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Methods for Determination of Spoilage of
. A Critical

Evaluation

M.D.ALUR\S.N.DOKE, S.B. WARRIER AND P.M. NAIR

, Food Technolo
Bhabha Atomic Research Centre, T

severa?

Division, :
mbay, Bombay-400 085, India.

uality evaluation plays an important role in assessing the storage life of flesh foods during storage. Although
biochemical methods, based on the end-products of catabolism of proteins, carbohydrates, lipids and nucleic

acids are available, the varied compositional nature of flesh as well as microfloral activities make none of the methods

acceptable universally for all flesh foods. Several methods based on microbial metabolic end-
limitations are evaluated critically for their advantages and limitations. Assessment of fres

%roducts as well as their
ness of irradiated flesh

foods by biochemical methods during storage poses a challenge to food scientists and technologists, as gamma-radiation
inactivates spoilage bacteria present in foods, thereby preventing putrefaction.

Keywords :
Limitations.

Quality of flesh foods is evaluated dur_ingi
storage by sen_smf microbiological and biochemical
methods “(Hillig 1963; Stroud et al. 1982; Ohashi
et al. 1991). Though, microbiological methods for
determining freshness of flesh foods are of value
the long. incubation period required and varied
composition of microflora do not make them
attractive indices (Shewan 1977; Hobbs and
Hodgkiss 1982). Sensoiy evaluation Is important to
determine the” degree of freshness (Ryder et al.
1993). Being a subjective evaluation, It can not be
used singly (Nunes et al. 1992). However, coupled
with other’ methods, sensoré_evaluatlon forms an
important quality index (Gill 1992). Even the
biochemical methods, often employed to determine
freshness of flesh foods, can' nat be singularly
accepted as universal (TF|eIds et al. 1968), due to
the complex nature of flesh foods (Edwards et al.
1983). Hence, depending upon the composition of
flesh” with respect to its proteins, carbohydrates,
lipids and nucleic acids, as well as coupled with
composition of microflora, several biochemical
methods have been devised to measure the degree
of spmlage of flesh foods ;Bryant et al. 1973; Castell
et al. 1973; Vyncke 1978:" Edwards et al. 1985;
Fatima and Qadri 1985).

_This review discusses the methodologies
available to determine the freshness of flesh foods.
The mechanisms involved in the formation of end-
products arising from the metabolism of spoilage
microorganisms are given to provide a background
information, with a view to assess the limitations
and advantages of the methods.

* Corresponding Author

181

Flesh foods, Biochemical methods, Mechanism of spoilage, Protein hreakdown, Nucleotide degradation,

Biochemical changes in seafoods

Lean fishes, such as cod and haddock comprise
proteins (18-20%), fat (1 %), carbohydrates (1% and
water (80%), whereas fatty fishes such as herring
and mackerel have proteins (15-20%), fat (3-25%)
carbohydrates (19%), and water (70%) (Hobbs and
Hodgkiss 1982).

. The metabolic activities of the microorganisms
thriving on fish produces different compounds from
the chemical constituents of fish, which could he
used as indicators of freshness (Hashimoto 1965).
Seafoods being rich in proteins, the breakdown
products serve_as useful parameters of freshness
1(Eskm etal. 19712. Different off-odorous compounds
ormed during storage are indeed contributed by
the action offish microflora on chemical constituents
of the fishes (Shewan 1977),

. _Histamine produced by decarboxylation of
histiding correlated well with the organoleptic
R‘ropertles of canned fish (Arnold and Brown 1978;
iven et al. 1981; Storey et al. 1984).

The phosphoiylated compounds and their
degradation products serve as good indices of
quality of fishery products. The change from ATP
to inosine followed 'bY hypoxanthine is of both
autolytic and bacterial origin. Hence, they could
serve as reliable indices of freshness during’storage
of fish. Xanthine oxidase assay has also been used
to assess the storage life of fish (Jones et al. 1964;
Greene et al. 1990, A good correlation was found
between concentration of hypoxanthine (HX) and
sensory scores in_ shrimp “and snapper during
Ero_longed storage in ice FBoyd and Wilson 1977;

atima et al. 1981).
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Total volatile basic nitrogen (TVBN)

Among the ma%or compounds which contribute
to the formation of total volatile basic nitrogen in
spoiled fish are amines and ammonia. Ammonia
produced by deamination, decarboxylation and
oxidation processes of amino acids by microbial
enzymes was found to increase with “spoilage of
crab meat, haddock and herring (Vyncke 1978).
Volatile bases produced from bacterial enszatm
decarboxylation of aming acids in tissue (Hashimoto
1965; Eskin et al. 1971) are also used to monitor
terminal phases of deterioration of flesh foods
Thimann 1963?. The method of determination of
BN is as follows :

To an aliquot of the sample, an egual volume
of 10% trichloroacetic acid (TCA) is added, allowed
to stand for 15 min, and filter through a Whatman
No. 1 filter paper, TCA extract, thus, obtained is
used to determine TVBN by the method of Farber
and Ferro (1956). One ml of the reagent [2% boric
acid contamm(g 0.1% solution of bromocresol green
in alcohol (4%), and 0.1% alcoholic solution of
methyl red (4% is added to the inner well of
Convey unit. Inthe outer well, 1 ml of TCA extract
is added, followed by addition of 1 ml saturated
potassium carbonaté (KoC03. The unit is then
closed immediately with a ground (?Iass plate
smeared with grease, and incubated at room
temPerature for 3 h. The reagent in the central well
is then back-titrated with™ 0.002 N ammonium
sulphate.

~Measurement of TVBN would be a useful
indicator of decomposition, but this would be of
little use as an indicator of early freshness (Ohashi
et al. 1991).

Trimethylamine (TMA)

~ Trimethylamine oxide (TMAQ), which is found
in many spécies of marine fish, is a part of the
osmorequlatory system of gadoid and elasmobranch
family (Love 1970). Trimethylamine (TMA) is formed
by reduction of TMAO by bacterial TMAO reductase
coupled with_oxidation “of lactic acid to acetic acid
and carbon dioxide (Regenstein et al. 1982). Triamine
oxidase has been reported in cells of bacteria from
3ﬁ0|l|ng fish. muscle (Colby and Zatman 1973). Al
the genera In the famlly Enterobaeteriaceae, WIth
the exception of snigeita and erwinia Were able to
reduce TMAO to TMA (Fields et al. 1968).

_ D}/_er's method (1945) is employed for the
estimation of trimethylamine nitrogen. Trichloroacetic
acid (TCA) extract (4.0 ml) is placed in a stoppered

test tube, and mixed with 1 ml formalin (4%), 3 ml
saturated ﬁotassmm carbonate and 10 ml distilled
toluene. The tubes are shaken vigorously to mix,
and the layers are allowed to separafe. About
7-8 ml toluéne is removed by a pipette, and placed
in_another tube. A pinch “of anhydrous sodium
sulphate is added to remove moisture. Toluene
extract (2.5 ml) is then transferred to another tube
and treated with equal volume of 0.02% picric aci
In toluene. The intensity of yellow colour developed
is measured at 420 nm in Spectrocolorimeter. The
corresponding values of TMAN are read out from
a standard curve, prepared b}/ using trimethylamine
hydrochloride. The values of TMAN are expressed
as mg of TMAN per 100 g fillet

Levels of TMA formed serve as an excellent
(1ua ity index for cod, haddock, ocean Perqh,
flounder_and shrimp, which correlated well with
sensory judgements p/—?elds et al. 1968; Shewan et
al. 1971). However, TMA has no value in monitoring
the loss of freshness in fish during the initial stages
of storage in ice (Ryder et al. 1993).

Total volatile acids

Volatile fatt>{ acids Q/N are derived either from
fats upon hydrolysis of fat by lipolytic bacteria, or
from ‘proteins by deamination of amino acids
(Thimann 1963), or from carbohydrates via glycolysis
and Krebs c?/c_e (Beddows et al. 1980) can serve
as an useful index of quality.

Fish homogenate 30_?%made into a slurry with
90 ml water is treated with 15 ml IN H2504 and
24 ml phosphotungstic acid (15%). The precipitated
proteins_ are discarded, and the filtrate (15 ml? IS
steam-distilled for 10 min. The steam-distillate
(40 ml) is titrated against 0.01 M sodium hydroxide,
VA number is expressed as ml of 0.01 "N alkali
required to neutralize the acids from 100 g fish
(Venugopal et al. 1981).

A good correlation was found between volatile
fatty acids formed with the spoilage of budu and
Indian mackerel during storage (Beddows et al.
1980; Venugopal et al. 1981).

Volatile reducing substances (VRS)

Volatile reducing substances (VRS? include
several compounds, such as acetyl methyl carbonyl
(AMC), dlacetyrl and h dro%en sulphide ( er)] (Dainty
et al.” 1985). The VRS method measures the entire
odour complex, and it is independent of a single
compound Enz_., indole, 1125), or a class ofcomﬁounds
such as volatile acids and volatile bases. The VRS
value of more than 20 units indicates definite



spoilage of fish (Farber 1965).

The homogenate is prepared by blending 50 ¢
of drained meat in a Waring blender for 3" min,
and 0.2 ml of it is then pipetted into a 50 ml-
Erlenmeyer flask for testing. Ten ml of N/50 KMNQa4
in_ NaOH is then pipetted into the reaction flask
(45 min or 1hr.). The reduction of the permanganate
by volatile compounds from the sample is revealed
by a change from the purple potassium
;?er_manganate to the green potassium man%a_nate.

his change can be measured either volumetrically

or spectrophotometrically. A time standardization
procedure should be évolved to ascertain this
difference by plotting standard NazS20a needed for
titration against redction time (0-40 min).

After the reaction is complete, 5 ml of 6 N
HS04 is pipetted into the reaction flask. The
contents are stirred, and 3 mi of 20% Kl is added.
The liberated iodine is then titrated with N/40
Na"Olg, using starch solution as an indicator. The
control of the unreacted permanganate is treated
in the same manner as the sample (Farber and
Ferro 1956).

peq per 0.2 ml of sample = [Titration for control
- titration for sample x 25]

where 25 = Micro equivalents (peq) per ml of
N/40 NazSA 3 | lpea) 7

Lactic acid determination

Lactic acid accumulates during post mortem
changes, because of the grlycolytlc conversion of
stora%_e glycogen in the fish ‘muscle after the
cessation” of respiration (Tarr 1966). Lactic acid is
derived from hydrolytic deamination of alanine, and
succinic acid 15 formed by reductive deamination
of aspartic acid (Nassos et al. 1985).

~ The method for determining lactic acid in
tissue consists. of homogenizing 400 g muscle
tissue_for 1 min in a homogenizer with a metal
chogpmg disk. An extract is prepared from 50 %
of the homogenized meat at 0.2 N_HCL The extrac
IS esterified with boron trifluoride in propanol (BF3
propanol), and the resulting derivatives_of lactic
acid is measured by gas chromatography. The lactic
acid values are expressed as mg lactic acid per 100
g wet weight of lean tissue (wet wel%ht of sample
minus percent fat) (Nassos et al. 1983, 1984).

The measurement of lactic acid in fish flesh
as an index of quality had little success due to
wide variations, and difficulties in analysis (Eskin
et al. 1971?. Therefore, the measurement of lactic
acid is included, as a part of a titration for total
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volatile acids.

Determination of indole

. Indole, a product formed by the bacterial
tiyptophanase, has been used as an index of
spoilage of fish. (Cheuk and Finne 1981).

Fish (40 g) is homogenized by adding 80 ml
TCA solution In a Waring blender for 1 min. Ice-
cold Ilght petroleum (80" ml) is then added and
blended for 1 min. Homogenate is transferred to
250 ml centrifuge bottle, and centrifuged for 10 min
at 10,000 rpm. Supernatant is filtered throu%_h a
Whatman No. 1 filter paper under shPht suction.
The filtrate is transferred to 250 ml separatory
funnel. After the two layers have separated, the acid
layer El_owe? s transferred to a second 250 ml
separa mg_ unnel. All light petroleum extracts are
then combined into a separating funnel, and indole
is extracted with 5 ml freshly prepared Ehrlich's
reagent by vigorously shaking for 1 min.

Ehrlich's reagent is prepared bg d_issolvin(i
9 g p-dimethylaminobenzaldehyde (PABA) in 45 m
concentrated "HCL in 250 ml volumetric flask, and
(%lglg{l)ng to volume with ethanol (Cheuk and Finne

_Ehrlich's reagent layer is read at 570 ran
against a reagent blank. It the solution is not clear,
it may be centrlfuPed before reading in
spectrophotometer. [ndole concentration s
determined from the standard curve.

Standard curve is prepared as follows : Volumes
from 0.5 to 4 ml (5 to 40 pg) stock indole solution
are measured into 80 ml TCA in a separating
funnel. Indole is re-extracted according to procedures
described above, and a standard curve is
constructed. Stock solution of indole is Tprepare_d
in 100 ml Ilaht petroleum. A dilution of 1:10 is
used as working solution.

~Determination of indole in flesh foods has
limited value, since only a fraction of total microflora
cl%réB)produce the enzyme, tiyptophanase (Hillig

Determination of histamine in meat products

Histamine poisoning is a foodbome intoxication,
resulting from  the consumption of foods that
contain high levels of histamine, as a result of L-
histidine decarboxylation by bacteria (Arnold and
Brown 1978; Taylor 1986)." Biogenic amines such
as cadavering, and putrescine may potentiate the
uptake of histamine, (Lyons et al. 1983). Hence,
their determination in flesh foods is essential to
control scombrotoxic fish poisoning.
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. Spectrophotometric method of determining
histamine developed by Vidal-Carou et al (1989) is
described below

The sample |s_%round and homogenized to
extract histamine with HC104 Five ml of perchloric
acid extract is alkalinized to extract histamine with
n-butanol. The extracted histamine is then
transferred to HCL Fluorescent complex formed
with O-phthaldehyde is read at 350 nm excitation
wavelength in a ‘spectrofluorometer.

~ Histamine produced by decarboxylation of
histidine (Niven et al. 1981; Storey et’al. 1984)
correlated well with the organoleptic properties of
canned fish,

Determination of tyramine

The spectrofluorometric  method  of
determination of tyramine developed by Santos-
Buelga et al (1981) consists of grinding, alkalinization
and homogenization of sample with anh¥drous
Na2S04. Tyramine is extracted with ethylacetate in
a glass column, Tyramme is transferred to HCL
Fluorescent complex formed with  N-nitroso-fl-
naphthol is read at 450 nm excitation wavelength,
and 540 nm emission wavelength " in
spectrofluorometer (Vidal-Carou et al. 1990).

Determination of diamines and
amines

Diamines and non-volatile amines (polyamines)
have been sug%ested as freshness indicators by
several researchers. There is a good correlation
between levels of polyamines viz., putrescine,
cadaverine and tyramirie to freshness in various
sEemes of shell” fish, salmon, tuna and beef
(Edwards et al. 1985; Yamanaka et al. 1987).

Method of Yamanaka et al (1987) for
determination of polyamines in muscle foods consists
of homogenizing 5 ¢ muscle with 20 ml of cold 3%
perchloric acidin & homogenizer, and centrlfugrmg
at 10,000 rpm for 5 min in cold room. The
procedure is repeated, and the supernatant fluid
IS removed and combined. Twenty ml. supernatant
fluid is injected into high “pressure liquid
chromatograph)( (HPLC) with a fluorescence detector
LC-6A G-I system, Shimadzu Corporation, Kyoto).

hese five amines are separated on reverse phase
_tyPe Shim-pack CLC ODS column at 50°C, converted
into fluorescent derivatives by reaction with mixed
solution of O-phthalaldehyde and mercaPtoethanoI,
which is allowed to flow at a constant flow rate
0f 0.3 ml per min, and detected with a fluorescence
detector (Shimadzu RF-530, Ex-348 non Em

non-volatile

450 nm). Mabile phase consists of solution A (0.1 M
NaHO410 mM sodium octane sulphonate
SpH 4.20), solution B (50% methanol in solution (pH
20). Gradient elution pro%ramme Is controlled hy
a system controller (Shima zu-SCI__-eA% at the flow
rate of 1.2 ml/min from 40% solution B in solution
A over 25 min period, followed bg the same
composmon for 5 min and after 30 min, 40%
solution B in solution A Each 5 mq of five standard
amines are weighed, and dissolved in 100 ml
0. NHCL Twenty ml of this mixed solution is
injected_into HPLC, and calibration_curves are
made with a Shimadzu Chromatopac C-R3A (Vidal-
Carou etal. 1990).

2-Thiobarbituric acid (TBA) test for rancidity

Of the various methods reported for measuring
the extent of oxidative deterioration of lipids in
muscle foods, the TESA test (2-thiobarbituric acid)
aﬂpears to be the most widely used (Melton 1983).
The method is based on the spectroPhotometnc
determination of the extracted malonaldehyde
(Tarladg!s et al. 1960). The method involving the
steam distillate is the most popular for measuring
TBA in muscle foods (Rhee 1978).

Samples are prepared by grinding thoroughl/y
for TBA analysis. Five g meat and 5 ml 20%
trichloroacetic acid in 2 "M phosphoric acid, and
10 ml of 0.01 M 2-thiobarbituric acid (Eastman
Kodalg are placed in a 50 ml centrifuge tube,
heated in a hoiling water bath for 30 min with
occasional stirring, and then chilled the tubes in
an ice bath for 10 min. The solid fat Iarer 1S
removed by using spatula, and the pink coloured
TBA comlplex is" located in the aqueous Iager.
Fifteen ml of solvent containing a mixture of 2:1-
isoamyl alcohol - pyridine is added. The tubes are
shaken wgorous%y or 2 min, and then centrifuged
for 15 min at 2400 rpm to break the emulsion
formed during the extraction. The clear solvent
extract is decanted into a cuvet and the colour
measured at 538 nm against a solvent blank. The
TBA valug is defined as absorbancy at 538 nm
against Beckman DV spectrophotometer and
sltg&d)ard size of one cm cuvets (Tarladgis et al.

~ The method described by Turner et al (1954)
is also based on the principlé that malonaldehyde-
like compounds react with 2-thiobarbituric acid to
give pinkish red coloured complex, which shows
maximum absorbance at 535 nm. It consists of
grmdm? 5?samples over coarse sand in a mortar,
and exfracting with 5 ml water. Four ml aqueous



extract are mixed with 4 ml TBA reagent, and
heated in a water bath at 100°C for 45 min. Pinkish
red colour developed is extracted with n-butanol,
and measured at 535 nm on Bausch and Lomb
spectronic 20. TBA values are expressed as mg
malonaldehyde (MA) per kg material

Standard curves for malonaldehyde are prepared
by making appropriate TEP standard solution to
give amounts, ranging from 1x10 oto IxIO HMolar
malonaldehyde in ™5 ml. Determination is run by
adding 5 ml TBA reagent | in each portion, and
reading the absorbancy at 530 nm in a
spectrophotometer, either” after the sample has
been kept at room temperature for 15 h, or after
being heated in a water bath at temperatures of
37, 50, 70 and 100°C.

TBA reagent (0.01 M) is prepared by dissolving
a weighed amount of the solute in slightly warme
molar phosphoric acid (Folch et al. “1957).

Carbonyl value

Method mvolvmtq measurement of secondary
changes e.g., formation of carbonyls is used to
follow lipid oxidation. The method of Henick et al
(1954) is based on the reaction of carbonkll
compounds with 2:4-dinitro phenyl hydrazine fo
form corresponding hydrazones. These™ react with
alkali to produce characteristic wine red colour.

Five g tissues are ground over coarse sand in
mortar, and extracted with 25 ml distilled carbonyl-
free benzene. To 2 ml benzene extract in test tube,
are added 1 ml 4.3% trichloroacetic acid (TCA) in
benzene, and 2 ml 0.5% 2:4-dinitro-phenyl-hydrazine
(DNPH) reagent. The tubes are heated for" 30 min
at 50°C, and then cooled to room temperature. To
0.5 ml reaction mixture, is added 5 ml 4% alcoholic
KOH, and the resulting colour is read at 430 nm
after 10 min. Carbonyl values are expressed as
mEq/Kg carbonyl-free"benzene.

~To 1000 ml of benzene, are added 5 gm 2:4-
dinitrophenyl hydrazine (2:4 DNPH), and’ 1 gm
trichloroacetic acid &T_CA), and the mixture is then
subjected to distillation” prior to its use.

Peroxide value

Method involving primaiy changes such as
formation of hydroperoxide {peromde value and
fatty acids) is more suited to measure low levels
of oxidation in products stored at low temperature
(Coxon 1987).

Colorimetric ferrous thiocyanate method _of
Wager et al (1947) is used to determine peroxide
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values in muscle foods. Oxidation by peroxide of
Fetto Fe+ and reaction of the latter with NH.CNS
to produce characteristic red colour forms the basis
of this method.

~ Ferrous thiocyanate reagent is prexared by
dissolving 1 g ammonium thiocyanate (A.R), and
1 ml HAS04 (%5% by weight) in 200 ml ~deaerated
methanol, and the resulting solution is shaken with
0.2 ( finely pulverized ferrous ammonium sulphate,
Solution is decanted, and stored in a stoppered
?_rown glass bottle. Fresh reagent is prepared every
ime.

Bligh and_Dyer's (1959) method involves
extraction of a 5 g tissue sample with chloroform-
methanol mixture, and chloroform extract is used
for estimation of peroxides. To 0.2 ml chloroform
extract, is added 5 ml ferrous th|ocganate reagent
and colour developed is read at 510 nm after 10
min. Peroxide values are expressed as mM per kg.

Determination of peroxide may not be useful
as a measure of lipid oxidation in muscle foods
during prolonged storage, especially if the muscle
is ground (Melton 1983).

Free fatty acid (FFA) values

Colorimetric method of Duncombe (1963) for
the determination_of free fatty acids (FFA), which
involves the reaction between free fatty acids, and
copper (from copper reagent) to’ form the
corresponding copper salts, 1s used. The copper
salts of free fatty acids is treated with sodium
diethyl dithiocarbamate. The characteristic golden
yellow colour formed is quantitated spectrophoto-
metrically.

Five ml chloroform solution of free fatty acids
SFFA) are shaken with 2.5 ml co Ber reagent for
min. COHPEF reagent is prepared by mixing 9 ml
of M triethanolamine, 1 ml of N acetic acid and
10 ml of 6.45% cupric nitrate solution. Reaction
mixture is then centrifuged to separate the
chloroform phase from aqueous phase, containing
copper reagent. The latter is then comPIe_ter
removed by suction. To 2.5 ml chloroform solution
is added 2.5 ml 0.1% solution of sodium diethyl
dithiocarbamate_to develop the colour, which s
measured at 435 nm. FFAvalues are expressed as
NM per kg.

Determination of nucleotides from chill-stored
muscle

Loss of freshness is related to the
autodegradation of adenosine 5-triphosphate (ATP)
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in fish tissue (Luong et al. 1989). Inosine
monophosphate iS known to contribute to the
characteristic flavour of fresh fish, while its
defqradatlon product hypoxanthine imparts bitter
off-taste odour, (Jones et al. 1964).

For determination of AMP, ADP, ATP and IMP,
25 g muscle is homogenized into 50 ml of 0.6 N
ﬁerc loric acid at 0°C. A 50 ml aliquot of filtered
omogenate is adjusted to pH 6.5 with 5 N
potassium hydroxide at 0°C, and water added to
a final volume of 7.5 ml potassium chlorate s
removed by centrifuging at 0°C, Aliquot (7ml) of the
neu}ra_hze diluted” extracts are combined for
analysis.

The combined extracts from fish of a group
are passed through column (18.2 cm x 1.3 cm)[ of
Dowex-1-Xs (Format) resin, 200-400 mesh. The
columns are washed with water, until the optical
density of the effluent fell to 0.01. Effluent and
wash contain the purines, and nucleosides of the
muscle. Nucleotides are retained on the column.
Fractions of individual peaks are combined, and
eluted _spectrophotometncalsl)y at their ultraviolet
alla%%rpnon maxima (Jones 1960; Jones and Murray

. Hypoxanthine concentration is a reliable
indicator of storage in rock and yellow fin soles,
since its concentration increases at a relatively
constant rate during chilled storage (Boyd and
Wilson 1977).  Although h{poxant ine Can be
detected bzl either chromatography or. enzyme
electrodes, the interpretation of hypoxanthine as an
indicator of freshness is problematical, since its
concentration is dependent uBon pre-death
conditions (Mulchandani et al. 1989; Nguyen et al.
1991). To overcome these problems, K value,
defined as (INO + Hx)/(IMP + INO + Hx) is proven
applicable in assessing the freshness of several fish
Species.

Biosensor system for determining hypoxanthine
ratio, an indicator of freshness

Tissue samples (1.5 g) .are homogenized with
5 ml 10% trichloroacetic acid. After centrifugation
for 10 min at 27,000 g, 9 ml of the supernatant
is diluted 10-fold with” 50 mM glycylglycine, and
5mM MqCl2 buffer SpH 1.8). The sample is neutralized
with 2M NaOH (200 pi) (unreacted fish extract).

A pre-wetted immunodyne membrane
(1.5x1.5cm) is stretched on thé top of a hollow
Blastlc cylinder (1 ¢cm - diameter), and held in place
y an O-ring. To a mixture of XD (0.35 units), and

BSA (L5 mg) in IOmM phosphate buffer ng 1.0),
?Iut_araldeh de (4pl, 25%5)|s added to initiate cross-
Inking, and 35 pi of the solution is layered on to
the pre-wetted membrane, and allowed to cross-
link ‘at room temperature for 30 min. Membranes
containing NP co-immobilized with XD are made
by adding NP to the starting mixture.

To immooilize NT (5-nucleotidase), polystyrene
centrlfugle tubes (1 ml) are filled with 1 ml of 5%
polyethylenimine solution, and incubated for 2 h at
room témperature. The tube is emptied, and filled
with 2.5% glutaraldehyde solution in 150 mM
ﬁhosphate buffer (pH .8?. After incubation for 3

, the unreacted Pluta_ra dehyde is removed, and
the tube is then filled with 1 ml solution containing
20 IU of nucleotidase in 4 mM phosPhate buffer,
(bH 7.8), .and incubated overnight at 4°C. NP is
co|-|rpmob|hzed with NT by adding it to the starting
solution.

The instrument consists of an amperometric
electrode (platinum anode polarized at +0.7V with
respect to Silver/silver chloride cathode) inserted in
a_detection chamber (400 pi capacity), eqmp}%ed
with an injection port and current réad out. The
enzymic membrane disc is tightly attached to the
sensing area of the electrode, and retained in place
by an O-rmg}. One mole of Hx will be converted
to 1 mole of uric acid, and 2 moles of H22hy
immobilized XO.

Determination of H and K values

~ The breakdown products of adenosine

triphosphate (ATP) are determined in order to

evaluate the freshness of fish species. The K value

calculated from the decomposition products of ATP

?g_s”bel%gzs)uggested as an indicator of fish freshness
| .

Hx is determined by ing']ectingz 100 pi of the
unreacted fish extract into the detection chamber
equipped with XO enzymic membrane (Hx+Oz

— > uric acid + H22. Total concentration of

(Hx+ INO + IMP) is determined by first reacting 500
| of the unreacted fish extract with the immobilized
T tube for 5 min under continuous shaking NP
25 pi of 18.4 1UMIl+ in 150 mM phosphate buffer
pH_7.8? s added to the detection chamber, and
2min, later, the reacted fish extract (oo pi),
containing INO and Hx is introduced to the detec-
tion chamber. The steady-state responses recorded
after 2 min are used t0 calculate the H value.

The (Hx+INO) is determined by adding soluble
NP to the detection chamber followed™ by the



unreacted fish extract. A second addition of NP
followed by the injection of reacted extract &mcubated
with immobilized NT) facilitated (Hx + INO + IMP)
measurement, and the Kvalue is calculated (Luong
and Male 1992).
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Changies have been studied on P
bulbs development at seven stages o

_ growth, beginnin
maturity. In general, fresh an

Onion (anjym cepa L), @ major crop of tropical
countries is hl%h|¥ valued for its flavour “and
nutritional qualities, ([F?aul et al. 1991). Onion is
said to possess stimulative, diuretic and expectorant
properties, and is considered beneficial in flatulence
and dysentely (Pruthi 1976). It is known to |ncrease
the secretion of bile (Sambaiah and Srinivasan
1991), and has anti-bacterial activity (Lewis et al.
1977). In spite of their widespread” use as, food,
bulb$ of onions, with h|Ph_contents_of moisture
are poor sources of calories grotems, fats and
carbohydrates EChowdhmy 196 2 They however,
contajn moderate amounts of ascorbic acid, other
soluble vitamins and minerals  (Gopalan et al.
1989).. Onions are used by the rich and the poor
alike” in their daily
consumption may vary from person to person.

The quality characteristics of bulbs are size,
shape, colour,
bulbing and dry matter (Rabiriowitch and Brewster
1980). "Onions “are generally sold_in_graded diam
classes in foreign” countries (Rabinowitch and
Brewster 1980). Onion pungency. develops, when
the enzyme allinase, hgdroIP/ses theflavour precursors
S-alk. en)gll cysteiné. sufphoxides, dunn% tissue
bruising or nfaceration (Schwimmer 1971). The
reaction products are pryruvate, ammonia, and the
many volatile sulphur. compounds, which  are
characteristics of onion flavour and aroma
(Schwimmer and Weston 1961f)|. Onion flavour,
determined by measurements of flavqur precursors,
reaction products or_allinase actmtg Valﬁ_ in
different_ genotypes (Bajaj et al. 1979). Little
information is available regardin chan_ge_s in growth,
pun(iency and flavour™ characteristics dunnq
developnent of the onion bulbs. of commercig
cultivars In Inclia. Such information is required,
because pyruvic acid can serve as. a reliable
Indicator for pungency, harvesting time, better

* Corresponding Author

dry weights, diam OP

meals, although the way of

flavour, storage life, earliness of

rowth, pungency and flavour characteristics in eight varieties of onions, durin?I

one month after transplanting at an interval of 15 days fti
ind d bulb, total pyruvic acid, enzymatically produced and non-
enzymatically produced pyruvic acid, sulphur content, and allinase activity increased throughout bulbs development.
Varieties VL-3 and 102-1 have better size after 120 days, as compared to the other varieties.

Keywords : Onions, Growth, Pyruvic acid, Allinase, Sulphur, Pungency.
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storage characteristics, processinlg efficiency and
positively correlated with good drying ratio:

M aterials and M ethods

. _Eight red onion varieties (VL-1', WL-3, 'Arka
Niketan®" 'Agri found Light Red', *102-1', "Punjab Red
Round', 'Pusa Red', 'Hisar-2j were grown ‘in_rabi
season of 1989-90 at the Vegetable Research Farm
of the University, in a randomized block design in
three replications, The recommended dosés of
fertilizers, and other agronomical practices were
adopted to rajse the crop un?er Hisar conditins
(HA 19812. Five onion plants from each replication
Were harvested at random, beginning one month
after transplanting, at an Interval of 15 days, till
maturity. Bulbs were cut in dice of size 0.25 to
1.00 CcM2, after discarding the non-edible part, and
dried at 60°C to a constant weight, before gnndm%
to pass through a 80 mesh sieve. Bulb diam wa
calculated by ‘using the relatignship log diam mm
=1.02+0.364 log bulb fresh welght 0).as suggested
by Robinowitch ‘and Brewster (1980): Total sulphur
was determl_ned,b%/ the turbidométric._ method of
ﬁs(u(le%haltsﬁstlman , as described by Chesnin and

| .

For allinase assay, samples were collected in
Oplastlc,batg, placed “in the ice bucket and deep-
zen prior to analysis. Total, enzymatically released
acid by allinase, and ‘non-enzymatically
Pro uced %ruwc acid in bulbs were estimated by
he method of Hart and Fisher (1971). Soléltble
Protems In the enzyme extract were estimated hy
he method of Lowiy et al (1951).

Results and Discussion

Growth behaviour : In all the CU|t|\larS, the
fresh weight, dry weight and diam of bulbs increased
throur%hout deveIoLﬁ ent, and differed only in the
attern of accumulation of all the growth™ indices
studied af all stages (Table 1). "However, the
increases in bulb wéights, and diam upto 30 days

a
i ruvi
py i
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TABLE 1. CHANGES IN DIAMETER, FRESH AND DRY WEIGHTS OF ONION BULBS AT 30, 60, 90 AND 120 DAYS AFTER
TRANSPLANTING

Diameter, mm/bulb

Varieties
30

vL-1 11.09
VL-3' 11.12
‘Arka Niketan' 11.22
‘AErifound

ight red' 11.14
'102-1' 11.14
‘Punjab Red

Round' 11.07
'Pusa Red' 11.17
‘Hisar-2' 10.86
Mean 11.10

60

18.06
20.65
19.41

19.10
21.88

19.10
22.70
18.79

19.96

90

34.20
38.02
39.26

36.31
40.64

35.56
39.99
32.73

37.08

120

49.50
51.44
48.87

4751
52.48

50.93
48.64
48.31

49.71

30

0.50
0.53
0.68

0.54
0.57

0.45
0.59
0.27

0.52

after transplantrn were ver low, as compared to

rest of the sta es.

ince all the varieties were grown

under similar a roclrmatrc condrtrons the differences
hts as well as

In deposition of fresh,

diam at varrous stag‘es?]a)p

nes. Kalra et a
§199) reported tha

wer
pea to b e urey
and Shar a an
the average wergdt 0

ulb and the weight at maturrt

t0 90.0 g and 34.7 t0 96.3
Eresent Fesults are in agreement wrth these re orts.

rang

enetrc

Nath

omon
from 30.5

respectively, and the

b, weights varied from 44.7

red varretres (Khok ar et al, 1990) Both t
planting, (ge of seedling had s
tan dram of individ uaI

(Mohant

effect on wer
ultimately on

leld

Robinowitch and Br wster (1980)

ulb length/diam ratio decreaseq wrth
buIb weight as well as with plant density.

130.50

desi
e dates
nificant
bu bs and

Iy al. 990)
ep orted that the
Increase. in
Irradiation

of onions reduces the. level of ma ate present,

indicating freshness (Piccini et al 1

Pungenci andflavourproperties :

acid, enzyma

ically and non-enzymatically

To al py

ruvic
produced

pyruvic acid and specific activity of allinasé increased

60

4.47
6.45
5.46

5.20
7.59

5.21
8.37
4.98

597

throughout the deveIo ment (Table 2, Fig.
there yconfrrmm
and
acid
wereaso re
Westo
mtermedlate
pyruvrc acid
0 p moles and 15

basrs respectively)

Fresh weight, g/bulb

90

24.24
34.47
37.63

30.41
41.50

28.78
39.65
22.95

32.46

120

72.31
97.42
68.71

64.24
83.53

77.49
68.02
66.70

74.80

Baja). et al

ran ing grgerar 3

gnd

concentra

i (195

specifications,

Intermediate
more

pungen

t0 20
On the

30

0.067
0.069
0.079

0.062
0.063

0.064
0.088
0.036

0.066

60

0.48
0.61
0.54

0.52
0.77

0.53
0.84
0.49

0.60

Dry weight, g/bulb

90

2.11
3.86
4.78

3.91
4.91

3.66
5.44
2.95

4.03

120

7.85
9.93
8.86

8.74
10.09

9.96
9.38
8.94

9.0
1)

n ings of Freeman (197
owever vaIues ofp ruvrc
moes r

Ram
classr%red 0

et al

g strength,

lon (27to 4

gl 89). Sc wr
lons as of wea
on the basis of
p moles, & 10
p moles on_ fresh weight
. basis of
the varieties studied fall
Pungency strength.
than white onions (Singh, 1989).

I‘%ﬁl’

thése

In

Red onions are

Pung ency drffers with variety, stage of maturity,

rowing temperature
aximum Just before
his 1S In

ihi

tops

begin to

ype~of soil, soil morsture and
ile |t Was rePorte to e
all over

durin

development except in '

and '

Hisar-2"

Kalra 1987).
reement Wi h our findings. The complete absenge
enzymatrc ly produced pyruvic acid, ands ecific

activity of allinase

a Niketan'

is also in agreement with

of Pintauro (1979) and Lancaster and Shaw (1991

earIy perrod

bulh

'Pusa red'

the re

)

TABLE 2. CHANGES IN ENZYMATIC, NON-ENZYMATIC AND TOTAL PYRUVATE OF ONION BULBS AT 30, 60, 90 AND 120 DAYS
AFTER TRANSPLANTING

Enzymat |caIIy produced,

Varieties

60
VL-I' 0.36
VL-3' 0.24
'Arka Niketan' 0.92
‘Agrifound Light Red" 0.13
'102-1' 0.09
'Punjab Red Round' 0.42
'Pusa Red' 053
'Hisar-2' 0.66
Mean 0.42

Values per 100 g fresh weight

moles
90

2.98
3.12
3.94
2.68
2.90
3.79
3.61
3.41
3.31

120

4.14
4.49
5.24
4.68
4.20
5.01
4.86
5.12
4.72

Non-enzymatically produced,

30

2.09
1.99
2.23
1.86
1.70
2.16
2.30
242
2.09

p moles
60 90
2.15  5.89
2,39 6.12
3.24  6.63
299  5.54
2.67  4.84
2.00  5.09
3.76  6.30
354 1.02
2.84 593

120

6.22
7.52
8.99
7.08
5.82
6.86
7.99
8.48
1.37

30

2.09
1.99
2.23
1.86
1.70
2.16
2.30
242
2.09

Total,

p moles
60 90
2.51 8.87
2.63 9.24
4.16 10.57
3.12 8.22
2.74 7.74
2.42 8.88
4.29 9.91
4.20 10.43
3.26 9.23

120

10.36
12.01
14.23
11.76
10.02
11.87
12.85
13.60
12.09
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Total sulphur in bulbs also increased
throu?hout the developments in all the varieties,
except for a decline at 45 days after t_ransplantm%
In a few varieties, and corroborated with all form
of pyruvic acid. Freeman and Mossade%hl 1971
observed a highly significant correlation betwee
total sulphur and"total pyruvates (r=0.91). Sulphur
oceurs in cysteine, methionine, cystine ‘and other
sulphur containing  metabolites, which  have
important metabolicroles in function/synthesis of
co-enzyme A, ferredoxins, S-adenosyl methionine,
lipoic” acid, biatin, sulgh_oh'mﬁi, thiamine
pyr_ophosg,hate qerivatives, particular g non-protein
amino acid sulphoxide precursor Substrates_ of
allinase of onion (Schwimmer 1971 Rao 1991). The
sulphur contents at various stag}es of bulbs
development varied from 0.49 to 4.76 mg g1 di
weight (Fig.2), whereas Freeman (1975) “réporte
sulphur concentration of 0.429 to 0.532% in onion
bulbs.. Kalra (1987) viewed that grower can
potentially manipulate the_onion flavodr by choice
of variety, sulphate nutrition, and water Tregimes.
Further, the variations in sulphur contents inbulbs
may be attributed to the differences in sulphur

fake, intra_plant distribution and metaholism
nderson 1978). _

It may be’ conclyded that during the two
months erl?d of bulhs development, “the bulbs
Increased In fresh and dry weights, total pyruvates
non-enzgmaﬂcall as WT” as enz¥mat|call produced
pgruvats and total sulphur to the extent of 12.53,
15.36, 3.70, 2.59, 11.03 and_4.07-fold, respectively.
Moreover, the varieties investigated had considerable
differences .in growth, pun?en_cy and flavour
characteristics, not, only at ma un%, but also prior
to maturity. Varieties VL-S" and '102-1' had better
sizes. However, varieties 'Arka Niktan' and 'Hisar-
2" have heen found to contain higher pyruvic acid
and sulphur after 120 days, as compared to the
other varieties, %nd therefore, appear to have more
pungency and better storage quality.
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Composition and Processing
Characteristics of Pearl

Millet Varieties
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Thirty eight pearl millet cultivars, comprising local varieties,

Degartment_ of Grain Science and Technolo% _
chnological Research Institute, Mysore-570 013, India.

opular and new hybrid lines, were evaluated for

physico-chemical composition and processing characteristics, in adpdition to the corre){ation of the ghysico-chemical

properties with processing qualities. Wide variations were observed in thousand-kernel weight (3.2-17. volum
2 ), and hardness g49.3-98.5 BU) of native seeds of the varieties, in addition to considerable variations in
fat (3.4-7.4%), and ash (1.2-2.4%) contents. The yield of pearled grains and

(2.2-12.9 ml

Broteins (8.1-13.9%), starch (57.4-70.3%),

d), and volume

rokens of millet varied from 80.0 to 98.8%, and 0.9 to 30.3%, reswctively..The yield and expansion ratio of

grains ranged from 8.3 to 77.1%, and 2.3 to 11.3%, respectively.
rain_hardness correlated positively with protein content (r=0.35,

with milling breakage (r=-0.37, p<0.05). Protein content showed
r=0.36, p<0.05), and amylase activity (r=0.45, p<0.01), but negative

maltose units) of malted millets were observed. The q
p<0.05), amylase activity (r=0.38, p<0.05), but n.e%atlve
a significant positive correlation with po fmg yield (

correlation with milling breakage (r=0.34, p<0.05).

. . . gogfed
ide variations in the amylase activity (567-3141

Keywords : Pearl millet. Grain hardness, Proteins, Milling, Malting, Popping.

) Pearl millet (pennisetunm americanum (L) LQEKG],
is one of the staple foods in India and Africa. It
is produced in India to a tune of about eight million
metric tonnes (FAO 1991). Millet, being a dryland
crop, has an increased potential growth in India
and other tropical countries. It is a rich source of
proteins and fat, as compared to other cereals
(Kurien et al. 1961). However, almost all the millets
produced in India are used in the preparation of
conventional foods, partly because of the non-
availability of ready-to-use and convenient food
products ERo_oney and McDonougf,h 1987). The
major constraints for widespread utilization of millet
are its coarse fibrous seed coat, coloured pigments,
characteristic astringent flavour, and poor keeping
(iuahty of the processed products (Desikachar
975). Pearling or debranning of millet overcomes
some of these constraints, and also improves_ it
nutritional quality as well as consumer acce[()tab|l|ty
(lRelchert 1979; Pawar and Parlikar 1990; Akingbala
991). Popped pearl millet finds usage in weaning
and supplementary foods (Malleshi "et al. 1986),
whereas malted millets have been used in _brewmg
(Pal et al. 1976; Novellie 1977). Roller-dried an

extrusion-cooked millet products are also
successfully prepared (Almeida-Dominguez et al.
1993). The present paper reports some of the
physico-chemical, milling, popping and maltln%
characteristics of recently released, 38 pearl mille
varieties, and_ elucidates” the relationship between
phyls_|t(_:o-chem|cal properties, and the processing
qualities.

* Corresponding Author
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M aterials and Methods

Thirty eight pearl millet strains, comprlsmg
local varieties, popular hybrids, and new hybri
lines, were procured from different locations in
India (Table 1),

Physico-chemical properties : TNE sample_s_ were
exposed to atmosphere for one week to equilibrate
to same moisture level, before determination of
physical properties. One thousand kernels of the
whole grains were counted in a numigral %ral_n
counter (Tecator Co., Hoganas, Sweden), and their
weights were determined. Thousand-kernel volume
was measured using air comparison pycnometer
(Model 930, Beckman, USA). Based on weight and
volume, the density was calculated. For hardness
measurement, 50 "g sample was crushed in a
hardness and structure ‘tester (Brabender Co,,
Duisburg, Germany) with 1.5 and 0.5 mm clearance
successively, and™ the torque developed durmg
%/rlmdlng was recorded on a chart (Capanzana an

alleshi 1989). The area covered under the peaks
was measured at respective clearances, and the

same was_presented as hardness in brabender
units (BLQ. eir sum represented the total hardness.
The har selected kernels

ness of thirty ra_ndomlr
was also determined " individually (Kumar et al.
1991) in a hardness tester (Kiya' Seisakusho Ltd.,

Tokyo, Japan).

Samples, were pulverized in cyclone mill QUdy,
UD Corporation Boulder, Colorado, USA), and their
ether extractives were estimated (AACC 1983),
using petroleum ether (60-80°C). The defatted flour
was analyzed for proteins and total ash contents
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(AACC 1983). Starch was estimated by the enzymic
d|?est|on method of Chiang and Johnson (1977),
Al the analyses were done in duplicate, and
average values are reported.

~ Milling (decortication) : 1he samples were milled
in_a McGill mill (Century Elec., St. Louis, USA)
initially just for 30 sec under 1.4 kg pressure, and
the glumes were separated by aspiration. Deglumed
samples (120 ¢), with original moisture content of
about 10%, were sprayed with 4% additional water,
mixed, equilibrated for 5 min, and milled again for
3min at 14 kg pressure in the McGill mill. The
milled grains and bran fractions were sieved through
20 and 30 mesh sieves, respectively. The -20
fraction of endosperm and +30 fraction of bran were
}?ooled, and termed as brokens (mﬂlmgbbreakage).

he milled grains, brokens, and bran were
equilibrated, and we|ghed to determine the milling
yield (Malleshi and Desikachar 1985).

. Popping and malting - The grains were sP]rayed
with 6% additional water, tempered for 5 h in a
closed container, and popped for 30 sec in an
electrically heated, and hand-operated coffee roaster
(local make), usmg sand heated to 250°C _(Malleshi
and Desikachar 1981). The %yield (by welqht), and
bulk volume of the popped product were calculated.
The ratio of the volume o poPped grains to that
of native grains was taken as the expansion ratio.
Seeds were steeped in distilled water for 16 h, and

erminated for 48 h at 25°C in a BOD incubator.
prouted seeds were sorted out, dried in an air
oven at 50°C, and brushed gently to remove the
rootlets. The devegetated malt was ground in a Udy
cyclone mill, and the amylase activity of malt was
assayed (Malleshi and Desikachar 1979).

Statistical analysis : 1he mean and the standard
error (SE) were calculated for each parameter,
based on 38 cultivars, The correlation coefficients
among the various physical properties, chemical
constituents with milling, popping and malltlng
characteristics for 14 parameters were determine
(Snedecor and Cochran 1962).

Results and Discussion

Physico-chemical properties : 1N Varieties were
arran?ed in the descending order o their thousand-
kernel weight in Table “1. The thousand-kernel
wel%ht and volume of the cultivars ranged from 3.2
to 17.6 ¢ and 2.5 to 12.9 ml, respectively. The
cultivars 'IP 10436" and 'IP 10438" were exceptionally
bold, having thousand-kernel welqht of 17.6 and

16.0 g, respectively, while the thousand-kernel

wei%ht of meg’ority (29 varieties) ranged from 6.0
to 11.6 ? and the values for 7 low weight varieties
ranged from 3.2 to 5.9 ¢. DensﬂK of the grains
ran(11ed from 129 to 1.54 g/ml. The variations in
total hardness were between 49.3 and 98.5 BU
while the Kiya hardness varied from 1.3 to 5.2_kg/
grain. Wide "variations in thousand-kernel weight,
volume and hardness among different cultivars of
pearl millet have also been reported by Akingbala
§1991). Protein content of the cultivars ranged from
1 to 139%, and starch from 57.4 to 70.3%
gTabIe 2). The fat content of millet varieties varied
rom 3.4 to 7.4%, whereas the ash content ranged
from 1.1 to 2.4%. The samples with higher protein
contents ?enerally had lower proportions of starch.
Mean values of the chemical constituents were
similar to those reported by Kurien et al (1961)
and Subramanian et al (1986).

There was a good correlation between physical
Rropertles and chemical constituents (Table 33/, the
ardness__being hut;_hly correlated with protein
content. Similar relationship between hardness and
rotein in maize cultivars has been reported by
orsey-Redding et al (1991). No correlation was
observed between grain hardness with starch, fat
and_ash contents. However, density showed
significant Posmve correlation with starch content.
Hardness also correlated significantly with thousand-
kernel weight and volume.

Milling, popping ;and malting characteristics
L arge dn‘fgerences existed .in the yield o pearled
(head) grains, and the milling bréakage (Table 2).
While the yield of pearled grains containing brokens
varied from 80.0 to 96.8%, the milling b,reakagie
was of the order of 0.9 to 30.3%. Considerable
variations in decortication characteristics among
pearl millet cultivars may be related to the
endosgerm texture, as reported by De Francisco et
al (1982), and also borne out by the present data,
showing' negative correlation of milling breakage
with protein and ash contents (Table 3). Milling
breakage correlated positively, and significantly
with thousand-kerne| weight.” This indicates that
bolder grains and varieties of lower protein contents
break gasily during milling.

_The yield and expansion ratio of popped grains
varied from 8.3 to 77.1% and 2.1 to 11.3, respectivel
(Table 2). Eleven cultivars had more than 50%
Bopp!ng yield with mean expansion ratio of 7.5,

opping was also positively correlated with protein
and ash contents (Table ‘3), mdmatmg that well
popped millet could be obtained from the cultivars



TABLE 1. PEARL MILLET CULTIVARS AND THEIR PHYSICAL CHARACTERISTICS

Cultivare

'IP 10436', 'Hybrid S 5 Line'
[P 10438, Hybrid S 5 Llne'
'863AXPMBPN 35', 'New hybrid line
'IP 8027', Local’
8LAXPMIN 87 33", ‘New hyhbrid line’
'843AXPMBPN 48', 'New hybrid line'
'IP 8032", 'Local
'MBH 1571 ‘Hybrid'
B41AXPMBPN 87 68°, New hyhbrid line'
'CO 6', 'Variety'
B1AXPMBPN 9', 'New hybrid line'
'IP 12070, 'Local’
ICMP 451", "Hybrid'
8LAXPMBPN 3'7, ‘New hybrid line'
'IP 14890', 'Local’
'IP 12848', 'New hybrid line'
‘81Axwhite bajra’, ‘New hybrid line'
‘81AXPMBPN 6', 'New Hybrid line'
'IP 8638, 'Local’
'841AXPMBPN 1, ‘New hyhbrid line'
841AXPMBPN 88 60', 'New hybrid line’
HIIB 67, Hybrid'
‘MH 179", Hybrid'
'HHB 68', 'Hybrid'
WC C 75, Hybrid’
B1AXPMBPN 21", ‘New hybrid line'
‘841AXPMBN 1'0, 'New hyhbrid line'
‘81AXG 73 k 77", 'New hybrid line'
'HHB 60", 'Hybrid'
'IP 5738, 'Local’
'HHB 50, 'Hybrid'
8LAXPMBPN 48', ‘New hyhrid line'
‘Local (Gulbarga)', 'Local’
'IP 3595', "Local
1P 3471", 'Local
‘Local (Mysore)', 'Local
'IP 11902, 'Local
P 11835', "Local'

Mean

SED

Source

ICRISAT
ICRISAT
Gulbarga
Ghana"
Gulbarga
Gulbarga
Ghana"
Gulbarga
Gulbarga
Coimbatore
Gulbarga
Nigeria"
Gulbarga
Gulbarga
Cameroon”
Gulbarga
Gulbarga
Gulbarga
Sudan
Gulbarga
Gulbarga
Hisar
Gulbarga
Hisar
Gulbarga
Gulbarga
Gulbarga
Gulbarga
Hisar
Nigeria"
Hisar
Gulbarga
Gulbarga
Tamil Nadu"
Tamil Nadu"
Mysore
Sierra Leone"
Eastern Ghats"

*Obtained through ICRISAT, Hyderabad. b Standard error

1000 kernel
Weight, Volume, Density,
g ml g/ml
17.6 12.93 1.36
16.0 12.31 1.29
116 8.32 1.39
114 8.24 1.38
11.3 7.79 1.45
10.8 7.63 1.41
9.6 7.26 1.32
9.4 6.43 1.46
9.4 6.63 1.41
9.3 6.44 1.44
9.3 6.37 1.45
9.3 6.81 1.36
9.1 6.43 14
9.1 6.33 1.43
9.0 6.43 1.39
8.9 6.12 1.45
8.8 6.05 1.45
8.8 6.05 1.45
8.7 6.61 1.31
8.6 6.02 1.42
8.4 5.63 1.49
8.2 6.09 1.34
8.1 6.03 1.34
7.9 5.80 1.36
7.8 571 1.36
1.7 5.23 1.47
1.7 5.19 1.48
7.1 4.93 1.44
6.9 4.63 1.49
6.3 4,61 1.36
6.0 4.26 1.41
5.9 4.36 1.35
5.6 4.02 1.39
4.9 3.50 1.39
4.8 3.58 1.34
4.3 3.00 1.43
3.9 2.52 1.54
3.2 2.25 1.42
8.4 6.01 1.40
0.46 0.34 0.009

with higher protein content. The variation in

ﬁoppmg yield could be genetic or influenced by

arvesting conditions (Kumar et al, 1991?. Varieties
S

which exhibited high popping yield a

0 showed

high expansion ratjo. Popped millet could be used
as a snack or in preparation of ready-to-eat

Hardness

Brabender (BU)

0.5 mm

42.5
31.2
48.0
36.5
40.9
42.8
42.7
42.2
39.8
46.2
38.8
30.3
433
29.6
32.8
44.6
40.8
39.0
33.0
36.5
35.6
45.3
43.7
47.0
38.3
43.7
34.6
34.4
51.8
34.3
46.4
39.4
41.9
41.4
38.5
45.0
43.4
38.3
40.3
0.82

Total
(1.5+0.5 mm)
90.2
78.5
98.5
74.1
93.4
86.1
87.0
86.3
83.0
96.7
82.8
63.8
86.1
73.4
64.6
87.3
84.7
82.1
66.0
73.7
73.6
86.7
88.2
91.0
77.6
85.0
67.2
73.6
90.0
66.3
84.2
78.7
68.9
67.2
59.8
83.1
59.7
49.3
78.6

1.84
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Kiya,
kg/gryain

2.1
3.2
5.2
3.2
48
34
3.4
2.2
3.5
4.4
3.7
2.8
34
4.9
13
4.6
4.3
4.3
2.1
2.9
2.8
3.2
3.1
3.4
3.3
4.7
3.2
4.8
3.5
2.6
3.6
3.9
34
2.6
2.4
3.1
2.9
2.6
3.4
0.14

nutritious food formulations. Popping is especially
suitable for pearl millet, since the high-temperature-
short-time (HTST) treatment may inactivate lipase,
and enhance its keeping quality.

. Among the 38 cultivars studied, about 13%
viz., 'Local” Mysorel 'HHB 50', 'HHB 67 and 'HHB
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TABLE 2. CHEMICAL COMPOSITION* AND PROCESSING CHARACTERISTICS OF PEARL MILLET CULTIVARS

Cultivars Proteins, Starch, Fat,
% % %

'IP 10436' 12.6 61.2 5.4
'IP 10438 12.6 67.1 4.0
'863A x PMBPN 35' 10.6 65.7 54
P 8027 8.1 68.7 5.2
'81A x PMIN 87 33' 13.9 63.2 5.9
B843A x PMBPN 48' 11.8 66.0 6.9
P 8032' 12.0 64.5 5.0
‘MBH 157 9.9 70.3 4.7
'841A x PMBPN 87 68" 9.7 67.5 4.8
co ¢ 13.6 65.8 5.9
‘81AXPMBPN 9' 9.8 69.0 6.1
P 12070 9.1 64.2 5.5
'ICMP 451" 117 64.4 5.5
'81A x PMBPN 37’ 9.4 68.5 6.1
P 14890° 9.9 65.0 7.3
P 12848° 10.8 68.0 5.7
'81A x white bajra ’ 9.4 68.2 56
'81A x PMBPN 6' 11.0 65.0 5.4
'IP 8638 10.0 62.1 5.9
'841A x PMBPN 1 10,5 66.7 5.0
'841A x PMBPN 88 60" 10.9 66.2 4.5
'HHB 67' 10.9 63.4 6.1
‘MH 179’ 10.9 65.8 5.9
'HHB 68' 12.5 57.4 7.4
WC C 75 111 65.7 6.6
81A x PMBPN 21' 9.6 64.6 6.9
‘841A x PMBPN 10' 9.2 70.0 4.9
BIAX G T3k TT 12.5 65.2 6.5
'HHB 60’ 12.0 63.4 7.2
1P 5738 10.1 63.7 5.1
'HHB 50° 12.2 59.0 7.3
‘81A x PMBPN 48' 9.5 67.8 5.5
‘Local (Gulbarga)' 9.7 68.7 6.5
'IP 3595 13.8 64.7 55
P 3471 135 61.0 7.2
‘Local (Mysore)' 134 64.5 6.3
P 11902 9.8 66.3 3.4
P 11835 9.6 67.1 4.1

Mean 11.0 65.4 5.7

S.E.b 0.24 0.45 0.15

Ash,
%

18
L7
17
14
15
17
17
13
11
14
16
18
13
1.6
15
15
14
18
18
16
1.6
18
1.6
2.0
15
17
12
17
18
18
18
15
13
2.1
2.4
19
2.1
2.1
17
0.04

Milling Popping Malting
Head Brokens, Yield, Expansion  Amylase
grains0 % % % ratio  activity'l MU
86.1 113 333 6.3 16668
80.0 9.6 45.4 8.0 1845
89.9 7.9 27.3 2.4 1308
91.3 12.2 43.9 8.7 652
95.2 3.9 68.8 53 1849
89.9 18.0 39.0 4.3 1330
94.3 19.2 53.5 113 1934
91.5 26.0 26.9 2.8 1892
89.1 153 31.8 2.1 1646
91.6 0.9 77.1 113 2179
96.8 10.4 72.2 5.6 1350
89.9 14.9 48.7 6.6 2192
92.1 16.9 333 2.1 2082
94.7 10.5 29.8 3.0 1596
87.3 30.3 31.5 6.8 1981
94.8 8.6 41.1 3.2 1062
95.1 3.6 53.6 3.8 1833
90.8 13.7 53.6 4.2 1943
86.0 22.0 20.5 3.8 2052
90.3 29.9 11.6 2.1 567
90.0 20.8 39.1 4.0 1634
95.7 4.2 17.0 2.4 2679
90.3 16.0 37.9 3.4 2015
96.3 3.5 31.6 3.2 2649
89.7 9.1 63.6 10.0 2057
89.9 111 47.4 2.9 1553
91.6 15.9 8.3 2.3 1481
93.8 3.5 68.2 4.2 1833
92.2 3.5 40.8 3.1 3086
92.1 17 40.0 9.0 1760
90.4 17 8.3 2.9 3141
94.2 10.6 18.4 3.1 1464
91.2 18 13.0 2.1 2328
86.9 0.9 61.5 6.3 1866
87.7 0.9 72.1 7.4 2201
89.9 6.1 48.5 5.7 2848
90.4 0.9 70.7 7.4 1519
93.8 0.9 57.4 6.2 1634
91.1 10,5 42.0 5.0 1861
0.54 1.34 3.1 0.42 90.55

*Moisture free basis. b Standard error. 0 Includes brokens d Maltose units.

68" exhibited very high amylase activity (2600-3141
maltose units-MU), and therefore, may be classified
as good malting _strains. About 60% cultivars
showed high (1570-2378 MU), and other 22%
cultivars showed moderate amylase ach}\){ 51062-
1550 MU). The cultivars 841 Ax PMBPN 1' and
'IP 8027" are poor malting strains. Amylase activity
was significantly correlated with the hardness. This

indicates that harder cultivars, and cultivars with
h|g1h protein contents are good for maltmg. Pearl
millet is comparable to wheat with regard to its
amylolytic activity, and possesses favourable ratio
of alpha to beta-amylase (Pal et al. 1976). Beer
produced with 20% millet malt as adjunct was
reported to be readily acceptable (Singh and Tauro
1977). However, high oil content and poor keeping
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TABLE 3. CORREI).ATION AMONG PHYSICAL, CHEMICAL AND PROCESSING CHARACTERISTICS OF PEARL MILLET CULTIVARS.

Characteri- Volu-  Den BH, BH, KH Pro- Starch  Fat Ash Head  Bro- Amy Popping Expa-
stics me sity  0.5mm total teins grains  kens lase yield ~ nsion
100-kemel e
weight 0.99b -0.28 -0.06 0.49p 0.14 0.07 0.03 -0.14 -034* -031 0.35a -0.28 -0.09 0.09
Volume -0.38a  -0.07 0.46b  0.09 0.09 -0.001 -0.14 -0.29 -0.35a 0.33a -0.25 -0.11  0.13
Density 0.17 003 029 -013 033 -012 -0.17 034* -008 -0.14 019 -0.27
Brabender hardness, (BH, 0.5 mm) 0.66b 0.27 0.42b -028 023 010 017 -0.37a 0.38a 0.01 -0.15
Brabender hardness, (total) 0.55b 0.35¢ -0.14 026 -0.34a 023 0.00 0.15 -0.06 -0.17
Kiya hardness 008 013 013 -0.23 044» -0.36a -0.13 0.16 -0.23
Proteins -0.57» 029  0.39a -0.18 -0.34a 0.45» 0.36a 0.25
Starch 049 -059» 011  0.26 -058» -0.01 -0.08
Fat 012 015 -0.14 0.49» -0.04 -0.16
Ash -0.16  -0.41a 0.27 0.33a -0.23
Head grains -0.23 -0.00 0.07 -0.21
Brokens -0.37a -0.38a -0.17
Amylase activity -0.04  -0.02
Popping yield 0.64h

*Significant at 5% level (p<0.05). » Significant at 1% level (p<0.01). BH : Brabender hardness, KH : Kiya hardness.

quality_ of millet malt are the constraints for its
utilization in brewing industry (Opoku et al. 1983).

The present study revealed wide varietal
variations with regard to physico-chemical
characteristics, and processing quality of 38 pearl
millet cultivars, and identified the Suitability of
some millet cultivars for milling, po%mg and
malting. Local Gulbarga’, 'CO &', 'IP 5738’, 'HHB
50° "IP 3595° 1P 3471" 1P 11902’ and 'IP 11835’
are suitable for milling, whereas cultivars CO &,
81 A x PMBPN 9, 'IP 3471 and 'IP 11902" are
suitable for popping. Majority of the cultivars are
suitable for malting. Protein Content appears to be
the dominant chemical constituent that influences
the grain hardness, milling, popping, and maltlng
characteristics, This parameter, therefore, coul
serve as one of the basic quality indicators in millet
breeding programme.
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Economic Utilization of Cabbage Wastes through Solid
State Fermentation by Native Microflora
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Keywords . Cabbage waste, Solid state fermentation, Enzyme production.

Cabbage, is extensively cultivated in different
parts of the world (Steinkraus 1983), and consumed
as a leafy vegetable after cooking. It can also be
used for dehydrated vegetable products (Bhat et al.
1974), A critical survey of fruit and vegetable
markets of the towns, and cities in South™ India
reveals that cabba%e wastes constitute a dominant
Proporﬂon among the solid wastes generated, and
hus become a source of environmental pollution.
A clean environment, free of pollutants, and disease-
free. community, in cities_and towns could be
achieved only “through efficient cabbage waste
manalgement either “through safe disposal or
recycling of wastes through utilization. Bio-
conversion through solid state fermentation would
be the right method of choice (Yang 1988), if
economic Utilization of cabhage waste, is desired.

_Cabbage waste is fed to cattle in rural areas,
while it gets rotted in urban areas, _causmq
environmental gollutlon due to the emanating fou
odour. The cabbage waste, a rich source of or%anlc
matter (Steinkraus 1983), can be efficiently utilized
for various purposes, such as up?radanon_ of its
protein value by solid state fermentation or its use
as solid substrate in solid state fermentation for
production of mdustnaIIP]/ important microbial
metabolites. Therefore, the present work was
undertaken to study the use of cabbage waste as
a Dbioresource material for the production of
exoenzymes of commercial significance through
solid state fermentation by native flora of cabbage
waste, and the results are reported here.

* Corresponding Author
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M aterials and Methods

Fresh cabbage (s rassica oleracea Var capitata)
wastes, collected from the local market, were
weighed, cut into small pieces 80.85x0.35 cm mean
3|ze()], after removing_the mud, and debris with
brush and/or knife. The pieces were oven-dried at
40°C for 6 h to remove free water associated with
the samples. Such pre-treated material was used
as solid substrate for fermentation by commensal
microflora.

The pre-treated cabba%e wastes (100 g) were
transferred into 1000 m| beakers. The mouth of
each beaker was covered with sterile cotton cloth
to prevent aerial contamination, and incubated at
30°C for a total period of s days. The cover also
helped in preventing rapid loss of moisture durmﬁ
fermentation. Samples were withdrawn at 24
intervals, and subjected to various analyses. The
results reported are the mean of three sets of
experiments.

The moisture content was estimated by drying
the fresh sample at 105°C for ¢ h (Pearson 1973).
Carbohydrates as total sugars (Dubois et al. 1956),
reducing sugars (Miller 1959), proteins (Lowiy et
al. 1951(51 and pH were_determined after homogenizing
the sample with distilled water in an “electric
blender at 1:10 ratio. Total heterotrophic bacterial
population, associated with the cabbage wastes,
during the course of solid state fermentation, was
enumerated using nutrient agar medium (HI-Media)
employing Eour plate technique. Inoculated plates
were “incubated at 30°C for 3-5 days. After
enumeration, the colonies_ developed on the plates
were subcultured on nutrient agar slants, purified
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and identified to various genera based on their
morphological,_ and biochemical characteristics
according to Buchanan and Gibbons (1974).

Enzymes associated with the _fermentmq

cabba%e wastes were extracted, by adding 100 m
phosphate buffer (pH 7.2) to 10 g sample; and the
contents were allowed to stand at room temperature
{3012°C2 for 60 min, with intermittent stirring.
ater, the solubilized enzyme in the buffer was
recovered, following a simple contact method of
enzyme extract|on_(ﬂ<umar and Lonsane 1987). The
extract was centrifuged at 8000 rpm for 20 min
at 4°C, and the supernatant was used for enzyme
assay.

Al ha-am_)élase activity was determined by the
method described by Medda and Chandra (1980).
One unit of alpha-amylase activity, expressed as
dextrinizing activity, is defined as the amount of
enzyme required to bring about the hydrolysis of
0.1°'mg of starch at oP_tlmaI CpH, and femperature
in 10 min of incubation. Cellulase activity was
determined b?/ employmg} modified filter “paper
assay (Mandels et al. "1976). Filter paper_activity
is the mg of glucose produced, when 0.5 ml of
enzyme solution acts on 50 mg of Whatman No. 1
filter paper at pH 7.2, 50°C, for 1h. Protease
activity was assayed according to Elmar (1984).
One Unit of profease activity is defined as the
amount that could liberate the peptide fragments
equivalent to 1 mg of bovine serum albumin”under
the assay conditions.

Results and Discussion

_Fresh cabbage waste contained (% 90.2
moisture, 6.3 total sugars (carbohydrates), 1.8
proteins, o.1 crude fat," 1.0 crude fibre, and o.6
mineral matter, Results in Table 1 indicate that
there was considerable change in the composition
of biochemical comPonents due to microbial activity
during solid state fermentation, Reduction in total
heterotro?hlc bacterial population, from 9.4x10®/g
(Oh) to 1.7 x 108)g (s days), indicate that there
was an elimination of some ?roups, owing to a
decline in the available nutrients during the course
of fermentation. The change in initial pH, from 5.5
t0 10.0 at the end of fermentation, might be due
to the release of certain amines and ammonia, as
a result of microbial activity on the available protein
fractions of cab_ba%e wastes. This alkaline pH could
have also contributed to the elimination of intolerant
microbes, and hence the marginal decline in total
heterotrophic bacterial population.

~ Moisture content of the fermented cabbaﬁe
increased from 88.0% (Oh) to 92.9% ﬁ days). The
increase in the moisture content of the substrate
during fermentation might be due to the production
of metabolic water (Yang 1988). Similar increase
in moisture content of the final product, (4-11.5%)
during solid state fermentation of sweet potato
residue inoculated with pichia burtonii has been
reported (Yang 1988). Decline in total sugars and
reducing sugars dunn(t;_ fermentation provided
evidence for "the utilisation of the carbohydrate

TABLE 1. CHANGES IN THE BIOCHEMICAL AND BACTERIOLOGICAL CHARACTERISTICS OF CABBAGE WASTES DURING SOLID

STATE FERMENTATION BY NATURAL FLORA
Attribute

[ncubation period, days

0 2 4 6 8
Biochemical
pH 5.5 7.0 8.0 9.0 10.0
Moisture, % 88.0 90.9 91.3 92.0 92.9
Total sugars, % 6.3 4.9 3.8 2.4 1.3
Reducing sugars, % 2.0 1.0 0.4 0.2 0.1
Proteins, % 1.8 2.5 2.1 2.9 3.1
Bacteriological
Total heterotrophic bacterial
population/g (xIO§ 9.4 8.5 6.5 4.6 17
Bacillus sp, % 38.0 32.0 28.0 22.0 18.0
Pseudomonas sp, % 44.0 58.0 66.0 68.0 74.0
Vibrio sp, % 10.0 6.0 4.0 4.0 2.0
Enzymes, Ulkg SS
Amylase 0 26,000 38,600 36,600 36,200
Protease 0 280 400 450 200
Cellulase 0 17 280 324 352

SS - Solid substrate



fractions by the commensal microflora. Since no
attempt was made to analyze secondary metabolites
other than enzymes, the fate of bioconversion of
carbohydrates could not be ascertained. Protein
content increased prolgresswel during the course
of fermentation from £8% to 3.1% (Table 1). Yang
(1988) observed increase in protein content on
nitrogen supplementation of sweet potato residue
during fermentation, and suggested that solid state
fermentation is a method for protein enrichment
of sweet potato residue with saccharomyces Sp.
Hence, the rise in residual protein in the fermented
cabbage wastes could be accounted with the dead
and live microbial cell proteins.

Bacillus SP, Pseudomonas SP and vibrio Sp Were
dominant during the initial stages of fermentation.
However, pseudomonas SP dominated other species
as the fermentation proceeded further. This m;th
be due to the capability of this species to utilize
available biochemical Sources through efficient
hydrolytic enzyme systems, and to adapt to
unfavourable conditions, such as alkaline pH, as
compared to other co-existing microbial flora, A
maximal of 38,600 U of alpha-amylase, 352 U of
cellulase, and 450 U of protease, per kg of solid
substtrate were obtained from the fermented cabbage
wastes.

Substrates traditionally used in_solid state
fermentation include rice, wheat, millet, barley,
com and soybeans (Hesseltine 1972; Yang 1988).
However, fmit and vegetable wastes might also be
good solid substrates, for solid state fermentation
process, for they are abundant in the environment
as unwanted garbage. The present study suggests
that cabbage wastes could be aptly utilized, as solid
substrate for the industrial production of microbial
enzymes at a cheaper cost.
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Stability of

Textured Soya Proteins
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Textured soya protein (TSP) chunks, procured from different commercial sources, were studied for proximate
composition, protein efficiency ratio (PER) and trypsin inhibitor (TI) activity. Stora%e studies of TSP in different flexible

packaging materials indicate

a significant decline of PER from 1.94 to 1.72, 1.8

and 1.77 at the end of 12 months

storage in three of the packaging materials. However, the product remained acceptable from the point of view of sensory

qualities.

Keywords : Textured soya protein, Protein efficiency ratio, Storage studies, Nutritive value, Sensory quality.

Extrusion cooking process, which is widely
employed in the West for preparation of meat
extenders for human consumption, destroys several
antinutrients including tr 7psm inhibitor 5%) activity
(Manohar Kumar et al. 1978; Ligner 1992). Yet, the
commercial TSP products retain 5 to 20% of T
activit on%mally present in _the soyabean (Rackis
and Gumbmann' 1982). The underprocessed
soyabean extender has ‘been reported to cause
gastro-intestinal disorder (Gunn et al. 1980), whereas
proc_es_smq with extra heat might damage the
nutritional and functional properties of protein,
Hence, there is a need for maintaining optimal
processing conditions.

TSP products are of reIatweIK recent origin in
India. The Indian armed forces showed interest in
using TSP as a meat extender or partial substitute
for meat in their ration. In fact, textured soy
nquets have been used for improving the quality
of loaves after supplementing with poultry meat
(Thind et al 1991). Apart from its low cost, TSP
offers several other advantages to the armed forces
from logistic point of view, particularly in
transportation and storage. However, the product
should have a long shelf'life, and its specification
formulated in order for the armed forces to accept
TSP as a ration item. Although there had been
extensive studies reported from the West, there is
paucity of information on quality parameters of TSP
produced in India. Therefore; commercial TSP,
chunks were investigated for nutritional quality,
and storage behaviour in selected ﬁ_ac aging
materials. The results are reported in this paper.

* Corresponding Author
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M aterials and Methods

TSP chunks, procured from five different
commercial sources and designated as A, B, C, D
and E, were used for chemical analysis. The
product A was used for the storage studies.

Chemical analysis : 1he TSP products were
analyzed in duplicate for their proximate composition
by ACAC (1 84?_ methods. The Tl activity was
eStimated in triplicate by the method, as described
by Smith et al (1980), "using benzoyl-DL-arginine
paranitroanilide (Sigma Chemical Co., , as the

ranir lide (Sigma Chemical Co., USA h
substrate.

Storage studies : PI'O_dUCt A freSh]%/_ Obtained
from factor¥ was packed in 1 kg quantities in four
types of flexible pouches, ie. 6|) pe er-foil-
Po_lyeth lene (PFP : ‘trilaminate of 40" GSM paper-
oil-and 37.5 BBon_etherne) with 0.02 mm  foil
thickness, (i) PFP with"0.012 mm foil thickness,
(i) PFP with 0.009 mm foil thickness, and 'Sv) a
co-extruded film of polyester-nylon-surlyn (PNS:85
g thickness). The pacCkages were stored under
ambient conditions (19-30°C; relative hu_m|d|t}/ 47-
18%) in an insect-proof shelf for a period of one
year. The product was analyzed for sensory qualities
once in three months (Td_at_a not presented for third
month), and protein efficiency ratio (PER) after e
and 12 months of storage.

Bioassay : PER of the defatted SOk/a flour (DSP&
and the different brands of TSP, both fresh, an
stored, was determined by the rat growth method
of Oshorne et al (1919), as described by ISI 5’1974).
Male weanling albino rats (211 days old; 3515 g
weight) of Wistar' strain, bred in our"animal house,
were used in groups of 10 animals each for the
products under study, a_IongF with a reference
standard group on casein diet. Feed and water were



provided a« rinitem during the 28 day-experimental
period. Individual rat weight and feed consumption
were recorded weekly, and the observed PER
(weight gain g~ protein) was calculated at the end
of the feeding period. The PER values reported are
means of ten values. For comFarm(t; the PER values
of defatted sok/a flour and ditferent brands of TSP,
before and affer storage, the observed PER values
were statistically analyzed for significance of
differences, and presented along with"the corrected
PER. The latter, was calculated from the former by
fixing PER of casein at 2.5 and using the formulg,
Observed PER

of oxperiment group x 2.5
Corrected PER =

Observed PER of casein group

Diet formulation : The TSP products were
seBarateI¥ soaked in 4-5 volumes of hot water
ga out 60°C), contamm? about 1% sodium chloride,
or 20-30 min. The water was drained off, and the
chunks_were hand-squeezed to remove excess
water. The material was passed through a meat
mincer (bore size 3 mm diam) to obtain”a uniform
particle size. Calculated amounts of this material
were added to other dietary components (refined
groundnut oil : 9%, shark"liver oil fortified with
a-tocopherol acetate at 0.1% level : 1% vitaminized
starch : 1% mineral mix : 4% and com starch
to make up to 100%), as per ISI (1974), to obtain
a 10:0.1% protein diet on dry weight basis. In
addition to this, diets similar in protein contents
were also prepared from DSF, and casein for
comparison. The diets were prepared afresh every
week, and stored in aw-_nght containers in a deep
freezer at -18°C. The diets were thawed to room
temperature, before feeding to the animals.

Sensory evaluation : SINCe TSP is intended to
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be used as a meat extender by the armed forces,
it was evaluated for sensory qualities in the_form
of a spiced curr[;{], similar t0 meat currx, which is
popular amon(fl_ e military personnel. Assessment
of several attributes (colour, aroma, taste and
textyre), and overall acceptability of the curry was
carried out on a scale of 9 points by experienced
panelists (13-15 persons) drawn froni amongst the
scientific staff ( an?anna .1986). A grade of 9
reEresented excellent or like extremely, and 1
extremely poor or dislike extremely.

Preparation of curry : A ground SpICE mIX,
consisting. of (g%chop ed onions 75, tomatoes 75,
garlic 2. ginger 5, cardamom poppy seeds 10, green
chillies 2, red chilli powder 5, coriander powder 15
and turmeric powder 1, was added to onion (75
g), being fried in fat (a mixture of 30 g groundnut
all and 20 ( vanaspathi) t0 a_?olden brown colour.
The frying was continued with constant stirring,
until the “cil started oozing out of the paste of
spices. Then, 75 g chopped tomatoes were added,
and the fiying continued for another 10 min. The
TSP chunks 8100 g), hot water-soaked and gently-
squeezed as described earlier, were then ‘addéd
along with about 100-150 ml of hot water and
further cooked for 15 min, after addition of salt
to taste. Finely powdered 0.5 g each of cloves,
cinnamon, and cardamom were added at this stage
and cooking continued for another 2 min, when
the curry was ready for sensory evaluation.

Statistical analysis : 1he data were Statistica”y
analyzed using Duncan's multiple range test.

Results and Discussion
Evaluation of nutritional and antinutritional

qualities of TsP : The commercial TSP products had
moisture contents of 4.0-8.0% (Table 1) The

TADLE 1 NUTRITIONAL AND ANTINUTRITIONAL PROPERTIES OF TSP

Moisture,  Fat, Proteins, Carbo-  Crude

Source % % % hydrates,  fibre,
% %
DSF 8.1 53.3 - -
A 5.3 0.27 53.4 30.5 33
B 4.0 0.29 51.6 33.9 3.2
C 74 0.28 52.1 29.3 3.3
D 8.0 0.30 53.1 28.2 3.2
E 6.4 1.00 55.3 27.8 3.2
BIS 6.0 . 45.0 - 35

spen. (Max) (Min) (Max)

Total  Energy PER Feed
ash, value, observed corr- effici- TLA
%  Kcall100g ected ency
ratio

- 1.89 £ 0.10%  1.44 0.19 +0.01% 22.7
1.2 338 251 £0.180 199 0.24 £0.02 7.6
7.0 345 2.20 + 0.16° 1.68 022 £0.02 54
7.0 331 2.24 £ 020-= 1.71 0.23 +0.03 52
1.2 328 227 +027¢c  L79 025+003 68
6.4 341 2.656 £+0.13h  2.02 0.28 +0.01 1.4
7.0 340 “ "
(Max) (Min)

Values are mean + SD in the case of observed PER and feed efficiency; TLA : Trypsin inhibitor activity expressed as mg pure trypsin

inhibited per g

material, a,b,c :values not sharing the same superscript are significantly (p<0.05) different; * : Significantly different

(p<0.05) from the rest. BIS spen. ; Bureau of Indian Standards Specifications.
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moisture levels in two samples did not meet Bureau
of Indian Standards (BIS) (ISI 1982). The residual
fat contents of all the samples were negligible, as
expected, since the raw material “used for
manufacturing of TSP was the defatted soy flour.
The protein ranged from 51.6-55.3%, and was
hbggher than the ‘minimum specified by BIS (ISI
1982). The crude fibre and total ash contents were
found to be well within the limits of_sgemflcatlon_s.
The calorific value, however, was slightly lower in
some samples than the minimum limit prescribed
by BIS. This could be attributed to the low fat
content of the product.

The PER (both observed and corrected? of DSF
(Table 1) was found to he about 60% of that of
casein (casein PER = 2.5). The PER and feed
efficiency of TSP, on the other hand, were markedly
higher, as expected, due_to the inactivation of the
TI activity during_texturization. The low TI levels
of these products, 5.4-7.6 mg g ', were not apparently
different, and agreed with ‘reported values' (Liener
1994). These levels of TI are not likely to cause
ang adverse effect in humans (Bodwell and Hopkins
1985). The PER values obtained for the TSPs used
in the present study, were in the range of 1.6s-
202, as aﬁ$lnst 2.12 reported by Kies and Fox
(1971), Furfher, Jansen et al (1978)yre orted a PER
of A.% for whole soya, 1.89 for 8Iande cotton seed
and 1.51 for glanded cotton seed - whole com blend
(30:70 ratio). They found that extrusion temperature
had a great bearmg on the PER values. Bjorck and
Asp (1 83% also observed that the protein quality
was affected by several processing parameters,
including the “type of extruder, “temperature,
pressure, moisture content of feed, compression
ratio and residence time,

A relationship between the amount of TI
inactivated by heat, and the quality of the protein
has been reported by Rackis and”McGhee 1975.
This was also apparent in the present study, when
PER and TI activities of DSF were compared with
those of various TSP products, but not when these
parameters were_examined amongst TSPs. Thus,
apart from the TI activity, there might be other
factors that could affect the protein” quality. For
example, the loss of Iysine has been reported to
increase with temperature and decrease with
increase in moisture content of the feed (Bjorck and
Asp 1983).

Storage stability The PER of the pr0dUCt
stored for six months (Table 2) was 7-9% lower than
that of the fresh product, irrespective of the type
of packaglng material used. This marginal reduction
in PER "did not reach the level of significance
(p<0.05), except in one case. At the end of one year
a further drop of about 2-6% in PER was observed
in_the case of all Eackaglng materials, except for
PFP with a foil thickness of 0.02_mm, and a higher
barrier property (Gosh et al. 1977). It was noficed
that this assumed significance gp>0.05), when the
decline in PER exceeded 10-15%.

Thermal treatment during texturization, apart
from destroying TI activity, and consequent
!mP_rovmg pfotéin quality, could also cause or
initiate certain other changes, such as breakdown
of water-soluble proteins, thereby leading to a
decrease in available lysing, cysteine and cystine
Chauhan and Bains 1985, 1988; Jeunink and

heftal 1979). This could further progress during
storage, thereh _affectm? protein %uahty. In some
cases, the profein quality and PER are known to
increase on extrusion cooking (Dublish et al. 1988).

TABLE 2. CHANGES IN PER AND SENSORY SCORES OF TSP DURING STORAGE FOR 12 MONTHS

: PER Sensory scores

Packaging
material ®M 12 M Aroma Taste Texture OAA

Obs Cor Obs Cor 6 M 12 M 6 M M 6 M 12 M 6M  12M
Fresh 237+ 197 754 751 7.6 % 1.4 ¢

A7 0.7 1.0 0.7 0.6

PFP 2,18+ 1.85 229+ 194 75+ 72+ 75+ 77+ 76t 713+% 74+ 7914
0.02 mm 0.26 0.26 11 12 11 0.7 0.9 0.9 1.0 0.7
PFP 215+ 182 202 £ 172 75+ 6714 75+ 6714 74+ 7.0+¢ 73+t 6714
0.012 mm 0.39* 0.20** 11 1.9 11 17 11 14 0.8 L7
PFP 219 + 185 214 + 182 75t 734 75+ 11+ 72+ 70¢ 72+ 7214
0.009 mm 0.08 0.20** 11 13 11 12 12 1.2 1.2 0.9
PNS 219+ 1.85 208 £ 177 74+ 73+ 72+ 10+ 76+ 7.0+ 74+ 704

0.08 0.24** 11 12 11 12 1.2 1.0 1.0 1.0

Values are mean £ S.D.; Obs : observed; Cor; corrected; OAA ; overall acceptability; M : months
* * : Significantly different from the values for the fresh at p<0.05 and p<0.01 level, respectively.



It is also possible that an early Maillard damage
could occur to the protein during storage of TSP,
similar to that reported for milk powders during
storage (Hurrell 1984). However, 10-15% reduction
in PER, observed after 12 months storage in the
present case, is not expected to affect the overall
protein status of the defence personnel, since TSP
would form only a part of the mixed protein diet.

Data_on sensory scores are presented in
Table 2. There was practically no change in colour
(data not presented), and “aroma of the curry
prepared from TSP, ‘irrespective of the packaglnﬁ
material, and the duration of storage. Althoug
there appears to be a slight fall after 12 months'
storage In other attributes, such as taste and
texture on the Hedonic scale, and also in the
acceptability or quality scores, the differences are
not statistically significant.

The E)roblem of controlling off-flavour and
successfully mmulatmgi a desired flavour (e.g., meat
flavour) has retarded the wide spread use of soya
proteins as an extender. However, the proposed
curiy familiar to the military messes was found to
be good, and acceptable on sensory evaluation at
the end of one year. The advantage of inclusion
of TSP in the military ration is that it could be
used as a meat extender, whenever meat is in short
supply at Places like field areas. Thus, the results
demonstrated that TSP can be stored for one year
in PFP with 0.02 mm foil thickness, without
affecting the Iproteln and sensory qualities. Storage
in PFP" of lower foil thickness or in another
packaging material (PNS) with poor oxygen barrier
property “affected (margmallp protein’ nutritional
quality, though the product remained good and
acceptable.
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Development of Instant Kadhi Mix
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Instant kadhi mix was prepared by cooking Bengalgram flour (1 kg) with curd %ﬂ
and turmeric powder (4 g). It was spray-dried using inlet air temperature of 180-200°C, ¢ et |
powder was blended with spice mix and fried onions. It reconstituted within 3 min, when

of 100-110°C, and the

kg), water (81), salt (30 g),
and outlet air temperature

boiled with 5 times water. Acidity of the curd and Bengalgram rourtlgéH_rd ratio was found to influence sensory
d

acceptance, reconstitution characteristics and drying behaviour, Instan

I was most stable at 0.33 aw It remained

stable for 12 months in paper (42 GSM)-AL. foil (0.02 mm)-polyethylene (37.5 p) (PFP% and metallized ﬁolyester/HDLD

polyethylene composite film laminate pouches at room temperatute, and 37

LD/ionomer (90 p), high dcnsity/low density/high density

HD

C. In polyethylene (75p) pouches, it remained

olyester/

I'LD/HD) (90 p) polyet

stable for six months, but in polypropylene (PP) and composite films of low densitﬁ/ Ipolyethylene I((LD(]L_D),. polyes
F ylené, instant kadni mix remained
p

stable for 9 months at room temperature, and 6 months at 37°C. During storage,

groxide value, thiobarbituric acid

value, and free fatty acids increased, while total carofenoids decreased considerably with a concomitant decrease in
sensory scores. Microbiological quality of instant kadhi mix remained unchanged during storage.

Keywords : _kal , fl
Reconstitution, Proximate composition.

Traditionally, «aani is prepared from
Bengalgram [Cicer arietinurri) ﬂOU]‘, and sourish
curé or butter milk, both with and without vegetables
and/or seasoning. It is eaten with cooked rice or
chapatis, and is common all over India. The specific
degree of sourness of the curd/butter milk is of
vital importance in ob_talnm? the best 3ual|t¥ kadhi
Therefore, it is essential that such curd/butter milk
is made available to prepare the instant xadni mix
at any given time. Moreover, preparation of kadni
at h|§ih altitudes, and snowbound areas is not
feasible, due to difficulty in preparing the curd
during winter months. AlSo, butter milk'is available
as a by-product in butter and cheese manufacturing
industries, and its utilization is posing serious
problems (Joshi et al. 1994). Development of
Instant kadhi and other popular traditional Indian
preparations may provide a means of their effective
utilization. Therefore, efforts were made to optimize
the processing conditions for preparm_(t; Instant
kadhi Mix by spray-drying, and evaluate its storage
stability in “different packaging materials.

M aterials and M ethods

Curd was procured from Mysore milk dairy,
and it contained 3.2-3.5% fat, 11-12% total solidSs,
and 0.8% acidity as lactic acid. Good quality
dehusked sengalgram dhal (5 kqlconander seeds
(Ikg), turmeric (%00 g), red chillies (500 g), and
cumin seeds ¢ kg) were cleaned, and ground
individually in an™ ultracentrifugal mill (Model-
Retsch R-1, Haan, Germany), using 1 mm sieve.
Mustard seeds were cleaned, and mixed as such

* Corresponding Author

206

Instant kadhi mix, Bengalgram flour, Curd, Spray drying, Storage changes, Packaging materials.

without é;r_inding. Good quality onions were peeled,
and fried in vanaspati d(hydrogenated fat) at 150°C,
and subsequent{z_dne in a cabinet dryer (Model-
SDA, Type E, Kilbum, McNeill and Magor Ltd.,
Calcutta% to a moisture level of about 5%.
Preparation ojkadhi : One kg Bengalgram flour
(besan). was mixed with s kg curd, 81 water, 4 g
turmeric powder, and 30 g salt. The sIur% was
cooked for 15 min, and spray-dried_ (Filtron, une),
usm% inlet air temperaturé ranging from 180°
200°C, outlet air temﬁerature 100-110°C, feeding
rate 2.2 _kg/h as per the flow diagram (IFlg. 13 The
spray-dried kadni powder (3.5 kg) was blended with
fried” onion %).5 kgl) masala powder (0.5 kg) and
vanaspati (0.5 kg). The samples (100 g/pouch% were

Bengalgram flour (1 kg), salt (30
gtu?meric (4 g){ wagZer (8 lS o

I Mix
Homogenize with 8 kg curd

|
Cook for 15 min

|
Cool to 60°C

1
Spray drying

Seasoning (Masala powder and fried onion)
I

Final product
Fig. 1. Process flow chart for making instant kadhi mix



packed in various packaging materials, viz., (1) low
densﬂy polyethylene (LDPE, 75 p); (2) polyprc()j)yle_ne
(PP, 75 p)y; (% com7posne films “of low density
polyethylene }_L ILD, 75 ppg (/4) Bquesterllow densit
ﬂ_olzethylene jonomer (PET/LD/icnomer, 90 p: @5
igh density polyethylene/low densﬂmolyethylene
high den3|¥ polyethylene (HD/LD/HD, "90 p); (63
laminates of metallized polyester/HDLD (90 S) an
9 paper (42 GSM)-AL foil (0.02 mm)-polyethylene
751 (P Pg for storage at room temperature (15-
4°C), and 37°C for evaluating storage stability.

Reconstitution : INStANt kadhi MIX (100 gz_was
reconstituted in 500 ml boiling water, and stirred
continuously for 3 min.

analysis - Moisture, proteins, fat and total ash
were determined by standard AOAC (1984) methods.
Stora%e changes in instant xad¢ni were monitored
by determining peroxide value _}5\/), and free fatty
acids (EFA),_ as per AOCS (19 3 methods, while
thiobarbituric acid value (TEA), and total carotenoids
were determined, as per the methods of Tarled?m
et al (1960) and Arya et al (1979), |n|t|all¥ and after
every three months. The apparent viscosity of kadni
slurry was determined, using Brookfield viscometer
(spindle _No. 3, 50 rpm) at 40°C. The fat in curd
was estimated b){ Gerber method (ISI 1981). The
total acidity values in curd and kadhi were
determined, as per ISI (1981) method and expressed
as % lactic acid. Microbiological analysis was
performed by the method described. by "Harrigan
and McCance (1976?. Sensory quality “of instant
kadhi mix was evaluated by a minimum of 1o
judges by grading for colour,” flavour, consistency,
taste and overall acceptability on a 9-point Hedonic
scale with 9, as excellent in all respects, and 1
for completely unacceptable quality.

To study the effect of water activity ﬁaj on the
stability of instant xadni mix, the samples (200
each) were stored for 30 days in petri dishes in
desiccators, containing saturated salt solutions of
known aw_Lithium chloride (0.11), magnesium
chloride 80.33), sodium bromide (0.57), and"sodium

nitrate (0.73).

Results and Discussion

The sensory quality of instant xad¢ni mix and
spray-drying characteristics of the xadni were found
to be influenced by the curd acidity, and the
proportion of sengatgram flour to curd used in the
kadhi preparation. The overall acceptance scores of
cadhi MIX prepared, usm? curd samples, having
total acidity of 0.6, 0.8, 1.0, 11 and 13% were
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6.4£0.3, 7.9£0.1, 6.4+ 0.3, 6.7£0.2 and 6.210.2,
respectively, on a 9-point Hedonic scale. Thus,
overall acceptance of ka¢ni mix was highest, when
curd acidity was 0.8%, Above and below this level,
the overall acceptability of kadni and xadni mix
tended to decrease. Also, when curd acidity increased
to 1.0% drying of kadnibecame difficult’and kaoni
powder became stlck[}/ and difficult to reconstitute
with water. Above 1.3% acidity, «aani powder tended
to form insoluble lumps during reconstitution. Also,
kadhicould be dried without causing any scorching
or d|38er3|blllty problems at inlet air temperature
of 200°C, as compared to maximum inlet air
temperature of 175£5°C, used for drying of cheese
(Kumar and Tewari 1990), and 180°C, for drying
of curd (Jayaraman et al. 1991).

To O?Umlze the ratio of sengalgran flour to
curd, instant kadni powder was prepared, using
Bengalgram flour and curd in different proportions.
The overall _acceftamhty scores of instant kadhni
POWderS havmg :10, 18,17, 1:4 1:3Bengalgram
lour to curd ratio were found to be g7.8_ir0.2,
8.2+0.1, 7.9£0.3, 7.4£0.1 and 6.6£0.2, respectively,
indicating 1:8 sengatgram flour to curd ratio to be
the most suitable for xagni preparation. However,
instant kadni prepared, using minimum of 4 parts
of curd for every part of sengaigram flour had onl
marginally lower scores. an(i h|%h acceptability.
lower proportion of curd in instan{ xadni preparation
is desirable in keeping the cost of the product kadni
low, while mamtam_m? the overall acceptance scores
above 7 on a 9-poinf Hedonic scale. The viscosity
of kadni prepared from 1:4 sengatgram flour o
curd ratio v/as 5500 cps, as compared to 1500 cps
of kadni, prepared from 1.8 sengalgran flour to
curd ratio. K adhi samBIes having viscosity heyond
6000 cps could not be pumped for atomization
during spray-diying operation.

Instant ka¢ni mix prepared with 1:8sengaigram
flour to curd ratio had 17.9+0.5% grotems
24.110.3% fat 3.3+0.1% moisture and 5.7+0.1%
total ash, while the one prepared with 1:4
Bengalgram {0 curd ratio had 15.80.2% _Protelns
20.610.3% fat, 3.5+0.1% moisture and 7.1+0.1%
total ash. High ash content in instant kadni
preparation h_avmg 1:4 gengatgran flour to curd
ratio was mainly due to_higher level of salt, which
was added on the basis Of sengalgran floUr.

_Effect of water activit i]aj ; Sorptlo_n isotherm
of instant xad¢ni mix, ancft e changes in PV, and
FFA in instant ka¢ni mix, when stored at different
awfor one month, are shown in Fig. 2. Instant xadni
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Fig.2. Effect of water activity on moisture, peroxide value (PV)

and free fatty acid (FFA) contents of instant kadhl mix
after 30 days of storage at room temperature (15-34°C).

mix equilibrated to 1.97, 3.90, 10.55 and 12.28%
moisture at 0.11, 0.33, 057 and 0.73 aw
respectively. No microbial spoilage was observed,
when instant xa¢ni mix was stored upto 0.73 a,
for one month at room temperature (15-34°C).
However, PV and FFA increased at all aw durmg
storage. The rate of increase was lowest at 0.3

aw and the rate of formation of PV and FFA
increased considerably hoth below and above 0.33

indicating maximum product stability around 0.33
aw This 1s in conformity with the published data,
as water forms hydrogen'bonds with hydroperoxides,
and thus prevents their undesirable decomposition
at lower aw (Labuza 1978%. Water also hydrates
transition metal ions, which are known to cataI)(ze
autooxidation of fats éLabuza 1978).  Normally,
increase in FFA in stored products results from the
lipolysis of fats (Clayton and Morrison 1972).

owever, in instant kadni mix, lipolytic enzymes
get inactivated during cookm% and “spray-drying
operations, and increases in FFA during’ storage
mostly result from the hydrolysis_of triglycerides
in thé presence of water. "Higher FFA confents at
lower awhave also_been reported in stored hatwa
mix (Arya and Thakur 1986}, and trisnacks
(sakarpara) (Thakur and Arya 990)

Effectofpackaging materials *The role Of\_/a.”OUS
packagimg materials on the stora?e stability of
Instant kaani Mix at room temperature (15-34°C),
and 37°C (Tables 1 and 2) was investigated by
following changes in PV, FFA, TBA, total carotenoids,

colour, “aroma, taste and overall acceptability.

Thou%h the samples were analyzed after every three
months, only the results of 6" and 12 months are
presented. Tt may be observed that the rates of
auto-oxidative deterioration, as measured by changes
in PV and TBA values and total carotenoids, were
highest in samples stored in LDPE (75 p) and least
in” PFP-laminate pouches. The peroxide value of
cadhi Mix increased from 3.5 meq 02kg fat to 6.3-
8.5 after 6 months, and 6.9-10.2 meq Ozkg fat
after 12 months storage at room temperature in
various E)ackaglng materials. The increases of PV
in samples stored at 37°C _were sl|8htly higher,
the corresponding values being 6.9-10.2 ‘and" 7.5-
12.3 after 6 and 12 months of stora?e, respectively.
Increases in TBA values were relatively smaller.

The TBA values after 12 months storage
ranged from 0.21 to 0.28 at room temperature, and
from 0.22 to 0.30 at 37°C, as compared to 0.11
in the freshly prepared sample. On storage, total
carotenoids “in instant «ka¢ni mix decreased
considerably, and losses ranged from 21.1 to 35.3%
and 29.1 to 57.5% at room temperature and 33.8
to 41.4% and 35.3 to 70.9% at 37°C after 6 and
12 months of storag,qe, respectively. The losses in
carotenoids were hignest in LDPE and least in PFP
and metallized PET/HDLD laminate pouches. FFA
in instant kadni mix increased on storage in all
the packagm%_materjals evaluated. Increases were
con3|derabl¥ igher in LDPE and PP films than in
PFP laminale pouches. After 12 months of storage
the FFA values in LDPE and PP pouches were 0.94
and 0.91, respectively, compared to 0.71 in PFP
pouches at room temperature (15-34°C), while the
correspondm% values ranged from 0.83 to 1.11 at
31°C. ‘Though moisture content in instant xadni
samples also increased during storage, the increases
in FFA did not correlate with the changes in
moisture. Maximum increases in FFA occurred
during the first 3 months of storage, when the
moisture increases were relatively smaller.

~ There was practically no change in the
m|crob|oI0ﬁ|caI status of instant kadni mix durmg
storage. The total plate counts of freshly prepare
instant kadni mix ranged between 180-800 colonies 8
and those of 12 months stored samples 120-60
colonies/g. Yeast and mould counts ‘in fresh and
stored samples were below 100 colonies/g. Samples
stored in different packaging materials did not differ
in total plate and yeasts plus mould counts upto
one year storage. All the samples were free from

salmonella, 5. aureus and E. cot

Changes in colour, taste, flavour and overall
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TABLE 1 CHANGES IN PER OXIDE VALUE iP\/g REE FATTY I F/é) THIOBAR3ITURIC ACID ALUE (TBA CARQTENOIDS AND
3I\QOéSTU E'IN INSTANT KADHI MIX STORED IN DIFFERENT PACKAGING MATERIALS AT ROOM TEMPERATURE (RT) AND
Storage  Packagin Moisture, PV FFA, . TBA Carotenoids,
period, matenga . % meq Oakg fat %oleic'acid  mg malonaldehyde Pyl
months per kg sample
RT 31°C RT 31°C RT 3r°cC RT  37°C RT  3I°C
0 33 - 35 - 0.47 - 0.11 - 26.1 -
6 LDPE 4.2 35 8.5 9.1 0.87 1.00 021  0.26 169 153
PP 41 35 6.3 8.0 0.77  0.86 021 019 180 173
LD/LD 4.2 34 1.0 8.7 0.75  0.90 019 022 190 181
PET/LD/lonomer 4.3 35 18 10.2 0.70  0.98 022 022 203 183
HD/LD/HD 38 34 8.3 11.0 058  0.90 022 023 206 197
Met. PETHDLD 35 33 6.2 14 0.71 0.87 019  0.24 201 196
PFP 35 3.3 6.3 6.9 057 081 021 020 200 199
12 LDPE 1.2 48 102 12.3 0.94 11 028  0.30 111 1.6
PP 1.2 49 8.6 9.1 0.91 0.96 027 027 141 105
LD/LD 59 50 8.9 103 087  0.99 027 027 150 125
PET/LD/lonomer 6.6 4.6 8.7 10.0 086  0.99 026 028 169 148
HD/LD/HD 48 48 9.0 103 0.77 099 023 028 166 134
Met. PET/HDLD 4.3 44 7.6 8.7 079 086 021 025 181 169
PFP 41 43 6.9 15 0.71 0.83 022 022 185 165

All results are mean of two values.

acceptability of the reconstituted kadhi samples
stored at room temperature (15-34°C), and 37°C
in various packaging materials are given in Table
2. ImUaIIV the instant kadhi mix had an overall
acceptability score of 7.9 on a 9-point Hedonic scale
and, therefore, a score of 7.0 was taken as limit
of shelf-life in storage experiments. As is evident.

packaging material played a major role in
determining the shelf-life of instant kadhi mix during
storage. The changes in sensory scores were least
in PFP and metallized PET/HDLD stored samples,
and maximum in LDPE stored samples. The chemical
changes also showed the same trend (Table 1),
Instant kadhi mix stored in PFP and metallized

TABLE 2. CHANGES IN COLOUR, AROMA, TASTE AND OVERALL ACCEPTABILITY OF INSTANT KADHI MIX STORED IN DIFFERENT

PACKAGING MATERIALS AT ROOM TEMPERATURE (RT)

AND 37°C

Overall
Packaging Storag Colour Aroma Taste acceptability
material perio
months RT 3r°c RT  31°C RT 3r°c RT 3r°c
LDPE 6 1.4 14 1.1 6.8b 6.8h 0.6% 1.2b 6.8
iV, 6.5% 6.1* b.6* 6.3* 5.6 6.1* b.5* b4
PP 6 14 1.6 1.1 1.0 6.90 6.9b 1.3b 1.2
2 6.6* 0.6* 6.3* 0.2% 0.1* 6.2 6.6% 0.0%
LDILD 6 7.0b 1.2 1.0 1.3 6.70 14 11 14
v 0.6% 6.70 6.0% 0.3* 0.3* 0.6% 0.1* 6.1*
PET/LD/lonomer 6 7.0b 1.5 1.0 1.2 7.0b 14 1.2 15
2 6.6* 1.0b 6.3b  6.4b 6.70 6.8b 6.7b 0.8*
HD/LD/HD 6 1.3 1.6 1.0 14 1.2 1.5 1.6 1.6
© 7.0b 6.8b 0.1* 6.8b 6.7* 6.9b 6.5% 6.8*
Met PET/HDLD 6 16 1.8 1.3 1.5 73 1.6 1.7 1.7
L2 1.1b 1.2 6.8 1.0 1.2b 11 11 11
PFP 6 7.6 7.8 14b 1.6 14 1.1 1.8 L7
2 690 74 15 1.6 1.4 14
Inltlal SeNnso 3/ sc?res for colour, aroma, taste flnd overall_acceptabiljty of instant kadhi mix were 7.8, 7.6, 7.8 n , rsgectwelg/.
D in ca? f colour, aroma, taste and overall acc?ptabmty anged ‘fro om 0.1 to +0.3, 0.2 to 0.4, 0.1 to n 10
respectlve y, and b- significantly different from initial’ value at 99 and 95% confidence, respectively.
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PET/HDLD remained stable during the entire 12
months storage period, both at room temperature
(15-34°C) and 37°C. On the other hand, instant
kadhi mix, when packed in LDPE pouches, had
shelf-life of only 6 months at room temperature.
In PP, PET/LD/ionomer and HD/LD/HD pouches,
kadhi mix remained stable for 9 months at room
temperature and 6 months at 37°C.

Autooxidation of lipids and carotenoids is the
major cause of sensoiy changes in instant kadhi
mix during storage. Consequently, rate of storage
deterioration in instant kadhi mix, and its shelf-
life are expected to be governed by the availability
of oxygen in the pack, which in turn, will be
governed by the oxygen permeability of the packaging
material. The PFP and metallized PET/HDLD having
relatively low oxygen permeability (<100 ml/M2/24
h) exhibited longer shelf-life (>12 months). On the
other hand, LDPE, LD/LD, HD/LD/HD, PP and
PET/LD ionomer having relatively higher oxygen
permeabilities (>1000-7700 ml/M224 h) could
provide protection only for 6-9 months. Though
packaging materials (PFP, metallized PET/HDLD)
having lower water vapour transmission rates
(WVTR, 0-5 g/M2/24 h[37°C-95% RH) generally
exhibited longer shelf-life, WVTR of the packaging
materials studied did not prove critical in
determining the shelf-life of instant kadhi mix under
experimental storage conditions.

Thus, the shelf-life of instant kadhi mix is
mainly influenced by storage temperature, water
vapour transmission rates, and oxygen permeability
of the packaging materials. The PFP and metallized
PET/HDLD laminates, having negligible WVTR and
oxygen permeability, provided maximum protection
against oxygen and moisture ingress, and therefore,
samples stored in these packaging materials had
the least chemical and sensory changes.

It is evident that highly acceptable instant
kadhi mix, capable of reconstitution in 3 min by
boiling with water, can be prepared by spray-diying
of cooked kadni, and blending the dried product
with spices, fried onions and vanaspatt The ratio
of Bengalgram flour to curd and the acidity of the
curd have been found to play a critical role in

drying operation and acceptance of kadhi mix.
Autooxidation of lipids and carotenoids is the major
cause of storage deterioration, and the nature of
packaging material mainly determines the shelf-life
of instant kadhi mix. Instant kadhi mix remained
stable for one year, when packed in PFP, and
metallized PET/HDLD pouches.
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Keywords : Sorghum, Storage, Relative humidity. Popping quality, Organoleptic quality.

The technique of popping is commonly employed
to com (Pordesimo et al. 1990), and to some extent
to sorghum (Savithri and Rao 1985). Recent studies
on Fopped sorghum indicated that certain varieties
could be popped to manufacture the product with
good organoleptic qualities (Arora 1991; Savithri
and Rao 1985). It has also been reported that the
genotypes with good popping quality had corneous
endosperm texture, greater grain hardness values
and lower amount of starch, as compared to
genotypes with poor popping quality (Arora 1991).
The physico-chemical properties of grains change
during storage (Ratna 1992). The present
investigation was, therefore, undertaken to evaluate
the popping quality of grains after storage at
different RH levels for 6 and 12 months, and to
evaluate organoleptic qualities of the popped
sorghum.

Freshly harvested sorghum grains (‘Gwalior
White') were cleaned of dirt and grit before dryin%
in an oven at 50 to 60°C for 4 to 8 h to kill initia
insect infestation, if any (Cotton and Wilbur 1974).
Grains at 8% moisture content (300g) were stored
at four different RH levels viz., 50+3%, 60+3%,
70£3% and 8013%, in two replicates each, in
desiccators (dimensions; ht 300 mm, depth 105
mm, diam 200 mm) at 24£8°C. RH levels were
maintained by using potassium hydroxide solution
ngoIoman 1951). The samples were drawn at 6 and

2 months of storage for analysis. Moisture was
determined by AACC (1962) method. Hundred
kernel volume was estimated by water displacement
method (Arora 1991), and grain hardness by using
Kiya hardness tester (Kulkami et al. 1987).
Endosperm texture was measured by visual
examination of longitudinal half kernel (Rooney and
Miller 1982). Popping was done, using common salt

* Corresponding Author
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as heating medium, in an open iron pan, containing
sample (5¢), and common salt (granule size : 40
mesh) at a ratio of 1:20 at 160-180°C for 40-60 sec
(Arora 1991). The number of completely porgfed
grains per sample were recorded, and expressed as
popping % (Arora 1991). Popping volume was
measured by rapeseed displacement method (Arora
1991). The respective formulae for expansion volum1
and expansion volume2 were as follows:

Total popped volume (ml)
Original weignt of raw kernels (q)
Total popped volume (ml)
Original weignt of raw kernels (g)

Expansion volumel=

Expansion volume2 =

Unpopped kernel ratio was calculated taking
the ratio of number of popped kernels to number
of total kernels, and multiplied by hundred
(Pordesimo et al. 1990) Flake size was defined as
an index of individual kernel expansion, and
computed as ratio of total popped volume to
number of popped kernels (Pordesimo et al. 1990).
Organoleptic qualities of samples were evaluated by
a trained panel of 5 members. Sensoiy qualities
were judged by scoring on a 10-point scale (Amerine
et al. 1965). The panelists evaluated different
samples for colour, flavour, texture, taste, softness,
cloggyness, appearance, and overall acceptability.
Cloggyness referred to the clogging of spaces
between the teeth by popped grain. Each character
was assigned a maximum score of ten marks.

The grain moisture increased to 9.33, 11.00,
13.00 and 15.20% at RH 503, 60+3, 70+3 and
80+3%, respectively, at 24£8°C after 6 months of
storage, and remained almost constant till one year.
Sorghum had floury endosperm. Hundred kernel
mass and hundred kernel volume did not change
appreciably during storage at various RH levels
(Table 1). Grain hardness decreased from 5.9 to
5.43 kgt at RH 80£3% at 6 months of storage. Of
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TABLE 1 EEMSPIEI%CHEMICAL CHARACTERISTICS, POPPING QUALITY AND ORGANOLEPTIC QUALITY OF STORED SORGHUM

Attribute

Storage period, months

b
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o
o
o

100 kernel weight, g
100 kernel volume, ml
Grain hardness, kof
Moisture, %

Popping, %
Poppin volume ml
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all the stored samples, the samples stored at RH
80£3% for 12 months gave the highest popping
(88.33%), popping volume (16.0 ml), expansion
volumel (6.32 ml/g), expansion volume2 (6.67 ml/
g), and flake size (0.23), However, popping quality
of samples stored at RH 70:3%, and 80+3%
improved after 6 and 12 months of storage. No
significant improvement in popping quality of
samples stored at RH 5Q£3% and 60+3% could be
observed at 6 and 12 months storage (Table 1).
On the basis of present study, it is not possible
to explain the reason for the observed changes.
Further investigations on changes in starch granules
of the grains stored at different RH may give
possible explanations.

Data on organoleptic evaluation of popped
kernels also showed that samples popped after
storage at RH 8013% scored maximum for all
sensory quality characteristics (Table 1). Correlation
studies, at 5% level of significance, indicated
significantly negative correlation between grain
moisture and grain hardness (-0.842); significant
positive correlation (0.77 to 0.78) between grain
moisture and expansion volume®?; and significant
negative correlation of grain hardness with popping
% (-0.75), flake size (-0.72), and expansion volumeZl*2
(-0.88 and -0.83). Thus, Increase in grain moisture
and decrease in grain hardness of sample stored
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at RH 80£3% resulted in improved popping quality
of 'Gwalior White' sorghum.
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Importance of dietary fibre in prevention and
treatment of non-communicable diseases is well
known (Behall et al. 1987). However, high fibre
diets may constitute a risk of leading to a negative
mineral balance (Kelsay 1981). Indians consume a
variety of cereal-pulse based diets, the intakes of
dietaiy fibre in Indian diets being 20 to 40 g/day
(Joshi et al. 1991). It is, therefore, necessary to
study the comparative mineral binding ability of
fibres from cereals, pulses and vegetables. This
would help in understanding the relative risk of
mineral binding by various dietary ingredients, and
in giving dietary recomendations. In vivo studies of
comparative performance of a large number of
individual fibre in binding minerals are difficult. It
was, therefore, felt more appropriate to collect this
data through in vitro studies. Earlier work has
indicated that fibres from individual foods are
specific in their bile acid binding (Agte and Joshi
1991). The objectives of the present work were (i) to
study in vitro binding of Ca”, Cu”, Zn” and Fe”
by 27 plant fibres of the food items commonly
consumed in India, (i) to evaluate the effect of the
level as well as component of fibre on the mineral
binding, and (i) to examine, if there is any
association between binding of minerals with the
components of fibre.

The fibre residues from 27 commonly consumed
Indian foods were prepared, using the modified
method of Hellendoom et al (1975), which simulated
gastrointestinal conditions. The binding experiment
was conducted as per Ismail-Beigi et al (1977). The
supernatant was tested for Ca”, Fe”, Cu” and Zn”
contents, on an atomic absorption spectro-
photometer (Model 2308, Perkin Elmer, Connecticut,
US.A), using specmc cathode Iamps Sample
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Plant fibres, In vitro binding, Calcium, Copper, Zinc, Iron, Cellulose, Hemicellulose, Lignin,

blanks were also run simultaneously, where the
above buffer without ions was added to 50 mg
sample, to take care of the native ions released from
the sample (Ismail-Beigi et al. 1977). The difference
between the concentration of ions in the
supernatants of the sample, and the control (buffer
containing ions without fibre residue) indicated the
amount of metal bound by the sample.

The binding of 27 residues for Zn” was
confirmed, using labelled 6Zn” (tl/2 244 days,
B+0.3 MeV, r 1.15 MeV + 0.51 MeV). For this,
the buffer containing 1 pg &Zn” /ml, with activity
of 0.47 mci per ml, was added to each tube. The
rest of the procedure was, as described earlier. The
counts were taken on a Geiger counting system,
(Model GCS 14A, Electronics Corporation of India,
Hyderabad) for 500 sec. The difference in the
counts/min of the supernatant, and that yielded
by control solutions indicated the amount of metal
bound to the sample.

During initial studies, the fibre residues showed
high values for % b|nd|ng of Cu”. In order to
further study these aspects, the blndlng of 8 fibres
was tested using the buffer containing Cu” (1 ppm),
Ca” (5 ppm), Fe” (2 ppm), Zn” (2 ppm) with 25,
50, 75 and 100 mg fibre, respectively. This is
considered to cover the actual ratios, where the
range of Cu” intakes may he 0.5 to 5 m?/day,
and that of fibre being 20 to 40 g/day (Chiplonkar
et al. 1993). Binding is exgressed as % binding.
Care was taken to use double distilled water, and
to use analar grade standards as well as reagents.
Any possible contamination present was taken care
of by running the blanks.

Table 1 gives % binding of each of 4 ions by
27 fibres. In order to study the effect of hinding,
all the results for individual ions were ranked. It
is also of interest to see, if these plant fibres, as
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TABLE 1 BINDING VALUES (% OF ZINC, COPPER, CALCIUM AND IRON

Vegetable Botanical name

Ambat chuka Rumex vaxicarius

Lettuce Lactuca sativa
Cabbage Brassica olerdcea
Capsicum Capsicum annum
Spinach Spinacia oleracia
Amaranth Amaranthus gangeticus

Chawll Amaranthus viridis
Fenugreek leaves Trigonella foenum graecium
Colocasia leaves Colocasia antiquorum
Radish leaves Raphanus sativus

Shepu Peucedanum gravedens
Greengram Phasaeolus auraus
Rajma Phasaeolusvulgaris
Bengalgram Cicer ariatinum

Cow pea Vigna catjung

Moth beans Phaseolus aconitifolius
Redgram Cajanus cojan
Greengram dhcd Phsaeolus aureus
Peas Pisurn sativum
Blackgram Phaseolus mungo
Cauliflower Brassica oleracea

French beans Phaseolus Vulgaris

Cluster beans Cyamopis tetragonaloba

Wheat TYiticum aestivum
Ragl Eleusine coracana
Jowar Sorghum vulgare
Rice Oryza sativa

Calcium [ron

19.56 26.22 0
39.13 0 0
3043

Zinc Copper
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a : Estimated by Atomic Absorption Spectrophotometer, b: estimated by using radio isotope, n.a. : not available
Comparison between a and b by paired t test indicated the difference to be non-s.ignificant (t=0.639). Each value represents

mean of 2 independent determinations.

a class, behave similarly for each ion. Analysis of
variance (Snedecor and Cochran 1967) indicated
that there was significant difference in % binding
of the 4 classes, namely pulses, cereals, leafy
vegetables and other vegetables, for Cu+ (F= 5.04,
pc.01), Zn+ (F= 3.38, p< .05) and Fe+ (F= 4.69,
BC.OS), while there was no significant difference in
inding between these classes in case of Cat
(p>0.05). Binding of Cu+ was observed for all the
27 fibres studied. The % binding was in the range
8.69 to 41.3. There is no report available on the
in vitro binding of dietary fibre residues from the
Indian food materials for trace minerals including
Cu+ The evidence from in vivo studies is also
c%rétr)oversial (Kelsay et al. 1979a; Tumland et al.
1985).

Znt+ showed negligible binding with leafy
vegetable fibres with the exception of shepu (33%)
and spinach (28%). This may be due to the high
contents of oxalates in these two vegetables (Agte
et al. 1984). Data also indicated that fibre residues
from cereals bound Zn+ in the range of 10-22%.
Further, the presence of fibre, along with high
oxalate containing foods, may be considered as a
risk factor in the maintenance of Zn+ balance.

Binding with Fe+ is generally seen to be low. The
buffer used in the experiment contained ascorbic
acid, and this could possibly explain the low
binding of Fe# Studies on most of the human
balance experiments indicate that fibre alone does
not affect the iron balance (Sandstead et al. 1978),
if phytate content is low.

Binding of Cattwas in the range of 0-57%,
except for shepu, which showed 87% binding. Other
leafy vegetables, like colocasia, amaranth, ambat
chuka, fenugreek and shepu, showed considerably
higher rank for Cat binding than that by spinach.

Table 2 gives % mineral binding values of eight
fibre residues at four levels of fibre. There was no
binding of any mineral at 25 mg level of fibre.
Binding % increased as the level of fibre residue
increased for Fet, Cu+ Zn+ and Ca+t Literature
reports involving in vivo studies indicate that these
lons may affect the bioavailability of each other by
competing for the same sites or carrier molecules
(Agte et al. 1994; Solomons 1983). The response
of binding of isolated ions may, therefore, be
different than the actual situation, wherein a
variety of ions are available. Studies on binding of
lons In a buffer containing a mixture of ions.



TABLE 2 :

Fe Cu
Vegetable 50 75 100 50 7
mg Mg mg mg  mg
Fenugreek 0 0 3L.2 0 37.0
Ragl 0 0 1.3 53 386
Wheat 0 0 99 40 360
Jowar 3.6 183 22.4 333 510
Peas. 0 0 38.2 45 364
Cauliflower 25.0 470 5.1 46 304
Moéh neans 0 0 16.5 My 58l
Re %ram_ 0 0 105 26 359

No binding at 25 mgq level

indicated the low fibre- high ion, low ion-high fibre,
and intermediate situations. Human balance studies
on interaction of fibre with mineral absorption from
the composite Indian diets support these findings
(Agte et al. 1994).

The components of fibre residues were further
tested as independent factors for their ability to
bind each of the mineral, using multiple regression
analysis (Snedecor and Cochran 1967). Results
indicated a significant association of lignin and Zn+
binding (2= 0.56, F3,20=8.48; t=4.46, pc.0l), but
not for cellulose and hemicellulose. These results
are also supported by an in vitro study, in which
hemicellulose and cellulose components from soy
flour, tapioca starch and wheat flour, did not affect
Zn#avallablllty (Shah and Belonje 1983) In case
of copper, both cellulose and lignin (t=3.3, 4.8,
p=<.01§) pIayed a role in binding.

The present study indicated binding of Cu+ by
all the fibres. Cereal fibre showed maximum binding
of Zn#, while leafy vegetables showed negligible
binding. This suggests a risk of negative Cu+ and
Zn#halances on consuming high levels of cereal
fibre and low levels of Cu+and Zn4 No Significant
binding of Fe+ was observed in case of all fibres
ind&cating Fe+availability in the presence of ascorbic
acid.

The authors are thankful to Director, Agharkar
Research Institute for providing facilities, Dr. Shobha
Rao for encouragement, ICMR for fellowship, Drs.
Paknikar and Khivsara for permitting to use atomic
absorption spectrophotometer, and chemistry group
for access to Geiger system.
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PERCENT BINDING VALUES OF IRON, COPPER, CALCIUM AND ZINC

Ca Zn
100 50 75 100 50 75 100
mg mg Mg mg mg Mg mg
1.9 0 0 21.6 0 256 425
1.3 0 247 407 0 284 587
0.7 0 0 0 0 208 508
2.8 86 490 513 243 h24 62
1.0 0 0 6.3 0 240 470
4.3 0 21 123 0 328 437
2.0 0 336 341 290 497 650
1.3 0 40.6 589 0 212 440
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Production of Mang\o Vinegar by Immobilized Cells of
cetobacter aceti
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Vinegar was produced from mango pulp by the twin processes of fermentation and oxidation, using Saccharomyces
cerevisiae and Acetpbacter aceti. S. cerevisiae was recycled to |mP_rove fermentation rate, while A. ac_eai was immobilize

on wood shavings for sem#-ggntmuous vine aJ
A conversion efficiency of 60% was achieved.

production. The tinal vinegar produce

had 5.3% acidity as acetic acid.

Keywords : Vinegar, Mango, Saccharomyces cerevisiae, Acetobacter aceti. Cell recycling, Immobilization, Acetic acid.

Fruit vinegar is produced mostly from grapes
throughout the world, while in India, it is generally
produced from sugarcane (Tewari et al. 1991), and
Jamun Syzygium cuminii L.) (Anon 1976). Mango
is one of the major fruit crops and is grown in
large tracts of the country (Majumdar and Sharma
1990). Despite being a rich source of sugars (Karla
and Tandon 1983), it has not been used for vinegar
preparation. Vinegar is mostly produced by natural
batch fermentation, but it is a very slow process,
and takes more than five weeks for its completion
(Ebner 1982). By immobilization of bacterial cells,
fermentation time can be reduced drastically (Flint
1987; Hang et al. 1989). The present study was,
therefore, undertaken to find out the feasibility of
mango vinegar production by cell immobilization.

Saccharomyces cerevisiae var. ellipsoideus
Montrachet strain, obtained from Department of
Food Science, New York State Agricultural
Experimental Station, NY, was maintained on Yeast
Extract Potato Dextrose agar slants (Collins and
Lyne 1985). Acetobacter aceti NCIM 2094, obtained
from National Chemical Laboratoiy, Pune, was
maintained on Acetobacter agar slants (Collins and
Lyne 1985). The cells were grown in Acetobacter
broth for 48 h at ambient temperature (30°-37°C).
Actively growing cells were concentrated by
centrifugation, and re-suspended in phosphate
saline buffer (pH 7.0). Acetobacter cells were
immobilized by the methods of entrapment and
adhesion. In the former method, cells were
immobilized on calcium alginate gel beads (2 mm
size), as described by Hang et al (1989). Each bead
contained approximately 1010 cells. In case of
adhesion, sterile wood shavings (1 mm thick and
6-8 c¢cm long) were dipped in cell concentrate for
48 h, till a film of bacteria was formed (Ebner
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1982). The wood shavings contained approximately
108 cells/g.

Mango wine was prepared by inoculating
homogenized ripe mango (cultivar 'Dasheharij pulp
with S. cerevisiae at 10% inoculum level and
incubating at 25£5°C. After the desired fermentation
process, as indicated by ethanol production, and
sugar consumption, the wort was siphoned after
15 days. The sediment containing cells was recycled,
and used as the inoculum at 10, 20 and 30% levels
for preparing the next batch of wine/wort.

Five hundred ml of wort was inoculated with
10% immobilized calcium alginate beads or wood
shavings or free cells. The flasks were kept at
30£5°C, till a constant acidity was achieved. The
wort was analyzed regularly for ethanol (Caputi et
al. 1968), total acids, and sugars (ACAC 1975).
Acetobacter population was estimated by pour plate
method on Acetobacter agar (Collins and Lyne
1985). The sensoiy quality of the mango vinegar
was assessed by a panel of 7 judges using Hedonic
scale for colour, flavour and taste.

Ethanol,%,
Reducing sugar g °/%

. A ! . i 0
8 10 12 14 16 18 20
Time,days

Fig. 1 Kinetics of mango fermentation by S. cerevisiae. OiEthanol
produced, * ¥ Reducing sugar




Ethanol, ¢/
NN o o 8

o1 3 S 7 9
Time, days _
Fig. 2. Effect of recYCIing on mar}go pulp fermentation.
o 30%, cell pulp recycling, O :20% cell pulp recycling,
X: 10%, cell pulp recycling
The batch fermentation of mango pulp yielded
8.8% ethanol after 15 days of fermentation. The
total sugar content decreased from 22% to around
1% (Fig. 1). Efforts were made to further reduce
the fermentation period by cell recycling technique,
where a high initial yeast level was maintained
either by centrifugation or sedimentation (Bardiya
1980). The fermentation was complete in 12 days
with 10% recycled inoculum, whereas it took 7
days, when the cell mass was doubled. Higher
initial cell mass, i.e., 30% inoculum, further reduced
the fermentation time to five days (Fig.2). Similar
reduction in fermentation time for bioethanol
production from cane molasses and sugar beet has
beegn)reported earlier (Bardiya 1980; Goyal et al.
1984).

Fermented wort, when inoculated at 10%
inoculum level with free Acetobacter cells, took 28
days for conversion of ethanol into acetic acid. The
acétification time was reduced to 22 and 7 days,
respectively, by using immobilized beads and wood
shavings. Further, recycling of wood shavings
reduced the acétification time to 5 days. Maximum
productivity of 1.06% acetic acid/day was obtained
with wood shavings. In the adhesion method,
higher fermentation efficiency was achieved, because
of increased surface area, and air spaces within
the wooden threads (Ebner 1982). On the contraiy,
slower fermentation rate with immobilized gel beads
was due to the fact that viability of some cells was
lost during entrapment in the gel. Moreover, the
transport of reactants in the gel was limited.

O
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because of the diffusion gradient between the gel
matrix and the cells (D'Souza 1989). In the adhesion
method, the cells adhering to wood thread surface
were in direct contact with the liquid phase and
distinctly separated also. This eliminated the gradient
difference problem associated with the entrapment
technique.

After the completion of acetiilcation, raw vinegar
was racked at 10+2°C for 2 months. Vinegar was
then filtered through a Whatman No 1 filter paper,
and pasteurized at 0.7 kg/cm2 for 5 min. before
bottling. The mango vinegar was stored at ambient
temperature in sterilized crown-corked 200 ml glass
bottles. The vinegar thus produced had a final
acidity of 5.3% as acetic acid. It was light yellow
in colour with pleasant fruity flavour, and was
organoleptically superior, and acceptable. The mango
vinegar had acceptable quality parameters in terms
of colour, odour, and taste. The conversion efficiency
achieved was 60%. The recovery of vinegar was 15%
of the total pulp taken. The cost of preparing mango
vinegar may seem to be high, but it gets compensated
by the quality in terms of colour and taste. Its cost
of production can be lowered, if the residue left
after ethanol production is used as a source of
singl§ cell protein in animal feeds (Goyal et al.
1984).

The authors are grateful to the Director, CIHNP
for the facilities.
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Bacillus subtilis and Xanthomonas SF. were predominantly isolated from the phylloplane of fi% (Ficus hispida L)

leaves. Fermen}atlon rospects of these
sp. In terms of appearance, texture, odour,
soybean preparation.

W0 ?acterla showed "that B. subtilis was more suitable the
lavour and acceptability for the preparation of Hawaijar, a fermented

han Xanthomonas

Keywords : Hawaijar, Fig (Ficus hispida L), Phylloplane bacteria, Bacillus subtilis, Xanthomonas Sp., Soybean fermentation.

Hawaijar, a fermented soybean product, is
traditionally consumed in Manipur. The fermented
bean is either eaten with little salt to glorify the
monotonous rice dishes or incorporated In various
curry preparations to add flavour, and to soften
the recipes. It is also used in place of fermented
fishes, when the latter is not allowed due to
religious taboos.

Hawaijar IS prepared by wrapping visually
healthy boiled soybeans in the leaves of common
fig plant (Ficus hispida L., and incubating for 3-
4 days at ambient temperature in the kitchen. It
results in the production of a gray tan coloured
bean with sticky substances in between the beans.
The desired flavour and taste can not be perceived,
if the boiled seeds are not wrapped with these
leaves. Wrapping of boiled soybeans in straw also
serves the purpose (USDA 1958), since the straw
contains the organisms responsible for soybean
fermentation. Japanese Natto and Thai Thua-rtao
also undergo fermentation of boiled soybeans with
inoculation of Bacillus natto (B. subtilis, according
to Buchanon and Gibbons 1974). No attempt has
so far been made to identify the organism responsible
for such fermentation from fig leaves. Therefore, in
the present studies, the phylloiplane bacterial
microflora of Ficus hispida were isolated, identified,
and their role in soybean fermentation was
investigated.

Fresh leaves of Ficus hispida were collected
monthly from three localities in Imphal during 1990
in absolute alcohol surface-sterilized polythene
bags. Dilution plate method (Deak and Timar 1988)
was used for isolation ofJ)hyIIo lane bacteria of
F. hispida. Fifty circular aiscs &).5 cm diam) of
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leaves were cut with flame sterilized cork borer, and
washed in peptonised steriled distilled water (Deak
and Timar 1988). One ml of such leaf-wash was
inoculated aseptically into nutrient agar plate and
incubated at 38+1°C for 48 h, and colony forming
units were counted and identified (Buchanon and
Gibbon 1974; Deak and Timar 1988).

Only two hacteria were isolated from the leaves
of F. hispida throughout the year. The monthly total
CFU-cm2 of each bacterium and meteorological
variables are shown in Table 1. The Gram positive,
motile, catalase positive, endospore forming rods
were identified as Bacillus subtilis. It hydrolyzes
starch, liquifies gelatin at 22°C, shows positive Voges
Proskauer reaction, does not grow in anaerobic
condition, and withstands steam cooking for 20
min. Another isolate, Gram negative, motile and
catalase positive rod, and yellowish colony with
smooth margin in nutrient agar medium, was
identified as Xanthomonas $p.

TABLE 1 MONTHLY CFU-cm2 OF BACILLUS AND
X\WTHOMONAS FROM PHYLLOPLANE OF FIG
LEAVES AND METEOROLOGICAL VARIABLES.

Month Mean Mean Mean  Bacillus o Xanthomonj,
temp, RH,  rain 1%, M 103cfu'
°C % fall
mm
Februar 130 7.1 143 2.20 .
March Y 194 614 3§8 3.30 8%?
April 210 543 220 ND 0.37
a 210 700 440 0.85 1.65
June 250 743 2365 153 1.25
Jul 250 843 1485 1.13 6.20
August 250 843 196.0 1.20 6.50
September 242 829  44.0 1.30 .50
October 178 800 66.0 0.85 1.50
Novemper 122 829 77.0 0.62 1.50
December 106 685  60.5 0.38 8.10
January 98 671 5.0  0.16 8.05
ND : Not done
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The role of these bacteria on soybean
fermentation was tested by inoculating about 104
cells each of B. subtilis and Xanthomonas sp.
separately into 100 g boiled soybean seeds in a
250 ml conical flask aseptically. A control series
with no bacterial cells was also taken. Five
replications were taken for each treatment, and
incubated at 38£1°C for 38 h in an incubator. The
seeds were examined visually for every 12 h. At the
end of 48 h, the seeds were subjected to sensory
evaluation by a group of healthy students, teachers
and persons, who were traditional makers of
Hawayar in Manipur. The team was asked to
assess the seeds on a 10-point scale, viz., poor 1-
2, fair 3-4, good 5-7, and excellent 8-10, in terms
of appearance, texture, flavour and smell. The
seeds treated with B. subtilis scored an average of
7-8 points, as in case of home made traditional
Hawaijar. In contrast, the seeds treated with
Xanthomonas species scored a poor scale of 1-2,
thereby indicating that they were unacceptable and
unsuitable for fermentation. Control beans were as
good as freshly boiled ones.

Solid substrate fermentation of oriental foods
for enhancement of flavour has been known for
many centuries (Moo-Young et al. 1983; Steinkraus
1983). Similarly, the fermented soybean (Hawayar]

prepared in the traditional/way is being consumed
since time immemorial in Manipur State. However,
there is always a potential danger of contamination
with toxic organisms with occasional stray instances
of food poisoning after consumption of these
products. This may either be due to contamination
with alien uicroorganisms or use of unhealthy
seeds. Hence, scientific preparation of Hawayar by
incorporating starter culture of Bacillus subtilis
isolated from Ficus hispida will have good potential.

The authors are thankful to the Head,
Department of Life Sciences, Manipur University,
for facilities.
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Changing food habits of the society have
substantially increased the demand for and
consequently, production of ready-to-cook and ready-
to-eat foods of animal origin (Chatterjee 1985).
These foods are prone to contamination with
bacterial pathogens (Singh 1981; Paturkar et al.
1992) .
number all other bacterial food poisoning outhreaks
(Sinell and Kolb 1981). Salmonella are also known
to occur in meat and meat products (Narasimha
Rao, 1983; Reddy and Mandokhot 1988a, 1988h).
Among the foods, poultry products are predominantly
involved in causing foodbome salmonellosis (Bryan
1980). Besides, milk and milk products as well as
fish products have been incriminated in outbreaks
of human salmonellosis (D'Aoust 1989). However,
the information available with reference to the
occurrence of Salmonella in poultry, fish and dairy
products is very scanty in India (Gupta and Verma
1993) . In the present study, an attempt has been
made to find out the level of Salmonella
contamination in poultry, fish and dairy products,
with emphasis on their antibiogram and
enterotoxigenicity.

Samples of frozen fish, poultry products, raw
milk and milk products were collected from various
retail outlets in New Delhi, Pantnagar, Haldwani,
Bareilly, Moradabad and Nainital. Samples were
collected under aseptic conditions, and brought to
the laboratory in an ice-box. The samples of raw
milk/meat were analyzed within 3 h of collection,
while frozen meat samples were stored in freezer,
and examined within a week of collection.
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Pre-enrichment of different types of samples
was done in buffered peptone water (Edel and
Kampelmacher 1973). Frozen chicken carcasses
were washed vigorously in buffered peptone water
in plastic bags, the carcasses removed and the
wash was used (DAoust et al. 1982). To each of
the 25 ¢ finely minced samples of poultry/fish
meat, 225 ml buffered peptone water was added
(Vassiliadis et al. 1984). Eggs were washed in
running water, followed by 95% alcohol, and dried.
The egg content was removed aseptically, and
mixed with 250 ml buffered peptone water. One
litre of raw milk was stirred at 100 rpm for 10
min, using folded sterile gauge (10x15 cms) wrapped
on sterile steel wire, and the gauge was transferred
to 150 ml buffered peptone water. To the remaining
milk, 20 mg brilliant green was added (Wells et
al. 1971). To 25 g ftinely ground cheese and
chocolate, 225 ml sterile reconstituted non-fat-dry-
milk containing 0.002% (w/v) brilliant green was
added, and blended thoroughly in a blender. Milk
powder (25 g) was reconstituted in 50 ml buffered
peptone water, and kept at room temperature for
30 min to avoid osmotic shock. This was followed
by further dilution with 175 ml buffered peptone
water (Poelma et al. 1981). Incubation for pre-
elr%riﬁhment was done in all the cases, at 37°C for

After pre-enrichment, 0.1 ml of the pre-enriched
broth was transferred to 10 ml of Rappaport-
Vassiliadis (RV) medium (Vassrlradrs 1983). After 24
and 48 h incubation at 43°C, sub-cultures were
made on modified brilliant green agar plates
(HiMedia), and the plates were incubated at 37°C
for 24 h. From the plates, showing Salmonella like
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growth (Edwards and Ewing 1972), 3 suspected
colonies were picked up, and transferred to nutrient
agar (HiMedia) slants. The isolates were identified
on the basis of their morphological, and biochemical
characteristics according to Edwards and Ewing
(1972). The serotyping of the cultures was done at
the National salmonella Centre, Kasauli, and 1.V.R.I,,
Izatnagar, India. Enterotoxigenicity of the isolates
was tested in the cell-free supernatant by rabbit-
ligated-ileal-loop (RLIL) technique (Sedlock and
Deibel 1978). A preparation yielding a dilatation
index (fluid accumulation in ml/cm gut segment)
of 0.4 or above was considered as enterotoxic.

Antibiograms of the isolates were determined
by disc diffusion method, as described by Bauer
et al (1966). Two ml of brain heart infusion broth
(HiMedia) medium was inoculated with the test
organism, and incubated at 37°C for 6 h. Thereafter,
a uniform lawn of the culture was prepared on
Muller-Hinton agar (HiMedia) plates with the help
of sterile swab, soaked with the culture. Standard
discs of 11 common antibiotics (ampicillin,
chloramphenicol, gentamicin, kanamycin, neomycin,
nitrofurantoin  streptomycin, tetracycline,
trimethoprim, triple sulphas, and sulfonamide
compounds), procured from M/s HiMedia, Bombay
(India), were placed onto the surface of agar plates.
The zone of inhibition of growth was measured,
following overnight incubation of plates at 37°C,
and the resistance pattern was determined according
to the manufacturer's instructions.

The distribution of Salmonella serovars in
various foods of animal origin is shown in Table
1. Among these foods, frozen chicken carcasses
accounted for the highest level of contamination
(10.52%), resulting in the isolation of 4 serovars
viz., S. Typhimurium, S. Saintpaul, S. Indiana and
S. Stanley. The level of contamination is less than
the level of 19% reported by Zurcher and Hadom
(1984). A lower level of salmonella contamination
observed in the Present study is in accordance with
the findings of lzzi and Quesada (1981). The
presence of Salmonellain dried milks and chocolates
(Table 1) is of serious public health concern, as
these products are not heat-processed prior to
consumption. A lower level of Salmonella
contamination (1.66%) was recorded in samples of
frozen fish, similar to that reported by lzzi and
Quesada (1981). Considering the consumption
pattern of fish, the presence of Salmonella even in
low numbers is of great public health significance.
Fish and shell-fish products have been incriminated
in a large number of outbreaks of human

TABLE 1 DISTRIBUTION OF SALMONELLA SEROVARS IN
FOODS OF ANIMAL CORIGIN

Sample numbers

Products Analyzed Positive for Salmopelja serovars
Salmonella Isolated
Poultry
Dressed frozen 76 8 S.Typhimurium (3
chicken S. Saintpaul
S. Indiana 1
S. Stanley 1
Chicken-n-nam 46 2 S.Derby 1
S. Newport 1
Chicken sausage 23
Eqg 320 2 S.Newport v
Quail meat 35
Milk and milk products
Raw milk 36
Dry milk powder 83 3 S. Havana )
Milk chocolate 126 1 S Stanley 1)
Cheese 55
Fish
Frozen fish 120 2

S. Senftenberg (1
S. Amsterdam i

- - Nil. Figures in parentheses indicate the number of isolates
obtained.

salmonellosis (D'Aoust 1989).

Isolates of Salmonella obtained from the foods
of animal origin belonged to 9 different serovars
as follows : 3 each of S. Typhimurium, S. Newport,
S. Havana and S. Saintpaul, 2 of S. Stanley and
1 each of S. Indiana, S. Derby, S. Amsterdam and
S. Senftenberg. Of these serotypes, S. Newport and
S. Indiana have heen reported to be associated with
a large number of foodbome outbreaks of human
salmonellosis (Beckers et al. 1985).

Drug resistance studies revealed maximum
resistance to triple sulphas (86.66%), followed by
sulphonamide compounds (66.66%), trimethoprim
(53.33%), ampicillin, streptomycin and nitrofurantoin
(each  33.33%), tetracycline  (22.66%),
chloramphenicol, ?entamicin and kanamycin (6.6%
each). All the isolates were found to be sensitive
to neomycin. Absence of resistance to neomycin
and low levels of resistance to chloramphenicol,
gentamicin, and kanam?{cin may be attributed to
relatively little use of these antibiotics in animal
treatment in India. Out of 18 isolates, 2 showed
resistance to 2 antibiotics, 5 to 3 drugs, 3 to 4
drugs, 4 to 5 drugs, 2 to 6 drugs, and 2 to 7 drugs.

Enterotoxigenicity of cell-free supernatants from
18 salmonella isolates revealed that 11 (61.1%)
isolates were enterotoxigenic. These enterotoxigenic
serotypes included S. Stanley, S. Saintpaul,
S. Newport and S. Typhimurium. The presence of



enterotoxigenic Salmonella in foods of animal origin
is of signiticance, as these can Induce cholera-like
profuse diarrhoea in human beings (Axon and Poole
1973). From the public health point of view, it is
important that measures should be introduced at
the time of processing of products to reduce the
levels of Salmonella contamination.

‘The authors thank Indian Council of
Agricultural Research for funds under the National
Fellow scheme.
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SDS-PAGE techni u%w s used to stu?x the effect of anti-micropjal anqtents, such as lagtic acid, gln%eroextract
and s_?dlum chloride on puffalo meat (LD muscles), stored at two different temperatures () ambient §2 £2°C) and
Il) chill temperature (4+1°C). There was an Increase proteol%sm of muscle proteins at ambient temperature, compared
0.chill temperature, as evidenced by reduction In the number of protein bands separated b%/ electrophoresis. _Lactic
acid, qlnger extract and sodium chloride treatment of meat enhanced grgteolytlc activity in meat during Storage. Ginger-
extract can be used as a good source of proteolytic enzyme for tenderization of buffalo meat.

Keywords : Lactic acid, Ginger extract. Sodium chloride, Proteolysis, Meat tenderization, Electrophoretic analysis.

Polyacrylamide ?el electrophoresis was used by untreated (control) meat cuts were stored at

some workers (Aberle and Markel 1966; Jong and
Tatsumi 1983) to study meat proteolysis under
different temperatures and pH, and also used for
the detection of adulteration of meat (Mooijani et
al. 1974). Yates et al (1983) studied the effect of
higher temperature on release of catheptic enzymes
which increased tenderness of meat. Addition of
organic acids, like acetic and lactic, inhibits microbial
growth, controls spoilage, and extends the shelf-
life of meat and quail meat (Ockerman et al. 1974;
Corlett and Brown 1980). Addition of lactic acid
bacteria is known to improve the colour and texture
#Sankaran et al. 1986). Lactic acid is often used
or controlling microbial growth on meat (Gill and
Newton 1982; Murali et al. 1985). Ginger (Zingiber
ojjlcianalis) is one of the popular spices in Indian
cuisine (Govindarajan 198253, and contains a powerful
proteolytic enzyme that can be used for tenderizing
meat (Lee et al. 1986). Lactic acid and ginger, along
with sodium chloride, are likely to bring about
certain changes on muscle proteins. The changes
in the proteins of meat treated with lactic acid and
ginger extract, singly and in combination with
sodium chloride, were, therefore, studied by the
sodium dodecyl sulphate polyacrylamide gel
electrophoretic (SDS-PAGE) technique.

Longissimus dorsi muscles (LD muscles) of
buffalo carcasses were procured, soon after
slaughter, from the local slaughter units. The test
solutions were sprayed on meat cuts at the rate
of 20 ml/kg. The test solutions consisted of 2%
lactic acid, 20% sodium chloride, 2% lactic acid
+ 20% sodium chloride, ginger extract, and ginger
extract + 20% sodium chloride. The treated and

* Corresponding Author. 'Present Address : Department of Meat
Science, Veterinary College, Bangalore-560 024, India.

224

|
ambient temperature (26£2°C), and at (i) chiﬁ?
temperature (4¢1°C) for 24 h and five days,
respectively. Ginger extract was prepared by blending
100 g Mysore variety ginger cubes with 100 ml
chilled distilled water for 1-2 min. Meat samples
from both treated and control LD muscles were
collected for analysis. Minced meat (5 g) was mixed
with 50 ml of 0.01 N sodium phosphate buffer (pH
1.0), containing 1% sodium dodecyl sulphate (SDS)
plus 1% 2-mercaptoethanol, and incubated at 37°C
for 2 h. The mixture was then centrifuged at 4000
rom for 30 min. An aliquot of supernatant was
dialyzed overnight at room temperature (26+2°C),
against 0.1 N sodium phosphate buffer, containing
0.1% SDS and 0.1% 2-mercaptoethanol. About
50 pi of dialyzed solution was used for SDS-PAGE
(Weber and Osborn 1969). Staining with coomassie
blue was done following the method described by
Fairbanks et al (1971). The molecular weight of
each protein band was calculated by extrapolating
the mobility values from a standard curve obtained
by the log of molecular weights of proteins. Five
replicates were used for each set of experiment.

Effect of lactic acid and sodium chloride on
meat protein pattern at ambient temperature
(26£2°C) : In case of meat samples, treated with
2% lactic acid (Fig. 1C) or 20% sodium chloride
(Fig. ID), 13 bands of both low and high molecular
proteins, with the molecular weights ranging from
14.1 to 104.7 Kilodalton (KD), were seen, as against
16 bands in control (Fig. 1/0 with KD values in the
range of 14.4 to 112.2. The decrease in the number
of bands in lactic acid and sodium chloride-treated
meat samples may probably be due to denaturation
and proteolysis of treated meat samples. In case
of meat samples, treated with the combination of
2% lactic acid + 20% sodium chloride, 15 bands
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Fig.1. Effect of antimicrobials on_electrophoretic pattern of
muscle proteins stored at 26¢1°C =
A+ Untreated (control), B : 2% Lactic acid_+ 20% NaCl,
C: 2% Lactic acid, D : 20% NaCl, E: Ginger extract,
F: Ginger extract + 20% NaCl
with molecular weights ranging from 10.0 to 104.6
KD values were observed (Fig.1B) at the end of
storage period. The combined treatment seems to
bring about less changes in the meat protein
pattern.

Effect of ginger extract and sodium chloride at
ambient temperature (26+2°C): Meat samples, treated
with ginger extract showed only four bands, with
the molecular weights in the range of 12.5 to 39.8
KD (Fié]' |E), as against 16 bands in control at
the end of 24 h storage. Meat treated with ginger
extract + 20% sodium chloride solution showed
only one thick band of 10 KD value (Fig IF),
indicating high degree of proteolysis due to the
treatment with ginger. This is in agreement with
the findings of Lee et al (1986), who observed

i :
i

i

Fig.2. Effecﬁ of ant|m|crob|aAs on electrophoretic pattern of
muscle proteins stored at 4+1°C, =~
A Untreated (control), B : 2% Lactic acid + 20% NaCl,
C: 2% Lactic acid, D : 209% NaCl, E: Ginger extract,
F: Ginger extract + 20% NaCl
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increased proteolysis in meat due to the effect of
ginger extract on meat proteins.

Effect of lactic acid and sodium chloride at chill
temperature (4x1°C) : Meat samples treated with 2%
lactic acid or 20% sodium chloride solution showed
15 bands with KD values ranging from 14.13 to
114.8 in both the cases (Fig. 2C and D), as
compared to 16 bands in control. The combined
treatment of 2% lactic acid + 20% sodium chloride
caused 16 bands with molecular weights of 14.1
to 114.8 KD, at par with untreated samples (Fig.
2A and B). It, thus, appears that the proteolytic
activity ofmuscles was veiy slow at chill temperature,
as compared to that at ambient temperature. This
iIs further confirmed bg the negligible reduction in
the number of protein bands, even after the storage
of meat samples for five days at chill temperature.

Effect of ginger extract and sodium chloride at
chill temperature (4£1°C) : Meat treated with ginger
extract showed 6 bands in the range of 14.1 to
48.9 KD values (Fig. 2E). Samples treated with
ginger extract + 20% sodium chloride solution
showed 5 bands (Fig. 2F), with 10.4 to 36.3 KD
values, thereby indicating more pronounced
proteolytic activity, which renders the meat more
tender. However, the proteolysis of meat under the
influence of anti-microbials was more pronounced
at ambient temperature, as compared to chill
temperature. A drastic reduction in the number of
protein bands in muscles treated with antimicrobials
and the resulting increased proteolysis could also
be due to the formation of protein complexes, that
are insoluble in the buffer system used. Thus, the
present data indicate that the ginger can be used
as a new source of proteolytic enzyme for buffalo
meat tenderization, which is generally tough,
especially when the animals are slaughtered at the
end of their productive age.
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Work on the development of ready premixes
of traditional foods is on the increase in recent
years (Desikachar 1986). Besides, the ease of
preparation and consumer acceptablllty of ready
mixes, the functional and attractive packaging to
provrde adequate shelf-life is of importance for
popularizing such products in the market
(Bhupendar Singh et al. 1990). Doughnut, a popular
snack food in Western countries, is becoming
popular in India among urban population. In view
of the lack of knowledge about the formulation or
preparation methodology, the product is rarely
prepared in Indian households. Hence, a doughnut
premix having desired characteristics has been
developed at CFTRI (Unpublished data). The results
of moisture sorption characteristics, and keeping
quality of the premix in flexible packs are presented
in this communication.

Cake doughnut premix and packaging : Cake
doughnut premixes with 9.0 and 7.7% moisture
were prepared by mixing 100 g refined wheat flour
(maida), 37 ¢ sugar powder, 10 g hydrogenated
vegetable fat, 4 g egg powder, 4 g skimmed milk
powder, 4 ¢ defatted soya flour, 1 g salt, and 2
g baking powder. In case of premix with 7.7%
moisture, maida was dried at about 50°C, till the
moisture reduced from 13.8 to 11.5%. Flexible
packs (130 x 80 mm size), made up of (i) 45 micron
(180 gauge) TQ polypropylene (PP), (5.3), double
pack of one inside the other and (i) 12 micron (50
gauge) metallized polyester/37.5 micron (150 gauge)
polyethylene laminate (MPP) (2. 02 were used. The
water vapour transmission rates (WVTR) (expressed
as g/sq. cm/ day under 90% RH gradient at 38°C)
of the above materials, which decide the extent of
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moisture protection, were determined according to
ISI' (1960) method.

Chemical analysis : Moisture, extractable fat
aciditf, and total carbondioxide of the premix
samples were determined according to AACC (1993)
methods, while alcoholic acidity was carried out,
as per 1S1 (1979) method. The sensory evaluation
of the doughnut was carried out by a panel of six
trained judges, who were familiar with the product,
using standard composite scoring test. The products
were graded as follows : excellent 45-50, very good
40-44, good 35-39, fair 30-34, and poor > 29. The
data were analyzed according to Duncan's multiple
range test (Duncan 1957).

Sorption studies : Humidity-moisture relationship
of the product was studied at 27°C, as per the
static method (Rockland 1960). The samples were
periodically weighed, till they attained a constant
weight or showed signs of mould growth, whichever
was earlier. After the equilibrium, the samples were
assessed for changes in free flow property, and
visible change in colour, odour as well as mould
growth. The equilibrium moisture content (EMC) of
the product at different RH was calculated as
follows : % EMC = % initial moisture content
% loss or gain of moisture at a particular RH.

Fig 1 shows humidity-moisture relationship
(sorption isotherm) of the product at 27°C. The
isotherm was of a typical sigmoid type curve
exhibited by starchy products, and showed a steep
rise above 70% RH, indicating rapid changes in the
quality of the product above this RH. The product
with initial moisture content of 9.6% was in
equilibrium with 57% RH (ERH), and free flowing-,
At 64% RH, the product had a equilibrium moisture
content 0f 9.7%, and showed tendency for lumping.
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Fig.1. Humidity-moisture relationship of cake-doughnut premix

At 75% RH and above, it was lumpy, and developed
mould growth in 15 days.

From the sorption studies, it is inferred that
a moisture content of 9.7% (as is basis) equilibrating
to 64% RH is critical, as the doughnut premix is
prone to rapid physico-chemical changes, leading
to deterioration in quality, above this level of
moisture. Further, the results suggest that the
product with initial and critical moisture contents
of 9.0% and 9.7% has hardly 0.7% moisture
tolerance. This means that it needs good moisture
barrier for giving adequate shelf-life. Hence, a
premix with 7.7% moisture was also prepared, and
used for storage studies.

Packaging and storage studies : Product (200 g)
was filled in pouches, heat sealed, weighed
individually, and exposed to (i) accelerated storage
condition of 90 + 2% RH, 38 + 1°C and (i) Indian
standards condition of 65 + 2% RH, 27 £+ 1°C (ISI
1960). Premixes containing 9.0 and 7.7% moisture
were studied individually. During storage, the
individual packs were weighed periodically, and the
doughnuts prepared from the stored premixes were
subjected to sensory evaluation along with the
control premix stored in refrigerator. The changes
in chemical parameters and overall acceptable
quality of the products packed in double
polypropylene (PP), and metallized polyester/
polyethylene laminate (MPP) packs are presented
In Table 1.

Accelerated condition 0f90% RH and 38°C : The
moisture content in doughnut mix (m.c 9.0%)
packed in double PP and MPP reached critical level
of 9.7% in 50 and 30 days, respectively. On the
other hand , this critical level was reached in 110
and 85 days in the above packs, when the initial

moisture content of the mix was 7.7%. Therefore,
a longer Shelf-life could be obtained even under
accelerated condition of storage by reducing the
initial moisture content of the product.

The changes in alcoholic acidity in the products,
during storage at 90% RH and 38°C, were rapid
in_both the packs, when the moisture content was
1.7%. The initial alcoholic acidity 0f 0.06% increased
to 0.21-0.23 (three and a half times more) during
150 days of storage in both types of the products.
The maximum alcoholic acidity for maida specified
by ISI (1979) standards is 0.1%. As maida is the
major in?redient in doughnut mix, alcoholic acidity
value of 0.1% for the doughnut mix can be
considered to be the maximum limit. This limit of
0.1% was reached in both double PP and MPP in
about 60 days (Table 1). The extractable fat acidity
also increased progressively, as the storage period
increased for both the mixes Packed in two ditferent
packaging materials. The total carbondioxide content
decreased rapidly during storage in both the packs.
There was almost 50% decrease in total carbon
dioxide content (from 0.32 to 0.15) during 50 days
of storage. At longer storage periods of 120 days,
the decrease was more than 85%.

With regard to the doughnut quality, the
specific volume decreased progressively, as the
storage period increased (Table 1). At the end of
120 days of storage, the specific volume decreased
from 1.8 to 1.3, indicating that the softness of the
products had reduced considerably, due to the loss
of about 85% carbondioxide from the baking
chemicals. The overall quality of doughnut prepare
from stored packs were not significantly different
upto 30 days of storage period, and were quite
acceptable and satisfactory upto 90 days of storage.
But, a slight bitter taste had developed at the end
of 120 days. Doughnuts prepared from samples
stored for 180 days had a distinct bitter note, and
were unacceptable.

Ambient condition of 65% RH and 27°C : The
moisture changes in both the packs containing
premix with 9.0% moisture content, were practically
negligible even at the end of 180 days of storage
(Table 1). As the product ERH 57% was nearest
to storage RH of 65%, it was expected that changes
in moisture would be practically minimal. However,
the premix with 7.7% moisture content,
corresponding to 48% ERH, was expected to pick
up moisture during storage at ambient conditions.
Actually, the moisture content of this premix
increased from 7.7% to 8.4%, when stored for 180
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TABLE 1 %EEMSICAL AND QUALITY CHANGES IN CAKE DOUGHNUT PREMIX (7.7 AND 9.0% MOISTURE CONTENT) IN DIFFERENT

Packing Stor_age Moisture, Alcoholic I?xtrac&able Total carbon Doughnut quality
materials period, % aciqity, at acidity. loxide, .
and storage  days % % % Total score,  Specific yolume,
conditions Max.50 celg
MI M2 MI M Ml M2 MI M2 M
Initial 0 1.7 9.0 006 006 27 21 023 032 450% 452A 18 18
Double pack 30 - 9.4 - 0.08 64 - 017 - 4208 - L7
of PP, 60 - 9.8 - 0.10 -9 - 015 - 3715C - 15
90% RH, 90 94 101 012 013 138 12 011 007 37.8B 36.0cfl 13 13
3°C 120 99 104 019 013 167 142 008 005 332C 378C 13 13
150 102 106 021 017 195 160 004 003 280° 338D 12 13
180 108 0.21 - 28 - 0.03 - - - - -
SEM+086  SEM +0.97
(20 df) (30 df)
Double pack 60 - 9.0 - 0.07 - 62 - 016 - 228 - 16
of PP, 120 8.2 9.0 010 010 92 93 014 014 R38® 4205 17 16
65% RH, 150 8.3 9.0 011 01l 96 110 012 011 42.28C 42.2B 16 16
21°C 180 8.4 9.1 012 012 106 124 011 010 403C 382C 16 16
SEM £0.68  SEM +0.65
(20 df) (25 df)
MPP, 30 9.7 0.08 64 - 019 - 42 5* - 16
90% RH, 60 10.2 0.10 - 94 - 015 - 38.7B - 15
3°C 90 101 107 013 013 13 120 011 009 37.8B 3688 14 13
120 108 114 019 015 165 140 007 007 330C 367B 13 14
150 114 118 022 017 194 156 005 005 280° 328C 13 13
180 121 - 0.23 - 26 - 0.03 - . . . -
SEM£0.15  SEM + 102
(20 df) (30 df)
VPP, 60 9.0 0.06 - 61 - 023 - 43.2M8 16
65% RH, 120 8.1 9.0 010 010 81 93 014 018 418BC 42.0s 17 16
21°C 150 8.2 9.0 011 012 94 109 012 015 422B 422B 16 16
180 8.4 9.1 012 012 106 126 011 011 39.7C 41.0B 16 17
SEM+070 SEM +0.71
(20 df) (25 df)

Each observation except for fotal score is mean of 3 values and total score js mean of 6 values. Mean of same_ column followed bg
different superscripts differ significantly (p<0.05) according to Duncan's multiple range test. MI - Premix with 7.7% moisture and M

- Premix with 9.0% moisture.

days either in double PP or MPP. However, as the
maximum moisture content attainable will be 9.7%
at 64% ERH, these products can have a very long
storagelife.

Changes in alcoholic acidity at 65% RH and
27°C were not as rapid as in accelerated condition,
but there was a gradual increase. Alcoholic acidity
value of 0.1% was reached in 120 days in both
the packs and in both the types of mixes. Increase
in extractable fat acidity was also gradual.
Extractable fat acidity values of 124 and 126 were
reached in 180 days at ambient condition, as
compared to 90 days In accelerated storage condition.
A similar trend was also observed in case of premix
having 7.7% initial moisture, during the storage

period. Changes in total carbondioxide were also
gradual, and were not as pronounced as those at
accelerated storage condition. It took more than
120 days for 50% reduction in total carbondioxide.
Also, there was no perceptible change in the total
scores, and specific volume of doughnuts prepared
from premixes stored for 120, 150 and 180 days.
These data indicated that premix could be stored
upto 180 days at ambient condition without any
adverse change.

From the results of the storage studies, it can
be inferred that doughnut mix having initial moisture
content 0f 9.0%, and packed in double PP and MPP
packs will have a storage life of 50 and 30 days,
respectively, at accelerated storage condition of 90%
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RH and 38°C. However, the shelf-life can be
increased to 110 and 85 days in these packs, if
the initial moisture content of the premix is reduced
to 7.7%. The shelf-life in both packs will be more
than 150 days at 65% RH and 27°C.

The authors thank Director, CFTRI, Mysore for
keen interest and encouragement.
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Biotyping of Bacillus cereus Isolates
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natural isolates and 2 standard strains of Bacillus cereus were studied for the fermentation of 18 different
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to develop a b|oty#)|ng scheme. These strains were found to be distributed in seven out of nine theoretically possible
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of t?ﬁs biotyping schemé in epidemiological studies.
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Isolation of Bacillus cereus from incriminated
foods is not enough to assign aetiological association
in an event of food poisoning. Bacillus cereus and
its toxin are known to occur in foods, and have
been isolated and characterized from a variety of
foods (Sharma and Dogra 1983; Bachhil and
Jaiswal 1988; Vijayalakshmi et al. 1981; Varadaraj
et al. 1992). Therefore, a detailed characterization
of isolates from incriminated food and victims'
fomites is essential, and biological tests to
demonstrate enterotoxigenicity of the isolates are
required to support the aetiological association. The
latter being difficult and time consuming, attempts
have been made by many workers to correlate some
biochemical characters with enterotoxigenicity. For
examBIe, isolates from diarrhoeal the of outbreaks
have been found to hydrolyze starch, whereas those
from the emetic type of outbreaks have been found
to be starch non-hydrolyzing (Shinagawa 1990).
Serotyping with a battery of H-antigen is not
absolute, as Ueda and Kuwabara (1990) reported
that only 7/122 isolates could be serotyped. Further,
all 26 isolates of B. cereus were serologically untyped
(Personal communication. Public Health Laboratory
Services, Colindale, London). In this background,
an attempt has been made in the present study,
to evolve a hiotyping system on the basis of the
ability of isolates to ferment various sugars.

Test strains included 42 isolates of B. cereus,
isolated from salami, trekker, frankfurter, ingredients
used in the manufacture of these sausage varieties
(Deva 1989) and environment (Mondal 1990), and
standard strains 'NCTC 11143 and 'NCTC 11145
were tried for biotyping.

The ammonium salt-sugar (ASS) medium
described by Cowan (1974) was used to study acid
production by the isolates from 18 different sugars

* Corresponding Author
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om ingredients of varieties of sausages, when clustered in distinct biotypes, suggested the dsefulness

tested individually. These include D-glucose,
D-fructose, D-mannose, rhamnose, dulcitol, inositol,
mannitol, sorbitol, lactose, arabinose, galactose,
inulin, saccharose, sucrose, D-xylose, salicin,
cellobiose and mellibiose. The ASS medium
containing test sugars at 1% level was inoculated
with 20 h-old test cultures, grown in nutrient
broth, mixed well and incubated at 37°C. Inoculated
tubes were observed upto a period of 7 days for
acid production. The scale used by Public Health
Laboratory Services, Colindale, London, to declare
isolates as positive, variable or negative (viz,, 80,
20-80 and <20% positive) for a particular reaction,
was used.

Xylose, salicin and cellobiose were fermented,
respectively, by 35.7, 46.62 and 26.19% of the
isolates tested. All test isolates were positive for
Voges Proskauer’s, nitrate reduction, citrate
utilization, urease, starch h{drolysis, and sucrose
utilization. Therefore, the earlier described biotyping
system (Shinagawa 1990) could not be applied. It
Is interesting to observe that all, except for one
salicin positive natural isolates, were xylose negative
and vice versa. According to Gilbert and Taylor
(1?,76), the emetic enterotoxin products fermented
salicin,

On the basis of variability with respect to
fermentation of xylose, salicin and cellobiose, the
42 test isolates were grouped into different

TABLE 1 BIOTYPES OF BACILLUS CEREUS

Biotypes Xylose Salicin Cellobiose

1 ; ; ;
2 + . +
3 : +

4 + -

5 + + +
6 . +
7 + +
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TABLE 2.

1 2
Frankfurter - 2
Ready-to-cook frankfurter
Flour 2 1
Spices
Heat-treated spices 1 -
Salami and trekker 2
Ready-to-eat sausage 2 1
Pig vomitus
Diarrhoeal food poisoning cases 1
Emetic type food poisoning cases 1
Typability, % 16.56 14.28

fermentative ?roups (Table 1), considered as biotypes.
These were found to be distributed in seven out
of nine theoretically possible biotypes. The %
typability of different biotypes, and their distribution
on the basis of source of Isolates are shown in Table
2. Nearly 87.5% (35 natural isolates) of the isolates
fell in biotypes 1, 2, 3 and 4. Besides, the 2
standard strains, 'NCTC 11143" and 'NCTC 11145',
fell in biotype 1 None of a cluster of 26 natural
isolates, serologically untypeable by Public Health
Laboratoiy Services, Colindale, London, fell in this
biotype. It appears that biotypes 5 and 6 comprised
isolates from ready-to-cook frankfurter only.

Biotyping may be useful for epidemiological
investigation, as it helps in locating the source of
an isolate. Flour is used for the preparation of
frankfurter, salami and trekker. Isolates falling in
biotypes 3 and 4 originated from these. Therefore,
it appears that flour was the main source of these
B. cereus isolates.

Authors thank A.K. Deva and P.K. Mondal for
providing B. cereus isolates.
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Meat yields, physico-chemical and sensorzy characterlstlcs of hot and cold deboned meat from 6-weeks old Ja anese
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Hot debonin? of poultiy carcasses, over the
conventional chilled deboning, has been receiving
attention in recent years, as it saved energy, and
reduced processing time as well as labour costs
(Hamm 1981). However, hot deboned poultry meat
has been reported to be generally less tender than
chilled, and aged deboned meat (Stewart et al.
1984; Sams and Janky 1986). This has led to
empha5|s on holding the carcasses for a minimum
period of 2 to 6 h, prior to deboning, to alleviate
the toughness of hot deboned meat (Legare et al.
1985; Jones 1986). Some information on the
chilling, refrigeration and shelf life and microbial
quality of quail meat is available (Prabhakar Reddy
1991; Singh et al. 1989; Renukumari and Begum
1993). The relationship between post-mortem
biochemical changes, and tenderness of chicken
meat has been examined (Kijowski et al. 1982), but
such a study on Japanese quail is lacking. The
present study was, therefore, undertaken to assess
the effects of hot and cold debonlng on the meat
yields, and of post-mortem aging on the physico-
chemical and sensory quality of quail meat.

Forty, male Japanese quails (Cotumix cotumix
japénica), of 6 weeks old, reared under identical
feeding, and managemental conditions, were
procured from the experimental quail farm of this
Institute, kept off the feed for 14 h, and slaughtered
onventlonally (Arafa et al. 1978) Half of the hot
(unchilled) eviscerated carcasses were manually
deboned within 2 h of exsanguination, while the
remaining half were deboned after chilling in slush-
ice (1:2, w/v) for 1 h, to an internal carcass
temperature of 2.8°C. The vyields of eviscerated
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carcass, and giblets were expressed as % live
weight. Immersion chilled carcasses were weighed
before and after chilling to determine water uptake
(Benoff et al. 1984). Weights of deboned meat from
breast, legs, and residual meat from cooked (1 kg/
cm2, 10 min) carcass frame, and skin were recorded,
and expressed as % eviscerated carcass weight,
Meat and skin were considered as total edible
components.

In order to evaluate the effect of post-mortem
aging on physico-chemical and sensory quality of
meat, a second lot of quails was processed as
described above, and hot eviscerated carcasses
were held at ambient temperature for 6 h followed
by 18 h of refrigeration storage (4£1°C). Chilled
carcasses were stored in the refrigerator for 24 h.
Both leg and breast meats were excised at 15 min,
2,46 and 24 h post-mortem, freed from visible fatty
and connective tissues, minced, and analyzed
separately in triFIicate for pH by inserting glass
electrodes directly into the minced meat. Water
holding capacity (Wardlaw et al. 1973), and
myofibrillar proteins (Kang and Rice 1970) were
determined. Cooking loss was estimated by placing
20 g minced breast meat samples, in triplicate, in
polyethylene pouches, and heating in water bath
at 80°C for 20 min (Kondaiah et al. 1988). Shear
force was measured, in triplicate, on half-an-inch
diam cores of cooked breast muscle, using Wamer-
Bratzler shear press. A seven-member trained
sensory panel evaluated the breast meat for
tenderness on a 7-point Hedonic scale (7 : extremely
tender and l:extremely tough). Data were subjected
to analysis of variance, and means were compared
for significant difference by Duncan's multiple
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range test (Snedecor and Cochran 1967).

The data showed that deboning method had
no significant influence on the carcass components,
viz, breast, legs and residual (frame) meat yields
or total meat yield, despite 3.7% extraneous water
during chilling pick-up by cold deboned carcasses
(Table 1). BenofT et al 31984) and Kondaiah and
Panda (1987) also found no appreciable effect of
deboning methods on meat yields in broiler and
spent hen, respectively. As expected, chilling
treatment resulted in a significant increase in the
dressed yield of carcass. The meat-to-bone (M:B)
ratio is almost similar to that reported for 8-weeks
old male broiler chicken (Hayse and Marion 1973).
The total edible components also did not differ
significantly between deboning treatments.

The pH of both dark (leg) and light (breast)
meat (post-mortem) decreased rapidly during first
2 h, regardless of deboning method. The pH decline
between 2 and 24 h was, however, non-significant,
except for cold-deboned light meat, which showed
a significant decrease in pH up to 4 h of aging.
The rate of post-mortem glycolysis was much faster
in light, than in dark meat, possibly due to low
contents of adenosine triphosphate, and glycogen
in the latter (Suzuki et al. 1985; Sams and Janky
1991). The pH reached a plateau within 4 h of
aging. This s, in agreement with the observation
of Stewart et al (1984) in broiler chicken. The
ultimate pH of light meat was close to the literature
values for chicken light meat (Kijowski et al. 1982;
Jones and Grey 1989). However, the characteristic
higher ultimate pH of dark meat was observed in

TABLE 1 CARCASS AND MEAT YIELDS OF HOT AND COLD
DEBONED QUAIL

Traits Hot deboned Cold deboned
(h=20) (n=20)
Live wight, g 1221+ 30 1245 + 2.0
Dressing, % 69.7 £ 0.9* 731 £0.9b
Chilling gain, % NA 3.7 +02
Giblets weight, % 51t ol 52 t 0l
Component yields (% Eviscerated weight)
Breast meat 309 + 04 317 £04
Legs meat 205+ 03 20.7 £ 0.3
Residual (frame) meat 1281 0.3 124 £ 02
Total meat 643 + 08 64.8 + 0.6
Bone 263+ 04 25.7 0.3
Skin 93¢ 04 94 03
Total edible components 7137t 11 742 +0.7
Meat-to-bone ratio 24 £ 01 25401
me

Fiqures w_i}hin a r?w b arm’g sa

| or ng suPerscript did not
differ signrficantly o). NA 2 Not applicable.

p<

the present study, as compared to chicken meat
(Lyon et al. 1983; Jones and Grey 1989). This might
be attributed to the species variation in post-
mortem glycolytic and buffering capacity of meat.

The higher water holding capacity (WHC) of
pre-rigor (15 min) meat was probably associated
with its higher pH values. However, a significant
reduction was observed in WHC after 2 h post-
mortem, thereby indicating the rigor state of muscle,
as reported by Kijowski et al (1982) in chicken
meat. Subsequent aging brought about a significant
increase in WHC, though the differences among 4,6
and 24 h periods were non-significant, regardless
of the t%pes of meat, and deboning method (Table
2). The higher pH of dark meat may be responsible
for its consistently higher WHC than that of light
meat, even though the latter had more myofibrillar
proteins. The % myo-fibrillar proteins, which was
maximum in pre-rigor meat due to the existence
of free actin and mrosin (Kijowski et al. 1982), got
reduced significantly in meat deboned 2 h post-
mortem. This could be attributed to the rigor-
induced aggregation of actomyosin, which tended
to dissociate during subsequent aging, as evident
from an increase in their extractability with
increasing holding time prior to excision.

Irrespective of deboning methods, aging period
exhibited significant influence on the cooking loss
and meat tenderness. Meat deboned, as early as
15 min after slaughter, gave significantly (PcO.Ol)
lower cooking loss, required less force to shear, and
had higher tenderness score, than that deboned 2 h
post-mortem. However, with the increase in aging
time, the cooking loss tended to decrease with
concomitant improvement in meat tenderness, as
revealed from lower shear values, and higher
tenderness scores (Table 2). The reduction in
muscle toughening of hot-deboned (Stewart et al.
1984), and cold-deboned (Lyon et al. 1985) light
meat, with increase in deboning time intervals, has
also been reported in broilers. The relatively higher
cooking losses found in cold, than that in hot
deboned meat, might be partly due to loss of water
picked up during chilling. Even though meat
deboned after 24 h of aging had the least shear
values and highest tenderness scores, these
attributes did not differ significantly from 4 or 6
h groups, except in case of shear values of hot
deboned meat, which were significantly lower.

These results indicate that hot deboned quail
meat had quality attributes comparable to those
of cold deboned meat. However, @ minimum of 4
h post-mortem aging would be desirable to overcome
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TABLE 2. E/IFEITAEI'CT OF DEBONING METIHOD AND HOLDING TIME ON THE PHYSICO-CHEMICAL AND SENSORY QUALITIES OF QUAIL

Characteristics
15 min 2 h
HB HB CB
H (D 6.8 6.60 6.7%
pri OV 0.1 io.ob 10.1
H 6.2* 59 6.0
pri (M +0.0 10.1 0.0
Water. hoId| 46.7* 31.6b 33
capacity (DMJ, ml/I00g 0.8 0.9 1.7
Water_holdin 38.3» 27150 283
capacity ( LM}1 m1/100 g 0.7 1.8 1.0
Myofibrillar 8.7* 6.50 7.00%
proteins (DM), % 0.5 0.5 0.5
of|br|II 10.8 8.6b 9.0»
otelns (aL % 0.3 0.4 0.3
0
Cooklng loss (LI\/I) %! -2;%',%» ig.gb ?_,%.18»
Shear force (LM), Ib 41k 8o 82
0.2 0.3 0.7
Tenderness score* (LM) 6.4» 5.1y b.Qx*
0.3 0.3 0.5

Means in a row bearing similar
deboned, CB : Cold deboned,

the problem of toughening and reduced functionality,
irrespective of deboning methods.
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Technology for manufacturing cheese has been
generally confined to cow milk, due to its compo-
sitional superiority over milks of other animals,
bovines and ovines (Ganguli 1979). Buffalo milk is
also widely used, but the flavour development is
considerably slower than cow milk cheese, as it
takes a longer time of 8-12 months gKanwajla and
Sln?h 1992; Singh and Kanwajia 1988). Besides,
buffalo milk is also used for making mozzarella
cheese (Ravi Sundar and Upadhyay 1991). Soybean,
with its 38-42% proteins (Schroder et al. 1973),
makes it an excellent and economic source of
proteins. Soy proteins are unique among plant
proteins by virtue of their relatively high biological
value, and essential amino acid contents (Schroder
et al. 1973). Hence, soy milk has the potential for
replacing cow milk, at least partially, in production
of cheddar type cheese (Del Valle et al. 1984).

Religious sentiments of a majority of Indian
population, and the government regulations prohibit
the use of calf rennet in cheese making. Some
attempts have been made to replace calf rennet
with microbial enzyme (Kumar and Angelo 1983),
while microbial rennets are also used for cheese
making (Krishnaswamy et al. 1976). Present
investigations were conducted to study the
compositional and biochemical changes due to
substitution of cow milk with soy milk, using
microbial rennet in cheddar cheese preparatlon and
ripening.

* Corres ond|n|g Author. Prfsent Address : De Cpartment of
PaHtatirJon Products and Flavour Technolo%y, entral Food
Technological Research Institute, Mysore-5/0° 013, India.
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Materials : Cow milk and mature soybeans,
(Variety 'PK-262"), were obtained from the Livestock
Research Centre and University Farm, respectively.
Pure culture of Streptococcus lactis was from the
National Dairy Research Institute, Kamal. Bulk
culture was prepared by usm% skim milk (Scott
1981). Modilase, double strength microbial rennet
produced from Mucor miehei was supplied gratis by
Chr. Hansens Laboratory Inc. Horsholm, Denmark.
Calf rennet was from Chr. Hansens Laboratory Pvt.
Ltd., Adelaide, Australia.

Preparation of soy milk and cheese : Soy milk
was prepared as per method described by Nelson
et al (1976). Standardized cow milk (casein/fat =
0.7) was pasteurized to 145°F for 30 min, and soy
milk, heated to 100°C for 5 min, was added to it
in different proportions (95:5, 90:10, 85:15, 80:20
and 75:25). Bulk starter culture (1.5%, v/v) was
added to milk at 30°C, and incubated for 30 min.
Calf and microbial rennets were added to different
blends of cow milk and soy milk at the rate of
0.0015% and 0.001%, respectively, at 30°C. The
resultant curd was cut with cheese knives and
scalded for 50-60 min at 1°C rise/min upto 37-
39°C. After scalding, whey was removed, and curd
was subjected for cheddaring/texturing (Davis 1965),
until acidity reached 0.55%. The curd was milled,
and salted at 2% level (w/w), and pressed. The
cheese samples were paraffined, and ripened at
8+1°C (equilibrium relative humidity 75-80%) for
240 days.

Analytical method : Moisture was determined
gravimetrically (MIF 1959), while protein and salt
were estimated by standard methods (BIS 1961,
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TABLE 1. CHEMICAL AND BIOCHEMICAL CHANGESIDURING RIPENING (AT 8+1°C) OF CHEESE MADE FROM DIFFERENT BLENDS
OF COW.SOY MILK USING MODILASE

Blend Ripening period, months
0 2 4 6 8
Cow milk ~ Soy milk Moisture, %
00 O 38.3 36.3 35.9 35.6 354
100 0 379 36.8 36.3 357 35.2
9% 5 40.6 40.0 39.6 39.2 38.9
85 15 41.6 41.1 40.8 40.4 40.0
75 25 49.1 48.8 48.2 48.1 47.8
Proteins,%
00 O 38.8 37 37.6 31.5 374
100 O 40.2 39.7 395 39.1 39.0
9% 5 39.7 395 39.3 39.9 39.0
85 15 370 359 36.8 36.6 36.4
75 25 312 308 305 303 30.1
Fat %
00 O 51.1 50.1 51.1 52.0 52.0
=100 O 50.1 50.0 50.7 51.2 514
9% 5 50.1 504 50.7 50.7 50.7
85 15 48.9 49.5 50.0 50.3 50.2
5 25 44.3 44,0 44.4 44.6 44.9
Salt%
00 O 2.3 2.3 2.3 2.3 2.3
100 O 2.3 2.3 2.3 2.3 2.3
9% 5 2.4 2.5 2.5 2.5 2.5
85 15 2.7 28 28 28 28
75 25 35 34 34 34 34
Titratable acidity,%
00 O 0.9 13 16 16 1.8
00 0 0.9 13 L7 17 19
9% 5 1.0 14 20 20 20
85 15 1.1 14 19 20 22
75 25 1.2 15 19 18 2.3
PH
00 O 53 52 49 55 5.5
*fg__o 0 53 5.2 51 5.4 5.4
5 5 52 51 51 54 53
85 15 49 4.7 48 53 5.0
75 25 48 45 4.7 53 50
Soluble proteins,%
00 O 1.1 14 1.8 2.1 2.3
100 O 12 14 17 2.3 2.7
9% 5 1.2 18 1.8 2.4 2.7
85 15 13 L7 2.3 3.2 39
75 25 14 2.3 3.0 3T 45
Free fatty acids,p. mole/g fat
00 O 105 153 25.0 353 39.0
00 0 10.0 173 28.7 35.7 36.3
9% 5 11.0 333 36.7 37.0 39.3
85 15 133 36.6 40.1 42.3 44.1
75 25 16.3 42.8 44.0 46.7 49.3

‘Average of triplicate experiments, ‘Calf rennet was used for clotting cow milk, ** Modilase alone was used for clotting cow milk and
cow-soy-milk blends.
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1965). Fat, titratable acidity (AOAC 1975) and pH
éBIS 1961) were determined. Soluble proteins and
ree fatty acids (FFA, g mole/g fat) were determined
by the methods of Kosikowski (1966), and Rama
Murthy and Narayanan (1974), respectively.

Chemical changes : The moisture content
increased with the increase in concentration of soy
proteins (Table 1), due to hydrophilic nature of soy
proteins (Aworh et al. 1987{ Fat, proteins and salt
In green soy cheese ranged from 44.3 to 50.1, 31.2
to 39.7 and 2.4 to 3.5% on dry weight basis, the
values being highest and lowest in green soy cheese
made from cow milk to soy milk ratio of 95:5 and
75:25, respectively. Decrease in protein and fat
contents in cheese with increase in the proportion
of soy milk in the blends has also been reported
along with increase in salt (Hwang et al. 1987,
Metwalli et al. 1982). The proteins, fat and salt
contents (on dry weight basis) did not show any
change during ripening. As there were not much
changes during ripening of cheese made from
various blends, data for each month have not been
reported.

Glycolysis : The titratable acidity in all cheese
samples increased up to 120 days of ripening, as
in control sample (Table 1). Total increase in
titratable acidity was maximum (2.3%), and
minimum (2.0%) in soy cheese samples, containing
25 and 5% SOK milk, respectively. This could be
attributed to a higher percentage of moisture in soy
cheese, containing 25% soy milk, which resulted
in optimum conditions for the growth of lactic acid
bacteria (Aworh et al. 1987). All the soy cheese
samples as well as the control followed a similar
trend in pH changes during the ripening period of
240 days (Table 1). The control cheese had the
highest pH values at the end of ripening, whereas
so%/ cheese containing 25% soy milk had the lowest
value.

Proieolysis : Initial soluble proteins were lowest
and hiihest in soy cheese containing 5 and 25%
soy milk, respectively (Table 1). The control and all
soy cheeses showed Increasing trend in soluble
proteins, throughout the ripening period. The values
of soluble proteins at the end of ripening period
ranged from 2.7 to 4.5%, lowest and highest values
being in cheese samples, containing 5 and 25% soy
milk, respectively. The results confirm the findings
of Metwalli et al (1982); Hwang et al (1987); and
Gooda et al (1988). During ripening, the degradation
of proteins showed an increasing trend, as evidenced
by the increase in soluble nitrogen content.

Lipolysis : FFA levels at the beginning were
lowest and highest in soy cheese containing 5 and
25% soy milk, respectively. These increased sharply
up to 60 days in cheese, containing 25% soy milk,
as compared to other cheeses, and control samples.
During the later period of ripening, increase in FFA
was more in cheese samples containing soy milk.
The amount of FFA in cheese increased, as
ﬁroportion of soy milk increased. However, cheese

aving 25% soy milk showed poor flavour
development in spite of high FFA value. FFA
content in cheese made from cow milk using
modilase was 36.3 g mole/g fat, whereas cheese
made from cow milk:soy milk blend (75:25) contained
49.3 p mole/g fat at the end of ripening period
(Table 1). The results confirm the findings of El-
Safty et al (1978) and Marsile (1986), who
demonstrated that addition of soy milk to buffalo
milk increased the lipase activity in Ras cheese.

It can be concluded that the changes in the
cheese made from cow milk using calf rennet and
modilase are negligible. Increases in the titratable
acidity, soluble proteins, and FFA occur with
increase in the soy milk proportion in the blend.
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For citrus-based carbonated beverages, there
Is a need for a weighting agent to raise the specific
gravity of the flavour oil to enable its uniform
distribution (Branen et al. 1990). So far, soft drink
industries were using brominated vegetable oils
(BVO) for this purpose (Branen et al. 1990). But
on the recommendation of World Health
Organisation, BVO has been banned, by many
countries including India, as it was found to be
carcinogenic in nature &Mumo et al. 1971). Hence,
substitutes for BVO- like rosin ester (ester gium ,
sucrose ester (SAIB), polyolbenzoates, protein clouds
and starch-based gum have been reported (Anon
1990 a,b). Among these substitutes, the government
has allowed the use of ester gum in RTS beverages
to the maximum of 100 ppm in place of BVO
(MHFW 1991). Since no method is available, a
method has been developed to detect, and determine
ester gum in RTS beverages and their concentrates,
using Halphan-Hick reaction (Thorpe and Whiteley

1946).
Ester ?um, a glycerol ester of wood rosin, is
a pale yellow colour solid, having the following

characteristics, as envisaged by FAO/WHO Expert
Committee (WHO 1988) : acid value 3 to 9; density
1.06 to 11 g/cm-3; drop softening point 88° to
96°C; hydroxyl No. 15 to 45; arsenic (as As) >
3 ppm; heavy metals (as Pb) * 40 ppm. Ester gum
consists of approximately 90% rosin acids, and 10%
neutrals (WHO 1988). In addition to isomers of
abietic acid, ester gum also contains neoabietic,
pimeric, isopimeric, and palustric acids (MHFW
1991). Ester gum is insoluble in water, but soluble
in acetone, benzene and chloroform. Purity of ester

* Corresponding Author

Halphan-H ester
|9|p. Erther gum has been estlmate(? %y measuring the absorbance at
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240

artment,
3, India.

um present in ready-to-
eact wnfq brommeyand

ysore-570 0?

detect.and determine ester
reaction, where gum

ié?(s

have

Detection and determination of ester gum, Abietic acid, Paper chromatography, Glycerol mono stearate,

gum to be incorporated in the concentrate is of
utmost importance (MHFW 1991). For this purpose,
a Gazette Notification was issued by Government
of India (MHFW 1991), where standard and quality
requirements for ester gum are laid down.

Chloroform, methanol, carbon tetrachloride,
diethyl ether, petroleum ether, phenol, bromine,
potassium hydroxide, sodium sulphate, and
nydrochloric acid, used in the present studies, were
of analytical reagent grade. Ethyl alcohol was
distilled over sodium hydroxide. The commercial
samrples of RTS beverages were purchased from the
local market, whereas concentrates were procured
from the local bottling industries. Phenol (1:1,
vlv) and bromine (1:4, vIv) were prepared in carbon
tetrachloride. Fehling's solution ‘A" and 'B' were
prepared as per standard procedures (AOAC 1990).

Extraction of ester gum from RTS beverages :
RTS beverage (200 ml) was extracted thrice with
25 ml chloroform each, using 500 ml separating
funnel. The chloroform extract was washed twice
with 25 ml water, and dried over anhydrous
sodium sulphate. Flavour concentrate (25g) was
dissolved in 100 ml distilled water, before extraction
with chloroform. The chloroform extracts were
filtered, dried, and residue preserved for tests.

Paper chromatographic methodfor the detection
of ester gum : The above residue and a standard
ester gum sample were dissolved in 0.5 ml
chloroform separately, and spotted on a
chromatostrip (3x18 ems, Whatman No. 3 paper).
The chromatostrip was developed in pure methanol
to a distance of ten cm. After development, the
chromatostrip was air-dried, and soaked in phenol
solution. In wet condition, the chromatostrip was



TABLE 1. DETECTION AND DETERMINATION OF ESTER GUM,
CMS AND POLYSACCHARIDE GUMS IN RTS
BEVERAGES AND CONCENTRATES

RTS beverage

Market sample No. of  Ester GMS Poly-
samples  gum saccharide
gum
Orange flavoured
A 6 - -
B 6 - t
B tester gum, 100 ppm 4 t t
95 ppm
Lemon flavoured
C 6 +
D 6 +
E 6 +
Ctester gum, 100 ppm 4 t +
96 ppm
Dtester gum, 100 ppm 4 t +
95 ppm
E tester gum, 100 ppm 4 t +
95 ppm
Concentrates
Samples No. of  Ester GMS Poly-
samples  gum saccharide
gum
Orange flavoured compound
1. Batch No. 0896 2 - +
2. Batch No. 1088 2 - +
3. Batch No. 64 2 - +
4. Batch No. W003 2 t +
5. Batch No. A 035-B 2 t +
Lemon flavoured compound
1. Batch No. 0905 2 +
2. Batch No. 2592 2 +
3. Batch No. 101001 2 - - +
4. Batch No. 33-791 2 I t +
5. Batch No. 204166 2 t +

suspended in a stoppered conical flask, containing
bromine solution by pressing upper end of
chromatostrip between stopper, and neck of the
flask in such a way that the lower end of the strip
hangs just above bromine solution. Development of
a violet spot at the application point within 5 min
for sample extract and standard ester gum,
confirmed the presence of ester gum. Orange and
lemon oils did not interfere. Sometimes, a blue spot
at Rj 0.4-0.5 may be observed due to triterpenic
acids, but it will ‘be different from the violet spot
at the application ﬁomt._ This method can detect
ester gum up to the minimum of 400 pg.
UV-spectrcd determination ofester gum : Residue

dissolved in 0.5 ml chloroform was 8uantitatively
applied on a chromatostrip, and developed as
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Fig. 1. Absorbance of ester gum solution

before. The chromatostrip at the base line was cut
into small bits, extracted thrice with 10 ml
chloroform, filtered, made up to 100 ml and
absorbance measured at 245 run. Using standard
calibration curve, the concentration of ester gum
in the solution and in turn, in the RTS beverage/
concentrate was calculated.

Detection of GMS in RTS beverages and
concentrates : RTS beverages (200 ml) or 10 g of
flavour concentrate, dissolved in 100 ml water, was
extracted thrice with 50 ml of chloroform and
methanol (2:1 v/v) mixture, using 500 ml separating
funnel. The aqueous layer was preserved for
detection of ﬁolysaccharlde gums, whereas
chloroform methanol extract was washed thrice
with 25 ml water and dried over anhydrous sodium
sulphate. The extract was filtered, and evaporated
to dryness for determining the melting point. In the

resence of GMS, the residue will melt at 63°C.
0 confirm, the residue was saponified and
unsaponifiable matter was removed us.m_?_ diethyl
ether. The aqueous soap layer was acidified with
aqueous hydrochloric acid (2:1 v/v), and fatty acids
were extracted thrice with 25 ml diethyl ether,
which was dried over anhydrous sodium sulphate
and evaporated. The fatty acid residue melted
between 68-70°C, thereby confirming the presence
of stearic acid and in turn, GMS. A Co-TLC (usin
petroleum ether and diethyl ether( 60:40 _v/vg
moving phase of GMS, and the residue obtained
a;teGrl\%tractlon had further confirmed the presence
0 .

Detection of polysaccharide gums in RTS

AN

Absorbance at 245 nm
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beverages and concentrates : The aqueous laK/?r’
which was preserved during the extraction of GMS,
was taken in a glass bowl and evaporated to
dryness. The residug obtained, thereafter, was
washed 15 times with 20 ml of 80% aqueous
alcohol to remove sugars. The whitish residue was
dissolved in 10 ml distilled water, treated with 1
ml concentrated hydrochloric acid, and left overnight.
The hydrolyzed solution was neutralized with 50%
aqueous sodium h%dromde in the presence of
phenolphthalein. This neutralized solution was
subjected for Fehling's test. Deposition of brick-red
coloured precipitate of cuprous oxide at the bottom
of the tube confirmed the presence of reducing
sugar and in turn, the presence of polysaccharide
gums.

The results on detection and determination of
ester gum, GMS and polysaccharide gums_ in RTS
beverages, and concentrates are shown in Table 1
All these samples were found to be devoid of BVO
and ester gum, but some of them showed the
presence of GMS, and poIJsaccharlde gums. Recovery
(95 to 96%) was achieved in case of admixture with
ester gum in orange and lemon flavoured RTS
beverages, following the presently developed
Brocedure. Calibration curve (Fig. 1) followed the

eer-Lambert's law (Denney and Sinclair 1991) up
to 60 ppm ester gum.

During screening programme of citrus flavour
based RTS beverages and concentrates, it was
found that most of the samples were Iackln? BVO
as well as ester gum. The absence of both the
unpermitted and permitted weighting a?ents
prompted to look for any other permitted emulsifier
or clouding agent being used. Hence, attempts have
been made to isolate these undeclared additives,
and identify them. It has resulted in the formulation
of methods for detection of glycerol monosterate
(GMS), and polysaccharide gums in RTS heverages
and concentrates. Use of polysaccharide gums in
beverages and other related food products have
been well documented (Branen et al. 9902. Glucose,
which is a part of the most of the water-soluble
polysaccharide gums, has been utilized as a

component to detect theé)resence of polysaccharide
gums (substitute for BVO) in RTS heverages. Table
1 shows that in all the RTS beverages and
concentrate samples, polysaccharide gum was
present and ester gum was absent, whereas GMS
was found to be present on(ljy in certain samples.
Whenever ester gum was added, it responded to
the test, and showed the recovery up to 95-96%,
by the presently developed method.

The methodology deveIoPed for detection of
ester gum depends upon Helphan Hick's reaction
FThorpe and Whiteley 1946), where abietic acid
orms a violet colour comﬁlex with phenol and
bromine. Abietic acid and their isomers contain a
conjug/ated double bond system, which is responsible
for UV absorption of ester gum at 245 nm. This
conjugated system reacts with phenol and bromine,
which are added at 1 and 4 position to yield
phenoxy-bromo-derivative of abietic acid, which is
violet in colour.

The authors thank Director, CFTRI for
encouragement and facilities.
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Effect of Different Concentrations of Sodium Chloride on
the Growth of Yersinia enterocolitica
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Studies on the effect of 0.5 to 10.5% sodium chloride on the growth of Yersinia enterocolitica on MacConkey

C

aﬁar at room temperature, revealed decrease in the viable cells with increase in sodium chloride concentration. Sodium
loride at 10.5% level was able to completely inhibit the growth of the organism at 23 days, Dafa indicate the potential

of 10.5% or higher concentration of sodium chloride, as ‘effective curing ‘agent for killing Yersinia enterocolitica in the

environment existing in Edo State, Nigeria.

Keywords : Yersinia enterocolitica. Sodium chloride, Curing agent, Killing effect.

Yersinia enterocolitica, a Gram-negative rod, is
an enteropathogen of the family Enterobacteriacea
(Agbonlahor et al. 1983). It is an established agent
of gastro enteritis (Aghonlahor et al. 1983; Bercovier
et al. 1980), and has also been incriminated in a
variety of human and animal infections, including
septicaemia, bacteraemia, mesenteric lymphadenitis,
terminal ileitis, and pseudoappendicitis (Agbonlahor
et al. 1983; Winbald 1973; Mayer and Greenstein
1976). 1ts role in cases of diarrhoea has received
adeciuate attention (Agbonlahor et al. 1983; Bercovier
et al. 1980; Greenwood and Hooper 1985; Anjorin
et al. 1979). The organism has also been isolated
the world over from health%/ humans and animals
Lambin et al. 1985; Igumbor 1991; Nwosuh and
desiyun 1987; Kwaga et al. 1984).

The eifect of salt on the growth of bacteria has
received extensive attention (Greenwood and Hooper
1985; Raccah and Henningson 1984). Staphylococcus
aureus, for example, has been reported to tolerate
high salt concentrations (Brackett 1986), while Y.
enterocolitica, on the other hand, has been shown
to be more sensitive to curing agents, than other
enteropathogens §Raccah and” Henningson 1984).
Sodium chloride (3%) has been reported to abrogate
the growth of Y. enterocolitica (Raccah and
Henningson 1984).

In spite of the established pathogenic role of
Y. enterocolitica in cases of;ersmlosw (Agbonlahor
et al. 1983; Winbald 1973), and the increasing
awareness among the population of Nigeria, negll%lble
efforts are put up to control the bacterium. In tact,
no report on the effect of salt on the growth of
Y. enteroolitica, in Nigerian environment is available.
The present communication represents the first
attempt to document sodium chloride, as a curing
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agent against Nigerian isolates of Y. enterocolitica.

Bacteria : Yersinia enterocolitica, serotype 0:3,
was isolated from domestic and wild animals. The
isolate was resuscitated, and purity test performed,
following standard microbiological procedures
(Agbonlahor et al. 1990).

Bacterial inoculation ; This was done as per the
scheme adopted earlier {Igumbor 1991). Bacterial
culture from the stock (1 ml) was inoculated into
geptone water (}%umbor 1991), and incubated at
7°C overnight. The culture grown in peptone water
(1 ml) was then used to inoculate 10 ml each of
the sodium chloride solutions of different
concentrations (0, 0.5, 0.6, 0.8, 1.0, 2.0, 5.0, 7.5
and 10.5%.). After incubation at room temperature
for 0,6 and 12 h and between 2 to 23 days, serial
ten-fold dilutions were done ranging from
103108, and 1 ml of the 10°3 dilution was plated
on to MacConkey agar plates. After incubation at
37°C for 24-48 h, the colony formmgz_ units (efu)
were counted. Also, 1 ml of the solution without
any dilution was plated out. Distilled water was
used as a positive control.

Results obtained revealed that the efu
decreased, as the concentration of sodium chloride
as well as the time of incubation increased (Table
1}. Growth was totally abrogated at 23 days in case
of 10.5% sodium chloride concentration, while
0.7x102 cfu/ml were present at 6h.

Salt has been used for controlling bacterial
growth (Raccah and Henningson 1984). The present
study revealed that the effect of salt on the growth
of Y. enterocolitica depended largely on the salt
concentration, and the period of incubation. This
finding is in agreement with an earlier report
(Raccah and Henningson 1984). It has been reported
that Y. enterocolitica did not survive in 3% sodium
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TABLE 1. EFFECT OF DIFFERENT CONCENTRATIONS OF SODIUM CHLORIDE ON THE GROWTH OF YERSINIA ENTEROCOUTICA.
Colony forming units, cfu/ml x102 at time

Sodium chloride

concentration, % 0 h 6 h 12 h
0 6.0 6.2 6.4
0.5 4.5 3.9 3.6
0.6 4.4 3.6 3.4
0.8 3.3 2.0 1.8
1.0 22 1.8 1.6
2.0 1.0 1.5 13
5.0 0.9 1.4 1.1
7.5 0.6 0.9 0.6
10.5 0.4 0.7 0.4

2 d 74 10 d 14 18 23
6.6 6.9 7.0 7.2 7.6 7.8
3.4 3.1 2.8 2.6 2.4 2.1
3.2 2.9 2.1 2.4 22 1.9
1.6 15 1.3 1.1 1.0 0.8
1.4 1.2 1.2 0.9 0.7 0.3
1.2 1.1 1.0 0.8 0.5 0.9
0.9 0.8 0.9 0.6 0.3 0.02
0.5 0.4 0.3 0.1 0.06 0

0.3 0.2 0.1 0.09 0.03 0

chloride solution (Raccah and Henningson 1984).
In contrast, a concentration of 10.5% was found
to totally inhibit the growth of the organism in the
present case. The bactericidal effect of sodium
chloride could be due to the different osmotic
pressures between the bacterium cells, and the salt
solution. Consequently, the bacterium loses water,
which eventually leads to ruFturlng of the plasma
membrane.This could be related to the different
geographical locations in which the studies were
carried out, as microorganisms have been reported
to Vallj with time and geographical locations (Eko
and Utsalo 1990).

Chareonpong and Chen (1980) also observed
that canned gizzards treated with 7.7, 15.3 and
23% sodium chloride, when stored for a week and
three months, did not show any microbial growth.
Salt is an effective curing agent in our environment.
It has been used to inhibit the growth of Y.
enterocolitica in meat, snail, fish and vegetable stew
{I umbor 1991; Igumbor and Owhe-Ureghe 1992).
thas also been used to prolong shelf life in poultry
(Chattel]ee et al. 1971), and also in fermented
product (Gan%opadhyay_ et al. 1971). Similarly, a
combination of lactic acid and sodium chloride was
found to have inhibitory effects on different species
of bacteria responsible for microbial spoilage  of
meat, and meat products as well as those causing
meat-horne infections and intoxications (Ziauddin
et al. 1993).

The use of sodium chloride at concentrations
equal to or greater than 105% s, therefore,
suggested for control of Y. enterocolitica in the
environment of Edo State of Nigeria.
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Composition and Functional Properties of Washed Ground

Buffalo Meat During Refrigerated

Storage
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Effects of washing ground buffalo meat with water and 2% ethylene diamine tetra acetic acid (EDTA) solution
(pH 4.5) on the composition, and functional properties during refnPerated storage were studied at intervals of 0,5,10,15

and 20 days. Washing of meat reduced the moisture content, tota | (tract .
(WEP) significantly (P<0.01), while crude protein contents and salt extractable proteins (SEP) were significantly hl?her
than control. During storage, the SEP content in all the meat samples increased significantly (P<0.01). Total

pigments, myoglobin and water extractable proteins
ipid

contents were not influenced by washing and stora%e. Water-washed meat recorded higher pH, followed by raw and

EDTA-washed meat pH did not change significantly

uring storage. EDTA-washed samples recorded significantly higher

emulsifying capacity, as compared to raw and water-washed samples.
Keywords : Washing, Buffalo meat, Extractable protein, Functional properties, Refrigerated storage.

Washing of meat with chilled water, usually
employed in case of whole fish and pork cuts, offers
certain technical advantages, such as improved
microbial quality, deflavouring, improved functional
proPertles, and removal of substances promoting
protein denaturation as well as lipid oxidation,
during storage at low temperature {Lee and Toledo
1970; Colmenero and Matamoros 1981). However,
the composition and functional properties of washed
ﬁork or buffalo meat during refrlglerated storage
ave not been reported. Similarly, little work has
been done on the effect of EDTA salt, in spite of
its antioxidant and antibacterial properties (lgene
et al. 1979). The microbial counts in EDTA-washed
samples were lower than those for raw and water-
washed meat samples (Kulkami et al. 1993). Hence,
the present study was undertaken to observe the
effect of water and EDTA washing treatment in
ground buffalo meat.

Four adult healthy entire male buffaloes iMurrah
type) of uniform conformation were slaughtered by
Halal method at the local slaughter house. Medial
round cut (Mukkadam, a common wholesale cut in
India) comprising semi-membranosus, semi-
tendinosus and gluteal muscles, was brou?ht to the
laboratory in chilled condition; trimmed off the fat,
facia and excess of connective tissue; and cut into
approximately 2.5 ¢cm cubes. These were minced
through 8 mm, followed by 4 mm plates. Minced
meat was divided into 3 groups, one served as
control, and the other two were subjected to
washing. For washing, minced meat samples were
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soaked separately in chilled distilled water or 2%
EDTA (disodium salt) solution (pH 4.5) in a ratio
of 1:2 (wlv) in sterilized stainless steel vessels with
frequent stirring for 10 min, The meat was squeezed
in a_ double-layered sterilized muslin cloth by
applying hand “pressure to the extent that no
continuous drip occurred from the meat. In all, two
washm%s were given to each group of meat samples.
About 100 g samples were packed separately in 150
gauge polyethylene bags, and stored In a refrigerator
at 4+1°C for 20 days. Samples were drawn at 5
day intervals upto 20 days of storage for analysis.

Moisture, pH and total proteins were estimated
by the method of AOAC (1980). Water-extractable
proteins (WEP), and salt-extractable proteins (SEP)
were recovered by the method of Kang and Rice
(1970), and was determined according to Lowiy et
al (1951). Total pigments and myoglobin were
determined by the procedure of Araganosa and
Henrickson (1969). Iron content was estimated bK
the method of Ponder }1942). The method of Folc
et al (1957) was used for extracting total lipids for

ravimetric determination. Water holding capacity

HC) was determined by the procedure of Whiting
and Jenkins (1981) with slight modifications. The
meat flake was weighed |mmeq||ate(liy after pressing,
and the filter papers were welghe after drying at
room temperature. The weight due to meat proteins
was added to the weight of meat flake, and WHC
was expressed as % welght loss.  Emulsifying
capacity (EC) was estimated by the procedure of
Pearce and Kinsella (1978), and expressed as ml
of oil emulsified/mg protein. Statistical analysis of
the data was done by three way analysis of variance



@anova) technique (Snedecor and Cochran 1967).

Analysis of variance revealed insignificant effect
of treatment on total lipids, iron and storage period
on moisture, total proteins, total lipids, pigments
and pH.

Moisture content was significantly (P<0.05)
reduced durlnP washing. Similar results were
obtained by Holmquist et al (1984) in water-washed
fish flesh, though Colmenero and Matamoros (19813
observed higher moisture content in water-washe
mechanically deboned pork. This could be due to
squeezing adopted in the present study, as ag_amst
centrifugation adopted by them. Insignificant
changes in moisture contents during refrigerated
storage were in accordance with the reports of
Agnihotri (1988), and Kesava Rao (1988) in raw
buffalo meat (Table 1).

Crude protein contents were significantly
affected by treatments, and were lower in raw
samples. Lower moisture content (higher dry matter)
in the washed meat samples exhibited higher total
protein contents in these samples, although
significant amounts of WEP were removed during
washing. SEP contents of the water-washed samples
were mgmﬂcanth. higher as compared to other
samples due to higher pH. Lower extractability of
SEP in EDTA-washed meat may be due to
comparatively low pH, nearing the isoelectric pH

241

(Table 1). Similar observations were reported by
Hamm (19603 in beef. WEP content increased
significantly during storage. A significant (P<0.05)
increase in SEP content of all” samples durmg
storage was in general agreement with the increase

extractability of myofibrillar i)rotelns, as observed
by Anjaneyulu (1988) in buffalo meat. This increase
was attributed to the activity of natural enzymes
or microbial growth, causing release of myofibrillar
proteins (Chen et al. 1981). In support of this, a
significant correlation was observed between SEP
content and length of storage period in raw
(r=0.46), and water-washed (r= .583 samples.
However, insignificant correlation in EDTA-washed
samples suggested the possibility of different
microflora, low pH and/or unknown effect of EDTA
salt itself on meat proteins.

Washing of meat significantly increased pH in
water-washed samples, ‘as compared to raw and
EDTA-washed meat samples. Similar rise in 8H was
observed by Colmenero and Matamoros (1981) in
water-washed pork, which was attributed to the
loss of soluble acid substance during washing. The
lowest pH in EDTA-washed samples might be due
to low pH of EDTA solution.

~ Water holding capacity SWHC), expressed as %
weight loss of loose water from the meat tissue,
was reduced due to washing of meat. Colmenero

TABLE 1. TREATMENT AND STORAGE EFFECT ON BUFFALO MEAT

Treatment effect

Raw W ater EDTA Critical
difference
(p<0.05)
Moisture, % 77.82h 75.18* 74.82* 0.49
Total proteins, % 20.15* 22.24» 21.73» 0.68
WEP, % 3.02' 1.65» 1.23* 0.39
SEP, % 4.22» 7.29° 3.07" 0.85
TP, mglg 4.49» 1.06% 0.81" 0.50
MB, mglg 1.94» 0.42% 0.27¢ 0.18
pH 5.37» 5.77» 5.17% 0.15
WHC, % wt loss 58.48* 63.61» 62.04» 2.65
EC, ml/mg protein 0.52» 0.44* 0.70¢ 0.07
Storage effect, days
0 10 15 20 Critical
difference
WEP, % 1.38* 1.82% 1.73* 2.2b= 2.65»" 0.50
SEP, % 3.06% 4.86» 6.21' 5.94' 1.01
Iron, mglg 0.22% 0.23%» 0.24» 0.24» 0.04
WHC, % wt loss 64.54* 61.77%» 60.25%» 59.92* 60.41%» 3.42
EC, ml/mg protein 0.65» 0.52* 0.52* 0.56* 0.08

Means with same superscript in rows do not differ significantly (p<0.05).
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and Matamoros (1981) also observed similar decrease
in WHC of water-washed pork. This could be due
to loss of water-soluble substances, mainly WEP
and protein insolubilization. Changes in the moisture
content ohserved in the present study as well as
in the flndln%s of Colmenero and Matamoros (1981)
showed a little effect on WHC of washed meat
samples. Increase in WHC during refrigerated
storage in all the samples was in %ene_ral agreement
with the report of Anjaneyulu (1988) in raw buffalo
meat.

Emulsifying ca%acity (EC) of the raw buffalo
meat was comparable to the values reported by
Swift et al (1961). EDTA-washed samples recorded
significantly higher EC than raw and water-washed
ones. This might be due to lower protein
concentrations in the extracts of these_samgle.s,
because of lower extractability of proteins (Swift
1965). The efficiency of salt soluble proteins tended
to vaiy inversely with respect to both the amount
of proteins removed from the solution, and the
original protein content (Swift et al. 1961?]._ During
storage, the EC decreased significantly. This might
be correlated to higher SEP, as reported by Swift
l9965). A significant (P<0.05) correlation between
C and pH of raw (r=0.34)/water-washed samples
(r=0.47) was observed.

Effect of washing on compositional and
functional properties was more pronounced in
EDTA-washed, as compared to water-washed
samples. Reduced moisture and pigment content
can offer certain advantages by decreasing water
activity and rate of oxidative changes, which may
off-set’ the observed losses.

The authors thank Dr. Kamlesh Singh and Mr.
Bhargava for help in statistical analysis of the data.
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Gamma radiation treatment to eggs and larvae of Lasioderma serricorne and Stegobium paniceum showed an age
and stage dependent response. A dose of 25 Gy prevented eg?s from developing to adult staFe. A dose of 50 Gy

was required to prevent older larvae from developing. Larvae o

S. paniceum were comparatively more sensitive than

those of L Serricorne. In case of adults, doses above 30 Gy appear to produce a sterilizing effect in hoth the species.
Keywords : Disinfestation of spice and spice products, Radiation sensitivity, Developmental stages, Lasioderma serricorne,

Stegobium' paniceum.

Among the insect pests, which infest spice
commodities, L. serricorne (the cigarette beetle), S.
paniceum (the drug store beetle%, and Tribolium
castaneum are of major importance %Padwa!-Desal
et al. 1987). Considerable work has been directed
towards determination of effects of gamma radiation
on various stored product insects (Golumbic and
Davis 1966;Tilton and Brower 19731(, particularly
Tribolium (Benham 1962). Earlier work on exposure
of whole and ground spices in packaged conditions
to 8amma radiation doses ran?l_ng between 7.5 and
100 kGy doses indicated -efficacy for microbial
decontamination (Sharma et al. 1984; Munasiri et
al. 1987; Padwal-Desai et al. 1987) However,
comparatively little information is available on the
stage/age dependent sensﬁ_mtr of S. paniceum,
though some data are available in respect of L
serricorne (Tilton et al. 1966). Moreover, it is
difficult to make full use of available data reported
by other workers, because of variations in
techniques, local conditions, methods of assessing
sensﬂm_tr and other factors (Golumbic and Davis
1966; Tilton et al. 1966; Tilton and Brower 1973).
Hence, it is necessary to work out optimum
radiation dose for commercial application. As a first
step towards optimization of radiation dose, studies
were undertaken to determine radiation sensitivity
of different metamorPhlc stages of L. serricorne and
S. paniceum. Present communication describes the
results of these investigations.

Insects for experiments were drawn from
cultures of L. serricorne and S. paniceum maintained
at 28t1°C on wheat flour + yeast diet (Tilton et
al. 1966). For obtalnm% eggs, large number of
adults were released on flour, which was obtained
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after passing through 80 mesh sieve. Eg?s were
collected after 24h, b{ passmg the flour through
a 60 mesh sieve (Fletcher and Long 1971). nggs
were counted in groups of 25, and incubated for
vaiying periods. Normally, the eggs of L. serricorne
hatch on fifth day at” 28+1°C. Therefore, eggs
incubated for 12,3 and 4 days were evaluated for
radiation sensitivity, by irradiating at appropriate
time with gamma radiation doses between 5 and
30 Gy. These were then placed on wheat flour diet
(Tilton et al. 1966), (25 %), and left undisturbed
till adult emergence. Number of adults emerged at
each dose treatment was recorded.

For determining radiation sensitivity of larval
stages, freshly eclosed larvae of L. serricorne and
S. paniceum were placed in 25 g food medium
(Tilton et al. 1966), and allowed to develop. Larvae
were exposed to radiation doses ranging from 10
to 75 Gy after 1,5,10,15,20 and 25 days aging.
Adult emergence was scored.

In order to determine the sterilizing dose for
adults, freshly emerged adults of L. serricorne and
S. paniceum were irradiated with doses ran_gmg
between 10 and 80 Gy. Ten pairs of irradiate
adults were released on appropriate quantity of food
medium. These adults were removed from the
medium, when dead, without disturbing the medium.
Number of adults of F, progeny was recorded in
all the dose treatments to assess reproductive
performance of irradiated adults.

All irradiations were carried out in Gamma-
Cell 220 (Atomic Energy of Canada Ltd, Ottawa,
Canada) with dose rate of 30 Gy/min under
ambient conditions (28£1°C, 60-70% RH). After
irradiation, the medium was left undisturbed.
Ability of the irradiated immature stages to reach
adult stage, and capacity of irradiated adults to
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TABLE 1. EFFECT OF GAMMA RADIATION ON POST-
EMBRYONIC DEVELOPMENT OF EGGS OF
LASIODERMA SERRICORNE

Radiation Eggs (%) developing to adult stage, when

dose 5 irr(a(}iated aP ingdicated age, gays*

(Gy) 1 2 3 4

0 (control) 84 87 76 76
5 25 68 81 84

10 0 29 72 74

15 0 0 54 68

20 0 0 33 20

The values were zero on all days in case of 25 and 30 Gy doses.
* 25 eggsireplicate, 4 Replicates/treatment (dose)

produce  progeny, were considered as the main
criteria for radiation sensitivity.

When eggs of L. serricome of different ages
were exposed to gamma radiation, the response was
both age and stage dependent. For example, 1 day
old eggs were sensitive even to a dose of 5Gy, and
none of the eggs could develop after gamma
irradiation with 10 Gy dose (Table 1). As the age
of the eggs advanced, tolerance to radiation treatment
increased. The 3 and 4 days old eggs could
withstand 15 Gy dose and develop to a considerable
extent, but 1 and 2 day old eggs could not develo(g.
The older eggs (3 or 4 da ? required about 25
for complete inhibition of development, whereas
days ola eggs required 15 Gy dose for similar effect.
Inthe case of unirradiated control groups, % eggs
s?%cctessgglly completing development ranged from

0 87.

Response of aging larvae to gamma radiation
doses showed a similar gattern, 1.e., age and dose
related response. At 10 Gy dose, 5 days old larvae
were most sensitive, while 25 days old larvae were
the least sensitive iTabIe 2). Similarly, none of the
5 or 10 days old larvae could reach adult stage
at 25 Gy. Percentage of larvae reaching adult stage
increased with advancing age of larvae in case of
irradiated samples. But, it never reached the level
of unirradiated controls. The larvae reachln% adult
stage in control groups ranged between 81-99%.
The dose of 50 Gy and above completely inhibited
the development of irradiated larvae (data not
given). These dose levels were higher than those
required for preventing eggs from developing to
adult stage.

In case of larvae of S. paniceum, sensitivity
appeared to be more pronounced than that of L.
serricome larvae. None of the larvae, irrespective
of the ages tested, could reach adult stage at 25
Gy dose (Table 2). Sudha Rao et al (1984) have

TABLE 2. RADJATION SENSITIVITY OF LARVAL STAGES OF
LASIODERMA  SERRICORNE AND  STEGOBIUM
PANICEUM

Radiation Larvae % reachi,ng,adult stage, when

dGose, irradiated at indicated age, days*

’ 5 .10 15, 20 25
Lasioderma serricome

0 - 92 90 81 99 99

10 : 28 54 - 92 87

25 - 0 0 15, 32 36
Stegoblum paniceum

0 91 91 90 97 97 -

10 48 66 76 58 44 -

The values were zero on all the days tested in case of L.serricome
with the use of 50 and 75 Gy and at 25,50 and 75 Gy doses
in case of S.paniceum

* 4 Replicates/dose, 25 Larvae/replicate,  Not done

shown the same effect on rawa, where the
predominant infesting species was Tribolium
castaneum. The response at 10 Gy dose was much
varied. However, the larvae successfuIIK completing
development at this dose was much lower, as
compared to control larvae.

Reproductive performance of the adults, when
exposed to varying doses of radiation soon after
emergence, was severelg affected even at doses of
30 Gy, and above for both the species tested. In
case of L serricome, the average number of F,
progeny produced/female in control was 20. But,
It was only one fourth of the control at 10 Gy dose
treatment. In case of S. paniceum, the Ftprogeny
groductlon in control was at a low level of only
[female. At 10 Gy dose, the number of F, proPeny
adults produced/female was only one tenth of the
control. Gamma radiation doses of 30 Gy and above
(data not given) induced sterility in the irradiated
adults, since no Ftprogeny is produced.

AIthough L. serricome is one of the test insects
employed during the earlier period for radiation
effects (Runner 1916), comparatively scanty
information is available on this species. Same is
the case with respect to stage dependent radiation
sensitivity of S. paniceum. Tilton et al (1966) studied
radiation sensitivity of L serricome along with three
other stored grain pests. However, the dose employed
b% these workers ranged between 13.2 and 100 Kr.
They observed the hatching of some of the irradiated
cigarette beetle eggs, but none of eclosed larvae
transformed into pupae. These workers had not
specified the age of eggs at irradiation. From
response pattern, advanced eggs appear to be the
stage tested. Similarly, the insects irradiated as
Iarvag tlrtansformed into pupae, but could not eclose
as adults.



Ruangpos (1966) studied radiosensitivity of
e?gs of L. serricome, and reported that the doges
of 8 and 40 Gy caused 14% and 100% mortality,
respectlvelr, when irradiation treatment was given
to 1 day old eggs. Such observations were reported
for the disinfestation of wheat at 0.3 to 0.5 kGy
(Bongirwar et al. 1981). These observations are
somewhat similar to those observed in the present
studies. On the other hand. Lapis et al (1977)
reported the killing effect on 1 day old e_g%s by
doses ranging between 0.1 and 1 kGy, which are
considerably “higher than those studied earlier.
Further, these workers observed that the doses
uloto 0.4 kGr did not prevent hatch_lng of 4 days
old eggs, but the ensuing larvae failed to pupate
in Si)l'[e of the survival. Lethal doses for pupae and
adults were in the range of 0.4 to 1 kGy. Ravetti
61973) observed that doses ranging between 0.1 and

5 kGy killed all stages of L. serricome. Els et al
(1978) reported that the doses of 0.75 and 2.5 kG
caused 100% mortality in immature stages an
adults, respectively. It is thus evident that all these
workers have used comparatively higher doses for
studying radlosen5|t|V|tY_ of L. serricome. Moreover,
they have used mortality as one of the criteria.
However, the present studies involved the
assessment of the ability of irradiated stages to
develop into adult in case of egg as well as larval
stages, and reproductive capacity in case of adults.

Authors are thankful to Dr. K. Raghu, Head,
Nuclear Agricultural Division, and Dr. P.M. Nair,
Ex-Head, Food Technology and Enzyme Engineering
Division, for guidance and encouragement.
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Among several organic and Inorganic nitrogen sources tried, urea (0.5 g/1) was found to be better especially
than_ammonium sulphate, which is generally used in defined medium for ethanol production by Zymomonas mobilis.
Calcium pantothenate has been found to be an essential vitamin for ethanol production. Addition of yeast extract
eﬁtone, was effective for obtaining enhanced yield of ethanol,

final pH of 4.1 to 4.4 in case of urea, as compared to

as a source of both nitrogen and vitamins, rather than p
Partlcularlg in hlgh glucose (200-300 g/1) fermentation.
hat of 3.3 to 3.9

the bacterium is intolerant to lower pH.

with the use of ammonium sulphate, appears to contribute to enhanced ethanol production, as

Keywords : Zymomonas mobilis, Ethanol, Nitrogen sources, Glucose, Vitamins, Medium pH.

In all the earlier studies with Z. mobilis, many
workers (Baratti et al. 1986, Swings and De Ley
1977; Rogers et al. 1982) have used ammonium
sulphate as the supplementary source of nitrogen
to yeast extract. To enhance the ethanol production,
different levels of the nutrients (Rogers et al. 1982)
were studied, and Nath (1987) used Zymomonas
mobilis for ethanol production, and studied the
effect of high substrate concentration on the kinetic
parameters. The information available on exploring
the potential of other nitrogen sources is meagre
for this orFanlsm (Rogers et al. 1982; Baratti et
al. 1986). In the present study, both organic and
inorganic nitrogen sources were evaluated in a
defined medium for ethanol production along with
efflcacg of urea in replacing generally used
(NHH2S504 in presence of yeast extract or peptone,
In both defined and fermentation media.

Zymomonas mobilis ZM4, obtained from
laboratorie de Chimie Bacterienne, Centre National
de la Recherche Scientifigue (CNRS), Marseille,
France, and its thermotolerant mutant (ZMI2)
(Sreekumar and Basappa 1991) were used. These
cultures were maintained on glucose 52%2; yeast
extract (1.0%), agar (2%) medium, at 4°C by sub-
culturing every two weeks.

All chemicals used were of analytical grade.
The protein isolates (95% pure) of oilseeds were
obtained from Protein Technology Department of
this Institute. Yeast extract and casein hydrolysate
were from Difco, USA. Defined medium {Barattl et
al. 19867) used included Sg/lg glucose 100 to 300,
MgS04 7THzO 0.5, KH2P042.0, and (NH4)2S04 1.0,
in addition to calcium pantothenate at 5 mg/1 level.
Ammonium sulphate was replaced in the medium
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just before inoculation. All t

by other nitrogen sources on eq6uimolar nitrogen
basis. A nitrogen percent of 15-16 was considered
in undefined nitrogen sources based on purity. In
fermentation medium, calcium pantothenate was
replaced by yeast extract or peptone (5 g/1). The
media were sterilized at 121°C for 15 min. Calcium
gantot.henate and urea solutions were filter-sterilized
y using membrane filters (Type HV, Pore size
0.45p; Millipore, Bedford, USAL, and added to media
_inocul e experiments were
performed in triplicate, and the average values are
reported. The experiments were repeated at least
once to confirm the results in some cases.

Whole of the growth from two-days old slant
culture was inoculated into 100 ml sterile glucose
(2.0%), yeast extract (1.0%), broth (pH 5.5) in 250
ml conical flask, and incubated at 30°C under
stationary conditions for 24h for inoculum
preparation. Ten m| of this inoculum was transferred
Into 100 ml of sterile fermentation medium (pH 5.5)
in 250 ml conical flask, and fermented at 30°C under
stationary conditions for 72 h. The inoculum for
the defined medium was prepared by centrifuging
the above inoculum at 10,000 ¢ for 10 min, washing
the cells with sterile distilled water, suspending in
sterile defined medium and used as inoculum. The
fermentation was carried out as above.

Biomass was_estimated by measuring the
optical density (OD) of known volume of culture
broth at 600 nm in Spectronic 21 (Bausch and
Lomb, New York, USA), and comparln? with standard
curve, drawn for known volumes of culture broth
against their diy weights. The latter was determined
R/Y’ filtering the medium through pre-weighed

illipore membrane gxpe HV, Pore size 0.45]i;
Millipore, Bedford, USA) filters and drying the
biomass at 105°C for 6h. Glucose was estimated



by the dinitrosalicylic acid method (Miller 1959).
Ethanol was assayed by gas chromatographic FFI :
16 A, Shimadzu, Kyoto, Japan) method (Antho
1984), which was simpler, more rapid, more sensitive
and less expensive than the other methods
(Sreekumar et al. 1990). Ethanol yield (Yp/s, g/
0) was calculated as the ratio between g ethanol
Eroduced and g sugar consumed. (Sreekumar and
asappa 1991). The % theoretical ethanol yield was
calculated by the formula: Ethanol yield/0.511 x
100 (Sreekumar and Basappa 1991{

‘Both the strains utilized sodium nitrate and
sodium nitrite very poorly, whereas the use of urea
as the sole nitrogen source gave better ethanol
production, when compared to ammonium sulphate
In the defined medium, containing 100 g glucose/1.
Ethanol production in media containing tiyptone or
protein isolates was equal to that in urea containing
medium. This suggests the production of proteinase
and urease by cultures. The occurrence of these
enzymesin Z mobilishasbeen reported by Swingsand
De Ley (1977), and Baratti and Bu'lock (1986?

Since, urea was found to be the best and
cheapest nitrogen source in the defined medium,
different levels of urea were tested in the presence
and absence of calcium pantothenate, an essential
vitamin (Baratti et al. 1986;Swings and Deleg 1977,
Rogers et al. 1982; Toran-Diaz et al. 1983). The
increase in concentration of urea upto 1.0 g/l
though improved the sugar utilization and pH
maintenance, it did not enhance ethanol production

TABLE 1. EFFECT OF DIFFERENT NITROGEN SOURCES (ON
EQUIMOLAR NITROGEN BASIS) ON ETHANOL
PRODUCTION BY Z MOQIUS ZM4 AND ZMI2 IN
DEFINED MEDIUM (GLUCOSE 100 g/t WITHOUT
NITROGEN SOURCE) AT 30°C.

Nitrogen Sugar utilised, Biomass, g/l  Ethanol, g/l
source g/l
. IM4 M2 ZIM4 ZMI2 ZM4 ZMI2
Sodium
nitrate 1.0 20 001 001 0.0 00
Sodium
nitrite 2.0 8.0 001 0.04 0.0 00
Ammonium
sulphate 78.0 740 178 140 335 30.0
Urea 0.5¢/I 96.0 95.0 150 170  39.2 40.0
Urea 0.5 g/1* 60.0 66.0 120 120 250 30.0
Urea 1.0 g/l  94.0 95.0 140 140 33.0 35.0
Urea 1.0 g/1* 94.0 93.0 140 120 312 320
Eryptone 96.0 97.0 140 150 39.0 40.1
asein
Wdrolysate 22.0 220 050 0.60 7.9 87
ustard
grotem . 98.0 98.0 180 150 384 368
oya protein~ 98.0 98.0 170 160 408 3838
Groundnut 97.0 98.0 180 140 40.0 368
protein

* Without calcium pantothenate. Initial inoculum: 0.01¢g/I

ony
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(Table 1). However, the production of ethanol was
always better in the presence of calcium
pantothenate than in its absence.

The level of calcium pantothenate in yeast
extract is about 20-100 pg/g (Bridson and Brecker
1970) and it supplies about 0.5 mg/l of calcium
Pantothenate in the medium at 5 g/1 level. Though
he effect of calcium pantothenate is pronounced
on ethanol production in media containing lower
concentrations of glucose (100 g/1) and urea (0.5
1), its effect is not so discernible at higher glucose
?200 g/1) and urea (1.0 g/1) concentrations (Data
not presentedl).. Hence, yeast extract, which supplies
not only calcium pantothenate, but also other
vitamins, was used in place of pure calcium
pantothenate for fermenting higher sugar
concentrations in order to obtain higher yields of
ethanol. The experiment with yeast extract (Table
2) indicates that vitamin (s) other than calcium
pantothenate is/are also required for hetter %rowth,
and higher ethanol production by Z mobilis.

Table 2 also shows a comparison of the effect
of equimolar nitrogen of (NH4)2504 (1.1 g/1) and
urea (0.5 g/1) in a fermentation medium (with yeast
extract), containing varying concentrations of glucose
ranging from 100-300 g/1. In high glucose
concentration medium, urea served as a better
nitrogen source. Biomass, ethanol and sugar
utilization were more in urea containing medium,
and pH was maintained around 4.1 to 4.4 as
compared to 3.3-3.9 in (NH4)204 con_tamm_g
medium, Formation of a strong |nor%an|c acl
§H2804) in (NH4)2504medium is perhaps the reason
or more acidic pH condition than that in urea
medium. It is known that Z mobilis is low pH
intolerant (Rogers et al. 1982). Experiment with pH
stat at 5.0 to 5.5 yielded maximum concentration
of ethanol (Sreekumar and Basappa 1992).

When peptone (5 /l} was used in defined
medium %glucose 200 /1? along with urea, ityielded
h|(11her ethanol level (76 g/1) than when ammonium
sulphate was used (71 g/1). Twice the concentration
of urea (1 g/1) alone, though equated the nitrogen
level to the above media, yielded only 42
g/1 ethanol (data not presented). This indicates that
complex organic nitrogen is better than inorganic
nitrogen for ethanol production.

It may be concluded that urea 50.5 g/1) could
be used successfully to replace (NH4)2504 in both
defined and fermentation media. Its role in
maintaining a suitable pH is a significant feature,
especially 'in high sugar fermentation. Though
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TABLE 2. EFFECT OF EQUIMOLAR NITROGEN OF AMMONIUM SULPHATE AND UREA ON ETHANOL PRODUCTION BY Z. MOBIliS

ZM4 AND ZM12 IN A FERMENTATION MEDIUM®

WITH DIFFERENT CONCENTRATIONS OF GLUCOSE.

Glucose, Final PH Sugar utilised, Biomass, g/l Ethanol, g/l Ethanol yield, Theoretical
g/l g/l q/g Ilem, %
IM4  ZMI2 IM4 7 ZMI2 IM4  ZMI2 ZM4 IMI2 ZM4 ZM12 ZM ZMI12
100# 3.6 3.7 97.5  98.0 19 2.0 43.0 44.0 0.44 0.45 86.5 88.0
100* 4.3 4.4 97.0 975 17 2.0 42.5 43.1 0.44 0.44 85.9 86.7
2004 3.6 3.8 180.0  166.0 2.2 1.6 76.0 75.0 0.42 0.45 82.8 88.6
200% 4.4 4.1 194.0  186.0 24 2.1 87.0 82.0 0.45 0.44 87.9 86.4
2504 3.8 3.9 150.0  155.0 2.5 2.0 66.0 68.0 0.44 0.44 86.3 86.0
250* 4.3 4.2 2175 2250 2.6 2.2 80.4 82.0 0.37 0.36 12.5 715
3004 35 3.7 150.0  155.0 15 1.6 62.0 66.0 0.41 0.42 81.0 83.5
300* 4.4 4.1 189.0  186.0 2.2 18 79.0 82.0 0.42 0.44 82.0 86.4

# With ammonium sulphate 1.1 ¢/1. * With urea 0.5 g/l, * With yeast extract 5.0 g/l

calcium pantothenate is an essential vitamin for
growth and ethanol production, addition of extra
vitamin (s), and organic nitrogen through yeast
extract is required in order to obtain better yields
of ethanol, especially at higher glucose
concentrations.
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Studies on seParation of infested grains from a bulk of wheat showed unsuitability of a commaon vibratory type

air screen cleaner a \
developed to break the comparatively weaker infested

6.8 m/s air velocity and poor performance ofspecificgravity separator. An entoleter was, therefore,
grains. At 1470-1

80 rpm, if the infestation level in wheat is

limited to 20%, the entoleter separated 95% of the infested grains.

Keywords : Infes
efficiency, Entoleter.

~The annual production of foodgrains in India
is around 180 million tonnes (Anon 1994). Food
grains are stored at farmer's level for their own use
and by Government agencies, traders and millers.
A loss of 10% of foodgrains during post production
phase has been reported (Sawant 1985), and a
major portion of this loss occurs during storage
(Pandya et al. 1980) due to physico-chemical
changes (Leelavathy et al. 1984), leading to reduction
in the nutritive value and functional loroperty
{Emefu et al. 1992; Indudhara Swamy et al. 1993).
It was reported that common man could detect
infestation in wheat at 6% level (Dakshinamurthy
1990). Datta and Nagarkar (1977? have reported a
centrifugal device for separation of lighter materials,
like chaff and straw from the grains. Bilanski et
al (1962) have investigated the aerodynamic
properties of grains. Clarke (1985) studied the
separation of round and healthy %r.ams/se_eds by
fluidization. However, separation of insect-infested
grains from uninfested grains has not been
attempted so far. Data on investigations on different
methods for separating infested grains are reported
in the present communication.

For this stud%, wheat was stored in gunny
bags for 4-5 months in hot and humid conditions
(2510 35°C., RH. between 50 and 90%%. It resulted
in 40% infestation and 20-30% weight loss. The
samples were prepared by mixing 50% by we|8ht
of infested grains (with visible damagez with 50%
uninfested grains stored 5|m|IarI¥, but in insect-
proof containers. Other ratios of uninfested and
Infested wheat at 60:40, 70:30, 80:20 and 90:10
were also tried.

~ The physical properties (Mohesenin 1970), viz,,
dimensions, equivalent diam, specific gravity and
hardness of infested and unifested wheat were

* Corresponding Author

Infested wheat, Separation technology, Air screen grain cleaner, Specific gravity separator, Separation

measured. The equivalent diam of wheat was
4.2 mm. The specific gravities of uninfested and
infested wheat were 141 and 1.31, respectively,
whereas the hardness values of uninfested and
infested wheat were 9.0 kg_and 2.7 kg, respectively.
Based on the equivalent diam, the screen sizes for
cleaning were identified. Tests were conducted on
éhe separation of infested wheat using three different
evices.

Power operated vibratory air screen grain cleaner:
The unit developed in the Institute ?Kachru and
Sahay 19903, was used. The wheat from hopper
was dropped to top scalping sieve by gravity, and
controlled by a feeding mechanism (Fig. 1). With
the help of a blower, air was blown across the
falling wheat, whereby lighter materials are blown
away. Separation with two sieves was achieved by
difference in size. Larger impurities were retained
over the top screen, and the under size was
separated by the bottom grading sieve. The cleaned

0 i

7 |

: 3 )
: 0,
~Qdg g
O

Fig. 1 Pedal-cum-power operated air screen grain cleaner
1 Main frame 2. Hopper 3. Feeding mechanism
4. Sieve box 5. Scalping and gradln% sieves 6. Shoes
7. Electric motor 8. Blower 9. Standard bicycle parts
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and sound wheat was retained over the hottom
sieve, and delivered through a spout. Bulk of wheat
with 50% infested grains were run thrice to
sepaéate the infested grains, and observations were
noted.

Laboratory model specific gravity separator : A
commercial unit (Westrup, Denmark), which can
seParate grains from other impurities _using the
difference in specific gravity was used (Fig. 2). The
wheat from hopper was dropped to the vibrating
deck. The feeding was controlled by a magnetic
vibrator. Air was blown across the deck from
beneath. The end and side sIoEes of the gravity
tahles were adjustable. Wheat, when dropped to the
deck, was stratified by blowmg air. At gentle side
slopes, the grains were collected in all the 4 spouts,
along the triangular deck. At increased side slopes,
the grains were collected in first two spouts. The

o

.

Fig. 2. Specific Gravity Separator

specific gravity separator was run twice to observe
its utility towards removal of infested grains.
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Fig. 3. Entoleter
2. Feeding gate 3. Motor

1. Hopper 6 )
5. Pinned rotor 6. Metal liner

4. Maimn frame

Random samﬁles of different weights from the
spouts and the uninfested, infested wheat, and
debris were separated by hand picking. The
percentages of infested, uninfested wheat, and
debris collected in each spout were determined.

Entoleter : The unit developed to break the
weaker infested grains is shown in Fig. 3. The
entoleter has a pinned rotor rotating inside a metal
casing. Wheat fed in at top of the mill, on reaching
the rotating pined rotor is struck by the row of
12 mm pins, and thrown against the metal casing
or liner. The weaker grains are broken by these
impacts.

To test the entoleter, wheat with various
Prop_ortlons of uninfested and infested grains was
ed into the machine. The entoleter was run at
different speeds (rpm). Three replications of
observations of grain breakage for various infestation
levels, and at different speeds were recorded by
taking samples of 100 g and counting the infested
and uninfested grains %by number and on weight
basis). The entoleted wheat was first separated



TABLE 1. TEST RESULTS OF THE SPECIFIC GRAVITY
SEPARATOR FOR SEPARATION OF 50% INFESTED

WHEAT
End Side Constituents Amounts received at
slope,  slope, different spouts, %
degree degree 1 2 3 4
35 15 Uninfested wheat 105 46.7 715 87.0
Infested wheat 771 516 26.0 11.6
Debris 122 15 25 13
35 29 Uninfested wheat 46.8 59.7 729 82.7
Infested wheat 50.9 38.6 263 172
Debris 2.16 16 07 0.0
35 36 Uninfested wheat 58.2 651 73.3 86.3
Infested wheat 40.0 340 26.2 13.0
Debris 16 08 03 0.6
35 44 Uninfested wheat 655 76.4 452 9.8
Infested wheat 333 227 173 114
Debris 24 0.7 374 787
35 51 Uninfested wheat 70.7 86.9 - -
Infested wheat 28.7 122 - -
Debris 05 0.7 100 100
4.3 1.5 Uninfested wheat 45 490 752 888
Infested wheat 90.9 502 245 10.6
Debris 45 07 02 05
52 15 Uninfested wheat - 0.6 297 272
Infested wheat 86.9 96.2 69.0 72.0
Debris 130 3.1 12 07

Details of spout No. 1,2,3,4 are indicated in Fig. 2.

using air screen grain cleaner with a top sieve of
5 mm round holes and a bottom sieve of 2x20 mm,
rectangular holes. Further separation was necessary,
and an indented cylinder separator with a rotating
drum dent size of 5.2 mm was used to separate
broken grains.

Screen grain cleaner : It was observed that the
6.8 m/s winnowing air velocity did not separate
the lighter infested wheat completely. Also being
equal In size, the infested wheat was retained over
the bottom grading sieve, and came out along with
the clean grains. When wheat containing 50%
infested grains was fed into the device, the cleaned
wheat contained 30% infested grains. In contrast,
the efficiency ggram purity) of the cleaner for freshly
harvested, and threshed wheat was reported to be
99.8% (Kachru and Sahay 1990).

Specific gravity separator : When wheat
occupied the entire deck surface for 3.5-4.3 and
1.5 degree end and side slopes, respectively, the
machine was able to separate 87-89% of the
uninfested wheat in the spout number 4. However,
in the spout number 3, 71-75% of the uninfested
wheat was separated out. On the other hand, the
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TABLE 2. TEST RESULTS FOR THE ENTOLETER AT 1470 TO

1780 RPM
Uninfested : Infested Unbroken
grain ratio infested grains, %
50 50 16
60 40 13
70 30 9
80 20 5
90 10 2

above deck angles could efficiently eliminate the
infested wheat to the extent of 77-91% in the spout
number 1 which is_normally the inferior quality
grains and debris (Table 1)

Entoleter : At entoleter speeds in the range
1470-1780 rpm, the infested grains left unbroken
was maximum, when the ratio of uninfested and
infested grains was 50:50 (Table 2). However, when
this proportion was 80:20 and 90:10, thedpercentage
of unbroken infested grains was reduced to 5 and
2%, respectively. At higher speeds, even the healthy
grains were broken. Thus, the performance of the
entoleter was best for wheat of less than 20%
infestation.

~ Due to the similar size and small difference
in specific gravity of infested and uninfested grains,
separation of infested wheat by the air screen
vibratory sieve cleaner or by the specific gravity
separator was not very successful. An entoleter,
developed to break the comparatively weaker infested
grains, separated 95% of infested grains, when the
Infestation level in wheat was limited to 20%.
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BOOK REVIEWS

Toxicological Evaluation of Certain Veterinary
Drug Residues in Food - WHO Food Additives
Series 33. Prepared by 42nd meeting of the
Joint FAO/WHO Expert Committee on Food
Additives %JECFA) Published by WHO,
Geneva, 1994 and IPCS-International
Programme on Chemical Safety, WHO, 1211,
Geneva 27, pp 152, Price Swfr 40/= or US$
36/=in developing countries Swfr 28/=

“This monograph is the culmination of the
untiring efforts put in by all the 32 members of
the joint FAO/WHO expert committee on food
additives, who met in Rome from 1-10 Feb, 1994,
Special appreciation has to be accorded to the eight
contributors, who have done the onerous task of
gathering all the vital information on some of the
very important veterinaiy drugs, and presenting
them as wqum? papers in a highly intelligible
manner. This volume has been prepared with the
kind support of International Programme on
Chemical Safety (IPCS), which is a joint venture
of the United Nations Environment Programme,
International Labour Organization and World Health
Orqanls_atlon. The ICPS devotes itself mainly to
evaluation of the toxicological effects of chemicals
on human health, and has been ﬁerforml_ng a
laudable task of disseminating the available
information.

~ The monograph contains a treasure of valuable
information on the following drugs. Anthelminthic-
Levamisole, antimicrobial agents-chloramphenicol,
Flumequine, Olaquindox, Spectinomycin,
Sulfadimidine, Glucocorticosteroid-Dexamethasone;
Trypanocide-Diminazene.

The chapters begin with a concise introduction
on each drug, its application in the veterinary
medicine, the problems associated with their use,
and possible adverse reactions in humans. This is
followed by the description of hiological data, which
include biochemical aspects and biotransformation
studies. Adequate information covering different
toxic effects, namely hematological, immunological
and reproductive toxicity following drug exposure
has been presented. The information contained in
the monograph is based on studies conducted in
experimental animals such as mice, rats, dogs,
ﬁlgs, guineapigs and rabbits. Observations in
umans were also reported, wherever the information
was available. Each of the eight papers focusses
attention on special toxicological studies, that were
specifically conducted for each drug.
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Ronidazcle-the antiprotozoal drug was evaluated
by the 34th joint FAO/WHO expert committee on
Food Additives, and reported in WHO Technical
report series No 788, 1989. A temporary ADI of
0-0.025 mg/kg body weight was fixed for this drug
by the then committee. Since no new data were
available to this committee, the above temporary
ADI was not extended.

The reports compiled in the monograph include
tables summarising the results, and highlighting
the important observations,

There are useful annexures at the end of the
monograph. Annexure 1 lists 112__|mPortant
references available on food additives/drugs.
Annexure 2 gives the abbreviations used in the
monograph. Annexure 4 is a comprehensive
presentation of the outcome of the meeting in a
tabular form. A glance at this table would provide
quick information on the ADI levels and toxicological
recommendations.

~ This monograph is a valuable guide for workers
in_veterinary institutions, food regulatory officers,
scientists in industries and toxmolo?lcal laboratories.
With the joint elforts of WHO/IPCS, one more
highly informative and technically useful book has
been added to the WHO food additives series.

KALPAGAM POLASA
NATIONAL INSTITUTE OF NUTRITION

HYDERABAD - 500 007.

Physico-chemical Constituents and Engineering
Properties of Food Crops by R.P. Kachru,
RK. Gupta and A. Alam; Published by
Scientific Publishers, Jodhpur, 1994, pp 188,
Price Rs. 450/-.

For want of basic data, researchers, crop
processing machinery designers, food engineers,
those involved in manufacture of harvest and post-
harvest mac_hmerr, and related professionals used
to face a variety of problems in process development
and machinery design. Many attempts lead to faulty
design, owing to lack of facilities for determination
of properties and related data generation. The usual
approach of researchers has been to generate the
data/information needed for the purpose and
proceed. Data, thus, generated either remained
with researchers or published in various journals,
to which everyone does not have ready access. The
engineer working in the field is, thus, deprived of
the information, and left with the choice of making
assumptions arbitrarily. The attempt made by the
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authors in bringing out this book, giving data on
engineering properties, physico-chemical
constituents for food crops, fruits and vegetables
grown in India, is worth complimenting. This book
Is first of its kind in Indian context, and is likely
to satisfy many users.

This book provides the normal reader the
understanding of procedures and state-of-the-art
data on the subject, and vividly describes some
‘Jr_ocedure_s and basic concepts for each property.
tis mentioned that the data presented in the book
were more partlcularli/, the work carried out at
various centres of All India Co-ordinated Research
Project on Post-harvest Technology of ICAR. Some
related data published in different journals has
been included. However, at least e?ual quantity of
published data may have been left out. In spite
of this, the data presented in the book clearly depict
that the information on the subject is scanty and
a lot remains to he done to get desired quantum
of data on properties and constituents of fruits and
vegetables, spices, oilseeds, and food grains. The
book, written by authors closely involved in research
on the subject under ICAR, thus draws an attention
of the researchers for taking u? the systematic and
targeted work on generation of much needed basic
data on engineering properties, and constituents of
food raw materials, food products, by-products,
plant residues etc. The work also needs to be
Initiated on properties, not covered in the book e.g.,
dielectric properties, surface area etc.

The book has been divided into eight chapters
covering valuable information on physico-chemical
constituents, and physical properties such as
dimension, size, sphericity, shape and engineering
properties viz., gravimetric, frictional, aerodynamic,
rheological, thermal and hygroscopic properties of
food crops, and their products/by-products.

~ Chapter I on physico-chemical ﬁroperties, the
richest data source among the chapters, gives
exhaustive and valuable information on various
aspects like straw percentage, height of the plant,
proteins, mineral contents etc. However, use of
different termmology like water content, moisture
content and dry matter or terms like grain to straw
ratio, grain to stalk ratio, grain to stubble ratio,
and grain to crop ratio ma¥ e inconvenient to the
reader in the absence of glossaiy of terms or
definition of each. The non-uniform nomenclature
and variation in data presentation pattern deprives
the reader of similar information for other category
product, and may affect the significance of

information reported. For example, in the absence
of subject index, it may be near impossible to
imagine the availability of the data on Chapati
under the head chemical constituents of cereals
((]P. 13). In chapter on dimensions (Ch. ), useful
ata have been reported systematically. However,
use of terms like weight with unit of mass '¢' is
unexpected. In chapter on gravimetric Propertles
(Ch. "1ll) rarely available data useful to design
engineers have been 8resent_ed. In the age of SI'
units, terms like 1000 grain mass would have
suited most over 1000 grain weight (pp 65-66).
Presentation of linear regression ect]uatlpn_ for any
Prop_erty (p77) without mention of validity ran?e
or mdePendent variable appears superfluous. In
chapter IV, procedural description does not include
static and dynamic frictional pro-perties, as against
the data on ‘coefficient of static friction' (p 92). Near
blank data tables (pp 93-97?, indicate non-availability
of sufficient data, and leave enough scope for
redressal. Combination of cha?ter on aerodynamic
and rheological properties could have eliminated 4
or 6 page chapters. Absence of procedures for
determination of rheological Rropertles make the
chapter less attractive. Unit of hardness or crushing
load may have Dbeen 'Newtons' instead of kg.
Chapter on thermal properties presents useful data.
In chapter on hygroscopic properties, the Henderson
Equation of the form: |-Rh=e-CTMenhas been printed
as :I-RH=eCMen (p 137 & 1455) and value of C’
reported 105 times in Table 8.5 (pI36). Existence
of such is likely to magnify errors in estimations,
particularly by non-expert professionals. More
abbreviations for same journal reflect on citation
of references. Uniformity in presentation could have
added lucidity, and lusture to the book. Appendix-
| giving botanical names and Hindi names is
informative and highly useful, but for listing of
botanical names to food products. Few more such
examples can be seen. But for some of these
shortcomings, the content of the book is eminently
valuable, informative, and useful.

Compilations of this type are bound to receive
the data with different systems of units from
different sources. Conversion of such data preferably
to "SI units could improve the suitability of the
book for ASIAN countries, where more or less
similar crops are grown. Exgressmn of views by the
authors, at the end of each chapter, in the form
of discussion on indicative priorities and research
?aps may have drawn the attention of researchers
or future attempts, and paved the way for future
edition with more data. It is believed that we would



get a detailed future edition from the authors,
elaborating all the needed information to match
international standards, and complete requirements
of professionals.

All in all, this book is a welcome addition to
the current spate of publications on crop process/
food engineering and noteworthy contribution in
the area of engineering properties and chemical
constituents of food crops. Despite its relatively
high price, it being the first systematic data source,
the reviewer earnestly hopes that it would be widely
referred. The book is likely to find a place among
process and design engineers, researchers, an
crop processing industry people.

5.0, KULKARNI

CENTRAL INSTITUTE OF AGRICULTURAL ENGINEERING,
BHOPAL - 462 018.

Food Additive Toxicology: Edited by Joseph A.
Maga and Anthony T. Tu; Published by
Marcel Dekker, Inc. N.Y. 1994, pp 552,
Price US $175.00/=

‘With urbanization and changed life style, food
habits are changing and processed food is finding
its place in daily meals, even in developing countries
like India. Food additives used intentionally or
unintentionally have become intricate part of our
food supply. The intentional food additives are used
to enhance and preserve food qualities, especially
nutritive value, sensory qualities, and some may
be incorporated as processing aids. The unintentional
food additives include compounds used for
agricultural efficiency, which may be insecticides,
herbicides, plant hormones etc. Different Packagmg
materials may also result in unintentional presence
of plasticizers, printing inks, pigments in particularly
high fat foods.

In the United States, nearly 2800 compounds
are approved as food additives. Most of these
compounds are general(ljy recognized as safe (GRAS),
and are not expected to show direct toxicity.
Further, the amounts used are very small compared
to their LD level. However, the intake of small
quantities of numerous food additives over a long
period may have some adverse effects on the
consumer population. Toxicology and risk factor
analysis for long term uses of food additives is not
completely studied in human per se from a scientific
stand point. However, this book has attempted to
document the available information on animal
models and for human systems for a variety of food
additives.
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FAO/WHO Expert Committee on Food additives
has been glvm? recommendations on this subject
for a number of years, but these reports are limited
to only certain food additives. This book is unique,
since 1t has almost covered the whole spectrum of
food additives. The book includes classification,
manufacture, application and toxmologa/ of each
class of food additive. It may be looked up as a
compilation of different review articles on a variety
of food additives with special reference to toxicology.

The hook consists of 11 chapters, contributed
by various food scientists, nutrition experts from
industry and universities of the United States. Each
chapter is devoted to a single class of food
additives, such as acidulants, antioxidants, food
colours, rourln% agents, salts, antimicrobial agents
etc. Out of 2800 compounds from the American
List of Approved Food Additives, 1300 are flavouring
agents. Thus, chapter 6 on flavouring agents is
quite big. On the hasis of data, perhaps, antioxidants
and acidulants contribute significantly, and hence
two important chapters (2 and 3) cover these two
types of food additives.

To summarize, this book is quite informative,
and it will be useful for students, researchers as
well as professionals working in food industry. The
title is slightly misleading, which gives an impression
that toxicology is the main objective. In fact, the
format of the book is analogous to an encyclopaedia
where a successful attempt has been made to
classify, and document major food additives with
information on production, application, and special
emphasis on toxicology.

SMITA §. LELE
UNIVERSITY DEPARTMENT OF CHEMICAL TECHNOLOGY,

BOMBAY-400 019,

Solid State Fermentation : Edited by Ashok
Pandey; Published by WI]E%/ Eastern Ltd.
New Age International Publishers, New Delhi,
1994, pp. 188, Price:not mentioned.

The book under review is intended as both a
text for fermentation technology, and as a reference
for industry professionals. The book is compiled
from a course of invited lectures from experts
during the "National Level Specialists Group Meetmg
and Symposium on Solid State Fermentation”, hel
on March 23-24, 1994, at Regional Research
Laborato&y,_Trlvand.rum, India. The book contains
a detailed information on several aspects of Solid
State Fermentation (SSF), like present status of
SSF, fermenter design, production of food, feed,
fuel, enzymes etc., employing SSF, in addition to
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the safety aspects of SSF technology.

This book reminds the first ever book on Solid
State Fermentations (SSFJ_ 1992, entitled as "Solid
Substrate Cultivation" edited by HW. Doelle, A,
Mitchell and C.E. Carlos and E. Rolz, published
by Elsevier Applied Science. The book under review
may be the second book totally devoted to the
theme of SSF. Through a number of contributed
papers in this book by CFTRI scientists, their
command on the theme of book and technical
know-how developed in India can be realized. The
credit goes to Dr, B.K. Lonsane, the internationally
famous ﬂersonallty, especially for his expertise in
SSF technology, ‘and his colleagues, who have
contributed 8 Chapters in this book, highlighting
vely important aspects of SSF technology.

During_the last decade, the simple and cost-
effective SSF technology has emerged and developed
the world over, because the advantages of technolog
evidently outweigh the problems associated wit
the process. The tec_hnology is of value for the
?rowth of microorganisms due to its familiarity to
he growth conditions in nature. Usually, “the
reactor volume per unit substrate converted remains
small, because only a little amount of water is to
be added to the substrate, resulting in lower capital
as well as operating costs and little space
requirement, and less processing is required due
to simplicity of reactor. In case of fungi, very low
moisture content is ade?uate to get good yield,
eliminating the chances of bacterial contamination.
Hence, the process can even be operated under
non-sterile “environmental conditions. Product
recovery is very easy, since the product is highly
concentrated in the solid substrate, and there is
no need of removal of water at the commencement
of fermentation. In some areas, for instance,
upgradation of feed value of crop-wastes, SSF offers
the best hope for a direct applicability of the
processed material.

~No doubt, scanty literature is available on
industrial biotechnology containing informations on
SSF technology, and there are hardly a couple of
books in the subject, specifically. Hence, since long,
the need was felt to compile a literature on the
strategles for technology of research and development
on SSF. To meet that requirement, the present hook
on SSF has been compiled, and sub-divided into
five sections _Ilke-%eneral; fundamental aspects of
SSF; production of food, feed and fuel; production
of enzymes and other products by SSF;
miscellaneous.

Section one describes the present status and
sco?e_ of SSF technology for its commercial
exploitation of microorganisms in an economic way.
Section second comprises five chapters, which refer
to the fundamental aspects of SSF in general. Out
of these, one chapter describes the optimization of
SSF parameters, and two chapters are dealing with
design and process control during SSF, the other
one provides recent informations on biomass
estimation in the fermented products, especially in
case of fungal SSF, and the last one reviews the
methods involved in determining the water activit
in the substrate, an important parameter whic
directly reveals the quantity of water available to
the microorganisms for growth and metabolic
purposes. Next section, the third one includes nine
chapters on the production of food, feed and fuel
u_sm%_ SSF. The first four chapters discuss the
significance of SSF in production of foods, like
fermented foods of Indian origin, fermented
vegetables, mushroom cultivation and cocoa, coffee
and vanilla fermentation. The next three chapters
describe the upgradation of poor quality feed
components, involving SSF techniques such as
"Kamal Process”, cassava fermentation, and the
double stage SSF-ENLAC, a novel hioconversion
technology. The remaining two chapters are on the
production of fuel employing SSF, 'the one dealing
with liquid i.e., ethanol from apple pomace and the
other with gaseous fuel from willow dust. Section
four of the hook throws light on the production
on enzyme and other products like organic acid,
and m¥cotox|ns. This section consists of 10 chapters,
out of which, the first 8 describe the process
optimization of different categories of enzymes like
food enzymes, dehairing enzymes, alkaline proteases,
cellulase, p-glucosidases, keratinase etc. Between
the remaining two, the first one ?o_es to citric acid
production, and the last one exg ains the ailatoxin
production using SSF. The fifth and last, the so
called miscellaneous section comprising four
chapters is mainly dealing with industrial aspects,
for instance, the scope of industrial exploitation of
cassava, a tuber crop, in India, Apart from this,
the information on utilization of marine micro-life
is of paramount |mBortance, and the last chapter
of this section and book itself describes the safety
aspects of SSF.

Overall, the book is an ideal text and one of
the few up-to-date volumes available in the SSF
technolo%les. The book is clearly printed, well
bound, handy and the flgures and tables are
extremely clear. Finally, the chapters are well



written by contributors, easy to read, thoroughly
referred. The book may prove to be valuable to
microbiologists, biochemists, biotechnologists,
chemical engineers and industrialists.

S.B. CHINCHOLKAR
NORTH MAHARASHTRA UNIVERSITY,

JALGAON-425 001.

Supercritical Fluid Processing of Food and
Biomaterials: Edited by S.SH. Rizvi,
Published br Blackie Academic and
Professional of Glasgow, U.K., 1994 pp. 257.
Price £79/-

This is a publication comi)lled to assist in
understanding the fundamentals of supercritical
fluid processing, and their applications in food
processing. The volume is based on the paPe_rs
presented at the symposium on Supercritical fluid
processing of biomaterials-basics of process dem%n
and applications, organized during the 8th World
Congress of Food Science and Technology, held in
Toronto during September-October 1991,

_The book contains 19 invited papers, by

different authors from developed and developing
countries, each one discussing an important aspect
of supercritical fluid food processing. The first
article by SSH Rizvi et al.,, gives an overview of the
fundamentals of supercritical Fr_oqessmg. The paper
IS an introductory type, explaining fundamentals
sta_rtlng‘ from phase equilibrium "and solubility
principles, and extending through different aspects
of heat, and mass transfer upto salient features
of scale up and cost analysis. This is a very well
written primer to begin with,

There are a number of articles, which are case
studies of different applications of the technology.
Some applications discussed are, recovery of alpha-
tocopherol and removal of water from fatty acid/
triglycride mixtures; extraction of oil from fried
Potato chips; production of natural antioxidants
rom rosemary to sage; fractionation of butter oil
and removal of cholesterol; separation of volatiles
from orange juice-effects on cloud andlloectmester_ase
activity; selective recovery of volatile extractives
from black pepper and ginger; evening primrose oil
from the seed; separation of organics like ethanol,
Z-Prqpanol and certain antibiotics from water
solutions; reduction of fat/cholesterol from high fat
Froducts such as chicken, cooked beef and dried
ean meat; fractionation of beaf tallow, again to
reduce cholesterol; extraction of oil from certain
seaweeds; and production of low calorie peanuts.

The last mentioned paper on production of low
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calorie peanuts is a very interesting study. Generally,
SCFE Is believed to be feasible for high value
Product_s. However, the authors have established
hat it is both technically and economlcalgf viable
to set up an SCF extraction plant for e_fattmgi
peanuts for snack food and high grade edible ol
purposes.

Two papers of direct interest to engineers are-
studies on mass transfer phenomena during
Productlon of spice oils, and selection of pur_ni)s
or supercritical fluid service. In the first article,
the authors, using $|nger as an unsteady state
model, studied the effect of particle size on mass
transfer coefficients under different extraction
pressures and temperatures.

~ The paper on selection of pump for supercritical
fluid services is of great interest to design engineers.
This is one of the rare papers published on the
hardware of supercritical extraction technology. The
article discusses different types of pumps like
diaphragm, packed plunger and ‘o_lstqn types, their
construction in brief and applications of these
pumps under different conditions.

Overall, the book is a very useful reference
material for scientists wprkingi in the field of
supercritical fluid extraction. 1t helps to some
extent to fulfil the gaps of information in this
emerging technology.

A. RAMESH
CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE
MYSORE - 570 013.

"Basic Bi_otechnology" by Rev. Fr. Dr. S
Ignacimuthu, S.J., EntomoloRX Research
Institute, Loyola College, Madras and
Published by Tata McGraw - Hill Publishing
Co. Ltd., New Delhi. 1975, pp317,
Price Rs. 120/-

The author has included the recent and
relevant information regarding various facets of
biotechnology in a most lucid manner, and
supplemented with beautiful illustrations, wherever
necessaiy.
~The Dbook comprises the applications of
biotechnology at a glance, in the introduction part
followed by "eleven chapters which are :

1? Overview, 2) Genetic engineering and gene
cloning, 3) Gene transfer mechanism in bacteria,
4) Transfer of 3en.e into plants and animal cells,
5) Plant cell and tissue culture, 6? Animal cell and
tissue culture, 7) Agrlcultura biotechnology,
8) Industrial biotechnology, 9) Healthcare
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biotechnology, 10) Environmental biotecnology and
11) Biotechnology and ethics.

The author starts the 1st chapter with all that
?oes to explain, what is Biotechnology? He traces
he history of biotechnological processes to
Babylonian- period, obviously heginning with the
production of alcoholic beverages. He has outlined
the various processes of commercial applications
with hosts of products and their current economics.

_Chapter Il'is devoted to various steps in genetic
engineering, starting from gene cloning, construction
of recombinant DNA plasmid and flnallr
transformation of plasmid and growth of cell,
describing all the techniques, and processes involved.

All the aspects and _methpdolo%y of gene
transformation’ and conjugation have been
highlighted in chapter IIl,

Chapters Il and 1V reveal the information on
plant processes, plant tissue culture with necessary
details and genetic manipulations in plants.

Various facets of animal tissue culture and
DNA hybridization in animals have been aptly
elucidated in chapter VI.

Data related to micropropagation for biomass
production and development of disease-free plants
go under the application of biotechnology in forestry,
which forms the earlier half part of chapter VII.
While, the later part is devoted to techniques useful
inhorticulture, specially with reference to
development of economic and fruit crops with
improved yield together with nutition.

~The author has O!oresented a summary of
industrially useful products from microorganisms,
plants and animals, starting from SCP to human
growth harmone (Somatotropin) in the 8th chapter.

~Important health care products, common
diagnostic tests, metabolic and genetic diseases/
defects, and their correction bg gene therapy, forms
the subject matter of the 10th Chapter.

~ Waste treatment, biodegradation Brocesses and
bioconversions for fuel, and renewable source of
ener%y have been outlined in the subsequent
chapter.

The author has rightly raised the ethical
question in the genetic engineering experiments
and moral problems involved in the other
biotechnological applications. Few words also have
been spared for the code of conducts for the
scientists associated with this subject.

~One wonders to note the vast, introductory and
basic information, that has gone into making of this

book. It will serve as a guide for all those interested

to s_tudy biotechnology, in general, and genetic
manipulations, in particular.

K.V. SHANKHAPAL

NAGPUR UNIVERSITY,

NAGPUR - 440 010,

Cell Adhesion Fundamentals and Biotechno-
logical Application, Edited by Marthin A.
Hjortso and Joseph W.Roos; Published by
Marcel Dekker Inc., 270, Madison Avenue
New York, NY-10016; 1994, pp 288, Price
US § 135/

~ The book is an excellent treatise on biochemical,

b_|o,ohy5|cal and bloengmeermg. aspects of the
biological phenomena "Cell adhesion™ in microbial,
plant-and animal cell line. Basic as well as applied
sides of sublject are presented with heautiful
illustrations, [latest experimental data or research
evidences together with exhaustive bibliography.
The present book is the outcome of concerted
editing efforts of W.C. McGregor, as a part of
bioprocess technology series, brought out by Marcel
Dekker, Inc.

~The first chapter includes the kinetics of
ligand-receptor bond formation, such as rate
constant for complex formation and ligand-receptor
bmdmg, diffusion coefficient and in vivo and in vitro
methods of their estimation. Effect of equilibrium,
densng, membrane composition, forces on adhered
cells have also heen highlighted.

Mathematical modellingf with regard to single
cells, segregated cell population on the basis of
kinetics of I(ljgand receptor bond formation have
been proposed. Several models have been suggested.
Various events takln? place during cell adhesion
are illustrated, and fluid mechanics to as seen in
the phenomena have been described in the second
chapter.

First two chapters are contributed IJointly_by
the editors of the book. Mechanism of cell adhesion
its biological implications and physiological changes
resulting from it, are well elucidated in the third
chapter, using animal cell culture as a model.
Tissue e.ngi_lneermﬁ_of bone marrow culture forms
the speciality of this chapter. Efforts of M.R. Koler
and E.T. Papoutsakis as the contributors of this
chapter needs special mention.

Jean Archambaut, who compiled the chapter
IV has done a commendable job. The chapter is
devoted to the commercial exploitation of plant cell
culture. The scale up of plant cell culture, various



techniques of plant cell immobilization, details of
SPIC culture engineering, and processes based on
it have been explained well.

Cell aggregation and sedimentation phenomena
have been appropriately stuffed in the preceding
chapter by Robert Davis. An excellent account of
various factors affecting cell ag?regqtlon, Its
measurement, sedimentation velocities, and
applications in beer fermentation, recombinant
bacterial fermentation, SCP production together
with activated sludge process are covered in this
chapter.

B.M. Peyton and W.G. Characklis have aptly
summarised the various aspects of biofilms, their
role in industrial, environmental processes and
types of biofilm reactors with self explanatoiy
photographs, figures and schematic diagrams in
the 6th chapter.
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The concluding chapter in the book with
masterly writing by William Scouten encompasses
a variety of matrices, and a number of methods
of their, activation. It has also enlisted selected
commercial sources of materials and examples of
use of affinity chromatography for clinically
important products.

The book is extremely useful to the graduate
students of chemical engineering, biotechnology,
P.G. students and researchers in the subjects like
microbiology, biochemistry, horticulture,
pharmaceutical sciences, biophysics, tissue culture,
genetics, botany and zoology. It opens up new
vistas for personnel in research ana development
laboratories and plants (works) in various industrial
establishments.

K.V. SHANKHAPAL
NAGPUR UNIVERSITY,
NAGPUR - 440 010.
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