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Determination of Vitamin A in Vanaspati by High Pressure Liquid

Chromatographic Method

sing UV etector

TN. Murthi, VD. Devdhara and Geor%edacob

National Dairy Development Board, Anand

88001, India

Received 9 December 1988; revised 28 June 1989

Vitamin A is extracted from a few mg of vanaspati with isoprgpanol and it is satisfactorily separated as a peak by a rapid liquid
chromatographic (HPLC) method within 5 min. The extraction of vitamin A from the fat phase is complete and it can be determined
by this method without further clean up and saponification procedures at as low as 3 1.U./g. The vitamin A contents of vanaspati

samples were found to be 22 to 25 L.U.Jg.

Vanas ti (hydro enated fat) Wnrch“accounts for 20 per cent
he vegetable fats consume in_our country, 15
nutntronaIIy enrrched by the addition of 25 .U/ ngn vitamin
unng thebend step of the manufacture from partially
nurogenat oils amrnArs estimated by the colorimetric
ethad which is ased on the measurement at 620 nm of the
unstable blue colour resulting from the reaction of vitamin
Aand antimony trichloride2” There are other tests methods
based on ultra-violet absorption3and hi h?h pressure liquid a
chromatography45. In general, these test methods require
hydrolysis”or saPonrfrcatron of the sample. Methods that
Involve a multistep clean-up procedure. make analysis of
vitamin A very time consuming, for routine quality control
use, A simple and rapid method for the estimation of vitamin
A.is a requisite for the vanaspati, industry to ensure a
minimum level of 151.U./q at the retail outlet S per the Gowt,
re uIatrons and the, Indran Standard Specificationso.
srmpean rapid g O!oressure liquid chromatog%raphrc
PLC) method Qescribed here consists of extraction of
vrtamrn A from a few milligrams_of vanaspati sample with
HPLC—qracle isopropanol, Injection of iso-propanol extract
glert%%ttl ron toa Zorbax silica colurmn and detection using UV

Materials and Methods
Aliquots of a standard iso rooanolrc stock solution of
vitamin A 6as almitate) were diluted so as to contain 90,
180and 3601U vitamin'A per 100 m isopropanol, Similarly,
portions of, refined groundnut oil sample with knovin
concentration ofvrtamrn A vvere also drIuted 50 as 0 contarn
BB T7and 3 LU vrtamrn per 4qram ref |ne groun nut
oil. From these oi] samples, abouit 04 g material was ag
separately In a series 0f 25 mi volumetric fiasks. The vanaSpati

samples were melted af 45°C before werghrn AII these
samples were shaken vigorous gr with 20 rage
isopropanol for 4 mrnutes and dllowed fo stand for te min
t0 separate the phases. Optimum level of solvent required for
the complete extraction of vitamin A from the fat phase, Is
determr ed shaking each time 0.4 g of ail sample with
and 25 ml jsopropariol.  Simultaneously,
|so roogngleextract of pure refined groundnut oil sample wes
ghrmadzu HPLC, LC —4A unit equrploed with UV.
detector at 328 nm and isopropanol as mobile solvent, at a
constant flow rate of 0.5 ml/min wes used for all analysison
a Zorhax silica column (25 cm_X 4.6 mm SS).” After
stabilizing the column at a constant flow rate 10A 1of standard
\s,\oalgtrgnegoer(rjtarnrng 90 1.U. vitamin A per 100 ml isopropanol
Inject

Results and Discussion

After 5 min of |n1[ect|on of the above standard, a single
sharp, peak wes objtained. The other standard solutrons
containing 180 and 360, L.U. of vitamin A per 100 m
|sopropanol also gaveasrngle sharp peak, the height (mm
of which was #)ro'oortronal 1othe con?entratron ofvrtamrn
of the standard Htrono f §pro 'irnol extract of
the vanaspatl and Tefined roundnut or mples containing
known levels of vitamin ?ave exactl 8/ 3rm| ar peak gt the
same retention time and al the same detector sensitivity
Fig.l). However, there are other small peaks before and after
vitamin A which are rudiment af hrgh I concentration level
and somewhat prominent at lower concentration level of
vrtamrn A of the extract from the fat phase (Fig.2). Vitamin A
peak oern be easily igentified from these small peaks and
its heignt 15 measlred particularly, at lower concentration
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Isopropanol extract of 36 1.U. Vitamin A per grant
refined groundnut ail
(Lab sample)
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Isopropanol extract of vanaspati
(Market sample)
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Figl. UV. Determination of vitamin A; isopropanolic extraction of refined groundnut oil containing known levels and vanaspati samples.

(Fig.2) by drawing a base line from the starting and endrng
points” of the vitamin A peak. Pure solvent (blank) an
|sopropanol extract of pure refined groundnut ail did hot grve
g g %22 Thus, It Is confirmied that the peak separated
urider these thromatographic conditions corresponds to that
of vitamin A aImrae
However, mrtral It IS essentral {0 ajust the operating
conditions such as
and chart speed to et a reasonable sharp peak for Vitamin
A, Inthis Investigation, a constant flow rate of 0.5 ml/min,
asam Ie volume 0f 1010 30n sensitivi at4andachart
IEee o t5 mm/ mmwasuse to et reproduc eresults for
estandard and. the sample. Ol to Solvent, ratio o 150
Wwtivol) resulted in a comPIete extractron of vitamin A from
the oil phase. It IS Important to limit the size of the ail or
?naspatr sa etoae%/vmr Ira s§00t040 ).in 20
ml 1sopropanol not only or the complete extraction orvitamin

f¥OW rafe, samp £ SIZe, Iﬂ]ECtIOI’l sensitivity

A from the sample but also to save the column (capacrty of
the column.used is 30 M1of the extract?] from over loadi g
Vitamin A'in 1sopropanol extract or standard solutions te d
] under%o detgrrora lon after 8 hr at arnbrent conditions and
a er 43r under rerigeration. Thererore, tne extracts were
chromatographed vvrthout much delay and wathin 30 min after
the extraction.

A calibration curve of vitamin A congentration against their
peak heights as determined by the HPLC wes drawriand based
on_the sandard curve the concentratron of vrtamrn An

refrned groun nut oil sam eswasca cu at T us refined
roun nut oll (la contar Ing 0 I vitamin
gave 32, 15 7an res ectrvely as calcula ed from

thestandard curve. Therefore Xtraction of vitamin A from
the 0il phase is comrflete Wit 150 If< Hpr opanol and grves values
which ar ecompara e with the levels, TTie vanaspatl
samples (market) by this method contained 22 to 25 I.U.Jg.
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Fig.2. UV. determination of vitamin A : isopropanolic extraction of refined groundnut oil containing known levels.

Uatl

The concentration of vitamin A&I U, /g) in oil samples were  References

also verified by the following e

Vitamin A = -5 v

where Ais the peak helﬁ] tof the samPIe Bis the peak height
oft e standard, e concentration of the standard”in
L.U.ml, D.1s the final volume of the sample and S Is the
sample welght In Igrams
his HPL.C method asattsfactory separation of
V|tam|n A from the isopropanol extract of vanaspatt sample
was effected in 5 min on a Zorbax silica column followed
by UV, detection Eas low as 3 1.U./g) withouf further clean
up and saponification procedures.

1 The Prevention of Food Adulteration Act, 1954. 9th Ed., Eastern Book
%)lmpany Law Publishers and Book Sellers, Lalbagh, Lucknow; 1968,

2. Subramanyam G B and Perrish D B, Colorimetric reagents for
determmlnﬂzltamm A in feeds and foods, J ass OffAnaljt Chem,

3. DamnWJand Evelyn K A, The determmatlon ofV|tam|n Awith photo-
electric colorimeter, Blochem

4. ThompsonJ N Hatina G anu Mawvell W B, H Rh performance liquid
chromatoq(rapmc determination of vitamin A in margarine, milk,
partlal 8/ immed milk and skimmed milk, J Ass Offanalyt Chem,

5 AutzenuIIerKPllzJand Tosche R, Fast determination of vitamin A
palmitate in margarine by HPLC, Fette: Seifen.Anstichm, 1979, 8L 40.

6. Specification for Vanaspati (First Revision) 1S: 10633 — 1985, Indian
Standards Institution, New Delhi, 197.
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Amylase and Protease Production by Bacillus subtilis:
tudies on Improvement of Strain and Medium

SN. Kadrekar and G.B. Ranasarma

Research

Laboratories,

Raptakos, Brett & Co. Ltd., Worli, Bombay — 400 025, India

Received 23 December 1988; revised 19 July 1989

Resting ceils ofa local strain of Bacillus subtilis were subjected to repeated treatment with the mutagenic agent, N-methyl-N"-nitro-
N-nitrosoguanidine (NTG), with a view to developing improved mutant strains for production of a-amylase and protease. A simplified
agar-plate procedure was developed for screening the mutants. An improved strain, NTG-121, was isolated; it produced on liquid
culture medium under stationary conditions 17.7 FIP units of amylase activity and 0.66 F1P units of protease activity per ml of
broth compared to 1061 and 0.36 units respectively produced by the parent strain. Further treatment of growing cultures of mutant
NTG-121 with the same mutagenic agent resulted in mutants producing more jf protease (157 units per ml) but less of amylase
(14.7 units per ml). Addition of corn-steep liguor, mineral salts mixture (Ca, Mn, Zn, PO"), starch and casein to the liquid culture
medium  in which strain NTG-121 was grown, increased the production of amylase and protease to 24.7 and 2.67 FIP units respectively

per ml of broth.

Amylases and proteases are widely used in food, pharma-
ceutical and other industries'Some of these enzymes are
commercially produced from bacterial - fermentations,
especially with Bagillus subtilis. Hi h_-gneldm straing of this
organisn are obtained by screenin . iSolates “trom different
sotrces and further improved mducmg mutat|onf&5.
However, the published literattre provides very little
information of value on the procedures emPoned In
developing the commercially used strains or the” actual
enzyme yields obfained”. DeSpite recent avances In genetic
enlgme_enng, the older procedures of mutagenesis and random
screening dre still consicered to be cost-efrective and reliable
methods"of strain improvementl _

The purpose of the ,oresent_ study was o develop improved
mutant strains from a locally isolated strain of Bacillus Subtilis
and to study the effect of adding different nutrients to the
cultyre mf 1um on the Producﬂon of a -amylase and protease
by the selected mutant strain,

Materials and Methods N _
Bacterial culture; _ After 3 é)rellmma_ screening of three
different cultures of B subtilis, a local 1solate obtained from
the Indian Agricultural Research Institute, Delh, wes selected
for éhese ?tu Ies. The culture was maintained on solid culture
medium (vide Infra). _ _ -
I\/Iﬂta enic agent: N-Methyl-N'-nitro-N-nitrosoguanidin
Fluka, W, Germany).
Media ingredients:  Bacto geptone {ryptone, yeast extract
and agar (Difco Laboratories, USA.):
Beef éxtract (Hi-Media Laboratories, Bombay)

O D

Casein hg/drol Sate E\I;r_lP/a Chemicals, Bompay
Com-steép liduor (Anif" Starch Products, Ahmedabad)
Soluble casein (€. “Merck W, G_ermang/%

Soluble starch (Glaxo Laboratories, Bombay)
Maltose SE. Merck, W. German

Solid culture medium: - Peptong 6.0 % trgptone 400, %east
extract 30 P bef extract 15 .glucos 109 and agar _.Og
In 1000 mi: pH 7.0: test tupe contamln% 10 mI" portion
of the medium were sterilised at 120°C (15 I steam pressure)
for 20 min, cooled and stored in refrigerator. .

Liguid culture mediuny: It was of the same compasition
as the solid culture mediym but with the omission of agar;
50 ml or 25 ml of the medium were placed in 250 ml coriical
ﬂask? and sterifized smlarlgl. _

Cell suspension for mutagenic. treatment: Ten ml of
a24 hr culture of the stram_?rown in 50 ml of liquid culture
medium at 37°C wes centrifuiged at 3000 rp.m. for 10 min
and the cells were aseptically Washed three times with sterile
norma] saline; the washed cells were resuspended in 10 ml
of sterile saline and suitably diluted in sterile butfer solution
so that the final suspension had an optical densi
corresponqu t0 a concentration of 2 x 105 cells per m.

Mutagenic treatment:  To 9 ml of the cell suspension in
0.1M phosphate buffer of pH 7.2 placed in each Of five test
tubes was added 1 ml of sterile solution containing_graded
amounts 0 (control), 150. 500 1000 and 1500 meg) of the
mutagen, -methyl-N'-n|tro-N-n|t_rosoguan|d|ne (NTG).
Dun r%;,exposure 0 the mutagenic aqe_nt. 1 ml of the
suspension was aseptically withdrawn at intervals of 10 20,
3, 40 and 60 min,
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Selection of mutants:  Each treated sample was asef)tlcally
centrifuged at 3000 r.p.m. for 10 min and the cells were
washed three times with_ sterile saling. The washed cell
suspension was serially diluted in sterile saline so that 01
ml of the suspension, iwhen Plated in solid culture mediym
containing 2 per cent of soluble starch or 1 per cent of casein
%ave 3-5' colonies per plate on jncubafion at 37°C for 72

I The plates were visually examined and the colonies were
counted In ordler to calculate the percentage of survivors. Two
or 3 colonies showing the widest zones™of starch or casein
hydrolysis %nde Infra) were isolated from the treated plates
and streakedl on nutrient agar slants; after incubation for 24
fr_the slants were stored"In refrigerator;

The alility of, each strain o produce a -amylase and
protease in & liquid medium wes studied using the followlng
procedure. A 24 hr growth of the strain in 50 ml of liqui
culture megiium wes centrifuged at 3000 rp,m. for 10 min
and the cells were suspendedin 10 ml of sterile saline; 125
ml of this suspension was. inoculated into 25 my of sterile
liquid medium contained in a 500 ml conical flask. After
Incubation under stationary conditions for 72 hr at 37°C, the
cells were removed by centrifuging and the clear broth was
used for estimating the enzyme “activities by the F.LP.
methods®, One F.L.P. unit of amylase activity is contained in
that amount of the standard preparation ‘that, under the
conditions of the assay, decomposes starch at an jnitial rate
such that one micro-equivalent of glucosidic linkage is
hydrolysed.per min. Ong F.LP. unit Qf protease a_ctmtz 15
contained in that amount of the standard preparation that,
under the conditions of the assaP/ hyarolyses casein at an
inital rate such that there 1S iberated” per min an amount of
pepticees not precipitated by trichloroacetic acid that gives the
same absorbance at 2/ nm as one micromole of fyrosine.

Results and Discussion o
_Mutagenic studies: The Iprocedure described in the
literatured4 to screen the treated cells for amylase or
protease proauction consisted of isglating the. individUal cells
pIatlnIg them on solid nutrient mealium containing, L per cent
soluble starch or 0.5 per cent soluble casein and, after
Incubation spraying the plates with difute iodine solution or
dilute hyarochloric acid so that the clear zone around each
colony Could he meastred: the cells corresponding to colonies
with Widest zones were selected as the most promising mutant
strains. |n the, present studoy, tftis two-step, procedure was
greatg/ simplified by mcorf rating in the solid medium 2 per
cent of soluble starch or L per cent of soluble casein which
Imparted sufficient opacity to the medium so that the clear
zone of hydrolysis could be measured directly without the
need for spraying with iodine solution or hlydrochlonc acid
and the cells Trom the selected colony couldl be transferred
to slants. This procedure wes successfully apPhed In pickin
out the more productive mutant strains from the treated cells
for further evaluation by broth culture,

Parent strain 1ARI
(106; 0.36)

NTG-1 NTG-2 NTG-3
(14.1: 0.45) (135: 0.41) (129; 041)
NTG-L1 NIG12 NGB
(153 0451 (177 0.9) (159; 049

b e 1

NTG-L21 NTG-122

(177: 056) (165; 067)

Fig 1 NTG treatment on resting cells of R subrilis.The parenthetical values
represent F.LP. units of Qt-amylase and -protease activities,
respectively, per ml of broth.

It was observed that, on treatment with NTG at a
concentration of 1000 and 1500 meg per 10 ml for 30 to 60
min, the mortality rate of the cells wes about 80 per cent and
some of the, surviving cells proved to be better producers of
amylase activity. B(y repeated treatment with NTG. a series
of mutants, designated as NTG-L, NTG-12 and NTG-121, were
obtained. The fesults of evaluagion of enzyme production
the parent and mutant strains are shown in Fg. '
Asth ar&;iase production seemed o have reached a pldteal
with NTG—12L, it wes not subjected to any further treatment
under the same conditions. However, in view of the
reported”" Use of growm cultures of Neurosgora crassa for
mutagenic treatment, thiS procedure was tried on the mutant
strai NTG-L2L for possible |mProvement. Actively groyvmg
cells of the mutant were inoculated into 10 ml of e liqui
culture medium containing graced amounts (50, 100, 200, 30

Starting mutant A (NTG-121)
(176; 4.66)

AN
(118 08))

AN-lI
(135, 112)

AN-12
02.9; 104>

AN
(141; 150

AN
(147: 157)

Fig 2. NTG treatment on growin% cultures of B. subtilis. mutants. The
parenthetical values represent F.I.P. units of a-amylase and protease
activities, respectively, per ml of broth.
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Table L Effect of additional nutrients on enzyme production by mutant ntg-121

Medium  Composition of medium Enzyme activity (F.IP units/ml broth)
No. a -Amylase Protease
A Liquid culture medium 180 0n
B A with casein hydrolysate in place of peptone & tryptone 159 (.56
C B + 0.2% com steep liquor 174 0.0
D C + salt mixture* 183 10
E D + 1% soluble casein 175 12
F D + 1% soluble starch 208 209
G F + 1%soluble casein _ 208 243
H G with peptone & tryptone in place of casein hydrolysate 21 2.
I H + 1% maltose 247 261

*0.1% of each of CaCl_(anhyelr), MnSO.. 4H.0, ZnS0,. THO and KHPO,.

500, 1000, 1500, 1600, 1700 1800, 1900 and 2000 megr?, of  protease activities res ect|veley), shake-flask culture 2¥|elded
NTG and jncubated at 37°C for 24 fr, The tube contaiming  much higher levels of enzymé production, namely, 27 4 and
16 mg of NTG per 10ml showed a minimum of growth. The 4,08 units per ml of amylase and protease res ectlveIY. This
mutant . isolated from this tube wes tested for enzyme suggests that submer?e aerobic fermentation would _be
Productlon by the. methods described earlier. By repeated Pre erable for Ia_rge scale produiction of the two enzymes using
reatment under similar conditions, successive generations  the mutant strain NTG-121

of mutants were obtained. For the Purpose of screening the  Acknowledgement

mutants, use was made of solid culture medium containing ~The authors thank the mana?ement of Raptakos, Brett &
li)er cent of casein since mutagenic treatment of grovvm Co. Ltd. for providing facilies and encouragement for
cultures resulted in mutants with i:qher grotease production.  carrying ouf this work™ Thanks are also due 1 Mr, RV.
The results presented In the Fig. 2 show that these - junriarkar of Anil Starch Products Ltd., Ahmedabad, for the
mutants produiced lower levels of a-amylase but much h’{?her supply of com-steep liquor,

levels of protease. Thus, the fourth genération mutant A-N-11

was able to produce more than double the amount of protease  References

con{geared o the Sﬂaﬂli]% strain J\IT GJ2L 1 Fogarty W Mand Kelly C T, Amylases, amyloglucosidases and related
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The frequency of grains with scutellum in the 14 varieties of milled rice varied from 12 to 86%. In the high scutellum retention
(SR) varieties, acementing material was present between the epithelial layer and endosperm cells. In low SR varieties, this material
was absent. SR in milled rice increased with a decrease in the initial moisture of raw brown rice, by parbailing, and occurred
more with Satake than McGill polisher. Brokens in the brown rice prior to milling was associated with low SR in milled rice. The
thiamine content of milled rice with scutellum was more (124 to 138 p.g/100 g) than that without scutellum (80 to 84 pg/100 ).
High SR variety retained more thiamine than the low SR variety even after washin(}). Scutellum retention in milled rice is thus

nutritionally beneficial and can be enhanced by improving varietal and processing

M|II|n% IS an Important operation In rice processing to
remove the fibrous bran which covers the surface of the grain
and to make it more palatable and dlﬁ;est!ble. Durlng this
process, partly or fully the nutritionally rich aleurong and
subaleurone [ayers as well as the %erm aré also eroded causing
a substantial riutritional Joss in.

s In the milled grain12. Attempfs
are beln% made in several directions to minimise these l0sses
Some_ of the methods suggested are giving low polish2,
parboiling the rice3t and Geveloping grainS with uniform
distribution of nutrients. _

In_rice, the germ is present_on the ventral side of the
proximal end Of  the qra_m?. The embryonic axis (EA
present on the peripheral side consists of the dormant shoo
(Plumule) and root (radicle) along with their associateg
structures. During milling Operation, most of the EA is
removed dug, to Its characteristic surface position. The
scutellum which accounts for nearl}é/go_ er cent by weigh
of the germg Is Iocate?1 below the EA | a_depres%lon and
15, tnus mare protected than the latter, Depending on the extent
of its adhesiveness and o other milling conditions, it may
e retained partially or fully or removed totaII)( during milling.
The scutellum accounts for 50 per cent ofthe thiamirie present
in the brown rice and containg Substantial amounts of proteins,
faf and other Important minerals8l0. lts retention In the
milled rice 1s, therefore, of great nutritional Importance,

The present studly was designed to %enerate information
on the extent of varietal variation in scutellum retention (SR),
chemical and histological peculiarities and the methods by
which maximum ecoriomic benefits are achieved by reducing
loss of scutellum in milled rice.

*To whom all correspondence should be addressed.
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Materials and Methods _

SamPIe reparation:  Paddy was harvested at a moisture
content of 20-24 per cent and shade-dried to ahout 13 per
cent. For the study of the effect of moisture content on SR,
Separate samgles Viere shade-dried to moisture levels r_antgmg%
from 15810 98 per cent, Al of them were stored in air- |?h
containrs at 5°C until milled. Moisture content was estimated
as per the methoa of Indudnara Swamy et al. 1

. Scutellum retTnnon in the milled rice: Paddgwas shelled
ina McGill shefler No.2 and brown rice ontained. DuPhcate
H e
| A, Ice
) McGéﬁP l\/)|(||II NOYZ usmgi a staﬁarg_awasfon pressure
FZ Ib loag). Samples of about 10g milled rice were withdrawn
or detailéd stuay at each degree of milling. About 100whole
grains in duplicate samples Were randomly selected from each
sample of milled rice and scored for the presence or ahsence
of scutellum, The visibility of scutellum was improved by
staining the lipids with Sudén IV, A magnifying lens was used
ggﬂtgﬁ%ate Judgement regarding préserice ‘or absence of

Cracked grains and milling breakage: _Samples from the
varieties were collected at“optimum (20 to 24 per cent
moisture) as well as advance sta%es of maturltlyn oto I/
per cent moisture). They were shade-dried to a moisture of
about 13 per cent. Perceritage of cracked grains in the samFIes
was estimated by using a paday crack’ detector Millin
%reakatgellthrme Was estimated by the method of Raghavendr
a0 et'al.
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Parboiling;  Parboiled rice was prepared s per the method
of Kurien &t al. ¥

Proportion_of germ and scutellum in rice: - The germ in
the brown rice Was dissected by a razor blade and the
scutellum in the milled rice by"a_chiselled needle. The
proportion of germ by weight wes estimated by collecting one
8ram of germ from a random sample of ‘brown rice in

?Ircate and that of scutellum in randomly selected 100
milled ?rarns in guplicate.

Histo 9y of rice germ: Ten micron thick mr&rot Hne
sections ofrice were Prepared5h They were stained with 1
per cent a Bous squtron of methylene blue and 1 per cent

rosrn In alcohol,

ect fmrIIrng machines on SR: - MeGill mill No. 2, (a
metal roI er friction typer) and Satake laboratory grain testrng
mill (an abrasive typé of mill with an emery dis¢) were use
for this study. About 150 ¢ of brown rice vias milled in each
kind of mill"unti a desired polish wes achieved. About 100
\frvhoée grains In duplicate were randomly selected and scored

o

Chemical analysrs Protein content wes estimated in the
brown rice samples by mrcrokgeldahl method. Oil content of
germ and bran wes’ estimated by Soxhlet method usrng
Betroleum ether 60-80°CT/ Thiamine content vrras estrmate
y Thiochrome method5Bin brown rice and, in C and tly
grarns 0 reEresent grains with and without scute um
espectrve l:_)y or estrmatrng thiamine content In washed rice
samples. ri(o milled rice in duplicate with 2 volumes of
water was taken ina beaker and stirred for 60 sec. The water
was drained out, and the sample thus, recovered was dried
at foom temperature until 1t attained its original moisture
before estimation,

Fig. 1 Scoring criteria for scutellum retention in milled rice. A - Brown rice with intact embryonic axis (EA) and scutellum (S) =
nce E\tage 1? EA partially removed and $ intact; C — Polished rice (Stage 2) EA completely removed and S intact;
etely removed and S partially removed; E — Polished rice”(Stage 4) Germ completely removed.

comp

Results and Discussion

On the basis ot the proportion of the germ retained in the
mrIIed rrcesam les, |ve sof arnswerer denti |edwh ch
were desig nate C, At each stage. of
mil rnP n%;rarnso A BandCcate orres Were treated “with
scutellint ar.d those of D and F fype without scutellum,
Among the 14varieties studlied, the degree of SR wes h|%hl
arrable At6 per 5 nt mrIIrn% it Wes rrlrhest n Srt
YG er cent) and lowest er cen an
Intermediate in other varieties (r e 1) The. factors
associated with SR could be broadly classified into two
categories, Viz., those which were heritable and varietal, or
hysical and environmental, In the ]Ovarretres listed in Table
1 the rqerm and ?rarn vverghts protein content of brown rice
and 0 content of germ e not related to SR. The oil content
ra)n ééréc uding germ) showed an inverse relation with SR

The histohgical studies %ht crosco(w sh?wed that
in rice the scutellum 1S made Tp of paren Syma cells of
nregular shape, similar to those observe ntosBan 1S
confiectedto'the endosperm by means of an epithefial layer
Fig.2a). The presence of a scutellar epithelium has been
bservéd In rice, wheat and maize. |n rice, the cells of
eoithelium were eIongated and ap eared like trngers (Fr 2a)
similar dto those obServed W omeranz%

observe that the ends ofthe tinger-like epit eIraI ce swere
Impregnated with a, cementing  material,  which vvas
[es onsrble torw}rt] trght adher nce_ of the germ to the
endgsperm In wheat. - MacMastersZ, Mahadeva ga and
Desrkachar2 and Bechtel and Pomeran223 have observed
crushed cell mass, devoid of protoplasm. between the
endosperm and scutellar epithelium in rrce The presence of

Germ: B —Polished
polrshed rice (Stage
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Table 1. Scutellum retention (sr)in milled rice and

OIL CONTENT IN BRAN AMONG RICE VARIETIES

_ Grains with Oil_con-
Variety SR in 6% tent in bran
milled rice

(%) ()
Sitabhog 86 206
Mangala 84 226
KMP-41 Jil 25
KMP-39+ 68 ND
Infan 64 232
Shastikasali 64 214
Lagore 62 yiN|
SiL 54 2.1
[RAT-10 5 233
S19 49 235
ES-18+ ) 214
ADT-27+ kil 26
Madhu" 23 ND
Vani 2 246

+ Not included in the statistical analysis (full data were not available)
ND Not done o
SR vs Qil content, r = -0.699 (Significant at 5% level)

these crushed, structurally defective cells, also termed as
fibrous, zone was shown'to be responsible for the eas
separation of the germ from the endosperm23 MacMasters
postulated that thése amorphous cells form an adherent layer

f‘x
n,
o

between the qerm and the endosperm and offer resistance to
germ remova
In all the high SR var|et|es |n WhICh the roportlon of
grains with scutellum ranged from 5 Rer cent, a
cementtn material Cl\v%sa aent 0 the |t ehal la er
toward st e enclosperm was, thic an promi ent
wheregs inthe low SR varjeties the CM appeare 10 e absent
(Fig. 2a). This sugﬂests the possible role of CM In the tthh
adnerence of scutellum in_high SR varieties, Wolf et al.2*
have su %Jested that the variation in hemicellulose content at
the scutellar reglon must be responsible for the variation in
adherence of sCutellum in maize. In rice, the formation of
a cleavage line In the region between the epithelium and the
endosperm in a low SR variety (*Vanr’) is shown in Fig.2c.
The apparent absence of CM possibly Causing easy cleavage
15 8IS0 evident in the F{%Hrel erised form d
erm 15 remaved Winole or in pulverised form durin
mmnggo eration. $0, it Is ratherH cu?t 0 determing th
proportion of germ in the form of scutellum left in the milled
rain. A preliminary study has, however, indicated that the
roPortlon of scutelfum in the C type grains of the 6 per cent
Ied [ice_Was hetween 0%8 and 1 %er cent b Welﬂ]
(Taple 2). This constituted about 24.2 t0 39.3 per cént of e
{otal germ weight and wes roughly proporttonal to the original
erm weight in different varietigs. The literature value 0f 50
er cent scutellum in the germ8was estimated! In the brown
rice, The slightly lower Values we obtained appear to be
pertinent since thiey are estimated in the milled rice in which

g

Figs. 2a and 2b. nght micrographs of Longitudinal sections (L/S) of rice grains at the attachment point between endosperm and germ in low (a (?
high (b) scutellum retention varieties, (a ég)EptthehaI layer without cementing material, (b) Epithelial layer with cementing materia

Endosperm’ (EN), Scutellar Epithelium (

Cementing material (CM) and Germ (GJ, (X 780).

Fig. 2. nght micrograph of L/S of rice grain showing Endosperm (EN) Coenocytic cell mass (CCM), Cleavage line (CL), Scutellar Epithelium (SE)

and Scutellum (S), (x 19).
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Table2. Weightofgerm andscutellum retained in
6% MILLED RICE

, Scutellum

Variety Germ wt as % Scutellum
content inmilled as % of germ
{%) C type rice

Sitabhog 4, 18 393

Sukanandi 36 1.20 33

Shastikasaii 30 089 27

ST0L 32 0.84 2.7

Mangala 24 0.58 24.2

the peripheral portion of the scutellum is likely to be lost
during milling due to abrasion. . _

The moisture content prior to milling showed an inverse
relation with SR in the two varieties. The SR increased from
ahout 50 to 70 per cent when the moisture was decreased
from Bto 0 percent (Fig. 3). .. ..

The effect of parboiling Was studied in 6 varieties (F|g.4).
SR increased in Vani’, ‘ES-18) ‘IRAT-10"and ‘519" in 6 per
cent milled rice on parboiling. In ‘Intan”and ‘Lagore’ in which
the SR was high its further increase was small. A'similar trend
was noticed in the effect of po_hshmg machines on SR. In
Vani”" the scutellum retention increaSed from 12:to 51 per
cent in raw rice and 35 to 68 per cent in parboiled rice (Fig.5)
when the Satake grain testing mill (an emery abrasion type
which produces relatively millder abrasion than the McGill
polisher) was used against a metal roller friction type Megill

olishera This bereficial effect of Satake pofisher over

cGill polisher was not found in the h|g?h retention variety,
‘Intan’. These results indicated that the Toss of scutellum in
milling can be reduced either by making the bondage strong
by hydrothermal treatment, such as partioiling, or By milling
under low abrasive conditions. This advantage ‘is more
prongunced in varieties in which the scutellum’attachment
I relatively weak as_in Vani than in varieties in which
scutellum attachment is tight.

®
o
1

~
o
T

[«
Q
1

KNP 39

Groins with scutelium (%)
wm
[=]
L

KNP ¢1

&
(=]

1 1 1 1
10 1" 12 13

Moisture (%)

Fig. 3 Effect of moisture content of brown rice on scutellum retention in
milled rice.

14 15 16

o

. The effect of degree of milling on SR was studied in 10
rice varieties. Inthé low SR variefies, such as Vani’ ‘Madhu’
etc., the rate of removal of scutellum wes faster than those

‘L (ntan

IRAT-10

Es 18

= Row
B Parboiled

vani

i ! 1 1 1 1 1

| 1
O 10 20 30 40 50 60 70 80
Groins with scutellum (%)

Fig. 4. Effect of parboiling on scutellum retention in milled rice of different
varieties.

L1 1
40 50 60 70 80

Groins witn scutellum %

1

1 1 1
0O 10 20 30

Fig. 5. Effect of polishers on scutellum retention in milled rice A— Vani,

B —Intan.
Raw milled McGill Polisher

1

2. Parboiled milled
3. Raw milled
4, Parboiled milled

Satake Polisher
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Fig. 6. Effect of degree of milling on scutellum retention in milled rice.

L Sitabhog, 2. Intan, 3. IRAT-10, 4, KMP - 41, 5. KMP-39,
6. S701, 7. ADT-27, 8. 5199 9. Madhu and 10 Vani.
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Fig. 7. Effect of scutellum retention on thiamine content of rice
A Intan B: Vani
1 Brown rice, _
2. Milled rice with scutellum (C tgpe grain),
3. Milled rice without scutellum (E type grain) and
. Washed milled rice.

4
of high SR varieties and in such varieties the loss of scutellum
cou] bf minimised b IgNm? a low polish to the rice,
preferably less than 4 per” cen (F(I]g.ﬁ). .
The effect on SR of brokens producéd during milling due
to preformed cracks In the late harvested samples wes stiidied
In two rice varieties, | tge hlﬁ]h retention Vf)rlfty, Tntan{
samples having no cracked grams gave very little’breakage
(2 per cent) ddring milling &nd retained high proportion of

scutellum {6_4 per_cent), whereas, in the same variety those
which contained 70 per cent cracked grains gave adout 71
Per cent breakage, b_mgm% the SR aown to 28 per cent. In
he low retention variety, Vani, the decrease in the SR due
to high percentage of cracked grains (40 per cent) and
breakage (6/ Per cent) was from 23 to 16 per cent.” This
Clearly” indicates the “adverse effect of brokens on SR
especially In varieties pogsessing a high tendency to retain
scutellum in the milled rice. _

Although extensive work has been done on the physio-
logical, &8 histological" 273 and chemical918) aspects of
sciteHum in cereals; the nutritional significance of scutellum
In rice has not received the attention’It deserved. This ma
be due to jts minuteness and also aplp_ears to be due to |
Inevitable loss during most of the m|_I|n8 operations. Intan
and \Vani as brown rice, 6 per cent milled with and without
scutellum showed a thiamine content of 340, 133, 80 and 353
124, 84 Ixgy100g respectively. The thiamine retained in milled
rice.after washing was 108% and 50.9 pig/200g in Intan and
Vani (Fig.7) indicating, the greater resistancé of high SR
variety a?alnst washing losses as compared to low SR varigty.

The study has shown. that the retention or removal of
scutellym durln% milling is primarjly a function of the degree
of its adherence'to the endosperm by a cementing layer. Other
factors which ensure high SR in milled rice inclide lower
moisture and crack freg conditigns of the paddy prior. o
milling, parboiling, use of polishing equipment which
employs a relatively mild abrasive force'to debran and givin
low polish especially to the low SR varieties. Vfrie
selection, optimum harvesting ang controlled drying,of paddy
are the beneficial approaches for mcreasmP SRinmilled ricg,
It I shown that even a portion, of scutellum retained in the
milled rice can considerably enrich thiamine content in human
diet. There seems to be arv excellent scope for improving the
ttgﬁgtugse status of the milled rice by breeding high' SR
varieties.
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Samples of sorghum malt germinated for 5 days were dried at 50,60 and 70°C for 24 hr. Samples were collected at 4 hourly intervals,
mashed using 3 stage decoction method and dimethyl sulphice content in head space of samples wes determined by a gas
chromatographic method. Dimethyl sulphide levels decreased as drying temperature and time increased.

The importance of dimethyl sulphide (DMS) in the flavour
of Iager beer has led to much work on the rolé of precursors
of DMS in malting and brewingZ2. The principal source of
dimethyl sulphide”in the absenCe of serious wort infection
appears fo be a heat labile precursor containing S-methyl
methionine (SMM)34. Recently, "however, 1t has been
observed that DS ¢an be produced in beer mage from worts
which contain no_significant concentration of precursor.5

In a malting trial “carried out by some workersg, it was
found that the Qreater the moisture Content of the germinating
grain and the Higher the germination temRerature, the greater
Wwas the DMS ‘precursor content. In the drying process,
mcreasmg the d mg temperature . caused mcreasmg
decompoSition of DMS precursor and this decompositio
continued during kilning. Also, the level of dimethyl Sulphide
decreased as thé kilning temperature increased. 7Narziss et
al.6had reported that decoction mashing process produced
wort with lower dimethyl sulphie tharl infusion mashing.
Wilson and BooerLreported that increasing the boiling tire
and temperature led to,the decrease of dimethyl sulphide in
wort due to the chemical decomposition of SMM to free
dlmeth# sulphide which was lost by, volatilisation. Anness8
found that all DMS P_resent In beer ariginates ultimately from
thermal decomposition of SMM, a comPound synthiesized
during the germinatin of barley. It has also beensuggeste
that yRast can synthesize SMM and that metabolic breakdown
of this compotind was responsible for some of the DMS
produced during yeast fermentation.9

Most brewing “inaustries jn Nigeria now use malted
sorghum In lager beer production. No report exists, in
literature on the effect of malting and wart production
garameters on the ?lmethyl sulp_hld?]_content 0fso ghum wort

I beer. The results reported In this paper are toncerned
mal%on the effect of derg temlgerature and duration on
the DMS content of sorghur wort.

2ANC
Q_LQ

d sl

13

rain is shown
a%d time on the
1 The

Materials and Methods _ _
A sorghum variety, ‘L1499, obtained from the Institute of
Agriculfural Resedrch, Samaru, Zaria, was used. The
sorghum grain was analysed for one thousand kernel weight,
moisture Content, germinative energy, germmanve capamty
and wafer sensitivity. DThe fat, protéin and nitrogen contents
were also determiried. _
Sorghum saméjle 1kg) wes steePed_ in tap water for 24 .
The water was changed at 6 hourly intervals. At the end of
24 r, the grains iere drained and heaped in a Rlastlc
container to'conserve heat of germination. After 24 f, the
raing were spread evenly orf a wet jute bag. They ‘were
erminated at 20+ 1°C for 5 gays and water Was sprinkled
n the germinating grains as the need arose. RAt the end of
germination, the gréen sorghum malt wes divided into three
Porﬂons. One portion was dried at a temperature of 50°C,
he other %ortwn was dried at 60°C and the third portion was
dried at 70°C. Samples (20g) were collected from each
portion at 4 hourly intervals.“Rootlets were removed from
mgnrélgrlted sorghum samples and ground finely ina Waring
The different sorghum malt samples were mashed ina 250
ml beaker using “three staﬁe ecoction process,? The
resulting wort samples were fiftered and analysed for dimethyl
(DMS) content.1
Results and Discussion
_ Tt;% resuFt of the analysis, of the sorghum
in Table 1 The effect ordrying temperature an
concentration of dimethyl sulphide is shown in Fﬁ h
concentration of d;methgl sulphide decreased as tfe drgmq
time Increased, with thé lowest concentration being got 4
24 hr of d&ym . This agrees with the work of Narziss &t al.6
who found that incre mP the dr&\r}%tlme of barley malt
increased the decomposition of precursor with the
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Table 1. Analyses of sorghum grain

Moisture content (%) 8.26
Nitrogen &%) 167
Protein (N X 6.25) E% 104
Germinative energy (% %
Germinative capacity (%) 9%
One thousand kernel wt (g) 26.21
Fat “as is” (%) 320
Fat “dry basis” (%) 350
Water sensitivity 0
080
070
0-60

-

=
050|™ .

b3

O
040| ,

=

[a]
030
0-20
010

2 8 12 16 20 2%
DRYING TIME IN HOURS

Fig. 1 Effect ofd(yin%temperature_and time on Dimethyl Sulphide (DMS)
concentration samBIe dried at 50°C; T sample dried at 60°C;
A sample dried at 70°C.

resultant decrease in DMS level. The highest level of DMS
Wwas got at a drémﬂ]t_emperature 0f50°C while the lowest level
was ot at 70°C. This result agrees with the work of Nakajima
and Narziss7 who found that DMS levels in barley malt
decreased as kilning temperature rose. This can be 6)}(;1& neq
by the fact, that igh temPerature leads o the chemical
decomposition of S-methyl methionine which is a DMS

precursor to freg dimethyl sulphide which is then lost by
volatilisation8 Sorghum malt is usually dried at 50°C {0
conserve the enzynies in the malt® From the present stugy
it 1S evident that the highest concentration of DMS was In
sorghum malt dried at 50°C.. Annessghas reported that in
the"mashing process, SMM is extracted from malt and Is
driven off dlring wort boiling. Therefore, requlatlon of DMS
concentraticn in'sorghum wort can then hest be achieved by
variation of the length and severity of wort boiling.

_In conclusion, thig studa( shows thiat sorghum malf contains
dimethyl subide. Singe dimethyl sulphiaé plays an |mﬁortant
role Inf the flavour of lager béers, It is important that the
conditions cf sorghum malt dr)Amg are controlled to regulate
the presence of DMS in sorghum wort
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The rate equation involved two parameters ix. hydration constant (B) and diffusion constant (D) and their dependence on temperature
has been studied. The hydration constant increased with temperature, while the diffusion constant increased with the increase in
temperature and initial moisture content. Similarly, activation energy required during soaking decreased with increase in the initial
moisture content. Diffusion related activation energy did not show any significant relationship with the initial moisture content.
Various empirical equations developed for the prediction of the rate of moisture absorption, hydration constant, and diffusion constant
are reported. The correlation coefficient (r = 08 - 09) of these empirical equations are found to be highly significant.

Dry heans are usually hydrated prior to cooking. While
cooking, physico-chemical changes take place in the products
leading to Softening of the product, which can be easily
consuimed. The efféct of hydration rate on the quality of the
product as well as various processes for preparing’ quick-
cooking dry bean is reported in the literature.3 ~

Very littfe information is, available on the _th,ranon and
cooking rate of Faba hean (Viciafaba L.) which is recently
being introduced in India, for cultivation. Faba bean is a
legume crop of high, yielding in nature and contains 20-25
DEr cent protein, which_indicates its potential us in Indian
diets as protein source. Therefore, present investigation Wes
undertaken (1) to study the effect of temperature and intial
moisture content on hydration rate, and ( %to_study the effect
of degree of hydration on the rate of softening by cooking
as measured by INSTRON Universal testing machine. The
rate of moisture absorption dunnq(soakmg pI@P(s animporant
role In reducing the soakmgy/cooking time. To achieve this,
the knowled%_e of saturation moiSture content value is
essential, which indicates the upper limit of moisture
absorption by particular grain/material without any physico-
chemical change in the Materiald, The rate of water uptake
by the_grain S directly proportional to the difference of
saturation moisture content and the moisture content of the
grain at any given time L.e.

AMIAG @ (MS = M )..comrvnmnnrnnnnn
or dvdG =P (Ms- M)

Where, Ms is the initial saturation moisture content, M is
the Initial moisture content, p 15 the hydration constant,

Rate of moisture absorption. is very much influenced by
the temperature of soaking medium which can be represented
by Arrhenius law.

)

Where, A = constant having same unit as the hydration
constant, E = activation energy, kcalkg molé, R =
Universal gas constant, kcalkg mole, T = absolute
temperature, °K, _

Water absorption in dr){ legumes is a complex process of
diffusion with swelling. In addition, there are two distinct
resistances. to diffusion, the seed coat and the cotyledons.5
The qiffusibility of water in solid, is estimated by studying
sorption kinetics.6 The sorption kinetic method 1S based on
the assumption that the adsorption and desorption rate follows
the unsteadly-state aiffusion equation through the solid sample,
the surfacé resistance to mass transfer”is assumed to be
ne?hglble, the diffusion is assumed to take place from both
flat strfaces of the sample. The solutions of the unsteady-
state tran_3|en2 diffusion equation for constant diffusivity are
avallable In graphical form for the basmshaﬁeofslab, Infinite
cylinder and sphere.6 They are similar to the solution of the

Ourier equation for unSteady state condition. For each
8eometr_|c shape, the concentrafion rafio is g!ven 8 a function
)t Fourier numboer, DYL2, where D is the Qiffusivity, t is the
time, and L is the slah half thickness, or the radits for the
cylinder or sP_here._ _ _

In the sorption Kinetics method, the fractional uptake or
loss of the diffusent in the sample (m/mg) is plotted versus
(t/L2%. Here, m is the water adsorbed after time t, mcis the

Present address: ‘Department of Post-Harvest Process & Food Engineering, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) India.
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equilibrium value at infinite time. The approximate relation
for soIvrn? Unsteady state diffusion equation after considering
approgna e initial and boundary conaition gives the following
expre sionb.

D= 0049
(VL212

Where, D | |s the diffusion constant, mas and (t/Lay ttmg

corres onds 1o half”equilibriums, m/rn
|ffusrvu¥ of various compounds degends on {he temperature

ggg Itehe ollowing forms™ of Arrhénius equation has been
D = EdRT2 v
d dt d ()

Where EDis the energy of activation for diffusion.

Materials and Methods
Faba bean variety (‘JV Zg dal wes obtained from the
Department of Post=harvest Process and Food Engtneen
INKVV, Jabalpur, The inttial moisture content of the cal
adgusted {0 120 20,0 and 30,0 per cent (d.b.). Ten gram of
the sample was taken i pyrex boiling tube and 100 ml of
distilled water was added fo it. The pyrex boiling tube was
Immersed in a thermostatically controlled water ath fixed
%a predetermined temgerature 1.8. 25, 40, 60 and 80°C. After
the predetermined soaking time (5, 30, 45
180 min) the dal sample was emoved from borlrnc% tule, The
data on change In radius (r) and moisture content of the
sam le were” determined. “Similarly in another set of
genment the presoake daI sample 82 4 6and 24 hr) at
m tem erature(b ked at 98°C + L1in
te ex 0| Ing tu eforva |ng Ien th of time (15, 30 4,
120 min).. After completion ot cooking, the sample
Was analysed for its textural properttes using | TRON 1104
(UKQ Universal testing machine.
TS O o i 0 DL B ool
U Icu |
of cooked al. The gross head@rave?wasf?fed? 3 mm dlepth
compression of cooked dal. The chart speed 8500 mm/min)
was also fixed. Average Joad of ten reipltcatto s for each set
of sample was noted. The textural property wes expressed
In terms of degree of cooking (Kg force/d. grain).

Results and  Discussion

The, variation of the moisture contents of Faba bean dal
at various temperature and time levels during soaking are
shown in Fig L It is seen that at higher temperature the rate
of moisture absorBtton (DM/dO gher com re
to the Iovv temperatUre. To reacn a morsture content 5

d matter) at 25°C, Faba bean dal took 90 min

whtle at |t took only: 30 min. It appears, therefore, that
temperature gadrent dunng soaking Was the main driving
force In moisture absorption.

170

150

4%0

3
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d wa0 /1903 BRY MATTER
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o +0 18 20
Time  s)

Fig. 1 Water absorption during soaking at various temperatures.

The saturation moisture content (Ms) was_essential to
mvestrgate the soaking rate equation (Eqn. 2). The values of
Ms at Qifferent initial moisture contents élz 20.and 30.d.b.)
and temperatures are 9|ven In Fig.2._Saturation moisture
contents were 67.5, 775, 795 and 835 per cent (d.b.),
respectively at 25° (RT), 40°, 60 and 80°C. It has been

18
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Fig. 2. Rate of moisture absorption v/s moisture content at soaking
temperature of 80°C.
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Table L Effect of temperature and initial moisture content on values of hydration constant = i/min),
DIFFUSION CONSTANT (D = M25)

Initial Temperaure

moisture 25°C 40°C 60°C 80°C

content

(%d.b.) B Dx 10 [ Dx 107 ! Dx 10 d Dx D
2 0.072 38 0.079 471 0.180 550 021 568
20 0.046 5.56 0.067 550 0.0% 6.44 0101 6.62
Kl 0114 58 014 6.621 0.189 6.80 0.200 142

Table 2. Functional relationship between hydration constant, diffusion constant and temperature at
VARIOUS LEVELS OF INITIAL MOISTURE CONTENT

Initial . e ,
moisture  Hydration constant (P) Correlation Diffusion constant (D) Correlation
content coefficient (r) coefficient (r)
(% db.)

iV Ing = 51512 - 4664.03RT 0.94 InD = 145699 - « 10366 x 10 “RT 0.75
20 Ind = 2.2555 - 3134.95RT 0.94 InD = 131044 - 783.78IRT 0.90
3 (3 = 165114 - 2249.65/RT 0.98 InD = 132992 - 5934LRT 0.92

observed that values of Ms increased with the increase in  and valugs of (t/L')S were obtained and used for calculatmg
temperature, values of D. The values of diffusion constant at each level
aturation moisture content related to each temperature wes  of temperature and Initial moisture content are presented. in
used to plot rate of moisture adsorption (dnvd () ) versus ﬁMs Table "1 It is_ seen that diffusion constant increased with
M) and the resulted curve showed a stramiht line. The S oRe increase in initial moisture content and temperature. Since
ofthe straight line gave the constant {hydra ion constant). The  diffusion constants were also found to be femperature
hydration Constant”at each temperature and different Tevels degend_ent, a linear relationship between diffusion constant
of initial moisture content are Presented in Table 1 The and reciprocal of absolute temperature (1/T) on semilog scale,
correlation coefficient (r) values for each empirical equation  was obtained. The Slope of the stra|ght_ line of the curve wes
are also presented jn Table 2. The highly significant values  used to calculate difusion related activation energy. These
of correlation coefficient indicated that in general more than  energies (E ) were 10366 X 104 78378 and 59341
80 per cent of the total variation of the oiServed data could  kealfkg mol. K respectively at 12, 20and 30 per cent (d.h.)
be explained by these empirical models. When the values 'p - moisture content. The functional relationship between
were plotted against various levels of temperature and initidl  ditfusion constant (Dgand reciprocal of absolute temperature
moisture content, it resulted in a straight line, which a%am (UT) from equation (b) are given in Table 2. These empirical
confirms that rate of water ab_sor%tmn was temperature  equations (Table 2) can be uised to predict hydration constant
dependent. A linear relationship between the hydration  and diffusion constant of Faba bean dal at a temperature ran?e
constant @and reciprocal of absolute temperatyre (U'T).on (25 - 80°C). In general, these empirical equation could
semilog scale showed that the data fitted well to the equation eEEIaln ot than 80 per cent of the total variation In the
gctglgﬁoﬂ%%%rﬁ t(hEe) StTrﬁlegQétil\I/g%ovr\{aesngrsged (tlg C%?Htle%t\e/vépg ’ ervE_ atﬁ' istics: Faba bean dal sample initiall
- \ teristics; n dal sample initia
466403, 313495 and 2249.65 keallkg Tl , respectively soe(l:lge% (! rcz’aza}cg a4 h?, %ngacoo?(egaath% i
at 1220 and 30 pej cent (d.b.) moisture content. It wes (ﬁookmg temperature) for 15 30, 45, 60 and 220 min, showed
observed that the Velue of (E ) Oecreased with Increase In - hat degree of cooking (kg forcelg, ra|r2 decreased witf
initial moisture content i.¢. higher the initial moisture content  ncreasd 1n time of COOkmq 18, %a| ecame softer.
of Faba bean dal lesser will be the energy requirement during — ~The inifial moisture coritent of the dal before cookln%
soaking. The functional relatlonsh|P between hydratio  influenced the degree of cooking with greater intensity tha
constant (Bg and reciprocal of absolute temperature (1/T) from  the time of cookirig. For gptimum cooking of any grain, the
equation (3).are given in Tadle 2.~ . %ram should have Saturation moisture content. Hence. Faba
ne diffusion constant (D) during soaking at vrious levels - bean dal at 12 per cent (.. initial moisture content havin
of temperature was determingd Using equation (4). In this  obtained a Saturation moistlre content (675 per cent d._bg
values of m/mc versus ( VL") were plotted in the graph  at 98°C and its related hardness data or degree of cooking
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Fig. 3. Effect of soaking on degree of cooking ofFaba bean dal at 98°C.

(10kg. forcefy. grain) was taken as basis for calculating the

time Tequired” by Faba bean dal to reach optimum cooking

level (Fig.3). It has been observed that Faba bean dal took
20 min.for 24 hr soaked sample while without soaked
sample (con:rol) took 120 min to_attain oE_tlmum degree of
cooking (10 k. force/g. grain). The coo mg_ time 0f Faba
bean dal WhﬁB compared” with ot%eBr convegI |orl1al dal, 1463
igeon pea (Omin), green gram (93 myn), black gram
FFn?n) c?cki;ea J]ﬁ r%m) an% _soyEean %%80 rr?m ,re_vegled
thatFaba béan dal takes less time to cook In comparison to
soybearr, chickpea and black gram. | _

t 15 therefore, concluded that soaking and cooking rate
parameters are dependent on temperature and initial molsture
content. The determinations of soaking and cooking rate and
data on rate parameters may be used"in the design of large
scale cooking equipments.
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Tivo model storage structures of evaporative cooling (EC) were designed, fabricated and their relative performance in curtailing
weight losses and sprouting during storage of potatoes was evaluated in June/July and October/November months. System I, is
ametallic chamber without perforations of the evaporative surfaces for restricting ventilation, which maintains a RH of 90 + 5%,
and system I1is a weld mesh chamber (2.5 cm2mesh) with the evaporative sides covered with wet cloth to provide free movement
of evaporatively cooled air, which maintains a RH of 85 + 5%, Both the systems reduced the physiological losses in weight of potatoes
during storage compared to those stored at ambient conditions (20-30°C, RH 40-80%). However, the system | has recorded less
physiological weight loss than the system 11.Both the systems maintained the temperature of air inside the EC closer to wet bulb
temperature. Storing potatoes pretreated with sodium salt of naphthalene acetic acid (NAA) containing fungicide, Benlate each

at 1000 p.p.m. concentration, in the EC containers had slightly reduced sprouting compared to untreated tubers an

Shrivelling due to water loss is one ofthe serious Problems
encountered during storage of potatoes under tropical ambient
conditions. Since Tefrigerated storage IS expensive, in recent
years, there is a shift in the emphdsis from cold Storage to
Other alternative storage s¥stems. Evaporative cool st_oraﬁe
15 one such alternative”system that is being explored n the
country. Dunn? 3 months storage under” EC conditions
weight loss of 9 per cent as against 151 per cent
In country store wes reported’. The" present Investigation
emp_logmg two Systems ot evaporative cooling containers wes
carried out toassess (1) their_ efficacy In_maintaining
temperature close to wef bulb with h|lgh relative hymidity
Insige EC chamber and (ii) the weight osses, sprouting and
spoilage of potatoes during storage.

Materials and Methods :
_Descrlé)tmn ofthe EC. chambers: The system | usedin
this_study was the same as described “in an earlier
publication.2 The system 11 resembles system | in all
respects except that the outer metallic chambier was replaced
br%/ 8 Weld mesh (mesh size 2.5 cm23|ze2 basket. The we|
esh basket is covered with wet qunny Cloth, the latter did
not obstruct ventilation. The top fray Used in '[hl? system (fo
serve as reservolr of water to keepthe gunny cloth remain
wet) wes devoid of vents. The performance of these two
structures loaded with potatoes was studied in June/July and
October/November months, _ _
. Potatoes were qwen apost-harvest dlip treatment for S min
in an aqueous solution of sodium salt of naphthalene acetic
acig at 1000 p.p.m., contamm? 1000 E).p.m. benlate 3After
surface drying, the tubers were filled into'a Smaller weld mesh
(25 cm2'mesh size) baskets and stored insice the E. C.

¢ anddry hulh

19

eliminated spoilage.

systems. Untreated tubers (dipped in water and surface drled%
%iused as controls. The untr%ated and treated tubers geac

) Were separated from each ofner. Treated and untreated
Otatogs stored In %unny bags at ambient conditions (22-35°C,

H 50-80 per cent) served as controls,

Ten tubers, each from untreated and treated lots were
marked, and distributed in the respective lots of potatoes held
in the EC chambers and in ﬁunny ba%s kept at ambient. They
were_we|?hed individually & the commencement of
experimentand at reqular intervals subse%uentl {0 determine
the physiological loss'in weight. The temperatures ofair inside
the evaparafive cool chambers were recorded with probes of
a. Six channel d|q|tal temperature indicator. The core
temperature of the Tubers placed at the center of the E.C.
chamber was determined with g sterile needle probe pierced
into the geometrical center of the tuber and the relative
humidity of the air inside the E.C. chamber was worked out
b% recordlng the wet bulb temperature by fixing, a wick
Immersed in water, to the probe kept Inside the chamber,
Ambjent temPeratures were recorded periogically with a wet

hermometer and from their differehce RH was
obtained, The experiments were terminated when the
evaporation of water wes reduced due to change of season.
At the end of the experiment, the n%mber ofsPrgut d tubers,
}gg gngr& weignt of sprouts and number of spoiled tuioers were

Results and Djscussion _ _
Temgeratur_efluctuatmns: Durlng June and July, the daily
fluctuations in temperatures of ambient air between 9 a.m,
and 5 p.m. indicated that the dry bull temperature fluctuated
between 24.5 and 28.3°C, while the wet bulb temperature
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fluctuated between 21.5°C and 22.5°C. As agamst this, the
temPerature of alr_inside the EC chamber (System |

Huctuated between 22.2 and 23°C while the temperature

Potato core fluctuated between 22.0 and 22.5°C. The core
emperature of Potato during the afternoons wes even less than
that of ambient wet bulb témperature ma;nl;( hecause of the
raise in the wet bulb temperature of ambierit air, and due to

Table 1 Day time fluctuations®in temperature
ANDRELATIVE HUMIDITY OF AMBIENT AIR AND IN
THE E.C. STORAGE Sgg]r'E%\_ASESDURING STORAGE OF

Time of recording
9am Lam. lpm 3pm 5pm
Rabi crop (June-July —30 days)
a Ambient air:

Storage method

Dry bulb 45 265 83 219 268
Wet bulb A5 20 24 25 20
b. In EC System I:
Potato core 20 20 21 22 25
Air 22 25 28 80 28
Kharif crop (Oct-Nov. -- 48 days)
a2 Ambient air:
Dry bulb 45 215 85 05 87
Wet bulb A0 20 22 25 22
RH (%) 720 595 545 40 520
b In System |.
Air temp. 232 B3 85 240 245
RH (%) B % B D &
C.In System II:
Air temp. A0 243 20 25 22
RH (%) 8 & 8 8 80

@ Mean values for the storage period.

the gifferences in the specific heats of air and potato. (Table 12
Similarly, auring the October and November month
between 9 am. and 5 p.m. the dry bulb temperature of
ambient air fluctuated between 24.5°and 30.5°C, while the
wet bulb between 2L0and 22.5°C. Inthe EC. stora%a Sg/stem
|, the air temperature was between 23.2 and 24.5°C; and in
System 11, it was between 210.and 22.5°C, The temperature
variation in System Il was less than that in System I, probably
because. of free movement of air, The relative humidity of
the ambient air during this period fluctuated between 45°and
120 per cent, while'in System | it was between 85 and %
Per cent, and :n System 11 between 80 and 88 per cent, The
ower RH inside the S)istem |1 was probably hecause of free

air_ movement (Table 1). _

Physmlogu:a loss in weight and sprouting of potatoes;
Front the data presented in"Table 2, both in summer and
winter months, the potatoes stored in Sgstem | have ost
around 1 per cent of their weight in 30 days period while
in System 11 (employed durmg October/November months
only) has lost around L5 per cent as against a loss of around
2.5°Per cent at ambient conditions for the same period of
storage. Under M)(sore ambient conditions, since the fluctua-
fions Tn R. H. and temperattire are within narrow range, the loss
In weight of potatoes stored at ambient conditions Wes around

9 per cent Re_r month. However, as Varma and
Sukumaran' n their studies noted the fosses in weight at
ambient conditions in North India during, summer wolld be
far higher. Since the relative humidities of the air maintained
In S;ﬁtem | are between 85 and % per cent, with a loss in
weight around . per cent per month, It can be expected that
this™System will considerably reduce the we|g1ht |osses to
around 5 per cent in 3 months storage. It may also be noted
y\}glt hhtel (t) S%gtsment, as expected did"not show any effect on

Sgroutmg and spoilage ofpotatoes: - The data on sprouting

Table 2. Physiological loss in weight, sprouting and spoilage of potato tubers in storage

Parameter Ambient EC. storage
Untreated Treated* Untreated Treated*
Physiological loss in wt (%)
Kariff crop 8une/JuIy, 30" days) 257+0.71 2.44+0.51 110+0.25" 0904047
Rabi crop (Oct.-Nov. 48 days) 4.14+0.30 4.03+0.36 152+0.17 1.68+0.31"
: 2.60+0.25 2.20+0.20
Mean loss in 30 days 258 248 102 0.9'
, 162 1382
Sprouting®
Sprouted (%) 100 84 100 84
Fresh wt of sprouts (/100 tubers) %1 216 101 171
Spoiled tubers (%) 45 0 0 0

# Treated with NAA and Benlate
(1) System I; (2) System 2.

(©Sprouting and spoilage data are for EC, system 1 during June/July experiment. Sprouting and spoilage data not recorded for Oct/Nov. experiment

as the experiment was Closed early as winter started.
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of potatoes (Table 2) indicate that both uncler ambient and
storage conditions, a slight reduction in sproutrr(rjg
o serveq | AAtreated tupers cg aoared o untreate L
[€S wero tof sprouts snows that NAA treatment has
significantly reduced sprout growth andl was equally effective
In curtarlrn% sprout rowt both under ambient”and E.C.
storagje con rtrons untreated tubers stored at ambient
condl |onssovve soraeo ger cent.
Thus the results presen ed in i Coaper show that EC.
chamber (System I) maintains 1t0 2°C above that of ambient
wet bulb témperature together with high reIatrve humrdr
(90+5 oer cent) thus enabling to rectice weight | osses 0
around 1 per cent ger month. The System I with perforations
on the evagoratrv surface not onIy maintains tem peratures
srmr ar to System | but also maintains lower RH, probably
because oft e free arr crrculatron The SB/stem [, which is
based on the wet bulb rrncrpe has been successfully
employed in the stor eofag es and orangF% ased on tf
sa ezrrncr e, an EC stor Be chamber of 50 kg cap acr
has been desrgned fabricated for home scale preservatron

of fruits and ve%etables In rural and urban areas to meet the
need of low and middle income groups.
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The effect of the extrusion process variables, such as length/diameter ratio (L/D) of the extruder, composition of feed temperature
of extrusion, and screw speed, on extrudate microstructure, was studied. The extrudates were produced from blends of wheat
flour and partially dried low-cost marine fishes through a single-screw, variable-length extruder-cooker, with a barrel bore of 25
mm. Examination of the extrudates under scanning electron microscope revealed that higher L/D ratio, and incorporation of higher
amount of fish in the extruder feed yielded a product with organized fibrous microstructure. These products can be used as an
analogue for fish or meat. Expanded fish snacks, on the other hand, could be generated by use of lower L/D ratio or feed ratio.
Increase in temperature (100-140°C) helped the texturization process by fibre formation whereas the effect of screw speed (30-90

r.p.m.) on extrudate microstructure was not clear.

Thermoplastic extrusion combines the heating of food
products with the act of extrusion to create fabricatéd, cooked
and shaped products of varying texture by using a wide range
of ingredients such as plant® (oilseeds, Cereals, etc.
micropial 4 and animal sourcessr. The current variety. of
extruded products s highly impressive8 Extrusion cooking
can produce a chewy, Structured extrudate which has been
found suitable as “a meat extender and is used after
rehydration_by the schogl lunch Erogramme in different
countriesd. Tre low cost fish, particularly of marine source
may also be used to have meat ananguesDor expanged fish
snacks™ or crackers2such that a better utilization of marine
resource, which is at present under-utilized in nature, may
find a proper use

The problems associated with all fabricated extruded
products lie in the creation of texture. Apart from the different
phgsmal and mechanical methods of texture measurements
and sensory assessments’ of the extruded products, the
MICroscopiC examination of the same 1S also considered to
be a good tool for examination of its texturebas food texture
15 a result of microstructure, which, In turn, depends upon
the physical forces on chemical componentsT/

The process variables like Iength of extruder, composition
of feed, moisture content of feefl, temperature of extrusmn
Screw. speed, pressure rise urln% extrision efc. have
significant effects on product ‘texturization189 and
microstructure) Kltabatake et aZl found that Iong barrel
extruder helped in texturization which proved that I2ngth of

extruder could play a vital role in Broduct texture and should
be considered as a ?rocess variaole
In our previous, st VZZ We have re|oorted that extruded
groducts are nuthtlonal well acceptable. The present paper
escries the. effect of the extrusion process variables over
the m|crostrh(cture of extrudates obtained through the
extrusion-cooking In a single screw cooking extrud

Materials and Method cf

Wheatflour: Refined wheat flour (locally called ma|da)
Was screened through a 100 mesh sieve to remove cl um s
or forel nmatenas If (Proxmate composmon
1) of wheat flour was obtained by AOAC methods2

Fish:  Bombay Duck (Harp odon nehereusg a low-cost
maring fish wes Collected in ?ood condition ang was brought
under ice. The head, fins, taifand visera were discarcled, and

Table 1. Proximate comsosmon of Bombay duck fish

MUSCLE AND WHEAT FLOUR
Fish Wheat flour
Moisture S%) 89.72+ 1.9 14.04+0.72
Protein® (%) 6.78+0.58 10.27+0.87
Fat % 086+01 0.84+0.20
2.07+0.33 0.7240.09
drate (%) 057 7413

arb
Eb 25 for fish and N x 5.7 for wheat flour ,
The values are the mean +standard deviation of 5 observations.

*Present address:  Discipline of Confectionery and Convenience Foods,Central Food Technological Research Institute, Mysore —570 013, India.
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the fish was cleaned with tap water before shcmg into pieces
of thickness less than 10 mm. These pieces were partially
dried at 60-65°C in a tray dryer &D Instruments and
Equipments, Calcutta) for 3-4 hr; to attain a moisture content
that wes a little lower than 40 per cent. The raw fish muscle
was also analyzed for Its proximate composition
Extruder; “A sm(l]le-screw variable Ienqth, cooking
extruder with a barref bore of 25 mm was developed2iin the
course of the Present study. This stainless steel extruder could
be adjusted at three different lengths (8, 12and lotimes the
interrial dliameter of the barrel) by use of different screws and
Interchangeable barrel sections. The ratio of the channel
depths at the start of the feed and metering section was 3
The length of the feed-transition section of thé screw wes fixed
at 20 o, whereas the length of the metering section wes made
variable at 0, 10.or 20 cm (corresponding to L/D = §, .
and 16 respectively). The extruder was provided with
electrical heaters fitted externally to, the harrel and wes
e(ﬂw g_ed with automatic control “devices for temIJoerature.
Provision was made to measure temperature and p
the food dough during extrusion. The clearance between the
flight of screw and harrel was 0.2 mm. The helix angle and
pitch gmeasured horizontally) of the extruder screw as 22°
and 28 mm, res?ectwely. _ o
Preparation offeed for extrusion; The semi-ried fish
were ground ina laboratory grinder; then a calculated amount
of wheat flour wes added; and mixed well to obtain a
homogeneous feed. The amounts of fish and wheat flour were
adiusted In stich a way that their respective solid ratios were
1,21 or 31 Care wes taken to avoid Iumpmg. The moisture
content of the feed was then adjusted at 35 pef"cent by adding
a little tap water, and mixed for another 5 min. Each lot wes
Packed_ In double-walled polyethylene gouches, and allowed
0 equilibriate overnight at 4-5°C In a refrigerator. Before

extrusion, the feed “was allowed to come to ambient fih

temperature (28-30°C) and remixed for 2 min after checking
Its moisture confent, _

Extrusion:  The blend of fish and wheat flour wes then
passed through the specially developed, variable length food
extruder, using a die of Ien%th 215 mm, and diameter 8 m.
The process Variahles for te extrusion of fish/wheat-flour
blenas were the L/D ratio (8, 12 and 16), feed ratio of fish
and wheat flour (L1 2.1 and 3:1); température of extrusion
100, 2 and 140°C ), and screw speed (3 60and90r.g.m.3.

hus, i all & combinations were possible. The number of
replications was three.

Microstructure of extrudate: The extruded rods_were
cryofractured hy liquidl nitrogen immersion technique’s. The
cross and iongitudinal sections, of the cryofractured sections
were Iyophilized to make them free of maisture, The extruder
feed (moisture content 35 per cent) were dwectlx lyophilized.
Silver paste wes used to mount the samgles on fhe stu% The

samples were coated with gold In vacuum using a Sputter

LD =8 1

essure of

Fig. L SEM photomicrograph (800x) of extruder feed (prior to extrusion)
having fish and wheat flour solid ratio of 2.1

Scale bar 10M

coater and exam.ned at 25 KV witfi PSEM Scanning Electron
Microscope. (Model No. 500, Phillips, Holland):

Results and Discussion _ _

Feed microstructure: Fig. 1 shows the SEM mjcrograEh
ofthe extrucler feed just prior to extrusion (feed ratio =2 P
Fused masses and 10osely bound spherical bodies are visible
In this micrograph.,

Effect of L/D ratio: Fig. 2A, 2B and 2C are the SEM
mmrophotograghs_ (50x)of the cross-sections of extruded rod,
produced at varying L/D ratios at 8 12and 16 In Fig. 2A,
surface is full of cracks, holes, pits and pores but to a'lesser
extent in Fig 2B and 2C. Fig. 3A 3B and 3C are the
respective higher magnification (300x) and inclined (20°)
views of Fig. 2A, 28 and 2C, reéﬁec_twelg/. Practically_no
SRUC0-CroS m_kmg or Interfacial adhesion IS observed InFig-
A whereas, Fig. 3B shows some ofthem. Fig, 3C shows so
fibres s if they are emerging out of the extruded rod and
IS perpendicular to the plane of cross-section. Thus, Fq 3C
shows fibre _ermatlon | ? Doargcular direction as a restilt of
extrusion wit _IonsqerpL =10) sorew.

Fig. 4 and Fig. 5 are the cross-sectional views of product,
obtained from the smallest and largest screw (L/D=8 and
16, respectively). A crack in F|g. 2"Ais focussed at hlgher
magnification (IOCOx) as has peén seen in Fig. 4. The cracks
usually vary In lengt (mag/ be upto few hundred migrons)
and are ustially observed & the time of extrusion with low
L/D ratio dug’to insufficient binding Power at the time of
extrusion. It is also observed that sjnal Ipores are greater n
n%mber and are falrl¥ dlstrlbvted throughout the body
W reas_b|% pores are few and located nedr the boundary
onl $F|g. and Fig, 52 which prove the biomadal distribution
of pores. The posstble explanation ma%/_ be that a few small
pore channel “aggregate to form a Dig pore before the
suPerhe,ated stearm ledve the extrudate due'to flash off. In Fig,
5, the big pores apparently seem to be expanded and cracked
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Fig. 2 Cross sectlonal low ma n|f|cat|on (50x) SEM views of extruded Fig. 3 Cross sectional higher magnification (300xf SEM views ofextruded
rod (extruded at 120°C, 60 rpm and 11) having L/D ratio of rods gextruded at 120°C; 60 rpm and L1) having L/D ratio of
A8 B) 2andc) 16 A)8B) L2and C) 1
Scale bar 100p. Scale bar 20p

\ﬁ\cuole e possible ex R]anatlon be that while rel asmg snacks/crackers and consumption is possible after deep oil
esu er pated steam £ surrounaing region expands an frymg.

su en éhe suggr eated steam creates aH 'ﬁ)enmg 0] eave

the extruaate under ambient Pressure an sacaw 6 A GBandGCare the lon |tud|nal views of the
formed. After releasin theseam the starch embeade |n sam les shown in FI8< 2 Bang resgeetlvely FIg.
protem matnx IS QuIC KSO lidified9 and retams parnally 6 A shows pores, cra sandholesvvlth itte fibrillation F|
open cell structure and the yield is a ty Pu:a expanded low ?B|s mar: compact with, SlanO |n|t|at|$ hort fibe
density product. These products may ind its Use as fish  formation bt Fig. 6 C definitety shows the fibers (F) that are
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Fig. 4. Cross-sectional SEM view SIOOOx) of extruded rod gextruded at
(%%’C 60 rpm, 11, L/D=8) showing crack, small (SP) and hig
pores.

Scale bar 10fi

Fig. 5. Cross-sectional SEM view (I000x) of extruded rod (extruded at
120°C, 60 rpm, 11 L/D=16) showing small (SP) and hig (BP) pores.

Scale bar 10

strengthened by fibrils (FB)[ The later photomrcr é;ra%hs
Indicate fibrosis and show that cleavage planes an
alignment pIanes are parallel though some c eavage plans are
across severa fibers. These frn ings tally with"the results
obtained b Neumanne talk
Effect ot feed composition: Fig. 7 A, 7 Band 7 C
resRectrveI y denate the SEM cross Sections of extruded rods
with feed comfrrsrn% of frsh and wheat flour solids in the
Pro portion of he protein contents tor the
eeds are 4 out er cent (dry basis),
respectively. Fig. 7Aseems to haveI STl ace structure
and loosely bound particles are visible. Fig.. 7 B shows a little
more homogeneity and short fires are vrsrble whereas Fig,
[ C represents a homogeneous oroduct Fro 8 A 8B and
8 C are the SEM views of the Tongitudinal”sections of the

samples shown in Fig, 7A 7Band 7 C, respectively. Though
om sAruct Ba]gne]tw grgotrbr formation are otaced in
an tgo cIearyrndrcatesahrg ensity
te urrzed roductand res are dirécted ina single direction
8. aon the line of flow, It ma h] tﬁossrblethat hrgher

|

nt of protein in extruder feed (aS in the case of feed fatio
ot3 1), the'extent of fibre formation'is favoured with increased

Fig. 6. Longitudinal low- ma%nrfrcatron (50x) SEM views of extruded rod
(extruded at 120°C, 60 rpm, 1) with the extruder having L/D ratio

of A) 8 B) L2 and c) 16 showing fibre (F) and fibrils’(FB).
Scale bar 100/j.
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Fig. 7. Cross-sectional SEM views (50x) of extruded rods (extruded at

100°C, 60 rpm and L/D=12) with different feeds having fish and
wheat flour solid ratios of A) 11 B) 21 and C) 3L

Scale bar 100p.

B_rotein level and, consequentI%/ it favours the formation of
|%_ unbroken fibres compared to short brokens (as with feed

atig of L) . _ _

E?fect of temperature of extrusion: Fig 9 A, 9 Band 9
C are the photomicrographs, extrucled at temperatures of 100
120and 140°C, re?Pectw_er. Extrusion temperature is found
to affect the extruaate microstructure. Fibrillation is visible

f

Fig. 8 Longitudinal SEM views (50x) of extruded rods (extruded at IIXTC),
30 rpm and L/D=12) with different feeds having fish and wheat
flour solid ratios of A) 21 B) 21 and C) 31

Scale bar 100p

in Fig. 9 A and 9 B hut typical oriented coarse fibres are
only 3een in Fig. 9 C. The ris in temperature during extrusion
creates extensive protein dénaturation and thus the fibre
formtion is affected producing a textured mass. These fibres
are formed by the reaggregatlon and realignments of
denatured, protéin suunits, _

Fig. 10is the magnified (800X) view of the rectangular area
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B T R o AT
oun Cemented” wi lals, The t

and stiﬁ?%?%her magnified (1600 r{]/?ew o? Fig. Die Hg.
11 shows that two ‘strands of fibre are found to be fused
together to form the cross-link. These cross-links are stronger
than starch cross-links. It may be possible. that fused
carbohydrate benaves as the cementing or cohesive of filling

materidl for proteinaceous fibre strands.

Fig. 10 Magnified (800x) SEM view of the rectangular area in Fig. 9.
Scale bar Kyl

rig. U. Higher magnification (1600x) SEM titled (20°) view of the sample
shown in Fig. 9.

Scale bar 5p-

Ejfect of screw speed: In the present investigation, it is
difficult to draw a definite conclusion regarding the effect of
screw speed on extrudate microstructure,
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Pulp and juice from three plum varieties were subjected to concentration in a glass evaﬁorator at 50-60°C under vacuum of 27-30
inches of mercury. The plum pulp could not be concentrated beyond 26°Brix, while the juice was done to 73°Brix. An increase
In total soluble solicis, total solids, reducing sugars, browning and viscosity was observed with negligible decrease in acidity and

pectrn durrng concentration Process.

Preparation of fruit | {urce concentrates is one of the best
and latest methods of witilization of fruits during, glut season.
Fruitjuice concentratrons of orange, gassron friif, quavaand
banand have been stu redb some. workersh, But stone
trurts like aprrcots cher |um juice have not received
similar attentron urch has ieen able to effect the
concentration of pum puree Though fruit juice concentrate
Industry at present is in infancy, in Idia, thie need to develqp
1 15 Obvious hecause of extensive cultivation of this crop, in
Jammu and Kashmir and Himachal Pradesh. Present stuclies
were uncertaken to study changes during manufacture of plum
juice concentrate in gfass vatuum evaporator.

Materials and Methods

Three plum varieties namely, Alubukhara, “Santa-Rosa’
and “Satsuma’ were selected fof the stucy. Pulp wes extracted
by cold and hot break extraction. procasses.

Cola breakprocess After sortrng, the fruits were washed
in cold water and were as such rE)asse d through starnIess steel
pulper (Raylon India) fitted with 1/32” mesh: Extracted pul
Was imme atel¥ heated rn steam %rckftted kettle heId at 2°
for 2 min hot filled n 650 ml bottles, crown corked an
pasteurrzed In boiling vvater for 40 min ill further processing,

Hot break frocess It involved mashing of plums with4
per cent of adoed water to facilitate heating, crushing and
extractron Crushed plums were_boiled in stainless™ steel
steam-jacketted kettle for 3 min. The pulp was obtained in
similar way as discussed above,

Concentration: - Concentration of plum pulp/{urce WWas
carrred outina statrona type glass evaporator af 50-60°C
having capacity of 15u vactum of 27-3) in. of mercury.
The concentrator could evaporate 0.67 kg_of water per holr
and theoretical energy consumption was 07 kg steam per 0.67

Present address: *PHT Div. SKUAST Shalimar Kashmir

kg of water ev Porated It was single stage, single effect batch

type concentrator

h%srco -chemical analysis:  Analysis of fresh juice, Pulp
and their concentrates were carried olt. Total soluble solids
acidity, pH and suPars were determined by standard AOAC7
methods. Total sofids were determined gravrmetrrcaIP/
described by RangannaB pectin was determined as calcium
pectate by modified Caree and Haynes method and Stormer
vrscosr(tjy was used to determine viscosity of samples taking
distilleq water as standard reference. Extent of browning wes
determined by taking known uantr ty of samples (2g) which
wasextracte with 20 ml of6 er cent ethanol. Absorbance
of rownrngzwas meastred at 440 nm using Baush and Lomb
Spectronic-20° Spectropnotometer.

Results, and Disgussion

Physico-chemical changes which occurred durrn%
concéntration of pulp/juice of Alubukhara’, ‘Santa-rosa’ an
Satsuma’ varjeties of plum are shown In. Tables
respectively. The results reveal that soluble solids and total
solidls increased with concentration of pulp as well s juice.
A slight increase in gH in early stage of Concentration was
observed followeq by constant at elevated IeveI of
eva oratron shovvrnd remarkable utferrn capacity of plum
gul Juice. The pH ot pulp/juice concentra es ranged between

N

Adlight decrease in acidl was observed durrn later sta%es
of concentration. The average decrease rn aclal

and 013 er cent rn cold éxtracted pulp/juice and rn hot
extracte g P juice concentrate res ectivel
matfer basis. ACco ? to Bauman9the, rghtd crease It
acidl may be due to foss of volatile acids;” There was an
Incredse In"reducing sugars during concentration and per cent

**Food Science and Technology Dept. PAU, Ludhiana, Punjab, India.
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Table 1. Physico-chemical changes during concentration of albukhara plum pulp

Parameter Cold Pressed Hot Pressed
Total soluble solids (°6rix) u i X 1 " 17 A
Total solids.(%) 47 179 202 118 150 182 214
Total sugars (as dextrose %) 56 6.82 8.04 50 6.36 17 9,07
(38.) (381) (38.1) (424) (424) (423) (424)
Reducing sugars (as dextrose %) 48 60 11 49 63 T4 90
(327) (335) (363) (415) @0y @) (422)
Titrable acidity (as malic acid %) 167 201 2.3 154 1% 237 217
(114) (112) (110) (13) (130) (130) (129)
Pectin (as calcium pectate %) 137 165 1% 137 174 2.09 244
93) 92) (92) (116 (1L6) (115) (U-4)
Colour (OD at 440 nm) 018 02 02 017 02 0.26 0.28
Stormer viscosity (sec) 1 18 yA) D 17 19 2
Figures in parenthesis indicate values on dry matter hasis.
Table 2. Physico-chemical changes during concen:7RATION OF SANTA ROSA PLUM PULP
Parameter Cold Pressed Hot Pressed
Total soluble solids (°Brix) 3 18 2 2% ﬂ 5 18 2
g s 9 i R S N W
Total sugars (as dextrose %) - - : : -
5), (50.7 | . 509 508 508 509
Reducing sugars (as dextrose %) ( %8 83g (388) (?%) ( 4.3) ( 5.9) ( 7.2) (8 93
(435) (135) (135) (240) (371) (373) (381) (385)
Titrable acidity (as malic acid %) 167 221 28 330 16 2.25 269 328
(121) (118) (120) (119) (143) (149) (142) (141)
Pectin (as calcium pectate %) 088 12 146 173 088 12 140 L%
(637) (63 (62) (62) (76) (79) (74) (75)
Colour (OD at 440 nm) 020 0.26 030 032 018 019 019 02
Stormer viscosity (sec) 020 24 2% 2 19 yA) % 28
Figures in parenthesis indicate valuesi on dry matter basis.
mcrease depended upon variety and processing treatment showm% lie predomtnance of Maillard’s reaction,
{T les 16g These fchan Es o’n [educin sugngs vuere attributed S|gn| ficant increase in viscosity dunng final stage
the inversion o no -requicing, Sugars.” Pectin content of  of concentra lon particularly of juice " concentrates
Bulpljwce ecreases slightly dunnP concentration process,  observed ( Tbles 4- 6[) Increase in Viscosity was negl|g|ble
eing more at intial stagg of concentration. Average Jecrease  during Initial stage of concentration but drastic incresse was
ctin content was 10 and 0.14 per cent in hot and cold  observed, when soluble solids_level reached beyond 50

ectlve
m0|sture free basis (Tdbles. 1-3). Negligible losses m&ecttn
contents dunng con entration seem to be caused by break
down of pectic; sUbstances.

Aftey reconstituting the concentrates to the ongtnal strength
it was, found that absorbance of brown colour extract ingreased
with increased concentration. But rate of browning In case
of hot break extracted pulp/juice concentrate was higher,

éjak extract%d o QD a%nce cgncentrates r

cent. No major difference in viscosity could be‘observe |n
pulp conceptrate because plum “pulp could not be
concentrated beyond 26°Brix 50 as to %rotect changes in the

VIS os
concluded from the Present |nvest|g1at|on that Ium
Bulg couldl be concentrated upto 26°Brix, wh easgun:e ould
oncentrated! Upto 72°Brix'successfully in laboratory model
glass vacuum evaporator. Thus, the fruit can successtully he
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Table 3 Physico-chemical changes during concentration of satsuma plum pulp

Parameter Cold Pressed

Hot Pressed

Total soluble solids (°Brix) 0 b i) 0 B 16
Total solids (%) 108 162 184 106 139 71
Total sugars (as dextrose %) o8 87 988 57 748 9.20
(53.7) (53.7) (537) (538) (538) (538)
Reducing sugars (as dextrose %) 49 14 88 4.69 61 19
(454) (45.7) (478) (442) t44.9) (46.2)
Titrable acidity (as malic acid %) 125 18 210 130 169 2,06
(116) (115) (114 (123 (122) (120
Pectin (as calcium pectate %) 0.9 14 160 10 1.29 159
(68) (66) 67) (94) (93) (93)
Colour (OD at 440 nm) 0.20 0.26 03t 0.20 0.22 0,27
Stormer viscosity (ec) 5 8 9 “ i B

Figures in parenthesis indicate values on dry matter basis.

Table 4. Physicochemical changes during concentration of alubukhra plum juice

Parameter Cold Pressed Hot Pressed
Total soluble solids (°Brix) 2 iy 36 ol 73 0 20 40 60
Total solids (%) 102 172 365 519 733 106 213 425 638
Total sugars (as dextrose %) 50 70 19 19 303 46 93 184 7168

(4L0) (410 (400 (410 (400 (434 (433 (433 (434
Reducing sugars (as dextrose %) 46 70 140 00 00 4.2 849 1689 258

@) (84 (384 (B85 (386 (396 (99 (97 (404
Titrable acidity (as malic acid %) 167 2.31 50 709 1016 16 322 6.38 96

By @y W @By @ BY @®) (150)  (150)
Colour (OD at 440 nm) 02 02 0.24 0.26 0.29 020 0.23 0.24 0.29

Stormer wscosw gsec 6 6 3 137 5 5 1 3

Figures in parenthesis’ indicate values on dry matter basis.

Table 5. Physico-chemical changes during concentration of santa-rosa plum juice

Parameter Cold Pressed Hot Pressed
Total soluble solids (°Brix) il 22 3 60 72 0 20 35 60
Total solids (%) 13 22.6 01 616 743 103 205 &7 610
Total sugars (as dextrose %) 6.0 120 208 3268 3045 6.0 120 20 3.0

B3)  (3)  (B3Y) (8D (3L (538 (88  (%88)  (%89)

Reducing sugars (as dextrose %) 47 94  16% 59 3129 46 93 163 81

(416) (48 (418 (40 () @) (B4 @47 (460

Titrable acidity (as malic acid %) 154 30q 530 834 1010 14 282 493 84

13 (B (W (BH (B (BY (Y (1B (187

Colour (OD at 440 nm) 015 015 017 018 020 055 015 019 02
Stormer viscosity (sec) b b 3 168 5 5 1 40

Figures in parenthesis indicate values on dry matter basis.

10
764

315
(@4

113
(iL9)

1148
(150)

03
165

10
134

816
(59

33,96
(465)

1001
(136)

0.2
16l
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Table 6. Physico-chemical changes during concentration of satsuma plum juice

Parameter Cold Pressed Hot Pressed
Total soluble solids (°Brix) 9 B 3 60 [/ 9 8 3 5
Total solids (%) 9.2 185 319 614 738 92 184 30 525
Total sugars (as dextrose %) 50 1006 25 BB 401 5 14 2355 325
(533)  (543) (543)  (544)  (543)  (620)  (620) (620)  (6L6)
Reducing sugars (as dextrose %) 4.4 899 186 019 369 49 9.9 205 28.39
478)  (486)  (490) (492  (500) (%33) (538  (%40)  (%40)
Titrable acidity (as malic acid %) 119 2.31 487 118 947 117 2.35 4.80 6.66
(129 (28 (128 (7 (28 (27 (2§ (26 (127
Colour (OD at 440 nm) 0.16 0.16 0.8 026 030 016 0.6 0.2 0.28
Stormer viscosity (ec) 4 4 7 5l 165 5 5 6 3

Figures in parenthesis indicate values on dry matter basis.

concentrated on large scale in commercial apple concentrate 4.
plant. Thereby, the plant efficiency can be increased because
the plum is available at that time when other temperate fruits

are ot available Sandhi K S and Bhatia B S, Physico-chemical
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Spectrophotometric Method for Determination of Phosphine
Residues in Coffee Seeds
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A method for determination of phosphine (PH,) residues on/in coffee seeds has been developed based on the reaction of phosphine
with silver nitrate in 2% agueous methanol. The lingar relationship hetwéen absorbance of egg yellow chromophore and concentration
of PR, is obeyed between 0.025 and 0.2 fjlg PH, in 3 ml solvent. PH, residue in fumigated coffee seed$ is determined by soaking
10g sample in 15 to 30 ml solvent for one hr and the absorbance at 410 nm of the filtrate is read against the crop control blank
of the same sample size. The method is sensitive with lower detectable and estimatable limits of 0.01 and 0.025 fj,g PH,
respectively. Recovery of added PH, from a closed system is 95%.

Phosphine (hydrogen phosphide) liberated from aluminium
phosphide preparations is a common fumigant used all over
the world for fumigation of almost all food commodities. The
popularity of this fumigant is due to ease of fumigation,
simple tohandle and its high toxicity to insects. In most coffee
growing areasI3 PH3 fuml%atlon has been in practice to
prevent infestation of coffee heetle (Araecerus fasciculatus)
In coffee seeds in storage. In India, pyrethreum was
recommended for treatment of monsooned coffeed. The
most common fumigant now emplok/ed in India for fumigation
of coffee in storage is a mixture o ethKIene-dl-bror_m e and
methyl bromide ?EDB + MB), though not much is known
about the free and bound residues of these two fumigants in
coffee seeds. o

For determination of PH, in air many gas chromato-
graphic %GC) methods have been reportedS7. PH3 residues
In wheat89 are determined by passing nitrogen through the
commodity and collecting the desorbed PH31n a trap cooled
with dg Ice; residues are quantitated by GC. Kashi and
MuthuDused a mixed indicator strip for PH3 detection. But
all these methods determine only the desorbed PH3, but not
total PH3 residue found in commodity. .

In an earlier communication, a spectrophotometric method
based on the extraction of total free PH3 residues with
aqueous silver nitrate solution for determination of PH3
residues in wheat was reportedl The method was later
extended to determine PH3 residues in rice lt_ﬁ)esl_z which
was again modified for determination of PH3 residues in
cashew kernels. B . . _

The present paper describes a simple spectrophotometric
method for determination of PH3 residues in coffee seeds.
The method consists of extracting PH3 residues by soaking
|0g coffee seeds in a known volume of 2 per cent aqueous
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methanolic AgN03 solution for one hour. The absorbance
of the extract at 410 nm is read after filtration against solvent
blank. The absorbance of the crop control extract is similarly
determined and subtracted from absorbance of the extract of
the PH, fumigated coffee seeds. The calibration line
between concentration of PH3 and absorbance of the
chromophore is obtained by passing a known volume of air-
borng PH3 through an aqueous methanolic solution
containing 30 ixg AgN03mI. Reaction hetween PH3 and
AgN03is aIonveg to proceed for 1 hr when an egg yellow
chromophore is formed. The intensity of the chromophore
bears a direct relationship to the concentration of PH3,

M aterials and Methods
a)  Spectrophotometer. Bausch and Lomb spectronic 21,
b) Tubes: 55 cm x ITmm id with gas tight rubber
septum o
(c) Conicalflasks: 50, 100 and 500 ml flasks with side
spout fitted with rubber septum to permit injection of
PH3 and gas sampling. _
Methanol (Analytical grade): Make it absolute by
distilling over a few pellets of KOH.
Silver nitrate solution: Dissolve 150 mg AgNO03
cr){stals (Analytical grade, British Drug House) In 50
ml glass-distilled water to Brepare stock solution.
Prepare working standards by diluting 1 ml stock
solution and 1ml distilled water to 100 ml with
absolute methanol. Use 3 ml solution for each
experiment. _
standard PH3 : Liberate PH3 from Celphos or
Phosfume tablets and store over water in gas burette.
If phostoxin tablet is used, store PH3 over 5% HZ504
in gas burette,
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(9) Working standard ofPH3: Inject a known volume of
PH3with a %as-tlg.ht microsyringe of 50 P 1 capacity
Into a gas-tl% t syrln%e 0f 50 ml capacity whose nozzle
is fixed with a g1as- ight rubber septum. Dilute PH3
with air to 50 ml by gently pulling the plunger after
removing the septum. Again replace the septum. PH3
bome air in the syringe must contain PH31n the range
0f 0.01 to 0.25 /xg per ml aliquot. _
Preparation of standard curve:  Pipette 3 ml aliquots of
working standard 2 per cent aqueous methanolic AgN03
solution into 6 ml tubes, and close with gas-tight rubher
septum. Inject 0.05 - 0.20 ml working standard PH3 borne
air so as to contain PH3 in the range of 0.01-0.5 /xg with
a 1ml gas-tight microsyringe. Inject equal volume of air into
3ml 2 per cent aqueous methanolic solution to serve as blank.
Let the tubes, stand for 1 hr for formation of chromophore.
Measure the absorbance at 410 nm against blank (Fig. 1).
Plot of absorbance vi concentration yields straight line over

o-r

Absorbance

......... i - L

l20 w0 60 €0
400 410
wWavelength (nm)

300 500 700

Fig.l. - Absorption spectra of AgNO, - PH3chromophore in 2% aqueous
methanol.
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Fig.2. Linear relationship between absorbance at 410 nm and phosphine
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a range of 0.01-0.2 /x g PH3 per 3 ml (Fig. 2). .

Recovery study:  Recovery of PH3 from coffee.seeds is
Worlked out by second, third and fourth procedures described
earlier.1

second procedure: Fumigate 10 g coffee heans and
peaberry seeds separately with different doses of PH3in 100
ml conical flask with side spout fitted with rubber sePtum
to permit injection of PH3, After 48 hrs fumigation, without
disturhing either flask or its contents, remove glass stopper
of the flask for 15 sec to drive out free PH3in head space.
chklg add 30 ml working standard aqueous methanolic
AgNO03solution to the flask and replace the stopper tightly.
Letthe extraction of PH3and development of chromophore
proceed for 1 hr with shaking at intervals. Filter the extract
with Whatman filter circle of 9 cm dia. Read absorbance
against solvent as blank. Similarly run crop control. Also
run blank experiments without coffee seeds in pre-calibrated
100 ml conical flasks at every level of PH3 used, to assess
the extent of absorption of added PH3by glass, grease and
rubber septum. Atter 48 hr, withdraw known aliquots of
PH3ho:ne air with micro-gas-tight syringe and analyse
(Table 1). o

Thira procedure:  Repeat fumigation of 10 g coffee beans
and peaBerry with different doses of PH, as under second
procedure. "Also carry out crop control and blank
experiments. After 48 hr fumigation, remove stopper of the
flask, and umklr transfer the contents to a 50 ml tube
containing 30 ml aqueous methanolic AgN03 solution.
Tightly stopper tubes and let stand for 1 hr with shaking at
intervals. Read absorbance of extracts (Table 2), s under
second procedure. . . _

The filtrate obtained in experiments dosed with 30 jxg

Table 1 Recovery of phosphine by second procedure

Dosed PH, Coffee beans Peaberry
(Pg) Cpg) (Pg)
0 164 + 047 162 + 019
60 411 + 106 372+ 0.74
V| 735+ 068 803 + 0.9
180 858 + 054 8.42 + 048
20 1813 + 045 1845 + 219

Mean + SD of 10 replicates

Table2. Recovery of phosphine by third procedure

Dosed PH3 Coffee beans Peaberry
(Pg) (Pg) (Pg)
30 0.63 + 0.09 0.78 + 0.3
60 156 + 043 118 + 031
10 2.08 + 066 371+ 053
180 2.25 + (058 538 + 0.2
20 580 + 0.8 583 + 0.09
Mean + SD of 10 replicates
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—eo— Coffee beans -control

—o— Coffee beans-fumigoted
with PHj3
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Pig.3. Absorption spectra ofPH?3 residue - AgNO3 chromophore from
coffee beans (Robusta) in 2% aqueous methanol.

o
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Fig.4.  Absorption spectra ofpH 3 residue - AgN03 chromophore from
peaberry coffee seeds (Robusta) in 2% aqueous methanol.

PH3were employed to scan the absorption spectra to know
the nature and number of bands formed due to interaction of
PH3with constituents of coffee beans %Hg 3) and peaberry
(Fig 4?. For comparison, the Sﬁectra of the crop control coffee
samples are also shown in these Figures.

Fourth procedure: Expose 500 ¢ coffee heans and
peaberry to 1.05 to 1.60 ml PH3for 2 weeks in 1L flask fitted
with rubber septum that permits injection and gas sampling.
Iniect equal amount of PH3 into another similar pre-
calibrated empty flask to serve as control. At the end of 2
weeks, determine concentration of PH3in head space over
coffee samples and in control flask by withdrawing known

volumes of PH3— borne air. Compute amount of PH3 taken
up by 500 g coffee samples. by subtracting head space
concentration from concentration in control flask (Table 3).

Residue analysis: Results of PH3 residue analyses from
coffee beans and peaberry samples from model fumigation
at two commercial doses of 3 and 6 tablets/ton are shown
in Table 4. PH, residue employing this proposed method is
determined in pre-aired antfone day aired samples of these
types of coffee seeds.

Results and Discussion ] .

When aqueous AgNO03 solution" B is. employed for
extraction, the crop control coffee sample extracts (10 g in
30 ml), not only show high ahsorbance 10.70 t0 0.77), but
also the absorbance is increasing regularKlon storing over
3 hr. When absolute methanolic Ag[ 03 solution is
employed, PH3 is not found to react with AgN03 as the
development of chromophore seems to depend on the
presence of water, although crop control extracts show low
absorbance 0f 0.029 to 0.033. Of various percentages of water
in methanol tried, 2 per cent water in methanol when
employed for extraction of crop control, the extract not onlr
shows low ahsorbances (0.042 to 0.126) but also, allows full

Table 3 Computed recovery of ph3by fourth
P PROCEDUREry Pnaty

Dosed PH3 Found in control  Found in head ~ Absorbed by
(ml) flask SRAace commodity
(Mg) (Mg) (Mg)
Coffee beans
160 1824 (95%) 26860 + 513 155540 (85.3%)
125 1425 (95%) 23164 + 465 12113 (85.0%
105 197 (95%) 20637 + 478 990.63 (82.8%
Peaberry
160 1824 30059 + 478 143341 (78.6%
12 1425 20617 + 931 114383 (80.6%
105 1o 27880 + 6.98 918.20 (76.7%

Mean + SD of 10 replicates. Values in parentheses in last column indicate
% uptake of available phosphine by commodity.

Table 4, PhosEhine residue (pgénl\)l in fumigated and

AIRED COFFEE SEEDS AT TWO MERCIAL DOSES
3 tablets AlP/ton 6 tahlets AlP/ton
Coffee beans
Pre-aired 0.106 + 0.069 0189 + 0.033
One-day aired 0.052 +'0.012 0091 + 0.004
Peaberry

Pre-aired 0.157 + 0016 0.204 + 0.049
One-Qay aired 0075 + 0038 0097 + 0.024

Mean + SD of 6 replicates.
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development of chromophore as a result of PH3AgNO03
interaction. The changes in absorbances are marginal on
standing the extracts over 3 hr. So, in the work with all types
of coffee samples, 2 per cent aqueous methanol containing
30 Aug AgNO, per ml solution ‘is employed.

The minimum weight of PH3 needed to produce a
measurable chromophore is 0.025 fig, although detectable
colour formation takes place at 0.01 fig PH3 As seen in Fig
2, the linear relationship between the absorbance at 410 nm
and the concentration of PH3 is obeyed between 0.025 and
0.20 fig PH,, thereafter the reIatlonsh|F ceases. The values
plotted In Fig 2 are the mean of 10 replicate determinations
and the limits of variance at each point are shown as vertical
lines. As seen in Fig 1, the absorption spectra of A%NO,—
PH3 chromophore In 2 per cent aqueous methanol has a
well defined intense band at 230 nm and a hump between
360 and 480 nm. Absorbances from recovery experiments
when read at 230 nm, the PH3 recoveries are
disproportionate to the dosed amounts, suggesting the hand
does not corresi)ond to the absorption maximum of the
chromophore. Although the hump between 360 and 480 nm
Is absent (FI? 3 and 4, later discussion) from the spectra
of extracts of the fumigated coffee seeds, the absorbances
when read at 410 nm afforded good recoveries within the dosed
amounts at all doses (Tables % 2 and 3). Due to overlapping
of chromophores, the band corresponding to absorption
maximum at 410 nm might have spread hetween 300 and 480
nm (Fig.l), but its absence in the spectra of extracts with
PH3 fumigated coffee seed types is very difficult to reason
out. Inthe work with all t{ es of coffee seeds, the absorbance
of the extract is read at 410 nm against the solvent as blank,
and the absorbance of crop control is subtracted from those
of fumigated samples,

Full development of chromaphore takes over an hour. The
chromophore formed is stable onIY for 2 hr, thereafter it starts
decomposing as indicated by fall in absorbances. So, the
absorbance of the extracts need be read within 2 hr.

As shown in the absorption spectra of coffee beans
fumigated with PH3 and that of crop control (Fig.3), the
|atter is having a well defined band at 270 nm, which Increases
in intensity on reaction with PH3 during fumigation. On
airing the fumigated coffee beans for a day, the increment
shown in_the intensity of the band vanishes due to
decomposition of the reaction product. No other band is
observed in the spectra. Absorption spectra of PH3
fumigated peaberry and its crop control ?resent a slightly
different picture ( I%A)f The spectrum of crop control, in
addition to a band at 270 nm, shows another more intense
band at 230 nm. As observed in the spectrum of fumigated
coffee beans, these bands also show an increase in intensity
due to interaction with PH3. Here also, on a|r|ngbfor a day,
the interaction product decomposes as indicated by the loss
of increment in intensity of bands. These observations suggest
that at lower dosages of PH3, bound residues of PH3are not

encountered in coffee seeds indicating the suitability of PH,
as fumigant for coffee seeds.

Recoveries by second procedure (Table 1) are the amounts

of PH3 determined infon coffee seed types. Unlike with
solid or liquid pesticides, complete recovery of fortified
fumigant is very difficult to establish due to fugacity of gas.
Some amount of fumigant escapes at every stage of sampling.
It is likely that a small portion of PH3 that had settled on
coffee seeds might have also escaped when the stopper is
removed for 15 sec to expel PH, in the head space. A
different yardstick is employed to assess the recovery and
hence the soundness of the method. As seen with two types
of coffee seeds, the amount of PH3 recovered increases as the
dosed PH, increases from 30 to 240 jug, If this is taken as
an index of the amount of PH, mixed Indirectly with the
types of coffee seeds, then these values indicate almost 100
per cent recovery of PH, fortified with these coffee seeds,
Indicating the soundness of the method. As for example at
a dose of 240 /tlg, 1813 My PH, is held back hy 10 g coffee
beans, while 1845 /xg js held back by 10g peaberry. At all
these doses there is a §-99 per cent recovery of added PH3
from empty flasks. _
_ The values in Table 2 also show the same trend of increase
in recovered amount as the dosed PH3 s increased from 30
to 240 /xg- As for example at a dose of 240 mg hoth coffee
beans anc peaberry have retained about 5.8 Mg But ata dose
of 180 /xg due to excess loss of loosely held PH, from
coffee beans during transfer, coffee bean has held back (2.25
Mg? OrIUIy half the amount of PH3 that has been retained
(5.38 Mo) by peaberg. However, the trend of increased
recoveries a hlgher 0ses is maintained. Comparison of
recoveries in Tables 1and 2 shows that values in Table 2 are
on lower side at any given dose. This is due to loss of PH,
loosely held by coffee seeds, as theY are disturbed during
transfer. Within the limits of PH3 ho dln? capacity of these
two types of coffee seeds, 10 g sample of these types would
hold only a definite amount of PH3 under a given set of
conditions, including the dosage as shown by second and third
procedures, and this amount of PH, has been completely
recovered by the new method. _

The purpose of the fourth procedure (Table 3) is to
completely determine PH3 residue infon coffee seeds by
computing the headspace concentration and the amount of
added PH3 remaining after adsorption by glass, grease etc.
Values in Table 3 show almost 100 per cent recovery of added
PH3 By this method also, the residue on Coffee seeds
decreases as the added PH, decreases. At a dose of 1.60 ml
(192 mg "the residue on 500 g coffee beans is 1555 while
that on peaberry is 1433 Mg The residue levels on these two
types of coffee Seeds at a dose of 1.05 ml (1.26 mg) are 990.63
and 918 ug respectively. As seen by the values in parentheses
in the last column, about 84 per cent of the available PH,
I taken up by coffee beans, while the same by peaberry is
about 79 per cent, indicating a slightly higher PH, holding
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capacity of coffee beans. o

he residue values shown in Table 4 indicate that the
method can be apPlled for determination of PH3 residues,
as the crop material from coffee seeds has not interfered with
the develoPment of chromophore. Inspite of slightly higher
capacity of coffee beans to hold PH3 peaberry shows higher
pre-aired residue of 0.157 and 0.204 p.p.m. at 3 and 6
tablets/ton than the corre_sppndlngi levels of 0.106 and 0.187
p.p.m. in coffee beans. This is due to higher rate of desorption
of PH3 from coffee beans than that from peaberry. As for
example, from the pre-aired samples dosed at 6 tablets/ton,
0.046 p.p.m. PH3s lost in the first hour of desorption from
beans, while the corresponding loss from peaberry is 0.036
p.p.m. So larger amounts of PH3 is lost from coffee beans
on opening the fumigation cover. On airing for one daylt_JP/
spreading the samples as thin layer, about 52 per cent PH3
residue 1S lost from all these samples.
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At a dose of 3 aluminium phosphide tablets/ton free phosphine (PH3) residue in coffee beans isjust half of that found in the round
pea berry. Coffee beans (0.097 p.p.m.) is free of PH3residue at 20 days compared to that in the peaberry (0.176 p.p.m.) which
takes 33 days. Decrease of computed residues from coffee beans is faster (14 days) than that from the peaberry (26 days). Coffee

beans have higher PH3holding capacity than the peaberry variety.

In its initial pattern of PH3desorption, coffee resembles wheat.

Coffee beans and peaberry dosed at 6 AIP tablets/ton had desorbed larger amounts of PH3than those dosed at 3 tablets/ton.
Even at this higher dose, both coffee beans and the peaberry varieties are free of PH3 residue within 34 days. Absorption spectra
of these fumigated coffee varieties reveal the absence of any bound residues of PH,. Air oxidation of PH3to phosphorus compounds
is predominant in coffee beans. Coffee beans can safely be fumigated at 3 AIP tablets/ton without having traces of either free

or bound residues of PH3

In India, coffee seeds packed in jute bags and stored in
warehouses durln.? monsoon months are infested with the
coffee bean weevil Araecerus fasciculatus Deg. To control
this insect, fumigation with MB-EDB mixture Is in practice
although little is known about the extent and mechanism of
formation of the bound and free residues of these fumigants
in coffee beans. In Brazil, fumigation of coffee using
aluminium phosphide (AIP) (“Phostoxin™) tablets at 1 tablet
Per 3 bags (3-4 tablets/ton) is being permitted. It has been
ound that the PH3gas evolved from these tablets was found
to be effective against all stages of A. fasciculatus within 24
hr under plastic covers.1 Countinho et al.2 found that in
Brazil, complete control of all staﬁes of A. fasciculatus was
achieved by fumlgatlng coffee with a dose of 15 Phostoxin’
tablets/ton”for 24 hr under plastic sheeting. Puzzi et al.2
in their report found that fumigation of coffee beans with 0.6
g Phostoxin tablet for 4 bags &O.S tabIets/ton} afforded
complete eradication of immature and adults of A.
fasciculatus. AIthou?h acrylonitrile as a fumigant was found
to be effective to all stages of A. fasciculatus, in India,4
coffee in warehouses is belnq fumigated with a mixture of
ethylene dibromide + methyl bromide (EDB + MB) ﬁl:l)
at a dose of 32 g/m3. Puzzi et at have found complete
eradication of immature and adults of A. fasciculatus on
fumigation with MB at 22 ml liquid/m3 (38 mg/1). Brazilian
workers have not reported the levels of PH3 residues in
coffee beans even when such high dose of 15 tablets/ton was
employed.2 However, Muthu et a It have reported a residue
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of 0.99+0.12 p.p.m. of PH3 in coffee beans dosed at 6
tablets of aluminium phosphide per ton on exposure of 5 days.
Dieterich et a It quote residues varying from 0.003 to 0.036
pg).m. in green coffee beans fumigated in paPer bags with
45 t0 450 tablets per 11000 eft (0.2 to 2 tablets/ton). In order
to get aclear idea of the terminal residues formed, an attempt
has been made to standardise the fumigation of coffee with
phosphine with respect to dosage and residue levels. A
method has also been developed for the determination of
PH3 residue in various types of coffee7. The Present Jpaper
describes these systematic approaches to PH3fumigation of
coffee with respect to residue and storage for the benefit of
the Indian coffee industry.

Materials and Methods .

Fumigation and aeration:  Two kilograms each of coffee
beans and peaberry (round) in three replicates were
fumlFated at two doses of 3 and 6 Celphos tablets per ton
by Pacmg ‘Celphos (Aluminium phosphide + binders +
pelleting agents but no ammonium carbamate) pellets (9 and
1B mglkg respectlve% in a paper pack underneath the coffee
seeds in‘a 3 1flask. Nearly 6 and 12 mg of PH3should have
been produced by 18 and 36 mg of the AIP formulation
respectively. The Tlasks were closed with gas-tight silicon-
greased glass stoppers. At the end of one week exposure at
room _temElerature (28-30°C), the initial PH3 residue, the
trend in PH3desorption, and the fall in PH3 residue during
storage from pre-aired samples were determined. The
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remaining samples were aired b spreading them as a thin
layer in the open for 24 hr and at the end of this period,
PH3 residue was again determined?. .
Initial PH3residue before airing:  The initial PH3 residue
in the fumigated coffee bean t?/Tpes before airing was
determined by extracting 10 g of coffee beans with 30 ml of 2
p[er cent aqueous methanolic AgN03solution (30 /xg/ml)7.
en grams of the corresponding crop controls were similarly
extracted, and the absorbance value was subtracted from that
of the PH3 treated samples. The same extracts were
employed for scanning the absorption spectra of the
chromophore in the range of 200-700 nm in a Spectronic-21
%pl)ec}(rophotometer against the corresponding crop control as
ank.

Trends in PH, desorption: A glass test tube containing
a detector strip8 (L cm wide X 6 cm long) was attached to
the side spout of the flask containing 200 g pre-aired coffee
seeds. At the end of every hour, the tube containing the
detector strip was pulled out, the red band portion of the
detector strip was cut out and a fresh Strlﬁ placed in the tube
If needed, and the tube was replaced to the side spout of the
flask quickly. The area (cm2) of the red band was used to
find the micrograms of PH3 desorbed by the linear
relationship between area vs micrograms of PH3
Comparison of the trends in PH3desorption from two types
of coffee seeds fumigated at two doses is shown in Fig.l.

Desorption experiments and computed residues of
PH3: A 200 g portion of.coffee sample pre-aired and one-
day aired, was sealed (four replicates) in 250 ml conical flasks
with side spouts. A glass test tube containing a detector
strip8 was fixed gas-tight to the side spout of the flask as
above. The flasks were stored in the laboratory at room
temperature avoiding direct sun on the flasks. Fresh detector
strips were ﬁlaced In the tubes as and when needed after
cutting out the red band at the end of everY 24 hr. In order
to gauge the amount of PH3 desorbed regularly, the storage
was continued till the red band ceased to form. The BhOS hine
residues on each day of storage from zero to ‘no-ban ’daﬁ
was computed by “observing the amount of total PF
desorbed over the entire period. The amount of PH3 (p.p.m)
desorbed over the entire period was taken as the total
PH3 residue in the commodity. The amount of PH3
desorbed over the next 24 hr was subtracted from the total
value successively from the first day onwards to get the
computed residue for the previous day.

The fall of the PH3 residue in two types of coffee beans
durlng the first 34 days of storage and the absorption spectra of
AgiN )J-PH] chromophore, are shown in Fig 2 to 5. Each
value in these plots Is the mean of 4 replicates.
Phosphorus determination:  Five gram samples of coffee
beans were dried at 100°C and powdered well inan iron pestle
and mortar. The powdered material was soaked in bo_ﬂmgz
water (200 ml) containing 1 ml 6N H504with intermitten
stwnnP. The suspension was filtered and 1.0 ml filtrate was
used for colour development*. At the end of the storage

eriod, the dusty patches formed on the inner walls of test
ubes due to oxidation of PH3 were used to determine the
amount of phosphorus compounds formed. The dust was
dissolved in hot distilled water containing 1-2 drops of 6N
HZ504. Complete dissolution was effected by scratching the
inner walls of the test tubes with a glass rod. The wasf mg
and scratching were repeated 3-4 times and then the combine
washings were made upto 10mL. A 5 ml aliquot of this solution
was employed for determination of pnosphorusd. The
amount of phosphorus was calculated from the calibration
line drawn by employing KH2P04 as the standard by the
same method. Phosphine and morPanlc PhOS horus residues
in.the samples dosed at 3 and 6 Celphos tablets/ton are shown
in Tables 1 and 2 respectively.

Results and Discussion

Both coffee beans %).047 p.p.m.) and the peaberry (0.035
p#J.m.) dosed at 6 tablets/ton have desorbed larger amounts
of PH3 than those (0.022 and 0.012 p.ﬁ.m. res ectlveIzP
dosed at 3 tablets/ton, as a result of hlﬂ_ er uptake of PH3
at higher dose (F|%.I). Due to slightly higher PH3 holding
capautfv) of coffee beans than peaberry,7at both the doses
coffee beans had taken uP higher amounts of PFL3 than the
Peaberry, which has resulted in larger amounts of desorption
rom coffee beans during first 4 hr of storage. During the
next 4 hr at both the doses, desorption from hoth t?/ﬁes of
coffee seeds was almost uniform. At 6 tablets/ton, although
there was no difference in Ber cent decrease in PH3
desorption from coffee beans (70 per cent) and peaberry (71
per cent) during first 4 hr the latter at 3 tablets/tQn showed
a decrease of only 33 per cent compared to 73 per cent by
coffee beans. This difference was due to slightly faster rate
of desorption from coffee beans than peaberrr (later
discussion). In their PH3 desorption pattern, coffee seeds
behaved similar to wheat. 51
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—o—- 3 toblets/ton
-~ 6 tobiets/ton L
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Fig..  Initial trends in PH3 desorption from coffee seeds fumigated with
aluminium phosphide (Celphos)
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Fig.2. Fall in computed residues in coffee seeds fumigated with 3 AIP
tablets/ton during storage.

At 3 tablets/ton dose, the computed residue had fallen to
0.01 ppm in coffee beans within 14 days compared to 22-26
days in- peaberry éFlg.Z).. In coffee beans, the fall in PH3
residue in pre-aired was linear between 0-5 and 7-12 days,
while that in one day aired samples it was linear only between
0-4 days. The fall of residue in both pre and one ‘day-aired
samples of ﬁeaber_(rjy was irreqular. At higher dose of 6
tablets/ton, the residue in both coffee beans and peaberry
had taken almost the same duration of 22-27 days to reach
0.0L p.p.m. (Fig.3). At this dose also, the fall of residue in
Bre and one day-aired samples of coffee beans was linear

etween 1-12 and 0-13 days respectively, while the same in

Dose:6 Alp tablets /ton
coffee beans

—— pre gired

—%— One day aired

Peaberry
—e— pre aired

0-20\! —o— One day aired

Phosphine residue log (mg kg-1)

XXX X=X

0-01

|||||

Storage (days)

Fig.3. Fall in computed residues in coffee seeds fumigated with 6 ALP
tablets/ton during storage.

corresponding samples of peaberry was irregular. The shape
of the seeds (peaberry is round, coffee beans are split) may
be one of the factors responsible for such differences in the
fall of the residue. . .

In all these trials, the time that ela?sed between openlnﬂ
of the fumq)aﬂon flask and pounng of the sample to the 6t
replicate tube was kept hetween 40-45 sec. he.Bre-alred
samples were quickly poured upto a mark precalibrated to

Table 1L Phosphine and inorganic phosphorus residues in coffee seeds dosed at 3 aip tablets/ton
Period of airing ph3 residue _Inorganic P Inorganic P
_ in coffee seeds in side tube
Determined Computed (mg/200g) (M)
(ppm.) (ppm.)
Coffee beans
Pre-aired
Immediately 0.0974 + 0.0653 0.1260 + 00L27 0.189 + 0.034
After 20 days storage BEL 0.007 + 0.0004 0.312 + 0075 173+ 064
One day aired
Immediately 0.0482 + 00114 0.0953 + 0.0084 0.225 + 0.066
After 16 days storage BEL 0.0024 + 0.0005 0.534 + 0.026 65 + 066
Pea berry
Pre-aired
Immediately 0.1760 + 0.0376 0.1676 + 0.0209 075 + 005
After 33 days storage BEL 0.0005 + 0.0003 13 + 0316 834 + 122
One day aired
Immediately 0*0900 + 0.0294 01118 + 0.0193 0.736 + 0.033
After 29 days storage BEL 0.0030 + 0.0015 0803 + 0.35 1250 + 097

Mean + SD of 6 replicates

BEL, Below the estimatable limit of the method,
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10 g on a 50 ml wide mouth B24 glass test tube. At a dose
of 3 tablets/ton coffee beans showed a pre-aired determinable
PH3 residue almost half of that showed by the corresponding
samples of peaberry (Table 1I). Inspite of slightly higher
capacity of coffee beans to hold PH3 than peaberry,7 the
former had shown smaller residue due to faster rate of PH3
desorption from it. Within 40-45 sec. of sampling time larger
amounts of PH3 had escaped from beans than from pea
berry. When these samples were aired for one day, the
decrease in determined residue was by 50 per cent in coffee
beans, while the same in peaberry was by 47 per cent. The
determinable free PH3 residue in pre-aired coffee beans was
below the limit of the method after 20 days storage, while
the same was attained after 33 days of storage in Peabe_rry.
In case of one day aired samples, the determinable residue
in coffee beans was below the limit of the method after 16
days, while the same in peaberry was after 29 days.

Because of slow desorption of PH3 from peaberry both
pre-aired (0.1676 p.p.m.) and one day aired 5.1118 ppm)
samples hold higher computed residues than the
corresponding samples of coffee beans (0.1260 and 0.095?
p.p.m. respectlvely?. Computed residue in 8re and one cg>
aired samples of cotfee beans decreased by 99 per cent over
20 and 16 days resFectlver, the corresponding decrease in
the respectlve samples of peaberry being over 33 and 29 days
respectively, indicating the faster rate of PH3 desorption
from coffee beans than from peaberry.

41

In pre-aired coffee beans, phosphorus compounds formed

due to oxidatton of PH3 was increased bgG per cent over
20 days, while in the corresponding peaberry samples the
increase was by 80 per cent. The trend was reversed in the
case of one day aired samples. In case of one day aired coffee
beans, the increase was as high as 137 per-cent; in the
correspondlnﬁ peaberry samples, the increase was QnI[y) o
per cent. Unlike in cashew nutsDthe PH3 residues in both
the types were accessible to air oxidation. AIthou%h the
reported? phosphorus content in coffee was 130-165
mg/l00g, many samples examined by the method described
showed a mean value of 63.7 m%/10_ g in coffee beans and
416 mg/100 g in éJe_aberry. The insignificant amounts of
phosphorus formed in the side tubes (65 to 125 fig)
suggested that the interaction of PH3with the detector strip
was quite fast and quantitative. .

The same trends were observed in the levels of determinable
free residues in coffee beans and peaberry even at the higher
dose of 6 tablets/ton, and for the reasons stated above, peaberr
showed a Iarge( pre-aired residue than coffee beans (Table
2). The trends in their decrease on airing for one day had
been altered, this may be due to large amount of free PH3
residue. The decrease in the pre-aired residue in coffee beans
was by 34 per cent during one day airing, while the
corresponding decrease in peaberry was 38 per cent. Similar
alterations were also noticed in the decrease of free
determinable residues from pre-aired and one day aired
samples of coffee beans and peaberry. Irrespective of the

Table 2. Residue of phosphine and inorganic phosphorus in coffee seeds dosed at 6 aip tablets/ton

Period of airing PH3 residue _Inorganic p Inorganic p
in coffee seeds in side tube
Determined Computed (my/100g) (Pg)
(ppm.) (pp.m.)
Coffee beans
fre—aidretz I 0.1505 + 0.0445 0.2545 + 0.0446 18% + 0359
mmediate 1505 + 0. , , . , _
After 34 dg/ys storage BEL 0.0005 + 0.0001 1.389 + 0075 1987 + 150
One day aired
Immediately 0.0997 + 00281 03181 + 01440 0.742 + 0101 -
After 33 days storage BEL 0.0007 + 0.0007 2070 + 0.280 115 + 0.76
Peaberry
Pre-aired
Immediatel 0191 + 0.0310 0.4391 + 00514 145 +0.299 -
After 33 dgys storage BEL 0.0019 + 0.0005 1546 £ 0.159 1097 + 0.79
One day aired
Immediatel 0.1201 + 0.0784 0.2888 + 0.0383 1485 + 0.299 -
After 34 dgys storage BEL 0.0020 + 0.0003 1582 + 0532 18+ 012

Mean + SD of 6 replicates

BEL, Below the estimatable limit of the method,
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Fig.4.  Absorption spectra of PH3 residue - AgNO3 chromophore from coffee beans fumigated with 6 and 3 AIP tablets/ton.

amount of determinable residues in these samples, these
residues have reached a level which is below the estimatable
limit of the method within 33-34 days in storage.

As observed at the lower dose, pre-aired (0439 p.p.m.)
and one day aired d(0.28_8 p.p.m.) samples of peaberry hold
a higher computed residue than the correspondm? samples
of coffee beans (0.235 and 0.138 p.p.m. respective J) during
storage. In all these samples, the computed residues have
decreased by 99.3 to 99.8 per cent within 33-34 days in
storage. Larger amounts of phosphorus formation compared
to that in 3 tablets/ton was noticed in both the types of coffee
seeds due to excess of available PH3during fumigation. The
changes in phosphorus content in these samples on airing and

on storing were not marked except in the case of one day aired
coffee beans, which had shown an increase of about 15 per
cent on storing for 33 days. Only traces of phosphorus were
formed in the side tubes durin storage.

Absorption sBectra of pre-aired and one day aired coffee
beans and ﬁea erryfumigated with 6 and 3 tablets/ton
separately shown in Fig.4 and 5 respectively revealed some
interesting points. Absorption seectra of the crop control of
coffee heans showed a band at 2/0 nm due to a SPECIfIC cro
extractive (F_|ﬁ.4%._ On fumigation with Celphos, PH3
interaction with this crop extractive increases the intensity
of the band in the absrption spectra of the pre-aired samples.
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Fig5. Absorption spectra of PH3 residue - AgN03 chromophore from peaberry fumigated with 6 and 3 ALP tablets/ton.

The observed increment in the intensity of the band was more
with a dose of 6 tablets/ton than with 3 tablets/ton. On airing
for a day the increment in the intensity of the band in the
absorption spectra of the samples fumigated with both these
doses decreased almost completelg due to decomposition of
the interaction product, as revealed by the absorption spectra
of one day aired coffee bean samples.

The corresponding ahsorption spectra of Feaberryé samples
shown in Fig.5 are different from those of coffee beans, as
the former show an additional band at 220 nm. The hand
at 220 nm is more intense than the one at 270 nm. Both these
bands behave similar to that in coffee beans on fumigation
with two doses and aeration for one day. The band at 270

nm appears to be common to these two types of coffee seeds.
No other band is observed in the spectra between 200 and
700 nm except a hump between 380-480 nm (not shown in
Fig) due to free PH3 residue indicating the absence of
bound residues of PH3 in coffee beans and peaherry
fumigated at these two commercial doses. Identification of
the causative extractive of these two bands from coffee beans
and Peaberry (Under progress) and their reaction with PH3
will throw more light on the type of the linkage formed.
The extensive data provided” above conclude that coffee
beans and peaberry can safely be fumigated with aluminium
Phos hide at a dose of 3 tablets/ton. In both the coffee tyPes
he aeterminable free residues of PH3 fell to a low level of
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0.01 ppm within a week. The computed residues decrease to
similar level in about 10-13 days In coffee heans and 24-26
days in peaberry.
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Sensitivity of Sterilization Effect from Process Parameters
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Sensitivity of sterilization effect (SSE) define changes in F-effect caused by relative changing of respective determining parameter.
Analytical and correlative dependences of SSE which have a bearing on convectionally heated canned foods are presented. Genereiized
intervals of changing SSE, involved in definite multitude from sterilization regimes are given. SSE is calculated on the basis of
worked out private programmed products. Way of defining of the complete relative changing of F-effect, caused by simultaheously

relative changing of all defined parameters, is also shown.

With respect to th_ermophgsical and micrrobiological
conditions of sterilization, the bulk of canned foods: stewed
fruit, gh™rkinstfresh beans, peas, fleshy peppers, bear, fruit
uices, nectars, milk, etc., can be classified as convectionally
eated foods &Whe.re (during the time of whole process,
terlnper%ture of the liquid in canned foods is uniform in whole
volume).

It is established that the changes in the temperature of
canned foods, with enough accuracy for practice, can be
written using following equation12:
E-"-+ Tc-T=0. 0)

Temperature change in heating medium in still, rotary,
hydrostatic and open tunnel retorts can be approximated with
linear change in n phases. Let temperature in i-phase change
linearly from Tt to T for time tr Temperature of the liquid
in canned food in the beginning of the phase is Tq and the
coefficient of thermoinertia 1s Ei ( |(};.I). Temperature
changes in canned food3 can be defined from equation (2):

TGT- —Thgbi E- (To-Td ThiThi E) exp(4E) ()
Sterilization effect of i-phase can be defined with the
following formulae34:

fi Tc~Te
Q]( n z
Ni

F, = Eexp(-Q) ( exp [Bx + A exp (-x)]dx.

Fi= dt, (3)

@

0
The F-effect for whole sterilization process is defined by
F=F+F+ . +F+. +F
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Fig. ! Temperature curves of the heating medium and the canned food
in i-th phase of the sterilization process.

The values of F-effect are compared for assessment of
adequateness of described model with equations (2) and (3).
The values of F-effect are calculated according to the model
and on the basis of experimental data representing the change
of the temperature of the liquid in canned foods during during
the sterilization process. By means of these data, F-effect is
calculated through numerical integration of e(T]uatlon 4)
Average deviation among the two types of F-effect, which
are determined, is 8 per cent, as for stewed fruit from morello
with 76 times repetition of the experiment - (8+7)%, for
stewed fruit from cherry with 60 experiments - (7+6)%; for
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stewed fruit from plum with 83 experiments - (8+5)%; for
stewed fruit from quince with 80 experiments - (9+6)% and
for stewed fruit from pear with 40 experiments - (9+7]%56:

Sensitivity of sterilization effect (SSE) represents relative
differential changing of F-effect of whole process caused
relative differential chan?mg of determmlr}g parameter Pi
and is defined by the following formulae37i2

. TMdF. H Td dTa Tci-dFi
P F 4T :iZi”C'H F N wheren = FogT- )
Ty V. B ©

=1 '
t.dF _ F AF ot dT
Fdfj - Fg‘”Y‘P‘-LH T dtjq kp=y
- tidFi =i+l =i (7)
where: qti= 1%
. Ej.dF , E E dTg Ej.dFj
W FE, Ve'+j}’i+Tt° Q6 @ Ede O
1Thi— 4 44 ET-g Thi + 2— + QJEJ— ' {8 | g%g )
j=itl
where: 1 = EP&%IBI
n

O TdF gt T dTe

M= egri F @mﬂﬂ”‘ dTh (10)

where: PO = |gl)ldd[l:bI
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Minimum, maximum and ayera?e values of changing of
SSE, determined on the basis_of analysis of about 300
%terlllzatmn regimes are given in Table 1 These regimes apply
0:

—for retorts with continuous process (tunnel retorts) and
with batch process ﬁautoclaves); _

—for convectionally heated preserved foods: stewed fruits
(from cherry, quince, plum, pear, strawberry, peach, apricot,
aﬁple.etc.), canned vegetables (from french bean, pea,
gnerkin, feshy pepper etc.), beer and nectars;

—for gacked preserved  foods: glass jar - 08 dm3
(105x130 mm), metal can - 1 .dm3 (D = 99 mm) and
glass bottles - 0.5 dm3. . .

These results are according to Akterian and Videv13
Regimes are in conformity with and coefficients of
thermal inertia are according Tanchevi4 and Videvh The
values of F-effect and SSE are calculated in computer b
means of complex programmed products of FORTRAN,
FOCAL and BASIC313 _ . .

On the basis of correlation analysis, correlation
dependencies are constituted for determining SSE® from
parameters which are most mﬁnlflcant and contribute to
changes in biggest particular change of F-gffect:
7= 2.08x 0y (E2F) + 164, 6=0.24, 6=0.71, (L1)

< = 246x2"'5B- 6.80xlog(t2F)-28.8, 6= 1.39, 6=-15.01, (12)
2= 0.183xl0g (12F) + 194, 6=1.50, 6=-14.87, (13)

$ld = -0.C379xlog F + 0.185 - 0.00604 x (q/E,) x (t2E2), (14
# : 6(889? 6(3.08) )

$82 = -0.174xlog(E2F)-0.387, 6=2.32, 6= 19.71,(15)

Limits for changing of sensitivity, particular changes of sterilization effect and variations of

PROCESS PARAMETER

Table 1
Autoclave
P )
’ : API f
d P (T
mn  md  max % min  mid
z 0 15 85 (28 0 0
Td 0 04 L5 2 0 8
M 02 1 3 8 16 8
i 5 5 50 2 30 50
v 0 02 o B 0 4
tid 04 2 55 5 2 10
fi 0 07 2.5 0 0 7
1 n 3 5 D L %0
£ 0 1 23 65 0 65
Ec 0 01 06 9 0 13
[\ min  mid
AF (%) 0 60

Tunnel Retort

(%) B, APi | AIA (%)
PI Pi | F7 pi
mx  mn  mid  max 0% mn md  max
10 0 0.2 4 (29 0 5 80
0 0 04 1 20 0 8 20
24 0 15 3 8 0 i 24
100 5 20 25 2 30 40 50
1 0 0 0 16 0 0 0
21 15 2 28 0 0 0 0
25 0 0 0 0 0 0 0
50 15 22 35 2 3 45 7
5 0 07 2 5 0 35 10
54 0 02 ) 5 0 01 07
max mn mid  max
200 30 50 no
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_These dependencies are received through analysis of 144
regimes from the above mentioned regimes, applied for
sterilization of 12 types of convectionally heated canned foods
in autoclaves, at Te = 12L.1°C. _

Relative changlng% of F-effect, caused by simultaneous
relative changing of all determining parameters P. can be
defined byR

AF A TC
F _<omd T

AT )

The occasional variations of F-effect during the time of
Erocess can he evaluated by average quadratic variation of
-effect, caused by occasional variations of parametersi3

17

i 2

AF | = AF

( F )sq PE 2 (T )P-
1 i=1 !

Minimum, maximum and average values of particular
?AF/F) and average quadratic variation of F-effect, applied
for the ahove mentioned groups from 300 regimes are shown
in Table 1 Average variations of parameters (APyP]) are
also given in the same Table. Evaluations of these variations
are done on the basis of direct supervision in production
conditions and analysis of methods for determination of z and

E

COne of the possible ways for defining the recommended
accuracy for regulation of Trt, Tre, Trc Td, t and the
accuracy for identification of z and E(the use of SSE:

AW < r var(AF/F)A- (18)

The values of recommended accuracy for regulation and
for identification of parameters, defined on the basis of
_equTat;)cin 518) and after techno-economic analysis, are given
in Table 2.

Table2. Required accurac g/g) for regulation and
DETERMINATION OF PR&C S PARAMETERS

_ A Autoclave
_ P z T4 T B Tw Td Tr
APi F<600 sec, 10
PT~r F<600sec, 20 5 10 10 10 05 20

_ B. Tunnel Retort _
Pi /A d ® & 0
AP N N 5 DN D 5 05
PET 1) <60 6092 0% >05
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~ Example: Inorder to calculate the sensitivity of the F-effect
in relation to the parameters of the process during sterilization
of %reen peas in glass hottle with volume 08 dm3

105 130 mn(? using autoclave. The sterilization was
completed under the followin regime Td=40°C;
T =T =60°C' T =T =T =T =T =Drr
Tri=T0=30°C; t,=1500 sec; t2=1800 sec; t,=1500 sec (4).
The coefficients of thermal inertia are E, = E2 = 318 sec;
E3 = 210 sech .

The F-gffect was calculated through equations (1) and (2)
at z=10°C and Tc=121.1°C is F=1422 sec. The sensitivities
of the sterilization effect calculated through equations (5) to
(15) are 1%uven_ in Table 3. If itis accethed that SSE from the
most influential parameter Trdis 100 per cent, then SSE of
the next parameters accrum% importance are $a:4.5 %;
JR:13 %; 411 % and SSE from all the “remaining
parameters are below 1% . .

The partial changes of F-effect determined on the basis of

the currently applied accuracy for regulation of the process
parameters “taken for Table” 1 and” on the basis of the
recommended accuracy taken for Table 2 are given in Table
3. The occasional variations of F-effect calculated as per
equation (L7) decrease from 55 per cent at the applied
accuracy for regulation to 20 per cent at the recommendable
accuracy. : L :

On the basis of equation (16), it is possible to constitute
equation to compensate the changes of F-effect (AF/F=0)
caused by the unfavourable systematic variation of Trd
through the change of t2:

A2 ©Td ATd  At2_ 213 ATd

TR To O 0TI I

°r g iie—

-330x ATrd

Table 3. Sensitivity and particular changes of f-

EFFECT DURING STERILIZATION OF GREEN BEANS

I 2 3 4
Z 032 0.29 6.4 6.4
Td 0o 003 02 05
022 : 2.2 2.2
123 1% 61 123
h 007 , 07 07
E 022 : 14 2.1
E) 03 077 23 36
3 00p 02 36
w4 g
002 03 04

Land 2 - values of SSE calculated as per equations (5) to (10) and (L) to

TeSpectively: . : :
g nd 4p_ partle(llar changes of F-effect determined on the basis of Epplled
and recommended accuracy of regulating the process parameters P.
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According to above mentioned equation, the decreasing of
temperature Trd by 1°C, can be comi)ensated by extending
the continuity by 300 sec. The following equations for
compensating the unfavourable systematic change of Td are
worked out as per analogical way:

ATrd=-0.001 x ATcl: At2=-0.366 x ATcl.

On the basis of the completed analysis of SSE and the
chan'%es of F-effect, the following inferences can be drawn:

—Thermomicrobiological model (characterized by thermal
stability with coefficient z) and thermophysical model
(characterized bK thermoinertia with coefficient E) describe
the process of thermal sterilizations with enough accuracy.
The perfection of two models must be completed
simultaneously. But priority should be given to the first.

—At the existing accuracy for regulation of process
parameters, the occasional variations of F-effect are in the
order of 50 to 60 per cent. At the recommended accuracy
for regulation, these variations decrease to half (Table 2) and
can be evaluated as completely satisfactory. The occasional
variations in tunnel retorts are smaller than those in
autoclaves. Therefore, from this point of view, preference
should be given to the first.

Nomenclature: _
Ai = 2303 (Td-Ta)z - temperature difference
(dimensionless) between Td and Ta at the beginning of i

phase

changing the temperature ot heating medium in .i-Phase;

C =2303 (T-Ta)lz - temperature difference
(dlrr]r1en5|onless) between T. and Ta at the beginning of
I-phase;

E.  EiEwEdEc - coefficient of thermal inertia: runnings.

value, of i - phase, at heatingzl retention and cooling; sec;

F, Fj- adjusted sterilization effect for whole process and

for i - phase, sec; _

I=]...n - phase number in row, . o

m - number of parameters P, for given sterilization
process, . o :

N=tjlEj - duration (dimensionless) of i-phase;

N - number of phases; _

Pi - process parameters: Tz, t.E|TOTH,

T,Th,Tf - temperature of heating medium: running value,
at the be mnmgr and at the end of i-phase, °Ci

Ta = Th- (TnTh) E&/t - asymptotic temperature at the
beginning of i-phase, °C; = .

¢Tg - temperature Qf liquid in canned food: running
value and at the beginning of i-phase, °C;

Te - standard temi)erature, °C, _ .

Tm, T Tic - regulated temperature of heating medium
during heating, retention and cooling, °C; _

t,tﬁ,tjdtp*d_uratlon of process: running value, of i-phase,
of the retention phase and of whole process, sec;

. Cz - coefficient of temperature stability of microorganisms,
(AFIF)™ - average quadratic change of F-ffect;

"AF (
)"cl (< F '

)Tbi ' -('F_ )Tfi

AF ) {—
T v (F)Ei

:of

F-effect, caused by variation of parameters respectively
R :7d Z t, e, Thand T, (AF/F)p =

(ap.spj), (A PIPJ)R- applied and recommended relative
variation of parameters pi; o

6,6-  dispersion and highest value of relative variation of
SSE calculated by using correlation dependences ec51uat|0ns
(1) to (15? and analytical dependences equations (5) to (10);

BRI, bici, Pz, St AEQ, $Thi, ST - sensitivity of F-
effect from process parameters P| : Td, z, t, Ej, Thj T

9 Pi, <pTci, <pz, 9 ti, 9 Ei, 9 Thi, 9 Tfi - function of
sensitivity of F-cffect from parameters P:: Tq, z, t, Ei; Th,
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AUTOXIDISED OILS ON ANALYSIS OF SORBIC
ACID IN FOODS

G.K. SHARMA AND SS. ARYA
Defence Food Research Laboratory, Mysore — 570 Qil, India.

Received 10 November 1988; revised 28 December 1988.

Effect of spices, antioxidant and other additives on the recovery
of sorhic acid by the use of spectrophotometric and colorimetric
method has been compared. Except fumaric acid and its
derivatives and cumene oleoresin, the other spices and additives
and oxidised fats do not interfere in the analysis of sorbic acid.

Sorhic acid is widely used in bakery, confectionery and
fruit products mainly for the prevention of fungal attack
during stqra%e'. For analysis, sorhic acid is isolated by
steam distillation of a known quantity of food material and
its concentration is determined either by measuring the
absorbance? of distillate at 258 nm or alternatively sorbic
acid in the distillate is oxidised with potassium dichromate
and oxidation products are reacted with 2-thiobarbituric acid
producing red chromogen. The intensity of the red chromogen
at 532 nm is linearly related to sorbic acid concentration3
Since some of the spices, additives and food constituents as
well as autoxidation products of polyunsaturated fatty acid
are steam volatile and also have absorbance in UV region,
these may interfere in the determination of sorbic acid in
foods. The present communication describes the role of some
of these ingredients in sorbic acid recovery by hoth
spectrophotometric and colorimetric methods. .

In order to study the effect of various additives and spices
on sorbic acid recovery, 1 ml aliquots of aqueous sorhic acid
solution (1 mg/ml) were treated with 50 ml 0.1 N sulphuric
acid and 50 g magnesium sulphate both with and without
spices EChI”I, cinnamon, turmeric, clove, cardamom, garlic,
mace, black pepper, ginger, coriander, cumene powder, 10
mg each?, additives écalcmm prolomnate, butylated
hydroxytoluene, hutylate hydroxramso e, tertiary butylated
hydroquinone (TBHQ), dimethyl fumarate, fumaric acid,
proR |gallate, hydroxymethylfiirfural, sodium benzoate, 1mg
eac ’{ and stored oils (refined groundnut, safflower an
sunflower oils, 250 mg each). The Contents were steam distilled
in an all glass apparatus and 350 ml of the distillate was
collected. The volume of the distillate was made upto 500
ml and its absorbance was measured at 258 nm. The
concentration of sorbic acid was calculated using

E»For: C(%Sri'me_tric estimation, 2 ml aliquots of the distillate
were treated with 1 ml of 0.3 N sulphuric acid and 1 ml of
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Table ! Recover cent) of sorbic acid with

er
VARIOUS ADDITIVE é SPECTB?OPHOTOMETRIC AND
COLORIMETRIC METHOD

Additives Spectrophoto-  Colorimetric
metric method method
Sorbic acid (SA) 9.7 + 16 1007 + 16
SA + calcium J)roplonate _ 1029 + 12 1025 + 35
SA + butylated hydroxy anisole 181+ 13 1066 + 28
SA + butylated hydroxy toluene 1008 + 21 1003 + 18
SA + tertlary butylhydro quinone 1046 + 0.2 1013 + 12
SA + propyloallate 1056 + 13 1038 + 18
SA + sodium henzoate 96+ 02 1000+ 13
SA + hydroxymethyl furfural 1012 + 16 1000 + 01
SA + dimethyl fumarate 1089 + 16 988 + 17
SA + fumEric acid 1091 + 3 1005 + 0.2
SA + cumene oleoresin 78 + 16 1006 + 18
SA + cumene powder 1042 + 09 990 + 14
SA + chill 1000 + 03 1025 + 10
SA + cinnamon 1028 + 2.2 1038 + 18
SA + turmeric 1044 + %g 1025+ 10
SA + clove 1012 + 1 1024 + 0.2
SA + cardamom small 1033 + 12 1003+ 18
SA + mace 1068 + 04 1003 + 18
SA + thyme 1007 + 29 1013 + 13
SA + garllc 1023 + 04 1067 + 0.9
SA + Dlac< pepper 1005 + 1-3 1003 + 10
SA + dry ginger 1014 + 16 1000 + 04
SA + coriander 1023 + 02 993 + 11
SA + groundnut oil 980 + 03 990 +11
SA + safflower ol 978 + 0.2 1000 + 09
SA + sunflower ol 998 + 03 990 + 06

Botqssium dichromate solution ﬁ147 mg/100 ml) and kept in
oiling water for 5 min in 20 ml test tubes. The tubes were
cooled ir ice bath and 2 ml of 0.5 per cent thiobarbituric acid
solution was added and subsequently heated for 10 min in
boiling water, After coolln%l the absorbance was measured
at 532 nmand the concentration of sorbic acid was calculated
from the standard curve drawn between sorbic acid
concentration and absorbance. All experiments were
conducted in trlf)llcate and the results presented are mean of
atleast three values, - . .

The effect of various additives, spices and stored oils on
the percentage recovery of sorbic acid determined both by
%pectro hotometric and colorimetric methods s given in

able 1 The mean recovery of sorbic acid without any
additives were 99.7+1.6 and 100.7+ 16 per cent by
spectrophotometric and colorimetric methods I’ESﬁectIde.

he reproducibility of results by hoth these methods was
excellent and coefficient of variation in both cases ranged
between 0.5 and 2.5 per cent. Accordlngl¥, the recoveries'
above 104% and below 96 per cent were found significant
at 99 per cent confidence limit.



ANALYSIS OF SORBIC ACID IN FOODS 51

Among the products tested, dimethyl fumarate, fumaric
acid and cumene oleoresin were found to interfere
considerably in the determination of sorbic acid by
s%ectrophotometrlc method whereas no interference was
observed in colorimetric procedure from the above
ingredients. Very slight but significant interference 1104-106
per cent recover % was also observed due to propylgallate,
tertiary butylated hydroguinone, turmeric, cumene and mace
ﬁowders_ln the spectrophotometric method. On the other
and, slightly higher recoveries (105 per cent) were also
observed in colorimetric method in the presence of garlic and
butylated hydrox?/anllsole. _

Stored vegetable oils (peroxide value 50-100 meg oxygen
Ber kg fat) did not interfere in sorbic acid determination either
y spectrophotometric or. colorimetric procedure.
Autoxidised fatty acids containing conjugated diene have

considerable absorbance in 230-270 nm region but these do
not seem to get steam distilled along with sorbic acid.

The results of this investigation suggest that except fumaric
acid and its derivatives and cumene oleoresin, the other
spices, additives and oxidised fats do not substantially
interfere in the analysis of sorbic acid.

We thank Dr. T.R. Sharma, Director, Defence Food
Research Laboratory, Mysore, for his valuable guidance and
for providing necessary facilities.
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Flood affected areas surveyed just after flood and samples of
wheat grain and flour were collected from various fair price shops
and general stores. They were analysed for aflatoxin
contamination and also for nutritive components (Protein, sugar,
starch). Out of 60 samples of grain and flour, almost 20% were
contaminated with aflatoxin B,; the level of contamination
ranging from 70-339 p g/kg. Deterioration of food constituents
like protein, sugar and starch was recorded in all the samples
as they were infected with Alternaria alternate, Aspergillus /laws.
Aspergillus niger, Fusarium, Fenicillium spp. etc. Deterioration
was, less in grains/flour having no aflatoxin contamination.

Wheat gritigum aestivum) is a staple diet of the majority
of pOf)Ula ion in India. During flood or just after that, the
cereal available in the affected areas is mainly wheat grains
and flour. This crop is harvested during March and April.
These are the pre-monsoons months. Unseasonal rains during
harvestlngf and stacking makes the grain highly receptive for
growth of moulds that causes deterioration in essential
constituents and mycotoxin elaborationl In the present
investigation, a surveywas made to assess the nutritional
quality of wheat grain/flour available in the affected areas
of Saharsa (Blhar%. _
~ Samples collected from Saharsa and its suburb were kept
in polythene bags. Prior to analysis, theg were subjected to
hot air treatment for 5-6 hr in an oven at 60°C. After complete
drymF, grains were powdered and 25 g of the powdered
samﬁ es were extracted chemically for aflatoxin following the
methods of Jones2. Same amounts of the flour samples were
also subjected to extraction.

Qualitative estimation of aflatoxins was done on TLC plates
using solvent system suggested by Reddy et al2. Chemical
confirmation of aflatoxin was dong by spraylnﬂ trifluoroacetic
acid4 while quantity was calculated spectrophotometricallys.

Protein, total sugar and starch were estimated by the
methods of Lowry et al,6 Dubois et of and Snell et af
respectively.

Aspergillusflavus, A. niger, A. versicolor, Penicillium a_nd
Fusarium spp. were the commonly associated moulds with
wheat grains (Percentage occurrence 50 per cent or more).
Other fungi showing higher percentage occurrence (more than
10 per cent) were Alternaria Spp. Cladosporium herbarum,
Streptomyces, Rhizopus SPP. Aspergillus ochraceus, and A.
nidulens.
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Aflatoxin B, contamination was detected in 25 and 15 per
cent grain samples of fair Frlce shops and general stores
respectively (Table 1). The level of contamination in wheat
grain ranged from 160-339 pg/kg in samples of fair price
shops and 140.8-205 pg/kg In those of %eneral stores. The
amount of aflatoxin B, In flour was 95-210 p ?/kg (samples
of fair price shops) and 70—250 p g/kg (samples of general
.stores&. The percentage of contamination was, however, less
in packet fours of fair price shops (20 per cent) as compared
to that of general stores (40 per centE

A considerable loss in protein, total sugar and starch was
recorded in all the samples (Table 2). The level of
deterioration was, however, high in aflatoxin contaminated
samples, obviously due to higher fungal infection. Protein,
total sugar and starch contents were 4-6.9, 1521 and
16.2-28.4 per cent respectively in aflatoxin contaminated
grains. Grain samples with no detectable aflatoxins were
comparatively more nutritious having 5.3-10.0, 2.5-3.8 and
23.5-50.0 per cent protein, total sugar and starch respectively.
The contaminated wheat flour showed 5-6 per cent ﬁroteln,
1.7-2.0 per cent total sugars and 18-29.5 per cent starch where

Table L Occurrence of aflatoxin b, in wheat grain

AND FLOUR FROM FLOOD AFFECTED AREAS

Samples tested Types of sample ~ No. ofcon-  Aflatoxin B
(No.) laminated samples — (/;g/k)
Wheat grain
20 Fair price shops 5 1600 -'339.0
2 General stores 3 1408 - 205.0
Wheat flour
0 Packet flour 2 95.0 - 2100
0 General stores 4 700 - 250.0
Table 2. Nutritive quality of non-contaminated and
aflatoxin contaminated samples
Food Types of sample Protein Sugar Starch
samples (%) (%) (%)
Wheat grain
Fair price  Non-contami-  53—100 2938  23.5-50.0
shops nated
Contaminated ~ 4.0-57 1518 16.2-275
General Non-contami- ~ 63—85  25-33  27.0—420
stores Eated .
ontaminated  5.5—6.9 =21 26.1-284
Wheat flour
Packet N(gndcontami- 6.7—1.4 1530 28.0-46.0
nate
Contaminated ~ 5.0-6.0 1720 180-295
General Non-contami~ 57—6.5 1524 22.6-30.0
stores nated
Contaminated ~ 5.0-59 1719 24.0-286
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as these constituents were 5J-7.4, 15-30 and 22.6-46.0
per cent respectively in flour samples with no aflatoxin
contamination. _ S

The level of aflatoxin B, contamination either in gram or
flour, was high as compared to its tolerance level fixed by
WHO9. Bhat et al have also suggested a maximum
tolerance level of 40 /xg/kg for foodstuffs. Consumption of
this contaminated wheat Is not safe as it creates several health
problems including liver cancer.

Authors are thankful to Prof. K.S. Bilgrami, Head of the
University Department of Botany, Bhagalpur University,
Bhagalpur for providing laboratory facilities.
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A significant positive correlation between the age of flatulent
human individuals and clostridial counts in their faecal samples
was observed. Using age as an independent variable to predict
the-clostridial counts in flatulent individuals, the computed simple
and cubic lingar regression equations could account 81 and 97.8%
variation in the clostridial counts, respectively. Chi-square test
of independence showed that clostridial counts in any group was
independent of age.

The foods rich in galacto-oliﬁosaccharides have been
reported to be responsible for flatulencel owing to the
absence of a1 6-galactosidase enzyme in the Intestinal
mucosa of humans. C_onse.(%.uently theseoligosaccharides
(flatulence factors) identified as melibiose, raffinose
stachyose and verbascose23 are metabolized by intestinal
microflora resulting in acid and gas production which actually
cause discomfortd. The bean substrates and some other
vegetables have been reported to have direct relationship with
in vitro and in vivo gas production hy intestinal clostridia%.
The present study was, therefore undertaken to examine the
relationship between age and intestinal clostridial coun:s in
the gastric cases in human male volunteers.

sample selection: Survey of gastro-intestinal gas
production was conducted on human male volunteers in five
%ge groups viz., 16-20, 21-25, 26-30, 31-35 and 36-40 years.

en random samples were drawn from each group having
otherwise normal health for the past two months. Special care
was taken to select those persons only who had not taken any
antibiotic for considerable preceding gerlqd, .

Faecal sample preparation: Sterilized sodium
thioglycolate broth containing the foIIowmgi ingredients (per
I|tre? was used for the preparation of faecal samples7: fcacto
peF one %5 g}, beef extract él g), glucose (5 g?, sodium
chloride 5.? , yeast extract (2 g), sodium thioglycolate (1
g) and distilled water (1000 ml). One gram fresh sample of
stool was aseptically transferred to each screwcapped tube
containing 9 ml of carbon dioxide flushed sterilized broth
adjusted at neutral pH. After mixing thoroughly, the contents
were given heat shock at 80 + 1°C for 30 min in constant
temperature water bath. The tubes were then allowed to stay
overnight at 37°C to trigger the germination of clostridial

o4

J. Fd. Sri. Technoi., 1990, Vol. 27, No. 1 54—55

0! no’1 103

Fig.l. - Specific black colonies of clostridia.

endospores and to kill the vegetative cells of non-spore
formln% bacteria.

The black colony method of Mossel et al.8 was followed
for the enumeration of clostridia. _ N

Fig.l. depicts the specific black colonies of clostridia
observed ir. our experiments. General survey revealed that
4,6, 7, 7 and 8 persons out of 10 had significant number of
clostridial colonies in ages from 16-20, 21-25, 26-30, 31-35
and 36-40 >ears, respectively. The correlation coefficient ;r)
obtained hecween age and clostridial counts were 0.848, 0.971,
0.88, 0.908 and 0.828 in 16-20, 21-25, 26-30, 31-35 and 36-40
Kears age groups, respectively. Chi-square test for

omoqenelty of correlation coefficients was Performed and
the calcula’ed Chi-square value was 8.30 at 4 dePrees of
freedom. Since the calculated Chi-square value was less than
the table value é9'49 at p=0.05), all the “r" values are of the
same order at 5 per cent probability level. The correlation
coefficient for Pooled data was significant at 1 per cent
probability level (r=0.90 at 30 degrees of freedom which
Indicated high correlation between age and number of
intestinal clostridia or gas production. So, as the age of the
individual increased, the gas production tendency also
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Fig.2. Scatter diagram between clostridial counts and age of the individual.

increased in the persons who were already flatulent. Drasser
and Hill9 reported increased number of Clostridia present in
faeces of older people.

A scatter diagram between age and the average number of
clostridial colonies is shown in Fig.2. In order to predict the
number of colonies of Clostridia at various aﬁes, the 5|mPIe
linear regression equation was computed. The value of the
coefficient of determination for linear regression showed that
81 per cent of the variation in the average number of colonies
m could be explained by its linear regression on the age
X) of the flatulent patient. However, the scatter of the points
around the fitted regression line had no meanlngiful_ values
of Y for X less than 21.5 per cent revealed the limitations
of the simple linear regression equation for the prediction
purpose. Therefore, a cubic regression equation of Y on X
was tried, which yielded a far better it than the simple linear

equation, as the value of coefficient of determination increased
to 0.9785, leaving only 2.2 per cent of the unaccounted
variations in Y due to the factors other than the age of the
flatulent individuals. _

Therefore, the cubic linear regression was much better for
the prediction purpose. In order to see if with the increase
inage, was there any change in the number of gas-producin
individuals, Ch|-squ]J_are test of independence was performed.
The calculated Chi-square value (1749 at 4 degrees of
freedom) was greater than the table value (14.86 at p=0.005)
which indicated that the number of ?as producing individuals
in each age group was independent of the age. Thus, age is
not a factor for gastric troubles. However, if one has this
trouble, its severity is likely to increase with age.
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The wholemeal disintegration time test (Pelshcnke) showed that
grinding method, yeast concentration and kneading affected the
results considerably. More uniformity was observed in samples
ground using quadrumat junior mill. Reduced granulation
increased Pelshenke values. The development of gluten through
kneading increased the disintegration time as also induced
reproducibility into results. Higher yeast concentration of 3.2%
was found to reduce disintegration times which were in accordance
with the results of other workers conducted on the similar test
samples.

Pelshenke test is used the world over as a screening test
for assessing the gluten quality in early generation segregating
wheat materials. As at this stage of testing the sample number
I large and the sample quant|t¥_ Is limited, the test comes
to be very handy. The test was first developed by Saunders
and Humpheriesy, and was later modified by Pelshenke2 and
Cutler and Worzella3. The test was primarily deveIoEed to
evaluate gluten quality in small samples. The Pelshenke test
has been adapted by several laboratories in India. It is
observed that Pelshenke values obtained in these laboratories
are not comparable. The possible causes of this variation
could be the mode of grin mg, concentration of yeast, time
of dough development, etc. The effect of these variables was
studied and the results are presented in this paper.

Grains of four varieties of wheat viz. ‘K. Sona’, WG 377’

Table 1. Effect of mode of grinding, gluten devel
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WL 71" and ‘WG 357" and a triticale variety ‘TL 319" grown
at PAU farm under recommended package of practices were
tested for fermentation time test.

The yeast solution of concentration 2.5 and 3.2 per cent
(W/V) were made by suspending Bakers dried yeast in
distilled water at 30°C for half an hour. All the test varieties
were ground separately in different mills viz. Hand grinder
HG), Wiley mill 11 M), Junior quadrumat (QM) and

yclotec tecator (TM) mills. Four sets of trials were
conducted with two yeast concentrations and gluten
development. Gluten was developed by pressing and
subsequent folding of dou?h ball, before it was dropped in
the beaker. The experiments were conducted in triplicate and
results presented as the means. The results are as follows:

Effects ofmethod ofgrinding: In general, the wholemeals
obtained from Cyclotec mill recorded h]ﬁher disintegration
time. The hand ground and Wiley mill ground samples
showed a very high variability among different runs. The ‘WG
357" recorded the highest disintegration time against ‘TL 319"
recording the least disintegration time with the above modes
of grinding (Table 1). The recorded variation in different runs
of samples obtained from quadrumat junior mill was minimal
indicating its higher reliability. The disintegration times of
samples “ground with quadrumat junior mill were in
accordance with the results obtained by other workers4.

Effect of yeast concentration: The increase in yeast
concentration decreased the dllsmteg.ratlon time. The time of
dlsmte%ratlon at two concentrations differed significantly from
each other (Table 2). As at lower yeast concentration the test
IS more time consuming, the use of higher concentration is
advisable.

Effect of gluten development: The results showed that
development of gluten (Table 2) had great bearing on
disintegration time. The d!smte?ratlon time significantly
increased with proper kneading of the dough ball. The repeat

&gment and yeast concentration (32%) on wholemeal

DISINTEGRATION TIME
Without gluten development After gluten development
Hand  JrQua- Wiley Cyclotec Hand ~ Jr Qua-  Wile C¥clotec
grinder drumat  mill  tecator ~ Meat grinder drumat  mil ecator ~ Mean
K. Sona 46 48 62 92 62 53 64 3 1 1
WL 71 47 54 47 8 59 54 68 6l 102 14
WG 357 73 80 % 124 93 93 15 3 13 Vil
WG 377 5 66 46 67 5 5 I 74 8 i1
TL 319 5 ol 59 T 62 o 1 8 8 n
Overall mean 7445
CD 5% For gluten development = 0.4365

For mode of grinding = 06172
For yeast concent. = 0.3913
For Varieties = 0.6899
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Table 2.

Hand  Jr Qua-

grinder ~ drumat

K. Sona 89 50
WL 71 49 51
WG 357 8 8
WG 377 48 55
TL 319 66 58
Overall mean 81.39

CD 5%

After gluten development

Wiley  Cyclotec Hand ~ Jr Qua-  Wile Cyclotec
mil ecator  Mean  grinder  drumat  mil ecator ~ Mean
63 105 B 7 59 66 124 55
64 176 60 ol 62 5 1% Il
116 183 9 1o 1% 14 3 Vi)
54 8 ol 64 67* ol il 66
60 68 63 6l 59 66 69 64

For gluten development = 0.6676
For mode of grinding = 0.9439

For yeast concentration = 0.3913
For varieties = 1055

Effect of mode of grinding,gluten development and yeast concentration (25%) on pelshenke values
Without gluten development

runs were reproducible in kneaded dou%hs as compared to
unkneaded dough balls. Pushman and Bingham5 observed
that the time of kneading did not affect the test significantly.

Various correlations studied were non-significant. However
very hIEh values of correlations were observed between
Pelshenke value and loaf volume and protein and loaf volume
fTabIe 3). Pelshenke6 and Winter and Gustafson? found a
ingar relationship between loaf volume and disintegration
time in wider range of quality types. A direct correlation
between Pelshenke value and other quality characteristics was
observed by Cutler and Worzella8 Walsh and Norman9 and
Dischreiderl . _

Since different grinding techniques, yeast concentration and
kneading affect the results considerably (as indicated by
significance test), utmost care has to be observed to conduct

Table 3. Quality characteristics of different test

VARIETIES

Varieties Pelshenke Protein ~ Cookie Chapati  Loaf

value %) sg\r/ead score  volume

(min) (WIT) (cc
K. Sona 68 122 6.85 pAY 500
WL 71 68 128 580 29 500
WG 357 108 18 540 29 610
WG 377 64 119 5.24 2 550
TL 319 65 129 640 1 430

Mean of 16 samples.
QOut of a total of 30 units

the experiment under uniform conditions. If the uniform
conditions are not prevalent in different laboratories
conducting the test, then it should be substituted by some
other more reliahle and simple test like SDS-sedimentation
test which is also conducted on the wholemeals.
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Effect of oils on the stability of carotenoids in fried Bengalgram
dhal during storage has been studied. Relatively carotenoids in
Bengalgram dhal were more stable when fried in vanaspati than
in refined groundnut, sunflower and safflower oils.

In foods, carotenoids are known to undergo co-oxidation
with lipids which also affect their storage stability. Based on
studies in isolated systems Arya et al. Treported that during
initial stages of storage, both saturated and unsaturated fa
acid esters stabilize carotenoids. After the induction period,
polyunsaturated fatg/ acid esters exert a strong pro-oxidant
effect while saturated fatty acid esters continue to exhibit anti-
oxygenic effect in.the degradation of carotenoids. Bodowski
and Bondi2 also reported that unsaturated vegetable oils
accelerate carotenoid oxidation. But Koloman and Gerhard3
and Ramakrishna and Francis4 have concluded that in the
presence of pol¥ur]saturated fatty acids, carotenoids are more
stable because lipid itself accepts free radicals more readll(ly
than carotenoids. Saturated and mono-saturated fatty acids
being relatively less reactive are unable to accept free radicals
and therefore rate of carotenoid degradation Is faster in the
presence of these fatty acids. o

Most of these studies have been conducted in isolated
systems and very little information is available on the role
of different vegetable oils on the stability of carotenoids in
actual food sy{stems. The present paper describes the role of
vegetable oils on the stability of carotenoids in fried
Bengalgram dhal, a popular Indian snack food.

Good quality Ben%algram dhal was procured from local
market and cleaned before use. Vanaspati (Dalda), refined
sunflower oil (Flora), refined groundnut oi .(Postmang and
refined safflower oil (Saffola) were procured in sealed 5-litre
polyethylene containers, . N

engalgram dhal (L kg) was soaked in water (41) containing
sodium bicarbonate ﬁ@ ?) for 4 hr. The soaked dhal was
filtered through a muslin cloth and tightly squeezed to remove
excess water. Soaked dhal was placed in a stainless steel
wiremesh basket and fried in vegetable oil (2 kg) heated at
180°C in an aluminium pan. Immediately after placing the
soaked dhal in oil, its temperature fell to 100°C and began
to increase during frying. When the temperature increased
to 130°C, dhal was removed from the oil and allowed to cool
at room temperature. One kg lots of dhal were fried in each
of the above oils.
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One hundred grams of dhal were packed in polypropylene
(60 M) pouches (10 X 10 cmf, heat sealed and stored In an
Incubator maintained at 37+ 1°C. Initially and after every 15
days, duplicate samples were analysed for total carotenoids,
peroxide value, TBA value, free fatty acids and moisture
content by the methods described earlierl

Moisture content in fried dhals immediately after
processing ranged between 2.5 and 3.0 per cent and it
remained constant throughout the storage. The total carote-
noid contents in dhals processed in different vegetable oils
|mmed|ateg{ after frying ranged between 23.43 and 23.93
Ixg/g and differences among samples fried in different oils
were not S|gn|f|cant. On storage, the carotenoid content in
fried dhals decreased considerably; but upto 30 days storage
differences in caratenoid levels in dhals tried in ?roundnut,
safflower and sunflower oils were not significantly different
(Table 1). Samples fried in vanaspati, however, contained
significantly higher level of carotenoids. After 90 days of
storage, the carotenoid contents of dhals fried in vanasgau,
groundnut oil, sunflower oil and safflower oil were 11.96, 8.48,

45 and 6.87 pglg respectively and the differences among
samples fried infour oils were statistically significant at 9
per cent confidence f(Table 1). The rate of decrease was highest
In those fried in safflower and sunflower oils and lowest in
vanaspati clearly{ indicating the pro-oxidant effect of
p[olyunsaturated glycerides in carotenoid degradation in foods.

he relationship between pro-oxidant activity and
ﬁolyunsaturated_fatty acid level in different vegetable oils was

owever, not linear. Naturally occurring antioxidants in
refined vegetaole oils may be responsible for this unexpected
non-linear relationship. The effect of various vegetable oils
on carotenoid degradation seems to be related to their
susceptibility to autoxidation during storage. The safflower
and sunflower oils which are relatively more susceptible to
autoxidation exhibited highest pro-oxidant activity in
carotenoid degradation while samples fried in vanaspati,
which is relatively more stable to autoxidation, retained
largest concentration of carotenoid during storage. Peroxice

Table L Carotenoid content (g
W

ﬂ_" of bengalgram
DHAL FRIED IN VARIOUS OILS

STORAGE AT 37°C

Storage _

period Vanaspati ~ Sunflower ~ Groundnut ~ Safflower

(days) ail ail ail

0 23.92+0.04  2383+0.11  23.93+0.02 23.43+0.06

b 1794002 15954002 1594+0.01  14.94+0.02
30 1748+005 1448+0.05 14.98+0.00 14.48+0.05
15 1548+0.05 11744006  12.99+0.05 10.98+0.05
60 14484005  9.98+0.04  8.98+0.05  9.48+0.05
90 1196002 7.45+0.03  8.48+0.05  6.87+0.01
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Table 2. Peroxide VALUE EmeqN of O/kg ail) OF
BENGALGRAM DHAL FRIED IN DIFFERENT OILS ON STORAGE
AT 371°C

Storage _

period Vanaspati ~ Sunflower ~ Groundnut  Safflower

(days) oil ail all
0 16.6+0.1 176406 187401 17.0404
) 168402  253+0.1  26.8+0.7 30.240.7
30 172406  47+12  310+04 41,6404
45 28.1+0.5 82.7+06  458+01  846+L1
60 288+02  122+11  485+09  1041+17
90 07406 2419+16 626408  231.8+0.9

TABLE 3. TBA VALUE (mg malonaldehyde/kg) OF BENGALGRAM
DHAL FRIED IN DIFFERENT OILS ON STORAGE AT 37°C

Storage

period Vanaspati Sunﬂ.?wer Grour_\dnut Safflower
(days) ol 0l oll
0 009+001 0114001  011+001  011+0.01
b 0174001  0.24+001  024+0.01  0.32+0.01
30 0.19+001  0.25+001  0.25+001  0.34+0.01
15 0201001  0.28+001  0.26+0.01  0.39+0.01
60 0204001 0344001  031+001  040+0.01
90 025+001  074+001  0.39+0.01  0.89+0.01

value and TBA (Tables 2 and 3) were also highest in dhals
fried in sunflower and safflower oils and lowest in those fried
in vanaspati. Relatively higher peroxide and TBA values in
sunflower and safflower oils suggest that free radicals are
definitely accepted by polyunsaturated fatty acids in these oils

but in the presence of qugen, this leads to rapid accumulation
of hydroperoxides which catalyse carotenoid destruction. In
case of olls containing mainly saturated and mono-unsaturated
fatty acids due to low reactivity of these fatty acids and
concomitantly lesser acceptance of free radicals by oils, the
free radicals tend to react among themselves forming stable
molecules. This leads to lesser accumulation of
hydroperoxides and therefore lesser degradation of
carotenoids in carotenoid-oil mixtures. This has been found
to be the case in the present stuay.

The free fatty acid contents of dhals immediately after
frying ranged between 1.05 and 113 per cent. After 90 dags
storage, free fatty acid contents were 1.87+0.02, 1.83+0.05
187+0.03 and 1.83+0.05 in dhal samples fried in vanaspati,
groundnut, safflower and sunflower oils respectively. Increase
In free fatty acids, however, were not related to carotenoid
degradation in stored fried dhals.

We thank Dr. T.R. Sharma, Director, Defence Food
Research Laboratory, Mysore, for his valuable guidance and
suggestions during the course of this investigation.
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Thirty eight different cultivars of pulses were screened to
determine the varietal responses in respect of aflatoxin production.
Two of them (Gram var. *H-208', and Soybean var, ‘PK-746") were
highly resistant against aflatoxin elaboration while others exhibit
different degrees of resistance and susceptibility. Biochemical
analyses of healthy seeds showed that the amounts of total phenol
and protein were greater in resistant variety while the amount
of total sugar was more in susceptible varieties of the same pulses.
Deterioration in protein, total sugar and phenols has been noted
during infection in all samples, however, in general except
soybean, the percentage of deterioration was more in susceptible
varieties than resistant varieties.

Pulses contain more protein than any other vegetable
Products and constitute an important food commodity in
ndia. The investigation in recent past has revealed that pulses
are vulnerable to Prow_th of Aspergillus flavus and aflatoxin
elahoration. 14 Aflatoxin is a secondary metabolite5 of A.
flavus and is reported to be carcinogenicé as well as
mutagenic? for various warm blooded animals mcludmg
man. The best method for controlling toxigenic fungi an
mycotoxin production is to find out resistant varieties. In the
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present study, eight varieties each of black gram (Phaseolus
mungo), PIgeonpea (Cajanus cajan), sqybean (Glycine max),
gram (Cicer arietinum) and Six varieties of green gram
{Phaseolus aureus) were screened in order to determine the
varietal response in respect of aflatoxin .Broduc.thn.
Furthermore, highly resistant and highly susceptinle varieties
of each pulse were analysed for deterioration in protein, total
sugzar and total phenol. An attempt has been made to find
out the biociemical basis of resistance of various pulses.

Thirty grams of healthy seeds of each variety were treated
with agueous solution of sodium hypachlorite ‘sodlum
hypochlorite : Water, 2:98, v/v) for 10min in a250 ml conical
flask. The sterilised seeds were thoroughly washed with
sterilised distilled water and given deep freeze treatment to
check the Fermlnatlon of seeds. The treated seeds were
subsequ.ent%/ inoculated with 1 ml spore suspension
(@pproximately 0.5 X 106 spores/ml) of Aspergillus flavus
which was a potent aflatoxin B, producing strain. The flasks
were incubated for 15 days at 28 + 2°C and shaken regularly
each alternate day. Affatoxins from infested seeds were
extracteds and estimated9’D after fifteen days of mycelial
growth. Identity of aflatoxin was confirmed chemically by
trifluoroacetic acid." _

For biochemical analysis, 20 g seeds of the most resistant
and susceptible varieties of each pulse were inoculated with
the same strain of A. flavus following pretreatments mentioned
above. The flasks containing inoculated seeds were incubated
for 30 days at 28 + 2°C. After one month of mycelial growth
the infested seeds were analysed for protein, 2 total SugarB
and total phenol. 4

Two varieties one each of Gram (HZB and Soybean
(PK7) were found to be highly resistant against the mould

Table 1L Aflatoxin production in seeds of different cultivars of pulses

) Froit Am(t)un_t OE afla-

egree of resistance (?élg?/kgj Gram Green gram

Highly resistant 0-20 H 208
BR—8

Moderately resistant 21-100 C 235 RAU6
SG-2 Pusa haisakhi

Moderately

susceptible 101-20 C3-30 K &1
BR-77

Highly susceptible ~ >251 ST-4 Pusa-119
Radhe

Garma 121333
T 4

Soybean Black gram Pigeon pea
PK 746
H 71-216

PK 59 4H 82-44 H 77-208
H 319 4H 82-50 UPAS-120

4H 809

4H 80-4
Sh-2 4H 28 T21
Bral T-9 H 82-1
|- 4H 80-7 H 8212
EhK95658 4H 82-41 Prabhat H 83-31
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Table 2. Nutritional deterioration in highly resistant and susceptible pulse cultivars during infestation

WITH A, FLAWS.
Pulse cultivars i Protein Sugar Phenol
ontrol ~ Treated ~ %Deter- ~ Control  Treated ~ %Dete-  Control  Treated  YDeter-

(my/100 mg) (mg/100 mg)  ioration (/200 mg) (mg/L00 mg)  ioration  (mgy/100 mg) (/100 mg) iooration
Gram (Radha) + 1580 105 H12 38 38 uu
Gram EH 208 00 U8B AB  1n- 1% 19 88%8 88%% ?8’77%
Green gram 4(? 2054 (VAY) 4001 388 166 572 00u 0.009 1818
Green gram (RAU 6) 21.60 1500 3055 305 166 45,66 0019 1017 1052
Soybean (SH-96)+ 2164 1380 5007 1% 166 1443 0013 oon 53
Soybean (PK-74 34.40 2107 375 166 125 24.69 0.02 0017 2292
Black gram (4H 82-% 1164 1080 .77 211 3 50.09 0.02 0012 46.45
Black gram (4H 82- 23.60 1534 35.00 249 1% 22.00 0.024 0017 2916
Pigeon peaE 83-3123 1679 1250 25.55 38 249 3582 0.014 0.008 42.85
Pigeon pea (H 77-216) 2254 1830 188 360 u 139 0.020 0015 25.00
+ Susceptible
—Resistant

(t;rovvth and aflatoxin production éTabIe 1% On the basis of
he amount of aflatoxin B( produced, the varieties were
placed in four, different categories, hlghlg resistant
(0-20/a.g/kg), moderately resistant &21-10 plg/kgR,
moderately susceptible (101-250 /zg/kg) and highly
susceptible (more than 250 /x%/k . . o

Biochemical analysis of healthy seeds of different varieties
showed that the amounts of total phenol and protein were
greater In resistant varieties than susceptible varieties (Table
2). The amount of total sugar was, however, recorded more
in susceptible varieties.

Deterioration in protein, phenol and sugar content was
recorded during infection in all the samples. In general
however, the percentage of deterioration was recorded more
in susceptible varieties than resistant ones (Table 2).
~ The maximum reduction in protein content was recorded
in Soybean var. ‘Sh-96’ (50.07 per cent) while comparatively
much lesser amount was deteriorated in Pigeon ﬁea var.
"H”»’ 08.8%). Sugar and phenols deteriorated in the range
of 10.79 per cent (gram var ‘H2)) to 57.21 per cent (green
gFEam var. ‘T"; and 1052 per cent (green gram var.

AU-6) to 42.85 per cent (Pigeon pea var. ‘H®3))
respectively in various pulses. ,

he variation in the amount of aflatoxin B, produced by
the same fungal strain in different varieties of pulses indicate
that the toxin production is germplasm dependent. This may
also be due to certain inhibitor present inside the seeds as
suggested by Nagarajan and Bhatbin case of maize. They
identified the inhibitory factor as protein of low molecular
weight, which was present in susceptible as well as resistant
varieties, but the concentration of this inhibitory protein was
significantly high in resistant varieties. Besides, the present
study also elucidates the possible inhibitory role of phenolics
present in the seeds. These compounds cause retardation in
micrabial colonization, thus making cultivated plants resistant
to infection. Seeds may also react to a potential microbial

colonist by producing phytoalexins. These are generally
phenolic compounds and are inhibitory to fungus and other
microorganisms.b _

The decrease in protein, sugar and phenalic content of seeds
might be due to their enzgmatlc degradation into simpler
compounds which are subsequently utilized by fungl.[9
The constituents of the resistant varieties were not easily
accessible to deterioration by A. flam s, however, a co-relation
between mycelial growth and aflatoxin production has not
been found. It is much evident in soybean where resistant
cultivar was comparatively more vulnerable to mycelial
growth, hence its nutritive components were subjected to
more deterioration. o

The authors are thankful to Prof. K.S. Bilgrami, Head of
the University Department of Botany, Bhagalpur University,
Bhagalpur for providing laboratory facilities and senior
scientist, Pulse section B.A.C. Sabour and Haryana Agri-
cultural University. Hissar for providing seeds of various pulse
varieties. Thanks are also due to UG.C. New Delhi for
financial assistance.

References

L Kumari P and Sinha K K, Aflatoxin elaboration in mungbean seeds,
Indian Ph Oﬁath 197, 40, 201 , o

2. Nagarajan \, Bhat RV and Tulpule P G, AfIatomeroductlon in some
varieties of soybean (GIK/Icme max L.), Experientia, 1973 29, 1302

3. Reddy B N and Nusrath M, Aflatoxin contamination in normal and
insect damaged Khesari (Lathyrus sativus L.) in Andhra Pradesh,
Curr Sei, 1983 52, 370, _ o

4, Reddy BN and Nusrath M, Aflatoxin contamination in pulses from
tribal areas of Medak district, Andhra Pradesh, Curr Sei, 1983, 52,

1024,
5. Detroy RW, Lllehoj E Band Ciegler A, in Microbial Toxins (Fungal
toxins), by CiglerA, Kadis A and Ajil SJ, Academic Press, Inc,
New York, 1971 Vol-VI, 4. , ]
6. GuptaR K. Paul and Bhatia K C, Effect of mycotoxing on animal %%/%tem,
roc ofthe Symp ori Mycotoxin in Foodand Feed, Bhagalpur, 1983, 79,



62

10 NebneyJan

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 27, JANFFEB 1990

Sinha S P, Mycotoxins as mutagens —A need for confirmation usin%
mammalian test system, Proc ofthe Symp on Mycotoxin in Food an
Feed, Bhagalpur,” 1983, 123 _ _

Thomas F, Eppley R M and Trucksess, Rapid screening method for
aflatoxins and zearalenone in Com, J Assoc OffAnalyt Chem, 1975,

5, 14

Reddy T V, Viswanathan L and Venkitasubramanian T A, Thin layer

chromatogra hy of aflatoxins, Analyst, Lond., 1971 90, 1%. °
Nsbitt B E, A spectrophotometric method for determining
the aflatoxins, Analyst, Lond., 1965, 90, 1.

Stack M E and Pohland A E, Colaborative study of a method for
chemical confirmation of the identity of aflatoxins, 7 Assoc OffAnalyst
Chem, 1975, 58, 110 _

Lowry D H, Rosebrough N J, Fam A L and Ronald R J, Protein
measurement with the Folin phenol reagent, J Biol Chem, 1951, 193

205,
Dubois M, Gilles K, Hamilton J K, Roberts D A and Smith F

14

16
i}

? 9tc_)olo‘imet%% method for the determination of sugars, Nature, Lond.,

Singh M Singh S S and Sanwal G G, A new calorimetric method for
the determination of phenols, Indian J Exptl Biology, 1978, 16, 712.

Nagarajar V and Bhat R V/ Factors responsible for varietal differences
in afla:oxin production in maize, J Agric Fd Chem, 1972, 20, 9L

A'eﬁ%dgﬁ M, Microbial Ecology, John Wiley & Sons, Inc, New York,

Houston D F, Straka R P, Hunter | R, Roberts R L and Kester E G,
Changes in rough rice of different moisture content during storage
of con rolled temperature, Cereal Chem, 1957, 31, 143.

Cherry J P, Young C Y and Bouchat L R, Changes in protein and free
and total amino acids of geanuts (Arachis h po%eae) infested with
Aspergillus parasiticus, Can J Bot, 1975, 53, 2639,

19 Mahadevan A, Sambandam J and Sivaswamy N, Microbial degradation

of phenolic substances, Indian Rev Life Sci, 1982, 2, 1



RELATIONSHIP BETWEEN POTATQ TU
AND CHEMICAL COMPOSITION*

J.B. MISRA** AND PREM CHaND
Central Potato Research Station, Modipuram. Meerut — 250 110, India.

ER SIZE

Received 6 December 1988; revised 3 March 1989,

Dry matter, reducing sugars, sucrose, total phenolics and ascorbic
acid contents of potato tubers of varying sizes were determined
for cvs ‘Kufri Chandramukhi’ and Kufri Sindhuri’. The values
obtained showed linear negative relationship between tuber size
and total phenolics and between tuber size and reducing sugars.
Betwegn the two cultivars, the reducing sugars and total phenolics,
irrespective, of size, were more in the cv ‘Kufri Sindhuri'.
The chemical composition of potato tupers varies with 6
varieties, area of cultivation, cultural practices, maturity at

J. Fd. Sci. Technol., 1990, Voi. 27, No. 1, 63-64

harvest and storage conditions.1The variation in chemrcal
com osrtron wrthrn the tuber has also been re orted23
ecr IC gravrg Of potato tubers was shown 10 be rrect}é
ated With | matter and starch content48. The bul
crop produce normal 1y comprises tubers of varying sizes in
various proportions, Therefore, an attempt has been made o
%u?x the reIatronshrg between tuber size and content of its
rca constrtunt
Tupers of variety ‘Kufri Chandramukhi’ and KufrA
Srn?h\rrr Were obéarned from ademonstratronth D raise
oliowing standard package. of practices at the' Central
Otafo, Research Station, Modipuram, Distt. Meerut, E
obtaining suficient number of tubers of various srzes tuber
weight es used as the index of tuber srze For this, first of
aII one tuber each with 15 20, 5. 50 55, 6
58 and 80 cm diameter for ‘Kufrr Chandramukhr
and , 30, 35,40, 45, 55,60, 65, 70and 7.5 cm

Table l Chemical composition of potato tubers IN RELATION TO TUBER SIZE

Tuber Dry Reducing Total Ascorbic
size er sugars Sucrose phenolics acid
(cm) HF%) (my/100 g) (mg/100 g) (/100 g) (my/100 g)
Kufri Chandramukhi
15 186 150.0 250.0 44.0 9.6
20 198 241.6 124.0 40.3 9.0
3.0 20.2 86.0 266.6 34.0 ni
40 199 64.0 206.6 27.3 ns
45 2.1 48.6 251.6 28.0 125
50 20.5 58.3 210.0 27.3 1.6
55 2.7 39.0 233.0 25.3 131
60 20.4 41.6 221.6 22.0 133
6.5 201 30.6 240.0 223 108
70 195 35.0 2100 20.0 9.4
75 197 4.3 73.3 22.3 9.4
80 188 47.0 180.0 26.6 9.9
CD (005) 0.3 34.0 370 4.8 18
r NS -0.7789** NS -0.8872* NS
Kufri Sindhuri
20 187 733.0 459 1000
25 199 440.3 144.4 83.0
30 195 358.0 144.4 85.6
35 20.0 332.3 1254 88.0
40 21.4 427.0 71.8 74.0
45 20.3 321.0 1%.7 67.3
55 20.8 64.6 2774 63.0
6.0 21.6 36.3 256.5 69.0
6.5 21.3 1780 154 69.0
70 20.4 293.0 w1 67.3
75 194 294.0 154.9 6122
1Bl 93.2
“ (rOOS) NlS6 -0.6912* NS —0.8848**

*Publication No. 1080. CPR1. Shimla (India)

*Dresent address: National Research Centre for Groundnut. PO : Timbawadi, Junagadh — 362 015, Gujarat
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diameter for ‘Kufri Sindhuri’ were selected. The average of
tuber Iength (heel to rose end) and breadth was taken a5 the
tuber. diameter. All the tubers, obtained were weighed
rndrvrduaIIY ang subsequent selection of addrtrona tubers wes
done on a%s Of fuber weight (+ 2 IJoer cent)
correspondrn? ot erequrre size. F revery Size oup, three
samples of al least 7 fubers each were analysed” Tubers In
each sample were cut intq halves from heel o rose end. One
set of halves was utilised for determingtion of dry matter and
the other for determination of phenolics, sucrose reducing
sugars ad ascoric acid after alcing, The ascor Ic acid v\aa
extracted from 25 g tisslle In 5 er cent m- orrc Cl

and then estimated by the method of Roed Ph nolics and
?ugar%were extracted twice from 10g diced trssue by refluxin

rwith isopropanol and then making the volime to 1
ml. The p henolrc?] In the extract were éstimated by Folin-
Denis reagentD) The reducing slgars and sUcrose wiere firs
obtained rn aqueous solutron after eva?oratrng isopropanol
and then etimated by arsenomo Qrbdae an resorcrnol]Z
reagents respectrvey Dry matte etermrne by oven

g 100 g diced fissue at 106°C for B8, Ascorbic acid

analysed only In the tubers of *Kufri Chancramukhr

Standard statistical procecures were used for analysing the

egatrve linear reIatronshrp Was observed between tuber
srzea total phenolic contents and also between tuber size
and red ucrng sugar contents, (Table 12 The. correlation co-
efficients aré given in Table 1 No rela ronshrp of dry matter
sucrose and ascorhic acig contents was, however, Ob served
with tuber size In any of the two varieties. Reducrnﬁ sugar
content of potato tubers is used to assess the ¢ rlpJ% %
characterrstrcs of potato tubersB Phenolics of potato

are rmP licated in enzymatic brownrngnreactron whrch oceurs

When raw potato tissue IS cut or homogenised,

The results therefore indicate that for a given variety, the
higger the tuber the better the processing characteristics so
far'as reducing sugars and phenolics contents are concerned.
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Studies were carried out to understand the mechanical failure
of fresh cassava tubers of ‘Malayan-4 (M-4)’ variety. Compressive
load testing was done using Instron Universal Testing Machine
(Model 1195). Studies showed that tubers develop visible crack
when compressed upto 25% deformation. The energy dissipated
at this level of compression was 9 and 11.5J in the case of whole
and deskinned tubers respectively.

In the case of plémt organs su%h s roots, tubers, fruits and
ye%etables, an Understariding of their mechanical proPertles
is Nighly desirable in evolving methods for different post-
harvest operatéons 12, Storagg, Lansportaﬂonan lorocessm .
Stualies regaraing the fracture characteristics o tissues suc
as potato, Cabhage, apple, etc, have been carried out in detail
and reported by different workers¥. Cassava is an important
food crop of tropical regilons. Fresh cassava tubers are prone
to spoilage, considerably faster than tubers such as potato,
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yam, sweet potato, etc. As no stuy appears to have been
reported rePardmg the deformation properties of fresh
cassava, prefiminary investigations were carried out in order
to understand thé resporise of fresh tubers to static
compression. _

Tubers of ‘I\_/Iala¥an-4’ variety procured locally, were of 7-8
months matuntE. hey had moaisture content between 58 and
60 per cent. Experiments were conducted using Instron
Universal Testmg Machine (Model _adoptmg_a Cr0Ss-
head speed of 5 mm/min ‘under identical conditions of
temperature (26+2°C) and RH (55-57 per cent).

Each tuber was subjected to compression by’ placing it
hetween two rectangular plates having dimensions™ of
35x5x1.2 ¢m glen?th, X preacth x thickness) as shown in
F_|?. 1 In one sét of experiments, samples were compressed
till" they developed the first. crack, while in the Second
samples were com [?ssed till ther attained 25 per_ cent
deformation measured In terms of reduction In t eonr?mal
diameter of the tuber at the point of compression. All the
eer_nments Wwere carried out using the whole (peels on) and
deskinned tupers. _ _

Results of the studies (Table 1) showed a direct correlation
between breaking load and weight of the tuber. This wes found
{0 be true ||1 the case of wholg and deskinned samples, The
average values of breaking load QL , weight (Wag) and
diaméter (Dag) of the samples could Be corrélated with the

Table 1. Breaking load of fresh cassava

Deskinned tubers

Weight
No. of (kg)

Group tubers Mean+S.D.
| 7 013 + 0.022
(0110 — 0.185)

I 19 0.235 + 0.024
(0.200 - 0.285)

In 10 0.347 + 0.002
(0315 - 0435

| 21 0.144 + 0.020
(0.100 - 0.190)
n 21 0.238 + 0.024
(0200 - 0.290)

1l 9 0.337 + 0.034

(0300 - 0.420)

Whole tubers

Diameter Breaking

(mm) load (KN)
Mean+S.D Mean +S.D
4237 + 13.37 0.733 + 0.086
(34.0- 48.9) (0.60 — 0.85)
46.52 + 5.283 111 + 0.090
(36.8 - 53.0 (100 — 1.33)
515 + 4.460 117 + 0.130
41.5- 6.0 (105 - 185
40.12 + 4.480 0.77 + 0.086
(30.0 - 48.4) (0.60 - 0.98)
44.7 + 5.944 1131 + 0.160
(31.0- 555) 0.95 - 139
46.06 + 2.59 1120 + 0.210
(40.0 — 53.0 0.94 - 1.45

Figures in parentheses indicate range
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Group 111 (a) [_av_g] 0.951-ggv—gl'1'6 [-Sév—gl"fﬁgwrer%nr standard
9.1 per cent

() tt2

o 0 65
avgl -9l deg Mean standard

error
13.8 per cent

Results of the second set of experiments (Table 2) could
fit into the following mathematical expressions,

H_a_ =0.95 Igvg]OS LygV I0‘83g4 r}standard

per cent

() [- 7;-\/9]*095[ avg]O*S[ TR ]1’05 Mean standard
per cent

In all the above equations, the possitive coefficient of W
Suggjests a direct relatronshrp between the weight of the tuber
and reakrngi load. The influence of the tuber diameter (D
to breakrn oa Was not very consrstant In certain group

Group Group ), and Group 111(a) tuber diameter
shovved an rnverse re jonship, as reflected from their
negative coetf |creﬁ alues,

{ 25 per cent deformation, fresh tubers showed visible
e crackand released atery exudate, confirming damagle of the
o compressive load testing© (-4 venew) using %ntact tt#]ssue Thef \lraltée% oﬁth? energy drssrpatge% asdcalpualla%ed

rom the area of load deflection clirve was 9.0 an

00”95?0”‘1'“ calculated vlues for load (L). Weight (W) and  whole and deskinned fubers respectively. In the case of
diameter (D) by means ofthe followin e uatrons @ and [b vegetable tissues such as potatoes; it has béen mentroned that
In each group or whole and deskinne samples respectively.  thél; underao cracking when the ene \%/value r?ache
Gp | ([ b Jo[ROf (M2 M stndad enor @ CTitiCal pOINt Int e Case Of two Varietles 0 otatoes the

ag ' avg ag 114 per cent ahove critical va ues have been reporte to be 09 and 1605
- e sindard eror FTOM the relatively  higher values dissipated durrng
©) Dyl o 99 per cent comBressron upto per cent eformirtron it could be

pres med that fresh cassava offers relatively higher resistance

W 01 ey standard eror 10 SEALIC COMpression than tissues such & potatoes,
97116 per cent DAuttttors express thtlerr ratrtudehto|t)rbAt Darr%odar%n
N 3 T Ve standard Irector, Regional Research Laboratory for his
O tggi=t gy 371 97 Yen santad eror encouragementgand Support. )

Groupll (a) [j;\!/g—] 1.05[—

Table 2 Compressive load at 25 per cent deformation level of fresh cassava

Wt of the tuber Diameter Compressive

No. of (kg) (mm) load (KN)

Batch tubers Mean+ S.D. Mean+S.D Mean+S.D
Whole tubers 5 0.346 + 0.03 486 + 4.6 2.32 + 0.62
(0315 - 0.370) (46.0 - 56.6) (2.00 - 2.85)

Deskinned tubers 15 0.337 + 0.03L 46.13 + 5.7 2.16 + 0.65

(0.290 - 0.426) (40.0- 49.0) A7 - 2.70)
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High performance liquid chromatography was used for
identification and quantitation of sugars. The sugars identified
in carbonated beverages and fruit based beverages were mainly
glucose and fructose. Sucrose was also identified in some
carbonated beverages and it was the predominant sugar in fruit
based beverages. Glucose was the predominant sugar in most
carbonated beverages where its concentration ranged from 34
to 7.6 ¢/100 g. Milk based beverages contained only lactose and
sucrose. The total sugar content of fruit based beverages was
significantly higher than carbonated and milk based beverages.

. Soft drink beverages Je[l)]resent one of thﬁ

[ largest sin
industrial uses of refined sugars. Recently, t

ere has bee

i

le
a

tremendous increase in the Soft drink consumption because

of rapid growth and development of the beverage industry
In Indialand their ready availability.

J. Fd. Sa. Technol., 1990, Vol. 27, No. 1 68-69

Soft drinks are about 90 per cent purified water and the
other major ingredients are — sugar, flavourings, colours,
acids anarcarbch dioxicle. Sugar contributes to the Sweetness
necessary o balance the various ingredients and gives body
and mouthfeef, . . L

As there is limited information available in the literature
ahout the content of suigars in various soft drink beverages
available in the market, this study wes undertaken™to
determing_sugars in beverages. _

drink beverages Were purchased from different
markets; bottles or tétrapacks of the same heverage were
pooled together. Laborato anal?/sm In dulohcate Was carried
ot on aliquots taken frorf pooled samples.

The samples of soft drinks were prepared by vacyum
degass_m using a magnenc stirrer while the fruit juice drinks
antl milk hased beverages were homogenised using a blender.
Thg foluble carbohydrates were extracted qy d}he methog of
Vidal-Valverde et a. The sample was boifed under reflux
with 80 per cent ethanol. It was filtered through a no. 4
sintered glass funnel and the resicue wes extracted twice with
80 per cént ethanol until a negatwe Molisch test wes obtained.
All'the_ethanol extracts, werg evaporated under vacuum and
the residues dissolved in distilled water and extracted with
dmtpa/l_ ether to remove cqlouran%s and other materials which
could interfere In the analysis of sugars. The aqueous phase
was evaporated to dryness under Vacuum and the resicue

Table 1L Soluble carbohydrate (giwcomposition of selected commercial soft beverages

Beverages PH Fructose Glucose Sucrose Lactose Total sugar
Carbonated
Thums Up 2.32 374 4.60 N J— 8.34
Double Cola 2.40 3.3 4.49 - - 8.33
Campa Cola 2.35 364 4.74 - - 8.38
Lemonade 273 2.87 312 - - 5.99
Limca 2.70 4.96 4.79 - - 9.75
Sprint 3.10 3.9%5 4.17 4.87 - 12.99
Rim Zim 243 166 3.49 — - 5.06
Gold Spot 2.65 797 7.60 - — 15.57
Campa 2.65 6.82 6.79 119 14.80
Fruit based
Frooti 341 6.57 5.86 4.20 - 16.63
Mangdla 3.18 6.48 4.87 — — 11.35
Volfruit Mango 2.93 5.46 9.06 0.35 — 14.87
Volfruit Orange 2.93 5.06 9.35 0.46 - 14.87
Pina Colada 3.03 6.27 5.26 . . 11.53
Tango 315 7.93 7.52 0.74 — 16.19
Appy 333 8.26 6.09 2.94 17.29
Milk based
Energee 6.39 - - 187 431 6.18
Great Shake 6.33 — — 913 - 9.13
Amul Shake 5.89 — 341 — 2.05 5.46
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finally dissolved in a fixed volume of distilled water, This
was purified by using Sep Pak Clgreverse phase cartndﬁ;es.
The purified solutions were diluted with the mobﬂe_i) ase
acetonltrllelllfjdmulled water — %g/ 5 v/vg and filtered

rougn a Millipore HA membrane. Carbohyrte composition
was determined b%usnkq HPLC (Waters Associates Model)
equipped_with a 600 A pump and R-401 refractive index
detector. The column used wasWaters carbohydrates coluimn.

The quantitation in the unknown samples was accomplished
sanc arrn Sarmg the sample peak area to the corresponding

The mean carbohydrate cantent and composition of 20 soft
drinks analyzed arey shown in Table 1 1t velas noted that all
the heverages were acidic but the carbonated (pH-2.3 to 31)
and fruif hased bev_erages g)H-2.9 0 3.4?_|were S|gn|f|cantly
more acidic than milk fased beverages (pH-5.9t0 6.4). These
values %gree with the earlier reparts.

The different sugars identified in the beveraﬂes Wwere
fructose, glucose, sticrose and lactose, Martin Vi
also observed that most of the Soft drinks contained glucose,
fructose and disaccharide sucrose. _

The total sUgar content of 3 carbonated beverages —Sprint
Gold Spot and Campa (1299, 1557 and 1480 /100 q of
sample re_srg)ectwely) Were S|En|f|cantl higher than the levels
opserved in Cola beverages, Cemonadé, Limca and Rim Zim.
Our results are similar t those reported by Scott and Tricks

|t wes. observed that glucose was the main carbohydrate
Present in_most of the Carbonated beverages, follovied by
uctose. Only 2 of the carbonated beverages — Sprint and
Campa contained sucrose. Sprint which contained maximunm
amount of sucrose also had a shghtlg/ higher_gH (310)
compared fo other carbonatfed bevera s(.%z 1)

_The total sugar content of the fruit Dased everages Was
higher than in Carbonated and milk based beverages, fructose
and glucose were the 2 sugars Coresent In all thé fruit hased
beverages. Man[qola and Pina Colada contained no sucrose
while amounts fess than 1¢/100y were observed in Volfrut

aetald

Mango, Volfruit Orange and. Tanzgo. The highest sucrose
contént was observed in Frooti (4. g/lOng but it constituted
only 25 per cent of the total sugars. FruCtose was the main
sudar inFrooti, Mangola, Ping Colada, Tango and Appy,
Whereas glucose was the predominant sugar in Volfruit Mando
and Orarige,

In the milk hased beverages analysed, only Energee and
Amul shake had lactose. The lactose content of Ener?ee Was
431 gl00 g or 70 5oer cent of the total su?ars whife Amul
Shake contained 2,05 ¢10Cq or 38 per cent of the total sugars.
The other suqars in these 2 heverages differed. In Energee
sucrose constituted the remaining 30oer cent of the total sudar
while in Amul Shake, glucose wes the predominant sugar (b2
per cent). As Great Snake IS soy based, it contained only
sucrose (9,13 ¢/10Cy) but the tofal sugar content In it wes
's&%glflcantly higher‘than the levels observed in Energee and

ul Shake

From the results of the sfudy, it was observed that there
were significant variatios, in the sugar content of different
beverages which ranged from 5067t0 1729 ¢/100 g and
contitiites a significant source of energy.

The authors ‘are Indebted to Dr, AN, Bhat, Dr. VR
Shiratti and Mr. V.N. Nair for their technical guidance and
assistance in carrying out the carlioh%grate anaIeyS|s at
Hindustan Lever Reséarch and Development Centré,
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OBITUARY

Dr. M.S. Narasinga Rao, aged 65 P(]ears, former Vice-President(H(%) %
e former Head of the Department of Protel

arrest on 2nd January 1990, He was
and a renowned protein Chemist.-

M, R. John Chandrashekar, a staff member 8f twe AFSTEI

1990 at the age of 54 years. He had serve

e ARST

AFST(I), passed away due to cardiac

echnology, CFTRI, Mysore

3 Qffice, breathed his last suadenly on the 5th January
[) for over 15 years.

The association records the sendees rendered by them and sends its condolences to the members of the bereaved

families.
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Dairy Engineering Technology and Engineering of Dairy
Operation 4 S1 Version: Ananthakrishnan and
N. Simha, Laxmi. Publications, 2691, Baragari
EsattltEr'naran New Delhi-110 006, 1967; pp 403; price:

Dairy Technology is not a distinct Branch of Engrneennci
like Chemical, Mechanical, Electrical, Civil &tc., b
combines all the magor branches for this particular purpose.
The Authors ave Infro uced Sls tems In Dar Enqrneenng
and also combined some basic knowledge of C
brologrcal an( technologrcal charactenstrcs of dairy products.
hE first f rvec aptes viz. Introduction, Basic concept,
\Works ont% %rneenn Matenals and Fluid Flow
resent, the basic Tieeds of Technol ouy concePt
he chapters have heen drstrnctly enlrghtened Owards th
requrrements of the En |neenn ractices, and the needs of
the.worksh op in the line Engingering.

e sixth, sevent an ergthdea inpumps and piping, with
tevanoustZeso umps used in the dai engrneenn
their fundamental qperations, maintenance, troubl shootrq
problems and so utron Water technologu provides su |cren
notes and guicelines on the requirements of water for dai
plants, their system designs, effluents normally encounter
with, therrtreatment efC. Low temperature syStem, has been
mainly availed to enlighten the importance of Refrrﬁeratron
In the field of Dai Engrneerrn var oua methods, 0
Refngeratron Systems  In “practice, their practica
apprr ation In t 1S partrcular field.

he ninth chapter ‘Some Unit Operation’ deals with the
various methods commonIY emplo ed In the process
empnasising_on the, single step operdtions in the chain of
productron The unit operation dealt with are, mechanical
Prtartors %creenrn(n] Ystems sedrmentatron Separators

clarfiers, homogerization equipments, their usage, and
Eoglrcatrons The tenth chapter has been devoted for the
lectrical Technology, required for the Dairy  motors,
alternators, Capacrtors, etc:. The eleventh chapter” Heat flow
and Heat exchan es ’has been provided for the reﬂurrements
ofthe heat Ioadc culations normaII associated In tne Dairy
Tec no 00y, |erent es0 heat Ons, desrgn ofthe Heét
xc angers etc Steam  Technol ofgg reveq|
Ball ers Used In the concerne d, therr accessones
common methods of nstallation  procedures, ~ troubles
encountered and ttherr method OII/I slrlJ(Ivrnh i ;
ve chapters namely, Milk chillin ments,
Ta’r\rLs F|u|d Méﬁk Plant, uer Cheese (hdq Cleam
gurpments Eva Borators and Driers, have. been exclusively
devoted for the Technology in detail for the elevant
applications. The following equrpments and procedure have

hémical, Micro-

e of 1|;o|r the construction, opera lon, and m

been enlrﬁ/htened viz, drtterent ty%es of milk chilling plants,

Plant & Machinery required for the Milk Chi rn? entres,
Storag tanks Mobile' tankers for the transport of milk
General features in the constructron ofthe Dal %ur ment
comparatrve rarsa of tanks, and vessels, pasterisation
[IOGESS, {ﬁ‘er £ ofheat exchan gers, and the assocratetd

ment, uljra emperature. process equipmen

dQ#ePent eotlwashe%s con entronaf bgtc?t procesgo Butter
mak rng urpments cheese making equipments, different
methods of evaporators, driers, etc:. These chapters deal with
te actugl technolo g/ that 15 required for the Dairy

Engineering, while 6 previous cha Nioters have heen devoted
1;_:or the utifities of the”Plant & Machinery In the Dairy

ngineerin

e el %teenth chapter deals with_ Instrymentation
Technology used In the Dairy Engineering. The basic concepts
of the various Instruments Used, their constructron features,
maintenance, etc:, have been dealt in detail. The next cha fer
‘Plant Maintenance’ has heen exclustvel h/ Gevoted for the ant
practices for the nest maintenance of the Dairy Plant, which
Include both preventive, and, Breakdown marntenance Next
chaoter Engl neenno Graphics’ has been exclustvely devoted
for the Graphics that are normal Ily used in the desrlgns ofthe

r%/ plants, with necessary information for the various code
prac ices, convention, nomo?ra phics, etc:,

The twentyfirst chapter deals with Dary Plants Layout and
Desrgn fators rT;over Ing the layouts, ecortomics oftrie plants
and Selection of the Pants oPeratronaI schedules, met hods
ofthe constru tron o the plants, includ ﬂJ 0oring, %htrng
draining . and_effluent treafments
“Mechanised form operations” deals with vanous machrnery
generally covered under automatic operation, - including
conveyors cf different forms, and the advantages of the
autontation of the Systems. The Jast but one chapter “Solar
Energy Systems’ deals with the different methods of utrlrsrn
the,solar Tadiation for the benefrcral purpose.in the field o
Dairy Engineering both in heating and cooling systems.

Thie last chapter™Requlation’ followed by appendix provides
the necess standar s used in the field,” Govt Acts, Factory
Ats e, sae go ractrcef and drfferent s that
come In the el echno gywrc are required

intenance of the Dairy

The text book provides the reader, engineer in practice and
technologist a consolidated information in the field of Dairy
Technolagy and is a good addition for any library.

P.K. RAMANATHAN
FOOD PLANT CONSULTANT, BANGALORE.
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Hand Book on Anaerobic Fermentatrons Edited bBeLarrry
Errckson and Daniel Y ee Chak Fung arceI Kke
Inc, 270, Madison Avenue, New York™ N.Y
! 88 Prrfe Bound lllusirated $149.75 (US and Canada)
7950 (All other countries).

TE'S bogk IS the thrrd vqume in the contrnurng serres of
00kS 01 |o rocess Technolo ubljshers. The book
Ptas 23 chapt 1SN 6 sectrons vrgy tt%tg pecrapsts anQ COVers
the progress made in the di eren areas of Anaerobic
microbidlo
the m tho olody of culturin anaerobte nqenetrc
methg oo% enetrc manifulation of Some anaerobes
89 ecray e Clostridia and jnformation about some
portan anaerobic bacteria useful in Industry. Sectron

has 7 chapters dealing with process biochemistry, kinetics
of growthi and proguct formation, the role of ‘the redox
Potentral inanarobic systems, the role of the membrane and
he membrane processs. in anagrobes, the role of Proton
motive force In‘anagrobic bacteria and aspects of product
Inhibition n anaerobic fermentatigns. It also has a chapter
on one of the Important anaerobic fermentations namely the
acetone-butanol fermentation,

Section IH deals with the broener?etrcs and yields in
anaerobic. fermentations and product yields from such
fermentations in the presence of electron acceptors other than ¢
oxygen. Section 1V deals with data collection and analysis,
Anderobic environments are generally rePresented by nilxed
culture Interactions and this asPect 15 Well covered jri section
\ with examples of mixed culture fermentations in nature,
The Interaction hetween hydrogen, formate and methanogens
I5 also dealt with, AIthough Mot in the realm of anaerobic
Fermentatron this seg ton Is% has a cha% er on en meerl) tﬂ
avour into fermented foods that is not only inforntative
also of practical use to food biotechnologists, Section VI deals
with, the design and applicatjon of angerobic systems with
special reference to degradation of toxic wastes, the design
and functronrng ofvarrous bioreactors, the start up dynamics
and the contro of anaerobic fermentations. onrtorrn%
digestor stapil |ty and functign isa ma or rob emin anaergbl
tems and thi$ has been adequately ea twrth inthis section.
ac canter ais ry ertrnent recent references for the
benefit of the reader. The book can serve an excellent urEose
both for the academics as well as for research scientists

p. TAURO
H.A.U., HISSAR.

The first section has 3 chapters dealrng with  fa

Fatty Acids in Industry: _Edited by Robert W, Johnson and
gare Frrtz Marcel Dekker Inc, 210, Madrson Avenue
New York 10016, 1 IJop 667 Price: $150 (US and
Canada); $180 (Al othe countries).

The book covers four important Pects about fatty acids
such as Proces%es Prop rtres De”va sand |cat|on?
It containg 23 cna ters ealin ex aUStively on raw materia
forfattyacr . Fat splitting an ycerrne [ECovery:; separatron
of fatty acjds; Esterification; oymerrsatron acids;
Nrtrogen derrvatrves of fatty acids; Polyoxyethyl ene sters of
acids; Dibasic fatty aCids; Fat based emulsrfrers Fa
ac 5. |n synthetic Lu rrcants Fatty acrs n_oil-f |e
cemrcas =3ty acigs in metal workrn Fluids; Fatty acids
and amings in floatation; Fatty acrds In"Textiles: Fatty acids
and Rosin in paper; Fatty acid dervatives In cosmetics;
Pollution cont oI In’fatty chemical Industries; .and finally
gerﬁl\rl)ajrlc/aelsand Toxicological properties of fatty acids and their
Under raw materrals attentron rs drawn to Castor oil,
Coconut o, %yean oil | oil and Tallow as some
important raw_ materials for fatty acids, The fatty acid
composrtron of the fats from these raw magerials has been
provided so that dependrnr_i on the need of a specific fa
acid, raw material can be selected in addition to common fat
spliting processes Detail treatment has been given to
ressure cata iC hrg temperature, |hvacuum and
? matic.spl r] ng of fats. A etarled ér:[foun of sep fra\ron

atty acis has been given. Detalle scrrptrono ant
an( machrne for contrnuous distillation of fatty acias, wh
will be of much use in faty acrds |ndustr|es have been
given, After detailed account of hydrogenation and
esterrfrcatron mterestranr] aspects of Pol Xmerrsatron of fa
iCl 5 have eent 010 ng Oy discussed. A certain am?un

amental aspects 0 ymerrsatron has heen dealt with
by describing” analysis and structure elucidation  of
polymerised products™ such as dimer, trimer etc. This helps
In selection of Polymers for their end use. stch as corrosion
inhipition or other coatings. Polyoxyeth ene esters of fatty
acidls ag nonronrc surfactants with low cgst and ow oamrng
properties. find aP |cat|on n eve% day life. A detaile
acc unt of fatty alcohols asbeen ade adssomeo them
S S L e
inclug IC” rou ufacturi
brancheg ch)arn ?atty acrds which p?ay a vital role In the
manufacture of chemicals, coatrnrl;s and metallurgy have been
presented. These and other welf documented rformations
about dibasic fatty acids which find useful applications in
plasticizers, engine lubricants, adhesives and inks, together
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with an exhaustive blbll_%%raphy form a well distilled
concentrate about fatty acics. _

The Book contains”useful information spread. over 658
pa%es toqether witha ood_sutgect Ingex. Nici lY printed, with
0 d,%e up, the book will definitely not only attract the
%tgnus neo the readers, but also arreSt It, whén 1t IS on the

. The book is a worth ossessm% asset for those people and
industry dealing with Fatty Acids. _

| felt'very sorry on reading, that one of the Editors Earle
Fritzdied of Lung Cancer. Indeed, it isa great loss to Union
Camp Corporation.

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

Dithiocarbamate Pesticides, Ethylenethiourea (ETu) .and
Propglenethiourea_: A General. Introduction:  Environ-
mental Health Criteria 78, Published by W.H.O., Geneva,
1988, pp: 140; Price: Sw. fr.15

The monogiraph resents_a general introduction to
|\h|ocarbama es, ETu and PTu. “The contents cover the
0 Iowmgf aspects about dithiocarbamates, ETu and PTu.
Chemical properties and analytical methods; Source of human
and _environmental exposure.  Environmental - transport,
distribution and transformation. Environmental levels and
human exposure; Kingtics and metabolism; Effects on
organisms " in the environment; Effects on experimental
animals and in vitro test systems; and Effects on man.

DunnﬂNdocumentatmn of analytical methods, the Task
Force, of WHO appears to have missed some of the extremely
sensitive and easy methods as it has mentioned onl_¥_ an old
method, which™ IS based on the decomE05| lon of
dithiocarbamates. The method cited by the Task Force cannot
be adopted tc micro-determination of residues due to
Inconsistencies and non-reproduceability. -

Under section A: exhaustive account about dithio-
carbamates re(rlardm man-made source, Biotransformation,
Photodegradation, fate of these compounds in foods before
and aftér cocking, Market basket studies; Absorption
distribution and excretion have been detailed. The different
routes of metabolism of these compounds 1n soil, Plant and
human have been v_ecgl well broug t out. The contents also
deal with Toxicological aspects ofthe compounds for a(iuatm
and terrestrial créatures, in addition to their effects on
Re rod%ctlvl\ty and Carcmo?emm . For all these effects, a
comprenensive mode of action has been presented.

Under section B, the monograpnh covers all the ahove
aspects with respect to ETu ana PTu.

he reference section of the monograph althou%h

exhaustive, Is by no means complete as some of the recent
works on their role in food preservation and connected
gro_ ems have not found places; may be they were not
vallable to them. _

However, the Task Force of WHO deserves comthents
for havin ﬁ)m1plled amonograph which finds a useful place
on the shelf of any Library.

J.R. RANGASWAMY
C.F.T.R.l., MYSORE.

APPEARING SHORTLY

COLLECTIVE INDEX (Author and Subjectl) of the Journal of Food Science and Technololg
be available for sale. Please contact Secretary, Al

10 25 (1964-88) will be released shortly and wil
Campus,Mysore-570 013 for further information

¥T(Y),°'8F?R%
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1 Manuscripts of gapers gn tnphcatea% should be tygewritten in double stg)ace on one sjoe of bond paper.
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of replications and relevant statistical analyses should be indicated. Footnotes especially for text should
be avoided as far as possible.
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drawmgopagls_r preferably art paper not b||g%er than 20 cm (QY axm?) X 16¢m (OX axis). The lettering
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The titles of all scientific periodicals should be abbreviated in conformity with the World List of Scientific
Periodicals. Butterworths Scientific Publication, London. 1962
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