrients
with special functions like proteins and amino acids,
essential fatty acids, cholesterol and dietary fiber.
The opening chapter reviews the techniques used to
determine nutritional status,  nutrient  requirements
and the basis for recommendations.  Chapters 2 and 6
cover. the aspects concerning energy: - calorimetry,
calori¢ allowances, energy balarce, obeSity, under nutri-
tion, basal metaolic, rate, eéc. . _
Absorption, digestion and metabolic interrelation-
ships between carbohydrates and fats are discussed in
chapters 3, 4 and 5.” Two important points that are
rought out clearly are: (1) the differences amang glu-
cose, fructose and"sucrose with reference to their Influ-
ence on lipid metabolism and (2) the limitations in
conclusions arising out of experiments in which carbg-
hydrates and fats"are replaced on a quantitative basis
but. not on an ener?y basis. S
The importance of proteins and amin acids jn tissue
maintenance; essential fatty acids, their function,
effect of excess EFA:. cholesterol, dietary fiber—its
relationship with jntestinal function and dlisease, rela-
tionship with lipid metabolism and the effect of excess
fiber are copsicered in the last four chapters. The
chapter on dietary fiber aptly ends thus; ‘Dietary fiber
is not a panacea, but it may play a role in alleviating
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symptoms in some patients, . If this is so, the furor instead of stated on page 220; his in place of this on
over fiber has been worthwhile’. p. 221 and behooves instead of behaves on. tP 230,
_There is an appendix with three tables: recommended subgect coverage and get up are excellent. Written an
dietary allowances, estimated safe and adequate daily edited by experienced” experts in the area, the volume
dietary intakes of additional selected vitamins and is a valuable reference work for nuritionists, teachers
minerals and mean height and weights and recommend- and research workers.

ed ener%y intake.  ~ N. Chandrasekhara
. Except'for a few minor mistakes: sweetness of fructose CFTR., Mysorf
given as 110 instead of 160 (Table I, p 99); started

~ Statement about ownershilp and other1particulars about the periodical
entitled JOURNAL OF FOOD SCIENCE AND TECHNOLOGY as required to be
%%Iéshed under Rule 8 of the Registration of Newspapers (Central) Rules
| FORM IV
1. Place of Publication Mysore City
2. Periodicity of the Publication Bimonthly
3. Printer's Name Dr. P. Narasimham
o ﬁFo_r and on behalf of AFST)
Nationality ndian
Address CFTRI, Mysore-570 013.
4. Publisher's Name Dr. P. Narasimham
S gFo_r and on behalf of AFST)
Nationality ndian
Address CFTRI, Mysore-570 013.
5. Editor's Name Dr. R. Radhakrishna Murty
Nationality Indian
Address CFTRI, Mysore-570 013.

l, Dr. P. Narasimham hereby declare that the particulars given above
are true to the best of my knowledge and belief.
P. Narasimham

Signature of the Publisher
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Annual Genera! Body Meeting

_The Annual General Body Meeting of the Asso- P

ciation of Food Scientists "& Techiologists (India)
was held on May 9 1981 at ESCAP-RECTT, Bangalore,
India. Dr. K. T. Achaya, President of the assoClation
was in the chair. Dr. K. R. Sreekantiah, Hony. Secre-
tary presented the report on the activities of the associ-
ation during 1980-81. The salient features of the report
are: the increase in the membership of the association
from 1354 to 1690; approval for starting of three new
chapters in- Lucknow, Pantna?ar and " Parbhani; to
hold the First AFST(Il) International. Food Conference
at Bangalore in Ma¥ 982 0
f%r the”coll _Fon of member hIFt) fee bg the respective
chapters; affiliation of AEST(I) to TUFOST with voting
nghts, and conferring of Fellowships and Associateship
ofthe AFST(1) to members. The activities of the various
ch%pters of the association were also read out.

he AGBM took nate of the publication of the Journa
of the association intime during the year and appreciat-
ed the efforts put by Dr. R. Raghakiishna Murthy, the
Editor, the various™ associate editors and the referees.
The CEC, it was pointed out, had recommended for
bringing out a new periodical under the title (tentative
Indian Journal of Food Industries,, and periodic Critica
Reviews in Food Science and Technology.

The recommendation of the CEC to institute an
International Industrial Achievement Award on Food
Science and Technology named after Dr. H. A B
Parlma was also announced by the Secretary which was
well received by the members,  The secretary also
informed about the action being taken to get” space
Inside the CFTRI campus to, construct an office and
Jorary building for the" association.

In the discussion that followed, it was accepted by the
General Body that the election in future for the different
offiees of the"association will_be conclucted tR/the Secre-
tary assisted by 3 non-CEC members. A member’s
suggestion to send stamped cover for return of the ballot
gfloera }ge Increase the percentage of voting was

The Inclusion of editors from foreign countries in the
editorial board of the JFST was also discussed. Accord-
mgIZy the General Body approved that in the subclause
h.22 “Associate Editors not excee,dm% six in_number”,
tége@grase “not exceeding six In Number” may be

The treasurer presented his report for the year alon
with the BU(fgeP proposals forpl981-82. / !
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_This was followed by the announcement of the rece-
lents of the various awards of the association for the
current year,

Prof. V. Subrahmanyan Industrial Achievement Award:
Presented to Sri C. P. Natarajan, Director, Central Food
Technological Research Institute, Mysore, India

Gardner's Award:  Drs, B, M. Mathur and M. R
Sreenivasan of National Dairy Research Institute,
Karnal, India, received this. award for their paper
entitled “ Isolation and Utilisation of Proteins from Whey
Systems of Buffalo Milk on Pilot Plant Scale” published
in Journal of Food Science and Technology—Vol. 16(2),

streamlining the procedure 1979

Young_Scientist Award: This was awarded l\Jlomtl
to Dr."B. Ravindranath, Scientist, CFTRI, Nlysoré,
India and Dr. M. Seenappa, Department of Botany.
National College, Bangalore (at present in Tanzanid),

Suman Food Consultants Travel Award: M. B.
Srinivasan, student of M.Sc. (Food Tech), CFTRI,
Mysore was the recepient of this award for his essay
Bn ‘k‘)(llan,)[\,/lodem Food Technology Solve India’s Food

roblem’

The Secretary’s report and the treasurer’s report were
unanimously approved by the General Body.

The office-bearers of the Association for the year 191
82 were announced by the Hony. Secretary.

President Sri M. K. Panduranga Setty
President-Elect. S S K. Majumder
Vice-Presidents ,
Headcguarters Dr. M. S. Narasinga Rao
Bombay Dr. R Jayaram
Delhi Dr. J. C."Anand
Ludhiana Prof. B. S Bhatia
Pantnagar Prof. B. P. N. Singh
Editor, JFST Dr. R. Radhakrishna Murthy
Hony-Treasurer Dr. D. Narasimha Rao
Hony-Secretary Dr. P. Narasimham

Hony-Jt. Secretary ~ Dr. L V. Venkataraman

The new office bearers were inducted and this was
followed by a brief talk by the new Presicent Sri M. K
Panduranga Setty.

Dr. T. N. Ramachandra Rao roRosed vote of thanks
to the outgoing office-bearers for the able and efficient
work and to the Bangalore Chapter for making the
Meeting a SUCCESs.
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Delhi Chapter o - ces and future prospects and problems” and the other

A seminar was grganised in March 191 on New on “Marketln(]]_ of non-alcoholic beverages and ciuall
Horizons of non-alcdholic drinks in eighties” in New standards™.  The seminar was attended by nearly 20
Delhi, in collaboration with the department of small dele%ates representing industry, university, . research
scale industry, government of India. " There were two  institutes, %overnmen departrents, marketing orga-
technical sesSions, one on “Recent technological advan- nisations, €.

BUDAPEST SYMPOSIUM 1982
ON

FOOD INDUSTRY AND THE ENVIRONMENT
The symposium will be held in September 1982, Following topics will be covered.

1 Size and problems of integration of large agro-industrial concerns.

2. Development of waste-free technologies for special branches of the food industry
involving environmental pollution problems,

3. Environmental problems of the food industry involving the pollution of water and soil.
4. Environmental problems of the food industry involving air pollution.
5. Acoustic trauma and the elimination of noise in the food industry.

.Correspondence may be addressed to Prof. J. Hollo, Central Research Institute for
Chemistry, Hungarian Acddemy of Sciences, H-1025, Budapest Pusztasziri.



Government of India

Ministry of Agriculture

Department of Food
Consultancy Cell

The Consultancy Cell in the Department of Food has been set up to provide con-
sultancy to entrepreneurs interested in setting up of fruits and vegetable processing industries.
The Consultancy Cell comprising of experts in the field of engineering, marketing, processing,
planning and management of fruit and vegetable processing projects, operates as a Depart-

mental unit of the Ministry of Agriculture, Government of India.

The services offered by the Consultancy Cell include survey for availability of raw
materials, market surveys, site selection, cost structure of machinery and buildings, and
financial analysis for the economic viability of the projects. In addition, techno-economic
feasibility studies can be undertaken and complete project reports can also be prepared.
The Consultancy Cell maintains liaison with the leading research institutions of the country and
collects information on the performance of existing industries which are analysed for providing
consultancy to the entrepreneurs interested in setting up of new industries or for modernisation
of the existing industries. The Consultancy Cell has provided consultancy for setting up of
Agro Industrial Complexes, pineapple and mango processing industries, fruitjuice concentration
plants, fruit juice bottling plants and fruit and vegetable canning industry. The Consultancy
Cell advises for the size and product mix for such a unit. The Cell also keeps a liaison with
the leading nationalised banks and financial corporations for advancing loans against project
reports prepared by it as their approved consultant.

Consultancy is provided against a very nominal amount of consultancy fee ie. 1%
of the project cost subject to a minimum and maximum of Rs. 6000 and Rs. 25000 respectively.

No consultancy fee is charged in case the project cost is less than Rs. 1.5 lakhs.

For further details, please contact Joint Director, Consultancy Cell, Department

of Food, Ministry of Agriculture, Government of India, 10/118 Jamnagar House,
New Delhi, India, 110 011.



Prof. V. Subrahmanyan Industrial Achievement Award for the year 1981

The Association of Food Scientists and Technologists (') has instituted this Award.
Nominations for this award for the year 1981 are invited. The guidelines for the award
are as follows:

1. Indian Nationals engaged in the field of Food Science and Technology will be
considered for the award.

2. The Nominee should have contributed to the field of Food Science and Technology,
for the development of Agro-based food and allied industries or to basic food science
and technology with immediate prospect and/or future potential for industrial
application.

3. The nomination should be proposed by a member of the Association; The bio-
data of the candidate together with his consent should be given in detail including
the work done by him and for which he is to be considered for the award.

4. The Awardee will be selected (from the names thus sponsored) by an Expert panel
constituted for the above purpose by the Executive Committee.

Nominations along with bio-data and contributions should be sent by Registered
Post, S0 as to reach Dr. P. NARASIMHAM, Honorary Executive Secretary,
Association of Food Scientists and Technologists (India), Central Food
Technological Research Institute, Mysore-670 013 before 31 January 1982



Dr. H.A.B. Parpia International Award

The Association of Food Scientists and Technologists (India) has decided to institute an annual
Award from 1981 in the name of Dr. H. A. B. Parpia, former Director of Central Food Technological
Research Institute., Mysore, and presently working as senior adviser in F.A.O., Rome.

The Award will be made by the Association of Food Scientists and Technologists (India) for
a person or persons who have significantly contributed to alleviate the problem of hunger and malnutri-
tion, particularly in developing countries, and have cut across national borders through food science
and technology, especially by way of multidisciplinary activity through research, development, techno-
logy transfer, and the building of human resources, institutions and policy.

The Award will include a mounted silver plaque and a citation. It will be made at the Annual
General Body Meeting of the Association or at a separate function where the awardee will deliver a
special lecture. The award would normally be annual, but if no suitable candidate is available in a
particular year, it can be held over.

Young Scientist Award for the Year 1981

Association of Food Scientists and Technologists (India), announces with pleasure the institution
of the YOUNG SCIENTIST AWARD for distinguished scientific research and technological contributions
to the field of Food Science and Technology.

The award consists of a cash prize of Rs. 1,000, a plaque, and a citation.
Nomination for the Award is open to aspirants fulfilling the following conditions:

1. The candidate should be an Indian National below the age of 35 years on the date of application
working in the area of food science and technology.

2. The candidate should furnish evidence of either,

(@) Original scientific research of high quality, primarily by way of published research papers,
and (especially if the papers are under joint authorship) the candidates own contribution to
the work:

(b) Technological contributions of a high order, for example in product development, process
design etc., substantiated with documentary evidence.

The application along with details of contributions and bio-data (in triplicate) may be sent by
Registered post, so as to reach Dr. P. Narasimham, Hon. Exec. Secretary, Association of Food Scientists
and Technologists (India), CFTRI, Mysore-13 before 31 January 1982.



Best Student Award

The Association of Food Scientists and Technologists (India) has instituted a BEST STUDENT
AWARD to be awarded every year to two students with a distinguished academic record and under-
going Final Year Course in Food Science and Technology. The aim of the award is to recognise the

best talent in the field and to ensure wider recognition of food science and technology as professional
discipline.

There are two awards each comprising a cash award of Rs. 500/- and a certificate:
The candidates to be considered for the awards should fulfill the following conditions:
1. They must be Indian nationals

2. They must be students of one of the following:
() M.Sc. (Food Science)/Food Technology
(6) B.Tech.,B.Sc.,Tech., Bsc. Chem. Tech in Food Technology

(z) B. Tech., in food sciences

3. They should not have completed 25 years of age on 31st December of the year
preceding the announcement when their names are sponsored

Heads of Post-graduate Departments in Food Science and Technology may sponsor the name
of one student from each Institution supported by the candidate's biodata, details starting from High
School onwards, including date of birth and his postgraduate performance to date.

Nominations for the year 1981 may be sent by Registered Post so as to reach the Hony. Secretary,
AFST(India), Central Food Technological Research Institute, Mysore-570 013 before 31 January 1982.
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INDIA’S LARGEST MANUFACTURERS AND EXPORTERS OF
[HYCRATED KO GHES

DEHYDRATED GARLIC FLAKES DEHYDRATED GARLIC POWDER
DEHYDRATED ONION FLAKES DEHYDRATED ONION POWDER
BLANCHED ROASTED PEANUTS DEHYDRATED MIXED VEGETABLES
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CABBAGE, CARROTS& OTHER LEAVES, SWEET NEEM AND OTHER
VEGETABLES. SPICES,

mtwjw oceanic dehydrates pvt. lItd,
p. 0. BOXNO. 81,
JAMNAGAR-361001, INDIA.

phones: 2777 & 5722. telex: 0161-239 AIB ODPL IN cable: DEHYDRATES
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PUBLICATIONS
OF

THE ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS (I)
(Central Food Technological Research Institute Campus. Mysore)

1. REVIEWS IN FOOD SCIENCE AND TECHNOLOGY — VOL. IV

Roral 8vo hard hound, P. 255.
Price: India RS
Abroad:  $5 Surface mail
$8 Air mail.
2. PROCEEDINGS OF THE SYMPOSIUM ON DEVELOPI\/IENT AND PROSPECTS OF
SPICE INDUSTRY IN INDIA eim quarto paé)er back, P. 100
p ndia
rlceAbroad $5 Surface mail
$8 Air mail
3. PROCEEDINGS OF THE SYMPOSIUM ON FISH PROCESSING INDUSTRY IN INDIA
HELD AT CFTRI, MYSORE-1975 EII”nI quarto pa(rjper back, P. 156
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